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Background: Sudden cardiac death is the most common
lethal manifestation of heart disease and often the first
and only indicator. Prompt initiation of cardiopulmonary
resuscitation (CPR) undoubtedly saves lives. Nevertheless,
studies report a low level of competency of medical students
in CPR, mainly due to deterioration of skills following training.
Objectives: To evaluate the retention of CPR skills and
confidence in delivering CPR by preclinical medical students.
Methods: A questionnaire and the Objective Structured
Clinical Examination (OSCE) were used to assess confidence
and CPR skills among preclinical, second and third-year
medical students who had passed a first-aid course during
their first year but had not retrained since.
Results: The study group comprised 64 students: 35 were 1
year after training and 29 were 2 years after training. The groups
were demographically similar. Preparedness, recollection and
confidence in delivering CPR were significantly lower in the 2 years
after training group compared to those 1 year after training (P <
0.05). The mean OSCE score was 19.8 £ 5.2 (of 27) lower in those
2 years post-training than those 1 year post-training (17.8 + 6.35
vs. 21.4 + 3.4 respectively, P=0.009). Only 70% passed the OSCE,
considerably less in students 2 years post-training than in those
1 year post-training (52% vs. 86%, P« 0.01). Lowest retention was
found in checking safety, pulse check, airway opening, rescue
breathing and ventilation technique skills. A 1 year interval was
chosen by 81% of the participants as the optimal interval for
retraining (91% vs. 71% in the 2 years post-training group vs. the 1
year post- training group respectively, P=0.08).
Conclusions: Confidence and CPR skills of preclinical medical
students deteriorate significantly within 1 year post-training,
reaching an unacceptable level 2 years post-training. We
recommend refresher training at least every year.
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udden cardiac death is often the first manifestation of heart
disease and is often lethal [1,2]. In Israel, the rate of success-
ful resuscitation to hospital discharge was reported to be 11%

*The first two authors contributed equally to this study

[3]. It is known that survival rates in cardiac arrest events fall
between 7% and 10% for each minute following collapse without
cardiopulmonary resuscitation being performed [4]. In Israel it
has been reported that the mean response time of the mobile
intensive care units is 10.3 minutes; compounding that, only
in 14% of the cases does a bystander perform basic cardiac life
support before the arrival of the mobile unit [3]. It is therefore
not surprising that any improvements in advanced life support
therapies are less successful in promoting patient survival than
successfully engaging a lay rescuer to perform high quality CPR
[5]. Hence CPR is a very important clinical skill for medical
students as potential first responders in various clinical settings
and in the community. It should therefore be taught during early
training, as early as the preclinical years [6-8].

Appreciating its importance, many medical schools world-
wide schedule CPR courses during the early years of training,
employing various programs and methods including high
fidelity patient-simulating mannequins, multimedia computer-
based guidance, and virtual reality [6-10]. Nevertheless, studies
report relatively low competency of medical students in CPR
[11,12]. This can be attributed to the deterioration of skills
due to the time lapse after training [7,13,14]. At the Faculty
of Health Sciences of Ben-Gurion University of the Negev, all
medical students undergo CPR training during a basic first-
aid course in their first year; retraining is required only at the
beginning of the fourth year as part of a more advanced course.
The aims of the current study were to evaluate the retention of
CPR skills and to assess students’ self-confidence in their ability
to deliver efficient CPR, 1 and 2 years after their first year.

SUBJECTS AND METHODS

In this cross-sectional study we included preclinical, second
and third-year medical students (1 year post-training and 2
years post-training) from the Faculty of Health Sciences, Ben-
Gurion University of the Negev, Beer Sheva, Israel, throughout
2009-2010. Inclusion criteria were as follows: all students who
attended the basic first-aid course during the first year (i.e.,
1 and 2 years prior to the study) and passed the written and

CPR = cardiopulmonary resuscitation
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practical exam at the end. Exclusion criteria were previous or
current experience in emergency medicine (e.g., paramedics)
or enrollment in other external CPR training or any type of
formal retraining since the first year course. Students who did
not fully complete the study requirement (a questionnaire and
a practical exam) were also excluded.

The CPR training program at Ben-Gurion University, com-
pleted by all study participants 1 or 2 years before the study,
included a 2 hour frontal lecture followed by 6 hours of simu-
lated practice on mannequins. The training was based on the
2005 American Heart Association guidelines [5]. Notably, the
course completed by all study participants (both second and
third-year students) during their first year was identical, with
no changes in curriculum, duration, or final exam.

