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els in RA patients after consumption of POMx for a period 
of 12 weeks (data not shown). POMx consumption induced a 
moderate (6%) but significant (P < 0.02) reduction in AAPH-
induced serum lipid peroxidation, as measured by lipid per-
oxide formation [Figure 2A]. In parallel, serum paraoxonase 
1 (PON1) activity exhibited a small increase that reached 
statistical significance (P < 0.02) in all examined patients 
at the end of 12 weeks of POMx consumption compared to 
baseline levels [Figure 2B]. A non-significant increase (17%) 
in the serum level of thiol sulfhydryl groups was reported 
after POMx consumption [Figure 2].

To determine whether the effect of POMx consumption 
on serum oxidative stress in RA patients can be attributed to a 
direct effect of POMx constituents, we incubated serum from 
RA patients and from healthy subjects for 2 hours at 37°C 
with increasing concentrations of POMx. Before the POMx 
addition, AAPH-induced oxidative stress was10% higher in 

μl were incubated with 1.0 mmol/L phenyl acetate. The initial 
rate of hydrolysis was determined spectrophotometrically at 
270 nm followed by monitoring for 3 minutes every 15 sec-
onds. One unit of arylesterase activity is equivalent to 1 μmol 
of phenyl acetate hydrolyzed/min/ml [18].

statistical analYsis

Student’s paired t-test was used to compare differences 
between results obtained at the baseline visit, before POMx 
consumption, and after 12 weeks of POMx consumption for 
each individual.

results

eFFect OF POMx On ra disease activitY

Eight patients were recruited but two were withdrawn before the 
final evaluation: one patient developed knee effusion at week 2 
and needed corticosteroid joint injection (an exclusion criterion) 
and one patient was lost to follow-up. The baseline demographic 
and clinical features of the six patients who completed the study 
are presented in Table 1. The group consisted of non-smoking 
women over the age of 55 with a similar disease profile: sero-
positive and erosive RA with high DAS28 score (5.73 ± 0.71) 
and high HAQ-DI (1.83 ± 0.85) despite treatment with more 
than two DMARDs. Four patients needed NSAIDs. During the 
study, two patients experienced transient adverse events: one 
had dyspepsia and heartburn that responded to omeprazole, and 
one had an urticarial rash that responded to an antihistamine 
drug; both patients completed the study. There were no serious 
adverse events or hospitalizations during the study.

At the end of the study, the patients demonstrated a 
non-significant trend to reduction of DAS28 (CRP) and a 
significant decrease in DAS28 (ESR) [Figure 1A] in five of 
the six patients. In three of them, DAS28 (ESR) decreased 
by more than 1.2. No patient met DAS28 remission criteria. 
There was a trend for lower ESR at week 12 by 21%, which did 
not achieve statistical significance [Figure 1B]. The number 
of swollen joints by the end of the study decreased in four 
patients but increased in two [Figure 1C]. Similar changes 
were observed in patients’ global disease assessment (VAS) 
[Figure 1D]. However, the most dramatic effect was observed 
in the number of tender joints, which significantly (P < 0.005) 
decreased by 62% after consumption of POMx [Figure 1E]. 
The HAQ-DI did not change during the study.

eFFect OF POMx On seruM liPid PrOFile and Oxidative stress

No significant changes were monitored in serum low density 
lipoprotein-cholesterol, HDL-cholesterol or triglyceride lev-

HAQ-DI = Health Assessment Questionnaire Disability Index 
CRP = C-reactive protein
VAS = visual analogue scale
HDL = high density lipoprotein AAPH = 2,2'-azobis,2-amidinopropane hydrochloride

No. of patients 6

Age, mean (SD) (yrs) 62.8 (9.3)

Duration of disease, mean (SD) (yrs) 9.4 (8.3)

Body mass index (kg/m2) 28.6 (4.4)

Fasting blood glucose (mg/dl) 90.1 (14.2)

Fasting total cholesterol (mg/dl) 212.4 (18.9)

Fasting triglycerides (mg/dl) 131.0 (58.3)

Rheumatoid factor positive (no. of patients) 6

Anti-CCP positive (no. of patients) 4

No. of patients with joint erosions 5

No. of previous DMARDs, mean (SD) 2.1 (0.6)

current drugs

Prednisone (mg) 
No. of patients 
Daily dose, mean (SD)

5
7.0 (2.7)

Methotrexate (mg)
No. of patients 
Weekly dose, mean (SD)

6
13.6 (3.2)

Hydroxychloroquine (mg)
No. of patients 
Daily dose, mean (SD)

6
371.4 (75.6)

Sulfasalazine (Gr) 
No. of patients 
Daily dose, mean (SD) 

2
2 (0)

No. of patients taking NSAIDs 4

DAS28 (ESR) 5.73 (0.71)

HAQ-DI 1.83(0.85)

Data are presented as mean ± SD 
DMARDs = disease-modifying anti-rheumatic drugs, HAQ-DI = Health 
Assessment Questionnaire Disability Index, DAS28 = Disease Activity Score 
28-joint assessment, ESR = erythrocyte sedimentation rate, anti-CCP = 
anti-cyclic citrullinated peptide antibodies, NSAIDs = non-steroidal anti-
rheumatic drugs

table 1. Baseline characteristics of patients
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Figure 1. Changes in DAS28 (ESR) components before and after 12 weeks of POMx consumption. Results are presented for each individual patient, and also 
as the mean ± SD (standard deviation). P < 0.05 statistically significant.

Figure 2. Effect of POMx consumption on serum oxidative stress in RA patients. [a] Serum from RA patients taken before and after 
POMx consumption was exposed to AAPH-induced oxidation. Lipid peroxidation was determined as the formation of lipid peroxides.  
[B] Paraoxonase 1 (PON1) activity was measured as arylesterase activity. [c] Serum antioxidant capacity was also evaluated as thiol sulfhydril (SH) 
groups. Results are presented as mean ± SD. P < 0.05 statistically significant.
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Figure 2. Effect of POMx consumption on serum oxidative stress in RA patients. A.
Serum from RA patients taken before and after POMx consumption was exposed to 
AAPH-induced oxidation. Lipid peroxidation was determined as the formation of lipid 
peroxides. B Paraoxonase 1 (PON1) activity was measured as arylesterase activity. C
Serum antioxidant capacity was also evaluated as thiol sulfhydril (SH) groups. Results 
are presented as mean ± SD. P < 0.05 statistically significant.
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AAPH-induced oxidation. Lipid peroxidation was determined as the formation of lipid 
peroxides. B Paraoxonase 1 (PON1) activity was measured as arylesterase activity. C
Serum antioxidant capacity was also evaluated as thiol sulfhydril (SH) groups. Results 
are presented as mean ± SD. P < 0.05 statistically significant.
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Serum from RA patients taken before and after POMx consumption was exposed to 
AAPH-induced oxidation. Lipid peroxidation was determined as the formation of lipid 
peroxides. B Paraoxonase 1 (PON1) activity was measured as arylesterase activity. C
Serum antioxidant capacity was also evaluated as thiol sulfhydril (SH) groups. Results 
are presented as mean ± SD. P < 0.05 statistically significant.
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Figure 1. Changes in DAS28 (ESR) components before and after 12 weeks of 
POMx consumption. Results are presented for each individual patient, and also as 

the mean ± SD (standard deviation). P < 0.05 statistically significant.
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Figure 1. Changes in DAS28 (ESR) components before and after 12 weeks of 
POMx consumption. Results are presented for each individual patient, and also as 

the mean ± SD (standard deviation). P < 0.05 statistically significant.
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POMx consumption. Results are presented for each individual patient, and also as 

the mean ± SD (standard deviation). P < 0.05 statistically significant.
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POMx consumption. Results are presented for each individual patient, and also as 

the mean ± SD (standard deviation). P < 0.05 statistically significant.

Erythrocyte sedimentation sate
100

80

60

40

20

0

25

20

15

10

5

0

  

10

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
0

5

10

15

20

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
40

60

80

100

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
0

20

40

60

80

100

.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
0

5

10

15

20

25B. Erythrocyte sedimentation sate C. Swollen joints 

E. Tender joints D. Visual Analogue Scale (VAS)

Before                                After Before                                 After

P<0.005

. 8 1 .0 1 .2 1 .4 1 .6 1 .8 2 .0 2 .2 2 .4
3

4

5

6

7

Before                                                       After                         

P<0.02

m
m

/1
st

 h
r

m
m

C
ou

nt

C
ou

nt

A. Disease Activity Score (DAS28)

Before                                After Before                                After

Figure 1. Changes in DAS28 (ESR) components before and after 12 weeks of 
POMx consumption. Results are presented for each individual patient, and also as 

the mean ± SD (standard deviation). P < 0.05 statistically significant.

100

80

60

40

20

15

10

5

0



Original articles

478 

IMAJ • VOL 13 • August 2011

serum from RA patients compared to healthy subjects. After 
incubation of RA-derived serum with POMx, AAPH-induced 
serum oxidative stress decreased significantly (P < 0.01) by up 
to 25%, in comparison to an 18% decrease in serum derived 
from healthy subjects incubated with POMx under similar 
conditions [Figure 3].

discussiOn

This pilot study was performed to determine possible favor-
able effects of POMx consumption on clinical parameters in 
active RA, as related to serum oxidative status. We observed 
a significant reduction in DAS28 (ESR) after 12 weeks of 
POMx supplementation, since all our patients had a high ini-
tial mean DAS28 (~5.73) despite treatment with at least two 
DMARDs. In half the patients, a considerable (> 1.2) reduc-
tion in DAS28 was achieved. Our results demonstrate that the 
significant reduction in DAS28 (ESR) after 12 weeks of POMx 
supplementation could be attributed to a marked decrease in 
the tender joint count and ESR, whereas the patients’ global 
assessment by VAS or swollen joint count was not significantly 
affected. This is in accordance with previous studies showing 
that DAS28 correlates better with tender joint count than with 
other measures of RA disease assessment.

The discrepancy between the more obvious reduction in 
the number of tender joints and only a trend in ESR reduc-
tion, unchanged CRP and the number of swollen joints could 
be explained by taking into consideration factors other than 
the DAS core components. There is increasing evidence that 
ROS/RNS contributes to the phenomenon of pain, such as 
chronic arthritic pain in RA patients. Supplementation of 
antioxidants, such as vitamin E, for patients with active RA 

resulted in a reduction in pain parameters (morning, evening, 
and after-activity pain) despite no influence on joint inflam-
mation assessed by the duration of morning stiffness and the 
number of swollen joints [19]. Supplementing of RA patients 
with essential fatty acids, which exhibit anti-inflammatory 
characteristics, had no significant effect on clinical param-
eters measured by DAS28 but significantly reduced joint 
pain measured by patients’ VAS. [20]. The reduction in the 
number of tender joints in RA patients following POMx con-
sumption, as shown in our pilot study, is in accordance with 
previous studies by van Vugt et al. [21], who demonstrated 
a significant reduction in the number of tender joints and in 
DAS28 (ESR) in RA patients after consumption for 10 weeks 
of an antioxidant-enriched spread containing tocopherol, 
lycopene, carotenoids, lutein and vitamin C. Interestingly, 
4 weeks after the antioxidant “wash-out” period, DAS28 
increased again. Decreased tender joint count, inflammatory 
markers (ESR, CRP), and DAS28 were also demonstrated in 
RA patients who were treated with statins [22].

Inflammation in RA is mainly caused by activated neutro-
phils, monocytes and macrophages that, in addition to their 
immune activity, also produce a large amount of ROS/RNS, 
contributing to tissue injury. Indeed, we could show that the 
serum oxidative state in RA patients is significantly higher 
than in healthy subjects. This could be the result of lower 
antioxidant concentrations in patients’ serum, which corre-
lated with disease activity and higher CRP levels. A deficit in 
antioxidants in RA may have resulted from oxidative stress-
induced antioxidant inactivation, from a lower intake of 
antioxidants, or from increased metabolism of antioxidants. 
The therapeutic activity of antioxidants in RA was previously 
explored in several studies. Canter et al. [23] summarized 
randomized trials that evaluated supplementation of several 
antioxidants (vitamin A, C, E and selenium) and showed little 
convincing evidence of a beneficial effect of a single anti-
oxidant supplementation in arthritis. It has been suggested 
that an individual antioxidant may not reflect the complex 
vitamins and nutrients found in natural foods, which may 
explain the discrepancies between intervention trials on 
single antioxidant molecules and studies on the consumption 
of fruits and vegetables, which include a combination of sev-
eral antioxidant molecules that can scavenge several different 
types of ROS/RNS [24]. In the present study we administered 
POMx containing a variety of polyphenols with impressive 
antioxidant capacity, including unique polymolecular ellagi-
tannins, mainly the hydrolysable tannin punicalagin, as well 
as gallic and ellagic acid and several anthocyanins [7]. The 
improvement in RA clinical parameters after POMx con-
sumption was accompanied by a significant improvement in 
indices of serum oxidative stress measured as serum lipid 
peroxide level, serum sulfhydryl-groups concentration and 
serum PON1 arylesterase activity. Incubation of serum from 
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RA patients with POMx resulted in a significantly greater 
reduction in AAPH-induced serum lipid peroxidation as 
compared to serum obtained from healthy subjects. This 
phenomenon could be related to the higher basal oxidative 
stress, which is present in RA patients, as it has been shown 
that patients with high oxidative stress may benefit more 
from antioxidant therapy [25].

It should be emphasized that patients with RA have a nearly 
threefold higher risk for new cardiovascular events (mean 1 
year follow-up). Pomegranate in general and POMx in par-
ticular possess important antiatherogenic properties, which 
make POMx an attractive supplementation that may have a 
dual influence: decreasing oxidative stress and pro-atherogenic 
tendency, and ameliorating clinical symptoms in RA patients.

A limitation of the current study was the relatively small 
number of patients. However, our RA patient group was 
unique in that it was highly homogenous with a very nar-
row range of defined RA-related factors, which enabled us to 
evaluate the beneficial outcomes. 

In this pilot open study, we demonstrated clinically benefi-
cial effects of POMx supplementation for patients with active 
RA, supported by an improvement in serum parameters of 
oxidative stress. The combination of POMx antioxidative 
properties with its anti-inflammatory and antiatherogenic 
profile makes POMx an attractive over-the-counter supple-
mentation to treat patients with active joint inflammation. 
Our results suggest the possibility of therapeutic co-admin-
istration of POMx with conventional drugs for the treatment 
of active RA. For further evidence of the beneficial effects of 
POMx, especially in terms of its safety and anti-inflammatory, 
antioxidative and antiatherogenic properties in patients with 
active RA, studies on a larger cohort may be required.
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Background: Epidemiological studies have found that 
intrauterine growth retardation (IUGR) is closely related 
to hypertension and is associated with a reduced number 
of nephrons that may be a predisposing factor for the 
development of hypertension. 
Objectives: To determine whether blood pressure levels 
of children with a history of IUGR are higher than those of 
children without IUGR.
Methods: Diastolic, systolic and mean arterial blood 
pressure levels were measured in 64 children aged 8–12 
years old with a history of IUGR (mean birth weight 1780 ± 422 
g) and compared with 64 age and gender-matched controls 
who had a normal birth weight (mean 3134 ± 594 g). 
results: Contrary to previous reports, systolic blood pressure 
values were significantly lower in the IUGR group compared 
to the controls (91.6 ±11.3 vs. 96.6± 13.9, P = 0.027). There 
was no difference in diastolic blood pressure values. In the 
IUGR group, systolic blood pressure correlated significantly 
with current weight (P < 0.01) and body mass index (P < 0.05), 
and diastolic blood pressure with weight gain between age 
2 and 4 years (P < 0.05). None of the blood pressure values 
correlated with birth weight.
conclusions: Children born with IUGR have lower systolic 
blood pressure levels than matched controls at age 8–12 
years. These data indicate that postnatal weight gain in this 
group has a greater impact on systolic blood pressure than 
birth weight. 
  IMAJ 2011; 13: 480–484

hypertension, blood pressure, children, small-for-
gestational age, intrauterine growth retardation
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aBstract:

keY wOrds:

e pidemiological data indicate that hypertension is more 
common in adults who were smaller than normal at birth 

[1,2] and that adult systolic blood pressure is inversely related 
to birth weight [1-3]. Most theories explaining the biologi-
cal mechanisms that underlie the association between birth 

weight and blood pressure focus on the long-term structural 
consequences of the in utero environment, such as reduced 
number of nephrons [4], altered arterial compliance [5], and 
fetal exposure to glucocorticoid excess [6]. These hypotheses 
have been supported by a series of animal and human studies 
[7,8], according to which intrauterine growth retardation is 
associated with a reduced number of nephrons and may be a 
predisposing factor for the development of hypertension.

A negative relationship between birth weight and high 
blood pressure has also been reported in children [2,3,9,10] and 
adolescents [11]. However, another study found an association 
between high systolic blood pressure and the proportion of 
placental weight to birth weight, but not with birth weight, 
in 7 year old children with IUGR [12]. The present study was 
conducted to determine whether a history of IUGR poses a 
risk of hypertension developing at age 8–12 years. 

suBJects and MethOds

This report is part of a long-term prospective follow-up study 
designed to determine school-age developmental/cognitive 
outcome of infants with IUGR [13,14]. Since 1992, all infants 
born at the Lis Maternity Hospital, Tel Aviv Sourasky Medical 
Center, with a birth weight below the 5th percentile for ges-
tational age according to Israeli percentile curves [15], have 
been followed at the Child Development Center. Children 
with genetic syndromes, major malformations or congenital 
infection were excluded from the current study. The remain-
ing children had mainly vascular-induced IUGR of a late-
onset asymmetric type. 

We analyzed diastolic, systolic and mean arterial blood 
pressure values in 64 consecutive children with a history of 
IUGR who were around 9 years old (range 8.01–11.90 years). 
Their findings were compared with those of 64 gender-matched 
children within a similar age range (7.71–14.05 years) who had 
been born with appropriate-for-gestational-age weight and 
were recruited from among healthy and normal children who 

IUGR = intrauterine growth retardation
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were followed at general pediatric community clinics. Children 
who were born prematurely (gestational age < 37 weeks) were 
included in the study if their birth weight was < 5th percentile 
for gestational age. Overall, 27 children in the IUGR group 
(42%) and 6 in the control group (9.3%) were born prema-
turely [Table 1].

