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Processing time: 286 Days and 10.6  METHODS

Hours This was a retrospective study of a single medical unit, and we selected patients
who received heart transplants from July 21, 1988 to September 30, 2023. Selection
criteria encompassed age, sex, and primary indication for heart transplantation
across all groups. Patients with incomplete information or who died within 30
postoperative days were excluded. Data of primary pathology, ischemic, extracor-
poreal circulation, aortic cross-clamping times, length of ventilatory support, stay
in postoperative therapy, hospitalization, and functional class were analyzed.

RESULTS
The causes of morbidity, mortality, and percentage of survival at 1, 5, and 10 years
were examined. Overall, 257 heart transplants were performed during the study
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period. Of the total cases, 22 with incomplete data and 47 who died within 30 postoperative days were excluded for
the middle- and long-term survival analyses. Of the remaining 188 patients, heart transplantation was performed
(males: 146, females: 42). The average age of the participants was 44.43 + 14.48 years. The primary indications
included ischemic cardiomyopathy (42.55%) and dilated cardiomyopathy (39.36%). The mean durations of
mechanical ventilator support, intensive care stay, and hospital stay were 57.55 + 103.50 hours, 9.96 + 8.59 days,
and 19.49 + 18.23 days, respectively. One-, five-, and ten-year survival rates were 90.7%, 71.3%, and 60.3%,
respectively. Of the patients, 94% and 6% were in functional classes I and II, respectively. Infection and neur-
ological hemorrhagic or ischemic stroke (26%) were the main causes of mortality in the first year. Subsequently,
chronic rejection manifesting as graft vasculopathy increased in frequency (30%).

CONCLUSION
In our setting, heart transplantation yields medium- and long-term survival and quality of life outcomes
comparable to those achieved by other international centers.

Key Words: Heart transplantation; Graft vasculopathy; Rejection reaction; Immunosuppression; Survival

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In Mexico, ensuring surgical success and immediate survival in heart transplantation recipients constitute a
significant challenge. The dilemma arises regarding the medium- and long-term survival of patients receiving heart
transplant. The results of this review revealed 1- and 5-year survival rates of 90% and 71%, respectively. Notably, globally,
current selection criteria for heart transplant candidates now include patients who were previously deemed ineligible.
Adapting short- and long-term treatment and management protocols will be necessary.
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INTRODUCTION

Despite advances in knowledge and new treatment strategies for heart failure, heart transplantation remains to be the last
and best option for managing end-stage heart failure in appropriately selected patients refractory to other options and/or
with contraindications for mechanical circulatory support[1]. Heart transplantation has demonstrated its benefits since
the first case performed in South Africa by Christian Barnaard in 1967[1-3]. Initially, immunosuppressive therapy
represented the biggest challenge; in 1974, Graham et al[4] reported survival at 43% post-transplant and 3-year survival at
26%. The introduction of novel immunosuppressive drugs, including cyclosporine[5], has significantly improved the
control over this this condition, complemented by advancements in perioperative care and the use of ventricular support
devices for primary graft failure. Early mortality rates have substantially decreased, enabling longer survival with fewer
complications, a trend noted even in our setting[5-8].

Under these conditions, on July 21, 1988, Argiiero et al[8] successfully performed the first heart transplant in Mexico - a
watershed in national medicine - a beginning that has been consolidated for more than 30 years, with the development of
various centers in which this procedure is performed in our country[3,9]. Several heart transplant programs, each with
varying levels of experience, productivity, and outcomes, have been implemented in Mexico. The significant shared
challenge has focused on ensuring surgical success and immediate survival[3], which undoubtedly depends on the
subsequent stage; therefore, following the perioperative stage, patient control is crucial for ensuring and maintaining the
expected benefit of heart transplantation in enhancing survival and quality of life. Therefore, the dilemma arises
regarding the medium- and long-term survival of patients receiving heart transplant in our setting at > 35 years following
the onset of the longest-running heart transplantation program in Mexico[3], which is also the program with the highest
productivity, and with patients in medium- and long-term follow-up. Global advancements in heart transplantation have
led to improved long-term outcomes, expanding eligibility to patients with various medical conditions previously
deemed unsuitable for transplant programs[6,9]. We aimed to present the experience and insights acquired by a medical
unit with the longest-standing and most established heart transplantation program in Mexico.

