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Retention of Neonatal Resuscitation Skills

and Knowledge: A Randomized Controlled Trial
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Ann Rothman, MDCM; Lisa Graves, MD

Background and Objectives: This study compared the effectiveness of two booster strategies de-
signed to improve retention of skills and knowledge in neonatal resuscitation by family practice
residents. Methods. Residents were randomly allocated to one of three groups: video, hands on, or
control. Residentsin the two experimental groupsreceived a“ booster” 3-5 months after the Neona-
tal Resuscitation Program (NRP) course. All participants completed the follow-up test 6-8 months
after taking the course. The main outcome measures consisted of the NRP written examination and
the performance checklists. Results: Atotal of 44 residents completed the study (video, n=13; hands-
on, n=14; control, n=17). Overall, participants had significantly lower scores at follow-up than at
baseline, indicating deterioration in both neonatal skills and knowledge. Residents in the hands-on
booster group made significantly fewer errors across all five checklistsin life-supporting but not in
lifesaving scores than those allocated to the control and video groups. Conclusions: The beneficial
effect of mannequin practice or video boosters on skills and knowledge retention was | ess than what
had been anticipated, and no benefit could be demonstrated in comparison to the control group.
Deteriorating knowledge and skills remain a major concern, since boostering by hands-on or video

at 3-5 months do not seem to have an impact on the retention of knowledge or lifesaving skills.

(Fam Med 1998;30(10):705-11.)

Many family physicians in Canada and elsewhere
perform resuscitation of newborns in distress.! To
educate physicians about newborn resuscitation, a
Neonatal Resuscitation Program (NRP) was devel-
oped and endorsed by the American Heart Associa-
tion and the American Academy of Pediatrics,?2 and
the Canadian Institute of Child Health developed
National Guidelines for Neonatal Resuscitation.?
Sinceitsinception in 1987, more than 430,000 indi-
viduals have taken the NRP provider courses (min-
utes, NRP Steering Committee meeting, April 1314,
1997).

Competent neonatal resuscitation requires a com-
bination of theoretical knowledge and practical,
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hands-on skill. Although most individuals can suc-
cessfully learn to perform neonatal resuscitation,
knowledge and skill acquisition and retention have
been shown to be quite separate in educational stud-
ies about cardiopulmonary resuscitation (CPR).
Knowledge retention, as assessed by the American
Heart Association tests, or other written tests, often
does not decline at the rate that practical skill reten-
tion declinesand, in many cases, remains high, while
retention of skills decreases substantially.*®
Concerns about the lack of CPR skill retention led
researchers to investigate methods for improving re-
tention. The evidence for the effectiveness of hands-
on “booster” sessions in CPR is the strongest. Man-
nequin practice within 6 months after initial training
and simple retesting for skills with correction of er-
rors has shown promising results.’® The timing of re-
fresher courses has al so been shown to be important.
It was suggested that resuscitation skills are main-
tained at astablelevel by 3-6 monthrefresher courses.!t
Most of the knowledge and skills acquisition and
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retention studies have been based on adult CPR
courses, often in lay trainees, and may not be appli-
cabletothe NRP course or physiciansor resident train-
ees.’

A study on the provision and evaluation of an NRP
course in 190 nurses reported that experimental sub-
jects receiving the program had significantly im-
proved knowledge and skill performance.’? After the
course, knowledge, but not skill performance, was
maintained at 6 months. These findings, along with
the results of a study* involving family practice resi-
dents, provide evidence that the course adequately
improves knowledge (in nurses and residents) and
skills (in nurses), compared with pre-course levels.

However, neither of these two studies on the NRP
course addressed the effectiveness of booster strate-
gieson knowledgeand skillsretention. Only one study
hasinvestigated the effects of two forms of reinforce-
ment on the retention of CPR skills. That study in-
volved parents of high-risk infants.®® The study groups
that had hands-on reinforcement practice retained the
most skills.

Our study compared the effectiveness of two
booster strategies designed to improve retention of
skillsand knowledgein neonatal resuscitation by fam-
ily practice residents.

