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Abstract

Objective. Advanced Cardiovascular Life Support (ACLS) in life-threatening situations is perceived as a basic skill for dental
professionals. However, medical emergency training in dental schools is often not standardized. The dental students’
knowledge transfer to an ACLS setting thus remains questionable. The aim of the study was to evaluate dental pre-
doctorate students’ practical competence in ACLS in a standardized manner to enable the curriculum to be adapted to
meet their particular needs. Materials and methods. Thirty dental students (age 25.47 + 1.81; 16 male/14 female) in their
last year of dental studies were randomly assigned to 15 teams. Students’ ability to successfully manage ACLS was assessed by a
scenario-based approach (training module: Laerdal® ALS Skillmaster). Competence was assessed by means of (a) an
observation chart, (b) video analysis and (c) training module analysis (Laerdal HeartSim®4000; Version 1.4). The evaluation
was conducted by a trained anesthesiologist with regard to the 2010 guidelines of the European Resuscitation Council (ERC).
Results. Only five teams (33.3%) checked for all three vital functions (response, breathing and circulation). All teams initiated
cardiopulmonary resuscitation (CPR). Only 54.12% of the compressions performed during CPR were sufficient. Four teams
stopped the CPR after initiation. In total, 93% of the teams used the equipment for bag-valve-mask ventilation and 53.3% used
the AED (Automated external defibrillator). Conclusions. ACLS training on a regular basis is necessary and, consistent with a
close link between dentistry and medicine, should be a standardized part of the medical emergency curriculum for dental
students with a specific focus on the deficiencies revealed in this study.
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Introduction

Against the background of the demographic transition
to an elderly population, the demand for primary
management of medical emergencies through dental
professionals is increasing in importance. With
increasing life expectancy, the prevalence of multi-
morbidity and chronic diseases in geriatric patients
will rise. Regular intake of medication and an
increased number of sedations in the dental office
add to a higher risk of dentists being confronted with
ACLS in dental practice [1,2].

Worldwide studies indicate a non-negligible num-
ber of medical emergency cases in dental practice

[3-6]. These medical emergencies can lead to life-
threatening circumstances with the need for cardio-
pulmonary resuscitation. Recent studies point out the
necessity to improve practical knowledge and skills
with regard to medical emergencies in daily practice
[7-10]. According to a German questionnaire in
2008, ~ 60% of the dental practitioners surveyed
experienced up to three emergencies per year [7].
As dental professionals in the role of healthcare prac-
titioners are obligated to provide professional first aid
not only for ethical but also legal reasons [11], basic
life support is seen as a fundamental skill requirement
for dentists. According to the current guidelines for
the graduating European dentist, a dental professional
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should be capable of ‘carrying out basic life support’,
as well as defibrillation for cardiac arrest [12]. Fur-
thermore, in addition to basic life support (BLS), the
American Heart Association recommends advanced
cardiovascular life support (ACLS) as a standard for
dentists, but does not explicitly mention defibrillation
in the case of cardiac arrest [13]. In contrast, 49% of
the dentists surveyed in Saxony, Germany, do not feel
capable of conducting adequate BLS [7]. Dental
students, in fact, feel unprepared when it comes to
medical emergencies in general [14] and request more
profound training in this area [15,16]. In particular,
they seem to show a lack of skills in basic life support
[16,17]. Practical knowledge about ACLS in partic-
ular is not adequately covered in most dentistry cur-
riculums [16,18]. Being aware of these deficiencies, a
standardized curriculum for emergencies in dental
practice was proposed for implementation in dental
schools by Mutzbauer et al. [9] as early as 1996.
However, despite recent efforts in medical emergency
training in dental schools, the curriculum often does
not cover standardized guidelines. To sum it up, it
remains a necessity in our opinion that students of
dentistry should be prepared to deal with medical
emergencies in clinical practice by having a standard-
ized curriculum focused on the special needs of den-
tists and which reduces any personal reservations that
may arise.

