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ABSTRACT
Background There are only a few studies on handoff 
quality and adverse events (AEs) rigorously evaluating 
handoff improvement programmes’ effectiveness. None 
of them have been conducted in low and middle- income 
countries. We aimed to evaluate the effect of a handoff 
programme implementation in reducing AE frequency in 
paediatric intensive care units (PICUs).
Methods Facility- based, cluster- randomised, stepped- 
wedge trial in six Argentine PICUs in five hospitals, with 
>20 admissions per month. The study was conducted 
from July 2018 to May 2019, and all units at least were 
involved for 3 months in the control period and 4 months 
in the intervention period. The intervention comprised a 
Spanish version of the I- PASS handoff bundle consisting 
of a written and verbal handoff using mnemonics, an 
introductory workshop with teamwork training, an 
advertising campaign, simulation exercises, observation 
and standardised feedback of handoffs. Medical records 
(MR) were reviewed using trigger tool methodology to 
identify AEs (primary outcome). Handoff compliance and 
duration were evaluated by direct observation.
Results We reviewed 1465 MRs: 767 in the control 
period and 698 in the intervention period. We did not 
observe differences in the rates of preventable AE per 
1000 days of hospitalisation (control 60.4 (37.5–97.4) 
vs intervention 60.4 (33.2–109.9), p=0.99, risk ratio: 
1.0 (0.74–1.34)), and no changes in the categories or 
AE types. We evaluated 841 handoffs: 396 in the control 
period and 445 in the intervention period. Compliance 
with all items in the verbal and written handoffs was 
significantly higher in the intervention group. We 
observed no difference in the handoff time in both 
periods (control 35.7 min (29.6–41.8) vs intervention 
34.7 min (26.5–42.1); difference 1.43 min (95% CI 
−2.63 to 5.49, p=0.49)). The providers’ perception of 
improved communication did not change.
Conclusions After the implementation of the I- PASS 
bundle, compliance with handoff items improved. 
Nevertheless, no differences were observed in the 

AEs’ frequency or the perception of enhanced 
communication.
Trial registration number NCT03924570

INTRODUCTION
In clinical settings, communication effec-
tiveness is essential and considered an 
interactive process.1 Communication 
errors represent the third most common 
cause of sentinel events,2 over half of 
which involve handoff failures.3 Handoff 
is defined as the exchange of informa-
tion between health professionals about 
a patient, accompanied by a change in 
control or responsibility in their care 
decisions.4 It is estimated that a typical 
teaching hospital may experience more 
than 4000 handoffs per day.5 The Joint 
Commission has established standardised 
transmission of information as a patient 
safety goal and advocates organisations 
to implement ‘a standardised approach 
to handoff communications, including an 
opportunity to ask and respond to ques-
tions’.3

Previous studies have shown that 
effective and standardised communica-
tion between caregivers in handoffs is 
essential for patient safety and antici-
pating and limiting possible errors.6–11 
Different tools have been proposed as 
models to standardise information trans-
mission during handoffs, many of which 
are acronyms (to facilitate their use).12 
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These tools contributed to reducing the handoffs’ 
length and improved the information quality and 
the patient’s subsequent care.7 9 13 The Initiative for 
Innovation in Pediatric Education- Pediatric Research 
in Inpatient Settings Accelerating Safe Sign- outs 
(I- PASS) combined rigorous curricular design, tradi-
tional healthcare services research, teamwork training 
and quality improvement efforts to standardise 
the complex process of resident inpatient hand-
offs, aiming to improve patient safety.14 The I- PASS 
acronym referred to both the title and purpose of the 
study and the mnemonics developed as part of that 
study, but is mostly known for the mnemonics. I- PASS 
also combines different strategies to improve handoffs 
and reduce medical errors, including communication 
training, the use of mnemonics to standardise hand-
offs, the restructuring of verbal handoffs by minimising 
interruptions and involving all team members, and 
the use of written or computerised tools.12 15–20 The 
results of a pilot study using an I- PASS precursor and 
a subsequent multicentred I- PASS analysis have shown 
reductions in errors and adverse events (AE).7 21 22 A 
locally adapted version was created for the Argen-
tinean setting.23

Only a few studies on handoff quality and AEs rigor-
ously evaluate handoff improvement programmes’ 
effectiveness, and none of them have been conducted 
in low and middle- income countries. I- PASS was 
developed in tertiary academic medical centres in the 
USA; therefore, its effectiveness in locations with a 
different language, availability of resources (eg, lack 
of electronic medical records (MR)) and complete 
cultural emersion remain unclear. Stepped- wedge, 
cluster- randomised controlled designs enable both 
phased implementation and the use of established 
statistical approaches to compare control and inter-
vention groups while minimising the potential for bias 
and confounding.24

We aimed to assess a standardised handoff inter-
vention’s effectiveness in reducing the AE frequency 
in paediatric intensive care units (PICUs) in a middle- 
income country using a stepped- wedge, cluster- 
randomised design.

METHODS
Study design
We conducted a facility- based, cluster- randomised 
controlled trial with a stepped- wedge design in six 
PICUs between July 2018 and May 2019 (11 months). 
All participating units began as control practices 
without the intervention (3 months). As the trial 
progressed, units were allocated randomly to receive 
the intervention in prespecified time periods (1 month 
per step). This process continued until all of the partic-
ipating clusters received the intervention. All clusters 
were exposed to the intervention for at least 4 months 
(online supplemental appendix II).

