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Introduction

The American Heart Association (AHA) first released 
the Pediatric Advanced Life Support (PALS) course in 
1988. Since then, the course has undergone substantial 
transformation and is presently the standard for resusci-
tation training for pediatric health care providers in the 
United States. Its relevance has greatly increased over 
the past few decades.1,2 Pediatric residents are required 
to obtain PALS certification at the beginning of their 
residency and to recertify every 2 years.3 The AHA 
Emergency Cardiovascular Care Committee updated the 
PALS guidelines in 2015 and still recommends that resi-
dents recertify after 2 years.4

The goal of PALS is to improve the quality of care 
provided in pediatric emergencies and, consequently, 

patient outcomes. Through the PALS course, trainees 
gain skills in pediatric assessment and basic life support, 
enabling them to handle pediatric emergencies and criti-
cally ill children.5,6

The AHA PALS course consists of 3 parts. The first is 
a computer-based knowledge assessment using e-Simu-
lation, the second is a skills practice session, and the third 
is an assessment of the skills learned by participants. 
Both the second and third parts are conducted under the 
supervision of an AHA PALS instructor.
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Abstract
Objectives. We assessed pediatric residents’ retention of knowledge and clinical skills according to the time since 
their last American Heart Association Pediatric Advanced Life Support (AHA PALS) certification. Methods. Sixty-four 
pediatric residents were recruited and divided into 3 groups based on the time since their last PALS certification, 
as follows: group 1, 0 to 8 months; group 2, 9 to 16 months, and group 3, 17 to 24 months. Residents’ knowledge 
was tested using 10 multiple-choice AHA PALS pretest questions and their clinical skills performance was assessed 
with simulation mock code scenarios using 2 different AHA PALS checklists, and mean scores were calculated for 
the 3 groups. Differences in the test scores and overall clinical skill performances among the 3 groups were analyzed 
using analyses of variance, χ2 tests, and Jonckheere-Terpstra tests. Statistical significance was set at P < .05. Results. 
The pediatric residents’ mean overall clinical skills performance scores declined within the first 8 months after their 
last AHA PALS certification date and continued to decrease over time (87%, 82.6%, and 77.4% for groups 1, 2, and 
3, respectively; P = .048). Residents’ multiple-choice test scores declined in all 3 groups, but the scores were not 
significantly different. Conclusions. Residents’ clinical skills performance declined within the first 8 months after PALS 
certification and continued to decline as the time from the last certification increased. Using mock code simulations 
and reinforcing AHA PALS guidelines during pediatric residency deserve further evaluation.
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Most pediatric residency programs in the United 
States require PALS certification to ensure that their 
residents have the necessary knowledge and clinical 
skills for dealing with emergencies and critically ill chil-
dren, as these basic skills are essential for providing 
vital organ resuscitation.

One challenge pediatric programs face is how to 
maintain the residents’ PALS knowledge and clinical 
skills throughout their training. Residents should always 
be well prepared for pediatric emergencies, as they may 
occur anytime and anywhere, including in outpatient 
settings. Unfortunately, residents’ resuscitation knowl-
edge and clinical skills performance diminish over time, 
partially because they witness fewer real pediatric codes 
during their training years. Furthermore, the only real 
hands-on opportunities residents have to reinforce their 
knowledge of and experience with these scenarios are 
limited to their rotations in the emergency room (ER) 
and pediatric/neonatal intensive care units (PICUs/
NICUs). This, coupled with a decrease in duty hours, 
academic responsibilities, and lack of simulation of crit-
ical/emergency care scenarios, can lead to poor PALS 
skill performance.7 In our institution, residents spend on 
average 3 months in the ER, 3 months in the NICU, and 
2 months in the PICU, and they are not part of the trans-
port team.