To implement an evidence-based curriculum in the
field of medical emergencies, a systematic assessment
of knowledge and skills in ACLS is needed. Clinical
simulations are widely used in the context of objec-
tively structured clinical examinations [19-21]. We
argue that simulations are more valid in comparison
with self-rating or to written exams when it comes to
evaluating and assessing complex skills as opposed to
factual knowledge [22]. Thus, a scenario-based sim-
ulation approach was used to assess students’ skills in
effectively managing emergency situations. The aim
of this study was to investigate the performance of
ACLS in dental students with a focus on parameters
influencing the probability of survival: namely chest
compression, no-flow time and handling of an Auto-
mated External Defibrillator (AED), this giving a
standardized and evidence-based implementation of
a medical emergency curriculum.

Materials and methods
Participants

The participants were 30 students in the fifth year of
dental school studies that had already completed the
theoretical and practical part of their professional
education.

The cohort’s mean age was 25.47 + 1.81 years, with
16 male (53.33%) and 14 female students (46.67%).

Medical emergency education

The traditional medical emergency course is a weekly
2-h lecture series on theory lasting 1 year and held at
the beginning of the clinical part of the dental cur-
riculum in the third year of study. The lectures are
integrated with those for medical students at the
university. The course ends with a written multiple-
choice test on all taught aspects of medical emergen-
cies. Course attendance and passing the written test is
facultative.

Procedure

Prior to the assessment of their practical skills, stu-
dents reported their pre-education in medical emer-
gency training using a cross-mark questionnaire. The
questionnaire gave four options:

(1) never carried out first aid, (2) emergency course
outside of the university including (2a) 8-h first aid
course, (2b) 16-h first aid course or (3) membership
in a professional medical emergency team. After fill-
ing out the questionnaire, students were randomly
assigned to different teams. One student was ran-
domly appointed as the team leader, while the other
student would assist him/her. The teams were
instructed to act with full autonomy of decision and
competence as a qualified dentist would.
A standardized procedure was used to inform the
students about the setting prior to the assessment:
Students read a description of the simulated situation
in front of the closed door of the scene. The staff led
the student team into the simulation room and drew
the students’ attention to the availability of the equip-
ment as further described below. Students were
informed they had free choice in using the equipment
and that instructors were not allowed to give any
advice to the teams. A detailed protocol for assessing
these core skills was developed for that purpose
(Table I). Two staff members of the Department of
Anesthesiology and Emergency Medicine, both qual-
ified in Advanced Life Support, rated each team
member using a score sheet without influencing the
work flow. The staff members underwent specific
training in interpreting the score sheet and in emer-
gency training assessment. If the score sheets were not
in concordance with each other, the video analysis was
consulted.

CPR serting

The resuscitation scenario consisted of a Laerdal®
ALS Skillmaster mannequin connected to a computer
with Laerdal HeartSim® 4000 computer software
version 1.4 (both by Laerdal, Stavanger, Norway).
Heart rhythm was set to ventricular fibrillation (shock
advised if using AED). The simulated setting was a
waiting room in a dental practice with the mannequin



Table I. Protocol for CPR assessment.
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Member 1 Team: Member 2
Code: Code:
Not Not Not Not
Sufficient correct provided Sufficient correct provided
Phase 1
O O O Check for a response O O O
O O O Shout for help O O O
O O O Open airway/head tilt/chin lift O O O
O O O Check oral cavity O O O
O O O Check for breathing (look, listen and feel) O O O
O O O Check for pulse O O O
O O OJ Emergency call O OJ OJ
Phase 2
O O [ Lay the patient on a hard pad Chest compressions O O [l
OdJ dJ O Position of hands on the victim’s sternum O O O
O O O Arm position O O O
O O O Depth of chest compressions O O O
O O O Pressure is not applied over the O O O
victim’s ribs or stomach
O O O Decompression O O O
O O O Frequency O O O
O O O Change of the positions (ventilation «— chest compressions after 3-5 min) [ O O
O O O Ratio 30:2 O O O
O O O Chin lift Breath O O O
O O O Head tilt O O O
O O OJ Effective rescue breath O OJ OJ
O O O Using bag valve O O O
O a O Using AED O | O

lying supine on the floor (Figure 1). The room was
equipped with an automatic external defibrillator
(Lifepak® 500T, Medtronic, Minneapolis, MN) as
seen in Figure 2, a ventilation bag and a telephone for
emergency calls (offering the possibility of talking to a
simulated emergency control center).

