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Abstract
Changes in the causes of brain death may influence the numbers of hearts that can be procured and transplanted. We retro-
spectively investigated whether the distribution of causes responsible for brain death have changed over a 15-year period 
in a cohort of 1286 potential heart donor (aged ≤ 60), and whether it influenced heart procurement. Between 2001 and 
2016, the age of potential donors significantly increased (p < 0.0001) as well as the relative proportion of postanoxic brain 
death, while that of traumatic brain injury decreased (p = 0.0007). A significant increase in the use of norepinephrine was 
detectable. The number of transplanted hearts did not significantly change, with no differences in the age of donors or in the 
causes of brain death. According to our data, in our 15-year study period, significant changes in the causes of brain death 
occurred (indicated by a reduction in potential donors following traumatic brain injury) together with an increase in donor 
age. Nevertheless, the number of transplanted hearts did not change probably thanks to a modified donor management (as 
inferred by a different use of vasoactive drugs).
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Introduction

Brain death remains the most common source of organs for 
transplantation worldwide, and the cause of brain injury may 
influence the numbers of hearts that can be procured and 
transplanted. Epidemiological changes in the distribution of 
causes of brain death in organ donors were reported in previ-
ous investigations performed in Canada [1], United States [2, 
3] and in Belgium [4, 5]. In these countries, a relative decline 
in the proportion of donors with traumatic brain injury, and 
an increase in those with anoxic brain injury, was reported. 
So far, this issue has not been specifically addressed in Italy 
and in potential heart donors (that is ≤ 60 years).

Therefore, we retrospectively investigated whether 
the distribution of causes responsible for brain death has 
changed over a 15-year period in a cohort of 1286 potential 
heart donor (aged ≤ 60), and, if so, whether it influenced 
heart procurement in the Tuscany Region.

Methods

In a retrospective analysis, we included brain dead donors 
aged ≤ 60 years in Tuscany Region (about 3.6 million resi-
dents) from 2001 to 2016. During this time frame, we com-
pared two different periods: period 1, 2001–2008 and period 
2, 2009–2016. The choice of these two periods was carried 
out on the basis of the organizational transformation of the 
Tuscany Authorities for Transplantation, initially as “pro-
grammatic organ” (2001–2008) until the full application of 
clinical governance (2009–2016).

Diagnosis of death was confirmed by strict adherence to 
standardized clinical, neurological and EEG criteria in accord-
ance with Italian law, (clinical and neurological criteria, 
confirmed by EEG after 6-h observation by an independent 
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committee of three specialists) and related guidelines. Data 
were prospectively recorded and retrospectively analysed.

The study was approved by the Institutional Review Board 
of Regional Authority for Transplantation, and it is in accord-
ance with Helsinki Declaration of 1975.

The purpose of this study is to document changes induced 
in heart transplantation as a result of changes in the etiology 
of encephalic death over the years. In addition, the Transplan-
tation Organization in Italy provides for the allocation of the 
heart throughout the Italian national network, with the pos-
sibility of being allocated also in Europe. This investigation 
does not include post-transplant follow-up.

Clinical data include age, etiology of brain death, body 
mass index (BMI), risk factors (hypertension, diabetes mel-
litus, smoking habit and known previous coronary artery dis-
ease) and description of hemodynamics (systolic and diastolic 
blood pressure, heart rate and the use of norepinephrine or 
dopamine) in the phase preceding organ removal.

Donor management

All potential donors were managed according to standardized 
organizational practice guidelines [6–8], as we previously 
described [9]. These include administration of inotropic agent 
to maintain mean arterial pressure > 70 mmHg. The hemody-
namic management comprises: the use of intravenous fluids 
to maintain central venous pressure of 6–10 and urine output 
1.2 ml/kg/h; correct anemia to maintain hemoglobin ≥ 10 g/
dl; electrolyte management; ventilatory management to reach 
partial pressure of oxygen ≥ 90 mmHg [10].

The use of vasoactive drugs and values of systolic and 
diastolic blood pressure (SBP and DBP, respectively) and 
heart rate (HR) were recorded.

