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Background: The number of patients awaiting organ trans- 
plantation continues to exceed the number of available organs. 
objectives: To document changes in the demographic charac- 
teristics of brain-dead, heart-beating organ donors over the 
past 10 years which may impact on organ utilization. 
methods: Data were extracted from the Israel Transplant 
Registry and the Donor Action database for the 10 year period 
2004–2013, inclusive. 
results: The median age of the donors increased from 44 
(range 3–73 years) to 53.5 years (range 1–79 years) (P < 0.001). 
There was a significant increase in the median age of donors 
of kidneys (33 to 51 years, P < 0.001), livers (41 to 53 years, P < 
0.001) and lungs (40 to 49.5 years, P < 0.001). The number of 
donors dying from trauma decreased (34.5% to 20%, P < 0.001), 
while those with anoxic brain damage increased (14.5% to 
25%, P < 0.001). The percent of male donors decreased over 
the study period, from 63% to 53%. An increase was noted 
in the mean number of organs transplanted per donor, from 
3.29 to 3.82 per donor, due mainly to a significant increase in 
the utilization of lungs (31.5% to 51.3%, P < 0.001) and livers 
(76.3% to 82.4%, P < 0.001) while heart utilization decreased 
significantly since 2006 (40.9% to 17.5%, P < 0.001). 
conclusion: Trends in the heart-beating, brain-dead organ 
donor pool in Israel over the past 10 years reveal significant 
changes in demographic characteristics which in the future will 
impact on the number of organs available for transplantation. 
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aBstract:
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o rgan transplantation is widely accepted as the best thera-
peutic and often life-saving option for many patients 

suffering from end-stage organ failure. However, in Israel as 
in many parts of the world, the number of patients awaiting 
transplantation continues to increase, far exceeding the num-
ber of organ donors. The result is that a significant number of 
patients die every year while on the waiting list. 

In Israel, the largest source of organs for transplantation 
remains the brain-dead, heart-beating donor. Recent studies 
from around the world have documented significant shifts in the 

demographic characteristics of organ donors, changes that may 
impact on the number of organs available for transplantation, 
i.e., organ utilization. Since no such study has been performed 
in Israel, we performed a retrospective, descriptive analysis to 
document organ donor demographic characteristics and organ 
utilization in Israel over the 10 year period 2004–2013. 

Patients and metHods

Data were extracted from the Israel Transplant registry and 
the Donor Action database for the 10 year period 2004–2013, 
inclusive. Donor data within the Israel Transplant registry 
were provided by transplant coordinators who serve all major 
hospitals in Israel. Donor Action is an international initia-
tive that aims to alleviate organ shortage for transplantation 
through education and structured feedback of health profes-
sionals, allowing hospitals to improve donation rates through 
improved donation practices [1]. The program, which was 
adopted by Israel Transplant in 2004 as the national donor 
audit and quality control program, utilizes a standardized 
Medical Record Review that includes donor demographic data. 

Permission to perform the study was obtained from the 
Israel Ministry of Health, which waived the need for Helsinki 
approval as this was a retrospective, observational study using 
data entered into central databanks. 

Demographic data collected included age, gender and cause 
of death. Cause of death was defined as: i) anoxia, where the 
primary event was drowning, hanging, or following cardiac 
or respiratory arrest; ii) cerebrovascular accident (CVA), due 
to hemorrhage or infarction; and iii) trauma, due to motor 
vehicle/cycle crash, fall from a height, gunshot injury or other. 
The number and type of organ/s retrieved and transplanted 
from each donor as well as the number of donors who were 
treated in an intensive care unit were also noted. 

For the purposes of the study, a donor was defined as a 
deceased person from whom at least one organ was retrieved 
and transplanted. Organ utilization was defined as all organs 
that were retrieved and subsequently transplanted (utiliza-
tion = organ or organs transplanted/total number of donors). 
Organ counts were based on the number of organs retrieved to 
a maximum of seven (two kidneys, two lungs, heart, liver and 
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pancreas). An extended-criteria donor was defined as a donor 
over 60 years old. A multi-organ donor was defined as a donor 
from whom ≥ 2 organs from different anatomical sites were 
retrieved and transplanted.

