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Summary

The results of studies on the association between sex mismatch and survival after

heart transplantation are conflicting. Data from the Spanish Heart Transplanta-

tion Registry. From 4625 recipients, 3707 (80%) were men. The donor was female

in 943 male recipients (25%) and male in 481 female recipients (52%). Recipients

of male hearts had a higher body mass index (25.9 � 4.1 vs. 24.3 � 3.7;

P < 0.01), and male donors were younger than female donors (33.4 � 12.7 vs.

38.2 � 12.3; P < 0.01). No further relevant differences related to donor sex were

detected. In the univariate analysis, mismatch was associated with mortality in

men (hazard ratio [HR], 1.18; 95% confidence interval [CI], 1.06–1.32;
P = 0.003) but not in women (HR, 0.91; 95% CI 0.74–1.12; P = 0.4). A signifi-

cant interaction was detected between sex mismatch and recipient gender

(P = 0.02). In the multivariate analysis, sex mismatch was associated with long-

term mortality (HR, 1.14; 95% CI 1.01–1.29; P = 0.04), and there was a tendency

toward significance for the interaction between sex mismatch and recipient gen-

der (P = 0.08). In male recipients, mismatch increased mortality mainly during

the first month and in patients with pulmonary gradient >13 mmHg. Sex mis-

match seems to be associated with mortality after heart transplantation in men

but not in women.
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Introduction

Orthotopic heart transplantation is the treatment of choice

for selected patients with terminal heart disease. However,

despite improvements in immunosuppressive treatment

and allograft selection, patient survival is still suboptimal,

and donor and recipient gender could play an important

role in postoperative outcomes. The results of studies ana-

lyzing the influence of associations between donor and reci-

pient sex on survival after heart transplantation are

contradictory. Initial studies identified female donor as an

independent predictor of recipient death after heart trans-

plantation [1–4]. More recent reports and data from inter-

national registries have highlighted the importance of

gender in donor/recipient sex mismatch and show reduced

survival only in male recipients with female allografts [5–
9]. However, an analysis of the International Society for

Heart and Lung Transplantation (ISHLT) registry sug-

gested that the association between donor/recipient sex

mismatch and reduced survival was also valid for female

recipients [10]. A larger and more recent analysis of the

same registry [11] showed that reduced survival is exclusive

to male recipients with female allografts. Our aim was to

clarify the influence of recipient sex on prognosis in cases

of donor/recipient sex mismatch in heart transplantation.

Patients and methods

We used data from the Spanish Heart Transplantation Reg-

istry [12]. A total of 4953 heart transplants were performed

in Spain in patients ≥16 years between January 1, 1995 and

December 31, 2012. We excluded combined transplants

(n = 123) and patients for whom donor age or sex was

unknown (n = 205); therefore, the analysis was performed

in 4625 patients, with follow-up until March 3, 2013. We

divided patients into two groups depending on the sex of

the donor and the recipient, as follows: no mismatch (male

donor–male recipient or female donor–female recipient)

and mismatch (male donor–female recipient or female

donor–male recipient). The study complies with the tenets

of the Declarations of Helsinki and Istanbul and was

approved by the Ethics Committee of the Hospital Univer-

sitario Gregorio Mara~n�on, Madrid, Spain.

Statistical analysis

Quantitative variables are reported as mean � standard

deviation (SD), while qualitative variables are reported as

number and percentage. Continuous variables were com-

pared using the t-test, while categorical variables were com-

pared using the chi-square test or Fisher’s exact test when

the chi-square test was not appropriate. Cox regression

modeling, including potential confounders, was performed

to assess the association between sex mismatch and prog-

nosis. The relevant clinical characteristics of the donor and

recipient were analyzed as potential confounders, as were

all variables with a significant hazard ratio (P < 0.1). We

considered all-cause mortality as the only outcome. The

hazard ratio of sex mismatch was estimated unadjusted and

adjusted. Kaplan–Meier survival curves were constructed

and compared using the log-rank test. All statistical analy-

ses were performed using SPSS v. 16 (SPSS Inc., Chicago,

IL, USA).