CPR assessment

Three values were chosen for the assessment of the
students’ performance by the two staff members. The
term ‘sufficient’ was defined by the standards corre-
sponding to the current Guidelines of the European
Resuscitation Council (ERC) [23]. If the process was
conducted but not correct, the student’s performance
was labeled as ‘insufficient’. Not performing an item
at all was labeled as ‘not realized’.

The CPR assessment was divided into two phases.
The Diagnostic Phase (Phase 1) included the follow-
ing six criteria adapted from Koster et al. [23]: Check
for a response, call for help, check oral cavity, check
breathing, palpate pulse and make an emergency call.

The Resuscitation Phase (Phase 2) starts with the
first chest compression or ventilation and includes the
treatment chosen by the team until it was stopped by
the staff observers 10 min after the start of Phase 1. To
examine the quality of CPR, an observation period of
180 s was chosen. The observation period was inter-
rupted when students performed diagnostics or treat-
ment other than CPR.

CPR results were reported by the Laerdal HeartSim
software and comprised the number of correct and
incorrect chest compressions and insufflations, the
number of insufficient decompressions and the fre-
quency of chest compressions. The method for cal-
culating the no-flow time (NFT), defining the time of
no chest compressions, was adapted from Jantti et al.
[24]. If an AED was used by the students, time for
rhythm analysis was not considered as NFT.

Statistics

Homogeneity of variance and normal distribution
were determined wusing Levene’s test and the
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Figure 1. ACLS scenario of dental students performing CPR.

Figure 2. ACLS scenario of dental students using the AED.

Shapiro-Wilk test. The statistical pre-conditions are
given for all tests conducted. Demographic data is
presented in means and standard deviation. Student’s
t-test was used for the calculation of significant varia-
tions in parameters of AED wusage. The non-
parametric measurement of statistical dependence
was performed using the Spearman rank correlation
analysis. All statistical tests were performed using
SPSS version 20 for Windows (IBM®, Armonk,
NY). p-values < 0.05 were considered to be statisti-
cally significant.

Table II. Description of the key data of the resuscitation.

Time (in seconds) from first contact
with the patient until event occurs

n Mean SD Min  Max

Diagnosis of cardiac arrest 30 34 33 6 125
Emergency call 24 93 85 10 285
First thoracic compression 30 69 61 13 238
Use of AED 16 131 78 8 227

(unless it was used)

Results
Prior knowledge and experience in CPR

In total, 73.3% of the participants had never carried
out first aid; however, 90% of the students had
attended an emergency course outside of the univer-
sity, while 63.3% had satisfactorily completed an 8-h
first aid course and 20% a 16-h first aid course. None
of the participants was affiliated with professional
emergency activities.

Diagnostic CPR skalls

Five teams (33.3%) checked for all three vital func-
tions (response, breathing and circulation), six teams
(40%) checked no vital functions or only one vital
function. A check for breathing was not performed by
six teams (40%) and insufficiently performed by eight
teams (53.3%, see Figure 3). This was mainly due to
the lack of head tilt and/or chin lift by seven teams
(87.5%, see Figure 4). Only 33% of the teams
inspected the oral cavity for foreign bodies. A check
for a pulse was performed by 12 teams (80%)—
10 teams palpated the A. radialis (66.7%) and eight
teams palpated the A. carotis (53.3%). When palpat-
ing the central pulse, five teams had investigated the
wrong anatomical structure (outside of the trigonum
caroticum). Of the teams that checked for a pulse,
33.3% used this as the only diagnostic device to detect
the cardiac arrest (i.e. they did not check for con-
sciousness or breathing). An emergency call was
instigated by 73.3% of the teams. The median time
of the call was 65 s after entering the scene
(range = 15-261 s) (Table II). All calls included a
description of a life-threatening situation for the
patient. The diagnosis ‘cardiac arrest’ or CPR was
named by only two teams (13.3%). Four teams did
not call for emergency support (26.7%).

