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Abstract

Purpose Successful resuscitation of a pregnant woman

undergoing cardiac arrest and survival of the fetus require

prompt, high-quality cardiopulmonary resuscitation. The

objective of this observational study was to assess

management of maternal cardiac arrest by anesthesia

residents using high-fidelity simulation and compare

subsequent performance following either didactic teaching

or electronic learning (e-learning).

Methods Twenty anesthesia residents were randomized

to receive either didactic teaching (Didactic group,

n = 10) or e-learning (Electronic group, n = 10) on

maternal cardiac arrest. Baseline management skills were

tested using high-fidelity simulation, with repeat simulation

testing one month after their teaching intervention. The

time from cardiac arrest to start of perimortem Cesarean

delivery (PMCD) was measured, and the technical and

nontechnical skills scores between the two teaching groups

were compared.

Results The median [interquartile range] time to PMCD

decreased after teaching, from 4.5 min [3.4 to 5.1 min] to

3.5 min [2.5 to 4.0 min] (P = 0.03), although the change

within each group was not statistically significant

(Didactic group 4.9 to 3.8 min, P = 0.2; Electronic group

3.9 to 2.5 min, P = 0.07; Didactic group vs Electronic

group, P = 1.0). Even after teaching, only 65% of

participants started PMCD within four minutes. Technical

and nontechnical skills scores improved after teaching in

both groups, and there were no differences between the

groups.

Conclusion There are gaps in the knowledge and

implementation of resuscitation protocols and the

recommended modifications for pregnancy among

residents. Teaching can improve performance during

management of maternal cardiac arrest. Electronic

learning and didactic teaching offer similar benefits.

Résumé

Objectif La réanimation réussie d’une femme enceinte

victime d’un arrêt cardiaque et la survie du fœtus

nécessitent une réanimation cardiopulmonaire rapide et de

grande qualité. L’objectif de cette étude observationnelle

était d’évaluer la prise en charge d’un arrêt cardiaque

maternel par des résidents en anesthésie utilisant une
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simulation à haute fidélité et de comparer leurs

performances après un enseignement didactique ou un

apprentissage électronique (formation en ligne).

Méthodes Vingt résidents en anesthésie ont été répartis

de façon aléatoire dans deux groupes : le premier a suivi

un enseignement didactique (Groupe didactique, n = 10)

et le second, une formation en ligne (Groupe électronique,

n = 10) sur l’arrêt cardiaque maternel. Les compétences

initiales de prise en charge ont été testées à l’aide d’une

simulation à haute fidélité et le test de simulation a été

répété un mois après l’intervention d’enseignement. Le

délai écoulé entre l’arrêt cardiaque et l’accouchement par

césarienne perimortem (PMCD) a été chronométré et les

scores de compétences techniques entre les deux groupes

d’enseignement ont été comparés.

Résultats Le délai médian [écart interquartile] jusqu’au

PMCD a diminué après l’enseignement de 4,5 min [3,4 à

5,1] à 3,5 min [2,5 à 4], P = 0,03), bien que la variation à

l’intérieur de chaque groupe n’ait pas été significative

(groupe didactique: 4,9 à 3,8 min, P = 0,2; groupe

électronique: 3,9 à 2,5 min, P = 0,07; groupe didactique

contre groupe électronique, P = 1,0). Même après

l’enseignement, seulement 65 % des participants ont

commencé le PMCD dans un délai de quatre minutes. Les

scores techniques et non techniques ont été améliorés après

enseignement dans les deux groupes, et aucune différence

n’a été trouvée entre les groupes.

Conclusion Il existe des lacunes chez nos résidents quant

aux connaissances et à la mise en œuvre des protocoles de

réanimation, ainsi que dans les modifications recommandées

dans le cadre de la grossesse. L’enseignement peut améliorer

la performance pour la prise en charge de l’arrêt cardiaque

maternel. La formation en ligne et l’enseignement didactique

ont, tous deux, des avantages comparables.