The study received approval from the university’s Faculty
of Health Human Research Ethics Committee. After the
nature and the purpose of the study were explained, the par-
ticipants provided written consent.

ASSESSMENTS

In order to assess preparedness, recollection and self-confidence
in delivering CPR according to the guidelines, a questionnaire
was used. To assess CPR skills students took a practical exam.

+ The questionnaire contained three parts; a) demographics
(age and gender), previous resuscitation training or CPR
experience; b) six questions with six categories on a Likert-
type scale (1 = low, 6 = high) asking the student to evaluate
his/her preparedness and recollection in delivering CPR;
¢) students were asked about the correct rate of chest com-
pressions and breaths per minute in a single adult CPR, to
rate their willingness to receive a refresher CPR training
(1-6), and their perceived optimal interval of such training
(1 to 4 years).

o The practical exam included the Objective Structured
Clinical Examination, using mannequin simulators. A
skill checklist was developed to grade students across the
criteria required for performance of resuscitation and
included 27 items [Table 1]. Each skill on the checklist
was marked in two categories: not done or done and
was scored 0 or 1 respectively. Every subject was evalu-
ated according to the latter list by an experienced CPR
instructor. Subsequently the instructors were asked to
rate the order, the effectiveness of compressions, the
effectiveness of CPR, and a general evaluation using five
categories on a Likert-type scale (0 = low, 4 = high). The
evaluation of the OSCE was equivalent to the evalua-
tion used in the first-year OSCE, using the same passing
score for both tests.

OSCE = Objective Structured Clinical Examination

Table 1. OSCE criteria scores according to the post-training duration

One year Two years
Al post- post-
students training training

Criterion/skill (n=64) (%) | (n=35) (%) | (n=29)% | Pvalue
Total score (mean + SD) 19.8+5.2 21.4+34 17.8+6.35 | 0.009
Passed the OSCE 70 86 52 0.01
1. Ensures safety 69 66 72 0.565
2. Attempts to speak with the patient 84 91 76 0.088
3. Taps the mannequin to check consciousness | 64 69 59 0.409
4. Calls for help 63 60 66 0.650
5. Opens the mouth and checks for secretions 64 63 66 0.825
6. Puts palm on the mannequin’s forehead 69 7 66 0.612
7. Places palm on chin/jaw 49 49 45 0.765
8. Head tilt 70 80 57 0.062
9. Bends to listen and feel breathing 77 86 66 0.058
10. Keeps two hands at head tilt 38 47 24 0.044
11. Checks breathing for 5-10 seconds 66 83 45 0.001
12. Pinches nostrils shut for mouth-to-mouth 70 74 66 0.445

breathing
13. Covers the mannequin’s mouth, sealing it 77 86 66 0.058
14. Succeeds in delivering air 69 77 59 0.112
15. Gives two breaths 83 94 69 0.008
16. Mannequin’s chest rises 70 80 59 0.062
17. Places fingers on the carotid artery 86 86 86 0.955
18. Checks pulse for 5-10 seconds 67 83 45 0.003
19. Places hands at the center of the chest, 83 83 83 0.992

between the nipples
20. Performs compressions with only the heel 81 83 79 0.717

of the hand
21. Keeps hands on the chest (does not bounce) | 86 91 79 0.165
22. Keeps elbows straight 83 83 83 0.992
23. Delivers 30 compressions 94 100 86 0.023
24. Delivers 30 uninterrupted compressions 92 94 90 0.492
25. Ceases delivering 2 breaths 73 83 62 0.061
26. Time of 2 breaths < 6 seconds 73 86 59 0.015
27. Performs CPR continuously for at least 2 78 86 69 0.107

minutes
Integrated skills (mean £ SD)
Initial phase (0-16) 10.8+3.58 | 11.77+2.75 | 9.58+4.12 | 0.019
Pulse check (0-2) 1.5+0.69 1.69+0.63 | 1.34£0.72 | 0.048
Ventilation technique (0-4) 2.9+1.53 3.17+1.38 | 2.48+1.63 | 0.073
Chest compressions technique (0-4) 3.33+1 3.4+0.88 3.24+1.15 | 0.535

DATA ANALYSIS AND DEFINITIONS

Data were entered into Microsoft Excel worksheets and
analyzed using SPSS V.19 software. Data are presented as
mean and standard deviation for continuous variables and
as frequencies and a percent of categories for other variables.
Internal consistency of the questionnaire and the OSCE was
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evaluated using Cronbach’s a coefficient and resulted in a

