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Abstract
Primary graft dysfunction (PGD) is a life-threatening clinical condition with a high mortality rate, presenting as left, right, or biventricular dysfunction within the initial 24 h following heart transplantation, in the absence of a discernible secondary cause. Given its intricate nature, definitive definition and diagnosis of PGD continues to pose a challenge. The pathophysiology of PGD encompasses numerous underlying mechanisms, some of which remain to be elucidated, including factors like myocardial damage, the release of proinflammatory mediators, and the occurrence of ischemia-reperfusion injury. The dynamic characteristics of both donors and recipients, coupled with the inclination towards marginal lists containing more risk factors, together contribute to the increased incidence of PGD. The augmentation of therapeutic strategies involving mechanical circulatory support accelerates myocardial recovery, thereby significantly contributing to survival. Nonetheless, a universally accepted treatment algorithm for the swift management of this clinical condition, which necessitates immediate intervention upon diagnosis, remains absent. This paper aims to review the existing literature and shed light on how diagnosis, pathophysiology, risk factors, treatment, and perioperative management affect the outcome of PGD.
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Introduction
Nowadays, heart transplantation takes its place as the most effective treatment for end-stage heart failure. Globally, an annual average of 5000 heart transplantations are performed [1]. Improvements in current treatment modalities and immunosuppression therapies have significantly improved postoperative survival. However, despite these advancements, transplant recipients remain vulnerable to early postoperative mortality attributed to early allograft failure. In certain individuals, these issues may arise from factors such as hyperacute rejection, pulmonary hypertension, surgical complications, and sepsis. Nevertheless, in the majority of cases, the primary culprit is graft failure resulting from extensive myocardial damage, a condition termed primary graft dysfunction (PGD). However, the lack of clarity in the diagnosis of PGD makes it very difficult to determine the true incidence of this condition.
In the most recent report from the International Society for Heart and Lung Transplantation (ISHLT) registry prior to 2014, the one-month and three-month mortality rates were 10% and 14%, respectively, for a study involving more than 100,000 transplant recipients [2, 3]. Approximately 70% of deaths within the first month postoperatively were attributed to either graft failure or multiple organ failure [2, 3]. Although the exact diagnosis remains unclear, the majority of these early fatalities are likely to be due to PGD. Moreover, significant disparities in the reported incidence and outcomes of PGD were evident across diverse centers (4–5). This wide spectrum of variations may be attributed to several factors, including the utilization of distinct diagnostic criteria for PGD among centers, divergent clinical strategies, as well as variations in donor and recipient acceptance criteria. In response to the pressing need, a workshop convened by the ISHLT resulted in the establishment of a consensus regarding PGD, along with the implementation of a rating system. This consensus represents a milestone in the quest to ascertain the true prevalence of PGD and its impact on postoperative morbidity and mortality. This review aims to provide up-to-date insights and information on the topic, focusing on current recommendations and strategies related to PGD. It underscores the most recent advancements in the definition, pathophysiology, risk factors, and management algorithms of this critical condition.
Definition and grading of PGD
PGD is defined as graft dysfunction caused by severe ventricular dysfunction within the first 24 h following donor graft transplantation. This condition typically arises without influence from secondary causes such as hyperacute rejection, pulmonary hypertension, or surgical complications [3, 6, 7]. Clinically, it presents as reduced cardiac output, hypotension, and either single or biventricular failure despite adequate filling pressures in the graft [3, 8].
The 2014 ISHLT Consensus workshop classified graft dysfunction into primary and secondary causes, providing clear definition and grading criteria for PGD [3]. This consensus on a standardized definition facilitated future studies to determine the true incidence and investigate the potential multifactorial etiologies contributing to PGD. PGD and secondary graft dysfunction have been defined as completely separate entities. Secondary graft dysfunction necessitates the presence of an underlying cause, such as hyperacute rejection, pulmonary hypertension, or surgical complications.
PGD is divided into two major groups: PGD-LV for isolated left ventricular or biventricular failure, and PGD-RV for isolated right ventricular involvement [3]. PGD-LV is further graded into mild, moderate and severe (Table 1). Mild to moderate PGD-LV criteria include: an LVEF ≤ 40% by echocardiography or hemodynamic indicators for high filling pressures such as RAP > 15 mm Hg, PCWP > 20 mm Hg, and CI < 2.0 L/min/m². Moderate PGD-LV is further diagnosed when additional criteria are met, involving either hypotension with MAP < 70 mm Hg or the need for high-dose inotropes or IABP. The need for left or biventricular mechanical support including ECMO, LVAD or biVAD is diagnostic for severe PGD-LV [3]. PGD-RV is diagnosed by the need for a RVAD or the presence of isolated right ventricular dysfunction, indicated by RAP > 15 mmHg, PCWP < 15 mmHg, CI < 2.0 L/min/m2, TPG < 15 mmHg, and /or sPAP < 50 mmHg [3]. PGD-RV does not include further grading.
Table 1Criteria and grading of primary graft dysfunction