Maternal cardiac arrest during pregnancy is rare, with one

case for every 20,000–30,000 pregnancies.1,2 Successful

resuscitation of a pregnant woman and survival of the fetus

require prompt, high-quality cardiopulmonary resuscitation

(CPR) with some modifications in basic and advanced

cardiovascular life support techniques as they apply to

pregnancy.3,4 The term ‘‘perimortem Cesarean delivery’’

(PMCD) refers to a Cesarean delivery concurrent with

maternal CPR.5

Katz et al. originally recommended that PMCD be

performed within four minutes of maternal cardiac arrest

and delivery of the infant by five minutes.5 A subsequent

review of published cases from 1985 to 2004 identified 38

cases of PMCD.6 Of the 22 cases where information

regarding maternal hemodynamics was provided, 12

women had sudden, often profound improvement

following delivery of the fetus. For surviving infants, there

was a suggestion that those delivered within five minutes

had a lower incidence of neurological and respiratory

sequelae. Consequently, the authors concluded that PMCD

within four minutes of maternal cardiac arrest improves

maternal and neonatal outcomes. However, these times are

‘‘an extremely tall order that is made more challenging as

maternal cardiac arrest is rare and frequently unexpected.’’7

Furthermore, the 2003–2005 Confidential Enquiry into

Maternal and Child Health (CEMACH) described defi-

ciencies in knowledge and poor resuscitation skills among

obstetrical caregivers and recommended that all clinical

staff undergo regular training in basic and advanced CPR.1

The report also emphasised that changes in medical train-

ing and work patterns have reduced the exposure of junior

medical staff to life-threatening illness and suggested the

use of simulator training.1

Various methods, including simulation8 and written

surveys,9,10 have been used to assess knowledge of

maternal cardiac arrest, although none has assessed the

effectiveness of teaching interventions on subsequent per-

formance during simulations or real life. With regard to

electronic learning (e-learning), Ruiz et al.11 stated that

‘‘several studies outside of health care have revealed that

most often e-learning is at least as good as, if not better

than, traditional instructor-led methods such as lectures in

contributing to demonstrated learning.’’ Evidence suggests

that e-learning is more efficient, and this enhanced effi-

ciency is likely to translate into improved motivation and

performance.12 The e-learners demonstrated increased

retention rates and better utilization of content, resulting in

better achievement of knowledge, skills, and attitudes.12

Some studies, however, used complex e-learning simulator

packages that are not routinely available in all institu-

tions.11,13,14 In the medical education field, conflicting

opinions remain on the efficacy of e-learning vs traditional

instructor-led methods.11,13,14 Our institution currently

employs lecture-style and interactive didactic teaching

sessions for teaching residents, but it also has a well-

established, computer-based continuing medical education

program. We were interested to see if there was a differ-

ence between the two teaching methods in terms of future

development of our teaching program for residents.

The objectives of this study were to test the performance

of anesthesia residents in the management of maternal

cardiac arrest using a high-fidelity simulation and to

compare their subsequent performance following either a

didactic teaching session or completion of an e-learning

module. We hypothesized that teaching would result in

better performance of maternal resuscitation and an earlier

start to PMCD. We also hypothesized that performance

could be potentially affected by the method of teaching.

Time from onset of cardiac arrest to PMCD was considered

Residents’ management of simulated maternal arrest 853

123



the outcome measure as it is a critical step in the man-

agement of maternal cardiac arrest. Moreover, without

early consideration of PMCD, resuscitation efforts are less

likely to be successful.

Methods

Institutional Research Ethics Board approval (Reference

10-206-E, September 2010) was obtained for this pro-

spective, assessor-blinded, observational cohort study.

Anesthesia residents in postgraduate years 2-4 at the Uni-

versity of Toronto who had completed their dedicated

three-month training in obstetrical anesthesia were recrui-

ted, and written informed consent was obtained. All

residents signed a confidentiality agreement not to disclose

study details to anyone other than the study personnel and

not to participate in any other research related to obstetrical

anesthesia during the study period.

