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Highlights 
  
• High Survival Rates: The study reported 1-year, 5-year, and 10-year survival rates of 80%, 51%, and 42%, respectively, for 

heart transplant recipients. 

• Key Complications: Allograft rejection occurred in 23.8% of patients, significantly impacting survival, with a mean survival of 
23.9 months for those with rejection versus 65.9 months without. 

• Leading Cause for Transplant: Dilated cardiomyopathy was the most common underlying condition, accounting for 85.3% of 
heart transplant cases. 

• Demographic Insights: The cohort had a mean age of 40.7 years, with 64% male recipients, and no significant survival 
differences based on sex or age. 
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A B S T R A C T 

Background: Heart transplantation (HTx) has become the preferred treatment for certain 

individuals with advanced heart failure. However, the outcomes and complications of this 

procedure have not been thoroughly evaluated in the Iranian population. In this study, we aimed 

to provide a comprehensive understanding of the epidemiological characteristics of patients who 

underwent HTx, focusing on the indications for HTx, early and late complications, causes of 

mortality, and survival rates. 

Methods: In this retrospective cohort study, we included all patients aged 18 years and older 

who underwent HTx between July 2013 and June 2023 at Namazi Academic Hospital, affiliated 

with Shiraz University of Medical Sciences. We collected baseline and clinical characteristics 

and 10-year follow-up data from medical records. The 10-year survival data were presented 

using the Kaplan-Meier curve. Subgroup survival analyses based on Allograft rejection status, 

sex, and age were also performed. 

Results: We identified 75 patients who underwent HTx during the study period, including 48 

males and 27 females. The most prevalent underlying cause for HTx was dilated 

cardiomyopathy, accounting for 85.3% of the surgeries. After the procedure, 15 patients showed 

signs of allograft rejection. The survival analysis indicated a mean survival of 71.3 ± 6.5 months. 

The 1-, 5-, and 10-year survival rates were reported at 80%, 51%, and 42%, respectively. 

Conclusions:  Overall, this study’s findings offer valuable insights into the demographic and 

clinical characteristics of patients undergoing HTx and their outcomes. Additionally, our results 

enhance current knowledge regarding pre-HTx risk assessment and patient selection, early 

post-HTx diagnosis, and the management of significant complications. 
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Introduction 
 

eart transplantation (HTx) has become 

the preferred treatment for specific 

patients with advanced heart failure (HF). 

Advancements in preoperative patient 

evaluations, selection processes, transplantation 

methods, organ preservation, postoperative care, 

and immunosuppressive strategies have increased 

survival rates and reduced complications.1, 2 

The International Thoracic Organ Transplant 

Registry (ISHLT) has reported increased survival 

rates among HTx recipients based on a registry of 

over 66,000 cases, with approximately 3000 new 

cases each year. The survival rates were 

approximately 83% at the 1-year follow-up and 

72% at the 5-year follow-up.3 Nonetheless, some 

important complications still restrict patients’ quality 

of life and long-term outcomes.4 

Primary graft dysfunction (PGD), defined as the 

onset of cardiac dysfunction within the first 24 

hours following transplantation and in the absence 

of a clear secondary etiology, accounts for 

approximately 40% of mortality after HTx. This 

positions PGD as the leading cause of early death 

after HTx.5 Post-HTx patients may also experience 

acute cellular rejection (ACR) or antibody-mediated 

rejection (AMR).6, 7 Additionally, the administration 

of immunosuppressive drug regimens in transplant 

recipients predisposes patients to various 

malignancies and infections.8, 9 

Current studies on HTx recipients in Iran, 

especially concerning their complications, survival 

outcomes, and causes of death, are still limited.   

Different HTx institutions have reported varied 

survival rates and complications, such as the type 

and severity of existing cardiac conditions, based 

on the characteristics of the recipient and donor. 

This study aimed to provide a comprehensive 

understanding of the epidemiological 

characteristics of patients in our academic HTx 

center, focusing on indications, early and late 

complications, causes of mortality, and survival 

rates. 
 

Methods 

Study design and population 
 

In this 10-year observational retrospective 

single-center study, we included all patients aged 

18 years and older who underwent HTx between 

July 2013 and June 2023 at Namazi Academic 

Hospital, affiliated with Shiraz University of Medical 

Sciences. A data collection form was designed and 

completed for each patient by reviewing their 

medical records. Data collected from inpatient and 

outpatient medical records encompassed the 

patients’ baseline characteristics, medical and 

surgical history, mortality and causes of death, 

complications (e.g., allograft rejection, infection, 

cardiac allograft vasculopathy [CAV]), laboratory 

results, and medications. 