Methods

The standard NRP course was taught in small
groups (three to five residents per instructor) by our
family medicine faculty, with the assi stance of aneo-
natol ogist. All residents who successfully passed the
NRP course and acquired provider status were eli-
gibleto participatein this study. Those residentswho
signed the consent form were
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Interventions

Participants in the experimental group | (video)
were exposed to avideo booster session 3-5 months
after obtaining provider status. The video' lasted ap-
proximately 26 minutes, and it summarized the steps
taught in the NRP course. Mannequin training, the
Neonatal Resuscitation Manual, and copies of the
NRP checklists were available. The residents were
encouraged to engage in self-directed practicing on
the mannequin and review of the manual (without the
presence of aninstructor). A research assi stant super-
vised scheduling and the video setup.

Participants in the experimental group 11 (hands-
on) were exposed to a hands-on practice booster ses-
sion, which entailed mannequin practice as set up in
the NRP course, 3-5 months after obtaining provider
status. Each session lasted for about 2 hours. A fac-
ulty member not involved in the teaching of the origi-
nal NRP course or the follow-up exams took each
participant through the resuscitation maneuvers and
gave feedback to correct errorsin skill performance.

Asnoted, participants assigned to the control group
received no booster sessions. All study participants
then completed a follow-up evaluation 6-8 months
after taking the NRP course.

Evaluating Knowledge and Skills

For assessment of knowledge, we used the stan-
dard NRP written examinations. These were taken
from the Neonatal Resuscitation Manual and were
available to al residents, prior to the workshop, in
their course material. For assessment of clinical skills,
we designed detailed performance checklists. We
identified five major scenarios (bag and mask equip-

then randomly allocated to one of
three groups: 1) experimental
group | (video). Three to five
months after NRP course comple-
tion, residentsviewed avideore-
view of the NRP course and were
given the opportunity for unsu-
pervised mannequin practice, 2)
experimental group |1 (hands-on).
Three to five months after NRP
course completion, residents re-
ceived supervised hands-on prac-
tice booster training sessions
with mannequins, including cor-
rection of errors by the supervi-
sor, 3) control group (control).
Residentsin this group received
no booster training sessions.

Measure
Baseline written exam

Follow-up written exam

n (%)

SD—standard deviation

Mean (SD)

Mean (SD)

Table 1

Scores on Neonatal Resuscitation Program Written Examination
and Residents Who Obtained a Passing Score*

on the Follow-up Examination

Achievement of passing score

STUDY GROUP
Control Hands-on Video Overall
(n=17) (n=14) (n=13) (n=44)
222 (13) 223 (10) 223 (8) 223 (10)
187 (16) 194 (12) 191 (21) 191 (16)
8 (47) 9 (64) 9 (69) 26 (59)

* passing score = (191/239 = 80%)
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ment, apneic at birth without meconium, bradycar-
dia, meconium staining, and intubation). Wereviewed
the Neonatal Resuscitation Manual and “Mega Code”

to ensure that we included every step required for a
competent resuscitation attempt. Our checklistswere
subsequently subdivided into skills that were “life-
saving” and thosethat were merely “life-supporting.”

A copy of the performance checklist isavailablefrom
the authors by request.

Evaluations of skillswere conducted using the per-
formance checklists; participants spent a designated
amount of time at each of five stations, demonstrat-
ing every step inthe MegaCode. All evaluationswere
conducted by five NRP instructors, who were mem-
bers of the research team and who were blinded to
participants group membership. Each member of the
research team was assigned to the same station
throughout the study.

Scoring Knowledge and Skills

For scoring knowledge, thewritten NRP testswere
graded by an assistant inthe De-
partment of Family Medicine
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cal variables and analysis of variance (ANOVA) for
continuous measures. To assess the changes over the
course of the study (ie, effect of booster strategies on
knowledge retention) on the NRP scores, 3 x 2
ANOVASs were performed to examine group differ-
ences (control, video, and hands-on) over thetwo as-
sessment periods (baseline and follow-up) treated as
arepeated measure.*® Rel evant baseline scoreswere
controlled for, when necessary, to eliminate con-
founding influences (ANCOVAS).*¢ The independent
variable of interest was the group alocation. Other
analysesincluded calculation of the univariate stetis-
tics, comparison box plots, and correlational analy-
sis. In al analyses, results were considered statisti-
caly significant at an aphaleve of .05.