A computer-generated randomization sequence (block

sizes of 4; 1:1 allocation ratio) was used to allocate residents to

one of two teaching groups: didactic (Didactic group) or

e-learning (Electronic group). The allocation was concealed

by sequentially numbered, sealed, opaque envelopes contain-

ing the assigned study number and training modality. These

envelopes were prepared and kept by an independent research

assistant, who recruited the participants. Participants were not

aware of the nature of the scenario on which they would be

assessed, which required them to take the role of leader in a

simulated case of maternal cardiac arrest (pulseless electrical

activity [PEA] secondary to amniotic fluid embolus). They

subsequently either participated in a 30-min, narrated Power-

Point�-based teaching session with the research investigator

(A.H.), including time for interactive discussion (Electronic

supplementary material 1), or were given a computerized,

password-protected link to a Word�-based e-learning session

(Electronic supplementary material 2), which they could

complete at their own pace and convenience.

Both teaching methods were standardized to cover the

same information, which was prepared by consensus

among the study investigators after a thorough literature

review. This comprised a review of the respiratory, car-

diovascular, and gastrointestinal physiological changes of

pregnancy, a review of the general adult Advanced Car-

diovascular Life Support (ACLS) guidelines (including the

visual cardiac arrest algorithm), American Heart Associa-

tion (AHA) guidelines on the management of cardiac arrest

during pregnancy (including explanations for those modi-

fications based on the physiological changes of pregnancy),

and a review of when/why/how to perform PMCD.3,4

Participants randomized to the Electronic group were

unable to print the e-learning document or access the e-link

once the full session had been completed. One month after

their teaching intervention, the participants returned to

complete a second simulated maternal cardiac arrest sce-

nario (PEA secondary to massive vaginal hemorrhage).

There was no additional testing on knowledge acquisition

during the study period.

The simulation sessions were conducted at the Program

for Resuscitation Education and Patient Safety Laboratory

at Mount Sinai Hospital. The simulation process itself was

standardized for all participants and used a high-fidelity,

life-sized SimMan� mannequin (Laerdal Medical Canada,

Toronto, ON, Canada) with programmable monitors. The

mannequin had palpable pulses, an airway that could be

intubated, and chest movement with appropriate ventila-

tion. To optimize realism, an abdominal flap was fitted over

the mannequin’s abdomen that could be lifted for delivery

of the fetus.

Participants were orientated to the simulation room,

mannequin, and available equipment. The debriefing and

evaluation processes were explained. Participants were

specifically instructed that they should perform all actions

as in a real-life case and verbalize their thoughts to enable

appropriate evaluation. They were also asked to verbalize

the actions that, as per the standard policy of the simulation

laboratory, could not be performed on the mannequin (such

as placement of a second intravenous line or drug injec-

tion), although these actions were ‘‘performed’’ by the

actors using the appropriate equipment in real time. Drug

vials contained normal saline instead of real medications.

Defibrillation equipment was available and functioned for

monitoring and shock delivery if and when requested. The

simulations were performed with a common team of actors

in the roles of obstetrician, nurse, and respiratory therapist.

The programmer and actors were provided with guidelines

on how often and what specific verbal responses should be

provided in real time, either voluntarily or in response to a

participant’s question. After the first simulation session,

participants received general feedback by the study inves-

tigator. However, given the nature of the study, no specific

teaching comments or learning points were made at this

stage. This deviation from standard simulation debriefing

procedures was explained to participants, who were

informed that they would learn via the study teaching

methods and receive a more focussed debriefing after the

second session. Participants were not aware of the outcome

measures or assessment criteria. The debriefing after the

second session involved interactive oral feedback and a

constructive critique, along with the opportunity for par-

ticipants to provide the study investigators with feedback

on their experience. The duration of the debriefing after

this session varied depending on the participant but in all

cases covered the areas discussed above.

Digital videography was used to record the simulation

scenarios, with vital signs superimposed on the image.