The following outcomes were collected for the 

first 10 years after HTx surgery: (1) 

mortality/survival (the incidence of death, causes of 

death, and length of survival); (2) rejection (the 

incidence, timing, and types of rejection); and (3) 

the incidence of early and late post-transplant 

complications (infection, respiratory failure, stroke, 

CAV, cancer, new-onset steroid-induced diabetes, 

and severe renal dysfunction [defined as a serum 

creatinine>2.5 mg/dL, a diagnosis of renal failure, 

or being on dialysis, based on the ISHLT 

definition]). Allograft rejection was confirmed 

through endomyocardial biopsies, and an expert 

pathologist conducted rejection grading according 

to ISHLT guidelines.10 

We reviewed patient charts to obtain all 

transfused blood products, including packed red 

blood cells, platelets, fresh frozen plasma, 

cryoglobulin, comprehensive drug history, and the 

pre-HTx ejection fraction. We also obtained pre-

HTx laboratory findings, including serum fasting 

blood sugar, total cholesterol, high-density 

lipoprotein, low-density lipoprotein, and triglyceride 

levels. 

The ethics committee of Shiraz University of 

Medical Sciences approved the study 

(IR.SUMS.MED.REC.1401.212). 

 

Statistical analysis 

 

Quantitative and categorical variables were 

presented as mean±SD and frequencies and 

percentages, respectively. The overall 10-year 

survival rate was reported using the Kaplan-Meier 

method. Unadjusted survival rates for sex 

(female/male) and age (younger than 50, 50, or 

H 
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older) were estimated using the Kaplan-Meier 

method, and the differences between the curves 

were assessed utilizing the log-rank test. Statistical 

significance was defined as a P-value≤0.05. SPSS 

version 25.0 (IBM Corp., Armonk, NY, USA) was 

used for all statistical analyses. 

 

Results 
 

A total of 75 patients, consisting of 48 males 

(64%) and 27 females (36%), underwent HTx 

during the assessment period. The mean age of the 

recipients at the time of HTx was 40.7 ± 11.4 years, 

ranging from 18 to 63 years. In this cohort of 

patients, the most common comorbidities were 

hypertension and hypothyroidism, followed by 

diabetes mellitus and hyperlipidemia. (Table 1) 

shows the baseline characteristics and clinical 

features of patients who underwent HTx.

 

Table 1. The baseline characteristics, clinical features, and procedural details of patients who underwent heart transplantation 

  Total (n=75) 

Sex, n (%)   
 Male 48 (64.0%) 
 Female 27 (36.0%) 
Age, mean (SD)  40.7 (11.4) 
Comorbidities 
n (%) 

  

 Hypertension 9 (12.0%) 
 Hypothyroidism 6 (8.0%) 
 Diabetes mellitus 4 (5.3%) 
 Hyperlipidemia 3 (3.9%) 
 Chronic kidney disease 2 (2.7%) 
 Ischemic heart disease 2 (2.7%) 
 Cirrhosis 2 (2.7%) 
 Cerebrovascular accident 1 (1.3%) 
 Neurofibromatosis 1 (1.3%) 
 Hemochromatosis 1 (1.3%) 
Social History 
n (%) 

  

 Smoker 3 (4.0%) 
 Opium addict 2 (2.7%) 
 
Underlying Causes 
n (%) 

 
 
 

 DCMP 64 (85.3%) 
 alcoholic CMP 2 (2.7%) 
 ICMP 2 (2.7%) 
 RCMP 2 (2.7%) 
 HCM 1 (1.3%) 
 HOCM 1 (1.3%) 
 ARVC (bivent) 1 (1.3%) 
 Unknown CMP 2 (2.7%) 
Surgical Techniques 
n (%) 

  

 Bicaval 57 (76%) 
 Biatrial 17 (22.7%) 
 Redo 1 (1.3%) 
Blood Product Transfusion 
mean (SD) 

  

 pRBC 4.3 (5.8) 
 FFP 7.6 (9.6) 
 Cryoglobulin 0.76 (3.3) 

 Platelet 9.7 (27. 6) 

SD: standard deviation, DCMP: dilated cardiomyopathy, CMP: cardiomyopathy, ICMP: idiopathic cardiomyopathy, RCMP: 
restrictive cardiomyopathy, HCM: hypertrophic cardiomyopathy, HOCM: hypertrophic obstructive cardiomyopathy, ARVC: 
arrhythmogenic right ventricular cardiomyopathy, pRBC: packed red blood cells, FFP: fresh frozen plasma. 

The most common underlying cause of HF and 

subsequent HTx was dilated cardiomyopathy, 

accounting for 85.3% of cases, followed by 

alcoholic cardiomyopathy, hypertrophic 

cardiomyopathy, idiopathic cardiomyopathy, and 

restrictive cardiomyopathy. One patient had 

arrhythmogenic cardiomyopathy, and the 

underlying causes of cardiomyopathy in 2 patients 

were unknown.  