Results

A total of 4625 recipients were included in the study, 3707

(80%) were men and 918 were women (20%). The donor

was female in 943 male recipients (25%) and male in 481

female recipients (52%). Differences according to donor

sex are shown in Table 1. Recipients of male hearts had a

higher body mass index (25.9 � 4.1 vs. 24.3 � 3.7), and
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male donors were younger than female donors

(33.4 � 12.7 vs. 38.2 � 12.3). No further relevant differ-

ences related to donor gender were identified.

Univariate hazard ratios (HR) for mortality during fol-

low-up (mean 75.4 months) according to donor sex are

shown in Table 2. Mismatch was associated with mortality

in men (HR, 1.18; 95% CI, 1.06–1.32; P = 0.003) but not

in women (HR, 0.91; 95% CI, 0.74–1.12; P = 0.4). The

HRs for sex mismatch adjusted for different variables are

presented in Table 3; sex mismatch in male recipients was

always significantly associated with mortality, except when

that association was adjusted for the donor’s age, and, even

in that case, a strong tendency existed (P = 0.07). In

female recipients, sex mismatch was not associated with

mortality but with better survival, although the trend was

nonsignificant. Figure 1 presents survival curves with and

without sex mismatch; the difference was only significant

in the case of male recipients (P = 0.005 in male recipients

and P = 0.40 in female recipients). In male recipients, the

difference was only seen in patients with pulmonary gradi-

ent >13 mmHg (Fig. 2), and during the first month

(Fig. 3). The rates of primary graft dysfunction are depicted

in Fig. 4 and were higher in the case of female donors.

Table 3 shows the different effects of sex mismatch in

mortality according to the gender of the recipient. In the

univariate analysis, sex mismatch was associated with

increased mortality in male recipients (HR 1.16); however,

as the interaction between sex mismatch and recipient

Table 1. Differences according to donor sex in (a) male recipients (b) female recipients.

Male donor Female donor

P valuen Mean SD n Mean SD

(a)

Recipient age 2764 53.4 10.7 943 53.3 11.1 0.570

Recipient body mass index 2705 26.2 3.9 918 24.5 3.4 <0.001

Ischemia time (minutes) 2682 192.9 62.5 926 190.0 63.2 0.221

Pulmonary gradient (mmHg) 2313 8.5 5.0 795 8.3 6.0 0.457

Donor weight/recipient weight 2612 1.1 0.3 894 1.0 0.2 0.325

Donor age 2764 33.6 12.5 943 38.7 12.1 <0.001

1995–2004 1735 62.8% 571 60.6% 0.225

2005–2012 1029 37.2% 372 39.5%

Recipient characteristics

Ischemic etiology 1038 37.7% 325 34.7% 0.100

Diabetes 453 16.9% 127 13.9% 0.029

Peripheral arterial disease 196 7.3% 74 8.1% 0.443

Cancer 64 2.4% 33 3.6% 0.053

Kidney failure 498 18.6% 137 15.2% 0.018

Liver failure 631 24.6% 227 25.7% 0.515

Previous cardiac surgery 729 27.0% 245 26.6% 0.818

Emergency transplantation 724 26.5% 234 25.0% 0.358

(b)

Recipient age 481 50.4 12.6 437 51.1 12.4 0.500

Recipient body mass index 467 25.3 4.7 430 24.0 4.2 <0.001

Ischemia time (minutes) 473 189.3 61.8 418 196.4 62.9 0.233

Pulmonary gradient (mmHg) 394 8.4 5.2 359 7.3 3.8 0.198

Donor weight/recipient weight 454 1.2 0.2 416 1.1 0.2 0.368

Donor age 481 33.0 13.1 437 37.2 12.8 <0.001

1995–2004 281 58.4% 219 50.1% 0.012

2005–2012 200 41.6% 218 49.9%

Recipient characteristics

Ischemic etiology 75 15.7% 72 16.6% 0.701

Diabetes 50 10.6% 58 13.7% 0.164

Peripheral arterial disease 10 2.1% 10 2.4% 0.835

Cancer 33 7.0% 29 6.9% 0.947

Kidney failure 55 12.0% 58 13.9% 0.410

Liver failure 106 24.0% 99 24.4% 0.875

Previous cardiac surgery 123 26.1% 115 26.9% 0.767

Emergency transplantation 150 31.7% 108 24.9% 0.024
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gender was significant (P = 0.006), the presence of sex

mismatch was associated with lower mortality in female

recipients (HR 0.88). In multivariate analysis, there was a

tendency toward significance for the interaction between

sex mismatch and recipient gender (P = 0.08).