Therapy ACLS skills

CPR initiation and termination. All teams initiated the
CPR. Four teams (26.7%) conducted CPR at a ratio
of 30:2 chest compressions to ventilations, while two
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Figure 3. Skills before starting CPR according to ERC guidelines 2010; How students implemented these aspects.

BREATHING CONTROL

not keeping airway open

examination lasting < 3 s

not looking towards thorax

not own face over victim’s head

o

10 15 20 25 30

Figure 4. Sixty per cent of the students carried out a breathing check, but there were many mistakes, e.g. not keeping the airway open.

teams (13.3%) performed at a ratio of 15:2. Nine
teams performed CPR at aberrant ratios. While
11 teams continued to perform CPR, four teams
stopped CPR within the observed time period and
changed the patient’s position to a lateral recumbent
position within, on average, 45 s after CPR. Although
all students initially diagnosed the patient correctly
with cardiac arrest and subsequently performed CPR,
25% deviated from this method after a mean of
42.67 £ 15.15 s and stopped administering CPR to
the patient.

Assessment of the chest compressions for each
student through the training module (Laerdal Heart-
Sim® 4000; Version 1.4)

First thoracic compression was performed
69 s + 61 after the first patient contact. The following
assessment was conducted for each of the students:
40% of the students reached a compression rate
of > 100 per min as proposed by the ERC [23].
The minimum measured compression rate was 40,
the maximum rate was 156 chest compressions per

minute. In total, 54.12% of all chest compressions
were evaluated as sufficient by the Laerdal Heart Sim
Software.

Assessment of oxygen supply. In total, 93% of the teams
used the equipment for bag-valve-mask ventilation. In
86.7% of the teams, an incorrect head position was
repeatedly observed. Eighty per cent of the teams
providing an oxygen supply did not regularly check
thoracic excursions while ventilating (Figure 5).

Assessment of AED usage. In total, 53.3% of the teams
used the automated external defibrillator (n = 8). On
average, the AED was used after 131 s + 78
(range = 8-227 s). The teams needed 59 s + 24
(range = 23-103 s) from opening the cover until
the first AED analysis was performed. Seventy-five
per cent of the teams did not use any safety precau-
tions while administering a shock. Seventy-five per
cent of the teams performed CPR in the correct ratio
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Figure 5. Mistakes of emergency ventilations.

number of teams

1
| & .

30:2 15:2 other ratios

ratio of chest compressions to ventilations
W before AED W with AED

Figure 6. Ratio of chest compressions to ventilations changed
significantly when using AED (p < 0.05; number of teams using
AED: n=7).

after self-correction (Figure 6). Teams using an AED
provided a significantly higher amount of correct
chest compressions, at 76.75% =+ 4.88, than the teams
that did not use an AED (23.95% + 26.83; p < 0.01).

Assessment of no-flow time (NFT). Mean NFT was
measured at 54.02% + 22.17 (min = 15. 56%,
max = 93.33%). No-flow time of the non-AED users
was 68.25% + 21.26 (range = 40-93.33) and of the
students who used an AED it was 41.06% =+ 13.6
(range = 15.56-59.72) (p < 0.01).