	 	 	One of the following criteria:

	 	Mild
	• LVEF ≤ 40% by echocardiography, or
• Hemodynamics with RAP > 15 mm Hg, PCWP > 20 mm Hg,
• CI < 2.0 L/min/m2 (lasting more than 1 h) requiring low-dose inotropes

	One criterion from 1 and one criterion from 2:

	PGD-LV
	Moderate
	1. Criteria
• LVEF ≤ 40%, or
• Hemodynamic compromise with
• RAP > 15 mm Hg, PCWP > 20 mm Hg, CI < 2.0 L/min/m2
• Hypotension with MAP < 70 mm Hg (> 1 h)

	2. Criteria
• High-dose inotropes: Inotrope score > 10 or
• Newly placed IABP (Regardless of inotropes)

	Severe
	Dependence on left or biventricular mechanical support including;

	 	• ECMO, LVAD, BiVAD, or percutaneous LVAD

	 	Diagnosis requires either both 1 and 2, or 3 alone:

	PGD-RV
	1. Hemodynamics with RAP > 15 mmHg, PCWP < 15 mmHg, CI < 2.0 L/min/m2

	2. TPG < 15 mmHg and/or sPAP < 50 mm Hg, or

	3. Need for RVAD


BiVAD, biventricular assist device; CI, cardiac index; ECMO, extracorporeal membrane oxygenation; IABP, intraaortic balloon pump; LVAD, left ventricular assist device; PCWP, pulmonary capillary wedge pressure; PGD-LV, primary graft dysfunction of the left ventricle; PGD-RV, primary graft dysfunction of the right ventricle; RAP, right atrial pressure; RVAD, right ventricular assist device; sPAP, pulmonary artery systolic pressure; TPG, transpulmonary pressure gradient