To combat knowledge loss, the current AHA PALS 
course uses advanced simulation techniques, which 
reinforce effective resuscitation approaches and team 
dynamics. The AHA PALS course sets the passing score 
for the knowledge-based written multiple-choice ques-
tion (MCQ) test at 84%. Resuscitation skills are then 
tested, with each trainee being required to correctly per-
form all (100%) of the clinical performance steps for 
each clinical scenario assigned. Research has shown that 
the efficiency of residents’ life-saving procedures 
greatly increases immediately after completing PALS 
training.8 Another study reported better retention of 
PALS knowledge 1 year after course completion in pedi-
atric residents than in other groups of learners (nurses, 
paramedics).9 This is likely due to the academic curricu-
lum of the pediatric residency program versus other pro-
grams, including greater exposure to repetitive teaching 
sessions and skill/knowledge reinforcement during rota-
tions, especially in the ER and PICU.

Indeed, the current literature emphasizes the need 
for frequent practice sessions to reinforce PALS guide-
lines.3,7-13 Repetitive practice via simulations and the 
reinforcement of PALS guidelines can facilitate suc-
cessful outcomes in pediatric emergencies, which is 
critical because pediatric codes can happen at any time 
during and after training, even in primary care offices. 
Thus, all pediatricians should be prepared to manage 

such emergencies. However, whether there is a need to 
modify AHA PALS training or increase its frequency to 
enhance resident performance, comfort, and confidence 
remains unclear. To resolve this, it is important to 
understand how pediatric residents’ PALS knowledge 
and skills are affected over the 2-year period following 
their AHA PALS certification.

Therefore, the aim of the present study was to use 
AHA PALS course material (ie MCQ and case scenario 
testing checklists) to assess the knowledge retention, 
clinical skill performance, and adherence to PALS 
guidelines by our pediatric residents who were grouped 
according to the time since their last PALS certification 
(0-8, 9-16, and 17-24 months). We thought that by using 
the AHA PALS tools themselves, we would be able to 
more reliably evaluate the retention of knowledge and 
skills gained during AHA PALS certification.

Materials and Methods

Our institutional review board approved this study 
(#798405-5). Written consent was not obtained because 
this evaluation was a part of the residents’ teaching ses-
sions. We conducted this study at a university hospital in 
an urban setting from June 2015 to January 2016. Sixty-
four of the 82 pediatric residents in our institution were 
included in the study. All residents were AHA PALS cer-
tified, as required by our institution, before starting their 
training as a postgraduate year (PGY) 1 resident, and 
then recertified after 24 months before the start of PGY 
3. Residents were tested on weekdays during their day-
shifts and divided into 3 groups based on the time from 
their last PALS certification or recertification date, as 
follows: group 1 (0-8 months; n = 21), group 2 (9-16 
months; n = 22), and group 3 (17-24 months; n = 21). 
Those not participating were either on vacation, night 
float or at an outside rotation.

Participants had a 15 minute advance notice before 
their testing and were instructed not to share any of the 
clinical scenarios thereafter. All residents were current 
with their AHA PALS certification before and during the 
study period, meaning they had performed 100% of the 
skills correctly during AHA/PALS testing. We used 
AHA PALS course material as an evaluation tool to be 
more objective in our assessments.14 To test for theoreti-
cal knowledge, all residents were given the same 10 
MCQs, which were selected from the AHA PALS pre-
course self-assessment tool, and allowed 15 minutes to 
complete the test.15 These questions assessed their 
knowledge of airway management, identification of car-
diac rhythms, fluid management, and medication use in 
pediatric emergencies. A pass mark of 84% was required 
for this component.
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We assessed each resident’s decision-making skills 
by testing them on one of the AHA PALS mock code 
clinical scenarios. The actual AHA PALS course 
includes 12 practice case scenarios. We tested our resi-
dents’ clinical performance using either a respiratory 
(Upper Airway Obstruction) or a cardiac (Asystole/
Pulseless Electrical Activity) scenario. The scenarios 
were alternated between consecutive subjects. Mock 
code sessions were performed using high-fidelity sim-
ulators. Each resident tested was evaluated as the “team 
leader” of the scenario assigned. He/she was expected 
to direct the other team members to perform the neces-
sary steps listed in the AHA PALS evaluation checklist. 
Chief residents acted as facilitators. ER fellows and 
nurses, who were not participating in the study, acted 
as team members during the case scenario testing. 
Residents were provided with an AHA PALS pocket 
reference card, which contained the PALS guidelines, 
at the start of the testing and were allowed to use the 
card during the session. Each resident was given a brief 
clinical scenario, such as “A 1-year old child is brought 
in by first responders from home after the mother 
called 911 because the child was experiencing breath-
ing difficulties.” Each session lasted approximately 15 
minutes. A short debrief was conducted after the test-
ing session to address knowledge gaps and to allow 
time for questions and teaching of specific hands-on 
skills. Residents tested were instructed not to share the 
scenario used with other residents. The sessions were 
not videotaped nor the information shared with other 
residents.