Discussion

In this study, an assessment of the procedural com-
petence of fifth-year dentistry students on the subject
of advanced cardiovascular life support (ACLS) was
carried out. The core-skills in diagnosis as well as in
therapy of a cardiac arrest were assessed through a
detailed protocol including an observation chart,
video analysis and training module analysis. Accord-
ing to the literature, a multi-perspective protocol to
assess emergency competencies has not been carried
out with dental students before. There is still an

20 40 60 80 100

% of the students, n=30

assumption of a lack of competence in emergency
treatment by dental students, but no evidence of
research into this question. However, there is a
need for a specific curriculum for dental students
and, therefore, the emergency curriculum for students
of general medicine should not simply be copied. This
study could show the specific needs of dental students
in the ‘worst case’ emergency scenario of resuscita-
tion. In the light of curriculum development, analysis
of necessity of an educational system is one of the first
steps [25]. Consequently, when considering a specific
curriculum for dental students, the needs have to be
known. Therefore, a very thorough approach was
chosen in this study, showing a very poor performance
in basic first aid skills at the end of dental studies.
For instance, the dental students’ abilities to check
for vital signs were insufficient. These results are
similar to other studies where students and profes-
sionals were evaluated regarding breath and pulse
check for cardiac arrest assessment [26-28]. While
the majority of students palpated the radial pulse in
the first place, the carotid pulse should be palpated by
medical professionals, according to the 2010 ERC
guidelines [23]. Hence, according to Deakin et al.,
palpating the central carotid pulse is advised as the
peripheral pulse is not palpable in patients with blood
pressures below 60 mmHg [26]. However, in this
study, only the ability to palpate the correct anatomic
location was evaluated, and it cannot be concluded
whether an observable pulse could have been pal-
pated. Even though the majority of the students
palpated the peripheral pulse, this should not be
advised in an emergency medical curriculum. The
assessment of respiration was conducted sufficiently
in only 60% of the cases. Mainly, the airway was not
kept free during the examination. The rather low
incidence of airway assessment for foreign bodies in
the oral cavity was especially alarming in our cohort,
since in dental practice there is a rather high proba-
bility of an airway blockage occurring due to foreign
bodies such as prostheses or dental instruments,



anaphylactic reactions or bleeding. A further critical
point is seen in the duration of ventilation control,
being under 3 s in six of 15 groups. Precise breath
control is crucial because preliminary stages of apnea
often result in insufficient agonal ventilation, e.g.
gasping [23,29]. An insufficient check for breathing
might, therefore, lead to a wrong interpretation.
Thus, focusing on this aspect is recommended
when teaching ACLS to dental students.

The compression rate is defined as the speed at
which the chest compressions are performed [23].
Only 40% of the students were reaching the
2010 ERC compression rate of > 100 per minute
[23,30]. When the compression rate is lower than
100 per minute, as seen in 60% of the students, lower
aortic peak pressures and coronary perfusion pressure
can result [30], meaning sufficient oxygen supply and
circulation cannot be ensured in the patient. Attaining
this frequency is crucial because it is associated with a
higher chance for the return of spontaneous circula-
tion (ROSC) [30,31]. While there are no regulations
about an upper limit of the chest compression rate, a
limit of 120/min is currently recommended by the
ERC guidelines [26,30].

Surprisingly in our study, 25% of the teams decided
on their own to stop CPR, despite the necessity to
continue CPR until death or the patient’s circulation
is confirmed. Stopping CPR in that situation would
irrevocably impact the patients chance of survival.
This shows a clear deficit and uncertainty in knowl-
edge and training, even if the students demonstrated a
rather sufficient performance of CPR. However, it
could not be clarified within this study if these deci-
sions were taken out of a lack of knowledge or a lack of
practical training. Good performance in any practical
training is based on knowledge, including procedural
knowledge and practical skills. CPR is a complex
competence, also based on knowledge and skills.
Surely training also improves theoretical knowledge
if thorough debriefing is conducted after the scenarios,
but there is little evidence for the importance of train-
ings based on theoretical propaedeutic [32]. While for
a specialist in emergency medicine it is clearly under-
stood never to stop CPR, it is not so for novices in this
context. Due to that, it can be stated that a hands-on
course without having sufficient background medical
knowledge would not adequately allow the students to
conduct BLS. Outside of a simulated setting, there are
scenarios which would further lead to a deviation from
the algorithm. Therefore, a focus must be placed on
clear and concise teaching that supports students in
their actions and provides the necessary medical back-
ground for those actions.