Randomisation
The unit of randomisation was the PICU. Sites were 
assigned to one of five start dates by the study statisti-
cian via a computer- generated list of random numbers. 
Neither site knew the I- PASS bundle until they were 
randomised to the intervention period. Concealment 
of the intervention starting date was maintained up 
to 15 days prior to launching the intervention at each 
PICU because preparatory activities were needed (eg, 
setting the introductory workshop date and preparing 
campaign materials). A flow chart of the allocated 
sequence and period is presented in online supple-
mental appendix I.

Participants
The study was conducted in six PICUs from five 
public hospitals in three provinces of Argentina. The 
PICU eligibility criteria were the absence of a handoff 
programme and having at least 20 admissions per 
month.

Formative research
First, the I- PASS handoff programme’s implementa-
tion barriers and facilitators were identified to adapt 
the intervention at each participating site. The infor-
mation was gathered from 17 senior healthcare profes-
sionals from the participating PICUs through in- depth 
interviews. Most of the sites, except for one, had an 
established practice of written handoffs. However, 
participants complained about the handoff process. 
They explained that it was lengthy and disorgan-
ised, and that participants experienced problems with 
interruptions and distractions during verbal handoffs 
and that senior professionals had problems accepting 
dissent. Regarding the main barriers to intervention 
implementation, participants mentioned the resist-
ance to change shown by the healthcare team. Other 
barriers were related to the I- PASS bundle adaptation 
to local culture and obstacles associated with the way 
handoffs were conducted. Participants from most 
of the sites reported that handoffs were conducted 
with too many people with different experiences and 
backgrounds and that handoff time was also used for 
teaching purposes. Only a few participants reported 
having previous knowledge of I- PASS or other stand-
ardised handoff tools. It was helpful that handoffs were 
already conducted face to face at predefined times and 
locations, and some previous positive quality improve-
ment experiences were accumulated.

Intervention
For this study we implemented the Spanish I- PASS 
bundle used in previous studies in our setting,23 25 
consisting of nine elements: (1) the I- PASS mnemonics 
(Illness severity, Patient summary, Action list, Situation 
awareness and contingency plans, Synthesis by the 
receiver) which served as an anchoring component for 
verbal and written information; (2) an introductory 
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2- hour workshop with key content about handoff 
quality and teamwork training; (3) five tools of 
teamwork training of TeamSTEPPS programme—an 
evidence- based programme aimed at optimising perfor-
mance among teams of healthcare professionals: cross- 
monitoring, brief, debrief, huddle and check- back17; 
(4) a standardised I- PASS format written handoff 
template; (5) role- play emphasising the elements of 
the workshop; (6) faculty development programme; 
(7) a self- learning module to reinforce the components 
of the mnemonics; (8) direct observation tools used 
by the faculty to provide feedback to physicians; (9) 
an advertising campaign with printed material, posters 
and stickers with the I- PASS logo and mnemonics for 
process and culture change.6 7 14 21

The intervention was deployed following predefined 
guidelines at all sites. During the first week, the I- PASS 
workshop was given in person with reserved time for 
questions and answers, and a recorded version was 
made available for people who could not attend. Four 
sites used a written handoff template containing the 
I- PASS acronym, with little variations among them. 
Two sites used a different written handoff excel 
template, including the I- PASS acronym (PICUs ‘2’ 
and ‘3’, online supplemental appendix II). Stickers and 
posters with the I- PASS acronym reminders were sent 
to sites before the first week of intervention. There 
were predefined assigned weeks to reinforce each of 
the five components of the I- PASS acronym. Role- 
playing was carried out between the second and the 
third weeks of implementation; however, two sites 
could not reach the threshold of attendance (70% of 
people involved in handoffs) (PICUs ‘1’ and ‘6’, online 
supplemental appendix II). Each site also maintained 
an implementation log regularly reviewed to ensure 
adherence to each handoff programme component. 
Biweekly meetings were held with each PICU to 
reinforce implementation strategies according to the 
presented difficulties and ensure compliance to each 
handoff programme component.

Measurement of study outcomes
Adverse events
The primary outcome was the rate of preventable AEs 
per 1000 days of hospitalisation. The Global Assess-
ment of Pediatric Patient Safety (GAPPS) has proved 
reliable in measuring AE’s rate per 1000 days of hospi-
talisation.26 27 GAPPS is designed to identify all AEs 
and not only negative consequences of medical errors. 
It could also measure whether harm was prevent-
able (online supplemental appendix III) and establish 
severity ratings.28

We selected a random sample of ≤30 inpatient hospital-
isations each month from a list of all inpatient hospitalisa-
tions with discharge dates that fell within the month being 
reviewed. The inclusion criteria were: patients aged <18 
years at discharge, with a length of stay ≥24 hours and 
admitted for acute care. Two independent reviewers were 

trained in the GAPPS process and assessed AEs following 
a structured methodology. Primary reviewers (a PICU 
staff, not necessarily physicians) evaluated the selected 
MRs using the GAPPS list of 37 possible manual trig-
gers following this sequence: (A) discharge and progress 
notes, (B) prescriptions, and (C) nursing progress sheets. 
The triggers were clues that suggested a possible AE. The 
primary reviewers spent at least 30 min reviewing each 
hospitalisation. They then presented the suspicions of 
AE to secondary reviewers (a PICU staff, physician), who 
independently evaluated whether an AE had occurred 
and its severity. Following this, all reviewers reached a 
consensus on every AE with an initial disagreement.28 
During the MR review, every AE without an initial trigger 
was identified and reported in the study. Reviewers were 
selected from the same site and were not blinded during 
the study period.