To score each resident’s performance, we used the 
AHA PALS Case Scenario Testing Checklists (Tables 1 
and 2). These checklists assess different areas of the 
clinical performance steps. For each case scenario, the 
resident was evaluated on his/her team leadership skills, 
patient management skills, and final case conclusion. 
Each box (skill) was checked on the list if the task was 
performed correctly. Team leader skills included 2 items, 
namely, team member role assignments and effective 
communication throughout the testing session. The 
patient management performance skills section included 
8 items in each of the 2 scenarios tested.

The present study utilized the same 3 evaluators for 
each of the residents tested, including a pediatric inten-
sivist, pediatric emergency medicine physician, and a 
pediatric emergency medicine fellow. All 3 evaluators 
had completed the official AHA PALS instructor course. 
Prior to implementation, evaluators met to review the 
checklist tool to improve consistency in their assessment 
of each of the tasks completed. The same 3 evaluators 
scored each resident’s session. Evaluators did not lead or 
prompt residents during their session.

Similar to the official AHA PALS certification 
examination, the evaluation was pass or fail and no 
partial credit was given on any of the tasks listed on the 
checklist. All tasks in the checklist had to be performed 
satisfactorily in order to pass. We set the same criteria 
for passing or failing for the clinical skills assessment 
in our study. The Case Scenario Checklists for Asystole/
Pulseless Electrical Activity and Upper Airway 
Obstruction had 11 and 12 checkpoints, respectively. 
The results were expressed in terms of percentages for 
each case scenario. The mean score from all 3 evalua-
tors was calculated for each resident, and the overall 
means of the 3 groups were compared.

Statistical Analysis

We used SAS 9.4 (SAS Institute, Cary, NC) software for 
the analysis. To identify differences in the written MCQ 
test scores and overall skill performance scores among 
the 3 groups, we used analysis (ANOVA) of variance 
with Tukey adjustments for multiple comparisons. 

Table 1.  AHA PALS Case Scenario Testing Checklists: 
Asystole/PEA.

Clinical Performance Steps
Check if Done 

Correctly

Team leader
  Assign team member roles  
  Uses effective communication 

throughout
 

Patient management
  Recognizes cardiopulmonary arrest  
  Directs initiation of CPR by using 

the C-A-B sequence and ensures 
performance of high-quality CPR 
at all times

 

  Directs placement of pads/leads 
and activation of monitor

 

  Recognizes asystole or PEA  
  Directs IO or IV access  
  Directs preparation of appropriate 

dose of epinephrine
 

  Directs administration of 
epinephrine at appropriate intervals

 

  Directs checking rhythm on the 
monitor approximately every 2 
minutes

 

Case conclusion
  Verbalizes consideration of at least 3 

reversible causes of PEA or asystole
 

Abbreviations: AHA, American Heart Association; PALS, Pediatric 
Advanced Life Support; PEA, pulseless electrical activity; CPR, 
cardiopulmonary resuscitation; IO, intraosseous; IV, intravenous.
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Within the overall skill performance checklist, we also 
determined the sub-scores for team leader, patient man-
agement, and case conclusion. The non-parametric 
Jonckheere-Terpstra test was used to identify differ-
ences over time (among the groups) for these secondary 
outcomes due to their nonnormal distribution. The χ2 
test was used to compare the residents’ passing/failing 
the written test. Differences were considered significant 
at P < .05.

Results

Residents’ characteristics such as sex, medical school 
attendance in the United States versus a foreign country, 
and time since medical school graduation were not sig-
nificantly different among the groups (Table 3).