Data are presented as the mean with standard deviation or 
median with ranges, where appropriate. Changes in parameters 
studied over time were assessed using the chi-square test (IBM 
SPSS Statistics 19.0.1, 2010). 

results 

Donor age and gender are presented in Table 1. The median 
age increased from 44 (range 3–73) to 53.5 years (range 1–79) 
(P < 0.001). The percentage of donors under the age of 50 years 
decreased significantly from 61.6% in 2004 to 43% in 2013 (P < 
0.001) while the percentage of extended-criteria donors (> 60 
years) increased from 25.4% to 47% (P < 0.001). The percent 
of male donors over the study period decreased from 63% to 
53% (P < 0.01). Regarding individual organs [Table 2], there 
has been a significant increase in the median age of kidney (33 

table 1. Median age and gender of donors over the study period 

age 
2004
(n=55)

2005
(n=53)

2006
(n=61)

2007
(n=47)

2008
(n=63)

2009
(n=61)

2010
(n=55)

2011
(n=80)

2012
(n=57)

2013
(n=74)

Median (years)
Range (years)

44
3–73

52 
3–83

43 
1–74

51.5 
5–79

52 
1–73

48.5
2–75

56
2–78

53.5
1–80

49.7
1–83

53.5*
3–79

< 18 (%) 20 15 14 5 19 8 9 13 12 8

18–29 (%) 20 13 14 7 15 9 7 11 14 13

30–39 (%) 3.6 5.6 10 8 4 14 10 11 9 10

40–49 (%) 18 13 25 22 8 19 5 8 16 8

50–59 (%) 12.7 22.6 11  22 29 23 31 24 12 13

60-69 (%) 20 26.4 17 18 18 20 22 21 21 33

> 70 (%) 5.4 4 8 18 6 8 16 12 14 14

Gender (% males) 63 60.3 62 68 55 50 62 51 54 53**

*P < 0.001 for 2004 vs. 2013
**P < 0.01 for 2004 vs. 2013

table 2. Median donor ages for organs retrieved and transplanted 

Year Kidney liver lung Heart Pancreas

2004 33 41 40 26 27.5

2005 48.5 48 38 30 20

2006 43 43 42 33 27

2007 50 50 45 37 33

2008 49 40 52 21 22

2009 46 48.5 51 35 35

2010 48 57 57 43 32

2011 49.5 52.5 51 29 20.5

2012 47 49 45 29 27

2013 51* 53* 49.5* 28 26.5

*P < 0.001 for 2004 vs. 2013

table 4. Organ utilization rates 

multi-organ 
donors* 
(%)

organs/
donor*
(no.)

Pancreas
(%)

Heart
(%)

liver
(%)

lung
(%)

Kidney
(%) Year

33 3.29 14.5 30.9 76.3 31.5 71.5 2004

66 3.39 7.5 32 81 31 74.5 2005

83.6 3.9 21 40.9 75.4 46.5 78.5 2006

70.2 3.6 17 36 70.2 46.5 71 2007

84.1 3.9 20.6 33.3 79.3 51.5 78.5 2008

75.4 3.7 11.5 27.8 78.6 49.2 76.2 2009

69 3.1 5.7 21.1 75 40.3 62.5 2010

73.7 3.8 12.5 26 86 50 76.8 2011

80 3.74 12 28 86 52 72 2012

86.5** 3.82** 13.5 17.5++ 82.4 51.3** 83.1 2013

*Organs retrieved and transplanted per donor
+ 2 or more organs from > 1 anatomical site
**P < 0.001 for 2004 vs. 2013
++P < 0.001 for 2006 vs. 2013

table 3. Cause of death over study period (%)