Regarding the causes of early mortality, 12 

patients (15.8%) died during or shortly after the 

operation. Among these 12 patients, 4 (33.3%) lost 
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their lives due to PGD. Three patients (25%) 

experienced septic shock following surgery, and 2 

(16.6%) died from COVID-19 infection while 

hospitalized. Sudden cardiac death caused by 

unexplained tachyarrhythmia, right ventricular 

failure, and bleeding each accounted for 1 death 

(8.3%) during this period. 

Among the 63 early post-HTx survivors, 41 

(65.1%) were male and 22 (34.9%) were female. 

Fifteen patients (23.8%) showed evidence of 

allograft rejection, with 9 patients (14.3%) having 

ACR and 6 patients (9.5%) having AMR. The time 

between HTx and rejection was categorized as 

either acute or chronic, using a cutoff point of 6 

months. Accordingly, 11 patients experienced 

acute rejection, while 2 patients had multiple 

rejection episodes. For those patients with multiple 

episodes, the acute or chronic nature of the 

rejection was determined by the time of the first 

rejection episode (Table 2). 

All HTx recipients were administered 3-drug 

immunosuppressive treatment following our 

protocol. We administered rabbit antithymocyte 

globulins as an induction treatment. Azathioprine 

was given at a dosage of 4 mg/kg 1 hour prior to 

HTx. Solumedrol, at a dose of 1000 mg, was 

provided after the aortic cross-clamp was removed. 

The administration of rabbit antithymocyte globulin 

at a dosage of 1.5–2.5 mg/kg/day was maintained 

for 5 days after HTx. Oral cyclosporine was also 

started within 5 days post-HTx, with doses adjusted 

according to renal function and drug levels. The 

drug levels were maintained at trough values of 

300–500 ng/mL during the first 3 months after 

transplantation and then maintained at 200–300 

ng/mL for 1 year. Following transplantation, 

azathioprine was also continued at a dosage of 1–

2 mg/kg/day. The administration of prednisone at a 

dosage of 0.5 mg/kg/day began on the second day 

after surgery and gradually decreased to 0.2 

mg/kg/day during the first month.

 

Table 2. The characteristics of allograft rejections 

 Grade of Rejection Time Frame of Rejection 

  
Acute (≤6 months) 

(n) 
Chronic (>6 months) 

(n) 

ACR 
 

Grade 1 R (n) 6 
6 3 Grade 2 R (n) 3 

Grade 3 R (n) 0 

AMR  

Grade 1 (n) 2 

5 1 Grade 2 (n) 3 

Grade 3 (n) 1 

AMR: antibody-mediated rejection, ACR: acute cellular rejection. 
AMR grading: grade 0: negative histologic and immunopathologic findings; grade 1: presence of positive histologic and 
immunopathologic findings; grade 2: presence of both histologic and immunopathologic findings; and grade 3: presence of severe 
histologic plus immunopathologic findings. 
ISHLT ACR grading: grade 0: no rejection; grade 1 R, mild: interstitial and/or perivascular infiltrate with up to 1 focus of myocyte 
damage; grade 2 R, moderate: Two or more foci of infiltrates with associated myocyte damage; and grade 3 R, severe: diffuse 
infiltrate with multifocal myocyte damage, with or without edema, hemorrhage, or vasculitis. 

 

During the follow-up, 3 patients experienced CAV, 

and 4 patients were diagnosed with cancer. One 

patient developed an intracerebral hemorrhage, 

and 2 had cerebrovascular accidents (one due to a 

left atrial clot). Notably, 1 of the 4 patients with 

cancer experienced dacryocystitis, followed by 

mucormycosis and eye enucleation just 5 days 

later. This patient’s risk factors consisted of 

neutropenia, diabetes mellitus post-HTx, and the 

continuous use of oral steroids. A detailed report of 

infectious and non-infectious postoperative 

complications, as well as long-term complications, 

is presented in (Table 3).

Table 3. Infectious and non-infectious postoperative and long-term complications 

 Early Survivors 
(n=63) 

Sex, n (%)   
 Male 41 (65.1%) 
 Female 22 (34.9%) 

Cardiac allograft vasculopathy, n (%)  3 (4.5%) 
Malignancy, n (%)  3 (3.9%) 

 Leukemia 1 (1.6%) 
 Kaposi sarcoma 2 (3.2%) 
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 Squamous cell carcinoma 1 (1.6%) 
 Total 4 (6.3%) 

Noninfectious Complications 
n (%) 

  

   Cerebrovascular accident 2 (3.2%) 
 Intracranial hemorrhage 1 (1.6%) 
 Cushing syndrome 1 (1.6%) 
 Right diaphragmatic paralysis 1 (1.6%) 
 Pericardial hematoma 1 (1.6%) 
 Testicular abscess (orchiectomy) 1 (1.6%) 
 Deep vein thrombosis 1 (1.6%) 
 Severe aortic insufficiency (due to 

iatrogenic mechanical damage) 
1 (1.6%) 