Systolic, diastolic and mean arterial blood pressure values 
were routinely measured by the same specially trained nurse 
who was unaware of the aim of this study and who performed 
all the measurements for both the study and control children. A 
standard clinical mercury sphygmomanometer with an appro-
priate cuff size was used, with the cubital fossa supported at 
heart level. Measurements were performed in a controlled envi-
ronment, with the child in a seated position and after 5 minutes 
of rest [15]. Systolic pressure was determined by onset of the 
“tapping” Korotkoff sounds, and diastolic pressure was defined 
as the fifth Korotkoff sound (K5). Two consecutive measure-
ments were performed three times with 5 minute intervals 
between each pair, for a total of six measurements. The averages 
of the six systolic and diastolic blood pressure measurements 
were used in the data analysis. The mean arterial pressure was 
computed as the sum of the diastolic pressure and one-third 
of the pulse pressure. Body weight and height were measured 
in all children and body mass index was calculated accord-
ingly. Height for age was determined by the height percentile 
according to standard growth curves. Blood pressure was rated 
as normal, high-normal or high (hypertension) by height per-
centile on the basis of the normative tables published in 2004 
by the National High Blood Pressure Education Program [16]. 
‘Normal’ blood pressure was defined as a systolic and diastolic 
pressure < 90th percentile for age and gender, 'high-normal' 
blood pressure ≥ 90th but < 95th percentile, and 'hypertension' 
as an average ≥ 95th percentile for age and gender on at least 
three separate occasions. Details of birth weight and gestational 
age were obtained from hospital charts. A family history (first 
and second-degree relatives) of hypertension, renal disease and 

diabetes mellitus was obtained by means of a questionnaire 
during a personal interview with the parents.

statistical analYsis

The unpaired t-test was used to compare between-group differ-
ences in mean systolic, diastolic and mean arterial pressure, as 
well as age, birth weight, current weight, height and BMI. The 
frequency of children with high-normal blood pressure in each 
group was compared by the chi-square test, as was the frequency 
of hypertension and renal disease in family members. The groups 
were also compared for the three blood pressure parameters by 
the univariate analysis of variance (ANOVA) with adjustment for 
current weight and height. We calculated three sequential child 
weight gains (birth to 2 years, 2–4 years and 4–9 years) for each 
IUGR subject. Pearson’s correlation was used to correlate blood 
pressure values with the birth weight, length and head circumfer-
ence, child weight gains, and current weight, height and BMI of 
the IUGR children. Spearman’s correlation was used to correlate 
blood pressure values with maternal hypertension and maternal 
pregnancy weight gain (defined as > 12 kg weight gain during 
pregnancy). Differences between full-term IUGR and controls 
were also measured by the unpaired t-test. The multivariate 
regression analysis was used to search for the best predictor for 
systolic, diastolic and mean arterial blood pressure. 

results

Table 1 summarizes the demographic data, perinatal parameters 
and current weight, height and BMI of the IUGR and control 
groups. As expected, the mean birth weight was significantly 
lower among the children with a history of IUGR compared to 
the controls (P < 0.001). There were no significant differences 
between the IUGR and control groups in male:female ratio, 
current age, and family history of hypertension, renal disease 
and diabetes mellitus. Systolic blood pressure values were sig-
nificantly lower for the IUGR group than for the controls (P = 
0.027), while there was no group difference in diastolic blood 
pressure values. Mean arterial pressure was also lower in the 
IUGR group than in the control group (P = 0.051) [Table 2]. 
A comparison of the rates of high blood pressure in the two 
groups yielded similar findings. None of the IUGR children had 
high systolic blood pressure, while among the control children 
four had high and seven had high-normal systolic blood pres-
sure levels. Diastolic blood pressure was high-normal in one 
IUGR child and in three control children [Table 2]. Current 
weight and height were similar in both groups [Table 1]. When 
current weight was used as a covariate, however, there were no 
group differences in blood pressure values: systolic (F = 3.114, 
P = 0.08), diastolic (F = 1.159, P = 0.284) and mean arterial 
pressure (F = 2.212, P = 0.139). 

BMI = body mass index

iugr
(n=64)

controls
(n=64) P 

Age (yrs) 9.4 ± 0.6 9.1 ± 1.4 0.214

Gender (M:F) 36:64 42:58 0.294

neonatal parameters
Mean birth weight (g)
Mean gestational age (wks)
Premature infants (n, %)

1780 ± 422
36.4 ± 2.6
27 (42)

3134 ± 594
39.2 ± 2.2
6 (9)

< 0.001
< 0.001
< 0.001

growth measurements
Current weight (kg)
Current height (cm)
BMI

27.4 ± 6.8
131.4 ± 5.2
15.8 ± 3.2

29.4 ± 7.7
131.9 ± 9.9
16.7 ± 2.6

0.118
0.763
0.073

table 1. Characteristics of intrauterine growth retardation and 
control groups

IUGR = intrauterine growth retardation, M = male, F = female, 
BMI = body mass index
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In the IUGR group, the mean weight gain between 0 and 2 
years was 9.0 ± 1.5 kg, between 2 and 4 years 3.6 ± 1.6 kg and 
between 4 and 9 years 13.3 ± 5.1 kg. The correlations between 
blood pressure values and birth parameters, weight gain and 
current measurements are presented in Table 3. No significant 
correlation was found between any of the three blood pres-
sure values and birth weight, length and head circumference, 
maternal hypertension, and maternal weight gain during preg-
nancy [Table 3]. However, it is notable that the correlation with 

iugr
(n=64)

controls
(n=64) P 

Blood pressure values

Systolic BP (mmHg) 91.6 ± 11.3 96.6 ± 13.9 0.027

Diastolic BP (mmHg) 56.0 ± 8.5 58.4 ± 9.0 0.133

Mean arterial pressure (mmHg) 67.8 ± 8.4 71.7 ± 10.0 0.051

high blood pressure 

Systolic BP ≥ 95th (n, %)
95th > systolic BP ≥ 90th (n, %)

Diastolic BP ≥ 95th (n, %)
95th > diastolic BP ≥ 90th (n, %)

Mean arterial pressure ≥ 95th (n, %)
95th > mean arterial pressure ≥ 
90th (n, %)

0 (0)
0 (0)

0 (0)
1 (1.6)

0 (0)
1 (1.6)

4 (6.2)
7 (10.9)

0 (0)
3 (4.7)

3 (4.7)
9 (14.1)

0.003

0.310

0.018

table 2. Blood pressure and growth parameters at age 9 years in 
the IUGR and control groups

BP = blood pressure

systolic BP diastolic BP
Mean arterial 
pressure

Birth weight r = -0.170, 
P = 0.178

r = -0.045, 
P = 0.722

r = -0.107, 
P = 0.402

Birth length r = -0.082, 
P = 0.562

r = -0.010, 
P = 0.944

r = -0.044, 
P = 0.757

Birth head 
circumference

r = -0.147, 
P = 0.278

r = 0.042, 
P = 0.760

r = -0.038, 
P = 0.783

Maternal 
hypertension

r = 0.100, 
P = 0.449

r = 0.156, 
P = 0.234

r = 0.151, 
P = 0.248

Maternal weight 
gain (> 12 kg)

r = 0.147, 
P = 0.275

r = 0.162, 
P = 0.228

r = 0.175, 
P = 0.193

Weight gain r = 0.297, 
P = 0.036 

r = 0.168, 
P = 0.244

r = 0.249, 
P = 0.081

2–4 yrs r = 0.248, 
P = 0.117 

r = 0.330, 
P = 0.035 

r = 0.336, 
P = 0.031

4–9 yrs r = 0276, 
P = 0.045

r = 0.201, 
P = 0.149

r = 0.257, 
P = 0.063

Current height r = 0.208, 
P = 0.099

r = 0.238, 
P = 0.058

r = 0.253, 
P = 0.044

Current weight r = 0.355, 
P = 0.007

r = 0.226, 
P = 0.072

r = 0.302, 
P = 0.015

BMI r = 0.313, 
P = 0.012

r = 0.176, 
P = 0.174

r = 0.258, 
P = 0.040

table 3. Correlation of blood pressure values and growth 
parameters in children with IUGR (n=64)

Full-term 
iugr
(n=37)

Full-term 
controls
(n=58) P 

Age (yrs) 9.4 ± 0.6 9.3 ± 1.6 0.755

Gestational age (wks) 38.2 ± 0.9 39.7 ± 1.6 0.001

Mean birth weight (g) 2069 ± 204 3218 ± 549 0.001

Blood pressure values
Systolic BP (mmHg)
Diastolic BP (mmHg)
Mean arterial pressure (mmHg)

88.7 ± 10.5
54.9 ± 8.4
66.2 ± 8.1

96.4 ± 14.2
58.4 ± 9.1
71.1 ± 10.3

0.003
0.065
0.017

high blood pressure 

Systolic BP ≥ 95th (n, %)
95th > systolic BP ≥ 90th (n, %)

Diastolic BP ≥ 95th (n, %)
95th > diastolic BP ≥ 90th (n, %)

Mean arterial pressure ≥ 95th (n, %)
95th > mean arterial pressure ≥ 
90th (n, %)

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
0 (0)

3 (5.2)
7 (12.1)

3 (5.2)
8 (13.8)

3 (5.2)
8 (13.8)

0.028

0.223

0.094

growth measurements
Weight (kg)
Height (cm)
BMI

26.7 ± 4.9
131.1 ± 4.8
15.4 ± 2.1

28.8 ± 7.1
131.1 ± 9.9
16.5 ± 2.4

0.982
0.138
0.030

table 4. Blood pressure and growth parameters in full-term IUGR 
and control groups

birth parameters was negative (i.e., the lower the birth weight, 
length and head circumference, the higher the blood pressure), 
but with no statistical significance [Table 3]. 

To exclude the effect of prematurity, we compared the 
full-term IUGR children (n = 37) with the full-term controls 
[Table 4] and found similar results: there were no differences 
in diastolic blood pressure values, but significantly lower 
systolic and mean arterial pressures were calculated in the 
full-term IUGR group compared to the controls. A regression 
analysis revealed that the best predictor for systolic blood 
pressure was weight gain between age 0 and 2 years, and that 
the best predictor for diastolic and mean arterial blood pres-
sures was weight gain between age 2 and 4 years. 

discussiOn

The results of the present study demonstrated that mean 
blood pressure values were not higher for 8–12 year old 
children who had a history of IUGR compared to normal 
age-matched controls. On the contrary, systolic and mean 
arterial blood pressures were significantly lower for the IUGR 
children. These findings do not concur with previous stud-
ies which reported that blood pressure is inversely related to 
birth weight in children as in adults [9,10,17]. Other studies, 
however, pointed out that correction for body weight should 
be considered [18]. Several investigators reported a direct 
relationship between weight and height and blood pressure 
already appearing at age 5 years in children with normal birth 
weight [19]. There apparently had been an adequate catch-up 
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daytime systolic blood pressure and a higher risk of hyperten-
sion at a young adult age. However, this study did not find a 
difference between small- or appropriate-for-gestational age 
prematurely born individuals [25]. 

In conclusion, our findings did not support the notion 
that children born with IUGR are at higher risk for develop-
ing hypertension, but rather that the rate of postnatal weight 
gain was a stronger determinant for blood pressure levels. 
We therefore recommend that IUGR children be followed 
routinely, starting in childhood, to prevent excessive weight 
gain and hypertension.
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Two new studies support a novel approach to stroke based 
on Weizmann Institute research. Much of the devastation 
of stroke and head trauma is due to damage caused by the 
overproduction of a substance in the brain called glutamate. 
Preventing this damage has been impossible until now as 
many drugs don’t cross the so-called blood-brain barrier, and 
those that do often don’t work as intended. But a method 
originally devised at Weizmann may offer a way to avert 
such glutamate-induced harm. Teichberg, of the Institute’s 
neurobiology department, first demonstrated a possible way 
around these problems in 2003. Glutamate is all but absent 
in brain fluids. But after a stroke or injury, the glutamate 
levels in brain fluid become a flood that over-excites the 
cells in its path and kills them. Instead of attempting to get 
drugs into the brain, Teichberg proposed that glutamate 
could be transported from the brain to the blood using the 
tiny “pumps,” or transports, on the capillaries that work on 
differences in glutamate concentration between the two 
sides. Decreasing glutamate levels in blood would create a 
stronger impetus to pump the substance out of the brain. He 

thought that a naturally occurring enzyme called glutamate-
oxaloacetate transaminase (GOT) could “scavenge” 
blood glutamate, significantly lowering its levels. By 2007, 
Teichberg and team had provided clear evidence of the very 
strong brain neuroprotection that oxolacetate (a chemical 
similar to GOT) afforded rats exposed to head trauma. Two 
new studies, from the University of Santiago de Compostela, 
Spain, now provide a definitive demonstration of Teichberg’s 
findings. The overall implication of the two studies is that 
giving GOT might improve a patient’s chances of recovering, 
as well as speed up the process. In addition to stroke and 
head trauma, a number of diseases are characterized by an 
accumulation of glutamate in the brain, including Alzheimer’s 
disease, Parkinson, multiple sclerosis, epilepsy, glaucoma, 
certain brain tumors and amyotrophic lateral sclerosis, and 
there is hope that treatments to scavenge glutamate will 
relieve the symptoms and improve the outcomes of these 
disorders. Yeda, the technology arm of the Institute, holds a 
patent for this method.

Israel High-Tech & Investment Report
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hope for stroke victims

The orphan receptors LGR4, LGR5, and LGR6, members of 
the G protein-coupled receptor family, function in normal 
development and tumorigenesis. In the intestine and skin, 
LGR5 and LGR6 represent stem cell markers. Homozygous 
mouse knockouts of LGR4 exhibit reduced viability and of 
LGR5 exhibit neonatal lethality. Although much is known 
about these orphan receptors, the corresponding receptor 
ligands have eluded detection. Carmon et al. report that 
R-spondin, a Wnt antagonist known to stimulate stem cell 
proliferation, binds LGRs with high affinity and represents the 

ligand of LGRs 4 to 6. Furthermore, even though LGRs represent 
members of the G protein-coupled receptors, G proteins are 
not activated by R-spondin bound to LGR. Instead it seems 
that the mechanism for potentiation of Wnt signaling includes 
rapid internalization of LGRs in a ligand-dependent manner 
and enhanced β-catenin activity. These findings suggest that 
stem cell expression of LGR5 and LGR6 and Wnt signaling 
contribute to stem cell self-renewal and maintenance. 

Proc Natl Acad Sci USA 2001; 10.1073/pnas.1106083108 

Eitan Israeli
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Orphan receptors contribute to stem cell self-renewal and maintenance 
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Background: There is a growing shortage of anesthesiologists 
practicing in Israel. This shortage is in contrast with the 
United States where anesthesiology has become a very de- 
sired specialty.
Objectives: To discover what factors attract Israeli students 
to choose a residency and how students view the option of 
choosing anesthesiology. 
Methods: We sent questionnaires to students in the Israeli 
and American programs at Tel Aviv University’s Sackler 
Faculty of Medicine asking about factors that influenced their 
choice of residency and the advantages and disadvantages 
of a residency in anesthesiology. Although the students were 
studying at the same medical school and hospitals, students 
in the Israeli program were planning to enroll in Israeli 
residency programs while students in the American program 
planned to apply for residency in the United States.
results: A significantly larger proportion of American 
students (12.9%) were interested in an anesthesiology 
residency when compared with the Israeli students (0%) (P 
= 0.034). American students considered salary and working 
conditions to be advantages of the anesthesiology residency 
while Israeli students considered Israeli working conditions 
and salaries to be a disadvantage.
conclusions: Whereas there is considerable interest 
among American students at Sackler Medical School in an 
anesthesiology residency, there is little interest among Israeli 
students.
  IMAJ 2011; 13: 485–487

anesthesiology, residency, medical students
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aBstract:

keY wOrds:

t he shortage of anesthesiologists in Israeli has become 
a nationwide crisis. Anesthesiologists are involved in 

many aspects of patient care including surgery, critical care, 
trauma, acute and chronic pain management, and obstetric 
management. However, according to a study in 2006, only 

8.4% of current anesthesiology residents had graduated from 
Israeli medical schools [1]. Less than 1% of graduating Israeli 
medical students choose a residency in anesthesiology [1]. 
Whereas anesthesiology remains an unpopular residency 
choice in Israel, there was a 500% increase in U.S. medical 
students choosing this specialty during the period 1996–2002 
[2]. In 2002, 6.4% of American medical students chose an 
anesthesiology residency [2].

In order to determine why anesthesiology was such an 
unpopular choice in Israel in contrast to its popularity in 
America, we surveyed medical students in the Israeli and 
American programs at a medical school in Israel. The four-year 
American program is affiliated with New York State; medical 
students study in Israel and continue their internship and resi-
dency in the United States. The Israeli program consists of 6 
years followed routinely by an Israeli internship and residency. 
This dual program within one medical school is a unique 
opportunity to compare students exposed to the same hospital 
environment but planning residencies in different countries. 

suBJects and MethOds

We sent a questionnaire via email to sixth year Israeli and 
fourth year American students at Tel Aviv University’s Sackler 
Faculty of Medicine during the fall and winter of 2008. 
The Israeli students study in a six year program while the 
Americans are in a four year post-college program. All Israeli 
students had completed a two-week rotation in anesthesiol-
ogy and a week of pre-rotation lectures. American students 
did not have a formal rotation but had received two lectures 
on anesthesiology within the surgical rotation.

The questionnaire consisted of five multiple-choice ques-
tions. The first question related to the most important consid-
eration when choosing a residency. The options were: salary, 
working conditions/hours, respect from colleagues, interesting 
profession, opportunities for advancement, and patient contact. 
The second question asked the student to choose three pos-
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sibilities from the list of residencies that he/she was considering. 
The choices were: family medicine, internal medicine, pediat-
rics, general surgery, emergency medicine, surgical subspecialty 
(plastic, ear/nose/throat, cardiac, neurosurgery), anesthesiology, 
and gynecology. For the third question, the student was asked 
to choose two advantages of an anesthesiology residency from 
the following list: salary, working conditions/hours, respect 
from colleagues, interesting profession, and opportunities for 
advancement. Finally, the student was asked to choose two 
disadvantages of the anesthesiology residency from the same 
list. A comparison was made between the two groups.

statistical analYsis

Fischer’s exact test was used to compare categorical values 
between the groups and the Student t-test for continuous 
variables. A P value of < 0.05 was considered statistically 
significant.

results

Seventy students completed the questionnaire: 39 from the 
Israeli program and 31 from the American program. This cor-
related with a 44.5% response rate. The students’ mean age was 
27.3 ± 2.9 years and 64.3% of them were female. There was no 
difference between the two groups in demographic data. The 
mean age of the Israeli students was 27.8 ± 2.8 years and of the 
American students 26.8 ± 2.9 (P = 0.27); 67.8% of the Israeli 
and 61.2% of the American students were female (P = 0.60).

Factors influencing the choice of residency are listed in 
Table 1. The most common reason for choosing a residency 
was ‘interesting profession’. The second most common rea-
son among Israeli medical students was ‘working conditions/
hours’ while among American students it was ‘patient contact’. 
No statistical differences were found between the groups.

Possible residency choices are listed in Table 2. There were 
no statistical differences between the groups in choice of resi-
dency except for anesthesiology, which was considered by a 
significantly larger percentage (12.9%) of American students 
compared to 0% of Israeli students (P = 0.034).

