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Abstract

Aims The role of donor/recipient gender matching on the long-term rejection process and clinical outcomes following heart
transplantation (HT) outcomes is still controversial. We aim to investigate the impact of gender matching on early and
long-term outcome HT.

Methods and results The study population comprised 166 patients who underwent HT between 1991 and 2013 and were
prospectively followed up in a tertiary referral centre. Early and late outcomes were assessed by the type of
donor–recipient gender match (primary analysis: female donor–male recipient [FD–MR, n = 36] vs. male donor–male recipient
[MD–MR, n = 109]). Early mortality, need for inotropic support, length of hospital stay, and major perioperative adverse events
did not differ between the FD–MR and MD–MR groups. However, the FD–MR group experienced significantly higher rates of
early major rejections per patient as compared with the MD–MR group (1.2 ± 1.6 vs. 0.4 ± 0.8; P = 0.001), higher rates of overall
major rejections (16 vs. 5.5 per 100 person years; P< 0.05), and higher rate of cardiac allograft vasculopathy (43% vs. 20%;
P = 0.01). Kaplan–Meier survival analysis showed that the cumulative probabilities of survival free of rejections and major
adverse events were significantly higher in MD–MR group (P = 0.002 and 0.001, respectively). Multivariate analysis showed
that FD–MR status was associated with >2.5-fold (P = 0.03) increase in the risk for rejections and with a >3-fold (P = 0.01)
increase in the risk for major adverse events during follow-up.

Conclusions Donor–recipient gender mismatch is a powerful independent predictor of early and late rejections and
long-term major adverse events following HT.
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Introduction

Heart transplantation (HT) is the gold standard curative
therapy for selected patients with end stage heart failure.
Over the last decades survival and outcomes of heart
transplant recipients have markedly improved with an
estimated median survival of 11 years, and 14 years for those
who survive to the first year following transplantation.1

Factors contributing to the improved outcomes
include improvement in surgical techniques, new

immunosuppressive therapies, empowerment in the
post-transplant care, and improved surveillance. Yet, lack of
donors is a major limiting factor rendering HT as a curative
treatment. According to the 2014 SRTR and OPTN annual
data report, of candidates listed in 2011, 55.9% underwent
transplant during the first year on the waiting list, 30.2% were
still waiting, and 7.2% had died. At 3 years, 9.2% had died,
12.6% had been removed from the list, 68.6% had undergone
transplant, and 9.5% were still waiting.2 Thus, all efforts
should be made in order to maximize the success rate;
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among these a proper match between the recipient and the
donor is of major importance.

The impact of gender matching on the rejection process is
still controversial. Studies which examined the impact of gen-
der matching on the rejection process are scarce mostly
referring to rejections only in the first year after transplanta-
tion. Some have shown gender mismatching to be associated
with an increase in the rejection rate during the first year3–5

while others have not shown a significant effect.6–8

Similarly, data regarding the effect of gender matching on
survival are conflicting, possibly because of inconsistent
assessment of the risk for early and late mortality in previous
studies.1,3–6,8–14

Accordingly, in the present study we aimed to
comprehensively investigate the impact of gender matching
on early and late outcomes following HT including a
comprehensive analysis of the long-term rejection process
among patients enrolled in the Sheba Medical Center
(SMC) HT Registry.

Methods

Study population and registry design

Our registry includes 215 patients who underwent HT be-
tween 1991 and 2013, and are being followed at the tertiary
Heart Transplantation Clinic at SMC. Excluded from further
analysis were nine children under the age of 10 and 10 addi-
tional patients who underwent HT in China between 2005
and 2007 and whose donors might have been executed
prisoners, in accordance with current ethical guidelines of
transplantation societies and journals.15–18 Thirty additional
patients transplanted abroad whose donors’ gender is
unknown were also excluded. Thus, the present study sample
comprised 166 patients who were followed up at the SMC
Heart Transplantation Clinic, of whom 91% were also
transplanted at SMC.

Each patient’s data were systematically recorded at
enrollment and at each visit or medical contact. Clinical data
were recorded on prospectively designed forms and included
comprehensive information regarding the transplantation
procedure, immunosuppression, rejections, and the occur-
rence of major cardiac events during long-term follow-up.
Average follow-up period of study patients was 9.6 ± 5.2 years
(range 0–21). The study was approved by the Institutional
Review Board at SMC.