854 A. Hards et al.

123



The recordings were later independently reviewed and

scored on both technical and nontechnical skills by two

assessors blinded to group allocation, the training level of

the participant, and scores given by the other rater. The

assessors were experts in obstetrical anesthesia and simu-

lation assessment and received the recordings in random

order. The time from onset of cardiac arrest to the start of

PMCD was recorded using the automated stopwatch dis-

played during the video recording. Starting time for PMCD

was defined as the time at which participants instructed the

obstetrician to make the skin incision. The technical skills

were assessed using a checklist (Appendix) developed by

consensus among the study investigators and based on

recent AHA guidelines.3,4 Participants were expected to

verbalize their identification of the arrest rhythm and

potential causes as per standard ACLS management. For

general ACLS skills, a score of 0 to 2 was assigned, where

0 = not done, 1 = done but with errors, and 2 = per-

formed correctly. For pregnancy modifications, participants

scored 1 if the task was done and 0 if it was not. Both

scores were added to give a final overall technical score.

The Anaesthetists’ Non-Technical Skills15 (ANTS) scoring

system was used for nontechnical skills. It is a reliable and

previously validated scale that scores participants on a

scale of 1-4 (1 = poor, 2 = marginal, 3 = acceptable,

4 = good) for each of four categories (task management,

team working, situational awareness, decision-making).

Prior to assessing the video recordings, both assessors were

provided with the ANTS literature and the user manual.A

Before independently rating the study recordings, the

assessors viewed recordings unrelated to the study and

discussed their ratings to produce a consensus rating.

The primary outcome measure was the difference in

time from cardiac arrest to the start of PMCD in the pre-

teaching and post-teaching sessions. Secondary outcomes

were differences in time to PMCD between the two

teaching methods and differences in the technical and

nontechnical skills scores between the two teaching groups.

Statistical analysis

Descriptive statistics using medians and interquartile ran-

ges were used to summarize the primary outcome measure

because of the skewed distributions and the small sample

size. The time from the arrest to the start of PMCD was

compared prior to and after teaching using nonparametric

Wilcoxon signed-rank tests for paired data, as were the

continuous and ordinal secondary outcome measures (dif-

ferences in technical and nontechnical skills scores).

Nonparametric Mann-Whitney U-tests were performed for

the secondary analyses (comparison of outcomes between

the two teaching groups). Interrater reliability for the

consistency of ANTS scores was calculated by intraclass

correlation coefficients (ICCs) (1, 2) using average mea-

sures similar to the model of Shrout and Fliess.16 All

analyses were conducted with SAS version 9.2 software

(SAS, Cary, NC, USA). P \ 0.05 was considered statisti-

cally significant.

There is currently limited information on the effective-

ness of teaching interventions for the improvement of

decision-making for PMCD. A previous study reported a

successful outcome when PMCD was performed within

15 min of arrest, although no cases were done within

5 min.17 Therefore, we assumed that a mean time of

10 min would be required to start PMCD during the pre-

teaching sessions.17 Using sample size calculations for

Wilcoxon signed-rank tests, 20 participants were required

to detect a significant sum of ranks of 158 (i.e., a reduction

in time to PMCD following training in 11 participants) and

also to detect a difference in the median change in time to

PMCD of C 2.5 min between two randomly assigned

education methods, with 80% power and a type I error of

0.05.18,19 Residents were invited to participate on an

ongoing basis until the required sample size was achieved.

Results

The study was conducted between November 2010 and

May 2011. Of the 60 residents invited to participate, the

first 20 who agreed and participated in both sessions were

A http://www.abdn.ac.uk/iprc/ants; accessed October 24, 2010.