Year cva Head injury anoxia other

2004 50.9 34.5 14.5

2005 50.9 22.6 20.7 5.6

2006 34.4 34.4 19.6 11.4

2007 68 17 8.5 6.3

2008 50.7 22 25.3 1.6

2009 49.1 22.9 26.2

2010 59 20 20 1

2011 44 28 28 1

2012 52 26 20 2

2013 53 20* 25* 2

*P < 0.001 for 2004 vs. 2013
CVA = cerebrovascular accident
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and lungs in this age group. Regarding organ quality, this is 
known to be affected by advancing donor age. Thus, the uti-
lization of older donor organs may lead to worse long-term 
survival following kidney transplantation [4], increase the 
relative risk of graft failure following liver transplantation [5], 
and result in a higher incidence of bronchiolitis obliterans 
syndrome following lung transplantation [6]. Donor age has 
also been associated with decreased patient survival after heart 
transplantation [7]. However, the reality of patients dying while 
awaiting transplantation has made it difficult for many cen-
ters to arbitrarily exclude organs from elderly donors. Instead, 
changes in retrieval strategies (e.g., shortening cold ischemic 
time as far as possible) and allocation policies (e.g., old-for-old 
kidney donation) [4,8] have resulted in more transplantations 
being performed from older donors with acceptable outcomes. 
In this regard, Ojo et al. [9] demonstrated that transplantation 
of a marginal kidney (the most common factor for being clas-
sified as a marginal donor was donor age > 55 years, which was 
present in 63.8% of the 7454 donors studied) was associated 
with a significant survival benefit when compared with main-
tenance dialysis. A recent paper from Italy, however, found 
significantly worse results when livers from donors > 70 years 
were transplanted (median age 74, range 70–86), and raises the 
question of an age limit [10].

Our survey also showed a decrease (63 to 53%) in the 
number of male as compared to female donors. This may 
have significance for organ utilization in view of reports of 
lower covariate-adjusted transplantation rates of organs from 
deceased males compared to females [11]. This mainly  related 
to a greatly decreased transplantation rate of lung but also 
slightly lower liver and kidney rates. The reasons for these 
findings are not clear. 

Significant changes in the cause of death have occurred over 
the study period. While most donors died following cerebrovas-
cular accidents, there has been a significant decrease in those 
dying from head trauma. This may be explained at least in part 
by the consistent decrease in the number of fatal motor car 
crashes in Israel, from 427 in 2006–2007 to 289.5 in 2013–2014, 
a decrease of 48% [12]. This may also explain the decrease in 
male donors noted above, since more males than females were 
involved in fatal motor vehicle crashes. The number of donors 
dying following anoxic brain damage has increased. A possible 
reason is the increased access to early defibrillation following 
cardiac arrest, namely, increased defibrillators present in public 
and private facilities, increased competence of the public in 
performing cardiopulmonary resuscitation, and rapid arrival of 
emergency medical teams. Another explanation is the increased 
awareness by health care personnel of the possibility of organ 
donation, so that intensive therapy is applied and continued 
even in the presence of severe, persisting neurological deficits 
following cardiac arrest. Cause of death may influence both 
the number of organs retrieved and transplanted per donor 

to 51 years, P < 0.001), liver (41 to 53 years, P < 0.001) and lung 
donors (40 to 49.5 years, P < 0.001). There were no significant 
changes in age for heart or pancreas donors. Cause of death is 
presented in Table 3. The main cause of death over the entire 
study period was CVA (mean 51.2%) followed by trauma (mean 
24.7%) and anoxia (mean 20.7%). There has been a significant 
change in cause of death over the study period, with a decrease 
in the number dying from trauma (34.5% to 20%, P < 0.001) 
and an increase in those with anoxic brain damage (14.5% to 
25%, P < 0.001).

Organ utilization rates are shown in Table 4. Overall, the 
mean number of organs transplanted per donor increased from 
3.29/donor in 2004 to 3.82/donor in 2013 (P < 0.001). There 
was a significant increase in the utilization of lungs (31.5% to 
51.3%, P < 0.001) and livers (76.3% to 82.4%, P < 0.001), while 
kidney utilization has remained largely unchanged (71.5% 
to 72 %, P = NS). On the other hand, there was a significant 
decline in heart utilization since 2006 (40.9% to 17.5%, P < 
0.001). The percentage of multi-organ donors increased from 
33% in 2004 to 86.5% in 2013. 