Assessment of written and oral handoffs
The secondary outcome was compliance with adequate 
verbal and written handoffs and was assessed by direct 
observation. We took a convenience sample of at least 
12 observations per site per month. All physicians were 
observed at least once per month, presenting or receiving 
a full- shift handoff. Observers completed an evalua-
tion form for each full- shift handoff using a Likert scale 
(‘always’, ‘almost always’, ‘sometimes’, ‘almost never’, or 
‘never’) to show compliance with the elements of a good- 
quality handoff (online supplemental appendix III). The 
observers were blinded to the study period.

Agency for Healthcare Research and Quality Surveys on Patient Safety 
Culture
Physicians working 4 or more months in each PICU 
during the study period were surveyed about patient safety 
culture, emphasising the communication dimension using 
the Surveys on Patient Safety Culture from the Agency for 
Healthcare Research and Quality (AHRQ) translated and 
validated in Spanish.29 The survey was distributed by email 
to physicians working only in the PICU between June and 
July 2018 (control period) and between May and June 
2019 (intervention period). Two reminder emails were 
sent to all physicians in both periods after the survey was 
delivered to delayed responders.

Sample size
The sample size was estimated to reduce the rate of 
preventable AE (primary outcome) from 12% to 
4.5%.23 Assuming a coefficient of intracluster corre-
lation(ICC) of 0.01, number of steps=5, a cluster size 
per step=30, a power=80% and an alpha level=5%, 
the total number of clusters needed was 6.

Data management and statistical analysis
Data collectors were trained in GAPPS tool use and 
handoff observations using specifically designed data 
forms. Data collection was performed at sites using the 
Research Electronic Data Capture (REDCap) system 
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website.30 31 REDCap allowed real- time data entry valida-
tion and used branching logic. Data sets were kept inside 
this system, where they were safe, available for look- up 
and logged according to Good Clinical Practice and 21 
Code of Federal Regulations Part 11.32 After the data were 
uploaded to the database, discrepancies were checked to 
ensure completeness, consistency and accuracy. Patient 
characteristics between the intervention and control 
periods were compared by considering the correlations 
of the PICUs. We used a generalised mixed linear model 
assuming a normal distribution for the continuous varia-
bles and a binomial distribution for the categorical ones.

The AHRQ surveys were completed through 
SurveyMonkey.

Adverse events
Analyses were performed according to the intention- to- 
treat principle. MR was the unit of analysis. For each MR, 
we calculated the number of events during the number 
of hospitalisation days. A generalised mixed linear model 
assuming a negative binomial distribution was used to esti-
mate the effect of the intervention. The outcome was the 
number of events, and the offset variable was the number 
of days of hospitalisation. An indicator group variable 
(0 for the control, 1 for the intervention) and a variable 
indicating the month of the study (1–11) were included 
in the model as a fixed effect. The PICU was included in 
the model as a random effect. Estimated rates per 1000 
days of hospitalisation with their confidence interval (CI) 
were reported for the control and intervention groups. 
The impact of the intervention was estimated as the ratio 
of both rates (intervention/control).

Assessment of written and oral handoffs
The physicians’ observations on the performing hand-
offs were used as the unit of analysis to evaluate compli-
ance with verbal and written handoffs. The analysis was 
performed according to the intention- to- treat principle. 
We first created dichotomous variables from the Likert 
scale that represented the provider’s compliance for each 
handoff element. ‘Compliance’ was considered when 
the provider’s compliance for the handoff element was: 
‘almost always’ or ‘always’; ‘Non- compliance’ was consid-
ered when it was: ‘sometimes’, ‘almost never’, or ‘never’. 
A generalised mixed linear model assuming a binomial 
distribution was used to estimate the effect of the inter-
vention. The outcome was each handoff element. The 
PICU was entered in these models as a random effect, and 
the effect sizes were adjusted for time trends by including 
time in the model as a fixed effect. The estimated propor-
tions during both periods are reported. The OR and 95% 
CI were used to estimate the effect of the intervention.

AHRQ Surveys on Patient Safety Culture
To analyse the AHRQ Surveys on Patient Safety Culture, 
the unit of analysis was the physician. We calculated the 
percentage of positive answers for each item in the survey. 
A positive response was considered when the physician 

answered each question: ‘agree’ and ‘strongly agree’, and 
a negative response when he/she chose ‘strongly disa-
gree’, ‘disagree’, or ‘neither agree nor disagree’. Of the 
111 physicians, 72% completed the survey in the control 
period and 78% in the intervention period. As the survey 
was anonymous, it was impossible to link the physician’s 
response during the control and intervention periods, so 
the analysis was performed assuming that samples were 
independent of each other. The χ2 test was used to test for 
differences in proportions. All analyses were performed 
using R V.4.0.3.33

RESULTS
We reviewed 1465 MRs during the study period with 
a total of 15 842 patient- days: 767 MRs in the control 
period and 698 MRs in the intervention period in six 
different clusters (figure 1). The number of MRs reviewed 
in each cluster and the period are shown in online supple-
mental appendix II. The patients’ baseline characteristics 
were similar between both periods, except that the patients 
in the control period were slightly younger (table 1).

Adverse events
The rate of preventable AE per 1000 days of hospital-
isation was similar in both arms, 60.4 (37.5–97.4) in 
the control group and 60.4 (33.2–109.9) in the inter-
vention group, p=0.998, with the ratio equal to 1.0 
(95% CI 0.74 to 1.34). No differences were observed 
in the rates of secondary outcomes between the control 
and intervention groups (table 2). We found variation 
in the rate of preventable AEs between sites but no 
differences between periods (intervention/control) in 
any of the sites (online supplemental appendix II).

Assessment of written and oral handoffs
Finally, we observed 841 full- shift handoffs (396 
observations in the control period and 445 in the 
postintervention period) that yielded 5260 unique 
patient handoffs for evaluation during the entire study 
in the six clusters.