Discussion

After analyzing the database that includes all adult heart

transplantations in Spain (4625 patients), we found that

gender mismatch was associated with mortality in men but

not in women. As Figs 1 and 2 suggest, the combination

female donor/male recipient carries a higher risk for early

mortality. In female recipients, sex mismatch was not asso-

ciated with mortality, and even had a nonsignificant trend,

with better survival. Our data support the existence of an

interaction between sex mismatch and recipient gender,

although the multivariate analysis only revealed a tendency

for the significance of this interaction (P = 0.08).

Multicentre studies, mainly those based on national and

international outcome registries, have unanimously

confirmed the role of gender mismatch in mortality after

heart transplantation (Table 4). The studies that used the

largest databases (Collaborative Transplant Study [CTS],

United Network for Organ Sharing [UNOS], and ISHLT)

all show that lower survival is observed only for males

receiving organs from female donors. Using the CTS data-

base, Zeier et al. [7] examined 25 432 cardiac transplants

and found that female donors had significantly lower actu-

arial survival than male recipients, whereas no difference

according to donor gender was detected in female recipi-

ents. Based on 18 240 patients from the UNOS data, Weiss

et al. [8] also found that men receiving organs from same

sex donors have significantly improved short- and long-

term survival, whereas no survival advantage was seen for

women receiving organs from women. The ISHLT is the

largest existing heart transplant data repository. A previous

Table 2. Univariate hazard ratio (HR) for mortality in (a) male recipients

(b) female recipients.

HR 95% CI P value

(a)

Transplant period 1.02 0.91 1.16 0.717

Age 1.02 1.02 1.03 <0.001

Body mass index 1.01 1.00 1.03 0.054

Ischemic etiology 1.07 0.97 1.18 0.186

Diabetes 1.24 1.09 1.41 0.001

Peripheral arterial disease 1.36 1.15 1.61 <0.001

Cancer 1.50 1.13 1.97 0.004

Kidney failure 1.42 1.25 1.61 <0.001

Liver failure 1.10 0.98 1.23 0.123

Previous cardiac surgery 1.33 1.19 1.48 <0.001

Emergency transplantation 1.16 1.04 1.30 0.010

Ischemia time (minutes) 1.00 1.00 1.00 0.070

Donor age 1.01 1.01 1.02 <0.001

Sex mismatch 1.18 1.06 1.32 0.003

(b)

Transplant period 1.06 0.84 1.34 0.634

Age 1.01 1.00 1.02 0.054

Body mass index 1.03 1.01 1.06 0.005

Ischemic etiology 1.21 0.93 1.59 0.161

Diabetes 1.56 1.17 2.09 0.003

Peripheral arterial disease 1.74 0.95 3.18 0.070

Cancer 1.50 1.01 2.23 0.043

Kidney failure 1.70 1.27 2.27 <0.001

Liver failure 1.27 0.98 1.63 0.067

Previous cardiac surgery 1.29 1.02 1.64 0.034

Emergency transplantation 1.37 1.09 1.73 0.006

Ischemia time (minutes) 1.00 1.00 1.00 0.210

Donor age 1.01 1.00 1.02 0.058

Sex mismatch 0.91 0.74 1.12 0.400

Table 3. Adjusted hazard ratio (HR) for sex mismatch in (a) male recipi-

ents (b) female recipients (c) Nonadjusted and adjusted hazard ratio

(HR) for sex mismatch, gender of the recipient, and the interaction sex

mismatch–gender of the recipient.