Definition and endpoints

Immunosuppression
All patients were treated with triple-drug immunosuppres-
sion regimen (cyclosporine or tacrolimus, azathioprine or

mycophenolated mofetil, and corticosteroids). All patients
also received induction therapy consisting of anti-thymocyte
globulin.

Rejection, surveillance, and treatment
Rejections were diagnosed by routine, or as clinically
indicated, endomyocardial biopsies (EMB), classified
according to the International Society for Heart and Lung
Transplantation (ISHLT) classification system for rejection.19

Routine EMB were performed every week for 4weeks
after transplantation, twice per month in the second and
third months, then once a month for the next 3months,
and every 3months until the end of the first year. After
the first year post-transplant annual protocol biopsies were
carried out.

Major rejection was defined as cellular grade 2R, 3R, and
humoral AMR1 according to the 2004 revised classification,
with appropriate matching of earlier biopsies to the 1990
ISHLT grading system.19 Also, any symptomatic acute cellular
rejection irrespective of the ISHLT EMB grade was defined as
major rejection episode.

Symptomatic acute cellular rejections were treated by
steroid pulse therapy. Additional cytolytic immunosuppres-
sive therapy with antithymocyte antibodies was administered
if hemodynamic compromise was present or when no clinical
improvement within 12 to 24 hours of pulse therapy adminis-
tration was observed.

Asymptomatic major acute cellular rejection was also
treated by high dose corticosteroids. Humoral rejection
episodes were rare (3 in all) treated by plasmapheresis and
intravenous immunoglobulin.

Cardiac allograft vasculopathy
Cardiac allograft vasculopathy (CAV) was diagnosed by
coronary angiography performed annually (or earlier if clini-
cally indicated). Significant graft coronary artery disease was
defined angiographically as >50% stenosis in a major
epicardial coronary artery.

Gender matching
Patients were categorized into four groups based on donor
and recipient gender: male donor–male recipient (MD–MR,
n = 109); female donor–male recipient (FD–MR, n = 36); male
donor–female recipient (MD–FR, n = 14); and female
donor–female recipient (FD–FR, n = 7). Because of the small
number of women who underwent HT, the primary analysis
was carried out among male recipients.

Outcome measures
The primary outcome measures of the present study included
(i) the first and repeated occurrence of major rejections;
(ii) the first occurrence of a major adverse event (see defini-
tion below); and (iii) all-cause mortality.
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Major adverse events included development of CAV, acute
myocardial infarction or need for percutaneous coronary
intervention, congestive heart failure, implantable
pacemaker, stroke, new-onset peripheral vascular disease,
malignancy, and end stage renal disease.

Early outcomes were also assessed as a secondary
outcome measures and included need for prolonged
inotropic support, length of hospital stay, and major perioper-
ative complications (sepsis, coagulopathy, acute renal failure,
cerebrovascular insult, prolonged mechanical ventilation,
early graft failure/dysfunction).

Statistical analysis

The clinical characteristics of study patients were compared
by gender matching using the chi-square test for categorical
variables and the t-test for continuous variables. Compari-
sons were carried out separately within the male and female
recipient groups. The Kaplan–Meier estimator was used to
assess the time to the first occurrence of each endpoint by
the donor–recipient groups, and groups were compared
using the log-rank test.

Multivariable Cox proportional hazard regression analysis
was used to evaluate the association between
donor–recipient status and the first occurrence of endpoints
during follow-up. Covariates included in the multivariate
models were identified using a best subset procedure among
variables that were predictive of the endpoint and were
unbalanced among the two groups (candidate covariates
are listed in Tables 1 and 2).

Data were analysed with SPSS software version 19.0. (SPSS
Inc., Chicago, IL, USA).

A two-sided 0.05 significance level was used for hypothesis
testing.

Results

Clinical and perioperative characteristics of study
patients by donor–recipient gender match

The 166 HT patients were categorized into four groups by
type of donor–recipient match as follows: male donor–male
recipient (MD–MR, n = 109), female donor–male recipient
(FD–MR, n = 36), male donor–female recipient (MD–FR,
n = 14), and female donor–female recipient (FD–FR, n = 7).
Because of the small number of transplanted women
(n = 21), this subgroup was excluded from the primary analy-
sis. The clinical characteristics and outcomes of transplanted
women by donor–recipient gender match are reported in
Tables S1–S4, Supporting Information.