Over the study period the number of donors managed in 
intensive care units increased from 85% to 95.6%.

discussion

This first survey of its kind in Israel, summarizing trends in 
the demographic characteristics of deceased organ donors, 
revealed an aging donor pool with fewer male donors and 
fewer dying from head trauma. This resulted in changes in 
organ utilization, in particular increased utilization of organs 
from older liver and lung donors, flat utilization rates for kid-
neys, and a marked decrease in heart utilization.

The median age of organ donors increased significantly 
from 33 to 51 years (P < 0.001). In particular, the number of 
donors > 60 years, i.e., extended-criteria donors, has increased 
significantly, from 25.4% to 47%. Accepting older donors is 
the immediate result of an attempt to bridge the continuing 
gap between increasing transplant waiting lists in the absence 
of comparable increases in the number of transplants. This 
policy is, however, not universal. Thus, in Spain, 44.9% of 
donors are over the age of 60 compared to only 17.7% in the 
United States [2]. Increasing donor age may have important 
consequences for organ transplantation in both organ yield 
and organ quality. Regarding the former, donor age has been 
shown to affect organ retrieval in a concave manner, being 
highest at age 38 and declining as age either increases or 
decreases [3]. In our experience, organ yield was persistently 
and significantly higher in donors < 50 years old compared 
to those > 50. However, while the number of organs retrieved 
from donors < 50 years remained largely static over the study 
period, it increased significantly for those > 50 years, largely 
due to increases in the number of transplanted kidneys, livers 
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While this was usually related to poor function of a particular 
organ, other reasons included lack of a suitable recipient (partic-
ularly organs from very young donors or those with hepatitis). 
Studies to further elucidate these two limitations are currently 
being planned. 

In conclusion, trends in the heart-beating, brain-dead organ 
donor pool in Israel over the past 10 years revealed significant 
changes in demographic characteristics which may impact 
on the number of organs available for transplantation. While 
improved donor management and broadened organ acceptance 
criteria may result in increased organ utilization for some 
organs, the limit for these interventions may have been reached. 
Increasing use of additional sources for organ donation, includ-
ing living donation, donation after the cardio-circulatory 
determination of death (DCD), and the use of artificial devices 
(left ventricular assist devices) need to be further explored and 
encouraged. 
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and the quality of the transplanted organs. Thus, organ yield 
per donor is higher when the cause of death is trauma relative 
to cerebrovascular accident (older subjects with associated co-
morbidities often associated with end-organ dysfunction) and 
anoxia (ischemic damage to organs, especially kidneys, liver and 
heart) [3]. Cause of death may also influence the quality of the 
transplanted organs, and CVA as cause of death has been associ-
ated with a higher incidence of graft failure following kidney 
transplantation [13] and decreased patient survival after heart 
transplantation [7].  

Optimizing organ utilization in the face of changes in donor 
characteristics remains a prime focus for transplant agencies 
worldwide. We noted an increase in organs retrieved and trans-
planted per donor from 3.29 in 2004 to 3.82 in 2013. This was 
largely due to a significant increase in lung utilization rates, 
while lower increases were also noted for kidneys and livers. An 
increase in organ utilization may be due to one of two factors: 
improved donor management and/or broadened criteria for 
organ acceptance by transplant surgeons. Regarding the for-
mer, brain death is associated with widespread physiological 
and cellular abnormalities associated with ischemia/reperfusion 
injury [14]; it may also evoke an inflammatory response leading 
to endothelial dysfunction and cytokine release [15]. Despite 
these changes, it has been shown that optimizing cardiovascular 
performance in particular may result in significant increases in 
organ yield [16]. In this regard, donor management strategies 
have been protocolized and standardized throughout Israel and 
incorporate current internationally accepted practices [17,18]. 
These strategies, to optimize ventilatory and hemodynamic 
support and maintain volume status, normothermia and elec-
trolyte balance, are aimed at achieving well-defined donor man-
agement goals. Achieving these goals has led to an increased 
number of organs transplanted per donor [19,20]. The manage-
ment of these donors is work and technology intensive and the 
number of donors admitted to and managed in intensive care 
units in Israel has increased from 85% in 2004 to over 95% 
in 2013. The other potential reason for an increase in organ 
utilization relates to broadened criteria for organ acceptance, 
and specific interventions have been implemented in Israel to 
limit the possible negative impact of these so-called extended-
criteria organs. These include shortening ischemic times (e.g., 
starting liver transplantation at the same time as the retrieval 
procedure) and increased use of machine perfusion of kidneys, 
which may improve their function while allowing functional 
assessment prior to transplantation. Finally, however, transplant 
surgeons assess suitability for transplantation according to the 
function of each organ, which is ultimately dependent on opti-
mal donor management. 