MATERIALS AND METHODS

We present the cases of patients with terminal heart failure regardless of the etiology, who have undergone heart
transplantation or heart transplantation combined with other organs, who have not died in the perioperative period
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between surgery and the first 30 days post-transplant, in a high specialty medical unit from July 21, 1988 to September 30,
2023. Inclusion criteria comprised patients of all age groups, both sexes, and primary indication for heart transplantation.
Patients with incomplete data or who died within 30 days postoperatively were excluded. The variables of age, sex, and
primary pathology were analyzed. Moreover, the ischemia time from the time of aortic cross-clamping was performed for
heart extraction in the donor, until aortic clamp removal and the initiation of reperfusion once placed in the recipient, the
time in which the recipient was maintained with the support of extracorporeal circulation expressed in minutes and the
time of aortic cross-clamping in the recipient also reported in minutes. The duration of mechanical ventilation (in hours),
length of stay in the postoperative care unit and hospital (in days), and functional class according to the New York Heart
Association classification were evaluated. Furthermore, the causes of morbidity and mortality from 30 days postoper-
atively and long-term follow-up; survival rates at 1, 5, and 10 years; complications; treatments performed; and the
occurrence of events requiring special care during follow-up due to special conditions and their evolution were analyzed.
Descriptive statistics with measures of central tendency and dispersion were employed for characterizing the sample.

RESULTS

During the study period, 257 heart transplants were performed at this hospital, 188 of which survived for > 30 days.
There were 146 males and 42 females, with a mean age of 44.43 + 14.48 (range 8-66) years (Figure 1). Forty-seven patients
who died within 30 postoperative days and twenty-two with incomplete data were excluded from the final analysis. The
primary indications encompassed ischemic and dilated cardiomyopathies with 80 (42.55%) and 74 (39.36%) patients,
respectively; of two patients with Chagas disease, one had dilated cardiomyopathy due to inclusion antibodies, and the
other due to propionic acidemia. Fifteen patients had valvular cardiomyopathy, and eight patients had uremic cardiomy-
opathy, in addition to congenital heart disease, noncompacted myocardium, and graft vasculopathy (chronic rejection),
which was a treatment-refractory case that necessitated the first elective heart retransplantation case in our setting in 2017
(Figure 2). Here, it is relevant to comment on the start of the orthotopic heart transplantation program combined with
kidney transplantation, which is the only one that exists in Mexico with eight cases performed during this review.

Procedures and their modifications

The following were the procedures performed: 180 orthotopic (41 using the conventional biauricular technique described
by Lower and Shumway and 139 using the bicaval technique). In 1991, the first heart transplant on pediatric patients was
conducted in Mexico, marking a significant milestone in the medical history of this country. From April 1995 to
September 2006, eight heterotopic transplants were realized. On November 16, 2004, the first transplant using the bicaval
technique was performed, which has been regularly developed thereafter, except for one case in 2023, wherein
performing the transplant using the bicaval technique was necessary owing to the left vena cava draining into the
coronary sinus. The procedure was performed without any complications. Table 1 presents the ischemia time, duration of
support with extracorporeal circulation, and time of aortic cross-clamping of the patients. From 1988 to 1996, heart preser-
vation for transplantation involved hypothermia and infusion of modified St. Thomas extracellular cardioplegic solution
during procurement and implantation, with 20-minutes intervals. Subsequently, since 1996, myocardial protection was
performed using Bretschneider’s solution (intracellular cardioplegia histidine-tryptophan-ketoglutarate), with a single
dose of 30 mL/kg of the donor weight during heart extraction and hypothermia.