=0.91 and a = 0.85 respectively. Additional variables were

composite variables, or grouping of items from the question-

naire or the OSCE skill checklist as follows:

 Preparedness for delivering CPR - mean score of three
questions on preparedness for delivering CPR

« Recollection of CPR protocol - mean score of three ques-
tions on recollection of the sequence of CPR and tech-
niques of various CPR stages

o Self-confidence for delivering CPR — mean score of the above
six questions

o Performance in the initial phase (items 1-16) - pulse assess-
ment (items 17 & 18), chest compressions technique (items
19-22), ventilation technique (items 12,13,14,16).

Comparisons between groups were performed with
Students t-test for continuous variables and with the 2 test for
categorical variables. All tests of hypotheses were considered
significant when two-sided probability values were P < 0.05.

RESULTS

Of the 134 medical students (67 students in each year), 88
gave their consent to participate in the study. Twenty-four
were excluded for the following reasons: 9 did not adhere to
the study requirements (did not attend the OSCE) and 15
had previous or ongoing experience in emergency medicine.
Accordingly, 64 students (35 in second year and 29 in third
year) qualified for the study. The age of the students was 24.8
+2.25 years (range 21-31), and 53% in both years were female.

SELF-REPORTED PREPAREDNESS, RECOLLECTION AND CONFIDENCE
The self-reported preparedness, recollection and confidence of
the students in delivering CPR were low-intermediate (lower
for preparedness than for recollection), whereas all three
parameters were significantly lower in third as compared to
second-year students [Figure 1].

OSCE-ASSESSED RETENTION OF CPR SKILLS

The mean score in the OSCE was 19.8 + 5.2 (highest possible
score 27), which was significantly lower in the 2 years post-
training compared with the 1 year post-training students (17.8
+ 6.35 vs. 21.4 + 3.4, respectively, P = 0.009). Furthermore,
only 70% of all students passed the OSCE, with a significantly
lower rate among the 2 year post-training group than the 1
year group (52% vs. 86%, P < 0.01). The results of the evaluated
OSCE skills according to the post-training year are displayed in
Table 1. The performance was consistently better in the 1 year
group compared to the 2 year group. The 1 year group received
significantly higher grades in the integrated scores accounting
for the initial phase and the pulse check, a tendency towards
a higher grade in the ventilation technique score, and similar

Figure 1. Self-assessed preparedness, recollection and overall
confidence for delivering CPR according to post-training duration
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Figure 2. Examiners’ evaluations of OSCE performance
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grade in the chest compression technique score compared to
the 2 year group [Table 1]. Examiners’ ratings of OSCE perfor-
mance categories were significantly higher in the 1 year group
compared to the 2 year group [Figure 2].

SELF-REPORTED VERSUS OSCE ASSESSED PERFORMANCE

A significantly higher rate was found in the 1 year group for
correctly answering the question and performing de facto
the ventilations:compressions ratio that they had been taught
[Figure 3A]. Of those who knew the correct ratio, 85% imple-
mented it during the OSCE in both years. In a comparison
of specific questions in the questionnaire relating to self-
assessed performance versus integrated scores, or examiners’
assessment of those skills following stratification to the same
5 Likert-type categories scale, students correctly estimated
their performance in ventilation technique and underesti-
mated their performance in chest compressions technique
and sequence of CPR actions [Figure 3B].
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Figure 3. [A] Recollection versus performance of ventilations:
compressions ratio. [B] Self versus OSCE-assessed performance
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THE PERCEIVED OPTIMAL INTERVAL BETWEEN REFRESHER TRAININGS
When asked about the optimal interval between refresher
trainings, overall 81% of the students answered 1 year intervals,
17% answered 2 year intervals, and only 2% answered 3 or 4
year intervals. When comparing the 2 year group to the 1 year
group, a non-significant tendency was found for members of
the 2 year group to choose training once a year (91% vs. 71%
respectively, P = 0.08). Furthermore, for the question relating
to the students’ willingness to participate in a refresher train-
ing, 82% of all students marked 5 or 6 (out of 6, 6 being the
most positive). The mean score was 5.45, higher in the 2 year
group than the 1 year group (5.7 vs. 5.2 respectively, P < 0.05).