Adherence to an adequate verbal and written 
handoff was measured in both periods (control and 
intervention), observing increased compliance in all 
the items after applying the intervention (figure 2). 
The key elements that improved most were illness 
severity, action list, and synthesis and the ones that 
remained most challenging were situations and contin-
gency plans in verbal and written handoffs. The five 
key elements observed in the 847 verbal and written 
handoffs are shown in table 3.

Regarding the handoff duration, we observed no 
difference in the time spent in the full- shift handoff in 
both periods (control 35.7 min (29.6–41.8) vs inter-
vention 34.7 min (26.5–42.1); difference 1.43 min 
(95% CI −2.63 to 5.49, p=0.490)). But when we 
evaluated the time spent with each patient we veri-
fied longer duration in the intervention period (inter-
vention 7.29 min (5.77–8.81) vs control 5.96 min 
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(4.69–7.23); difference 1.33 min (95% CI 0.64 to 
2.02), p=0.001).

Patient safety culture survey
Eighty- two subjects answered in the control period 
and 87 in the intervention period. There was no differ-
ence in the percentage of positive answers between 
periods, except for the first question. There were 

more positive answers in the control period regarding 
people supporting each other (table 4).

DISCUSSION
Summary of findings
In this randomised stepped- wedge trial in PICUs in 
Argentina, we assessed the effect of a standardised 
handoff intervention to reduce the frequency of AEs 

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) diagram.

Table 1 Patient baseline characteristics

Intervention
(n=698)

Control
(n=767) P value

Age in months (mean±SD) 58.2±59.8 52.9±58.9 0.027
Male sex (%) 56.4 58.9 0.329
Length of PICU stay in days (mean±SD) 10.9±21.2 10.7±16.8 0.456
Pediatric Index of Mortality II score (mean±SD) 5.9±12.3 5.5±10.6 0.519
Mortality (%) 17.1 14.5 0.973
Destination on discharge (%)
  Home 4.9 4.0 0.280
  Ward 78.9 76.1 0.223
  Rehabilitation centre/other institution/home care 4.7 4.5 0.223
  Dead 5.7 4.8 0.378
  Other 4.6 9.7 0.006
PICU, paediatric intensive care unit.
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and increase the quality of handoffs. The interven-
tion resulted in an overall improvement in the quality 
of verbal and written handoffs. However, we did 
not observe changes in the incidence of preventable 
AEs globally or in any clusters. Improvements were 
observed in all the items considered needed for a 
handoff. Still, it was more significant in the handoff ’s 
key elements such as illness severity, action list and 
synthesis. The majority of the handoff quality items 
were far below 50% compliance before the interven-
tion, and some of them reached more than 90% adher-
ence after the I- PASS bundle implementation. The 
intervention was deployed similarly at all sites.

Strengths and limitations
This study had several strengths. We used a rigorous 
experimental design and achieved similar groups using 
randomisation. The selected intervention components 
were previously documented as effective and tailored 
to address the identified barriers and facilitators from 
formative research. A trigger tool was used in the MR 
review, which is generally considered a strength rather 
than self- reported. Finally, to our knowledge, this is 
the first trial to evaluate the implementation of the 
I- PASS bundle and the use of a trigger tool in paedi-
atric patients.

However, this study has some limitations. It is 
already known that direct observation moves handoffs 
from ‘backstage’ to ‘front- stage’, and residents perform 
handoffs differently from their usual practice when 
they are observed.34 Second, the intervention was eval-
uated immediately after its implementation. In some 
PICUs, it was implemented only for 4 months; perhaps 
more time could be necessary to reduce the AE rate. 
Third, the year’s periods did not coincide precisely 
in each cluster, and seasonality cannot be ruled out. 
Fourth, the cluster sizes reached were lower than calcu-
lated due to a decrease in the number of admissions 
in participating PICUs between November 2018 and 
January 2019. Finally, the study was only carried out 
in PICUs in the public subsector of one Latin Amer-
ican middle- income country, which prevents us from 
extrapolating the results to other populations.

Interpretation
In this trial, the intervention did not significantly 
affect the rate of AE, the rate of preventable AEs and 
the severity and categories of AEs. AE rates result 
from numerous interacting institution structures and 
processes, and it is possible that variations in the ascer-
tainment of error data or other unmeasured factors 
were responsible for the lack of improvement in AE 

Table 2 Effect of the intervention on the primary and secondary outcomes (measured per 1000 days of hospitalisation)

Rates per 1000 days of hospitalisation
(95% CI)

Rate of rates
Intervention/control 
(95% CI) P valueIntervention Control

Primary outcome
Preventable adverse events 60.4

(33.2 to 109.9)
60.4
(37.5 to 97.4)

1.0
(0.74 to 1.34)

0.998

Secondary outcomes
Total adverse events 93.7

(57.9 to 151.6)
86.0
(60.0 to 123.3)

1.09
(0.84 to 1.42)

0.521

Preventable AE with temporary damage to the patient with 
intervention requirement

17.8
(7.8 to 41.0)

18.8
(10.2 to 34.8)

0.95
(0.6 to 1.51)

0.820

Preventable AE with temporary damage to the patient requiring 
admission to/prolongation of the hospitalisation

20.2
(10.0 to 40.7)

26.0
(16.1 to 42.0)

0.78
(0.51 to 1.18)

0.233

Preventable AE with permanent damage to the patient 5 events 1 event – –
Preventable AE which required intervention to maintain life 16.0

(3.5 to 72.4)
8.5
(2.8 to 26.2)

1.88
(0.82 to 4.31)