Only four teams (26.7%) conducted CPR using the
30:2 chest compression-to-ventilation ratio. The
2010 ERC guidelines point out the increased empha-
sis on the importance of minimally interrupted high-
quality chest compressions [26], which also accounts
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for minimizing the no-flow-time (NFT). In fact, the
NFT is an important criterion for sufficient CPR and
long-term survival. It is defined as the time without
chest compressions [24,33]. The mean NFT in our
cohort was 54%, which shows a considerably
increased time span with regard to the optimal range
seen in teams who train frequently [33]. However, the
method of NFT calculation does not include the real
hemodynamic effect of the CPR performed in this
study. Measurement of the NFT in our case provides
a reference for the quality of the CPR performance.

The majority of students chose the bag mask for
ventilation purposes, with 60% conducting the ven-
tilation correctly. This result underlines that bag mask
ventilation requires considerable practice and skill
[34]. However, bag mask ventilation is known to
have a better neurological outcome compared to other
airway devices [35] and can be taught satisfactorily to
medical professionals.

Performing ACLS with an Automated External
Defibrillator (AED) on site shows a significantly bet-
ter outcome in patients experiencing cardiac arrest, as
stated in the literature [36]. In accordance with that,
students in our cohort using the AED had better
results in no-flow time, more correct chest compres-
sions and had a better ratio after AED usage.
Although the use of an AED had never been demon-
strated to the students prior to the study, > 50%
implemented the AED in their BLS adequately. In
fact, in 25% of the cases, both groups performed CPR
at a 30:2 ratio before AED use. While AED non-users
kept on conducting the same ratio during the simu-
lation, 50% of the students who used the AED chan-
ged the CPR ratio into the currently proposed ratio of
30:2 [23]. Furthermore, no group interrupted CPR
after using the AED. This result supports the pro-
posed European Union guidelines, which recom-
mend the teaching of defibrillation methods [12]
and shows that this element is in fact helpful in
training dental students in CPR.

However, some limitations of the study have to be
considered as well. The student cohort followed the
local curriculum, which assumes that also emergency
medical competencies are taken into consideration.
This study showed there is a need for a specific
adoption of a dental emergency curriculum. Of course
there is no direct evidence for other faculty emergency
programs, even though they might be similar. This
study focused only on CPR as a rare incident. Of
course emergency competence for the dentist is more
than performing resuscitation. On the other hand, the
impact on the survival of a patient and the ethical
implication as a medical specialist for a good perfor-
mance in handling CPR are obvious. In consequence,
a curriculum also has to be focused on this topic. We
know there will be no clinical routine for CPR, and so
the students need a long lasting training program on
their specific needs.
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Conclusions

No team performed the CPR in a completely correct
manner according to the ERC BLS-guidelines, even
though the existing guidelines are meant to provide a
sufficient framework for transferring theoretical to
procedural knowledge. On the contrary, ethical and
judicial demands require the adequate handling of
medical emergency cases in dental practice. Based on
the findings of our study, an evidence-based transfer
from the existing medical emergency courses in
ACLS with a focus on providing theoretical knowl-
edge for a rather broad audience to case-specific,
dentistry-related issues, including specific practical
skills, should be established.

Acknowledgments

This work was funded by ELLAN-Funds University
Erlangen-Nuremberg (AZ:11.03.09.1).

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Clark MS, Wall BE, Tholstrom TC, Christensen EH,
Payne BC. A twenty-year follow-up survey of medical emer-
gency education in U.S. dental schools. J Dent Educ 2006;70:
1316-19.

Malamed S. Medical emergencies in the dental office. 5th

edition. St. Louis: Mosby; 2000.

Chapman PJ. Medical emergencies in dental practice and

choice of emergency drugs and equipment: A survey of

Australian dentists. Aust Dent J 1997;42:103-8.

Broadbent JM, Thomson WM. The readiness of New Zealand

general dental practitioners for medical emergencies. N Z

Dent J 2001;97:82-6.

Martin MD, Fast TB. Skills in cardiopulmonary resuscitation:

A survey of dental practitioners. ] Am Dent Assoc 1986;112:

501-2.