Incidence
In pre-standardization studies, notable discrepancies in incidence reporting, ranging from around 2.5–30%, were observed, primarily attributable to variations in diagnostic criteria and management algorithms [9, 10]. For instance, in a retrospective analysis by Russo et al. utilizing the United Organ Sharing Network (UNOS) database, PGD incidence was reported at approximately 2.5% [7]. However, it is important to note that this study defined PGD as a critical outcome encompassing postoperative mortality or re-transplantation within the initial three months post-transplant. Consequently, it is likely that only the most severe cases were included in the analysis, resulting in a lower reported incidence.
Subsequent studies conducted following the establishment of a standardized definition endorsed as a universal guideline by ISHLT are anticipated to reveal more accurate data. For instance, Sabatino et al. (2017) reported an incidence of PGD in 13% (72 out of 518) of heart transplant recipients, as assessed by ISHLT criteria. Among these, 49% fell into the severe PGD category, with 78% of those patients belonging to the biventricular PGD-LV subgroup, demonstrating a worse prognosis compared to isolated ventricular dysfunction. Regarding mortality risks, mild PGD incurred a 0.5% mortality rate, moderate PGD a 12% rate, and severe PGD a 54% rate [11]. Similarly, Foroutan et al. [12] found an incidence of PGD-LV at 17% (comprising 3.6% mild, 9.5% moderate, and 3.9% severe) in 412 heart transplant recipients, in accordance with ISHLT guidelines. Notably, severe PGD in this cohort carried a one-month mortality rate of 52%. In a separate study, Nicoara et al. reported a PGD incidence of 31% in 312 transplant patients, with significantly higher 30-day mortality rates among patients with PGD [13]. Collectively, these findings underscore that mild, moderate, or severe PGD develops in approximately 2.5–30% of heart transplant recipients, with severe PGD associated with a poor prognosis. Moayedi et al. showed that the incidence of PGD seems to be increasing, but that this was especially due to changes in non-severe PGD. However more liberal and widespread use of postoperative ECMO inevitably leads to an increase in the incidence severe PGD due to the definition of PGD [14].
Although PGD-LV is a widely discussed topic, the incidence of PGD-RV may be unaware Kaveevorayan et al. reviewed a total of 122 consecutive patients who underwent HTX in 2023. Primary isolated RV failure (PI-RVF) was present in 65 of 111 patients (59%) and 31 (48%) met the criteria for PGD-RV. Among patients with mild and moderate PI-RVF, patients who did not meet the criteria of PGD-RV. Therefore, they advised a revised definition of PGD-RV may be needed since patients who had adverse outcomes did not meet the criteria of PGD-RV. Moreover, as postoperative ECMO is the major defining criterium for severe PGD-LV, the treatment of RV failure with ECMO may lead to an underestimation of the incidence of PGD-RV [15].
It is noteworthy that some centers may adopt a more aggressive approach to postoperative patient management, including a tendency to use mechanical circulatory support. Implementing support interventions in cases lacking indications or employing an overly aggressive approach could potentially result in an overestimation of post-transplant PGD incidence.

Pathophysiology of PGD
In the perioperative phase, the donor heart is susceptible to various forms of damages resulting from brain death, cold ischemia during transport, warm ischemia during implant surgery, and reperfusion. Additionally, systemic factors within the recipient’s body pose additional risks to the donor heart’s function.

Brain death
The etiology of brain death is usually associated with intercerebral hemorrhage, hypoxia, or an increase in intracranial pressure secondary to inflammation. These events can lead to brain herniation and subsequent pons ischemia due to brain edema within the confined cranial space [16]. Consequently, immediate and substantial release of norepinephrine from the adrenal medulla occurs following brain death. This norepinephrine surge stimulates baroreceptors, resulting in the Cushing’s triad, clinically marked by hypertension, bradycardia, and irregular respiratory patterns [17, 18]. Furthermore, this norepinephrine release induces mitochondrial and cytosolic calcium accumulation at the cellular level [19]. Loss of sympathetic activity in the spinal cord results in profound vasodilation, leading to reduced preload and afterload, and therefore compromised myocardial perfusion. Early administration of vasopressors is pivotal in mitigating unopposed vasodilation [20]. . Additionally, hormonal alterations, such as decreased serum levels of thyroid hormones, cortisol, and insulin, lead to reduced myocardial contractility [21].

Hypothermic ischemia
During the removal of the donor heart, cardiac arrest is induced by infusing a cold cardioplegia solution at approximately 4 °C while the aorta is cross-clamped. Cold storage remains the primary method for transporting donor hearts. Following procurement, the donor heart is placed in cold preservation solutions, surrounded by ice to maintain hypothermia. Hypothermia significantly slows down cellular metabolism but does not completely stop it. Hypothermia within the range of 0–4 °C reduces the metabolic rate by approximately 12-fold [21]. Prolonged static storage inevitably results in ischemic damage due to the continued albeit slowed metabolic processes. The intracellular acidic environment activates the Na+/H + pump, facilitating the removal of excess H + ions from the cell [22]. Elevated intracellular sodium (Na+) levels disrupt intracellular calcium (Ca2+) accumulation through the Na+/Ca2 + pump, a pathway pivotal in cellular damage. Older donors are more susceptible to ischemic injury [23], likely attributed to their medical history, including hypertension, coronary artery disease, or left ventricular hypertrophy [24].
It is also important to use new technological devices to make the hypothermia process most beneficial. The impact of donor organ preservation conditions on severity of PGD and survival has not been well characterized. The 2018 FDA clearance of a novel system for controlled, hypothermic organ preservation, the Paragonix SherpaPak Cardiac Transport System (Paragonix Technologies, Inc., Waltham, MA). In 2024, D’Alessandro et al. showed that the controlled hypothermic preservation was associated with a significant reduction in the incidence of severe PGD compared to ice (6.6% [37/559] vs. 10.4% [47/452], p = 0.039) [25]. Positive results obtained from new technologies may be promising for the future.