Theoretical Knowledge Assessment

We accepted the same passing score for our written test 
as the actual AHA PALS examination, which is 84%. We 
found that residents performed poorly on the written 
MCQ test, with the majority of residents in each group 
failing (ie, scoring <84%). The numbers of residents in 
each group that passed/failed were 9/12, 8/14, and 8/13 
in groups 1, 2, and 3, respectively. No statistically sig-
nificant differences in the number of residents who 
passed/failed were identified among the 3 groups. 
Residents’ mean test scores were 83%, 79%, and 82% 
for groups 1, 2, and 3, respectively, and these scores did 

not differ significantly among the groups (P = 0.55 
[ANOVA]; Table 4).

Clinical Skill Performance Assessment

As is the case during actual AHA PALS certification, 
here, all clinical performance steps in the checklist of 
the assigned clinical scenario had to be performed cor-
rectly in order for the resident to pass (Tables 1 and 2). 
Residents’ mean overall clinical skill performance score 
started to decline in the first 8 months and continued to 
diminish over the 2 years after PALS certification, as 
indicated by significantly different scores among the 
groups (87.00%, 82.64%, and 77.38% in groups 1, 2, 
and 3, respectively; P = 0.048; Table 5). Specifically, 
the overall mean score of group 1 was 9.6 points higher 
(95% confidence interval [CI] = 0.5 to 18.8) than that of 
group 3 (P = .04). However, the differences between 
groups 1 and 2 (4.6, 95% CI = −4.7 to 13.4, P = .38) 
and groups 2 and 3 (5.3, 95% CI = −3.8 to 14.3, P = 
.35), were not statistically significant (Figure 1).

Within the overall skill performance score, we fur-
ther evaluated the scores for the 3 clinical performance 
subsections in each case scenario (ie, team leader, 
patient management, and case conclusion; Table 5). We 
found that residents in group 1 received full credit for 
the team leader skills section. However, team leader 
median scores significantly declined over time after 8 
months (P = .035). Residents’ patient management 
skills scores were similar between groups 1 and 2, but 

Table 2.  AHA PALS Case Scenario Testing Checklist: Upper Airway Obstruction.

Clinical Performance Steps
Check if Done 

Correctly

Team leader
  Assign team member roles  
  Uses effective communication throughout  
Patient management section for upper airway obstruction
  Directs assessment of airway, breathing, circulation, disability, and exposure, including vital signs  
  Directs manual airway maneuver with administration of 100% oxygen  
  Directs placement of pads/leads and pulse oximetry  
  Recognizes signs and symptoms of upper airway obstruction  
  Categorizes as respiratory distress or failure  
  Verbalizes indications of assisted ventilations or CPAP  
  Directs IV or IO access  
  Directs reassessment of patient in response to treatment  
Case conclusion
  Summarizes specific treatments for upper airway obstruction  
  Verbalizes indications for endotracheal intubation and special considerations when intubation is 

anticipated
 

Abbreviations: AHA, American Heart Association; PALS, Pediatric Advanced Life Support; CPAP, continuous positive airway pressure; IO, 
intraosseous; IV, intravenous.
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significantly declined in group 3. All 3 groups per-
formed well on the case conclusion assessment receiv-
ing full credit for this section, with no statistical 
differences among the groups (P = .14).

Discussion

Currently, AHA PALS training courses are the only man-
datory means of training pediatric residents for pediatric 
emergencies. The retention of PALS knowledge and skill 
development is crucial for successful outcomes in 

pediatric emergencies.16 Understanding the effects time 
has on the retention of PALS knowledge and skills is 
essential for recognizing the optimal timing for retrain-
ing and for establishing what factors may help counteract 
the gradual loss of PALS knowledge and skills over time. 
However, studies evaluating the effects of time on PALS 
knowledge retention are scarce. To our knowledge, ours 
is the only study to use AHA PALS testing material to 
assess the retention of both knowledge and clinical skills 
performance in pediatric residents according to the time 
since their last PALS certification.

Table 3.  Demographic and Background Data.