The advantages of an anesthesiology residency are shown in 
Table 3. A significantly larger percentage of Americans listed 
‘salary’ (80.6% vs. 15.4%) and ‘working conditions’ (77.4% vs. 
46.2%) to be advantages. Israeli students were significantly 
inclined to cite ‘interesting profession’ (41% vs. 16.1%) or ‘oppor-
tunities for advancement’ (38.5% vs. 3.2%) as advantages.

Disadvantages of an anesthesiology residency are shown 
in Table 4. No American students considered ‘salary’ to be a 
disadvantage while 51.3% of Israeli students did (P < 0.001). 
More Israeli than American students considered ‘working con-

choice

american 
medical 
students

israeli 
medical 
students P value

Family medicine 4 (12.9) 1 (2.6) 0.791

Internal medicine 22 (71) 21 (53.8) 0.216

Pediatrics 13 (41.9) 17 (43.6) 1.00

General surgery 11 (35.5) 12 (30.8) 0.799

Emergency medicine 14 (45.2) 9 (23.1) 0.073

Surgical subspecialty 10 (32.3) 20 (51.3) 0.146

Anesthesiology 4 (12.9) 0 (0) 0.034*

Gynecology 11 (35.5) 19 (48.7) 0.334

table 2. Possible residency choices

Values presented as number (percentage)
*Statistically significant difference

choice

american 
medical 
students

israeli 
medical 
students P value

Salary 25 (80.6) 6 (15.4) < 0.001*

Working conditions/hours 24 (77.4) 18 (46.2) 0.013*

Respect from colleagues 0 (0) 2 (5.1) 0.499

Interesting profession 5 (16.1) 16 (41) 0.035*

Opportunities for advancement 1 (3.2) 15 (38.5) < 0.001*

table 3. Advantages of choosing an anesthesiology residency

Values presented as number (percentage)
* Statistically significant difference

Factors influencing choice

american 
medical 
students

israeli 
medical 
students P value

Salary 1 (2.6) 0 (0) 1

Working conditions/hours 3 (9.7) 6 (15.4) 0.721

Respect from colleagues 1 (3.2) 0 (0) 0.443

Interesting profession 21 (67.7%) 31 (79.5) 0.285

Opportunities for advancement 2 (6.5%) 0 (0%) 0.193

Patient contact 4 (12.9%) 1 (2.6%) 0.163

table 1. Factors influencing residency choices

Values presented as number (percentage)

choice

american 
medical 
students

israeli 
medical 
students P value

Salary 0 (0) 20 (51.3) < 0.001*

Working conditions/hours 3 (9.7%) 15 (38.7) 0.007*

Respect from colleagues 15 (48.4) 10 (25.6) 0.078

Interesting profession 24 (77.4) 17 (43.6) 0.007*

Opportunities for advancement 12 (38.7) 8 (20.5) 0.115

table 4. Disadvantages of choosing an anesthesia residency

Values presented as number (percentage)
* Statistically significant difference
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and interest was stated as the primary factor in choosing a 
residency program, this fact did not influence their career 
choice. This finding coincides with a study by Samra and 
colleagues [6], which showed that a clerkship in anesthesiol-
ogy was a worthwhile clinical experience and improved their 
attitudes towards anesthesiologists as physicians but did not 
necessarily impact their choice of specialty. Another possible 
explanation for the discrepancy in attitudes is the presence 
of nurse-anesthetists in the United States. The presence of 
these nurses was found to have a negative impact on students’ 
perception of anesthesiology as a profession [7].

The present paper also corroborates a study by Weissman 
and co-authors [1], who found a dearth of Israeli trained 
anesthesiologists in the Israeli workforce. In order to improve 
the situation in Israel, Weissman et al. [1] predicted the need 
to recruit at least 5% of Israeli medical students to allevi-
ate the current shortage of anesthesiologists. Regarding the 
students in the American program, this quota was easily met. 
However, among those students planning to begin a residency 
in Israel, this target remains unreachable.

corresponding author:
dr. O. Orbach-Zinger
Dept. of Anesthesiology, Rabin Medical Center (Beilinson Campus),  
Petah Tikva, Israel
email: sharonorbach@yahoo.com
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ditions’ to be a disadvantage (38.5% vs. 9.7%, P = 0.007). More 
American students than Israeli students did not view anesthe-
siology as an ‘interesting profession’ (77.4% vs. 43.6%).

discussiOn

In this study we compared the attitudes of students enrolled 
in two different programs in the same medical school. 
Interestingly, no Israeli medical students were considering 
a residency in anesthesiology whereas 12.9% of American 
students were. Salary and working conditions of anesthesi-
ologists in the U.S. were considered primary advantages by 
American students while Israeli students looking at Israeli 
conditions found these same items to be a disadvantage. 

This study corroborates a study by Dorsey et al. [2], which 
found a 500% increase in the percentage of American medical 
students choosing an anesthesiology specialty. A main reason 
for choosing this specialty was that it was associated with a 
“controllable lifestyle” (the ability to control work hours) and 
above-average income [2]. In the past few years, lifestyle and 
income have become increasingly important to medical students 
when choosing their career path [3]. A recent study conducted 
in nearby Jordan found anticipated income to be a factor in 
choosing a residency in 58% of students surveyed [4].

Similar to anesthesiology, there has been a significant 
decline in the number of medical students choosing general 
surgery as a specialty in Israel. A recent study of Israeli medi-
cal students found that professional interest and satisfaction 
and amiable working atmosphere were among the strongest 
factors in choosing a residency program. One of the strongest 
deterrents to choosing a general surgery residency was the 
compromised lifestyle [5].

Israeli students in general found anesthesiology to be an 
‘interesting profession’ while American students did not. 
We believe this may be due to different exposures to anes-
thesiology within the medical school. Israeli students had 
a week of frontal lectures followed by a two-week rotation 
in anesthesiology. American students had only two lectures 
in anesthesiology during their surgical rotation. Although 
Israeli students found it to be an interesting profession 

Cancer-associated cachexia is a wasting syndrome charac- 
terized by uncontrolled loss of fat and muscle mass, which 
kills about 15% of cancer patients. Studying two models of 
tumor-bearing mice, Das et al. show that adipose triglyceride 
lipase (ATGL), an enzyme that breaks down stored fat, 
is essential to the pathogenesis of cancer-associated 
cachexia. Mutant mice that were genetically deficient in 

ATGL were protected from cancer-associated cachexia; 
they retained a normal fat mass and showed reduced loss 
of skeletal muscle. Pharmacological inhibition of ATGL 
may thus merit investigation as a potential treatment for 
cachexia. 

Science 2011; 333: 233

Eitan Israeli
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Background: A new approach for assessing non-cognitive 
attributes in medical school candidates was developed and 
implemented at the Hebrew University Medical School. The 
non-cognitive tests included a biographical questionnaire, 
a questionnaire raising theoretical dilemmas and multiple 
mini-interviews. 
Objectives: To evaluate the effects of the change in the admis- 
sion process on students' demographics and future career 
choices.
Methods: A questionnaire including questions on students’ 
background and future residency preferences was admin- 
istered to first-year students accepted to medical school 
by the new admission system. Results were compared with 
previous information collected from students admitted 
through the old admission process. 
results: Students accepted by the new process were sig- 
nificantly older (22.49 vs. 21.54, P < 0.001), and more had 
attended other academic studies before medical school, 
considered other professions besides medicine, and majored  
in humanities combined with sciences in high school. 
Significantly more students from small communities were 
admitted by the new system. Differences were found in 
preferences for future residencies; compared with the 
old admission process (N=41), students admitted by the 
new system (N=85) had a more positive attitude towards 
a career in obstetrics/gynecology (41% vs. 22%, P < 0.001) 
and hematology/oncology (11.7% vs. 4.8%, P < 0.001), while 
the popularity of surgery and pediatrics had decreased 
(34.5% vs. 61%, P < 0.001 and 68.7% vs. 82.5%, P < 0.001 
respectively). 
conclusions: Assessment of non-cognitive parameters 
as part of the admission criteria to medical school was 
associated with an older and more heterogenic group of 
students and different preferences for future residency. 
Whether these preferences in first-year students persist 
through medical school is a question for further research.
  IMAJ 2011; 13: 488–493

admission criteria to medical school, non-
cognitive parameters, medical students, 
admission process 
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aBstract: keY wOrds:

*In partial fulfillment of the requirements for the MD degree

t he basic values of the science and practice of medicine have 
remained similar for over 2000 years, but important shifts 

occurred in recent decades. New technologies, an exponential 
increase in information, and changes in the public's attitudes 
and expectations significantly impacted the role of the physi-
cian. These changes present an evolving challenge to the medi-
cal education system. In their article on medical education, 
Cooke et al. [1] reviewed the changes in medical education 
over the past century. According to the authors, medical edu-
cation has to reconfigure itself in response to changing sci-
entific, social and economic circumstances, and 21st century 
physicians should be trained with greater emphasis on essential 
values that together make for an informed, curious, compas-
sionate, proficient and moral physician [1].

In their article on professionalism, Stern and Papadakis 
[2] emphasize the importance of promoting interpersonal 
skills and communication abilities for future physicians. In 
order to predict interpersonal skills, they recommend that 
brief standard interviews be included in new admission 
procedures in medical schools. Most medical schools have 
incorporated those aspects in education and training, but in 
only a few have admission procedures to detect skills predict-
able of professional behavior been updated [2,3]. The criteria 
for admission to medical schools have been under continu-
ous debate in recent decades [3-5]. Traditionally, the main 
admission criteria were academic achievements, especially 
in sciences, which were perceived to predict the development 
of good physicians [6,7]. However, evidence supporting this 
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assumption is controversial [5,6]. In a systematic review of 
the literature published in 2002, Ferguson and co-authors [8] 
found that previous academic performance is a good, but not 
perfect, predictor of achievement in medical training [8]. In a 
more recent article, Peskun et al. [9] suggest that assessment 
of non-academic characteristics provides additional value to 
standard academic admission criteria and justify its use as 
part of the admissions process. In addition to all of the above, 
there are compelling reasons for changes in the admission 
process, among them the drive to increase diversity and sup-
port long-term health care planning among different special-
ties and geographies. Goldacre et al. [10] assessed whether 
UK policy to increase the number of graduate entrants to 
medical school affected long-term career preferences. They 
found that graduate entrants are more likely to become gen-
eral practitioners, a finding that might be useful in planning 
health care system human resources. 

This article will describe the change in the admission sys-
tem implemented at the Hebrew University-Hadassah Medical 
School and its effect on characteristics and attitudes of first-
year students. We aimed to answer the following questions: 

Was the implementation of a new admission system asso-•	
ciated with a change in the demographic profile of the 
students? 
Were there any changes in future residency preferences •	
of the students accepted by the new system, compared to 
those of students accepted by the old system? Is it possible 
to identify changes in attitudes and motivators that could 
explain different residency preferences? 
Are there correlations between demographic profiles, atti-•	
tudes and future career preferences? 

the adMissiOn PrOcess tO the heBrew  

universitY-hadassah Medical schOOl

Approximately 300–400 medical students are accepted every 
year to the four medical schools in Israel. The basis for selection 
to most academic programs in Israel includes matriculation 
examination scores and a national psychometric examination 
that tests language and analytic abilities. Additional selection 
methods (such as interviews and aptitude tests) vary between 
the different faculties. Until 2006, the admission process to 
the Hebrew University-Hadassah Medical School was based 
mainly on cognitive performance. About 250 candidates with 
the highest grades (psychometric exam and matriculation 
scores) were invited for an interview. During the assessment 
day they were asked to fill in an autobiographic questionnaire 
after which they were interviewed (a single interview) by three 
interviewers. The purpose of the interview was primarily to 
identify and reject candidates who were perceived to have a 
major personality problem or significant psychopathology 
(such as clinical depression), or to be untrustworthy. In 2006 
the admissions process was changed. The main goal of the 

change was to give non-cognitive characteristics more weight 
in the selection process, such as interpersonal skills, empathy, 
attentive listening, and an ethical attitude towards the other. 
In the new admission system, about 400 candidates with the 
highest grades (psychometric exam and matriculation grades) 
were invited for evaluation. Candidates filled in two ques-
tionnaires: an autobiographic questionnaire about major life 
events and experiences, and a second questionnaire presenting 
theoretical dilemmas based on possible professional situations. 
The candidates then underwent a series of eight short standard 
interviews based on the Multiple Mini Interviews model [3,11]. 
Candidates were then graded according to their previous aca-
demic performance (25%) and their non-academic skills were 
evaluated by the faculty evaluation system (two questionnaires 
and the MMI) (75%). The present study attempts to assess this 
change in the light of the questions formulated above.

suBJects and MethOds

First-year medical students at the Hebrew University-
Hadassah Medical School in Jerusalem during 2006–2007 
were administered an anonymous questionnaire (adapted 
from Feifel et al. [12]). These students had all been accepted 
to medical school after the new admission system was imple-
mented. The questionnaire consists of 23 questions on demo-
graphic data and background characteristics [Table 1], future 
residency preferences, motivators for these preferences, and 
attitudes towards the common medical specialties (measured 
by a 1–5 score). The Feifel questionnaire has been cited and 
used extensively in the literature [16-13]. It has been trans-
lated to Hebrew and was previously used by Abramowitz and 
Gofrit [13] in their survey of students in their preclinical 
years during 2000–2002, before the change in the admission 
process was implemented. The group of students studied by 
Abramowitz and Gofrit before the change in the admission 
process served as a control group for our research, in which 
we used the same questionnaire (the Feifel questionnaire). 

statistical analYsis

Quantitative variables were analyzed using the one-sample 
t-test. Comparison of qualitative parameters was done by using 
the one-sample chi-square test. In the original Feifel question-
naire some of the questions required ratings of opinions on 
a scale of 1–5. In order to simplify the analysis and uncover 
significant trends, the 1 (‘very attractive’) and 2 (‘attractive’) 
categories were merged into one category, ‘attractive’. The 4 
(‘not attractive’) and 5 (‘extremely not attractive’) categories 
were similarly merged into one category, ‘not attractive’. The 
‘neutral’ category (‘3’) remained unchanged. This method was 
used for all relevant questions in both databases. As described 

MMI = Multiple Mini Interviews
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answered in all questionnaires. Each question was statistically 
analyzed according to its valid percent. The data were analyzed 
using the SPSS14.0 program.

results

The questionnaires were distributed to 106 first-year students 
during lectures. Eighty-five questionnaires were returned, a 
response rate of 80.1%.

deMOgraPhic and BackgrOund characteristics

Table 1 presents demographic and background characteris-
tics of 85 first-year students accepted by the new admission 
system, as compared with 127 students accepted by the old 
admission system and who participated in the previous study 
[13]. Slightly more than half the students were male. The 
majority were born in Israel and were secular Jewish. The 
students admitted by the new method were on average one 
year older: 22.49 vs. 21.54 years old (P < 0.001). Among the 
students admitted by the new method, 27.4% had attended 
other academic studies before entering medical school com-
pared to only 15.9% in the former group (P = 0.004). Two-
thirds of the students in the new admission system group 
chose medicine after having considered other professions, 
as compared to less than half in the old admission group, 
66.7% vs. 44.8%, respectively (P < 0.001). A significant differ-
ence was found in high-school major subjects: 61.9% of the 
students accepted by the new system combined humanistic 
and scientific studies compared to 12.6% in the old admission 
system (P < 0.001). More students from small communities 
were admitted by the new system: 27.7% versus 13.4% in the 
old system group (P = 0.001).

Future career PreFerences and MOtivatOrs FOr chOices

Figure 1 presents the distribution of future residency pref-
erences of students admitted by the new admission system. 
Anesthesiology and psychiatry were the least likely career 
choices, whereas pediatrics was the most likely. Figure 2 
presents a comparison of the preferred future career choices 
(ranked ‘likely’ and ‘very likely’) between the two groups. 
Obstetrics/gynecology was considered a probable future 
choice by 41% of the students in the new admission group, 
compared to 22% of the students admitted by the old method 
(P < 0.001). Analysis of the factors underlying this trend shows 
that obstetrics/gynecology is perceived as an attractive pro-
fession due to the following factors: lifestyle, financial reward, 
interesting subject matter, intellectually challenging, prestige 
in the medical community and the public, enjoyable work and 
association with colleagues. In all these parameters there was 
a statistically significant increase (P < 0.05) in attractiveness 
of obstetrics/gynecology. An increase was found also in the 
perceived appreciation for the profession by other doctors, 

above, we compared our current data, which included 85 first-
year students admitted to medical school by the new admis-
sion process, with data collected previously by Abramowitz 
and Gofrit [13] of 127 students in their first, second and third 
preclinical medical school years who were admitted by the 
old system. When analyzing the demographic information, 
comparisons were made between the current group and all 
127 preclinical students because demographic data had been 
considered unaffected during the years of medical training. 
On the contrary, opinions and choices might be influenced 
through medical training. Therefore, when analyzing data on 
attitudes and opinions, our new data from first-year students 
(N=85) were compared with data collected previously [13] 
from first-year students (N=41), excluding data from stu-
dents in their second and third year. Not every question was 

P value 
new  
system 

Old 
system 

%no.%no. 

< 0.00122.4921.54Mean age (yrs)

gender

0.719 55.3
44.7

42
34

53.2
46.8

66
58

Male
Female

country of birth

0.118 92.9
7.1

79
6

87.3
12.7

110
16

Israel
Other

community size

0.00127.7
30.1
20.5
21.7

23
25
17
18

13.4
36.2
18.9
31.5

17
46
24
40

< 10,000
10,000–100,000
100,000–500,000
500,000

religious background

0.315 91.8
8.2

78
6

95.2
4.8

120
6

Jewish
Other

religiosity

0.29857
13.9
29.1

45
11
23

60.3
17.5
22.2

76
22
28

Secular
Traditional
Religious

high school major

< 0.00123.8
21.4
1.2
61.9

20
18
1
52

33.1
52.8
1.6
12.6

42
67
2
16

Math/Biology/Chem
Math/Physics
Humanistic studies
Other (combined)

Previous academic studies

0.004 72.6
27.4

61
23

84.1
15.9

106
20

No
Yes

considering other studies before medical school

< 0.001 33.3
66.7

21
42

55.2
44.8

69
56

No
Yes

table 1. Comparison of demographic and background characteristics 
of students admitted by the new admission system (N=85) vs. the 
old admission system (N=127) 

P value < 0.05 highlighted in green
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significantly declined in the new system group (P < 0.001). 
Financial reward in surgery was considered more attractive 
by the new group (P = 0.021). A similar declining trend was 
observed regarding pediatrics residency, 82.5% in the old sys-
tem vs. 68.7% in the new. Financial reward and lifestyle were 
perceived similarly by the two groups. The perception of job 
satisfaction, interesting subject matter and prestige dropped 
significantly (P < 0.01). An open-ended question allowing 
the addition of other career choices besides those mentioned 
was included in both questionnaires. Hematology/oncology 
as a future career choice was noted by 11.7% of students in 
the new admission group in comparison to 4.8% in the old 
(P < 0.001). Anesthesiology was not among the choices in the 
original questionnaire. Due to the increasing concern about a 
shortage of anesthesiologists in Israel we decided to add this 
residency as an option. Only 6% of the students opted for it 
as a probable career choice. 