 Atherosclerotic coronary artery disease 1 (1.6%) 
 Mild pulmonary stenosis (at the 

anastomosis site) 
1 (1.6%) 

 Total 11 (17.5%) 
Infectious Complications 

n (%) 
  

 Infectious diarrhea 3 (4.8%) 
 Aspergillosis 1 (1.6%) 
 cytomegalovirus infection 1 (1.6%) 
 Total 5 (7.9%) 

 

 

The survival analysis for HTx patients in this 

cohort showed a mean survival time of 71.3±6.5 

months. According to the Kaplan-Meier curve, the 

survival rates were 80% after 1 year, 75% after 2 

years, 71% after 3 years, 51% after 5 years, and 

42% after 10 years (Figure 1).
 

 
Figure 1. The image illustrates the Kaplan‒Meier graph of the overall survival rate of patients who underwent heart transplantation. 

 

The subgroup analysis based on allograft 

rejection status revealed an estimated mean 

survival of 65.9±7.4 months for patients without 

signs of allograft rejection and 23.9±6.4 months for 

those with signs of rejection. The log-rank test 

showed a P-value of 0.032, indicating a significant 

decrease in the survival rate among patients 

exhibiting signs of allograft rejection (Figure 2).
 

 

Figure 2. The image presents the Kaplan-Meier graph for comparing survival between patients with and without allograft rejection. 
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Subgroup analysis for age revealed an estimated 

mean survival of 66.5±7.7 months for patients aged 

50 and younger, and 85.4±12.0 months for those 

older than 50 years. The log-rank test yielded a P-

value of 0.159, indicating a nonsignificant 

difference between these 2 subgroups (Figure 3). 

 

 
Figure 3. The image showcases the Kaplan-Meier survival curves comparing post-transplantation outcomes between recipients 
aged ≤50 years and >50 years. 

 

Subgroup analysis based on sex also revealed 

an estimated mean survival of 68.7 ± 8.6 months 

for males and 69.3±8.1 months for females. The 

log-rank test yielded a P-value of 0.417, indicating 

a nonsignificant difference in this context  

(Figure 4).

 

 
Figure 4. The image presents the Kaplan‒Meier graph for comparing survival between males and females. 

 

A Cox regression model was employed to adjust 

for multiple variables regarding all-cause mortality. 

Individuals older than 50 years had a hazard ratio 

of 0.50 (95% CI, 0.19 to 1.34), with a nonsignificant 

P-value (0.17) compared to those aged 50 years 

and younger. For sex, females exhibited a hazard 

ratio of 0.73 (95% CI, 0.34 to 1.58) when compared 

to males, with a nonsignificant P-value (0.424). In 

the rejection category, rejection had a hazard ratio 

of 2.857 (95% CI, 1.03 to 7.9), with a significant P-

value (0.043) relative to non-rejected cases. 

Multivariable analysis indicated that age, sex, and 

transplant rejection were not statistically significant 

predictors of all-cause mortality in HTx patients. 

 

Discussion 

 

In this observational retrospective cohort study 

of 75 HTx patients, we analyzed demographic 

characteristics, clinical profiles, and outcomes. The 

mean age of the HTx recipients was 40.7±11.5 

years, with 64% being male. The patients 
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presented with various medical conditions, among 

which hypertension (12%) and hypothyroidism 

(8%) were most prevalent. Survival analysis of the 

cohort revealed a mean survival rate of 71.3 ± 6.5 

months. The patients exhibited survival rates of 

80% at 1 year, 75% at 2 years, 71% at 3 years, 51% 

at 5 years, and 42% at 10 years. 