Immunosuppression

The initial immunosuppressive regimen comprised cyclosporine, azathioprine, and steroids. With the introduction of
novel immunosuppressants, the regimen was modified, and cyclosporine and azathioprine were replaced by myco-
phenolate mofetil and calcineurin inhibitors (tacrolimus, sirolimus, and everolimus). Furthermore, we added induction
therapy with basiliximab or thymoglobulin administered perioperatively to the regimen. Therefore, the current immu-
nosuppressive regimen administered in this group was based on induction therapy with basiliximab, and the long-term
treatment regimen was based on calcineurin, mycophenolate, and steroid inhibitors.

Follow-up

The mean durations of mechanical ventilator support, intensive care stay, and hospital stay were 57.55 + 103.50 (range 4-
648) hours, 9.96 + 8.59 (range 3-50) days, and 19.49 * 18.23 (range 2-118) days, respectively. The longer durations of
ventilatory support, intensive care stay, and hospital stay were due to perioperative complications (renal failure,
mechanical ventilation-associated pneumonia, and reoperations due to excessive bleeding) that required further
interventions. One-, five-, and ten-year survival rates were 90.7%, 71.3%, and 60.3%, respectively. A recipient, who is in
his second year of post-transplant survival, received a heart from a severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)-positive donor and is currently surviving without complications. Of the included patients, 94% and 6%
had New York Heart Association functional classes I and II, respectively.

At 1 year following transplantation, the primary cause of mortality was infection, particularly pneumonia (21%),
followed by abdominal sepsis (13%) and ischemic and hemorrhagic neurological events (26%). Predominating the
ischemic etiology were three cases with acute rejection, one of them was due to immunosuppressive therapy suspension
by the patient. Following 1-year post-transplantation, the frequency of infectious complications decreased as a cause of
mortality, whereas the frequency of chronic rejection manifesting as graft vasculopathy increased as the leading cause of
morbidity and mortality (30%). Of these identified patients, four had sudden death, and six were treated with percu-
taneous coronary intervention with a favorable outcome, except for one who underwent successful heart retrans-
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Table 1 Ischemia, cardiopulmonary bypass and aortic cross-clamping times in transplants performed

Time Duration, minutes
Ischemic period 230.36 + 57.97 (range 95-368)
Cardiopulmonary bypass 147.12 + 39.07 (range 69-290)
Aortic cross-clamping 84.49 +15.51 (range 56-134)

Recipients age (years)
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Figure 1 Distribution of patients by age group.
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Figure 2 Indications for heart transplantation. MIC: Ischemic cardiomyopathy; DCM: Dilated cardiomyopathy; VALV: Valvular; UREMIC: Uremic
cardiomyopathy; CMR: Restrictive cardiomyopathy; NCM: Noncompacted myocardium; CONG: Congenital heart disease; MIOC: Myocarditis; RE-Tx:
Retransplantation; HCM: Hypertrophic cardiomyopathy.

plantation. Another case with an indication for retransplantation, who presented with sudden death while waiting for a
suitable donor, was noted. The etiologies for late mortality included neoplasms (prostate carcinoma, n = 2; lymphoma at
3 years post-transplantation, n = 1; and lung carcinoma at 11 years post-transplantation, n = 1), abdominal sepsis (one of
them was due to a perforated appendicitis, liver failure, and knee surgery complications. Of the included patients, seven
had mild-to-moderate SARS-CoV-2 infection, and one developed severe treatment-refractory disease and died. At follow-
up, one patient developed sirolimus-associated pneumonitis, which was reversed when the calcineurin inhibitor was
modified to tacrolimus. The clinical picture was similar to that of HIN1 influenza, requiring a differential diagnosis. A
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gynecology-obstetrics team monitored one pregnant patient, who delivered via cesarean section. To date, both mother
and newborn are in good condition.

DISCUSSION

The benefits of organ transplantation in enhancing life expectancy and quality of life for patients with terminal and
irreversible organ failure have been well-established throughout the development of transplant programs worldwide.
The success of the procedure is observed from the intraoperative and immediate postoperative periods; however,
ischemia-reperfusion, acute rejection, graft failure, and other surgical intervention-associated complications can be life-
threatening. Fortunately, with advances in perioperative care, these complications occur less frequently and enable
improved patient survival[6]. However, for the purpose of middle- and long-term survival analyses, we decided to
exclude early mortality on the basis that perioperative deaths may occur, as previously described. In our series, primary
graft failure mainly in the earlier stage of the heart transplantation program was the main cause of perioperative
mortality.