The students were asked to attribute importance to dif-
ferent aspects in the choice of residency [Table 2]. Ability to 
help people was regarded as very important in both groups: 

classmates and family members (P < 0.05). A future career 
in surgery dropped from being considered by 61% in the past 
to 34.5% of the students accepted by the new method (P < 
0.001). Surgery was perceived in the past by 39.5% as unat-
tractive in terms of lifestyle. This percentage rose to 68.4% 
in the new group (P < 0.001). Although still relatively high, 
the perception of the scientific basis and future of surgery 

Figure 1. Future residency preferences of students admitted by the 
new admission system (N=85)
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Figure 2. Comparison of preferred future career choices (ranked 
‘likely’ and ‘very likely’) of students admitted by the new 
admission system (N=85) vs. the old admission system (N=41)** 

**Data from 41 first year students from the previous research, admitted by 
the old system, excluding the second and third-year students
*Statistically significant, P < 0.05
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P value
new  
system 

Old 
system 

%no.%no. 

lifestyle

0.01271.4
22.6
6

60
19
5

55.3
34.2
10.5

21
13
4

Very important
Important
Not important

Prestige

0.62715.7
26.5
57.8

13
22
48

18.4
28.9
52.6

7
11
20

Very important
Important
Not important

skills

0.93381.9
16.9
1.2

68
14
1

84.2
15.8
0

32
6
0

Very important
Important
Not important

Financial reward

0.42837.3
41
21.7

31
34
18

42.1
34.2
23.7

16
13
9

Very important
Important
Not important

challenging work

0.24697.6
1.2
1.2

82
1
1

94.7
5.3
0

36
2
0

Very important
Important
Not important

ability to help people 

< 0.00195.2
4.8
0

79
4
0

100
0
0

38
0
0

Very important
Important
Not important

table 2. Comparison of motivators ranking between students 
admitted by the new admission system (N=85) vs. the old 
admission system (N=41)* 

*Data from 41 first-year students from the previous research, admitted by 
the old system, excluding the second and third-year students
P < 0.05 highlighted in green
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in the U.S. military), or those who are exempt from military 
service (Arab Israelis, ultra-Orthodox). More students from 
rural areas were accepted, a fact that may have an impor-
tant impact on future health care delivery, as they might be 
interested to return and serve their communities as doctors. 
The fact that more students considered or attended other 
academic studies and combined humanistic and scientific 
studies in high school may indicate a more heterogenic, open-
minded attitude, with a wider perspective. This is a new find-
ing compared with previous published data that described an 
increased trend toward a background in exact sciences [17]. 
The students accepted by the new admission system also had 
different future career preferences and motivators, a finding 
that answers the second question of our study. The increased 
attractiveness of obstetrics/gynecology as a career choice 
correlated with a statistically significant increase in the per-
ception of various aspects of the profession such as lifestyle, 
intellectual challenge and prestige. Hematology/oncology 
was not addressed initially as a stand-alone option in the 
questionnaire. The students added it as a preferred option 
in the category ‘other’. This fact strengthens the significance 
of our finding. It was not possible to assess the attractiveness 
of hematology/oncology by different parameters that were 
measured for the pre-established options. We analyzed the 
correlation with the demographic data and found among 
those who mentioned this option that a high prevalence of 
students defined themselves as religious. Finally, the third 
question of our study addressed a possible integration of 
the different demographic characteristics, perceptions and 
choices into a profile that could be used to support the plan-
ning of the health care system in the future. For instance, 
Israel suffers from an increasing shortage of anesthesiolo-
gists. If a unique profile for future anesthesiologists could be 
recognized, we could recommend priorities in the admission 
process to remedy the shortage. As described, our success in 
this respect was only partial.

The strength of the survey lies in its high response rate, 
which is comparable to similar studies: 80.1% response rate 
in this survey vs. 52% [12], 70% [13] and 69% [14] in the 
literature. It has the benefit of being able to compare the 
relevant data before and after implementation of the new 
method of admission to medical school. 

Our study has several limitations. The sample size was 
limited due to the fact that the survey was performed a year 
after the admission system was changed. The survey assessed 
the opinions of first-year students, which are likely to be 
affected during the long course of medical studies. Manuel et 
al. [18] explored this issue and found a correlation of 50–70% 
between first-year students’ career preferences and eventual 
choice [18]. The student profile change coincided in time with 
the selection procedure change. There may be other wider 
social trends, such as increasing educational achievements in 

100% of the old group and 95.2% of the new group ranked 
this factor as very important, with an additional 4.8% of the 
new group mentioning it as important (P = 0.004). Lifestyle 
was considered very important by 71.4% of the students in 
the new group vs. 55.3% in the old (P = 0.012). Challenging 
work and skills were ranked as important aspects by both 
groups without a significant change in the assessment. 

cOrrelatiOn Between deMOgraPhics  

and career PreFerences 

We tried to identify demographic characteristics that could 
predict residency preferences. A correlation was found be- 
tween male gender and preference for a career in surgery (P 
= 0.012), and female gender and preference for family medi-
cine (P = 0.001). Analyzing the previous data for these cor-
relations we found that the men’s preference for surgery was 
already statistically significant in that group. The preference 
for family medicine among women is a new finding. Another 
significant finding was the correlation between religiosity and 
a hematology/oncology future career choice (P = 0.039). Ten 
students chose hematology/oncology as a future career in the 
open-ended question. Among them, 6 defined themselves as 
religious (60%), compared to a prevalence of 29.1% students 
defining themselves as religious in the entire group.

discussiOn

Against the background of continuing debates on the opti-
mal methods of choosing future physicians, changes in the 
admission process to medical schools are constantly being 
implemented worldwide. Our study is the first attempt in 
Israel to assess the effect of a recent change in the admis-
sion process to medical school. The data confirm a change in 
the population of students being accepted to medical school 
after implementation of the new admission process. Our first 
question was whether the change in the admission criteria 
was associated with the admission of students having differ-
ent demographic and background characteristics. Indeed, 
we encountered a different student population. The students 
admitted by the new process were on average one year older, a 
finding that might indicate a more mature attitude. Given the 
mandatory military service in our country, there is a ‘built in’ 
gap of at least 2–3 years between candidates before and after 
their military service. Therefore, we suggest taking into con-
sideration these gaps in the design of the admission process 
and interviews. For instance, the Multiple Mini Interviews 
should be geared to be age-appropriate to avoid bias in the 
assessment of individuals before the Israeli Academic Reserve 
(The Israel Defense Forces offer a college-based officer com-
missioning program, often covering full tuition for medical 
school in exchange for extended periods of active military 
service as an army physician, similar to the ROTC program 
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rural areas, changing public attitudes to leisure time, etc., that 
explain the trends without the new selection procedure mak-
ing an independent contribution. Dorsey and colleagues [19] 
tried to determine whether controllable lifestyle and other 
specialty-related characteristics are associated with changes 
in preferences of senior medical students in the United States. 
They found that perception of controllable lifestyle accounts 
for most of the variability in recent changing patterns of spe-
cialty choices among graduating U.S. medical students. This 
finding is similar to our results showing a trend of attribut-
ing an increasing importance to lifestyle as a motivator when 
choosing a residency. 

We conclude that the new admission system was associ-
ated with changes in the students' profile. It is difficult to tell 
whether this trend will translate into a substantial improve-
ment in the personal and interpersonal skills of these future 
physicians. Our findings support a global trend of medical 
students and young doctors losing interest in traditional 
residencies (i.e., surgery and pediatrics) and opting for more 
lucrative residencies and an appealing lifestyle [19,20]. Has 
the time come to consider incentives for young medical 
graduates to specialize in critical residencies such as anes-
thesiology? Further evaluation of the trends identified is 
needed, as are possible correlations between the trends iden-
tified and the students' performance and professional success 
[21]. From an even wider perspective, additional studies are 
needed to define profiles that will match the expectations 
from the doctors of the future according to evolving para-
digms and needs.
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Understanding the resistance of natural hosts of simian  
immunodeficiency virus (SIV) – such as sooty mangabeys 
– to disease progression may yield insights applicable 
to human immunodeficiency virus-1. Paiardini et al. 
report that CD4+ central memory T (TCM) cells from sooty 
mangabeys do not strongly upregulate CCR5 upon acti- 

vation and are more resistant to SIV infection than TCM 
cells from rhesus macaques, which may contribute to 
proper immune control and prevention of disease in these 
natural hosts.
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low levels of siv infection in sooty mangabey central memory cd4+ t cells are associated with 
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the challenge of comprehensive disease  
Management in heart failure
Haim Silber MD 

Marom Cardiology Clinic, Kfar Saba, Israel

sPecialiZed clinics vs. regular care

Specialized clinics, mostly nurse-led, 
provide collaborative team work and care 
coordination and their staff is trained to 
follow evidence-based treatment guide-
lines to proactively communicate with 
patients to help them understand and 
monitor their own disease and better fol-
low treatment protocols. Specialized clin-
ics have been reported to improve quality 
of life, prevent readmissions and improve 
medical outcome [3,4], as also shown by 
Gotsman et al. [2]. However, recent ran-
domized clinical trials have questioned 
this paradigm [5,6]. 

teleMOnitOring 

Telemonitoring enables remote surveil-
lance of patients with heart failure, facili-
tates early recognition of clinical dete-
rioration, and enables early intervention 
to prevent hospitalization. This remote 
monitoring approach relies on routine 
surveillance of selected physiological 
indicators – usually weight, heart rate and 
blood pressure – and structured telephone 
support. While the ability of telemedicine 
to reduce all-cause hospitalization has 
been demonstrated by a Cochrane review 
[7], recent randomized trials have failed 
to support the claim that telemonitoring 
improves outcome [8,9].

In the near future external or internal 
sensors of the cardiorenal physiological 
indices [10,11] will be available; hope-
fully, incorporating these new techniques 
into telemonitoring systems will improve 
clinical surveillance and outcome. 

Traditionally, face-to-face encounters 
between a provider and a patient have 
been the primary and only reimbursable 
form of health care delivery. One major 

r ates of death and hospitalizations for 
heart failure remain high despite con-

siderable advances in medical treatment 
[1]. There is a great medical and fiscal 
need to develop new strategies to prevent 
hospitalizations and reduce readmissions. 
Disease management has become increas-
ingly recognized as an important strategy 
as health care providers search for better 
ways to manage chronic disease. 

In their report in this issue of IMAJ 
Gotsman and co-authors [2] present the 
results of 1-year follow-up of 324 patients 
treated by a nurse-led heart failure clinic. 
Comparing patients in the HF clinic to the 
whole cohort of patients in Clalit Health 
Services in Jerusalem with a diagnosis of 
HF (N=6618), the main outcome was a 
reduced hospitalization rate, 29% vs. 42% 
(P < 0.01) and a similar 1 year survival 
rate, 91% vs. 89%. In a subset of patients, 
78 showed increased compliance to medi-
cal treatment and improved functional 
capacity. This non-randomized obser-
vational study with outstanding results 
highlights the problem of management 
of heart failure patients. Are we doing the 
right thing?

HF disease-management programs 
have included specialized nurse-led 
clinics with or without telemonitoring 
surveillance. 

HF = heart failure

innovation for managing chronic diseases 
is to use other interactive telecommuni-
cation technologies, such as video confer-
ence together with physiological indices, 
which offers the potential of better clini-
cal assessment and recommendations 
while reducing unnecessary face-to-face 
contacts between patients and medical 
personnel.

Other Measures needed tO iMPrOve 

disease ManageMent in hF Patients 

24 hour call center•	
Heart failure is a dynamic disease and 
patients need a quick medical response 24 
hours a day, especially during out-of-office 
hours. Incorporating into a heart failure 
managed care system a nurse-led medi-
cal call center that can integrate clinical 
information from telemonitoring, medi-
cal records and video conference with 
the possibility to contact the primary care 
physician or other emergency services 
may prove to be an important component 
in the management of heart failure. 

Reducing hospital readmission rates  •	
Hospital readmission rates represent an 
important, if imperfect, proxy measure 
for poor-quality inpatient and outpatient 
care and poor care transitions. Linking 
hospital readmission rates to reimburse-
ment is a complex issue that may have 
unintended negative consequences. 
Health care policy makers should pay 
careful attention to developing innovative 
measures for care transition and to refin-
ing readmission analyses used for hospital 
reimbursement [12].

Implementing a patient-centered care 
curriculum for residents on the inpatient 
general medicine service, which focuses 

heart failure, disease management, 
heart failure clinic, telemonitoring, 
health care delivery  
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on the importance of knowing patients 
as individuals, to achieve safer transi-
tions out of the hospital has been shown 
to reduce readmissions [13].

HF disease management programs •	
in Israel

As described by Gotsman et al. [2], Clalilt 
Health Care Services (the largest of Israel’s 
four health management organizations) 
has been implementing nurse-led spe-
cialized HF clinics in several districts 
in Israel. Maccabi Healthcare Services, 
together with Sheba Medical Center 
and the Gertner Institute of Health 
Policy Research has introduced the 
Comprehensive Heart Failure Disease 
Management Community Program, 
which consists of disease management led 
by nurse specialists in regional heart fail-
ure clinics as well as a national call center. 
Telemonitoring of body weight, pulse 
rate and blood pressure is performed at 
participants’ homes. Implementation of 
this program was followed by a random-
ized controlled study [14]. Over 1500 HF 
patients have been recruited and results 
will be due in November 2012.

what dO we need tO dO?

Systematic study of the home-hospital 
circle of heart failure is still needed. The 
support of health policy makers and 
health providers together with new initia-
tives for training and reimbursement are 
needed in order to develop the optimal 
disease management that will decrease 
readmissions and improve quality of life 
for patients with heart failure.

Follow-up strategies for patients after 
discharge following hospitalization due 
to worsening of heart failure should 
include optimization of treatment, coun-

selling and education to improve adher-
ence to treatment and promote adequate 
reactions to signs and symptoms by both 
the health providers and the patients. 

Since effective daily self-management 
is important, patients should be taught 
how to interpret data from personal phys-
iological indices. This will enable them to 
adjust their own diuretic regimen, much 
as patients with diabetes adjust their own 
insulin level. 

The location where patients receive 
their routine treatment for heart failure 
may not matter as long as the quality of 
care is good. The role of specialized clin-
ics may change, and their main role in the 
future may be to follow mainly the most 
severe HF patients. A dedicated team is 
needed to provide this service, including 
motivated cardiologists and nurses.

The role of telemedicine may change 
by transforming telemonitoring into 
a system for the patients themselves. 
Self-monitoring and self-managing is 
crucial to avoid the complications of this 
condition. Allowing patients to react to 
their own data based on preset therapy 
plans, and enabling them to connect to a 
medical call center 24 hours a day when 
they perceive a significant change in their 
condition could prove telemonitioring to 
be an effective and efficient tool. 
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“You only have power over people as long as you don’t take everything away from them. But 
when you’ve robbed a man of everything, he’s no longer in your power – he’s free again”

Alexander Solzhenitsyn (1918-2008), Russian novelist, dramatist and historian. Through his often-suppressed writings, he helped to 
raise global awareness of the Gulag, the Soviet Union’s forced labor camp system – particularly in The Gulag Archipelago and One 

Day in the Life of Ivan Denisovich, two of his best-known works. Solzhenitsyn was awarded the Nobel Prize in Literature in 1970  
and was expelled from the Soviet Union in 1974, but returned to Russia in 1994 after the Soviet system had collapsed 
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telecardiology – close to the heart, but still out of reach
Shaul Atar MD
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legal consequences for both the patient 
and the consulting cardiologist. Enabling 
the consulting cardiologist to receive as 
many objective and imaging data as pos-
sible, in real time, is the perfect scenario. 

In this issue of IMAJ, Birati and Roth 
[3] review the latest data on the usefulness 
of telecardiology in various cardiac condi-
tions. Although they focus on the Israeli 
experience and data, their article is most 
valuable for the questions and dilem-
mas it poses to the medical community 
and health systems worldwide. With the 
continuous reduction in post-myocardial 
infarction mortality and morbidity due to 
the routine use of primary percutaneous 
coronary intervention, statins, aspirin and 
clopidogrel [4], how many patients are 
truly at immediate high risk for severe 
life-threatening complications early post-
MI? And should a telecardiology service 
be offered to every patient post-MI or to 
only a select few? 

Improvement in survival can only be 
shown in a prospective randomized trial. 
But adequately sized randomized studies 
evaluating the role of telecardiology in 
post-MI patients are not yet available [5]. 
The most that can be said is that patients 
who subscribe to a telemonitoring service 
appear to have lower mortality than the 
general post-MI population, and this 
observation still requires prospective 
randomized validation in large-scale 
clinical trials. 

Although telecardiology is still in its 
infancy, the data suggest that patients with 
congestive heart failure derive the greatest 
benefit from the current technology [6]. 
In CHF patients, it reduces mortality and 
hospitalizations, often through improved 
patient compliance to medical care. This 

MI = myocardial infarction
CHF = congestive heart failure

t he search for novel technologies that 
will enable the cardiologist to moni-

tor, detect and treat heart disease from a 
distance seems to be an unending jour-
ney. Telecardiology is the ultimate effort 
to merge technology with cardiology in 
order to provide the patient with proper 
and accurate medical advice and medical 
care without interrupting his or her daily 
routine, while making the necessary 
information available for the consulting 
cardiologist as quickly and reliably as 
possible, thus alleviating the burden of 
clinic visits and unnecessary hospital-
izations on the exhausted health systems 
[1,2]. During the last three decades, and 
most significantly the last decade, with 
the advent of Web-based applications, 
our potential ability to influence the nat-
ural course of events in cardiac patients 
in the ambulatory setting has led to a 
spate of clinical studies evaluating the 
feasibility, efficacy and cost-effectiveness 
of telecardiology. 