The mean age of approximately 40 years in our 

cohort is consistent with existing literature, which 

suggests that HTx is primarily performed in middle-

aged adults. The optimal age cutoff for HTx 

recipients remains a topic of debate due to the 

discrepancy between chronological and 

physiological age, organ availability, and 

inconsistent guidelines.11 

The proportion of female patients in our study 

(36%) aligns with trends observed in other 

research.12-14 A 25-year cohort study by María D 

García-Cosío et al.15 involving 6740 HTx 

operations reported that 20.6% of the procedures 

were performed on women, with a slight but 

statistically insignificant increase in the rate of HTx 

for women over the study period. The observed 

increase in female patients undergoing HTx may be 

influenced by evolving lifestyles among women and 

the expansion of HTx eligibility criteria to 

encompass all patients in advanced stages of HF, 

regardless of the underlying cardiac condition.16, 17 

Our cohort presented with diverse 

comorbidities, with hypertension (12%) and 

hypothyroidism (8%) being most common. Dilated 

cardiomyopathy was the primary cardiomyopathy 

leading to HTx, accounting for 85.3% of cases. This 

finding is consistent with existing literature that 

recognizes dilated cardiomyopathy as the leading 

cause of HF.18,19 Although HTx has significantly 

improved life expectancy and quality of life for 

patients with refractory HF, it is crucial to recognize 

the potential risks and complications associated 

with this treatment option. Some of these factors 

are directly related to the characteristics of the graft 

and its interaction with the recipient’s immune 

system, while others are dependent on donor 

characteristics and the adverse effects of 

immunosuppressive medications.20 

PGD is a condition marked by impaired graft 

function within 24 hours following HTx, typically 

characterized by a left ventricular ejection fraction 

below 40%, with or without the need for mechanical 

circulatory support.21 The precise 

pathophysiological mechanisms responsible for 

PGD development remain unclear. Nevertheless, 

several proposed mechanisms may contribute to 

cardiac dysfunction, including processes 

associated with the donor organ prior to 

procurement, during transportation, during 

implantation, and after reperfusion in the recipient. 

These various pathophysiological injuries 

ultimately result in the clinical manifestation of 

transplanted organ dysfunction.22, 23 

Allograft rejection can be classified as ACR or 

AMR and may be further categorized as acute or 

chronic. ACR, the more common form, is primarily 

mediated by T cells, while AMR involves an 

immunological response with antibody production 

by B cells. Although acute allograft rejection 

remains a substantial contributor to morbidity and 

mortality following transplantation, advancements 

in immunosuppressive therapies have led to a 

decrease in its occurrence and impact on graft 

survival over time. 

Post-transplantation, all patients should receive 

a combination of 3 types of immunosuppressive 

medications: glucocorticoids, calcineurin inhibitors 

(cyclosporine and tacrolimus), and antiproliferative 

agents.24 

The first-line treatment for AMR typically 

consists of high-dose intravenous corticosteroids in 

combination with plasmapheresis and/or low-dose 

intravenous immunoglobulin. Rituximab may be 

added as an adjunctive therapy to reduce the risk 

of recurrent rejection. For symptomatic ACR, high-

dose intravenous corticosteroids are the 

recommended initial treatment, irrespective of the 

ISHLT biopsy grade. According to ISHLT 

guidelines, antithymocyte antibodies should be 

administered in cases of hemodynamic 

compromise or if no clinical improvement is 

observed within 12 to 24 hours following 

intravenous corticosteroid therapy.25  

In our study, 15 patients (23.8%) experienced 

allograft transplant rejection during the post-HTx 

period, consistent with rejection rates reported in 

other studies. For instance, Kamath et al. 13 found 

that 16 out of 72 patients had biopsy-confirmed 

allograft rejection following HTx. 
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A key finding of our study was the significant 

impact of rejection on survival rates. As detailed in 

the Results section, patients without rejection 

showed notably higher survival rates (65.9 vs. 23.9; 

P=0.032), emphasizing the importance of early 

diagnosis and proactive management of rejection 

to enhance survival outcomes. 

CAV is a unique form of coronary occlusive 

disease that affects transplanted hearts. Unlike 

traditional coronary artery disease, CAV is 

characterized by a diffuse and concentric process. 

Local and systemic inflammation contribute to 

endothelial damage, leading to smooth muscle cell 

proliferation and reduced arterial lumen diameter, 

ultimately resulting in CAV development. 

Several preventive strategies have been 

proposed to reduce the risk of CAV, including statin 

therapy, which slows CAV progression and 

improves survival rates following heart 

transplantation.26 Angiotensin-converting enzyme 

inhibitors may also be beneficial, as they alleviate 

allograft microvascular endothelial dysfunction, 

decrease endothelin activation, and have been 

associated with plaque regression.27 Calcium 

channel blockers are another recommended 

option, as they appear to delay CAV progression.28 

Further, sirolimus, an immunosuppressive agent, 

has been linked to slower CAV progression.29 

Infection poses a significant risk for transplant 

patients, contributing to over 20% of deaths within 

the first year. Pre-transplant vaccinations against 

pneumococcal and influenza infections are 

essential for all patients. Post-surgery, preventive 

treatment for Pneumocystis carinii, Herpes simplex 

virus, and oral candidiasis should be initiated in all 

patients. Moreover, valganciclovir treatment is 

recommended for Cytomegalovirus-seronegative 

recipients with Cytomegalovirus-seropositive 

donors. 

The clinical presentation of sepsis can vary 

among transplant patients, ranging from mild or 

atypical symptoms to severe refractory shock. 

Treatment typically involves administering broad-

spectrum antibiotics, along with antiviral and 

antifungal medications, guided by clinical 

suspicions. In some cases, reducing the dosage of 

immunosuppressive therapy may be considered, 

based on the infection's severity. 