Warm ischemia (Surgical Implant time)
Warm ischemic time is characterized as the duration between the removal of the donor heart from static cold storage and the removal of aortic cross-clamping. During this process, the heart is exposed to higher temperatures, resulting in a gradual rise in metabolic activity and the subsequent generation of free radicals, which cause cellular damage. Banner et al. identified warm ischemic time as an independent risk factor for 30-day mortality [26]. It is an inevitable that the prolongation of this process due to various reasons contributes to an increased likelihood of PGD development.

Ischemia-reperfusion injury (IRI)
Reperfusion of oxygenated blood to a previously oxygen-deprived heart results in calcium overload and the generation of free oxygen radicals, which impair the function of cellular enzymes [27]. The substantial calcium load, particularly in energy-demanding cardiac tissue, activates the formation of non-specific mitochondrial permeability transition pores (mPTP) in the mitochondrial membrane. mPTP facilitates specific cell death pathways; for instance, cytochrome C entry induces apoptosis, while water influx leads to cellular swelling and necrosis. Mechanisms that impede mPTP formation may play an important role in mitigating IRI. While some publications have suggested that cyclosporine, a known mPTP desensitizer, may offer protection against ischemic damage from myocardial infarction, a meta-analysis by Upadhaya et al. found that cyclosporine did not impact postoperative morbidity and mortality [28]. However, in an animal study on mPTP, Zhang et al. achieved promising and selective outcomes using mitochondria-targeted nanoparticles as a treatment approach [29]. The ongoing advancement of nanotechnology holds promise for future cellular-level therapeutic strategies.

Recipient factors
Recipient factors may also contribute to the development of PGD. The likely mechanism involves the recipient experiencing an activation of the systemic inflammatory response, resulting in a vasodilated systemic circulation unresponsive to conventional vasopressor support [30]. Reasons for this vasoplegic response include pre-transplant mechanical circulatory support, prolonged cross-clamp time, and large transfusion requirements [31]. Although the precise role of this response in PGD pathophysiology remains incompletely understood, it is plausible that the mechanism involves the overproduction of nitric oxide or other endogenous vasodilators and the release of multiple proinflammatory cytokines, ultimately leading to the upregulation of nitric oxide synthase [30, 32].

Risk factors for PGD
Multiple risk factors associated with the development of PGD have been consistently identified in published literature over time. Broadly, these factors can be categorized into donor, procedural, and recipient factors, as summarized in Table 2. The high demand of heart transplantation, coupled with the use of marginal and expanded donor criteria, has placed growing pressure on heart transplant programs to use available donor hearts. Additionally, the increasing success of heart transplantation has led to more expanded donor criteria, encompassing older patients and those with more comorbidities. The increasing prevalence of risk factors for PGD, particularly donor and recipient age, is likely a significant contributor to the high incidence of PGD as reported in recent ISHLT registry data.
Table 2Risk factors for PGD


	Donor Factors
	Recipient Factors
	Procedural Factors

	• Older Age
	• Older Age
	• Long ischemic time

	>20 years
	• High weight
	• Long CPB time

	• Gender mismatch
	• Mechanical support
	• Weight mismatch

	Female donor/male recipient
	VAD/ECMO
	Low weight donor heart

	• Cause of death
	• Congenital heart disease
	• Heart team experience

	- Intracranial hemorrhage
	• Re-sternotomies
	• Center volume

	• High inotropic requirements
	• Comorbidities
	• Massive blood transfusion

	-Noradrenaline
	-Renal/Liver dysfunction
	• Emergency transplant

	• Cardiac dysfunction
	• Ventilator dependence
	 
	• Comorbidities (DM, HT)
	• Multiorgan transplant
	 
	• Left ventricular hypertrophy
	• Elevated PVR
	 
	• Drug abuse
	• Infection
	 
	• Infection
	• Retransplant
• Amiodarone use
	 

CPB, cardiopulmonary bypass; DM, diabetes mellitus; ECMO, extracorporeal membrane oxygenation; HT, hypertension; PVR, pulmonary vascular resistance; VAD, ventricular assist device