Results

Between July 1995 and April 1997, 92 residents
participated in the NRP course; 75 of these residents
gave consent for participation in this study, but only
59 of them became NRP providersand were, therefore,

who was blinded to the alloca-
tion status of participants. Fol-
lowing each course, and at fol-
low-up 6-8 months later, this
NRP written examination
(which assessed knowledge) was
administered. Whentested at the

240
time of the origina course, an 0
80% (191/239) score for the 230 ——
knowledge test was required to
obtain initial provider status. 220
For scoring skillsretention, an 240 J
error-free performance on the
performance checklists for life- 200l
saving items was required to °
obtain initial provider status. 1900 °
Participants were allowed to
commit errorson life-supporting 180
items on each of the checklists 170
and still obtain provider status.
The same scoring criteriaon the 160
performance checklists were
150

Figure 1

Comparison Box Plots of Baseline and Follow-up Neonatal
Resuscitation Program Written Test Scores (Knowledge)*

1+]
T |
[+]

|

4]

used at 6-8 month follow-up

tedti ng. Control

n=17

Data Analysis

Data were collected on stan-
dard study forms and analyzed
by microcomputer, using com-
mercially available statistical
software. Differencesamong the
study groups were analyzed us-
ing chi-squaretestsfor categori-

Handls-on Vid ;50 Cor;trol Handls-on Vid éo

n=14 n=13 n=17 n=14 n=13
Box plot

— Blth percentila
75th percentile
S0th percentile (median)
25th percentile
1Qth percentiis

Chnligr

Nl

a

* according to group assignment. The three |left-most boxes represent test scoresimmediately after
the course. The right-most boxes represent test scores at follow-up 6-8 months later. Control,
hands-on, and video represent the three study groups.
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eligible to enrall in the study. Of these 59, 44 (75%
of eligible participants) completed all aspects of the
study. There were no statistically significant differ-
encesin baseline knowledge and skill scores between
the 15 residents who dropped out and the 44 resi-
dents who completed the study protocaol.

Knowledge Retention

Theaverageinitial NRPwritten scorewas 223 (223/
239=93%; SD=10%). The mean follow-up test score
for the same residents was 191 (191/239=80%;
SD=16%) (Table 1). Initial scores did not differ sig-
nificantly in the three groups. The follow-up test
scoreswere significantly lower when compared to the
baseline scores, regardless of group assignment. There
was a significant time effect, F(1,41)=180, P<.0001,
revealing differences in the NRP scores for all sub-
jects over the study period. There were no other sta-
tistically significant differences. Comparison box
plots of the data distribution for 44 residents who
completed both written tests, by allocation group, are
shown in Figure 1.

On follow-up knowledge test-
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group were significantly less likely to commit life-
saving errors on checklist #4 (meconium staining
[x?=11, df=2, P=.004]) than those all ocated either to
the control or video groups. These lifesaving scores
are shown in Table 2. Comparison box plots of the
lifesaving data distribution on the follow-up assess-
ment for 44 residents by group assignment are shown
in Figure 2.

Theomission of life-supporting items (as compared
with lifesaving items) on each checklist was not
judged asindispensable or life-threatening. Nonethe-
less, there was a statistically significant overall de-
clinein the mean life-supporting performance scores
(from 92% to 66%) across all five checklists
(F[1,41])=308.1, P< .001). Further, there was a sta-
tistically significant interaction effect of group with
time (F[2,41]=5.09, P=.011), suggesting that decline
in the mean life-supporting performance scores was
not uniform across the three study groups. The fol-
low-up tests indicated that those residents who were
allocated to the hands-on group made significantly
fewer errors at follow-up than the combined control

ing, only 59% (26/44) of residents

had scores above the acceptable
passing level (80% or 191/239).
Therewereno statistically signifi-
cant differencesin the proportion
of residentswho scored abovethe
passing level according to the