Table 1 Participant characteristics

Characteristics Didactic

Group n = 10

Electronic

Group n = 10

Age (yr) 28 (1.5) 30 (1.8)

Residency year

PGY2 6 (60%) 7 (70%)

PGY3 3 (30%) 2 (20%)

PGY4 1 (10%) 1 (10%)

Current ACLS certification 8 (80%) 10 (100%)

ACLS certification in

preceding 3 years

2 (20%) 0

Previous simulation

training

10 (100%) 10 (100%)

No. of prior simulation

sessions*

5.2 (3.8) 5.7 (2.8)

Previous anesthesia

experience (months)

17.8 (12.2) 17.4 (6.9)

Values expressed as mean (SD) or n (%)

PGY = postgraduate year; ACLS = Advanced Cardiovascular Life

Support

*Sessions other than ACLS
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recruited. Ten were randomized to each study group, and

they all completed both simulation sessions. The details of

their characteristics are shown in Table 1. Each participant

had completed at least three months of dedicated obstet-

rical anesthesia teaching and had previously undergone

simulator training using the SimMan� mannequin. Only

one participant had seen a real-life maternal cardiac arrest.

Overall, there was a significant improvement in the time

to decision for PMCD after teaching from a median

(interquartile range [IQR]) of 4.5 [3.4, 5.1] min to 3.5 [2.5,

4.0] min (P = 0.03). However, there was no significant

change from baseline either within or between groups

(Table 2). At post-teaching sessions, 60% of participants in

the Didactic group started PMCD within four minutes of

maternal cardiac arrest, compared with 70% in the Elec-

tronic group. Overall, technical skills scores improved after

the teaching intervention (P \ 0.001), and there was no

statistically significant difference in the change seen

between the two groups (Table 3).

During their baseline assessment, many residents did not

perform required life support tasks or the recommended

modifications of these tasks for pregnancy (Table 3). The

poorly performed skills were drug administration (dose

and/or timing), consideration of the cause of the arrest, and

rhythm recognition. Except for recognition of cardiac

arrest, none of the life support skills had significantly

improved at the post-teaching sessions. In terms of modi-

fications for pregnancy, a high percentage of participants

called for obstetrical help, applied left uterine displacement

(LUD), and intubated early; but only a small proportion

adjusted hand position during compressions or applied

cricoid pressure during bag-mask ventilation. Although the

latter two skills improved significantly after teaching, they

were performed in only \ 50% of cases. The request for

neonatology assistance remained consistently poor

throughout the study, and the number of participants

requesting senior anesthesiology assistance decreased at

the post-teaching simulation.

The scores for the ANTS categories improved signifi-

cantly after teaching. However, there was no difference in

the change from baseline between the two groups

(Table 4). The ICCs in pre-teaching and post-teaching

ratings were 0.78 and 0.60, respectively, which indicates

moderate to substantial consistency of the assessors’

scores.

Discussion

This study demonstrated that teaching improves anesthesia

residents’ performance for addressing simulated maternal

cardiac arrest but showed no difference between didactic

teaching and e-learning. After specific teaching, most

participants were able to perform PMCD within the rec-

ommended time frame of four minutes from the onset of

maternal cardiac arrest.

Our study showed that residents were aware of the need

for PMCD, with 85% requesting it before their teaching

intervention and 100% afterward. At the baseline session,

only 65% considered ‘‘bedside’’ PMCD; this proportion

had improved to 95% at the post-teaching session. Fol-

lowing teaching, the median decision time from cardiac

arrest to starting PMCD improved to less than four min-

utes, although no difference was seen between the two

teaching groups. Although these results initially seem

encouraging, only 60% of participants requested PMCD

within four minutes of the arrest.

Previous studies looking at real-life PMCD have shown

that it rarely occurs within five minutes of the onset of

cardiac carrest.20 For example, a review of cases in The

Netherlands between 1993 and 200817 showed that of eight

in-hospital arrests no PMCDs were performed in less than

Table 2 Effect of teaching on perimortem Cesarean delivery parameters and technical skills scores

Pre-teaching Post-teaching Difference (post - pre) P
Median (IQR) Median (IQR) Median (IQR)

Time to PMCD (min)