In a large UNOS registry analysis, Russo et al. investigated the association between donor age and ischemic time in terms of post-transplant mortality [5]. The findings revealed that hearts from donors under 20 years of age can endure ischemic time exceeding six hours, whereas the survival is reduced when hearts from donors over 33 years of age exceed 3.5 h of ischemic time. Avtaar Singh et al., in their own study, emphasized the significance of donor age as a pivotal risk factor in a multivariate analysis [6]. Notably, older donor hearts subjected to prolonged ischemia exhibit a higher degree of ischemic damage compared to their younger counterparts. Their study concluded that for every ten-year increase in donor heart age, the risk is increased by 20%.
Due to donor shortages, prolonged waiting times are inevitable for recipients. During this waiting period, preoperative mechanical circulatory support may be deemed necessary as a bridge to transplantation for patients with a poor prognosis. However, research indicates that the use of preoperative ECMO or VAD significantly elevates the risk of postoperative PGD [5, 9]. A recent single-center study conducted by Nicoara et al. reported a trend towards increased PGD in preoperative LVAD recipients (40% versus 32%, P = 0.05) [15]. Technological advancements, particularly in continuous-flow LVADs (CF-LVADs), have substantially contributed to the widespread success of advanced heart failure treatment, with approximately 95% of VAD implants now being CF-LVADs. Truby et al., in a recent study, emphasized the significant association between continuous-flow LVAD (CF-LVAD) use and the risk of severe PGD. Notably, 80% of the 56 patients with severe PGD in their study had undergone preoperative CF-LVAD implantation [33].
Furthermore, the preoperative administration of amiodarone is associated with an increased incidence of severe PGD. In a recent single-center study of 269 heart transplant cases, pre-transplant use of amiodarone was associated with a higher incidence of severe PGD within the first 24 h post-transplant (20% versus 5%, P < 0.001). This incidence of severe PGD was directly proportional to the dosage administered [33]. Reducing the dose of amiodarone may reduce the risk of severe PGD; however, this decision should be made taking into account the patient’s clinical need. This finding was corroborated by an analysis of the ISHLT, which reported an increased one-year mortality rate associated with pre-transplant amiodarone use [34].
Efforts to assess risk factors across various categories often yield results influenced by diverse criteria employed by different medical centers. Therefore, there has always been a need for a consistent risk scoring system. Currently, the only valid scoring system for predicting PGD is the RADIAL score [32]. This scoring model was derived from a multivariate analysis of independent risk factors for PGD in a single-center cohort study of 621 heart transplants. The RADIAL score encompasses six distinct factors, four of which pertain to the recipient and two to the donor. The recipient-related factors include right atrial pressure exceeding 10 mm Hg, age over 60 years, diabetes, and dependence on inotropic support. Donor-related factors encompass age over 30 years and ischemia duration exceeding 240 min. Each presence of these factors in an individual patient contributes one point to the final score.
In their 2013 follow-up study, the same authors examined the incidence of PGD in a cohort of 698 heart transplantations performed in Spain, reaffirming the validity of the RADIAL score [35]. This investigation revealed an overall incidence of moderate to severe PGD cases at 22%. Among these PGD cases, 55% exhibited left ventricular dysfunction, typically as part of biventricular failure. Half of the diagnosed patients received treatment with a mechanical assist device, resulting in a 30-day mortality rate of 40%. The study also highlighted that while PGD is diagnosed within the initial 30 days, the mortality process may extend over several months due to factors such as multiorgan failure and sepsis. The RADIAL model classifies PGD into three risk groups: low (0–1 points), medium (2 points), and high (3 points or above), with respective incidence of 12%, 19%, and 28%. It is worth noting that during the development of this scoring system, ventricular assist devices (VADs) were not as comman as they are today. Therefore, increasing VAD treatments in recent years may lead to a need for changes in current scoring systems.
In the international consortium on primary graft dysfunction published in 2023, which was prepared by ten centers in the United States, Canada and Europe and included a total of 2746 patients, they evaluated the performance of the most strongly validated PGD risk tool, the RADIAL score, in a contemporary cohort;. 215 participants (7.8%) met the criteria for severe PGD. There was an increase in the incidence of severe PGD over the study period (P value for trend by difference sign test = 0.004). The RADIAL score performed poorly in our contemporary cohort and was not associated with severe PGD; it had an AUC of 0.53 (95% CI 0.48–0.58) [14]. Therefore, the reliability of the RADIAL score is still a matter of debate.