This study has some limitations. Firstly, we have not reported 
transplant outcomes, particularly in light of the increasing num-
ber of extended-criteria donors. Secondly, we did not discuss 
the reasons for non-utilization of those organs not transplanted. 
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Resistance to cancer therapies presents a significant clinical 
challenge. Recent studies have revealed intratumoral hetero- 
geneity as a source of therapeutic resistance. However, it 
is unclear whether resistance is driven predominantly by 
preexisting or de novo alterations, in part because of the 
resolution limits of next-generation sequencing. To address 
this, Bhang et al. developed a high complexity barcode library, 
ClonTracer, which enables the high resolution tracking of more 
than 1 million cancer cells under drug treatment. In two clinically 
relevant models, ClonTracer studies showed that the majority of 
resistant clones were part of small, preexisting subpopulations 

that selectively escaped under therapeutic challenge. Moreover, 
the ClonTracer approach enabled quantitative assessment 
of the ability of combination treatments to suppress resistant 
clones. These findings suggest that resistant clones are present 
before treatment, which would make up-front therapeutic 
combinations that target non-overlapping resistance a preferred 
approach. Thus, ClonTracer barcoding may be a valuable tool 
for optimizing therapeutic regimens with the goal of curative 
combination therapies for cancer. 

Nature Med 2014; 21: 440
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studying clonal dynamics in response to cancer therapy using high complexity barcoding

The MK2i peptide is now in clinical trials aimed at halting 
inflammation and fibrosis after vein grafting. However, 
low bioavailability and rapid degradation have slowed 
MK2i’s clinical translation. Evans et al. formulated the 
MK2i peptide in electrostatically complexed nanoparticles. 
The resulting MK2i-nanopolyplexes entered both vascular 
smooth muscle and endothelial cells in human veins. Their 
delivery reduced pro-inflammatory cytokine levels, vascular 

smooth muscle cell migration, and neointima formation 
(i.e., vessel thickening). In rabbit vein grafts, treatment 
with MK2i-nanopolyplexes, but not free MK2i, prevented 
intimal hyperplasia for 1 month after transplant. Thus, 
nanopolyplexes might improve the utility of vein grafts in the 
longer term. 

Sci Transl Med 2015; 7: 291ra95
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nanoformulation keeps vein grafts healthy

Reactivation of telomerase reverse transcriptase (TERT) ex- 
pression enables cells to overcome replicative senescence and 
escape apoptosis, which are fundamental steps in the initiation 
of human cancer. Multiple cancer types, including up to 83% of 
glioblastomas (GBMs), harbor highly recurrent TERT promoter 
mutations of unknown function but specific to two nucleotide 
positions. Bell et al. identified the functional consequence of 
these mutations in GBMs to be recruitment of the multimeric 
GA-binding protein (GABP) transcription factor specifically to 

the mutant promoter. Allelic recruitment of GABP is consistently 
observed across four cancer types, highlighting a shared mecha- 
nism underlying TERT reactivation. Tandem flanking native 
E26 transformation-specific motifs critically cooperate with 
these mutations to activate TERT, probably by facilitating GABP 
heterotetramer binding. GABP thus directly links TERT promoter 
mutations to aberrant expression in multiple cancers. 

Science 2015; 348: 1036
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the transcription factor gaBP selectively binds and activates the mutant tert promoter in cancer