Statistical analysis

Data have been processed with IBM-SPSS 20 statistical 
package (SPSS Inc, Chicago, IL). A two-tailed p value < 0.05 
was considered statistically significant. Categorical variables 
are reported as frequencies and percentages; continuous 
variables are reported as mean ± standard deviation (SD). 
For continuous variables, between-groups comparisons have 
been performed with Student’s t test or ANOVA (followed 
by Bonferroni post-tests if overall p was significant) or by 
means of Kruskal–Wallis H test. Categorical variables have 
been compared with Chi-square.

Results

Between 2001 and 2016, there were 1286 brain-death poten-
tial heart donors (Table 1). The age of potential donors sig-
nificantly increased (p = 0.02) as well as the proportion of 

patients aged > 55 years. The incidence of hypertension, dia-
betes mellitus and previously known coronary artery disease 
significantly increased between the two periods (Table 1).

When comparing the two periods (2001–2008 vs 
2009–2016) (Table 1), the relative proportion of post-anoxic 
brain death progressively increased while that of traumatic 
brain injury decreased (p = 0.0007). A significant increase 
in the use of norepinephrine was detectable, while dopamine 
was less frequently used in period 2 compared to period 1 
(Table 1).

Table 2 shows the number of transplanted hearts accord-
ing to the causes of brain death. Traumatic brain injury is 
the main cause for transplanted hearts accounting for about 
one-third of all transplanted hearts.

As depicted in Table 3, when comparing the two study 
periods, the number of transplanted hearts did not signifi-
cantly change, with no differences in the age of donors or in 
the causes of brain death. No difference was detectable in 
the incidence of hypertension, diabetes mellitus or smoking 
habit. When comparing the two periods, norepinephrine was 
more frequently used in period 2 (Table 3), while dopamine 
was less frequently used in period 2 in comparison with 
period 1 in patients eligible for heart transplantation.

Discussion

The main findings of the present investigation, performed 
in 1286 consecutive potential heart donors after brain death 
are as follows: (a) during the study period, the age of donors 
significantly increased, as well as the incidence of risk fac-
tors (hypertension, diabetes and coronary artery disease); 
(b) the incidence of different causes of brain deaths changed 
due to a reduction in that of traumatic brain injury and an 
increase in post-anoxic encephalopathy; (c) the number of 
transplanted hearts did not change during the study period.

Previous papers examined the epidemiological charac-
teristics of brain death in different countries. In Southern 
Alberta, from 2003 to 2014 [1], a relative decline in the pro-
portion of donors with traumatic brain injury and an increase 
in those with anoxic brain injury were observed in a cohort 
of 226 brain-death donors. A decrease in the proportion of 
organ donors with traumatic brain injury is also reported 
by investigators in the United States [2, 3] and by studies in 
Belgium [4, 5]. Though, different from previous papers, we 
specifically investigated the distribution of causes of brain 
death in potential heart donors (that is aged < 60 years), a 
significant reduction in the proportion of donors with trau-
matic brain injury is also observed in our cohort (from 
31.5 to 24%). An increase in the percentage of brain dead 
patients with post-anoxic encephalopathy is also detectable 
in our series, in agreement with previous investigation in 
Canada [1] and Israel [11]. In our 15-year study period, 
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the demographic characteristics of brain death donors 
(aged > 60) also changed since we documented an increase 
in mean age and in the proportion of patients aged > 55. This 
is in keeping with Cohen et al. [11] who report a significant 
increase in mean age of brain dead donors in Israel from 
2004 to 2014. Similar to previous papers [1, 11], we observe 
that donors became not only older, but also more complex 
due to the significant increase in the incidence of hyperten-
sion, diabetes and previously known coronary artery disease. 
It can be hypothesized that both donor management and pro-
curement could be more challenging in the following years.

In the investigation by Cohen and al. [11], an increased 
age of donors resulted in a marked decreased in heart 

utilization. Different from Cohen et al. [11], in our investi-
gation, which is the first survey of its kind in Italy, changes 
in demographic characteristics in brain dead potential heart 
donors did not affect the numbers of transplanted hearts 
throughout the study period. In our words, trauma is declin-
ing as a fatal disease in Tuscany as worldwide, but that 
doesn’t appear to have an impact on donor hearts procure-
ment in our region. This finding strongly suggests that the 
heart transplantation system did manage to face the changes 
in demographic characteristics of brain death by maintaining 
the same number of transplanted hearts. Factors contributing 
to this finding have not specifically investigated. However, 
it can be hypothesized that criteria for organ acceptance did 