0.136

Preventable AE with patient death 5 events 3 events – –
Medication related 10.8

(3.3 to 36.0)
10.4
(4.5 to 24.0)

1.04
(0.52 to 2.09)

0.910

Related to procedures 7.7
(2.1 to 28.0)

9.7
(4.2 to 22.3)

0.79
(0.35 to 1.77)

0.569

Care related (no medications or procedures) 9.9
(3.6 to 27.1)

11.7
(5.2 to 26.0)

0.85
(0.52 to 1.39)

0.520

Related to diagnosis 5.4
(0.6 to 48.5)

1.6
(0.3 to 7.8)

3.39
(0.93 to 12.35)

0.064

Hospital- acquired infections 19
(9.8 to 36.6)

20.9
(14.4 to 30.3)

0.91
(0.58 to 1.41)

0.666

Falls 0 event 0 event – –
Others 0 event 0 event – –
AE, adverse event.;
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rates. We also found substantial interinstitutional vari-
ations in the AE rates. Although some sites did not 
reach the cluster size previously calculated in some 
months, we reached a sufficient sample size due to the 
three initial control months and the four final inter-
vention months.

Regarding direct observation of healthcare 
providers, the majority of the observed staff personnel 
were physicians with many years of handoff experi-
ence, and we believe they were hardly influenced by 
being observed. Direct observation placed a spotlight 
on handoffs as a clinical skill, reinforcing the impor-
tance of doing it well.

Regarding the time used to carry out the handoff, no 
differences were observed concerning the total time, 
and we observed a greater time spent per patient in 
the intervention stage. This difference could be due 
to the use of a new tool. Although a differential use 
of time towards other activities during the handoff 
cannot be ruled out, the total time did not change in 
either period. All the participating PICUs had paedi-
atric residents or paediatric intensive care physicians 
in training, so handoff was also used for teaching 
activities. These teaching activities often share a 
mental model by providing the rationale for proposed 
management, which is an essential feature of quality 
handoffs.35 36 It has been suggested that the I- PASS has 
the potential to reinforce an institutional culture that 
embraces interactive questioning and teaching oppor-
tunities to foster shared understanding and optimise 
patient care.37

The AHRQ survey has been widely used in Spanish- 
speaking hospitals. None of the participating hospi-
tals had previously used them in their PICUs. No 
positive changes were observed in the way physicians 
perceived patient safety related to the communica-
tion dimension before and after implementing the 
intervention. One explanation may be that we only 
intervened in the handoff process and not in other 
teamwork communication aspects. The new situa-
tional awareness gained with the I- PASS bundle imple-
mentation could raise the necessity of more elaborate 
teamwork training.

Figure 2 Percentage of verbal and written handoff documents that 
included quality elements (all sites combined).

Table 3 Proportion of compliance on the key elements of verbal and written handoffs

Proportion of compliance

OR
(95% CI) P value

Intervention (N=445)
n/N (%)

Control
(N=396)
n/N (%)

Verbal
  Illness severity 337/445 (75.7) 47/396 (11.9) 18.0 (11.1 to 29.0) <0.001
  Patient summary 434/445 (97.5) 253/396 (63.9) 51.0 (20.0 to 129.8) <0.001
  Actions list 339/445 (76.2) 84/396 (21.2) 17.5 (10.2 to 30.1) <0.001
  Situations and contingency plans 194/445 (43.6) 34/396 (8.6) 15.7 (7.8 to 31.5) <0.001
  Synthesis by the receiver 362/445 (81.3) 47/396 (11.9) 31.4 (17.6 to 55.9) <0.001
Written
  Illness severity 405/444 (91.2) 8/396 (2.0) 267.5 (117.7 to 607.9) <0.001
  Patient summary 417/444 (93.9) 166/396 (41.9) 32.4 (17.2 to 61.2) <0.001
  Actions list 306/444 (68.9) 57/396 (14.4) 21.1 (11.9 to 37.2) <0.001
  Situations and contingency plans 232/444 (52.3) 22/396 (5.6) 64.0 (25.9 to 158.0) <0.001
  Synthesis by the receiver 273/444 (61.5) 6/396 (1.5) 196.1 (71.5 to 538.0) <0.001
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Comparison with previous literature
There is a lack of robust evidence on best handoff 
practices, and the current knowledge on the nature of 
handoff failures during intershift transfers is scanty. 
Starmer et al observed that after the implementation 
of the I- PASS, a similar improvement was observed 
in the compliance of the items related to the quality 
of the handoff, while no differences were observed in 
the load of residents’ work. There were no changes 
observed in the time used to transfer patients, and 
not all the sites reported the same level of AE reduc-
tion, with heterogeneous compliance of handoff key 
elements.7 They observed a 23% relative reduction 
in medical errors and a 30% reduction in preventable 
AEs. The AE reports were based on direct observations 
or voluntary reporting. In our study, AE rates were 
identified in the MR with a tool using pre- established 
triggers.

Sheth et al demonstrated that a process transfer 
supported by I- PASS was associated with better effi-
ciency and culture of handoff safety.38 Coffey et al 
showed residents’ experiences with the implementa-
tion of the I- PASS package.39 They promoted other 
important active factors in this complex intervention, 
such as the patients’ data automatic import in the 
electronic transfer document, improvements in the 
environment transfer, teamwork and communication 
skills. They also noted that strict adherence might not 
be necessary to achieve the desired results.39 In our 
study, the situations and contingency plans in verbal 
and written handoffs were the most challenging 
I- PASS features for clinicians. The average compliance 
of the intervention items was similar to that observed 
in other studies at the beginning of the I- PASS 
programme implementation; a significant difference 

was also observed after the implementation of the 
quality improvement.15 16 20

In a report of AE in hospital wards of 16 teaching 
and non- teaching hospitals, it was also not possible to 
observe an improvement in the number of AEs over 
time. The AE rate was higher in academic hospitals 
(26.2 AE per 1000 patient- days, 95% CI 23.7 to 
29.0).27 This is the first study to use the GAPPS tool 
exclusively in PICUs and the first one using the tools 
in Spanish to the best of our knowledge. However, the 
AE rate in our study was higher and more severe than 
that described by Stockwell et al.