Kandray DP, Pieren JA, Benner RW. Attitudes of Ohio

dentists and dental hygienists on the use of automated external

defibrillators. J Dent Educ 2007;71:480-6.

Muller MP, Hansel M, Stehr SN, Weber S, Koch T. A state-

wide survey of medical emergency management in dental

practices: Incidence of emergencies and training experience.

Emerg Med ] 2008;25:296-300.

Kaeppler G, Daublander M, Hinkelbein R, Lipp M. Quality

of cardiopulmonary resuscitation by dentists in dental emer-

gency care. Mund Kiefer Gesichtschir 1998;2:71-7.

[9] Mutzbauer TS, Rossi R, Ahnefeld FW, Sitzmann F. Emer-
gency medical training for dental students. Anesth Prog 1996;
43:37-40.

[10] Druener S. Jahrestagung der Gesellschaft fir Medizinische
Ausbildung (GMA). Das Training praktischer Fertigkeiten
beeinflusst das Wissen und die Einstellung von Studierenden
der Zahnmedizin gegentiber Notfallmedizin. Bochum: German
Medical Science GMS Publishing House; 2010.

[11] Peskin RM, Siegelman LI. Emergency cardiac care. Moral,
legal, and ethical considerations. Dent Clin North Am 1995;
39:677-88.

2

—

3

—_

[4

—

(5

—

[6

[t}

(7

—

(8

[}

[12] Cowpe ], Plasschaert A, Harzer W, Vinkka-Puhakka H,
Walmsley AD. Profile and competences for the graduating
European dentist - update 2009. Eur J Dent Educ 2010;14:
193-202.

[13] Handley AJ, Koster R, Monsieurs K, Perkins GD, Davies S,
Bossaert L. European Resuscitation Council guidelines for
resuscitation 2005. Section 2. Adult basic life support and use
of automated external defibrillators. Resuscitation 2005;67:
S7-23.

[14] Weaver RG, Haden NK, Valachovic RW. Annual
ADEA survey of dental school seniors: 2003 graduating class.
J Dent Educ 2004;68:1004-27.

[15] Henzi D, Davis E, Jasinevicius R, Hendricson W. North
American dental students’ perspectives about their clinical
education. J Dent Educ 2006;70:361-77.

[16] Le TT, Scheller EL, Pinsky HM, Stefanac SJ, Taichman RS.
Ability of dental students to deliver oxygen in a medical
emergency. ] Dent Educ 2009;73:499-508.

[17] Laurent F, Augustin P, Nabet C, Ackers S, Zamaroczy D,
Maman L. Managing a cardiac arrest: Evaluation of final-year
predoctoral dental students. J Dent Educ 2009;73:211-17.

[18] Graham CA, Scollon D. Cardiopulmonary resuscitation train-
ing for UK undergraduate dental students. Resuscitation
1996;32:105-8.

[19] Hodges B, Mcllroy JH. Analytic global OSCE ratings are
sensitive to level of training. Med Educ 2003;37:1012-16.

[20] Papadakis MA. The Step 2 clinical-skills examination. N Engl
J Med 2004;350:1703-5.

[21] Tamblyn RM. Use of standardized patients in the assessment
of medical practice. CMA]J 1998;158:205-7.

[22] Kraiger K, Ford JK, Salas E. Application of cognitive, skill-
based, and affective theories of learning outcomes to new
methods of training evaluation. J Appl Psychol 1993;78:311.

[23] Koster RW, Baubin MA, Bossaert LI, Caballero A,
Cassan P, Castren M. European Resuscitation Council
Guidelines for Resuscitation 2010 Section 2. Adult basic
life support and use of automated external defibrillators.
Resuscitation 2010;81:1277-92.

[24] Jantti H, Kuisma M, Uusaro A. The effects of changes to the
ERC resuscitation guidelines on no flow time and cardiopul-
monary resuscitation quality: A randomised controlled study
on manikins. Resuscitation 2007;75:338-44.