Table 1   Demographics of 
potential donors

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, SD standard deviation, IQR 
interquartile range, KW Kruskal–Wallis
*Student’s t test
#Chi-square test

2001–2008 2009–2016 p

Number 619 667
Age (mean ± SD) 43.8 ± 12 48.1 ± 9 0.0001*
Aged > 55 (n) 122 (19.7%) 156 (23.4%) 0.001#
Risk factors 524 597
Body Mass Index 24.9 ± 5 25.3 ± 3 0.079*
Hypertension (n %) 134 (21.6%) 199 (29.8%) 0.004#
Diabetes mellitus (n %) 29 (4.7%) 66 (9.9%) 0.001#
Smoking habit (n %) 169 (27.3%) 217 (32.5%) 0.149#
Coronary artery disease (n %) 41 (6.6%) 75 (11.2%) 0.009#
Causes (n, %)
 Cerebral hemorrhage 319 (51.5%) 351 (52.6%) 0.0007 #
 Traumatic brain injury 195 (31.5%) 160 (24%)
 Anoxic brain injury 40 (6.5%) 72 (10.8%)
 Ischemic stroke 39 (6.3%) 36 (5.4%)
 Other 26 (4.2%) 48 (7.2%)

Vasoactive drugs
 Noradrenalina (n, %) 253 (40.8%) 368 (55.2%) 0.0001#
 Dopamine (n, %) 220 (35.5%) 119 (17.8%) 0.0001#

SBP (median, IQR) 120 (102–135.25) 120 (110–138) 0.535KW
DBP (median, IQR) 70 (56–80) 70 (60–80) 0.534KW
HR (median, IQR) 90 (76.25–105) 92.5 (80–108) 0.107KW

Table 2   Heart procurement according to causes of brain death

Cerebral hemorrhage Traumatic brain injury Anoxic brain injury Ischemic stroke Other

Number 670 355 112 75 74
Age (mean ± SD) 44.5 ± 11 45.8 ± 11 47.8 ± 10 44.5 ± 10 45.2 ± 14
Time interval from brain injury till 

brain death diagnosis (median, range; 
mean ± SD, hours)

46 (2–4440)
115 ± 263

45 (2–1488)
90 ± 146

67 (6–1221)
137 ± 200

86 (6–2235)
175 ± 350

50 (4–1056)
126 ± 182

Transplanted hearts (n %) 99 (14.7%) 113 (31.8%) 8 (7.1%) 6 (8%) 10 (13.5%)
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not significantly change over the study period, since in our 
cohort, the percentage of donors aged > 55 is not different 
between the two periods, and the demographic character-
istics of heart donors did not change (in terms of age, risk 
factors and causes of brain death). The possibility that an 
improved donor management may have made a contribu-
tion to the unchanged number of transplanted heart cannot 
be ruled out, since a different use of vasoactive drugs was 
observed between the two periods. However, the shift to 
norepinephrine observed in the period 2009–2016 may be 
evidence-based since in 2010 in a multicenter randomized 
trial, the use of dopamine was associated with a greater num-
ber of adverse events in respect to norepinephrine in the 
treatment of shock [12].

Limitation of the study

This is an observational investigation. However, it includes 
a large number of potential donors (aged < 60), enrolled 
over a 15-year period. It, therefore, allows insights in the 

demographic characteristics of potential donors in our 
Region and in the organ transplantation system.

Conclusion

These are the two main findings of our investigation per-
formed in a cohort of 1286 potential heart donor (aged ≤ 60) 
over a 15-year period. Firstly, throughout the study period 
(15 years), potential heart donors (aged ≤ 60) show epide-
miological changes, that is increasing age and a change in 
BD causes, (mainly a reduction in the incidence of traumatic 
brain injury). These findings strongly suggest that the organ 
transplantation system should monitor potential donor epi-
demiologic variations to “adapt” the system itself. Secondly, 
when examining heart procurement, no change is detectable 
in heart procurement despite an increasing donor age. Rea-
sons underlying this phenomenon can only be hypothesized. 
A change in potential donor management (as indicated by a 
different use of vasoactive drugs between the two periods) 
might account for this finding. Conversely, expanding donor 
criteria (“marginal donors”) can be ruled out since no differ-
ence in age is observed.
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