Treatment and management of PGD
PGD treatment and management poses significant challenge. Nonetheless, the extensive adoption of mechanical circulatory support (MCS), alongside positive inotropes and pulmonary vasodilators, represents a pivotal advancement in heart transplantation surgery. MCS holds a crucial role not only preoperatively but also postoperatively. It serves to avert multiorgan failure in critically ill patients and facilitate the recovery of cardiac allograft during the rehabilitation phase.
The increasing utilization of venoarterial extracorporeal membrane oxygenation (VA-ECMO) is notable due to its efficacy and ease of application when compared to ventricular assist devices (VADs). In a study conducted by Takeda et al., superior outcomes were observed with VA-ECMO in patients experiencing PGD following heart transplantation. Within a cohort of 597 heart transplant recipients, PGD occurred in 7.4% (44 patients). Among these PGD cases, 17 received VAD support, while 27 were supported by VA-ECMO. Although there was no significant difference in terms of mortality between the two groups, the VA-ECMO cohort exhibited advantages in terms of reduced major bleeding events, lower incidence of renal failure, and a reduced need for prolonged inotropic support [36]. In a separate study by D’Alessandro et al., among 90 patients who developed graft dysfunction within 48 h post-transplant, the survival rate was 48% in the ECMO group, in contrast to 25% in the VAD group [9].
Regarding cannulation strategies in ECMO for postcardiotomy shock, there is no discernible distinction between standard approaches. Both central and peripheral cannulation techniques can be employed as viable configuration options. Several studies have reported no significant disparity in outcomes between these two cannulation methods [37]. Based on our clinical experience, peripheral cannulation is preferrable due to its minimally invasive nature for patients. Peripheral cannulation is generally considered safewhen performed using surgical vessel exploration through the femoral artery and vein. Olivella et al. reported that early initiation of ECMO did not benefit the HTx recipient compared to a more delayed ECMO initiation. However, they did notice a survival benefit in peripheral ECMO compared to central ECMO [38]. Moreover, another recent study suggested some slight benefits in the use of axillary instead of femoral cannulation in post-Tx ECMO [39]. For a comprehensive assessment of peripheral cannulation configurations and strategies, the expert consensus guide jointly developed by EACTS/STS/AATS can serve as a valuable resource [40].
Recent studies consistently support the use of MCS in severe PGD for management. Jacob et al. conducted a study in 2019 involving 1030 patients, revealing that 3% of them developed severe PGD requiring MCS. Remarkably, 81% of these patients treated with VA-ECMO achieved successful weaning [41].
The critical question revolves around the optimal timing for diagnosing and treating severe PGD post-heart transplant. In a 2019 study by DeRoo et al., PGD was identified in 38 (10.5%) of 362 heart transplant recipients [42]. These patients were stratified into two groups: conservative ECMO comprising 18 patients and prompt ECMO involving 20 patients. Under the prompt ECMO protocol, implemented after 2015, ECMO was initiated in the operating room if patients maintained acceptable hemodynamics (mean arterial pressure > 60 mm Hg, central venous pressure < 16 mm Hg, and cardiac index > 2.2 L/min/m²) despite the use of more than 2 high-dose inotropes post-cardiopulmonary bypass. Conversely, the conservative ECMO approach, used before 2015, applied ECMO in the intensive care unit for patients unable to regain adequate hemodynamics despite high-dose inotropes. Although no differences were observed in terms of ICU stay or major complications, in-hospital mortality decreased significantly from 28% (conservative) to 5% (prompt). This study underscores the benefits of early VA-ECMO in promoting myocardial recovery and reducing mortality in patients with severe PGD without increasing the risk of complications [43]. In accordance with established clinical principles and experience, the pivotal step in post-transplant patient management is deemed to be the application of ECMO at the right time with the right indications. The algorithm we have developed for graft dysfunction is presented in Fig. 1 for reference.
[image: ]
Fig. 1Management of PGD