HR 95% CI P value

(a)

Adjusted by

Body mass index 1.20 1.07 1.34 0.002

Diabetes 1.19 1.06 1.33 0.002

Cancer 1.18 1.06 1.32 0.003

Kidney failure 1.19 1.06 1.30 0.002

Donor age 1.11 0.99 1.24 0.072

Age 1.17 1.05 1.30 0.005

Peripheral arterial disease 1.16 1.03 1.29 0.011

Previous cardiac surgery 1.16 1.04 1.30 0.007

Emergency transplantation 1.18 1.06 1.32 0.003

Ischemia time 1.18 1.06 1.32 0.004

(b)

Adjusted by

Body mass index 0.88 0.71 1.09 0.235

Diabetes 0.93 0.75 1.16 0.527

Cancer 0.91 0.74 1.13 0.408

Kidney failure 0.89 0.71 1.10 0.268

Donor age 0.94 0.76 1.17 0.591

Age 0.93 0.75 1.15 0.485

Peripheral arterial disease 0.94 0.76 1.17 0.577

Previous cardiac surgery 0.93 0.75 1.15 0.517

Emergency transplantation 0.90 0.73 1.12 0.354

Ischemia time 0.89 0.71 1.09 0.321

(c)

Nonadjusted

Sex mismatch 1.16 1.04 1.30 0.01

Gender of the recipient 1.03 0.87 1.21 0.73

Interaction 0.76 0.60 0.96 0.02

Adjusted

Sex mismatch 1.14 1.01 1.29 0.04

Gender of the recipient 1.07 0.90 1.29 0.45

Interaction 0.79 0.61 1.03 0.08

308 © 2014 Steunstichting ESOT 28 (2015) 305–313

Donor/recipient sex mismatch and survival after heart transplantation Martinez-Selles et al.



study of this database suggested that the association

between donor/recipient sex mismatch and reduced sur-

vival was also valid for female recipients [10]. However, in

the most recent and extensive analysis, Kaczmarek et al.

[11] (67 855 patients) confirmed that male recipients of

female allografts had the worst survival rates and that sur-

vival rates for the remaining combinations were similar. In

fact, the ISHLT database shows that female donor hearts

are associated with higher early mortality in male recipients

and that short-term results for male donor hearts are better

in female recipients. These findings are consistent with the

possible interaction between sex mismatch and recipient

gender.

The reasons for the influence of gender on survival or

why it affects only male recipients are unknown. Potential

mechanisms by which donor/recipient gender mismatch

might affect survival after transplantation include hor-

monal and genetic differences, antigen development and

other immunologic factors, and size. Mismatch has been

associated with organ failure [25,27], and results for

acute rejection and cardiac allograft vasculopathy in sex-

mismatched patients are controversial, mainly owing to

the large amount of missing results and differences in

diagnostic criteria [28]. In our series, the predominant

mortality in males with mismatched donors appears to

occur at the time of transplant (Figs 1 and 2) and we found

(a)

(b)

Figure 1 Survival curves with and without sex mismatch in male (a)

and female (b) recipients.
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Figure 2 Survival curves for male recipients with and without sex mis-

match according to pulmonary gradient (a) Pulmonary gradient

<10 mmHg (n = 2.354), P = 0.14. (b) Pulmonary gradient 10–

13 mmHg (n = 916), P = 0.48. (c) Pulmonary gradient >13 mmHg

(n = 437), P = 0.0005.
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that male recipients with sex mismatch presented primary

graft dysfunction more frequently than female recipients

with sex mismatch (24.8% vs. 18.9%, Fig. 3). Also, previ-

ous studies have suggested a role for gender mismatch in

cardiac allograft vasculopathy, with male recipients of

female allografts having a higher degree of vascular intimal

hyperplasia after heart transplantation [29]. However, find-

ings on the role of donor sex are contradictory, with

increased frequencies of coronary vasculopathy among

recipients of female allografts [30] or among recipients of

male allografts [31–33]. Donor and recipient gender could

influence the pathogenesis of cardiac allograft vasculopa-

thy, although this is probably not the only explanation for

the influence of gender mismatch on mortality and why it

(a)

(b)

Figure 3 Survival curves for male recipients with and without sex mis-

match during the first month (a) and, for those who survive the first

month, long term (b).
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Figure 4 Rates of primary graft dysfunction. P value for the compari-

son of the four groups <0.001.

Table 4. Previous data regarding influence of sex mismatch on prog-

nosis after heart transplantation (only the last report of each group/reg-

istry is shown).