CONCLUSIONS
We observed an improvement in the quality of hand-
offs after the implementation of a standardised 
handoff intervention. No differences were observed in 
the rate of preventable AEs or the total rate of AEs 
after using the I- PASS. The perception of improvement 
in communication also did not change after the I- PASS 
bundle implementation.

Further research is needed to determine whether 
this intervention could reduce AE either by different 
implementation models for a longer duration or by 
using direct observation or voluntary reporting of AE.
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4. When one area in this unit is really busy, do others help you? 60.9% 61.0% 0.894
5. Is security never sacrificed even with a lot of work? 51.7% 56.1% 0.602
6. Are our procedures and systems effective in preventing errors that may occur? 49.4% 47.6% 0.795
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Supplementary Appendix I: “Handoff improvement and adverse events-reduction 

program implementation in paediatric intensive care units in Argentina: a stepped-wedge 

trial” 

Figure 1. Flowchart of the allocated sequence and period. 

 
 Cluster under intervention condition       Cluster under control condition 
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Supplementary Appendix II: “Handoff improvement and adverse events-reduction 

program implementation in paediatric intensive care units in Argentina: a stepped-wedge 

trial” 

 

Figure 1. Study sample in stepped wedge cluster randomized trial, showing health records reviewed in 

each cluster and period. 

PICUs 
Month of the study 

Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 

1  27 21 15 18 10 13 22 8 11 14 14 

2 30 29 24 17 12 12 14 16 12 15 24 

3 12 16 13 14 25 22 15 13 14 18 17 

4 30 30 30 30 30 30 30 30 30 30 29 

5 30 30 30 30 30 30 30 30 30 30 29 

6 27 24 27 24 24 21 17 21 18 17 30 

    Control    

    Intervention  

 

 
Table 1. Preventable adverse event per site and per period. 

Site 

Rates for 1000 days of hospitalization  

(95% CI) 
Rate of rates 

(Intervention/Control) 

(95% CI) 

p-Value* 

Intervention Control 

1 27.6 (20.8;36.7) 37.4 (29.5;47.4) 0.74 (0.51;1.07) 0.109 

2 21.3 (14.2;32.1) 32.2 (23.3;44.4) 0.66 (0.39;1.11) 0.122 

3 84.5 (66.1;108.0) 84.4 (65.7;108.3) 1.00 (0.71;1.42) 0.995 

4 82.7 (65.4;104.5) 73.5 (61.8;87.4) 1.12 (0.84;1.51) 0.430 

5 112.8 (87.9;144.6) 139.8 (106.2;184) 0.81 (0.56;1.17) 0.257 

6 42.2 (28.6;62.2) 28.9 (15.8;52.8) 1.46 (0.71;2.98) 0.304 

*p-value was obtained from the generalized mixed linear model adjusted by the time effect. 
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Table 2: Total amount of adverse event and preventable adverse event by type and group 

 Adverse events Non preventable adverse 

events 

 Intervention 

(N=698) 

Control 

(N=767) 

Intervention 

(N=698) 

Control 

(N=767) 

Health-care-associated infections     

Central line-associated blood stream 

infection  

11 19 10 19 

Sepsis/bacteremia unrelated to catheter  18 30 17 30 

Ventilator-associated pneumonia  59 57 59 56 

Nosocomial pneumonia, not ventilator-

related  

8 13 5 8 

Catheter-associated UTI  43 74 43 74 

Hospital-acquired viral illness  11 17 10 17 

Surgical site infection  9 3 9 2 

Endometritis  0 0 0 0 

C. difficile colitis  2 1 2 1 

Respiratory     

Acute respiratory failure (RR elevated or 

depressed))  

19 17 16 14 

Respiratory distress, not acute failure  2 0 0 0 

Pneumothorax/hemothorax/SQ air  12 15 11 13 

Barotrauma  3 0 3 0 

Atelectasis (CXR findings with increased [A-a] 

O
2 

gradient)  

11 5 7 4 

Bronchospasm  0 2 0 0 

Aspiration (witnessed, with or without CXR 

changes)  

1 1 1 1 

Pulmonary Embolus  0 0 0 0 

Post extubation stridor  13 22 2 3 

R mainstem bronchus intubation  1 1 1 1 

Unplanned extubation  0 0 0 0 

Reintubation within 24 hrs of planned 

extubation  

23 18 23 18 

Other Respiratory (note: ventilator-

associated pneumonia and other pneumonia 

is under infections section)  

35 37 7 9 

Gastrointestinal      

Nausea / vomiting 0 1 0 0 

Diarrhea 0 1 0 1 

Constipation 6 2 4 2 

Gastric distension  0 0 0 0 

Pancreatitis 0 0 0 0 
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Jaundice / hepatic insult (elevated bilirubin / 

elevated ALT and/or AST) 