The baseline characteristics of male recipients by gender
match status are summarized in Table 1. The mean age of
study patients was 51 ± 11 years and was not significantly dif-
ferent between male recipients of female or male hearts.

Donors were significantly younger than recipients in both
groups, and mean age of donors did not differ between
groups. Male recipients of male hearts were significantly
shorter than donors, whereas the opposite trend was ob-
served among male recipients of female hearts. Similar
trends were shown for female recipients (shown in
Table S1).

Table 2 summarizes baseline disease characteristics of
male recipients prior to HT by donor sex. Aetiology for end
stage heart disease was mostly ischemic in both groups. Cre-
atinine prior to implantation did not differ between the two
groups as well as mean serum bilirubin values. Furthermore,
hemodynamic parameters, the need for inotropic support
pre-transplantation, and the use of assist device as bridge
for transplantation were comparable between groups. Status

Table 1. Baseline characteristics of male recipients and comparison of donors and recipients

Recipients from male
donors n=109

Recipients from female
donors n=36 P value†

Age recipient (y) 52±11 48±12 0.15
Age donor (y) 34±14 36±11 0.37
P value* <0.001 <0.001
Weight recipient (kg) 79±14 70±12 0.004
Weight donor (kg) 79±12 69±12 <0.001
P value* 0.95 0.44
Height recipient (cm) 174±7 173±8 0.22
Height donor (cm) 178±7 167±9 <0.001
P value* <0.001 0.007
BMI recipient 26±4 24±3 0.006
BMI donor 25±3 25±3 0.50
P value* 0.05 0.06

y, years; BMI, body mass index.
Values are mean± SD.
*For comparison of recipient and donor.
†For comparison according to donor’s gender.
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of heart transplant waiting list candidates was equally dis-
persed between groups; however, duration of hospitaliza-
tion prior to transplantation was shorter among patients
who received heart from female—as compared with
male—donors (39 ± 60 days vs. 76 ± 134 days, respectively,
P = 0.028).

Operative and postoperative data are summarized in
Table 3. The clinical characteristics of the two groups were
also similar during operative and immediate post-
transplantation periods, including ischemic time, early post-
operative complications, or the need for prolonged inotropic
support.

The corresponding findings regarding perioperative
characteristics and outcomes are shown in Tables S2 and S3.

Risk of rejections and major cardiac events during
follow-up by donor–recipient gender match

Early rejection rates were significantly more frequent in the
FD–MR group (Figure 1A). During the first 3months after
transplantation mean major rejections per patient were 0.7
± 0.9 for FD–MR vs. 0.3 ± 0.6 for MD–MR (P = 0.001). During
the next 9months (3–12months after transplantation) major
rejections per patient were also more common in the FD–MR
group (0.52 ± 0.9 vs. 0.09 ± 0.3 for MD–MR; P = 0.001).

When the overall follow-up rate of major rejections was
assessed, male recipients who received female hearts were
shown to have nearly a three-fold higher rate of rejections
during follow-up (16 rejections per 100 person-years) com-
pared with male recipients who received male hearts (5.5 re-
jections per 100 person-years; Figure 1B).

Similarly, the rate of CAV was >2-fold higher in the female
donor group as compared with the male donor group (43%
vs. 20% P = 0.01).

Consistent with those findings, the Kaplan–Meier cumula-
tive survival free of major rejections was significantly higher
in MD–MR group as compared with the FD–MR group (5 year
rates: 72% vs. 50%, respectively; 10 year rates: 69% vs. 29%,
respectively; P = 0.002 for the overall difference during
follow-up; Figure 2A).

Corresponding to the findings relating to rejection rates,
significantly higher rates of major adverse events were also
observed in the female donor—as compared with the male
donor—group (61% vs. 32% P = 0.003 [Table 3]). Thus, the cu-
mulative survival free of major adverse events was signifi-
cantly higher in MD–MR group compared with the FD–MR
groups (5 year rates: 84% vs. 62%, respectively; 10 year rates:
48% vs. 16%, respectively; P = 0.001 for the overall difference
during follow-up, P = 0.001 for the overall difference during
follow-up; Figure 2B).