Overall 4.5 (3.4, 5.1) 3.5 (2.5, 4.0) -1.1 (-1.8, 0.2) 0.03

Didactic group 4.9 (3.7, 6.9) 3.8 (3.6, 4.3) -1.0 (-3.3, 0.8)* 0.20

Electronic group 3.9 (3.4, 4.5) 2.5 (2.3, 3.4) -1.4 (-1.8, 0.2)* 0.07

Technical skills score (maximum 27)

Overall 16.0 (13, 19.5) 22.5 (19, 23.5) 4.5 (1, 8) \0.001

Didactic group 15.5 (12, 16) 20.0 (19, 23) 6.0 (2, 8)� 0.004

Electronic group 19.0 (15, 21) 23.0 (21, 24) 4.0 (0, 8)� 0.04

IQR = interquartile range, PMCD = perimortem Cesarean delivery

*Wilcoxon rank sum test for differences in time to PMCD over baseline between groups: Z = 0.00, P = 1.00

�Wilcoxon rank sum test for differences in change in technical skills over baseline between groups: Z = 0.80, P = 0.43
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5 min, three occurred within 5-15 min, four in 16-20 min,

and one took [ 31 min. The debate regarding the realism

of commencing an incision within four minutes of arrest is

therefore ongoing, and our results further highlight this

question. In real life, mobilizing the cardiac arrest team

from remote areas of the hospital, securing intravenous

access, and moving the operative equipment to the bedside

are necessary interventions but were not practical in our

simulation. Consequently, we believe that it may be more

realistic if teaching and guidelines do not focus on absolute

time frames but, rather, on the recognition that PMCD is

one of the early interventions to consider if a pregnant

patient does not respond to initial resuscitation measures.

In our study, despite all residents except two holding

current ACLS certification, some key skills were per-

formed poorly, both before and after teaching, a finding

consistent with those of Lipman et al.8 Many residents

were unsuccessful in identifying the arrest rhythm,

considering the cause, and administering the appropriate

medications. As these skills are essential for resuscitation,

our observations highlight the importance of ongoing

teaching and revision of ACLS algorithms. Other studies9

have also found that anesthesia, obstetrical, and emergency

medicine specialists have inadequate knowledge of

maternal resuscitation measures, including the need for

LUD and the potential benefit of early Cesarean delivery.

Another study showed that none of the teams in a simulated

cardiac arrest scenario provided adequate chest compres-

sions, although 15 of 18 delivered the fetus via operative

vaginal delivery within five minutes (median [IQR] 2.51

[2.23, 3.55]).8

Some of the ACLS modifications for pregnancy were

performed by a large number of participants in our study

(i.e., choosing a smaller-diameter endotracheal tube, intu-

bating early, applying LUD). However, although initially a

low percentage applied cricoid pressure for bag-mask

Table 3 Number of participants performing individual technical tasks

Overall Didactic group (n = 10) Electronic group (n = 10)

Pre n (%) Post n (%) Pre n (%) Post n (%) Pre n (%) Post n (%)

Perimortem Cesarean delivery parameters

Requested PMCD 17 (85) 20 (100) 8 (80) 10 (100) 9 (90) 10 (100)

Concurrent CPR during PMCD 13 (65) 19 (95)* 5 (50) 9 (90)* 8 (80) 10 (100)

P = 0.01 P = 0.05

Bedside PMCD 13 (65) 19 (95)* 6 (60) 9 (90) 7 (70) 10 (100)

P = 0.03

Decision to delivery B 4 min 7 (35) 12 (60) 2 (20) 5 (50) 5 (50) 7 (70)

Life Support Skills

Immediately recognizes cardiac arrest 11 (55) 18 (90)* 4 (40) 10 (100) 7 (70) 8 (80)

P = 0.008

Identifies arrest rhythm 9 (45) 11 (55) 4 (40) 6 (60) 5 (50) 5 (50)

Calls ‘‘code blue’’ 13 (65) 17 (85) 5 (50) 8 (80) 8 (80) 9 (90)

Considers arrest cause 5 (25) 8 (40) 3 (30) 3 (30) 2 (20) 5 (50)