9 4 0 0 

Ileus 0 2 0 2 

Other GI 1 4 1 3 

Surgical / Obstetrical      

Post-operative hemorrhage  8 6 3 4 

Post-operative hematoma  2 0 1 0 

Laceration or other injury of organ  0 2 0 1 

Unplanned removal of organ due to intra-

operative injury  

0 0 0 0 

Vascular injury  1 2 0 0 

Nerve injury  0 0 0 0 

Surgical anastomosis failure  0 1 0 1 

Wound dehiscence  4 5 1 1 

Retained foreign instrument or sponge  0 0 0 0 

Failed procedure (e.g., need for revision)  5 3 5 0 

Unplanned return to surgery  8 3 5 0 

Uterine rupture  0 0 0 0 

Major placental abruption  0 0 0 0 

Unplanned / emergency hysterectomy  0 0 0 0 

Fetal / neonatal complications associated 

with delivery (e.g. stillbirth, birth trauma, 

dystocia, unplanned NICU admission)  

0 0 0 0 

Other surgical or obstetrical  10 5 2 4 

Renal/Fluids/Endocrine      

Fluid overload (new CHF, severe edema or 

increased [A-a] O
2 

gradient associated with IV 

fluids)  

6 4 6 4 

Dehydration / Oliguria (urine output 

<0.5cc/kg TBW > 4 hrs; or CVP < 5 or PAWP < 

8 with signs of dehydration)  

0 0 0 0 

Acute renal failure (increased Creat > 50% 

with or without oliguria)  

12 16 6 8 

Metabolic acidosis (HCO
3 

< 20)  1 2 0 1 

Metabolic alkalosis (HCO
3 

> 30)  0 1 0 1 

Adrenal insufficiency (Low baseline or ACTH 

stimulation test cortisol and / or responds to 

corticosteroid Rx)  

0 0 0 0 

Hyperglycemia  3 4 1 4 

Hypoglycemia  7 14 7 10 

Hyperkalemia  1 1 0 1 

Other Renal / Fluids / Endocrine 13 13 10 8 

Neurologic   
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Oversedation (drug related)  2 8 2 6 

Delirium / Encephalopathy  0 5 0 1 

Seizures  6 3 3 2 

CVA / Intracerebral hemorrhage  0 1 0 1 

Paralysis / Neuromuscular blocker excess  0 0 0 0 

Obtundation (not drug-related)  13 1 13 1 

Inadequate sedation/anxiolysis  0 0 0 0 

Inadequate analgesia  0 0 0 0 

Withdrawal symptoms  17 17 13 15 

Other neurologic  6 7 2 5 

Cardiovascular      

Cardiac Arrest  31 23 8 15 

Hypotension  9 10 3 5 

Hypertension  4 2 4 1 

Low cardiac output  4 1 4 1 

Shock (non-cardiogenic) (hypotension and 

oliguria or altered sensorium or peripheral 

hypoperfusion)  

5 3 4 1 

Arrhythmias / Conduction abnormality (new 

VT, VF, AF, SVT, bradycardia or heart block)  

5 13 3 5 

Myocardial infarction/ischemia (ECG changes 

and/or increased troponin or CK-MB)  

0 0 0 0 

Pulmonary edema (Increased [A-a] O
2 

gradient or new CXR clinical findings or 

PCWP≥18  

0 3 0 3 

Peripheral (extremity) ischemia (absent 

pulses or skin color and temperature 

changes)  

0 3 0 1 

Other cardiovascular  6 0 4 0 

Hematologic      

Hemorrhage (Hct ↓ > 5% or needs RBC 
transfusions)  

28 22 17 15 

Thromboembolic event - venous  9 21 4 16 

Thromboembolic event - arterial  3 3 0 1 

Hematoma  2 2 2 2 

Other Hematologic, Specify  9 9 6 5 

Other Categories      

Hypothermia (Temperature < 35° C)  2 5 0 5 

Pyrexia (Temperature > 39° C)  0 0 0 0 

Alcohol or drug withdrawal  8 6 7 3 

Allergic reaction (e.g. rash, hives, anaphylaxis)  3 5 1 2 

Fall  0 0 0 0 

Pressure Ulcer  10 19 10 19 
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Death  21 9 5 2 

Rash (non-allergic)  1 0 0 0 

Line complication  41 38 37 36 

Tube complication (chest tube, foley, etc.)  6 4 6 4 

Other harm type not listed above  37 37 26 31 
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Table 3. Proportion of compliance on the key elements of verbal handoffs in each site 

     Verbal 

Site 

Illness severity Patient summary Action list Situation awareness and 

contingency plans 

Synthesis by the receiver 

 Intervention Control Intervention Control Intervention Control Intervention Control Intervention Control 

1 81.7% 0.0% 93.3% 10.5% 63.3% 4.0% 10.0% 0.0% 93.3% 2.6% 

2 73.8% 4.0% 100.0% 81.6% 96.7% 36.8% 16.4% 9.2% 62.3% 0.0% 

3 65.4% 0.0% 99.0% 65.5% 81.2% 0.0% 53.5% 0.0% 85.2% 0.0% 

4 83.3% 0.0% 93.8% 61.9% 83.3% 22.6% 58.3% 4.8% 95.8% 36.9% 

5 83.8% 34.7% 100.0% 91.7% 36.3% 12.5% 2.5% 1.4% 90.0% 0.0% 

6 73.7% 63.3% 96.8% 90.0% 95.8% 83.3% 99.0% 73.3% 67.4% 46.7% 

 

 
Table 4. Proportion of compliance on the key elements of written handoffs in each site 

    Written 

Site 

Illness severity Patient summary Action list Situation awareness and 

contingency plans 

Synthesis by the receiver 

 Intervention Control Intervention Control Intervention Control Intervention Control Intervention Control 