In routine daily clinical practice, tele-
cardiology is the ‘bread and butter’ of the 
cardiologist in either a hospital-based or 
community-based practice. Telephonic 
consultations, without seeing or examin-
ing the patient, with general practitioners, 
emergency department physicians or with 
fellow cardiologists are extremely com-
mon, creating a professional interface of 
possible hazardous clinical and medico-

was recently shown by a meta-analysis 
of 25 studies and 5 published abstracts 
by Inglis et al. [6]. Yet, questions still 
arise regarding this unique group, which 
consumes a great portion of the limited 
resources of health systems. If we take 
into account the increasing use, according 
to clinical guidelines, of current available 
technologies for prevention of sudden 
cardiac death (i.e., implantable cardiac 
defibrillators, cardiac resynchronization 
therapy, arrhythmia ablations, etc.) in 
CHF patients, specifically in those with 
reduced cardiac systolic function, then 
the need for online arrhythmia detection 
in patients who are at high risk of sud-
den cardiac death is significantly low. 
Nevertheless, in patients with implantable 
cardiac defibrillators and cardiac resyn-
chronization therapy, wireless remote 
monitoring with automatic clinician alerts 
may still have a beneficial impact [7]. As 
compared with standard in-office follow-
up, telemonitoring significantly reduced 
the time to a clinical decision in response 
to clinical events and was associated with 
a significant reduction in mean length of 
hospital stay [7].

There is a consensus that patients 
who can afford the telecardiology ser-
vices have greater self-confidence, and 
as a consequence – improved quality 
of living. However, does telecardiology 
improve survival of cardiac patients and 
reduce morbidity in patients who can-
not afford the service? It is well known 
that there is a linear correlation between 
socioeconomic class and mortality and 
morbidity from heart disease [8]. And 
even if we assume that telecardiology 
can potentially reduce morbidity and 
mortality in a variety of chronic cardiac 
conditions, how can it be applied to every 
patient in need, regardless of his or her 

telecardiology, telemedicine, 
myocardial infarction, heart failure, 
arrhythmia
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socioeconomic status or the availability of 
a medical facility nearby? [9,10]. 

The widespread implementation of 
telecardiology needs further consideration 
and assessment in large-scale, long-term, 
randomized clinical trials. While telecar-
diology is being widely applied, there is 
still limited good quality evidence of its 
benefits to health care. Success in estab-
lishing the feasibility of telecardiology 

applications is currently offset by a fail-
ure to obtain convincing data on its effect 
on health outcomes and on their cost-
effectiveness. To further complicate the 
issue, there is great variation in the cost 
of living and of provision of health ser-
vices from country to country worldwide. 
Establishing the infrastructure in a given 
country may pose a significant burden 
on its economy, without any significant 
evidence that such an investment is cost-
effective. Moreover, if a country does cre-
ate such an infrastructure, it would have 
to estimate the charges to the subscriber 
that would make it economically sound 
for the provider and, at the same time, 
feasible for the average subscriber. 

Nonetheless, despite these obstacles, 
telecardiology is here to stay. Continuous 
efforts are being made worldwide to 
increase its technological abilities and 
to identify the patients who may derive 
the greatest benefit from the technology. 
Currently, the HeartCycle project, for 
example, is developing technologies and 
services to facilitate the remote manage-
ment of patients, motivate them to com-
ply with treatment regimens and adopt 
a beneficial lifestyle [11]. The result will 
be a personalized care system utilizing 
new technology that will include ‘smart’ 
clothes with textile sensors, patient inter-
action software, and more. A ‘smart bed’, 
for example, that monitors electrocardi-
ography, blood pressure, heart rate, res-
piration and activity, is being developed. 

The data will be transmitted online to a 
monitoring center to allow the initiation 
of immediate medical response, either 
by phone or by a medical on-call team. 
Moreover, in the near future, telecardiol-
ogy may become the preferred method of 
care and surveillance for long-term car-
diac conditions; as stated by John Cleland: 
"a revolution that may well be as seismic 
for healthcare as the industrial revolution 
was to Western countries 200 years ago" 
[12]. When and how this revolution will 
occur is unclear, but it will be driven by 
the increasing number of patients with 
chronic conditions because of the triad 
of earlier diagnosis, longer survival after 
diagnosis, and population aging.

The important review paper by Birati 
and Roth in this issue of the journal [3] 
should be used as a call for action. A 
call for action to the emergency medical 
services to acquire a technology that is 
capable of transmitting the 12-lead ECG 
from the ambulance or the patient’s home 
to the admitting hospital in order to expe-
dite provision of primary percutaneous 
coronary intervention in a timely man-
ner, according to the guidelines. A call 
for action to the Ministry of Health and 
hospital managements to create a telecar-
diology system for real-time consultation 
between rural or community hospitals 
and cardiac surgeons in centers of exper-
tise, for improved decision-making in 
emergency situations. A call for action to 
the biotechnology industry together with 
health economy decision-makers and 
government officials to seek new options 
and opportunities and apply the revolu-
tion of telecardiology to larger portions of 
the population, making it not only feasible 
for a few patients but also reachable and 
affordable for those truly in need. And a 
call for action to researchers to perform 
large-scale randomized clinical trials that 
will convince the medical community 

that telecardiology is the next medical 
revolution.  
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“Our scientific power has outrun our spiritual power: we have guided missiles  
and misguided men”

Martin Luther King Jr. (1929-1968), American clergyman, activist and prominent leader in the African-American Civil  
Rights Movement. Using non-violent methods following the teachings of Mahatma Gandhi, King  

is considered a heroic leader in the history of modern American liberalism
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Telemedicine is the application of advanced telecom- 
munication technology for diagnostic, monitoring and 
therapeutic purposes. It enables data transmission from 
the patient's whereabouts or his/her primary care provider 
to a specialized medical call center. Telecardiology is a 
highly developed medical discipline involving almost every 
aspect of cardiology, including acute coronary syndromes, 
arrhythmias, congestive heart failure, sudden cardiac arrest 
and others. Israel is one of the leading countries in the use 
of telecardiology, achieving extended survival, improvement 
of the patient's quality of life, and significant reduction in 
health costs.  
  IMAJ 2011; 13: 498–503
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t elemedicine is the application of advanced telecommunica-
tion technology for diagnostic, monitoring and therapeutic 

purposes in almost every medical subspecialty. Telemedicine 
involves live, bi-directional audio and video interaction 
between patients and medical professionals and among medi-
cal professionals. It transmits real-time or recorded data and 
verbal reporting from a patient's whereabouts to a medical 
call center, as well as medical files and output data from medi-
cal devices from the facilities of a primary care provider to a 
designated specialist. Telemedicine was approved by the Israel 
Medical Association Ethics Committee in a position paper in 
which it recognized the capabilities of telemedicine to meet the 
growing need for enhancing the delivery of medical care. In 
addition to enabling better and more extended health services 
worldwide, the implementation of telemedicine systems was 
shown to substantially reduce health costs. 

Among the vast range of medical disciplines in which 
telemedicine has been successfully applied are cardiology, 
psychiatry, dermatology, radiology, neurology, ophthalmol-
ogy, otolaryngology, rheumatology, pulmonary, urology, 
wound care, obstetrics, pediatrics and neonatology, pathol-
ogy, emergency medicine and trauma. Home telehealth is 

provided by licensed health care providers including, but 
not limited to, physicians, nurses, physical therapists, social 
workers, speech therapists, psychologists, occupational thera-
pists and nutritionists. Consultations and extra services for 
accommodating special needs can be incorporated into the 
system as needed.

Telecardiology is one of the most highly developed of the 
medical disciplines covered by telemedicine. In addition to the 
provision of care to patients with heart disease, it has a vital role 
in educating these patients on the nature of their conditions, 
improving their compliance to medical therapy, and guiding 
them in practicing healthy life habits. The benefit of telecardi-
ology in rural communities is especially important because of 
its capability of overcoming the obstacle of the large distances 
that would have to be covered in order to access medical assis-
tance. As such, hazardous and even unnecessary transporta-
tion of critically ill patients for the purpose of diagnosis can 
be avoided by remote expert counseling. Finally, patients can 
receive second opinions and physicians can consult experts, 
capabilities that have proven to have a beneficial effect on both 
patient survival and recovery. While telecardiology has been 
widely applied, there are still limited prospective randomized 
data supporting its health care benefits [1]. 

This review summarizes updated information on the use 
of telemedicine in cardiology and details its evidence-based 
effect on patient survival and quality of life. 

telecardiOlOgY in the treatMent OF heart Failure

Heart failure constitutes the most frequent and expensive 
hospital discharge diagnosis in the United States, costing 
over $23.7 billion in direct medical expenditures, with over 
980,000 hospital admissions in 2004 and an average of 3.2 
hospital admissions annually per patient [2]. Effective use of 
telemedicine in the treatment of HF patients has been expand-
ing considerably worldwide. Many studies have demonstrated a 
substantial reduction in hospital admission and in the length of 
hospitalization, and an increase in survival among HF patients 
who were managed by telemedicine [3]. In a recently published 
meta-analysis that summarized 96 studies (with a total of 6258 
patients), Klersy et al. [4] reported that remote patient moni-

HF = heart failure



reviews

 499

IMAJ • VOL 13 • August 2011

toring significantly reduced the risk of death and the length 
of hospitalization for any cause, including HF, compared with 
usual care. Roth et al. [5] telephonically followed 118 patients 
with New York Heart Association functional class II-IV who 
had at least two past hospitalizations due to HF. The patients’ 
vital signs and weight were transmitted daily to the system’s 
monitor center, and the monitor center’s nurse telephoned 
the patient twice monthly to assess a number of parameters, 
including well-being, frequency of specific symptoms, adher-
ence to treatment, and to remind him/her of the importance 
of maintaining a salt-free diet and of the regular use of medi-
cation. The nurse instructed patients with “red alarms” (e.g., 
weight gain > 1.5 kg compared to baseline, diastolic blood pres-
sure > 180/110 mmHg or systolic < 90 mmHg) to increase the 
furosemide dose. Mobile intensive care units were dispatched 
according to the protocol for action taken in given cases. In 
addition to the significant decrease in the absolute number 
of hospitalizations during the study period compared to the 
year preceding it (558 versus 1623 days/year, respectively), 
there was also a remarkable decrease in the average length of 
in-hospital stay (from 13.75 to 3.06 days). These changes were 
typical for all NYHA functional groups. 

In a large randomized study published in 2010, Chaudhry 
et al. [6] assigned 1653 patients with recent hospitalization 
for HF failure to undergo either 
telemonitoring (826 patients) 
or usual care (827 patients). The 
median age of those patients was 
61 years. The study results failed 
to show any significant difference between the two groups in 
the composite rate of readmission for any reason or death from 
any cause within 180 days after study entry. However, only 78% 
of the patients used diuretics and 30% had an ejection fraction 
of 40% or more. Moreover, a total of 85.6% of patients in the 
telemonitoring group made at least one call, and only 55.1% of 
them had adhered to the study protocol by week 26. This study 
had other limitations, including the use of an automated tele-
medicine tool, a short follow-up period, and a relatively young 
population. The findings of a recently published Cochrane 
review on telemedicine practice for congestive HF patients [7], 
which included only peer-reviewed, randomized controlled 
trials, contradicted those results by showing a 44% reduction 
in the death rate from any cause and a 21% reduction in HF 
hospitalization, with a substantial improvement in quality of 
life together with cost reduction. 

Finally, in the COMPASS-HF Study, Bourge et al. [8] exam-
ined the efficacy of an implantable monitor that continuously 
measures and stores hemodynamic information of CHF 
patients and can be reviewed remotely. In this prospective, 
multicenter, randomized, single-blind, parallel-controlled 

NYHA = New York Heart Association
CHF = congestive heart failure

trial, 274 HF patients with NYHA functional class III or IV 
received an implantable continuous hemodynamic monitor. 
The patients were then randomized to a control group and to 
the Chronicle® monitor group. Clinicians had access to the 
hemodynamic information only in the Chronicle group, and 
the pressure information was reviewed at least once a week for 
the 6 months of follow-up. There was a non-significant reduc-
tion of 21% in all HF-related events (hospitalizations, emer-
gency department and urgent clinic visits requiring intrave-
nous therapy) among the Chronicle monitor group compared 
with the control group (P = 0.33). A retrospective analysis 
showed a 36% reduction in the relative risk of an HF-related 
hospitalization in the Chronicle monitor group. This reduc-
tion in the relative risk of an HF-related hospitalization was 
comparable in the groups with ejection fraction < 50% and > 
50% (P = 0.03). 

telecardiOlOgY in diagnOsing  
acute st elevatiOn Mi 

Increasing the treatment efficacy in ST elevation myocardial 
infarction and reducing the door-to-balloon time, defined 
as the time between the arrival at the hospital and the first 
balloon inflation during percutaneous coronary intervention, 

are major targets of contemporary 
patient management [9]. The im-
portance of the door-to-balloon 
time cannot be overemphasized: 
it is one of the core quality mea-

sures collected and reported by the Centers for Medicare and 
Medicaid Services and the Joint Commission on Accreditation 
of Healthcare Organizations [9]. Yet, only a minority of hos-
pitals treats patients with ST elevation MI within 90 minutes 
after their arrival [10,11], and hospital performance has not 
improved substantially in recent years [10]. Many attempts have 
been made to implement telemedicine technology in order to 
reduce this crucial time period. Carmody [12] reported a sim-
ple approach to transmit out-of-hospital electrocardiograms 
by means of cellular phone cameras, alerting catheterization 
teams prior to patient arrival at the hospital. In addition, there 
are devices that transmit 12-lead ECG tracings via regular and 
mobile telephones, and even some that have the capability of 
interpreting the ECG findings [13,14]. In order to reduce the 
time to catheterization, Sejersten et al. [15] transmitted the 
prehospital ECG of patients suffering from chest pain to the 
cardiologist's mobile telephone. After evaluation of their ECG 
tracings, 168 patients (30%) were referred directly for PCI, and 
146 of them (87%) underwent emergent catheterization. The 
median time of the study group from the ambulance call to 
PCI was significantly shorter than in the historic control group 

MI = myocardial infarction
PCI = percutaneous coronary intervention

telemedicine exploits cutting-edge 
communication technology to provide 

rapid contact between a patient in need 
and a source of medical assistance
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of the medical service were shown to have raised the survival 
rate after out-of-hospital cardiac arrest: of 1810 patients who 
underwent out-of-hospital resuscitation, 597 were hospitalized 
and 279 (15.4%) were ultimately discharged. 

telecardiOlOgY in diagnOsis and  
treatMent OF arrhYthMias

Symptoms secondary to arrhythmias, such as palpitations and 
syncope, can be documented on ECG tracings, but many ECG 
changes are transient or paroxysmal, and the search for cor-
roboratory evidence of these arrhythmias can be lengthy and 
problematic and missed even by long-term Holter ECG record-
ings [21]. The detection of these arrhythmias has crucial thera-
peutic implications, such as the provision of anti-arrhythmic 
and anticoagulation treatment for high-risk atrial fibrillation 
patients, permanent pacemakers for patients suffering from 
high-degree atrioventricular nodal block, ablation for patients 
suffering from recurrent supraventricular tachycardia, and 
others [21,22]. The diagnostic yield increases substantially with 

the use of patient-activated short-
term ECG recordings [21]. Singh 
and Hsiao [23] described the 
development of a remote device 
that enables real-time cardiac 
arrhythmic monitoring with very 
high sensitivity and specificity 

(100% and 99.62%, respectively, in the absence of arrhythmia, 
and 99.34% and 99.31%, respectively, in the presence of arrhyth-
mia). This device provides a specific diagnosis and recommen-
dations of actions to be taken immediately, and may raise the 
rate of diagnosis and the efficacy of treatment. Olson et al. [24] 
reviewed the records of 122 patients using continuous mobile 
cardiac outpatient telemetry as part of evaluating palpitations, 
presyncope/syncope, or as part of evaluating the efficacy of a 
specific anti-arrhythmic therapy. Ten of 17 patients studied for 
presyncope/syncope were diagnosed by the monitor device: 8 of 
them had a previous negative evaluation and 5 had an event cor-
related with their heart rhythm during the monitoring period. 
One-third of the patients monitored for medication titration 
had dosage adjustments during outpatient monitoring. Those 
authors concluded that continuous mobile cardiac outpatient 
telemetry can detect clinically significant arrhythmias, and that 
it was especially useful for identifying the cause of presyncope/
syncope. In addition, it enabled patients to undergo dose titra-
tion or change of their medication in the outpatient setting, thus 
reducing the rate of hospitalization. 

The use of telemedicine can ensure urgent provision of 
medical treatment for potentially life-threatening arrhyth-
mias. Retrospective studies have shown that significant 
changes in heart rate variability indices occur prior to car-
diac arrest. Based on these studies, Singh et al. [25] recently 

(74 vs. 127 minutes, P < 0.001). Specifically, door-to-PCI time 
was 34 minutes for the study patients compared to 97 minutes 
for the controls (P < 0.001). 

Lastly, telemetry may enable the use of prehospital throm-
bolytic treatment in ST elevation MI, thus reducing the call 
to treatment times, especially in a rural setting. However, 
this benefit must be balanced against the very small propor-
tion of eligible patients identified as suitable for prehospital 
thrombolysis [16].

telecardiOlOgY and the reductiOn  
OF sudden cardiac death

Patients suffering from an acute ischemic event are at risk of 
sudden cardiac death [17]. Roth et al. [18] followed patients 
who survived hospitalization after an acute MI, comparing 
the one-year survival rate among participants of the Acute 
Coronary Syndrome Israel Survey (ACSIS) 2004 and SHL-
Telemedicine subscribers. Even though the SHL cohort was 
significantly older than the ACSIS cohort, had significantly 
more past MIs, more past strokes 
and more HFs, the one-year 
mortality was significantly lower 
among the SHL patients (4.4% 
vs. 9.7% for ACSIS). The authors 
concluded that availability of 
medical call centers in the out-
of-hospital setting improves patient motivation to seek timely 
and appropriate medical assistance and thus improve survival. 
Müller et al. [19] collected information on the circumstances 
of sudden cardiac death in order to tailor preventive and edu-
cational measures. Most of the sudden cardiac death patients 
had multiple high-risk symptoms: 25% suffered from angina 
symptoms (for a mean period of 120 minutes) prior to the car-
diac arrest, 17% had dyspnea, and 7% had nausea or vomiting. 
Only 25% of the patients were asymptomatic before the event. 
The poor survival rate after out-of-hospital cardiac arrest 
and the knowledge that the majority of patients had exhibited 
some definitive symptoms prior to the event emphasize the 
importance of educating patients about the nature of warn-
ing symptoms and of providing them with accessible medical 
service. The same conclusion was reached by another study 
[20] that compared the 15% survival rate of patients with 
sudden cardiac death among patients with out-of-hospital 
cardiac arrest treated by a telemedicine service to the 7% 
rate of the national ambulance service. Those authors noted 
that the telemedicine call center routinely initiates calls to 
subscribers, thereby reinforcing their awareness of relevant 
symptoms and of the need to seek medical assistance without 
delay. This vigilance together with awareness and accessibility 

ACSIS = Acute Coronary Syndrome Israel Survey

delay in treatment of heart conditions is 
directly associated with patient survival. 
telecardiology instantly mobilizes all the 

required resources to advise, treat and 
transport patients according to  

specific, individual requirements
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of all incidents. There was a significant difference between 
the remote monitoring group and the control group in the 
composite outcome of symptomatic lead failure consisting 
of inappropriate shocks and symptomatic pacemaker inhibi-
tion (27.3% of patients vs. 53.4% of controls, respectively, P 
= 0.04). The authors concluded that the automatic remote 
monitoring surveillance system enables physicians to detect 
serious lead problems early and to intervene quickly. In their 
opinion, the system might potentially avoid inappropriate 
shocks due to lead failure and T-wave oversensing. 