Table 2

Follow-up Test* Scoresin Neonatal

Resuscitation Program Lifesaving Skills

_ STUDY GROUP
group allocation (x?=1.7, df=2, Control Hands-on Video Overall
P=. 423) . Measure (n=17) (n=14) (n=13) (n=44)
Checklist #1:
. . Bag and mask equipment
Skill Retention Follow-up: mean (SD) 90 (19) 93 (16) 95 (11) 92 (16)
An error-free performance in n (%)** 10 (59) 11(79) 9 (69) 30 (68)
lifesaving skills was a prerequi- — ~ oist #2:
site to obtain NRP provider sta=  Apneic at birth, no meconium
tus and for participation in the Follow-up: mean (SD) 75 (17) 72 (18) 79 (17) 75 (17)
study. Consequently, all partici- n (%) 2(12) 1™ 3(23) 64
pants had perfect scores (0 errors,  checklist #3:
100%) inlifesaving clinical skills - Bredycarda Follow-up: mean (SD) 88 (11) 91 (13) 88 (10) 89 (12)
. . . W-Up:
on all five checklists at baseline. n (%) 4 (24) 4(29) 19 9 (20)
None of the participantswas able
to achieve an error-free perfor- ﬁfgokrllﬁstm#iam_ng
. . U |
manceonall fivechecklistsat the Follow-up: mean (SD) 63 (17) 79 (25) 71 (19) 70 (21)
follow-up assessment. The mean n (%) 1 (6) 7 (50) 1 (8) 9 (20)
performance score acrossall five heckliet 46
performance checklistswas79%  Checkist#
(SD=11%), and therewere no sta- Follow-up: mean (SD) 85 (15) 88 (16) 91 (18) 88 (16)
tistically significant differencesin n (%) 6 (35) 8(57) 9 (69) 23(52)
overall scoreaccordingtothea- | score
location group [F(2,41)=1.26, Al five checklists
P=.284]. However, there were Follow-up: mean (SD) 76 (11) 81 (12 82 (9 79 (11)
n (%) 0 (0 0 (0) 0 (0) 0 (0)

somevariationsin specific scores
based on group assignments.
Residentsin the hands-on booster

* All participants were required to have an error-free performance on the initial test.

** # (%) of residentswho had an error-free performance
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and video groups averaged across all
five scenarios (72% versus 63%, re-
spectively) (F[1,42]=5.7, P=.021). The
results of these analyses are shown in
Table 3 and Figure 3.

Figure 2

Comparison Box Plots of Follow-up
100 Mean Lifesaving Skills Scores*

Discussion -
This is the first study specifically 50] —Br —|_

designed to evaluate retention of know!-

edge and skills by physicians follow-

ing NRPtraining. We found that knowl- 801
edgeand skillsdeteriorateover timeand ¢
that the retention of psychomotor skills 70 .
issubstantially lower than theretention 1

of the NRP knowledge. The beneficia _L

effect of mannequin practice or video B0 °
boosters on skillsand knowledge reten-

tion was less than what had been an-
ticipated, and no benefit could be dem-
onstrated in comparison to the control

group. Retrospective statistical power 40 ; . —
calculationsrevealed that thisstudy had Control Hands-on Videa

N n=17 n=13
80% power to detect differences at a
two-sided 5% si gnifi cance level of * according to group assignment. At baseline, all participants had a score of 100% correct.

Control, hands-on, and video represent the three study groups. TheY axisindicates percent
more than 16% on knowl edge and more of items correct on the follow-up skill test.

than 9% on the lifesaving scores (= 1
SD). Thus power was sufficient to de-
tect large difference, though not me-
dium to small effect sizes, which some
readersmight deem clinically important.

504 o

The NRP courseisdesigned to teach Figure 3
resuscitation of newborn infantsduring
the critical few minutesduring and im- Comparison Box Plots of Baseline and Follow-up
mediately following delivery so that Mean Life-supporting Skills*

health professionals can develop opti-
mal knowledge and skill. About 25%

of US and 19% of Canadian®® family 1001

physicians deliver babies. A 1994 sur- # % —
vey of family medicine alumni who 901

graduated from our program between

1973 and 1988 (response rate=70%) 801

indicated that 24% were performing o, °

deliveries'® and, therefore, had poten- 70

tial opportunity to use neonatal resus-

citation skills. In 1994-1995 (the | atest 501 T

data available) family physicians in T
Canadaattended 37% of all deliveries.® 50. T o o