1 98.3% 0.0% 95.0% 1.3% 68.3% 15.8% 10.0% 0.0% 96.7% 1.3% 

2 98.4% 1.3% 100.0% 61.8% 45.9% 7.9% 37.7% 1.3% 16.4% 0.0% 

3 93.1% 1.7% 97.0% 46.6% 93.1% 13.8% 71.3% 0.0% 88.1% 0.0% 

4 95.8% 0.0% 100.0% 86.9% 91.7% 10.7% 83.3% 0.0% 95.8% 0.0% 

5 86.1% 0.0% 88.6% 0.0% 13.9% 0.0% 1.3% 0.0% 8.7 0.0% 

6 82.1% 20.0% 87.4% 60.0% 92.6% 73.3% 94.7% 70.0% 66.3% 16.7% 
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Supplementary Appendix III: “Handoff improvement and adverse events-reduction 

program implementation in paediatric intensive care units in Argentina: a stepped-

wedge trial” 

 

Adverse events 

Severity Ratings 

GAPPS rates the severity of adverse events according to a modified version of the National 

Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) Index for 

Categorizing Errors. Although the index was initially developed to rank the severity of medication 

errors, it is often used for broader categories of adverse events, not just those 

events that occur due to medication errors. The NCC MERP harm categories E through I are the 

standard for severity categorization in the IHI GTT as well as other published trigger tools(Loren, 

2016). 

Category E: Temporary harm to the patient and required intervention 

Category F: Temporary harm to the patient and required initial or prolonged 

hospitalization 

Category G: Permanent patient harm 

Category H: Intervention required to sustain life 

Category I: Patient death 

(Landrigan et al., 2010) 

 

Preventability 

GAPPS seeks to identify all adverse events, regardless of whether an event is preventable, and 

requires reviewers to assess the preventability of adverse events. GAPPS includes assessments of 

preventability to facilitate the identification of clinical areas with potential for immediate 

improvement. Preventability is defined in GAPPS as follows: 
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(Landrigan et al., 2010) 

 

Assessment of written and oral handoffs 

Key elements evaluated for handoffs included an illness-severity assessment (unstable, watcher, 

stable), patient summary (defined as an oral handoff of at least three of the following: summary 

statement, events leading up to admission, hospital course, ongoing assessment, and active plans), 

action list (defined as a clearly articulated list of “to-do” items or a statement of “nothing to do”), 

situations & contingency plans (defined as an indication of what to do if adverse contingencies 

occur, or an explicit indication that no adverse contingencies were anticipated), and synthesis by 

the receiver (defined as readback mostly performed with small correction required or readback fully 

performed without need for correction), complete patient data (defined as three identification 

including name), transfer of erroneous information (defined as information not belong to the 

patient or old fashioned), omission of information (defined as omission of more than one principal 

diagnoses or treatment), unrelated information (defined as information not related to the patient 
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being handoff), accuracy of illness severity (defined as illness-severity assessment of the handoff 

giver and the one registered in the patient medical record), correct handoff rhythm (defined as 

normal rhythm of spoken voice without long interruptions), patient summary quality (as compared 

to the patient medical record), active listening (evaluates the receiver’s attention), non-relevant 

information (delivered by the receiver in the synthesis), adequate synthesis length (defined as no 

longer than 1 minute), adequate of the receiver’s questions (defined as questions related to patient 

state as compared to medical record). 

 

Handoff observer forms 
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RESUMEN 

Introducción: Existen pocos estudios sobre la calidad del traspaso y los eventos adversos (EA) que 

evalúen rigurosamente la efectividad de los programas de mejora del traspaso. Ninguno de ellos se 

ha realizado en países de ingresos bajos y medianos. Se evaluará el efecto de la implementación de 

un programa de traspaso en la reducción de la frecuencia de eventos adversos (EA) en las Unidades 

de Cuidados Intensivos Pediátricos (UCIP). 

Métodos: ensayo clínico escalonado, aleatorizado por conglomerados en seis UCIP de Argentina, de 

5 hospitales, con más de 20 ingresos por mes. El estudio se realizó de julio de 2018 a mayo de 2019, 

y todas las unidades estuvieron involucradas por lo menos durante 3 meses en el período de control 

y 4 meses en el período de intervención. La intervención comprendió una versión en español del 

paquete de traspaso I-PASS, que consistió en un traspaso escrito y verbal utilizando mnemónicos, 

un taller introductorio con capacitación en trabajo en equipo, una campaña publicitaria, ejercicios 

de simulación y observación y retroalimentación estandarizada de los traspasos. Los registros 

médicos (RM) se revisaron utilizando una metodología de herramienta de activación. Las 

transferencias se evaluaron mediante observaciones directas. 

Resultados: Revisamos 1465 RM, 767 en el período de control y 698 en el período de intervención. 

No observamos diferencias en las tasas de EA evitables por 1000 días de hospitalización [control 

60,4 (37,5–97,4) frente a intervención 60,4 (33,2 ¬109,9), p = 0,99, cociente de riesgos: 1,0 (0,74–

1,34)], y sin cambios en las categorías o tipos de EA. Evaluamos 841 transferencias, 396 en el período 

de control y 445 en el período de intervención. El cumplimiento de todos los elementos de las 

transferencias verbales y escritas fue significativamente mayor en el grupo de intervención. No 

observamos diferencias en el tiempo de transferencia en ambos períodos [control 35,7 min (29,6-

41,8) vs. intervención 34,7 min (26,5-42,1); diferencia 1,43 min (IC del 95%: -2,63–5,49, p = 0,49)]. 

La percepción de los proveedores de una mejor comunicación no cambió.  

Conclusiones: Después de la implementación del paquete I-PASS, se observó una mejora de la 

calidad en los traspasos. Sin embargo, no se observaron diferencias en la frecuencia de EA ni en la 

percepción de mejora de la comunicación. 
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