In recent years, the increasing demand for donors and improved transplant success rates have led to a greater utilization of marginal and high-risk donor hearts by surgeons. It is imperative to conduct studies that shed light on the incidence of PGD in recipients of marginal donor cardiac allografts and offer effective post-transplant management strategies. Lima et al. analyzed 260 heart transplant cases, with 53 involving the use of marginal donor cardiac allografts. The recipients from the alternative list were notably older and had a higher prevalence of comorbidities such as diabetes mellitus and ischemic cardiomyopathy. While overall mortality rates were higher in the alternative list, intriguingly, there was no significant difference in PGD incidence between the two groups [43]. Moreover, despite the early negative consequences of PGD, its long-term effect does not seem to be very negative. Settepani et al. confirmed that PGD is associated with poor in-hospital outcome in their study. The poor outcome does not extend beyond the first month of follow-up, with comparable survival between patients with none/mild PGD and moderate/severe PGD in the short and long-term [44].
The increasing utilization of circulatory post-death (DCD) hearts presents a noteworthy concern. This trend is expected to increase the risk of PGD due to prolonged warm ischemic times. Consequently, there is a pressing need for comprehensive research on PGD development in the context of DCD hearts. Presently, data on PGD occurrence among DCD and DBD recipients remain limited. In a comparative study involving 28 patients conducted by Messer et al., no discernible differences were observed in terms of 90-day survival rates. Additionally, there were no statistically significant distinctions between the two groups in variables such as hospital stay duration, rejection rates, allograft function, and 1-year survival rates (DCD, 86%; DBD, 88%; p = 0.98) [45]. Ayer et al., compared the incidence, severity and outcomes of patients experiencing PGD after DCD compared to DBD heart transplantation. A total of 459 patients underwent isolated heart transplantation during the study period, the incidence of moderate or severe PGD in DCD and DBD recipients was 34% and 23%, respectively (P = 0.070). DCD recipients were more likely to experience severe biventricular PGD than DBD recipients. Among patients with severe PGD, DCD recipients experienced shorter median duration of post-transplant mechanical circulatory support. Their study showed that DCD heart transplant recipients were more likely to experience severe, biventricular PGD than DBD recipients [46]. These findings underscore the comparability of DCD heart donation to conventional DBD heart transplants, potentially expanding the pool of heart transplant candidates in well-selected cases.


Conclusion
While significant advancements have been made in post-heart transplant follow-up and treatment, early postoperative PGD remains a prominent concern. PGD represents a notable contributor to early mortality following heart transplantation, and its incidence is estimated to affect approximately 20–30% of heart transplant recipients, although precise figures are lacking. Furthermore, the incidence of PGD is on the rise and may continue to increase, particularly due to factors such as increasing age of both donors and recipients, growing utilization of marginal and high-risk donors as well as strategies like DCD transplantation [11].
Effectively managing and preventing PGD necessitates a comprehensive approach that addresses donor, recipient, and procedural risk factors. Consequently, achieving consensus and implementing well-structured algorithms for PGD treatment is imperative. Managing severe PGD presents a formidable challenge, and favorable outcomes are attainable through advanced mechanical circulatory support devices. Early application of VA-ECMO forms a cornerstone of treatment, significantly contributing to early myocardial recovery and enhancing overall survival. However, success in combating PGD hinges on the collective sharing of experiences and the adoption of standardized algorithms encompassing diagnosis, treatment, and perioperative patient management strategies.
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