Notably, similar trends were shown when specific adverse
events during follow-up were assessed, demonstrating that

Table 2. Male recipients—pre heart transplantation baseline disease characteristics

Recipients from male
donors n=109

Recipients from female
donors n=36 P value

Aetiology of end stage heart failure
Ischemic heart disease (%) 71 64 0.42
Dilated cardiomyopathy (%) 21 19 0.83

Status of heart transplant waiting list candidates:
Status 1A (%) 20 25 0.84
Status 1B (%) 42 39
Status 2 (%) 38 36

ICD (%) 23 22 0.96
Assist device (%) 20 14 0.39
Creatinine (mg/dL) 1.9± 4.9 1.5± 0.6 0.63
Bilirubin (mg/dL) 2.0± 6.5 1.3± 1.1 0.57
Systolic pulmonary artery pressure (mmHg) 55±20 50± 20 0.36
Diastolic pulmonary artery pressure (mmHg) 27±10 26± 12 0.55
Mean pulmonary artery pressure (mmHg) 38±13 36± 14 0.41
Pulmonary wedge pressure (mmHg) 27±10 25± 13 0.43
Cardiac output (L/min) 3.7± 1.1 3.2± 0.8 0.06
Transpulmonary pressure gradient (mmHg) 11.4±7.5 11.1± 6.6 0.85
Duration of hospitalization: from admission
to transplantation (days)

76±134 39± 60 0.03

PRA (mean, %) 0.79±4.9 1.08± 3.9 0.78
Blood type
A (%) 50 44 0.81
AB (%) 14 17
B (%) 18 17
O (%) 18 22

Values are mean± SD, or percentage.
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the development of heart failure was more frequent in
men who received female hearts (36% vs. 11%, P = 0.003,
respectively) as well as acute myocardial infarction (18% vs.
5% P = 0.031, respectively) and development of end staged
renal failure (29% vs. 5%, P = 0.001, respectively).

Multivariate analysis

Results from the multivariate models for the major
rejection and adverse events endpoints among male
recipients are shown in Table 4. Multivariate analysis
showed that female donor was the most powerful
predictor of adverse outcomes among study patients, and
was associated with >2.5-fold (P = 0.03) increase in the risk
for rejection (Table 4) and a >3-fold (P = 0.01) increase in
the risk for major adverse events during follow-up
(Table 4). Increased transpulmonic gradient (TPG) was also
shown to be associated with increased risk for adverse
long-term outcomes (Table 4), whereas the recipient’s
age, BMI, or length of hospital was not associated with a
statistically significant risk increase after adjustment for
donor sex and TPG.

Risk of death by donor–recipient gender match

Risk of death by donor–recipient gender match did not differ
between groups as assessed by Kaplan–Meier analysis
(10 year survival rates: 56% and 57% among recipients from
male and female donors, respectively; P = 0.94). Cause of
death was not affected by gender matching (Table 3).

Discussion

To our knowledge the present study is the first to provide
comprehensive data regarding specific early and late out-
comes following HT by recipient–donor gender matching, as
well as detailed report of the effect on the rejection process,
including long-term serial EMB pathological specimens. Our
findings have several important implications that can be used
for improved risk assessment among patients undergoing HT.
We have shown that (i) male recipients who receive female
hearts experience a pronounced and significant increase in
the risk for early and late major rejections, with a corre-
sponding increase in CAV; and (ii) donor–recipient gender
mismatch was also shown to be a powerful and independent

Table 3. Male recipients—operative and postoperative data

Recipients from male
donors n=109

Recipients from female
donors n=36 P value

A. Early perioperative data
Ischemic time (min) 163±46 168±57 0.81
Early post-operative complications (%) 47 56 0.30
Prolonged ionotropics support (%) 35 46 0.16
Days from transplantation to discharge 21±20 26±23 0.07
Days from admission to discharge (total length of stay) 98±138 66±64 0.23
In-hospital death (%) 21 22 0.53
Cause of in-hospital death* (%)
Early graft failure 26 63
Coagulopathy/Infection 70 37
Malignancy 0 0
CVA 4 0