Therefore, during medium- and long-term care, other complications may arise that jeopardize the success of the
transplant, including chronic rejection, immunosuppressive therapy-related complications, and concurrent diseases that
may be asymptomatic. Therefore, follow-up protocols should be implemented, including multidisciplinary follow-up
with dermatologists and oncologists, periodic control with endomyocardial biopsy[6,9], and in cases, as in this series,
wherein a patient was pregnant in the middle-term follow-up, the participation of obstetricians and perinatologists for
joint care where the immunosuppressive regimen, the monitoring of product development, and the function of the
transplanted heart are involved[3]. The timely detection of graft vasculopathy has enabled the development of ther-
apeutic approaches ranging from immunosuppressive regimen readjustment, endovascular therapy with angioplasty and
stenting in coronary vessel lesions that can be treated using this modality[10,11], and even, for the first time in Mexico,
the need for a successful retransplantation[3].

The results of this review were obtained from only a single medical unit in Mexico, which has the longest-running and
most established heart transplantation program in the country. Of the heart transplants realized in Mexico from July 21,
1988 to September 30, 2023, 30% were performed in this medical unit[3], with 1- and 5-year survival rates of 90% and 71%,
respectively, which favorably contrasts with the review by Gupta and Krim[1], who in the same time periods reported 1-
and 5-year survival rates of 84.5% and 72.5%, respectively[12]. However, in Mexico, owing to the local regulations of
other medical units with heart transplantation programs, their complete database is not available for comparing their
outcomes or developing a complete registry of the heart transplant programs. The etiologies of mortality are similar to
those reported worldwide. In the early post-transplant period, infections and neurological complications are
predominant, whereas graft vasculopathy emerges as the leading cause of morbidity and mortality in the later stages[1,3,
12]. Currently, the association of terminal failure of two or more organs that initially contraindicated heart
transplantation can be managed with combined organ transplantation with careful evaluation. Such is the case of heart-
kidney transplantation, a program that is developed with characteristics and results similar to those reported worldwide
[3,13].

The coronavirus disease 2019 pandemic significantly affected the follow-up care of these patients, leading to wide-
spread suspension of transplant programs during peak transmission periods and affecting heart transplant recipients,
most of whom fortunately recovered[3]. Conversely, scientific evidence facilitated the reconsideration and expansion of
the criteria for selecting SARS-CoV-2-positive organ donors[14], and with a limited number of donors and an increasing
number of patients on the waiting list, after meeting both donor and recipient criteria[9], taking the heart from a SARS-
CoV-2-positive donor and successfully performing the heart transplant was possible[15]. The number of cases facilitated
the performance of the first transplant in Mexico in 2014 for noncompacted myocardium, along with a rare case of dilated
cardiomyopathy secondary to propionic acidemia as an indication for heart transplantation[16]. Myocardial protection
with histidine-tryptophan-ketoglutarate solution[3] and the use of the bicaval technique described by Yacoub and Banner
in 1989[1], which took several years to be implemented in our setting, indisputably improved survival and earlier
recovery in the perioperative period, with the consequent effect in the middle term. Although the follow-up results are
promising, globally, including Mexico, the criteria for selecting heart transplant candidates have expanded to include
patients previously considered ineligible, such as those aged = 70 years, with comorbidities including diabetes or multi-
organ failure, and even those with a neoplasms[9,17]. Therefore, adapting short- and long-term treatment and care
protocols will be necessary, and legal modifications should be realized to provide an opportunity for using hearts from
organ donor after cardiac death as an alternative source of hearts, lungs, and other organs for transplantation, employing
surgical modifications and preservation techniques[18-21].

CONCLUSION

Our medium- and long-term follow-up results reveal that heart transplant patients experience life expectancy and quality
of life comparable to other reported series, confirming heart transplantation as a viable therapeutic alternative with
sustained benefits in our setting.
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