Itisestimated that life support isneeded
in the birthing room or nursery for 6%
of all newborns and for a much higher Control  Hards-on  Video Control  Handson  Vidao
percentage of low-birth-weight new- n=17 n=t4 n=13 n=17 n=14 n=13
borns.?! This means that a family phy-

sician attendi ng two to three deliveries * _scoregsd agtoolrdlanfgt] tot ﬁ]roup assig_lr_lrr;nen_t. r?;he tr;eg left-most boxte;: r;pr&eent t;stf sltl:ores

. . immediately after the course. The right-most boxes represent test scores at follow-
per month' or about 30 deliveries per up 6-8 months later. Control, hands-on, and video represent the three study groups. The
year, can be expected to be called on to Y axisindicates percent of items correct.

resuscitate a newborn approximately

40
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Table 3

Percent Scores* in Neonatal Resuscitation Program
Life-supporting Skills at Baseline and Follow-up

neonatal resuscitation that
may benefit from either of
these approaches.

Conclusions
Giventhecost andlogis-

STUDY GROUP tic difficulty of organizing
Control Hands-on Video Overall either hands-on or video
(n=17) (n=14) (n=13) (n=44) ;

Measure Mean ()  Mean (D) Mean (SD)  Mean (D) boos_ter sessions, theresults
Checklist #1: Bag and mask equipment of this study do not support
Baseline 87 (8) 82 (17) 87 (14) 85 (13) ~ recommendationfor hands-
Follow-up 54 (16) 69 (18) 61 (19) 61 (18) on or video booster training.
Checklist #2: Apneic at birth, no meconium It remains for concerned
Baseline 9% (9 97 (6) 97 (3 % (5  medica educators to de-
Follow-up 71 (15) 73 (17) 73 (22) 72 (17) velop, use, and evaluatein-
Checklist #3: Bradycardia novative strategiesthat may
Baseline 9% (12) 92 (15) % (9 9 (12 ~ better address the long-
Follow-up 60 (25) 76 (24) 60 (22) 65 (24 standing problem of knowl-
Checklist #4: Meconium staining nge and Sk!llS deteriora-
Baseline 88 (16) 0 () 9% (7) % @1y tion following standard

Follow-up 50 (16) 61 (25) 51 (20) 54 (21) NRP COUFSES.

Checklist #5: Intubation

Baseline 9% (4) 94 (6) 95 (8) 95 (6) Acknowledgments: This study was
Follow-up 76 (18) 79 (12) 76 (17) 77 (16)** supported by a grant from the
American Academy of Pediatricsand
Mean score: All five checklists was presented at the 1997 North
Baseline 92 (6) 91 (6) 94 (4) 92 (5 American Primary Care Research
Follow-up 62 (12) 72 (10) 64 (11) 66 (12)** Group Annua Meeting in Orlando,

*  Error-free performance = 100%

Fla, and at the 1997 Trillium Primary
Care Research Forum in Hamilton,
Ontario, Canada.

**  All follow-up scores significantly different from baseline scores at P<.0001

We thank our colleagues Claudette
Bardin, Ann Continelli, Perle

once ayear. Thus, emergency neonatal resuscitation
isperformed infrequently, but isalifesaving procedure.

The Department of Family Medicineimplemented
mandatory NRP coursesfor residents at McGill Uni-
versity in explicit recognition that family physicians
in Canada play an important role in the provision of
pregnancy care. Currently, there are no datathat gov-
ern the number of resuscitations necessary to promote
competence. Intuitively, one would expect that fre-
guent use of NRP skillsin actual emergencies should
improve skill retention. However, the existing evi-
dence suggests that frequent use of CPR does not
improve skill retention, 2% presumably because the
performance of resuscitation without benefit of cor-
rection of errors does not improve skills retention.
The poor retention of CPR and NRP skillsalso raises
the broader issue of how to teach and maintain com-
petencewith regard to relatively lessfrequent but criti-
cal procedural skills.

Deteriorating knowledge and skills remain a ma-
jor concern as boostering by hands-on or video train-
ing at 3-5 months did not seem to have the desired
effect on retention of skills, but there are aspects of

Feldman, John Hartop, Bruno Lem-
ieux, and Florence Rosenblum for
their help in conducting this study and all family practice residents who
participated in the study.
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