As many recipients require steroids for months 

or years following transplantation, stress doses of 

steroids should be administered during acute 

infectious periods.24 

Our survival analysis revealed no significant 

differences in survival rates between sexes or age 

groups. Still, a slight trend toward improved survival 

was observed in individuals over 50 years old, 

particularly among females. This finding contradicts 

the observations by Alyaydin et al.,30 who reported 

that male sex was associated with a better 

prognosis. This discrepancy could be attributed to 

the increasing recognition of heart disease in 

women, which may result from increased 

awareness, advancements in medical 

technologies, and more comprehensive screening 

programs. These factors contribute to the early 

diagnosis and management of heart disease in 

women before it reaches an advanced stage. 

Consistent with our study, Kuczaj et al.31 found 

that age at the time of HTx was not correlated with 

survival rates. The overall survival in our study is 

encouraging, demonstrating that despite the 

complexities and comorbidities associated with 

HTx, patients can still achieve a reasonable 

lifespan following the procedure. 

The latest International Society of Heart and 

Lung Transplantation registry data reports a 1-year 

survival rate of 84.5% and a 5-year survival rate of 

72.5% for HTx patients.32 These survival rates have 

significantly improved compared to the 71.9% 1-

year survival rate and 62.7% 5-year survival rate 

observed in the 1980s. Long-term survival rates 

were higher in select experienced hospitals.33,34 

Furthermore, our approximately 20% 1-year 

mortality rate chimes with findings from German 

and Hispanic populations.35,36 

A notable strength of our study is the long-term 

follow-up of patients. By monitoring patients over 

an extended period, we were able to gather 

valuable information on their outcomes and 

disease progression. Additionally, our 

comprehensive data collection method ensured 

that we obtained a complete dataset from each 

patient, allowing us to thoroughly analyze various 

factors and variables that may influence the results. 

While this study offers valuable insights into 

contemporary HTx patients and their outcomes, it 
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is important to recognize several limitations. 

The retrospective design of the study and the 

relatively small sample size may affect the 

interpretation of the results. In addition, the 

absence of donor data is another limitation. To 

strengthen the generalizability of our findings, it is 

essential to validate them through larger, multi-

center prospective cohorts. 

 

Conclusion 

 

Overall, this study provides important insights 

into the demographic, clinical characteristics, and 

outcomes of HTx patients. The identification of 

common comorbidities and underlying causes of 

HTx can aid clinical decision-making and improve 

patient care. The observed rate of transplant 

rejection highlights the importance of appropriate 

post-transplant management and surveillance. 

Moreover, findings on survival rates can help 

establish realistic expectations for patients and 

their families. 

It is essential to acknowledge the limitations of 

this study, particularly its small sample size, and 

emphasize the need for further research to validate 

these findings in larger populations. As we continue 

to expand our understanding of pre-HTx risk 

assessment and patient selection, early post-HTx 

diagnosis, and management of significant 

complications, we can ultimately enhance the long-

term outcomes and quality of life for HTx patients. 

 

Declarations: 

Ethical Approval 

 

This study was conducted in accordance with 

the ethical standards of the institutional and/or 

national research committee and with the 1964 

Helsinki declaration and its later amendments or 

comparable ethical standards. The ethics 

committee of Shiraz University of Medical Sciences 

approved the study 

(IR.SUMS.MED.REC.1401.212). 

  

Funding 

 

This research received no specific grant from 

any funding agency in the public, commercial, or 

not-for-profit sectors. 

 

Conflict of Interest 

 

The authors declare that they have no conflict 

of interest. 

 

 Acknowledgment 
 

The authors would like to thank all individuals and 

institutions for their valuable support and 

contributions to this research. 

 

 



Salma Nozhat et al. 2025; 20 (1):2-12  

 

11 

References 
 

1. Kim IC, Youn JC, Kobashigawa JA. The Past, 

Present, and Future of Heart Transplantation. 

Korean Circ J. 2018;48(7):565-90. 

2. Javid RN, Hosseini SK. CT-derived Fractional Flow 

Reserve: How, When, and Where to Use This 

Novel Cardiac Imaging Tool. Current Cardiology 

Reviews. 2024;20(6). 

3. Lund LH, Edwards LB, Kucheryavaya AY, 

Dipchand AI, Benden C, Christie JD, et al. The 

Registry of the International Society for Heart and 

Lung Transplantation: Thirtieth Official Adult Heart 

Transplant Report--2013; focus theme: age. J 

Heart Lung Transplant. 2013;32(10):951-64. 

4. Nikoo MH, Narimani-Javid R, Kamrava A, Shafiei 

S, Nozhat S, Fatemian H, et al. PR Interval as a 

Valuable Predictor of Tilt Table Test Results in 

Patients With Neurally Mediated Syncope. Annals 

of Noninvasive Electrocardiology. 2025; 30 (2): 

e70054. 