In another prospective, randomized multicenter clinical 
trial, the "TRUST" study, Varma et al. [30] compared the safety 
and usefulness of automatic remote monitoring in ICD recipi-
ents with standard in-clinic follow-up. A total of 1450 patients 
were randomized, 977 to the remote monitoring treatment 
group and 473 patients to the conventional follow-up group. 
The mean number of in-clinic and hospital visits was 2.1 per 
patient-year in the remote monitoring group compared with 
3.8 per patient-year in the conventional group (P < 0.001). 
Thus, the total in-office visits were reduced by 45% in the home 
monitoring group at 12 months. Eighty-six percent of all the 
remote monitoring group follow-ups were performed using 
remote monitoring only, indicating that this method provided 
sufficient assessment in these cases. There was no difference in 

the adverse events rate between 
the two treatment groups. There 
was no significant difference in 
the mortality rates between the 
groups after 12 months of fol-
low-up. The authors concluded 
that the home remote moni-
toring allows a safe extension 

of face-to-face encounters, improves adherence to scheduled 
checks, and significantly reduces the need for in-hospital device 
evaluation (without a detrimental effect on safety), thus reduc-
ing clinic load.

We anticipate that these remote monitoring implantable 
devices will have many more functions that will be operable 
in the near future.

telecardiOlOgY in the diagnOsis and  
ManageMent OF hYPertensiOn

Hypertension is one of the leading causes of death worldwide 
and affects almost one in three adults in the United States 
[31]. Although hypertension is among the most common rea-
sons for an outpatient medical visit [32], several studies have 
shown that only 25% of the patients with hypertension have 
adequate blood pressure control, resulting in an elevated risk 
of coronary artery disease, CHF, renal insufficiency, periph-
eral vascular disease, and stroke [32]. Home blood pressure 
monitoring is a well-established practice that has been shown 

designed a handheld remote ECG monitor that detects the 
QRS complex and calculates short-term heart rate vari-
ability indices in real time. Those authors believe that this 
device may provide early warnings of impending cardiac 
conditions. Roth et al. [26] reported their experience with 
self-injected intramuscular lidocaine injections for treating 
SHL-Telemedicine subscribers who experienced sustained 
ventricular tachycardia unassociated with an MI that was 
registered transtelephonically. Following orders via telephone 
while a mobile intensive care unit was en route, sinus rhythm 
was regained within 10 minutes in 27 of 76 patients (36%), 
while rhythm was slowed by > 30% in an additional 7 patients 
(9%). Thus, telemedicine has the capability of identifying the 
malignant arrhythmic event and deploying treatment in a 
substantially shortened period. 

telecardiOlOgY in Patients with iMPlantaBle 
electrOnic devices 

A recently introduced technology allows remote monitoring and 
continuous interrogation of implantable electronic devices in 
order to detect adverse events earlier than is possible with stan-
dard follow-up visits and to decrease the number of ambulatory 
follow-up visits. The experience thus far has been in patients 
with implantable cardioverter 
defibrillators and in those under-
going cardiac resynchronization 
therapy [27]. Transmissions 
from the implanted device are 
made every day at a specific pro- 
grammable time (generally dur-
ing the night) or immediately 
upon detection of preselected critical events of which the physi-
cian is directly alerted and can respond without delay. The trans-
missions are automatically triggered and the patients play no 
role in initiating them [27]. Theuns and colleagues [28] followed 
146 patients who received an ICD device with home monitoring 
and in whom a total of 57,148 transmissions were recorded. The 
authors concluded that remote monitoring of ICD patients is 
feasible, and despite the large number of transmissions, remote 
monitoring imposed only a minimal additional burden on the 
clinical workload and showed a potential to limit the frequency 
of scheduled ambulatory visits. 

Spencker and co-researchers [29] used a remote monitor-
ing device to follow 11 patients who had undergone reimplan-
tation due to malfunctions of the ICD lead. The rate of inap-
propriate shock and symptomatic pacemaker inhibition due 
to oversensing was compared with that in 43 patients without 
remote monitoring who underwent the same invasive proce-
dure. The home monitoring device sent alert messages in 91% 

ICD = implantable cardioverter defibrillator

knowledge of the nature of a cardiac 
condition and its warning symptoms and of 
the importance of adherence to treatment 
and maintaining a healthy lifestyle is vital 

for prolonging the best possible quality  
of life. this is one of the fundamental  

services of a telecardiology system
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to improve patient adherence to treatment regimens and to 
achieve target blood pressure levels [33]. 

Many studies have been conducted on the effectiveness of 
telemedicine in the treatment of hypertension. In a multicenter, 
prospective study of 111 patients whose hypertension was 
uncontrolled despite monotherapy, Bobrie et al. [33] assessed 
the effects of self-drug titration via instructions provided by 
telemedicine on blood pressure treatment outcome. Overall, 
58% of patients were satisfied and 23% were very satisfied 
with the program, and 78% of the patients fully complied with 
self-measurement instructions. Home blood pressure measure-
ments decreased significantly without any untoward events. In 
another randomized control study, Green et al. [31] enrolled 
778 participants with uncontrolled essential hypertension and 
randomly assigned them into three groups: a) usual care, b) 
home blood pressure monitoring and secure patient Web train-
ing only, and c) home blood pressure monitoring and secure 
patient Web training plus pharmacist care management deliv-
ered through Web communications. After one year of follow-
up, there was a non-significant increase in the percentage of 
patients with controlled blood pressure among those assigned 
to the home monitoring and Web training-only group. Adding 
Web-based pharmacist care to home blood pressure monitor-
ing and Web training, however, significantly increased the per-
centage of patients with controlled blood pressure compared 
with the other two groups. Another interesting feature about 
telemedicine is its ability to provide measurements of blood 
pressure without provoking the 'white coat' effect [34]. 

teleMedicine in the cardiac suBsPecialties  
OF echOcardiOlOgY and cOrOnarY ct

When ordinary echocardiology is not feasible, it is now pos-
sible to substitute it with a robotic system that enables the 
sonographer to perform the echocardiographic examination 
by remotely controlling the robotic arm and the ultrasound 
equipment. This can be followed by a videoconference between 
the general practitioner, the patient, the sonographer, and the 
cardiologist [35]. Recent advances in technology allow the car-
rying out and transferring of computed tomography images, 
including those of the coronary arteries. LaBounty et al. [36] 
recently described their success in performing coronary CT 
angiograms for the detection and exclusion of significant 
coronary artery stenosis: they were remotely interpreted on a 
mobile handheld device with a high rate of accuracy. 

teleMedicine and reductiOn OF  
hOsPitaliZatiOn health cOsts 

One of the ongoing challenges facing the USA and other 
western countries is the increasing cost of health care. Part 
of the solution is to identify strategies for slowing the growth 

of health care spending without compromising access, effec-
tiveness and safety of the medical service. A comprehensive 
review of the literature suggests that there is a lack of con-
crete evidence to assess the economic impact of telemedicine 
[37], but there is mounting evidence of the cost-effective and 
even cost-reduction effects of telemedicine. In a recent study, 
Wennberg and team [38] followed 174,120 patients to assess 
the effect of a telephone-based care management strategy on 
medical costs and resource utilization. The patients were ran-
domly assigned to a usual support group (three outreaches) 
and an enhanced support group (five outreaches). The inter-
vention in the enhanced support group reduced total health 
care costs by 3.6%, and this was accompanied by a 10% reduc-
tion in population-based admission rates. Roth et al. [39] fol-
lowed 1600 subscribers to a telemedicine system and found 
that a considerable number of potential applications to the 
emergency department were safely avoided (a reduction of 
31 emergency department visits for every 100 calls) because 
of the availability of a telemedicine service. The approximate 
savings to the national economy were $830,000 per 10,000 
members per year. In another study, the same authors showed 
that the vast majority of the telemedicine subscribers (89%) 
reported an improvement in their self-confidence as well as 
in their quality of life [40]. In our opinion, the reduction of 
health costs made possible by the use of telemedicine, with-
out compromising and even enhancing the quality of medical 
service, is highly underestimated. 

cOnclusiOns

The application of telemedicine in the field of cardiology 
has been shown to substantially reduce the number of hos-
pitalizations of patients with a wide range of heart diseases 
and conditions, and to lower mortality after MI compared 
to the general acute MI population and probably in a variety 
of other cardiovascular entities as well. Its capabilities in 
the diagnosis, follow-up and treatment have extended the 
possibilities of providing the kind of care required by these 
individuals and of lowering health costs considerably. 
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“a bore is a man who deprives you of solitude without providing you with company”
Gian Vincenzo Gravina (1664-1718), Italian writer and philosopher

“it is the mark of an educated mind to be able to entertain a thought without accepting it”
Aristotle (384-322 BCE), Greek philosopher
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catheter was placed and the catheter posi-
tion was confirmed using standard chest 
X-ray. Cultures from the pleural fluid 
grew Staphylococcus aureus. On the fifth 
day of admission, mild anisocoria (1–2 
mm) was observed and pediatric neurol-
ogy and ophthalmology specialists were 
consulted. On the tenth day of admission 
the chest drains were removed. The child 
was extubated with no complications. She 
was weaned off heavy sedation and slowly 
returned to normal activity. 

Three days after the removal of the 
drains, a right upper lid ptosis together 
with the anisocoria were noticed. Ophthal- 
mic examination revealed a right upper 
eyelid ptosis with slight elevation of the 
lower lid and anisocoria (the left normal 
pupil was 3 mm and the right pupil 2 mm 
in diameter) with increased anisocoria 
in darkness and mild anhydrosis on the 
right side of the face. Ocular movements 
were within normal range. Both pupils 
were reactive to light. The posterior seg-
ment was unremarkable in both eyes. 
Neurological examination of the cranial 
nerves and the upper limbs were normal. 
Instillation of freshly prepared 4% cocaine 
solution showed the left (normal) pupil 
dilate to 6 mm and the right pupil to only 
4 mm [Figure A], confirming right-sided 
Horner’s syndrome. 

h orner’s syndrome consists of the clas-
sic triad of unilateral miosis, eyelid 

ptosis, and facial anhydrosis. It occurs 
as the result of a lesion anywhere along 
the oculosympathetic pathway. Horner’s 
syndrome as an acquired condition is very 
uncommon in pediatric neuro-ophthal-
mology practice and is rarely seen in the 
pediatric intensive care unit. We present 
the case of a girl who developed Horner’s 
syndrome during her hospitalization in 
the PICU for the management of necro-
tizing pneumonia. 

Patient descriPtiOn

The parents gave their informed consent 
for this case presentation. A 7 month 
old girl was admitted with the diagnosis 
of right-sided pneumonia. Chest X-ray 
showed a large pleural effusion with 
pneumothorax and partial lung collapse. 
Computed tomography scan confirmed 
the diagnosis and a CT-guided thora-
costomy tube was inserted. She devel-
oped severe hypoxic respiratory failure 
and had to be intubated and ventilated. 
During the next 2 days, three additional 
thoracostomy tubes were inserted due 
to recurrent tension pneumothoraces. A 
percutaneous right internal jugular vein 

At the 6 month follow-up visit in 
the ophthalmology outpatient clinic, a 
slight ptosis in the right eye could still be 
noticed. The anisocoria and anhydrosis 
were completely resolved.

cOMMent

We present a case of an infant who devel-
oped Horner’s syndrome while being 
treated for complicated pneumonia in 
the PICU.

Horner syndrome was first described 
in animals (in 1852) by the French phy- 
siologist Claude Bernard. In 1869, a 
Swiss ophthalmologist, Johann Friedrich 
Horner, was the first to give a complete 
description of this syndrome in humans. 
The oculosympathetic palsy called 
Horner’s syndrome appears when the 
sympathetic innervation of the eye is 
interrupted by an injury to the neuronal 
pathway connecting the hypothalamus 
through the spinal cord to the eye. 
Mild-to-moderate upper lid ptosis, 
slight elevation of the lower lid, and 
pupilary miosis are found in all patients 
regardless of the severity of the injury. 
Depending on the level of the lesion, 
impaired flushing and sweating may be 
found ipsilaterally. Iris heterochromia 
(with the affected eye being hypopig-

Horner’s syndrome, empyema, 
pediatric intensive care unit, chest 
tube, pneumothorax, iatrogenic 
complications 
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[a] Right-sided Horner’s 
syndrome. Ptosis: the 
right upper and lower 
eyelids are slightly closed. 
Anisocoria: the left 
(intact) pupil is 6 mm and 
the right pupil is 4 mm
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[B] Chest radiograph of our patient during her acute illness shows a right-sided consolidation 
with diffuse air space disease and four chest drains marked with white numbers 1-4. The 
dashed arrow points to the right internal jugular vein catheter. The thick white arrow points 
to the location of the tip of the chest tube (#4) and the internal jugular catheter, both 
adjacent to the anatomic location of the sympathetic chain and the stellate ganglion. 

mented) is seen in congenital Horner’s 
syndrome [1].

The diagnosis is usually made clinically 
together with provocative tests. Applying 
cocaine solution to both eyes will cause 
the healthy pupil to dilate maximally, 
while the affected pupil will dilate poorly. 
Use of 1% hydroxyamphetamine eye-
drop solution helps to localize the lesion 
between the second and third-order neu-
ron lesions [1]. In this case, the etiology 
was clearly acquired and occurred during 
the course of the PICU admission.

A literature review revealed that the 
etiology of pediatric Horner’s syndrome 
varies. Generally it is an uncommon 
finding in pediatrics and is rare in the 
PICU environment. Two pediatric case 
reports described an association between 
a thoracostomy tube tip placed at the apex 
of the lung and development of Horner’s 
syndrome [2]. Guccione et al. [3] reported 
a case of Horner’s syndrome in associa-
tion with central venous line placement 
into the internal jugular vein in a child 
[3]. The mechanism by which internal 
jugular vein cannulation may cause this 
disorder could be a complication dur-
ing the procedure, such as puncture of 
the vessel, or a direct injury to the neu-
ronal pathway during the line placement 
attempt. It is less clear when the proce-
dure was done without complications and 
there was no evidence of vascular injury 
or hematoma. Intrapleural infections 
such as empyema have been described 
in association with Horner’s syndrome 
[4]. Increased intrapleural pressure, as 
in tension pneumothorax, can irritate 
the stellate ganglion, while relief of the 
pressure reversed the Horner’s syndrome 
symptoms. Overall, most investigators 
suggest that irritation of the second neu-
ron pathway and stellate ganglion is the 
most common acquired etiology and is 
usually multifactorial.

Our patient had several conditions 
that increased her risk of developing an 
injury to the oculosympathetic pathway.
She was admitted with a complicated 
necrotizing pneumonia and developed 
thoracic empyema. Her medical condi-

tion necessitated aggressive ventilation 
using high pressure and she developed 
pneumothoraces. During her treatment, 
she had several episodes when pleural 
tubes were inserted. During her critical 
illness, an internal jugular vein catheter 
was placed. 

The first thoracic (or stellate) ganglion 
lies in close proximity to the parietal pleura 
of the lung apex and only a thin layer of 
connective tissue, the endothoracic fascia, 
separates these two structures. The great 
upper body blood vessels, including the 
internal jugular vein, lie in close proximity 
to the ganglion. Any process that involved 
this anatomic space could have caused an 
injury to the ganglion: inflammation due 
to infection and empyema, baro/volume 
trauma from pneumothorax, a direct 
injury to the nerve caused by the tip of 
the chest tube placed at the apex of the 
thorax by itself or by “trapping” the gan-
glion between the jugular catheter and the 
chest tube, dissection of any of the great 
head blood vessels, or a hematoma from 
vascular manipulation during the inser-
tion; all or some could be considered as 
possible mechanisms. Our patient’s chest 
X-ray shows the location of the foreign 

hardware that was inserted [Figure B]. 
The thick white arrow points to the tip 
of the chest tube (marked as number 4), 
which was positioned at the apex of the 
right lung and its proximity of the right 
jugular venous catheter (marked with the 
dashed arrow). It is clearly seen that both 
are adjacent to the anatomic location of 
the stellate ganglion.

Although the natural course of Horner’s 
syndrome is not predictable, there is some 
evidence that the time length of the injur-
ing process or pressure applied on the 
second-order neuron might be related to 
outcome. Kaya and team [5] found that in 
adults with Horner’s syndrome secondary 
to chest tube malposition, early removal 
of the apical chest tube improved the 
chance of recovery. 

Diagnosing Horner’s syndrome in 
critically ill pediatric patients is dif-
ficult unless one suspects it. These 
children are usually heavily sedated 
and often chemically paralyzed, which 
complicates the ability to perform a 
thorough neurological examination. By 
presenting this case, we hope to increase 
awareness regarding the syndrome and 
the risk of it developing in such patients. 

B
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Early recognition and prompt removal 
of possible injurious iatrogenic hard-
ware might prevent future permanent 
disability, which may persist long after 
the fact is forgotten that the child’s life 
was saved in the PICU. This may also 
have medico-legal implications for the 
medical team.

In conclusion, we describe a rare 
case of Horner’s syndrome developing 
during hospitalization in the PICU. We  
stress the importance of recognizing 
this entity. Prompt diagnosis and imme-
diate repositioning of chest drains may 
prevent irreversible iatrogenic damage. 
We recommend daily evaluation of 

pupillary size and presence of ptosis in 
patients at risk of developing Horner’s 
syndrome (such as the tip of the chest 
tube at the apex of the lung and its prox-
imity to the internal jugular catheter) 
in order to prevent missing the correct 
diagnosis.
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Effective cancer immunotherapy requires the release of a 
broad spectrum of tumor antigens in the context of potent 
immune activation. Kottke et al. show that a cDNA library of 
normal tissue, expressed from a highly immunogenic viral 
platform, cures established tumors of the same histological 
type from which the cDNA library was derived. Immune 
escape occurred with suboptimal vaccination, but tumor 
cells that escaped the immune pressure were readily treated 
by second-line virus-based immunotherapy. This approach 
has several major advantages. Use of the cDNA library leads 
to presentation of a broad repertoire of (undefined) tumor-

associated antigens, which reduces emergence of treatment-
resistant variants and also permits rational, combined-
modality approaches in the clinic. Finally, the viral vectors 
can be delivered systemically, without the need for tumor 
targeting, and are amenable to clinical-grade production. 
Therefore, virus-expressed cDNA libraries represent a novel 
paradigm for cancer treatment addressing many of the key 
issues that have undermined the efficacy of immuno- and 
virotherapy to date.