Gives drugs as per algorithm 9 (45) 12 (60) 5 (50) 6 (60) 4 (40) 6 (60)

Performs asynchronous compressions 13 (65) 20 (100) 4 (40) 10 (100) 9 (90) 10 (100)

Modifications for pregnancy

Calls obstetrician 18 (90) 20 (100) 8 (80) 10 (100) 10 (100) 10 (100)

Calls senior anesthesiologist 16 (80) 9 (45) 6 (60) 2 (20) 10 (100) 7 (70)

Calls neonatologist 6 (30) 7 (35) 2 (20) 3 (30) 4 (40) 4 (40)

Bag-mask ventilation with cricoid pressure 2 (10) 9 (45)* 1 (10) 5 (50) 1 (10) 4 (40)

P = 0.02

Rapid intubation 13 (65) 16 (80) 6 (60) 8 (80) 7 (70) 8 (80)

Smaller ETT 10 (50) 15 (75)* 2 (20) 6 (60)* 8 (80) 9 (90)

P = 0.03 P = 0.05

LUD 16 (80) 17 (85) 8 (80) 8 (80) 8 (80) 9 (90)

Adjusts hand position 3 (15) 9 (45)* 0 (0) 5 (50) 3 (30) 4 (40)

P = 0.03

Pre: pre-teaching; Post: post-teaching; PMCD = perimortem Cesarean delivery, CPR = cardiopulmonary resuscitation, ETT = endotracheal

tube, LUD = left uterine displacement. *Indicates significant difference
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ventilation, use of this measure increased significantly at

the post-teaching session. Given the increased risk of

aspiration in pregnant patients, the importance of cricoid

pressure needs to be reinforced in residents’ teaching. Of

note, perhaps the one seemingly atypical result in this

section was that the number of participants calling for

senior anesthesia assistance fell across all groups at the

post-teaching sessions. This was noted despite the fact that

an early call for senior help is emphasized throughout

anesthesia training, and the pre-simulation briefing

emphasized the availability of additional assistance if

requested. This result may reflect a concerning and inap-

propriate overconfidence among participants. The

CEMACH report also emphasized the need for all clini-

cians to recognize their limitations and call for assistance.1

We do recognize, however, that this could be an artifact of

the simulation process itself, not something that would

translate into real-life practice.

There was significant improvement in each of the four

categories of the ANTS after teaching, both overall and

within groups, although no difference was seen between

the two groups. Scores improved in most cases from the

‘‘marginal’’ to the ‘‘acceptable’’ category, which could

potentially translate into a clinically significant improve-

ment. Similar improvements in anesthesia residents’

nontechnical skills during anesthesia emergencies and

weaning from cardiopulmonary bypass have been shown

previously.21,22

Our study does have some limitations. The sample size

met our pre-study calculation but nevertheless was small,

which may limit the generalizability of our findings.

However, it was an observational study designed to provide

some initial data and in the absence of previous research

can provide a foundation for future investigations in this

area. Another concern was that the additional experience

of the more senior trainees may have affected results;

however, the distribution of trainees was based on ran-

domization, and there was no difference in overall

experience between the groups. We did not include a ‘‘no

teaching’’ control group as the pretest simulation was used

for the sole purpose of baseline comparison of the two

groups. As described, limited feedback was offered after

this session to minimize bias and to allow reliable testing of

the effect of the teaching interventions.

Our checklist for technical skills was developed by the

authors and did not undergo validation testing. However,

similar to the modified checklist used by Lipman et al.,8 it

was derived from current published AHA guidelines and

addressed areas critical to the optimal performance of

ACLS in the parturient. Future studies are needed to

establish the validity of this checklist for formative and

summative assessment of participants.