5. Khush KK, Cherikh WS, Chambers DC, Harhay 

MO, Hayes D, Jr., Hsich E, et al. The International 

Thoracic Organ Transplant Registry of the 

International Society for Heart and Lung 

Transplantation: Thirty-sixth adult heart 

transplantation report - 2019; focus theme: Donor 

and recipient size match. J Heart Lung Transplant. 

2019;38(10):1056-66. 

6. Lindenfeld J, Miller GG, Shakar SF, Zolty R, Lowes 

BD, Wolfel EE, et al. Drug therapy in the heart 

transplant recipient: Part II: immunosuppressive 

drugs. Circulation. 2004;110(25):3858-65. 

7. Mangini S, Alves BR, Silvestre OM, Pires PV, Pires 

LJ, Curiati MN, Bacal F. Heart transplantation: 

review. Einstein (São Paulo). 2015;13(2):310-8. 

8. Dantal J, Soulillou JP. Immunosuppressive drugs 

and the risk of cancer after organ transplantation. N 

Engl J Med. 2005;352(13):1371-3. 

9. Engels EA, Pfeiffer RM, Fraumeni JF, Jr., Kasiske 

BL, Israni AK, Snyder JJ, et al. Spectrum of cancer 

risk among US solid organ transplant recipients. 

Jama. 2011;306(17):1891-901. 

10. Arabyarmohammadi S, Yuan C, Viswanathan VS, 

Lal P, Feldman MD, Fu P, et al. Failing to Make the 

Grade: Conventional Cardiac Allograft Rejection 

Grading Criteria Are Inadequate for Predicting 

Rejection Severity. Circ Heart Fail. 

2024;17(2):e010950. 

11. Paghdar S, Desai S, Jang JM, Ruiz J, Malkani S, 

Patel P, et al. One-year survival in recipients older 

than 50 bridged to heart transplant with Impella 5.5 

via axillary approach. J Geriatr Cardiol. 

2023;20(5):319-29. 

12. Forsberg A, Kisch AM, Paulsson A, Ragntoft C, 

Dalvindt M, Lennerling A. Fear of graft rejection 

after heart transplantation - a nationwide cross-

sectional cohort study. Eur J Cardiovasc Nurs. 

2021;20(1):71-9. 

13. Kamath M, Shekhtman G, Grogan T, Hickey MJ, 

Silacheva I, Shah KS, et al. Variability in Donor-

Derived Cell-Free DNA Scores to Predict Mortality 

in Heart Transplant Recipients - A Proof-of-

Concept Study. Front Immunol. 2022;13:825108. 

14. Rodrigues LFJ, Moreira BR, Duque AP, Oliveira 

JR, Figueiredo PHS, Oliveira CR, et al. Double 

Product and Autonomic Function as Predictors of 

Quality of Life in Heart Transplant Recipients: A 

Cross-Sectional Study. Braz J Cardiovasc Surg. 

2022;37(4):454-65. 

15. García-Cosío MD, González-Vilchez F, López-

Vilella R, Barge-Caballero E, Gómez-Bueno M, 

Martínez-Selles M, et al. Gender differences in 

heart transplantation: Twenty-five-year trends in 

the nationwide Spanish heart transplant registry. 

Clin Transplant. 2020;34(12):e14096. 

16. Crespo-Leiro MG, Metra M, Lund LH, Milicic D, 

Costanzo MR, Filippatos G, et al. Advanced heart 

failure: a position statement of the Heart Failure 

Association of the European Society of Cardiology. 

Eur J Heart Fail. 2018;20(11):1505-35. 

17. Narimani-Javid R, Moradi M, Mahalleh M, Najafi-

vosough R, Arzhangzadeh A, Khalique O, et al. 

Machine learning and computational fluid 

dynamics-derived FFRCT demonstrate 

comparable diagnostic performance in patients with 

coronary artery disease; A Systematic Review and 

Meta-Analysis. Journal of Cardiovascular 

Computed Tomography. 2025. 

18. Dalvindt M, Nozohoor S, Kisch A, Lennerling A, 

Forsberg A. Symptom Occurrence and Distress 

after Heart Transplantation-A Nationwide Cross-

Sectional Cohort Study. Int J Environ Res Public 

Health. 2020;17(21). 

19. Arzhangzade A, Zamirian M, Nozhat S, Shafei S, 

Narimani Javid R, Salahi S, Khorshidi S. Clinical 

case of Cor triatriatum sinister, a dilemma of 

anticoagulation: A case report and literature review. 

Clinical Case Reports. 2024;12(7):e8908. 