Characteristic
0-8 Months 
(N = 21)

9-16 Months 
(N = 22)

17-24 Months 
(N = 21) Pa

Gender, n (%)
  Males 11 (52.4%) 6 (27.3%) 9 (42.9%)  
  Females 10 (47.6%) 16 (72.7%) 12 (57.1%) .25
Country of medical school training, n (%)
  IMG 17 (80.9%) 17 (77.3%) 18 (85.7%)  
  AMG 4 (19.1%) 5 (22.7%) 3 (14.3) .92
Duration since medical school 
graduation, mean (SD)

1.71 (2.53) 2.0 (3.22) 4.32 (5.05) .52

PGY year
  PGY 1 17 2 2  
  PGY 2 0 4 19  
  PGY 3 4 16 0  

Abbreviations: IMG, international medical graduate; AMG, American medical graduate; SD, standard deviation; PGY, postgraduate year.
aP values were based on the Fisher’s exact or Kruskal-Wallis tests, as appropriate.

Table 4.  Results From Multiple-Choice Examination Assessing AHA PALS Knowledge.

Group 1 (0-8 Months) Group 2 (9-16 Months) Group 3 (17-24 Months) P*

Fail (%) 57.14 63.64 61.9 .9
Pass (%) 42.86 36.63 38.1  
Test score, mean/SD 82.86/13.47 78.64/16.99 82.38/9.95 .55

Abbreviations: AHA, American Heart Association; PALS, Pediatric Advanced Life Support; SD, standard deviation; ANOVA, analysis of 
variance.
*P value for written test was based on ANOVA. P values for pass/fail were based on χ2 test.

Table 5.  Results From Clinical Skill Performance Assessment.

Group 1 (0-8 Months) Group 2 (9-16 Months) Group 3 (17-24 Months) P*

Overall mean (SD) 87.00 (13.30) 82.64 (10.23) 77.38 (13.33) .048
Team leader, median (25th to 
75th percentile)

100 (50-100) 66.5 (33-100) 75 (16-83) .035

Patient management, mean (SD) 89.67 (12.18) 89.23 (10.61) 79.90 (16.66) .034
Case conclusion, median (25th 
to 75th percentile)

100 (100-100) 100 (33-100) 100 (0-100) .14

Abbreviations: SD, standard deviation; ANOVA, analysis of variance.
*P values for overall skill mean scores were based on ANOVA. P values for the remaining tests were based on Jonckheere-Terpstra test.
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The present study stemmed from the concern that the 
2-year period between PALS certifications may be too 
long, considering residents are expected to retain com-
plex algorithms and guidelines included in the AHA 
PALS curriculum. Our data showed that pediatric resi-
dents’ theoretical knowledge and clinical skills perfor-
mance started to decline within the first 8 months after 
their last PALS certification date, a decline that pro-
gressed over time. Residents have less opportunity to 
put their knowledge and skills into practice during their 
training, given the reduction in training hours and the 
decrease in exposure to emergency and ICU settings 
mandated by the Accreditation Council for Graduate 
Medical Education. Hence, residents should not be 
expected to retain knowledge and skills if they have lim-
ited or no occasion to apply them during their training.

In our study, the greatest decline among the 3 clinical 
performance steps was in the team leader section. One of 
the most important determinants of a successful code is 
how well the team members are led and directed by the 
team leader during the code. A team leader should always 
maintain a global perspective of the code team while 
directing the team members.17 Residents demonstrated 
effective team leader skills in the first 8 months post-
PALS certification. However, after 8 months, their per-
formance as team leaders markedly declined. This is 
likely related to insufficient exposure to real emergencies 

and codes that would reinforce the clinical skills and con-
fidence that are essential in leading a team during resus-
citation. Given that pediatric residents may need to 
assume the role of team leader in pediatric codes, espe-
cially during night shifts when supervising attending 
physicians are not immediately available, and consider-
ing the team leader has the most important role in a code, 
the decline in team leader skills we observed over time, 
together with prior research,18,19 highlights the need for 
more frequent and focused retraining, particularly for 
team leader skills.