DISCUSSION

The current study demonstrates that self-reported prepared-
ness, recollection and confidence of preclinical medical stu-
dents in delivering CPR are clearly insufficient 1 year after the
initial training, and significantly and unacceptably lower 2
years post-training. These findings are consistent with previ-

ous studies demonstrating that self-assessed confidence in
delivering CPR after training significantly and quite rapidly
decreases, both among medical students and lay responders
[15,16]. The reduced confidence, preparedness and recollec-
tion could often result in decreased willingness and hesitation
to initiate bystander CPR [16,17]. However, refresher train-
ing or actively participating in a cardiac arrest resuscitation
attempt increases confidence in resuscitation skills and thus
performance and willingness to initiate CPR [16-18].

Nevertheless, Wynne et al. [19] previously reported a dis-
parity between confidence and competence in CPR training.
They did not find a correlation between the amount of training
and perceived confidence, and noted that a rise in confidence
is not necessarily reflected by a rise in competence [19]. We
agree that additional factors not fully controlled by additional
training - i.e., artificial training situations and fear of “the real
thing” - could affect performance.

The results of the OSCE in the present study demonstrate
that the CPR skills of preclinical medical students deteriorate
to what may well be considered unacceptable levels as early
as 1 year post-training, and even worse 2 years post-training
with only 50% of the students passing the test. This finding is
consistent with previous reports showing rapid deterioration
of skills post-training in laypersons, preclinical and clini-
cal medical students, as well as professionals [13-16,20,21].
Considering individual skills, a low proportion of correct
performance was seen for checking safety, pulse check, air-
way opening, rescue breathing, and ventilation technique.
However, chest compressions were performed adequately by
a relatively high proportion of students in both years. This is
consistent with Frkovic et al. [14] who reported that 1 year
post-training the number of first or second-year medical stu-
dents who were able to check pulse, open and check airway
and check safety declined to 45%, 69%, 64% respectively, while
82% performed adequate chest compressions. Additionally,
more rapid deterioration of skills in airway opening and rescue
breathing than chest compression technique was previously
reported by Woollard et al. [22] in lay volunteer responders
and by Nicol et al. [13] in interns. By contrast, Grzeskowiak
[7] compared the performance of first and sixth-year medical
students and reported 72% retention for opening the airway
and checking for breathing skills, but only 50% retention
for compressions technique. This finding could possibly be
explained by the fact that the later years of the curriculum
concentrate on advanced resuscitation techniques. Similar
to the findings of Frkovic et al. [14], we found that both the
knowledge and performance of ventilations:compressions
ratio were relatively high 1 year post-training. Nevertheless a
significant decay is evident in this skill and knowledge 2 years
post-training in our study. This is consistent with the findings
of Nicol et al. [13] in fifth-year students prior to refresher and
advanced first-aid training.
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Another important finding is that students correctly esti-
mated their performance in ventilation technique but underes-
timated their performance in chest compressions technique and
sequence of CPR actions. This further supports the previous
statement that self-confidence and thus willingness to perform
bystander CPR is impaired, possibly even more than the actual
knowledge and performance. When well-prepared (after the
CPR classes or on the day of the final exam) first and sixth-year
students were asked to evaluate their own ability to perform
CPR, self-estimations were very high, higher than their per-
formance in the written and practical exam [7]. This, in our
opinion, means that the self-confidence is high immediately
after training yet decreases significantly as time passes.

It has been suggested that the physical skill-based compo-
nents may deteriorate in a more predictable fashion following
training than the reduction in knowledge. Moreover, Moser
and Coleman [23] suggest that CPR skills appear to decline at
a faster rate than knowledge, with a significant decline in CPR
skills occurring as early as 2 weeks post-training. This is sup-
ported by the finding that theoretical CPR knowledge retention
in airline cabin crew 12 months post-training was high, but
there was an inability to meet the standard passing criteria in
CPR skill performance [24]. This is related to another impor-
tant finding of the current study; namely, most students were
interested in refresher training and thought that the optimal
interval between such training courses should be 1 year. This
was more prominent in the 2 year group. Although the opti-
mal interval between courses is unknown, updated 2010 CPR
guidelines emphasize the need to move toward more frequent
assessment and reinforcement of skills [17]. The optimal tim-
ing and method for this assessment and reinforcement are not
known. Thus, due to the limited resources for frequent tradi-
tional refresher methods that include lectures and “hands-on
training,” many innovative concepts to reduce the decay of skills
and knowledge were recently introduced. Examples of such
concepts include, among others, virtual online CPR simulations
and viewing of a reminder video clip using a mobile phone
[10,16]. It is clear that any refresher CPR training method
should be based on a balance between cost and effectiveness.