B. Long-term data
Follow-up adverse events (%) 32 61 0.003
Heart failure (%) 11 36 0.003
Stroke (%) 13 21 0.26
Acute myocardial infarction (%) 5 18 0.03
End stage renal failure (%) 5 29 0.001
Heart retransplantation (%) 2 4 0.75
Cardiac allograft vasculopathy (%) 20 43 0.01
Pacemaker (%) 4 11 0.16
Malignancy (%) 18 14 0.73
New onset peripheral vascular disease (%) 22 39 0.06
Death during follow-up (%) 21 33 0.12
Cause of death during follow-up* (%)
Late graft failure 26 33
Coagulopathy/infection 30 25
Malignancy 22 25
CVA 22 17

Values are mean± SD, or percentage. CVA; cerebrovascular accident.
*Data are shown for descriptive purposes without a statistical comparison because of small numbers.
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predictor of major adverse events during long-term follow-
up, including, higher rates of heart failure and end stage renal
failure, probably related to the significant increase in rejec-
tion rate. Our data suggest that recipient–donor gender
mismatching should be avoided whenever possible among
patients undergoing HT in order to improve long-term
outcomes.

Recipient–donor gender mismatch and the risk of
major rejections

Previous studies which examined the impact of gender
matching on the rejections rates after cardiac transplantation
are scarce, mostly including rejections only in the first year
after transplantation. In a study reviewing data for 57

sex-mismatched and 179 sex-matched men who underwent
HT between 1990 and 2002,3 median survival was
significantly shorter in the sex-mismatched group (8.1
vs.12.9 years). Recipients of female hearts experienced more
often clinically relevant episodes of cellular rejection during
the first 3months post transplantation.

In a study by Prendergast and colleagues4 overall donor–
recipient gender mismatching significantly increased the
number of rejection episodes and reduced survival in the first
year after HT. More specifically, among female recipients,
donor–recipient gender mismatching significantly increased
the number of rejection episodes in the first year after
transplantation.

In contrast to these findings, in the study conducted by Al-
Khaldi et al.6 freedom from treated rejection was not differ-
ent between recipients of male or female donors’ hearts.
Similar results were found in the Collaborative Transplant
Study where no significant effect of donor gender on the pro-
portion of patients treated for rejections episodes was noted.
Yet, significantly higher frequency was found in females irre-
spective of donor gender.7

Significantly increased rejection rates might be the key to
understanding the poor long-term outcomes observed in
the sex-mismatched group.

CAV, commonly referred to as chronic rejection, is a com-
plex disease entity and represents the leading cause of mor-
tality after the first year of transplantation. Stoica and
colleagues20 have shown that the onset of CAV was signifi-
cantly increased by cumulative number of moderate/severe
rejections. This is supported by the findings of a pioneer
study which revealed that male recipients of female allografts
have a higher degree of vascular intimal hyperplasia detected
by intravascular ultrasound at 1 year after HT.21

Our study further establishes, by multivariate analysis, fe-
male donor as a major risk factor for rejections, with >2-fold
higher rates of CAV in the female donor group.

These findings suggest a possible mechanism based on the
theory that presumes that the female donor organ has
greater antigenicity which leads to more frequent acute and
chronic rejections.3 Minor histocompatibility antigens pres-
ent on the Y chromosome and antibody development during
pregnancy may predispose female recipients of male donors
to higher incidence of rejection.9 Women may develop blood
group antibodies as a consequence of the immunologic
reaction to the paternal antigens in the fetus, as such, half
of pregnancies result in development of anti-human leuko-
cyte antigen (HLA) antibodies.22 This possible mechanism is
supported by a study by Lietz et al., who showed that
female recipients had increased pre-transplant immunoreac-
tivity (as manifested by higher prevalence of HLA-B8 and
DR3 haplotypes and antinuclear antibodies) and significantly
shorter durations to first rejection, further rejection epi-
sodes, and earlier production of anti-HLA antibodies post-
transplant.23

Figure 1 (A) Early major rejection rates. Rate of major rejection episodes
at time intervals according to frequency of endomyocardial biopsies
sampled. Major rejections were more frequent in the female donor–male
recipient group. (B) Incidence rate of major rejections. Incidence rate of
major rejection episodes during the follow-up according to donor’s
gender. Major rejections were more frequent in the female donor–male
recipient group.
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Recipient–donor gender mismatch and the risk for
major adverse events