In an attempt to reduce the loss of PALS knowledge 
and skills, some programs are now introducing mock 
code sessions on a regular basis and noticing positive 
effects on residents’ knowledge retention and team lead-
ership abilities. For instance, after implementing simula-
tion sessions in their curriculum, Couloures and Allen20 
demonstrated that pediatric residents performed better as 
team leaders and felt more confident in this role. The 
study also concluded that scripted debriefing sessions led 
by the AHA-certified PALS instructor had a positive 
effect on the team leader’s performance. Collectively, 
these findings suggest that increasing the number of sim-
ulation sessions led and debriefed by AHA PALS instruc-
tors in pediatric residency programs may be beneficial 
for improving the retention of knowledge and skills nec-
essary to lead a code successfully.

Figure 1.  Box plot differences in clinical skills performance between groups.
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Additionally, Prince et  al21 aimed to improve team 
member dynamics, as well as the efficiency and success 
of codes, by restructuring their hospital code team. Team 
members were assigned roles and trained for 3 months 
prior to implementation of the restructured code team. 
The role of team leader was given only to physicians. At 
the 2-year follow-up survey, the authors identified sig-
nificant improvements regarding the confidence in team 
leader–specific skills.21 Furthermore, another study per-
formed by Yeung et al22 in adult cardiac arrest demon-
strated that good team leadership skills would have a 
positive impact on the code team’s efficiency and 
teamwork.

The progressive loss of theoretical knowledge we 
identified here after PALS certification, coupled with the 
decrease in skill performance, particularly in team leader 
skills, is of great concern. Given that the decline in PALS 
theoretical knowledge and clinical skills became appar-
ent in the first 8 months for all groups, before the 2-year 
PALS recertification period, our data support the notion 
that the 2-year period is too lengthy for pediatric resi-
dents to retain their PALS knowledge and skills. As such, 
additional training for pediatric residents in the 2-year 
interim period may be necessary to maintain an adequate 
level of PALS knowledge and skills. However, this 
would require training programs to have additional per-
sonnel and funding available, which may not be practical 
or cost-effective. A suitable alternative might be to 
implement frequent and regular mock code simulation 
sessions for residents during their training using AHA 
PALS material, preferably with AHA PALS instructors 
running the mock codes. Moreover, pediatric residency 
training programs should incentivize their chief resi-
dents, hospitalists, intensivists, and ER physicians to 
become AHA PALS instructors and have them play an 
active role in conducting regular mock codes.

Limitations

Several limitations of our study should be noted. First, 
this study was conducted at a single, urban, academic 
institution, with only a small number of residents in 
each group. A multicenter study that includes a larger 
number of residents would increase the study’s validity 
and generalizability. Our evaluators were not blinded to 
the study objectives. Also, because residents are 
required to recertify for PALS every 2 years and our 
focus was on retention of knowledge and skills over 
time after certification or recertification, the groups 
were not homogeneous with regard to the level of PGY 
training, which could have confounded the results. 
Additionally, we were not able to control for other con-
founders such as prior training (ie, some IMG 

[international medical graduate] had prior residency 
training) or rotation at the time of testing. Residents 
rotating through ER, PICU, or NICU would likely have 
an advantage over those rotating in outpatient or sub-
specialty clinics. Furthermore, as mentioned above, we 
did not assess the quality of cardiopulmonary resuscita-
tion that was administered during the sessions, which 
would have provided additional information about resi-
dents’ PALS performance. Because this skill is also a 
vital part of the resuscitation effort, it should be included 
as part of the skills’ assessment in future studies.

Conclusions

The AHA PALS course teaches pediatric residents the 
knowledge and skills that are necessary to prepare them 
for pediatric emergencies. The results of the present 
study showed that pediatric residents lose some of their 
knowledge and skills during the 2-year period between 
certifications. As a result, residents are likely unpre-
pared to deal with pediatric emergencies, which may 
subsequently result in poor outcomes. More studies test-
ing a larger group of pediatric residents are needed to 
objectively delineate the causes of this decline in knowl-
edge and skills and to evaluate feasible interventions 
such as regular mock codes and the use of high-fidelity 
simulators to improve residents’ retention of knowledge 
and skill performance.
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