Nature Med 2011; 17: 854

Eitan Israeli

capsule

Broad antigenic coverage induced by vaccination with virus-based cdna libraries cures 
established tumors

Spinal cord injuries often occur at the cervical level above 
the phrenic motor pools, which innervate the diaphragm. The 
effects of impaired breathing are a leading cause of death 
from spinal cord injuries, underscoring the importance of 
developing strategies to restore respiratory activity. Alilain et 
al. show that after cervical spinal cord injury the expression 
of chondroitin sulphate proteoglycans (CSPGs) associated 
with the perineuronal net (PNN) is upregulated around the 
phrenic motor neurons. Digestion of these potently inhibitory 
extracellular matrix molecules with chondroitinase ABC 
(denoted ChABC) could, by itself, promote the plasticity of tracts 
that were spared and restore limited activity to the paralyzed 
diaphragm. However, when combined with a peripheral nerve 
autograft, ChABC treatment resulted in lengthy regeneration of 

serotonin-containing axons and other bulbospinal fibers and 
remarkable recovery of diaphragmatic function. After recovery 
and initial transection of the graft bridge, there was an un- 
usual, overall increase in tonic electromyographic activity of 
the diaphragm, suggesting that considerable remodeling of 
the spinal cord circuitry occurs after regeneration. This increase 
was followed by complete elimination of the restored activity, 
proving that regeneration is crucial for the return of function. 
Overall, these experiments present a way to markedly restore 
the function of a single muscle after debilitating trauma to the 
central nervous system, through both promoting the plasticity 
of spared tracts and regenerating essential pathways.

Nature 2011; 475: 196

Eitan Israeli

capsule

Functional regeneration of respiratory pathways after spinal cord injury
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good, with no prior surgery, no history 
of weight loss, night sweats, anorexia, or 
family history of malignancy.

On physical examination the abdo-
men was distended and there were no 
signs of peritonitis. Blood tests, including 
complete blood count, liver enzymes, 
renal function and electrolytes, were 
normal. Abdominal X-ray revealed a few 
distended small bowel loops with air-
fluid levels. The patient was admitted to 
the surgical department and a computed 
tomography scan was performed several 
hours later. The CT exam showed small 
bowel obstruction in the ileum but no 
cause could be detected. Lymph nodes 
were found in the root of the mesentery 
around the inferior mesenteric artery. 

The patient underwent surgery the 
following day. Diagnostic laparoscopy 
revealed obstructing lesions of the ileum 
with a huge mass in the mesentery of the 
same segment. There was also a marked 
distension of the proximal small bowel. 
On laparotomy a segment of ileum 
(length 25 cm) with a mesenteric mass 
was resected. The frozen biopsy section 
taken from the mass adjacent to the 
intestine showed cells consistent with 
malignant lymphoproliferative tumor or 
extramedullary GS due to the greenish 
coloration of the mass. Consequently, no 
further attempts were made to resect the 
residual para-aortic lymph nodes.

The postoperative period was normal 
apart from gastric dilatation, which resolved 
after several days with a gastric tube. 

PathOlOgical exaMinatiOn 

The small bowel segment measured 25 cm 
long with a concentric annular mass in the 

g ranulocytic sarcomas are rare extra- 
medullary solid tumors composed of 

immature myeloid cells that can involve 
any organ. The term “chloroma” is derived 
from the Greek word chloros (green); it 
describes the tumor's frequently greenish 
color, which is due to the presence and 
oxidation of the enzyme myeloperoxidase 
in the tumor. These tumors can arise de 
novo or can be associated with other 
myeloid disorders – acute myeloid leuke-
mia or chronic myeloid leukemia – which 
are myeloproliferative or myelodysplastic 
conditions. Presentation can occur prior 
to, in association with, or upon relapse 
of the underlying myeloid disorder. The 
location of the tumor varies – e.g., subpe-
riosteal bone, skull, pelvis, ribs, sternum, 
lung, lymph node, skin, and gums. 

When it is initially found, a granulocytic 
sarcoma can be misdiagnosed as a malig-
nant lymphoma. In the case presented 
here, the GS was a large obstructive tumor 
in the small bowel that caused symptoms 
associated with bowel obstruction.

Patient descriPtiOn

A 36 year old man presented to the emer-
gency room with abdominal pain and 
vomiting that he had had for the previ-
ous 10 days. His health was generally 

GS = granulocytic sarcoma

middle. In addition, several irregularities 
of the mucosa without continuity with the 
primary mass were found. Trans-section 
of the specimen showed that the mass had 
penetrated the intestinal wall. An adjacent 
tumor mass with a maximal diameter of 5 
cm was found in the mesentery.

Histological findings showed diffuse 
infiltration by malignant cells with blastic 
features compatible with very immature 
myeloid cells. No necrosis was found. 
Some areas of the tumor demonstrated 
a ‘starry skies’ pattern [Figure A]. Some 
of the cells presented fine granulation 
compatible with a more mature type 
of myeloid cell. Mature and immature 
eosinophils were found mixed with the 
tumor cells. The immunostain was typical 
for tumors of myeloid origin, and include 
CD34, myeloperoxidase, CD68, CD43 and 
lysozyme, which were all strongly positive 
[Figure B]. CD45RO and CD45RB were 
weakly positive. These histological and 
immunohistochemical results confirmed 
the diagnosis of granulocytic sarcoma 
(myeloid sarcoma).

cYtOlOgical exaMinatiOn

The bone marrow aspirate showed mildly 
hypocelullar marrow with erythroid and 
myeloid dysplastic features and 3% mye- 
loid blasts, consistent with myelodysplas-
tic syndrome. Cytogenetic studies showed 
normal karyotype 46XY. The peripheral 
blood cell count was normal.

cOMMent

Granulocytic sarcoma is an extramed-
ullary tumor of immature myeloid 
cells (leukemic cells) that was first 

granulocytic sarcoma, small bowel 
obstruction, preleukemia, chloroma
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[a] Hematoxylin & eosin stain 
showing the ‘starry skies’ pattern 
of the specimen (medium-power 
magnification)

[B] Immunohistochemistry showing 
positive staining of the tumor cells 
for myeloperoxidase (top) and for 
CD34 (bottom).

described in 1811 by Burns in his book 
Observations of Surgical Anatomy. GS 
can be isolated or it may be encountered 
during the course of acute myeloid leu-
kemia, chronic myeloid leukemia, in 
myelodysplastic syndrome or myelopro-
liferative disorders. It may be detected 
coexistently with the initial diagnosis of 
these diseases or it may be seen in the 
relapse or as the first sign of the disease 
relapse [1]. Less commonly, it may also 
occur as an isolated mass in non-leuke-
mic patients (primary GS). In this latter 
setting, the majority (88%) of untreated 
patients progress to AML within 11 
months [2,3]. The true incidence of GS 
is not known and is generally underesti-
mated. Clinically the incidence of GS in 
AML is 2%–8% [3].

Granulocytic sarcoma has been re- 
ported to occur in almost every anatomic 
location imaginable. The most common 
sites are the skin (13%–22%), bone/spine 
(9%–25%), and lymph nodes (15–25%) 
(2,3). It has even been found as an iso-
lated central nervous system and men-
ingeal disease, as reported previously in 
this journal [4]. Gastrointestinal system 
involvement is not frequent but in a 
review of 74 non-leukemic GS patients, 
the prevalence of small bowel involve-

AML = acute myeloid leukemia

ment was found to be 15% [2]. This is 
undoubtedly a rare presentation of a rare 
disease. Most of these cases underwent 
surgery due to gastrointestinal bleeding 
or obstruction. In a review of 20 cases of 
GS in the small intestine the age of pre-
sentation ranged from 8 to 69 years (mean 
43 years), with the majority occurring in 
male patients (17/20 cases). In 65%, ileal 
involvement was identified. Most of the 
cases occurred in non-leukemic patients. 
The gross features were described as a 
variety of appearances including poly-
poid or exophytic masses, regions of 
wall thickening, and/or ulcerations. The 
lesions are typically pink to gray-white, 
and greenish discoloration has been 
described in only one case involving 
the stomach and regional lymph nodes 
[5]. A significant proportion of tumors 
(47–56%) are initially misdiagnosed as 
malignant lymphoproliferative disorders, 
Ewing sarcoma, rhabdomyosarcoma, neu-
roblastoma, medulloblastoma, or poorly 
differentiated carcinomas [5]. In one large 
series the majority of misdiagnoses were 
associated with lesions categorized as 
‘‘blastic’’ (62%) [3]. 

The correct diagnosis can be derived 
with the aid of histochemical and immu-
noperoxidase stains such as naphthol-
ASD-chloroacetate esterase, lysozyme, 
CD34, CD117, and myeloperoxidase. 

The majority of lesions stain for either 
naphthol-ASD-chloroacetate esterase 
(75–80%) or lysozyme (89–90%) [5].

We present a rare occurrence of GS 
expressed as small bowel obstruction, 
which was the first and solitary manifesta-
tion of the disease, in a young patient who 
was subsequently diagnosed with low-
grade myelodysplastic syndrome (IPSS 
score 0). In such cases of primary GS (in 
which a previous diagnosis of leukemia or 
myelodysplastic syndrome had not been 
made), the correct diagnosis is of major 
importance since there is a significantly 
longer non-leukemic period in patients 
receiving systemic chemotherapy [5]. 

There is no consensus regarding 
the treatment of granulocytic sarcoma. 
Generally, these patients are considered 
as having high-risk AML with a poor 
outcome, and early and intensive therapy 
according to AML protocols is strongly 
suggested [2]. 

Our patient received standard induc-
tion of remission chemotherapy with 
daunorubicin and cytarabine, as for AML 
patients. He later received two consolida-
tion therapies, first with high dose cytosar 
and then with etoposide + mitoxantrone. 
After 26 months, without any therapy, he 
was in complete remission. 

This case emphasizes the major role of 
surgical biopsy in the search for the cor-

Ba
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case, the disease is often not suspected on 
clinical grounds and a high index of sus-
picion is needed. Full investigations into 
the morphology, immunohistochemistry, 
immunophenotyping, and perhaps even 
cytogenetics are essential. 
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Malignant transformation, driven by gain-of-function mu- 
tations in oncogenes and loss-of-function mutations in 
tumor suppressor genes, results in cell deregulation that 
is frequently associated with enhanced cellular stress (for 
example, oxidative, replicative, metabolic and proteotoxic 
stress, and DNA damage). Adaptation to this stress phenotype 
is required for cancer cells to survive, and consequently cancer 
cells may become dependent on non-oncogenes that do not 
ordinarily perform such a vital function in normal cells. Thus, 
targeting these non-oncogene dependencies in the context 
of a transformed genotype may result in a synthetic lethal 
interaction and the selective death of cancer cells. Raj et al. 
used a cell-based small-molecule screening and quantitative 
proteomics approach that resulted in the unbiased iden- 
tification of a small molecule that selectively kills cancer 
cells but not normal cells. Piperlongumine increases the level 

of reactive oxygen species (ROS) and apoptotic cell death 
in both cancer cells and normal cells engineered to have a 
cancer genotype, irrespective of p53 status, but it has little 
effect on either rapidly or slowly dividing primary normal cells. 
Significant anti-tumor effects are observed in piperlongumine-
treated mouse xenograft tumor models, with no apparent 
toxicity in normal mice. Moreover, piperlongumine potently 
inhibits the growth of spontaneously formed malignant 
breast tumors and their associated metastases in mice. Our 
results demonstrate the ability of a small molecule to induce 
apoptosis selectively in cells that have a cancer genotype, by 
targeting a non-oncogene co-dependency acquired through  
the expression of the cancer genotype in response to trans- 
formation-induced oxidative stress.

Nature 2011; 475: 231
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Cystic fibrosis (CF) is one of the most common life-shortening 
genetic disorders, and the CF transmembrane conductance 
regulator (CFTR) is the major causal gene. However, a substantial 
clinical variability among patients with identical CFTR genotypes 
suggests the presence of modifier genes. Park and team tested 
the effect of four genes involved in Pseudomonas aeruginosa 
infection. Analysis of a primary cohort detected eight candidate 
polymorphisms that were genotyped in the secondary cohort 
of 1579 patients; lung function and age at first infection with 
P. aeruginosa were considered as the phenotypes. Both 
additive and co-dominant models were considered, adjusting 
for confounding variables but not for multiple comparisons. In 

the secondary cohort, heme oxygenase-1 (HMOX1) rs2071749 
had the most significant effect on lung function in the pediatric 
group (and complement factor 3 (C3) rs11569393 and HMOX1 
rs2071746 in the adult. No polymorphism of complement factor 
B (CFB) or toll-like receptor 4 (TLR4) had a significant modifying 
effect on lung function in either group. The authors identified 
two genes that showed nominal association with disease 
severity among CF patients. However, because of the multiple 
comparisons made, further studies are required to confirm the 
interaction between these modifying genes and CFTR.

Genes Immun 2011; 12: 370
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patient was treated non-operatively with 
analgesics and limited activity under the 
supervision of a physiotherapist. He was 
discharged home 8 days after his admis-
sion.

The second case was a 40 year old man 
who complained of a severe backache 
after "jumping waves" with his jet-ski and 
landing hard on the water. He had no 
other complaints. On complete trauma 
workup that was performed in the emer-
gency department, the only finding was 
tenderness to percussion on his lower 
back. Imaging studies revealed an unsta-
ble burst fracture of D12 (AO A3.2) with 
40% protrusion to the spinal canal and 
23° kyphosis [Figure]. Since the fracture 
was considered mechanically unstable, 
surgery was recommended to prevent 
future structural or neurological dete-
rioration. One day after his admission, a 
corpectomy of D12 and anterior fusion 
of D11-L1 vertebrae were performed via 

t he recreational use of personal water-
craft (jet-ski) has grown in the last 

two decades, bringing with it increased 
risk of injury to both riders and swim-
mers. According to the Ministry of 
Transport & Road Safety in Israel, the 
number of small watercraft in Israel 
doubled during the years 1999–2007. 
Several mechanisms of injury have been 
described in accidents involving such 
watercraft [1-3]. We present here two 
cases of spine injury that were admitted 
to our department, one week apart, at the 
start of the water-sports season.

Patient descriPtiOns

A 61 year old man fell and injured his 
back while riding his jet-ski. He was 
admitted to the emergency department 
and a complete trauma workup was per-
formed. He was hemodynamically stable 
with no chest or visceral injury. His lower 
back and pelvis were tender to percus-
sion. The pelvis was stable and there were 
no neurological findings. Imaging stud-
ies showed compression fracture of the 
D12 vertebra, right superior and inferior 
ramus pubis and right sacrum fracture. 
On computed tomography of the lower 
back, sacrum and hip joints, fracture 
of D12 was diagnosed as incomplete 
burst fracture without protrusion to the 
spinal canal (AO A3.1). The injury was 
considered mechanically stable and the 

a left postero-lateral approach. This was 
followed by decompression of the spinal 
canal and implantation of a metal cage 
and autologous bone graft in the place 
of the D12 vertebra. This approach was 
selected because of the combination of 
anterior column height loss and canal 
protrusion. We felt that regular posterior 
fusion would not provide a suitable solu-
tion for this patient. It should be empha-
sized that both approaches are appropriate 
in such a case. The postoperative period 
was uneventful, and the patient was dis-
charged home 8 days after surgery. 

cOMMent

Among the mechanisms of injury in 
jet-ski accidents are direct collision, fall 
from the watercraft, handlebar straddle 
injuries, axial loading, and hydrostatic 
injuries [1-3]. These accidents can result 
in injuries to the head and face, spine, 

jet-ski, water sport, personal 
watercraft, spine, injury
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spinal canal.
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extremities, pelvis and visceral organs. 
The percentage of serious injuries and the 
fatality rate are high compared to other 
water sports and are attributed mostly to 
drowning and blunt trauma (70% inju-
ries, 2%–3% fatalities) [1]. Spinal burst 
fractures, which are typically related 
to axial loading, are usually located in 
the thoraco-lumbar transitional area. 
Fractures of that kind can also occur in 
the cervical spine. The thoraco-lumbar 
junction area is more vulnerable to injury 
than other adjacent portions of the spine. 
Approximately 50% of all vertebral body 
fractures and 40% of all spinal cord 
injuries occur between D11 and L2. This 
greater susceptibility to injury can be 
explained by the anatomic changes in 
this area (such as decrease in rib restraint, 
changes in stiffness for flexion extension 
and rotation, and changes in disk size and 
shape) that occur acutely in the transi-
tional area between the upper thoracic 
and the mid-lumbar spine. The normal 
thoracic kyphosis creates anterior flexion 
load on the vertebral body and results in 
burst fracture in the vertebrae. 

The Denis classification system uses 
the three-column concept, categorizing 
fractures into four minor and four major 
injuries. Burst fractures are one of the four 
major injuries and involve at least two 
columns and, therefore, are considered 
unstable according to the Denis criteria.

Jet-ski injuries should be managed 
in the emergency department where a 
complete trauma workup can be carried 

out. The mechanism of injury should alert 
the physician to the possibility of spinal 
column injury and instability, and spinal 
injury precautions are crucial until a com-
plete evaluation can be performed. Lack 
of neurological symptoms or signs is not 
enough for clearance of the spine, since 
an unstable fracture can appear in up to 
40% of neurologically intact patients. The 
decision whether to treat operatively or 
non-operatively depends on the type of 
fracture, the inherent mechanical stabil-
ity of the fracture, and the presence of 
neurological deficit.

A study by Carmel et al. in Israel [5] 
described eight spinal injuries related 
to jet-ski accidents between the years 
1995 and 1999. The fractures were of 
burst or compression type involving the 
anterior column with or without the 
middle column, a characteristic injury 
resulting from flexion compression. All 
cases were treated non-operatively. The 
authors suggested that since those inju-
ries were caused by sudden deceleration 
when landing on water from the height 
of the wave they can be referred to as 
wave-jumping injury. The authors also 
discussed the low waves and relatively 
obstacle-free Mediterranean Sea shores as 
compared with the high wave amplitude 
and crowdedness of the shores abroad. 

In the two cases presented here, the 
type and mechanism of injury resemble 
those reported elsewhere as an axial load 
while wave jumping, and not as described 
by Carmel et al. [5] as a deceleration injury. 

This shift in injury mechanism of jet-ski 
accidents, in our opinion, is due to the 
increasing power of these vehicles and the 
ability to reach greater heights with lower 
wave levels. As already reported by Shatz 
and colleagues [4], injury mechanisms at 
lower wave levels, as found in lakes, were 
similar to those in open waters. 