The influence of gender matching on the HT outcomes is still
controversial and has been examined by several pioneering
studies. According to the ISHLT registry1 female donor is a
risk factor for 5 year mortality. On the other hand, male do-
nor is found as a significant risk factor for development of
CAV within 8 years. In a study conducted by Solomon and col-
leagues, who evaluated 137 consecutive heart transplants, fe-
male donor was identified as a statistically significant risk
factor for early post-operative low cardiac output and intra
aortic balloon pump insertion, but multivariate analysis failed
to demonstrate this as a risk factor for early mortality.24 How-
ever, in an earlier study, female donor was identified, by mul-
tivariate analysis, as a significant risk factor for death after
transplantation.25

Other studies have suggested that it may well be the inter-
play between the gender of donor and recipient (rather than
the sex per se) that most influences outcomes.11 According to

the ISHLT registry1 MR/FD vs. MR/MD was found as a border-
line significant risk factor for 10 year mortality but significant
risk factor for 15 year mortality. A study that evaluated the
effect of donor gender on early mortality (30 days) did not
find that gender mismatch negatively affects early survival.13

Al-Khaldi and colleagues have reported that male recipients
of female hearts had reduced long-term survival compared
with those who received male donors’ hearts. Donor gender
had no effect on long-term survival in male
recipients< 45 years of age and female recipients. Actuarial
freedom from treated rejection was not different between
recipients of male or female donor hearts.6

An analysis of data from 25 432 heart transplant (4159
female and 21 273 male) recipients from the Collaborative
Transplant Study suggests that cardiac transplants from
female donors had significantly inferior actuarial survival in
male recipients, whereas no difference according to donor
gender was demonstrable in female recipients.7

Weiss and colleagues, using the United Network for Organ
Sharing, containing information on more than 18 000

Figure 2 Kaplan–Meier survival curves for rejections and major adverse events. Illustrates (A) probability of cumulative survival free of rejections
according to donor’s gender (male—blue; female—red) and (B) probability of cumulative survival free of major adverse events according to donor’s
gender (male—blue; female—red).

Table 4. Multivariate analysis—risk factors for rejections and major adverse events*

Rejections Major adverse events

Risk factor Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Donor’s sex 2.54 1.09–5.93 0.03 3.27 1.29–8.25 0.01
TPG (per 1SD=7mmHg) 1.22 0.83–1.80 0.32 1.76 1.23–2.53 0.002
BMI recipient 1.07 0.97–1.12 0.17 1.07 0.97–1.18 0.19

*Findings are further adjusted for age of recipient, length of hospital stay.
CI: confidential interval; BMI: body mass index; TPG: transpulmonary pressure gradient.
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heart-transplant recipients11 have shown that men who re-
ceived organs from male donors had the highest cumulative
survival at 5 years (74.5%), while men receiving female hearts
had a 15% increase in the risk of adjusted cumulative mortal-
ity. No significant increase in the relative hazard for death oc-
curred for women receiving opposite sex donor organs.
According to this report, female recipients, irrespective of do-
nor sex, had 3.6% lower overall survival at 5 years post-
transplant. The combination that MR/FD carries a higher risk
for early mortality is also supported in the study of analysis of
67 855 heart transplants published by Kaczmarek et al.14

Khush and colleagues, who studied 60 584 adult recipients
from the ISHLT registry, have also supported that male
recipients of female allografts had a 10% increase in adjusted
mortality relative to male recipients of male allografts. How-
ever, differences in the effect of donor sex on acute rejection
or CAV between male and female recipients were not signif-
icant, yet the authors stress that these analyses were limited
by the large amount of missing data on these outcomes.8

Hence, our study further supports those studies which
have previously shown that male recipients of female
hearts have the poorest long-term outcomes, while providing
for the first time comprehensive information on the early and
late outcomes, including a detailed report of the effect on the
rejection process over a long follow-up period.

Limitations

Retrospective analysis of single centre registry data despite
comprehensive data collection; unable to assess outcomes

by donor sex among female recipients because of sample size
limitations.

Conclusions

Our data suggest that gender per se and gender matching
impact major outcomes following HT. Because of shortage
of donors, and life-threatening situation of recipients, com-
plete avoidance of gender mismatch is unrealistic. Yet,
knowing the limitation of gender mismatching and
predicting clinical implications can help in future patients’
care management.
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