20. Lund LH, Khush KK, Cherikh WS, Goldfarb S, 

Kucheryavaya AY, Levvey BJ, et al. The Registry 

of the International Society for Heart and Lung 

Transplantation: Thirty-fourth Adult Heart 



Heart Transplantation: Complications, Mortality & Survival  

 

12 

Transplantation Report-2017; Focus Theme: 

Allograft ischemic time. J Heart Lung Transplant. 

2017;36(10):1037-46. 

21. Kobashigawa J, Zuckermann A, Macdonald P, 

Leprince P, Esmailian F, Luu M, et al. Report from 

a consensus conference on primary graft 

dysfunction after cardiac transplantation. J Heart 

Lung Transplant. 2014;33(4):327-40. 

22. Brahmbhatt DH, Blitzer D, Billia F, Copeland H. 

Acute complications posttransplant: primary 

allograft dysfunction. Curr Opin Organ Transplant. 

2023;28(5):376-83. 

23. Anaraki KT, Zahed Z, Javid RN, Shafiei S, 

Beiranvandi F, Kahrizsangi NG, et al. Immune 

response following transcatheter aortic valve 

procedure. Vascular Pharmacology. 

2024;154:107283. 

24. Birati EY, Rame JE. Post-heart transplant 

complications. Crit Care Clin. 2014;30(3):629-37. 

25. Costanzo MR, Dipchand A, Starling R, Anderson A, 

Chan M, Desai S, et al. The International Society of 

Heart and Lung Transplantation Guidelines for the 

care of heart transplant recipients. J Heart Lung 

Transplant. 2010;29(8):914-56. 

26. Wenke K, Meiser B, Thiery J, Nagel D, von Scheidt 

W, Krobot K, et al. Simvastatin initiated early after 

heart transplantation: 8-year prospective 

experience. Circulation. 2003;107(1):93-7. 

27. Bae JH, Rihal CS, Edwards BS, Kushwaha SS, 

Mathew V, Prasad A, et al. Association of 

angiotensin-converting enzyme inhibitors and 

serum lipids with plaque regression in cardiac 

allograft vasculopathy. Transplantation. 

2006;82(8):1108-11. 

28. Schroeder JS, Gao SZ, Alderman EL, Hunt SA, 

Johnstone I, Boothroyd DB, et al. A preliminary 

study of diltiazem in the prevention of coronary 

artery disease in heart-transplant recipients. N Engl 

J Med. 1993;328(3):164-70. 

29. Mancini D, Pinney S, Burkhoff D, LaManca J, Itescu 

S, Burke E, et al. Use of rapamycin slows the 

progression of cardiac transplantation 

vasculopathy. Circulation. 2003;108(1):48-53. 

30. Alyaydin E, Sindermann JR, Köppe J, Gerss J, 

Dröge P, Ruhnke T, et al. Depression and Anxiety 

in Heart Transplant Recipients: Prevalence and 

Impact on Post-Transplant Outcomes. J Pers Med. 

2023;13(5). 

31. Kuczaj A, Pawlak S, Przybyłowski P, Warwas S, 

Śliwka JE, Zakliczyński M, Hrapkowicz T. Patient-

Related Preoperative Clinical Factors Influencing 1-

Year Survival After Orthotopic Heart 

Transplantation - A Single Center Polish 

Experience. Ann Transplant. 2022;27:e934185. 

32. Lund LH, Edwards LB, Kucheryavaya AY, Benden 

C, Christie JD, Dipchand AI, et al. The registry of 

the International Society for Heart and Lung 

Transplantation: thirty-first official adult heart 

transplant report--2014; focus theme: 

retransplantation. J Heart Lung Transplant. 

2014;33(10):996-1008. 

33. Deuse T, Haddad F, Pham M, Hunt S, Valantine H, 

Bates MJ, et al. Twenty-year survivors of heart 

transplantation at Stanford University. Am J 

Transplant. 2008;8(9):1769-74. 

34. Ongcharit P, Wongkietkachorn K, Sritangsirikul S, 

Namchaisiri J, Singhatanatkit S, Luengtaviboon K, 

et al. Heart transplantation 1987--2007: 20 years' 

experience at Chulalongkorn hospital. Transplant 

Proc. 2008;40(8):2591-3. 

35. González-Vílchez F, Almenar-Bonet L, Crespo-

Leiro MG, Gómez-Bueno M, González-Costello J, 

Pérez-Villa F, et al. Spanish Heart Transplant 

Registry. 32nd Official Report of the Heart Failure 

Association of the Spanish Society of Cardiology. 

Rev Esp Cardiol (Engl Ed). 2021;74(11):962-70. 

36. Gummert JF. Heart Transplantation in Bad 

Oeynhausen, Germany: The Heart Transplant 

program at the Heart and Diabetes Center Bad 

Oeynhausen, University Hospital, Ruhr-University 

Bochum, Germany. Eur Heart J. 2017;38(46):3411-3. 

 

 