Table 4 Effect of teaching on Anesthetists’ Non-Technical Skills (ANTS) scores

Pre-teaching Post-teaching Difference (post - pre) P

Task Management (TM)

Overall 2.4 (0.7) 3.2 (0.5) 0.8 (0.7) \0.001

Didactic group 2.2 (0.7) 3.0 (0.4) 0.8 (0.8)* 0.02

Electronic group 2.7 (0.6) 3.4 (0.5) 0.8 (0.7)* 0.01

Team Working (TW)

Overall 2.7 (0.6) 3.4 (0.5) 0.6 (0.6) 0.001

Didactic group 2.6 (0.6) 3.2 (0.5) 0.6 (0.7)� 0.02

Electronic group 2.9 (0.5) 3.5 (0.4) 0.6 (0.5)� 0.008

Situational Awareness (SA)

Overall 2.2 (0.7) 3.0 (0.6) 0.8 (0.8) 0.001

Didactic group 1.9 (0.6) 2.9 (0.6) 0.8 (0.8)§ 0.01

Electronic group 2.5 (0.7) 3.2 (0.7) 0.7 (0.8)§ 0.04

Decision Making (DM)

Overall 2.4 (0.8) 3.2 (0.6) 0.8 (0.8) \0.001

Didactic group 2.1 (0.8) 2.9 (0.5) 0.8 (0.9)� 0.03

Electronic group 2.7 (0.8) 3.4 (0.6) 0.7 (0.7)� 0.008

Values are expressed as mean (SD)

*Wilcoxon rank sum test for differences in change in TM scores over baseline between Didactic and Electronic groups: Z = 0.49, P = 0.63

�Wilcoxon rank sum test for differences in TW scores over baseline between groups: Z = 0.61, P = 0.55

§Wilcoxon rank sum test for differences in SA scores over baseline between groups: Z = 1.06, P = 0.29

�Wilcoxon rank sum test for differences in change in DM scores over baseline between groups: Z = 0.04, P = 0.97

858 A. Hards et al.

123



Despite blinding to the teaching groups, based on the

simulation scenario the assessors would have been able to

discern between the two sessions, although the automated

time recordings and the objective checklist minimized this

potential bias. We chose two cardiac arrest scenarios with

similar basic principles of management, rather than a single

scenario, to minimize the influence of the case or content

specificity or resident recall to bias performance. Further-

more, we wanted to determine if the knowledge gained

would be applicable to other, similar situations.

It might have been more beneficial to investigate our

hypothesis by conducting the simulation within a labour

and delivery setting to increase the realism of the scenario.

In our institution this is not logistically feasible due to

patient care requirements. In addition, it is important to

remember that maternal cardiac arrest can occur in any

setting, both inside and outside a hospital.

In summary, we have shown that anesthesia residents

have significant gaps in knowledge and implementation of

standard ACLS protocols and the recommended modifi-

cations for pregnancy. Although teaching leads to

improvements in knowledge and performance, in our study

e-learning and didactic learning showed similar benefits in

terms of skill acquisition and early knowledge retention.

Frequent training and practice in managing maternal car-

diac arrest is necessary to improve decision-making

regarding the necessity of early Cesarean delivery.
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Appendix: Technical skills checklist

Life support skills

Action Not

done

Done but

with

errors

Done

correctly

Recognizes the clinical change

and reassesses

0 1 2

Starts basic life support 0 1 2

Identifies arrest rhythm 0 1 2

Calls ‘‘code blue’’ 0 1 2

Calls for crash cart 0 1 2

Considers appropriate cause 0 1 2

Gives drugs as per algorithm 0 1 2

Postintubation asynchronous

compressions

0 1 2

Modifications for pregnancy

Calls for obstetrician Y / N

Calls for senior anesthesiologist Y / N

Calls for neonatologist Y / N

Bag-mask ventilation

with cricoid pressure

Y / N

Rapid intubation Y / N

Uses smaller-diameter

endotracheal tube

Y / N

Applies left uterine displacement Y / N

Adjusts hand position for

compressions

Y / N

Requests bedside

perimortem CD

Y / N

Performs concurrent CPR Y / N

Treats the pregnancy

and case-specific cause

Y / N

Total maximum score = 27

CD = Cesarean delivery; CPR = cardiopulmonary resuscitation
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