LIMITATIONS

A few limitations of our study should be mentioned. First,
the sample size was relatively small and might have prevented
reaching statistical significance in several parameters; we believe
that research with a larger sample should be conducted. Second,
because this study included subjects who were trained before
publication of the 2010 CPR guidelines, assessments of CPR
skills were performed according to the 2005 CPR guidelines [5].

CONCLUSIONS
Preparedness, recollection, self-confidence and CPR skills
of preclinical medical students deteriorate within a year of

CPR training. The decay is significantly more prominent, to
an unacceptable level, 2 years post-training. In some areas
the deterioration of skills is more prominent (e.g., checking
safety, pulse check, airway opening, rescue breathing and
ventilation technique). Hence, a refresher training course
within no more than a year from training is warranted.
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An interleukin 17-mediated paracrine network promotes tumor resistance to anti-angiogenic therapy

Although angiogenesis inhibitors have provided substantial
clinical benefit as cancer therapeutics, their use is limited by
resistance to their therapeutic effects. While ample evidence
indicates that such resistance can be influenced by the
tumor microenvironment, the underlying mechanisms remain
incompletely understood. Chung and team have uncovered a
paracrine signaling network between the adaptive and innate
immune systems that is associated with resistance in multiple
tumor models: lymphoma, lung and colon. Tumor-infiltrating
T helper type 17 (Th17) cells and interleukin-17 (IL-17) induced
the expression of granulocyte colony-stimulating factor (G-CSF)
through nuclear factor kB (NF-xB) and extracellular-related
kinase (ERK) signaling, leading to immature myeloid cell

mobilization and recruitment into the tumor microenvironment.
The occurrence of T17 cells and Bv8-positive granulocytes was
also observed in clinical tumor specimens. Tumors resistant
to treatment with antibodies to vascular endothelial growth
factor (VEGF) were rendered sensitive in IL-17 receptor (IL-17R)-
knockout hosts deficient in Th17 effector function. Furthermore,
pharmacological blockade of Th17 cell function sensitized
resistant tumors to therapy with antibodies to VEGF. These
findings indicate that IL-17 promotes tumor resistance to VEGF
inhibition, suggesting that immunomodulatory strategies could
improve the efficacy of anti-angiogenic therapy.
Nature Med 2013; 19: 1114
Eitan Israeli

The toxicity of anti-prion antibodies is mediated by the flexible tail of the prion protein

Prion infections cause lethal neurodegeneration. This
process requires the cellular prion protein (PrPc), which
contains a globular domain hinged to a long amino-proximal
flexible tail. Sonati et al. describe rapid neurotoxicity in mice
and cerebellar organotypic cultured slices exposed to ligands
targeting the a1 and a3 helices of the PrPC globular domain.
Ligands included seven distinct monoclonal antibodies,
monovalent Fab1 fragments and recombinant single-chain
variable fragment mini-antibodies. Similar to prion infections,
the toxicity of globular domain ligands required neuronal PrPc,
was exacerbated by PrPC overexpression, was associated with
calpain activation and was antagonized by calpain inhibitors.
Neurodegeneration was accompanied by a burst of reactive
oxygen species, and was suppressed by antioxidants.
Furthermore, genetic ablation of the superoxide-producing
enzyme NOX2 (also known as CYBB) protected mice from
globular domain ligand toxicity. The authors also found that
neurotoxicity was prevented by deletions of the octapeptide
repeats within the flexible tail. These deletions did not

appreciably compromise globular domain antibody binding,
suggesting that the flexible tail is required to transmit toxic
signals that originate from the globular domain and trigger
oxidative stress and calpain activation. Supporting this
view, various octapeptide ligands were not only innocuous
to both cerebellar organotypic cultured slices and mice, but
also prevented the toxicity of globular domain ligands while
not interfering with their binding. The authors conclude that
PrPc consists of two functionally distinct modules, with the
globular domain and the flexible tail exerting regulatory and
executive functions, respectively. Octapeptide ligands also
prolonged the life of mice expressing the toxic PrPCmutantz,
PrP(A94-134), indicating that the flexible tail mediates
toxicity in two distinct PrPc-related conditions. Flexible tail-
mediated toxicity may conceivably play a role in further prion
pathologies, such as familial Creutzfeldt-Jakob disease in
humans bearing supernumerary octapeptides.
Nature 2013; 501: 102
Eitan Israeli
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