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PGD (Primary graft dysfunction) after HT

• Primary!!!

Without discernable cause (hyperacute rejection, bleeding, etc)

• Diagnosis within 24 hrs

• Leading cause of early mortality after HT

• Firstly defined in 2014 ISHLT consensus statement



Before 2014 ISHLT consensus

• Lack of standardization of diagnostic criteria of PGD after HT 

• Different set of criteria across literature

• Incidence of PGD in this era

• 2.3~28.2% (too wide range d/t different definition)



At the 33rd Annual ISHLT meeting

held in April 23, 2013

• 71 participants from 42 HT centers from North America, Australia, Europe, and Asia

• Online survey



Jon et al. J Heart Lung Transplant. 2014



Consensus statements

1. Graft dysfunction classified into PGD or secondary graft dysfunction with a discernible cause such 

as hyperacute rejection, pulmonary hypertension, or known surgical complications 

(e.g.,uncontrolled bleeding).

2. The diagnosis of PGD is to be made within 24hours after completion of the cardiac transplant 

surgery.

3. PGD is to be categorized into PGD-LV or PGD-RV.

4. A severity scale for PGD–LV will include mild, moderate or severe grades based on specified 

criteria. 

5. Risk factors categorized into donor, recipient, or surgical procedural factors. 



Consensus statements

6. Medical management with inotropic support should initially be instituted for PGD such as 
levosimendan. For PGD-RV, NO and phosphodiesterase inhibitors 

7. Mechanical circulatory support such as ECMO for patients refractory for medical management

8. Retransplantation for severe PGD may be indicated in select patients if risk factors are minimal.

9. All patients in whom mechanical circulatory support is placed directly into the heart should have 
a heart biopsy performed at that time.

10. It was recommended that an autopsy should be performed in all patients who are diagnosed 
with PGD and subsequently expire.

11. Potential future studies include creation of a PGD registry, impact of preservation solutions on 
PGD, mechanistic studies to understand pathophysiology of PGD, and study of donor management 
to minimize PGD, among others.



Jon et al. J Heart Lung Transplant. 2014



Jon et al. J Heart Lung Transplant. 2014



Epidemiology and Incidence of PGD



PGD incidence, 6~36%
In single center series

30-day mortality
in PGD: 19~37.2%

in no-PGD: 0.6~4.5%



Tayler et al. J Heart Lung Transplant. 2021
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Including 36 Studies

8120 HT patients 

Pooled analysis
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Pathophysiology of PGD

• Brainstem death

• Cold ischemia

• Warm ischemia

• Ischemia-reperfusion injury (IRI)



Pathophysiology of PGD

• Brainstem death
• Catecholamine surge 

myocardial ischemia & intracellular Ca2+ overload

• Cold ischemia (0-4℃)
• 12-fold decrease in metabolic rate in hypothermic state & less accumulation 

of oxygen-free radical 

• Prolonged cold storage 

Cellular swelling & lactic acidosis  intracellular Ca2+ overload 

Oxygen-free radial formation↑



Pathophysiology of PGD

• Warm ischemia (surgical implant time)
• Increased metabolic rate 
• Acceleration of deleterious effects during cold ischemic phase

(Oxygen-free radial formation & intracellular Ca2+ overload↑)

• Ischemia-reperfusion injury (IRI)
• Ca2+ overload (ACC release)

Myocardial hypercontraction & End-diastolic pressure↑(myocardial stiffness)
• MPTP (mitochondrial permeability transition pores) formation

Non-specific channel allow free movement of apoptotic factors across cell 
membrane



Ahmed et al. Curr Probl Cardiol. 2022



Risk factors for PGD
Jon et al. J Heart Lung Transplant. 2014



Donor selection
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Including 36 Studies

8120 HT patients 

Pooled analysis
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Lillian et al. J Heart Lung Transplant. 2021

Single center analysis

734 HT patients 

From Jan 2012 to Dec 2018
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Prediction of PGD

• RADIAL score: 0~6
• Proposed in 2011 (before 2014 ISHLT consensus)

• PGD, Defined by 4 criteria (myocardial dysfunction, hemodynamic impairment, 
early onset <24hr, w/o secondary cause)

• RA pressure/recipient Age/Diabetes/Inotropes/donor Age/Length of ischemic 
time

• PREDICTA score: 0~14
• Proposed in 2019 (after 2014 ISHLT consensus)

• Diabetes/preoperative mechanical support/implant time/donor age/bypass 
time>180min



Javier et al. J Heart Lung Transplant. 2011

Single center analysis

621 HT patients 

From Jan 1984 to Dec 2006
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Area under curve
0.74



Sanjeet et al. J Cardiac Fail. 2019

6 UK HT centers

613 HT patients 

From 2012 to Dec 2016



Sanjeet et al. J Cardiac Fail. 2019

PREDICTA
AUC 0.704

RADIAL
AUC 0.547



Evan et al. J Cardiac Fail. 2023
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Risks factor analysis using
Donor Management Goals (DMG) registry

1079 HT patients 

btw Jan 2012 and Dec 2019 

in 2 HT centers 
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Long-term survival in PGD



Lillian et al. J Heart Lung Transplant. 2021

Single center series

734 HT patients 

From Jan 2012 to Dec 2018
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Severe PGD

10-year survival: 
50%

Non-severe PGD



After 90 days

John et al. Eur J Cardiothorac Surg. 2021



Fabrizio et al. J Card Surg. 2021

After 30 days



Rhee et al. Circ J. 2021

After 90 days



Summary

• Overall incidence of PGD after HT : about 20%

Severe PGD: 5~10%

• Higher 30-day mortality in patients with severe PGD

• Definite pathophysiology, unknown,

but, intracellular Ca2+ overload (d/t prolonged ischemia) may play important role

• Risk factor assessments are focused on Recipient & Surgical factor in previous studies

Knowledge gap in Donor-specific risk factors

• Long-term survival is not affected by PGD for survivors in early postoperative period 



Thank you for attention





Pathophysiology of PGD

• Hypothermic ischemia

• Hypothermic arrest of metabolism  12-fold decrease in 
metabolic rate in hypothermic state (0-4℃)

• Pathologic LV hypertrophy  uniform & global cooling is 
impossible  susceptible to ischemic injury

• Prolonged cold storage  cellular swelling & lactic acidosis

•  intracellular H+  Na+  Ca2+ 



Pathophysiology of PGD

• Brainstem death

• Surge in the adrenergic response  Systemic & Pulmonary 
HTN  afterload↑& myocardial ischemia

• Loss of spinal cord sympathetic activity 

•  Unopposed vasodilation 

•  Reactive intense release of myocardial noradrenaline

•  Myocardial O2 demand & Impaired myocardial 
oxygenation