[25] Kern DE TP, Howard DM, Boss EB. Curriculum develop-
ment for medical education — A six step approach. Baltimore
John Hopkins University Press; 1998.

[26] Deakin CD, Nolan JP, Soar ], Sunde K, Koster RW,
Smith GB. European Resuscitation Council Guidelines for
Resuscitation 2010 Section 4. Adult advanced life support.
Resuscitation 2010;81:1305-52.

[27] Moule P. Checking the carotid pulse: Diagnostic accuracy in
students of the healthcare professions. Resuscitation 2000;44:
195-201.

[28] Eberle B, Dick WF, Schneider T, Wisser G, Doetsch S,
Tzanova I. Checking the carotid pulse check: Diagnostic
accuracy of first responders in patients with and without a
pulse. Resuscitation 1996;33:107-16.

[29] Rogers N. Basic guide to dental sedation nursing. Chichester:
Wiley; 2011.

[30] Nolan JP, Perkins GD, Soar J. Chest compression rate: Where
is the sweet spot? Circulation 2012;125:2968.

[31] Idris AH, Guffey D, Aufderheide TP, Brown S, Morrison 1],
Nichols P. Relationship between chest compression rates and
outcomes from cardiac arrest. Circulation 2012;125:3004-12.

[32] Breuer G, Schweizer K, Schuttler J, Weiss M. Vladut A.
"Jump in at the deep end": Simulator-based learning in acute
care. Anaesthesist 2014;63:16-22.

[33] Fernandez Castelao E, Russo SG, Cremer S, Strack M,
Kaminski L, Eich C. Positive impact of crisis resource
management training on no-flow time and team member


http://www.ncbi.nlm.nih.gov/pubmed/17170322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17170322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9153837?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9153837?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9153837?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11695150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11695150?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3457856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3457856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17468308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17468308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17468308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18434471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18434471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18434471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9567061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9567061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9567061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10323124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10323124?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7556798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7556798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16321717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16321717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16321717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12856969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12856969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16595529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16595529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16595529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16595529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19339437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19339437?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19234077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19234077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9019797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9019797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14629415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14629415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15102993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9469142?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9469142?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17628319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17628319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17628319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17628319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10825620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10825620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9025126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9025126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9025126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22623716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22623716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22623717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22623717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24390682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24390682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24390682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21664757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21664757?dopt=Abstract

[34]

verbalisations during simulated cardiopulmonary resuscita-
tion: A randomised controlled trial. Resuscitation 2011;82:
1338-43.

Adelborg K, Dalgas C, Grove EL, Jorgensen C, Al-
Mashhadi RH, Lofgren B. Mouth-to-mouth ventilation is
superior to mouth-to-pocket mask and bag-valve-mask ven-
tilation during lifeguard CPR: A randomized study. Resusci-
tation 2011;82:618-22.

Student competency in managing cardiac arrest

(35]

(36]

249

Yamada A, Takeuchi Y, Nishizaki Y, Daida H. Bag-valve-
mask ventilation with airway adjuncts improves neurological
outcomes of in-hospital cardiac arrest. Intern Med 2012;51:
1517-21.

De Maio V], Stiell IG, Wells GA, Spaite DW, Ontario Pre-
hospital Advanced Life Support Study G. Optimal defibrilla-
tion response intervals for maximum out-of-hospital cardiac
arrest survival rates. Ann Emerg Med 2003;42:242-50.


http://www.ncbi.nlm.nih.gov/pubmed/21664757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21664757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21330044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21330044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21330044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22728483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22728483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22728483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12883512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12883512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12883512?dopt=Abstract

	Abstract
	Introduction
	Materials and methods
	Participants
	Medical emergency education
	Procedure
	CPR setting
	CPR assessment
	Statistics

	Results
	Prior knowledge and experience in CPR
	Diagnostic CPR skills
	Therapy ACLS skills
	CPR initiation and termination
	Assessment of oxygen supply
	Assessment of AED usage
	Assessment of no-flow time (NFT)


	Discussion
	Conclusions
	Acknowledgments
	Declaration of interest
	References