First author

Publication

year N

Single-centre studies

No influence of sex mismatch in survival

De Santo [13] 2001 99

Tsao [14] 2008 240

Mastrobouni [15] 2012 245

Keogh [16] 1991 313

Jalowiec [17] 2012 347

Yamani [18] 2005 361

Izquierdo [19] 2007 464

Correia [20] 2014 200

Sex mismatch associated with worse survival

Kirsh [20] 1998 234 No data regarding

gender of the

recipient

Schelecta [21] 1999 609 Worse survival

mainly in male

recipients

Sex mismatch associated with worse survival only in male recipients

Prendergast [6] 1998 174

Welp [9] 2009 236

Kittleson [22] 2011 857

Al-Khaldi [5] 2006 869 Only if age >45

years

Eiffert [23] 2012 1000

Aliabadi [24] 2011 1079 Mismatch in male

recipient with

lowest survival

Multicentre studies

No influence of sex mismatch in survival

–

Sex mismatch associated with worse survival

Maltais [25] 2013 N = 2785 No data on

recipients gender

Sex mismatch associated with worse survival only in male recipients

Bryan [1] 1996 N = 279 Worse survival with

female donors in all

Stehlik [26] 2010 N = 7321 Especially if weight

difference

Weiss [8] 2009 N = 18 240

Zeier [7] 2002 N = 25 432

Kaczmarek [11] 2013 N = 67 855
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specifically affects male recipients. In patients with heart

failure, survival is better in women than in men [34], and

biological reasons for the better response of female hearts

[35] may also explain why women adapt better to a mis-

matched heart. During pregnancy, specific fetal and mater-

nal factors explain why the mother does not reject the

fetus. Moreover, persisting fetal male cells in the maternal

heart (microchimerism) have been reported [36] and could

explain why women can tolerate a mismatched heart better

than men. In addition, the “undersizing” effect has been

suggested as a possible explanation [28], as female hearts

are smaller than male hearts even after correction for

weight and height [37-39]. On the other hand, the “oversiz-

ing” effect could improve short-term survival of male

donor hearts in female recipients, especially in the presence

of elevated pulmonary pressures and risk of right heart fail-

ure [28]. In our series, the relation of sex mismatch with

increased mortality was mainly seen in male recipients with

pulmonary gradient >13 mmHg.

Our data suggest that, at least in the case of male recipi-

ents, gender matching should be included in the criteria for

donor heart allocation. Therefore, donor hearts should be

promoted whenever possible in gender-matched recipients.

Transplant management in the case of gender mismatch is

a problematic issue. First, there are fewer male donors than

needed for a perfect gender match. Of the 3707 male recipi-

ents in our study, 3245 received a heart from a male donor.

Therefore, it seems reasonable to suppose that some male

recipients will have to receive female hearts. Second, and

most importantly, the shortage of organs, particularly in

the case emergency transplantations, makes this selection

difficult, as candidates are better served by receiving gen-

der-mismatched hearts than by receiving none at all. In

fact, the matching process must already account for recipi-

ent suitability and waiting list status, donor and recipient

blood type, and the presence of preformed anti-human leu-

kocyte antigen antibodies in the recipient. Accepting or

declining an allograft for a particular patient is a difficult

decision and, although gender-matched heart transplanta-

tion might be ideal, it does not seem to be suitable in

practice.

Although we studied 4625 patients, the size of our data-

base is smaller than the three databases referred to above.

The Cardiac Transplant Research Database is the fourth in

size [26], and ours is the fifth. Our sample size may have

prevented us from showing a significant interaction

between sex mismatch and recipient gender. However, the

main strength of our study is that the Spanish Heart Trans-

plantation Registry includes all heart transplantations per-

formed in Spain [12]. Moreover, it uses detailed,

standardized, and prospective data entry in a single data-

base, with uniform definitions and a periodical data quality

check. Finally, the meticulous follow-up applied in the

Spanish Heart Transplantation Registry makes it possible

to study factors associated with long-term survival. The

four larger registries mentioned above are based on volun-

tary reporting, have a high frequency of incomplete follow-

up and missing data, permit errors in data entry, and have

no quality check [7,8,10,11,26]. Therefore, we think that

the database used in the present study could be more bias-

free while providing results for a large number of patients.

In conclusion, gender mismatch is associated with mor-

tality in men after heart transplantation but not in women.

The combination female donor–male recipient should be

evaluated with caution owing to the increased risk for early

mortality, particularly in patients with pulmonary gradient

>13 mmHg.
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