In conclusion, the attending physician 
in the emergency department should have 
a high index of suspicion for spinal inju-
ries in jet-ski riders, which can be caused 
by a direct hit or from wave jumping with 
an axial load mechanism comparable to a 
fall from a height.
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Fanconi anemia (FA) is characterized by hypersensitivity to 
DNA interstrand cross-linking agents. The resulting genomic 
instability is thought to underlie early-onset cancer, bone 
marrow failure, and other problems seen in the disease. 
Central to the FA DNA repair pathway is the Fanconi anemia 
I–Fanconi anemia D2 (ID) complex formed by the FANCD2 and 
FANCI proteins, which localize to sites of DNA repair. Joo et 
al. determined the crystal structure of the mouse ID complex 
and the isolated FANCI protein. The complex has a trough-

like shape, with the monoubiquitination sites within the ID 
interface, at the bottom of the electropositive trough, in two 
solvent-accessible tunnels that could each accommodate 
a ubiquitin tail. The trough forms a series of grooves that, 
in FANCI, are able to bind to a Y-shaped fragment of DNA, 
suggesting how the complex might bind to a replication fork 
stalled at a DNA cross-link.

Science 2011; 333: 312
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Pancreatic hemangioma: imaging and histology.  
[a] Computed tomography showing a pancreatic mass 
(between the arrows). The area close to the left arrow 
was interpreted as cystic. [B] Multiple vascular spaces 
containing blood in a well-demarcated area and 
surrounded by fatty tissue (hematoxylin & eosin, x 40).  
[c] Immunohistochemical stain for factor VIII showing 
positive staining of the vascular wall lining and lumen (x 40).

nausea. Her physical examination did not 
reveal any abnormality that would explain 
her symptoms. Eight years previously she 
had suffered from recurrent episodes of 
a similar pain that lasted a year. Her pain 
was investigated and at the time abdomi-
nal CT demonstrated a small cystic lesion 
in the uncinate process of the pancreatic 
head. Since her pain subsided, no medi-
cal intervention was undertaken other 
than follow-up. 

Due to recurrence of the abdominal 
complaints 8 years later, CT imaging was 
repeated. A tumor measuring 5 cm with 
microcalcifications was found, larger 
than the lesion imaged on the first CT 
8 years earlier [Figure A]. It contained 
hypodense lobular areas that showed 
enhancement after injection of contrast 
material in the arterial phase and periph-
eral irregular enhancement in the portal 
phase. The findings were interpreted as a 
cystic lesion with possible solid compo-
nent and the mass was resected using the 
Whipple procedure. The postoperative 
period was uneventful. 

c ystic tumors of the pancreas are un- 
common lesions, comprising 2%– 

10% of all pancreatic neoplasms [1]. The 
differential diagnosis of cystic pancreatic 
lesions includes both reactive processes 
and neoplasms [2]. Most cystic lesions 
are pseudocysts of inflammatory nature, 
appearing usually after an episode of 
acute pancreatitis and accounting for 
5%–90% of the lesions in different stud-
ies. Vascular tumors on the other hand 
are rare lesions and their exact incidence 
is not known. They are more common in 
childhood [3-4], with only a handful of 
cases occurring in adults. These tumors 
are usually readily diagnosed by imaging 
such as computed tomography, angiogra-
phy, ultrasound or magnetic resonance 
[3]. Although these neoplasms are not 
strictly cystic, imaging may demonstrate 
the fluid component which would lead to 
their diagnosis. 

We report the case of a hemangioma 
of the pancreas that was initially diag-
nosed as a cystic tumor with solid areas 
based on radiological findings, and 
review the literature.

Patient descriPtiOn

A 73 year old woman presented with 
abdominal pain radiating to the left flank, 
not related to meals, and accompanied by 

Gross pathological examination of 
the tumor revealed a mass composed of 
cystic spaces containing gray gelatinous 
material and partially solid areas. The 
tumor size was 5.5 x 4 x 3 cm and did 
not involve the surgical margin or the 
duodenal walls. 

Microscopically the mass consisted 
of multiple vascular spaces of variable 
size, from capillary to cavernous [Figure 
B]. Some of the spaces contained blood 
and all were lined by a single layer of 
uniform flattened cells. Areas of hem-
orrhage, cholesterol clefts and foreign 
body-type giant cells were found adja-
cent. The nearby pancreas showed focal 
fibrosis and atrophy. All the resection 
margins were free of tumor. The adja-
cent adipose tissue contained 14 reac-
tive lymph nodes negative for tumor. 
On immunostaining the lining cells 
of the cystic spaces were positive for 
CD31, CD34 and factor VIII and nega-
tive for D2-40 and MNF-116 [Figure C]. 
The mass was diagnosed as a pancreatic 
hemangioma.

hemangioma, pancreas, 
pancreatic cyst, pathology, 
immunohistochemistry
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cOMMent

Pancreatic hemangiomas are rare tumors 
accounting for 0.1% of all pancreatic 
neoplasms [4]. They are more common 
in childhood, with a possible association 
with Kasabach-Merritt syndrome [4]. In 
children they usually proliferate and later 
regress. Fewer than 10 cases of pancreatic 
hemangioma occurring in adults have 
been reported. Most of these heman-
giomas were reported in females (6/9), 
were symptomatic (6/9 abdominal pain, 
1/9 gastrointestinal bleeding, 1/9 nausea 
vs. 1/9 incidental finding at autopsy) 
and were located in the pancreatic head 
(66% vs. body/tail in 33%). Patient age at 
presentation ranged from 30 to 79 years. 
Only in two of the reported cases was 
immunostaining for factor VIII, CD31 
or CD34 performed to confirm the diag-
nosis [4].

Clinically, hemangiomas may cause 
an obstructive jaundice when the tumor 
is located in the head of the pancreas; 
they may be associated with non-specific 
symptoms or they could be asymptom-
atic [4]. Whether clinically suspected or 
not, they are usually demonstrated by 
different methods of imaging. They typi-
cally appear on CT as a cystic lesion with 
contrast enhancing in the arterial phase. 
However, there could be diminished 
enhancing due to arteriovenous shunting 
with slow flow [3].

Microscopically, hemangiomas are 
composed of an increased number 
of blood-filled spaces covered by flat 
endothelium and separated by scant 
fibrous connective tissue stroma [5]. The 
cystic spaces can be small-sized (capil-
lary hemangioma) or dilated (cavernous 
hemangioma), and can be associated with 
thrombosis and hemorrhage [5]. 

The differential diagnosis of cystic 
pancreatic lesions includes pseudocysts, 
serous cystic neoplasms, mucinous cystic 
neoplasms, intraductal papillary muci-
nous neoplasms, solid pseudopapillary 
neoplasms, cystic change of solid tumors, 
lymphoepithelial cysts and vascular 
tumors [2]. 

Unlike hemangiomas, pseudocysts 
lack any kind of lining cells and are char-
acterized histologically by a fibrous cap-
sule and chronic inflammatory infiltrate.  
Serous cystic neoplasms occur mostly in 
females in their sixties, are relatively large 
tumors and are usually located in the 
body or tail. They typically contain a cen-
tral fibrous scar and show multiple cysts 
lined by glycogen-rich epithelial cells that 
are positive for periodic acid Schiff and 
express cytokeratins, epithelial membrane 
antigen, inhibin and MART-1 [2]. 

Mucinous cystic neoplasms occur most  
commonly in women in the fifth to sixth 
decade of life, are usually larger than 10 
cm and are located in the body or tail. 
Classically they are single multilocular 
cysts that do not communicate with the 
ductal system. They are lined by colum-
nar mucin-producing epithelial cells set 
within an ovarian-like stroma and express 
keratin, carcinoembryonic antigen and 
CA19-9, while CK20 and CDX2 (markers 
of intestinal differentiation) are negative. 
Importantly, the grade of epithelial dys-
plasia should be evaluated [2]. 

IPMNs usually occur in the seventh 
to eighth decades of life, mostly in the 
head, and affect both genders equally. 
They are characterized by an intraductal 
proliferation of mucinous cells usually 
showing papillary projections. IPMNs 
are subclassified according to the specific 
type of cells as intestinal, gastric foveolar, 
or pancreatobiliary. Similar to mucinous 
neoplasms, IPMNs should be extensively 
examined to determine the grade of 
dysplasia and the presence of an invasive 
component. The epithelium of IPMNs 
expresses keratins, CEA and CA19-9, 
with variable expression of MUC (the 
intestinal type is positive for MUC2, the 
pancreatobiliary is positive for MUC1, 
and the gastric foveolar is negative for 
both) [2]. Intraductal oncocytic papillary 
neoplasms share clinical and pathologi-
cal features with IPMNs and some regard 
them as oncocytic variants [2]. 

IPMN = intraductal papillary mucinous 
neoplasm
CEA = carcinoembryonic antigen

Solid pseudopapillary neoplasms are 
more frequent in young women in the 
pancreatic tail and on average are larger 
than 10 cm. They are solid tumors rich 
in blood vessels that due to degenerative 
changes show pseudopapillae and pseudo-
cysts [2]. The tumor cells stain for vimen-
tin and beta-catenin with partial reactivity 
to keratin. Although CD56 and synapto-
physin stains may be positive, chromogra-
nin stain is always negative [2]. 

Cystic change may occur in typically 
solid tumors such as ductal adenocarci-
noma, acinar cell neoplasms (benign and 
malignant) and pancreatic endocrine 
neoplasms. Recognition of adjacent car-
cinoma is the key to correct diagnosis 
of ductal adenocarcinoma. Acinar cell 
neoplasms and pancreatic endocrine neo-
plasms may share architectural features of 
solid and nested growth pattern but have 
a distinct immunoprofile since positive 
staining for chromogranin and synap-
tophysin is characteristic for endocrine 
neoplasms [2]. 

Finally, lymphoepithelial cysts may be 
found mostly in men in the fifth to sixth 
decade, usually in the body or tail. They 
are lined by squamous epithelium and 
surrounded by dense lymphoid tissue, 
possibly showing germinal centers.

Pancreatic vascular neoplasms include 
rare reports of lymphangiomas and he- 
mangiomas. In cystic lesions suspected 
to be hemangiomas, immunostaining 
can confirm the endothelial origin. The 
vascular markers CD31, CD34 and fac-
tor VIII are positive in endothelial cells, 
while cytokeratins marking epithelium 
and the lymphatic marker D2-40 are 
negative [4], as observed in the present 
case of pancreatic hemangioma. Of note, 
benign vascular tumors may be diagnosed 
only after their complete resection due to 
occasional difficulties in preoperative CT 
imaging and non-specific findings seen 
in intraoperative frozen sections (hem-
orrhages, hypocellularity and artifactual 
changes). 

The therapeutic approach to heman-
giomas is variable. In children, where they 
usually regress, no treatment is advocated 
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other than follow-up [4]. Unlike pediatric 
vascular tumors, there are no definitive 
protocols for treatment of pancreatic 
hemangiomas in adults. Yet, due to their 
permanent nature, the risk of sudden 
hemorrhage and the possible differential 
diagnosis with epithelial tumors, surgical 
resection is usually recommended.
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High-dose intravenous immunoglobulin is a widely used 
therapeutic preparation of highly purified immunoglobulin G 
(IgG) antibodies. It is administered at high doses (1–2 g/kg) 
for the suppression of autoantibody-triggered inflammation 
in a variety of clinical settings. This anti-inflammatory 
activity of intravenous immunoglobulin is triggered by a 
minor population of IgG crystallizable fragments (Fcs), with 
glycans terminating in α2,6 sialic acids (sFc) that target 
myeloid regulatory cells expressing the lectin dendritic-
cell-specific ICAM-3 grabbing non-integrin (DC-SIGN; also 
known as CD209). To characterize this response in detail, 
Anthony and colleagues generated humanized DC-SIGN 
mice (hDC-SIGN), and showed that the anti-inflammatory 
activity of intravenous immunoglobulin can be recapitulated 
by the transfer of bone-marrow-derived sFc-treated hDC-

SIGN+ macrophages or dendritic cells into naive recipients. 
Furthermore, sFc administration results in the production of 
interleukin (IL)-33, which, in turn, induces expansion of IL-4-
producing basophils that promote increased expression of 
the inhibitory Fc receptor FcγRIIB on effector macrophages. 
Systemic administration of the TH2 cytokines IL-33 or IL-4 
upregulates FcγRIIB on macrophages, and suppresses 
serum-induced arthritis. Consistent with these results, 
transfer of IL-33-treated basophils suppressed induced 
arthritic inflammation. The authors state that this novel 
DC-SIGN–TH2 pathway initiated by an endogenous ligand, 
sFc, provides an intrinsic mechanism for maintaining 
immune homeostasis that could be manipulated to provide 
therapeutic benefit in autoimmune diseases.

Nature 2011; 475: 110

capsule

intravenous gammaglobulin suppresses inflammation through a novel th2 pathway

Controlling the complex spatio-temporal dynamics under- 
lying life-threatening cardiac arrhythmias such as fibrillation 
is extremely difficult, because of the non-linear interaction 
of excitation waves in a heterogeneous anatomic substrate. 
In the absence of a better strategy, strong, globally resetting 
electrical shocks remain the only reliable treatment for cardiac 
fibrillation. Luther et al. established the relationship between 
the response of the tissue to an electric field and the spatial 
distribution of heterogeneities in the scale-free coronary 
vascular structure. The authors show that in response to 
a pulsed electric field, E, these heterogeneities serve as 
nucleation sites for the generation of intramural electrical 
waves with a source density ρ(E) and a characteristic time, 
τ, for tissue depolarization that obeys the power law τ∝ Eα. 

These intramural wave sources permit targeting of electrical 
turbulence near the cores of the vortices of electrical activity 
that drive complex fibrillatory dynamics. They show in vitro 
that simultaneous and direct access to multiple vortex 
cores results in rapid synchronization of cardiac tissue and, 
therefore, efficient termination of fibrillation. Using this 
control strategy, the researchers demonstrate low-energy 
termination of fibrillation in vivo. These results provide new 
insight into the mechanisms and dynamics underlying the 
control of spatio-temporal chaos in heterogeneous excitable 
media and provide new research perspectives to alternative, 
life-saving low-energy defibrillation techniques. 

Nature 2011; 475: 235

Eitan Israeli
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Figure 1. Well-established purpuric rash, almost selectively affecting the 
right leg 

Figure 2. Cutaneous leukocytoclastic (hypersensitivity) vasculitis: dermal 
capillaries are involved, infiltrated by neutrophils, a few eosinophils and 
mononuclear cells, with prominent karyorrhexis

rash, selectively affecting the right leg. A 
very limited rash subsequently appeared 
on the other leg as well [Figure 1]. Skin 
biopsy disclosed leukocytoclastic vas-
culitis [Figure 2]. Ongoing bacteremia, 
endocarditis, interstitial nephritis and 
thrombotic thrombocytopenic purpura 
were excluded on clinical grounds. Trans- 
jugular kidney biopsy disclosed immuno-
globulin A and C3 glomerular deposits, 
suggesting the diagnosis of Henoch-
Schönlein purpura or post-infectious 
glomerulonephritis [1,2]. The patient 
was treated with hemodialysis, vancomy-
cin and steroids, recovered and regained 
baseline kidney function. 

The peculiar and worrisome initial uni-
lateral purpuric rash could represent right 
leg staphylococcal end-arthritis. More 

a  72 year old patient with hyperten-
sion, chronic renal failure (plasma 

creatinine 170 μmol/L), polycythemia 
vera and paroxysmal atrial fibrillation 
had been treated for a week with methi-
cillin for Group A staphylococcal left 
knee monoarthritis. Oligoanuric renal 
failure gradually developed (with plasma 
creatinine rising to 890 μmol/L), associ-
ated with non-tender extensive purpuric 

likely, however, it reflects the impact of 
gravity on microvascular leak, selectively 
appearing in a dependent limb, with the 
immobilized and edematous, purpura-
free left leg kept constantly elevated. 
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a n estimated 24 million people world-
wide have Dementia, most of whom 

are thought to have Alzheimer's disease. 
Alzheimer’s disease is a devastating ill-
ness that results in a progressive decline 
in cognitive ability and functional capac-
ity and the emergence of behavioral and 
psychological symptoms (usually referred 
to as Behavioral and Psychological Symp- 
toms in Dementia, BPSD). 

The progressive decline and the BPSD 
cause immense distress to patients and 
their families, disrupt their careers, and 
have an enormous societal impact. This 
distress is described in detail in the 
book The Princess of Harduf: A Family’s 
Confrontation with Alzheimer, by Iulius 
Iancu MD

Dr. Iancu writes about his wife Rita. 
As in real life where the story line is not 
fluid, the author unravels his story, piece 
by piece from his memory, as if depict-
ing a collage. From the pages of the book, 
and the paralleling of his story to the 
collage in the day by day description of 

their doings and his thoughts, it seems 
as if the author is reliving his war against 
oblivion, perpetuating his wife Rita in 
every moment, in every second. Those 
everyday experiences portray the image 
of a man who is suffering, trying to regain 
what he once had and lost. Though the 
emotions grow stronger as the illness 
progresses, and the intensity of the pain 

reveals itself along with the details, some 
of the writer’s reminiscences are hard for 
the reader, who has not shared those rare 
moments, to relate to. 

The collage in the book represents 
another element of the disease, one that 
is not verbal but describes the progress of 
Rita's illness. Throughout the reading this 
element conveys the image of Alzheimer, 
as if the book itself had the disease. The 
book successfully creates a comprehen- 
sive image of Alzheimer disease, as it 
describes the difficult moments, the 
misgivings, and most importantly the 
bright moments as well. While reading 
it I identified completely with the author, 
who carefully paves the way to his own 
painful reality, including the reader in his 
world. While reading, I felt his agony, and 
that of many others who I see every day.
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Survival and differentiation of oligodendrocytes are import- 
ant for the myelination of central nervous system (CNS) 
axons during development and crucial for myelin repair in 
CNS demyelinating diseases such as multiple sclerosis. Mi et 
al. show that death receptor 6 (DR6) is a negative regulator 
of oligodendrocyte maturation. DR6 is expressed strongly in 
immature oligodendrocytes and weakly in mature myelin basic 
protein (MBP)-positive oligodendrocytes. Overexpression of 
DR6 in oligodendrocytes leads to caspase 3 (casp3) activation 
and cell death. Attenuation of DR6 function leads to enhanced 
oligodendrocyte maturation, myelination and down-regulation 

of casp3. Treatment with a DR6 antagonist antibody promotes 
remyelination in both lysolecithin-induced demyelination and 
experimental autoimmune encephalomyelitis (EAE) models. 
Consistent with the DR6 antagoinst antibody studies, DR6-null 
mice show enhanced remyelination in both demyelination 
models. These studies reveal a pivotal role for DR6 signaling 
in immature oligodendrocyte maturation and myelination that 
may provide new therapeutic avenues for the treatment of 
demyelination disorders such as multiple sclerosis.

Nature Med 2011; 17: 816

Eitan Israeli
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