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Take-home message: This study is the first
to prospectively analyse the feasibility and
utility of a clinical interaction system
applied to daily healthcare situations, i.e.
the AASTRE, which allows unsafe
situations to be rendered safe in real time.
The utility of the AASTRE tool was found
to be especially effective in improving
adherence to clinical practice guidelines and
was higher at hospitals that participated in
the design of the AASTRE tool.

Electronic supplementary material
The online version of this article
(doi:10.1007/s00134-015-3792-3) contains
supplementary material, which is available
to authorized users.

M. Bodı́ � G. Sirgo
Intensive Care Unit, Hospital Universitario
Joan XXIII, Instituto de Investigación
Sanitaria Pere Virgili, Rovira I Virgili
University, Tarragona, Spain

M. Olona
Department of Preventive Medicine,
Hospital Universitario Joan XXIII, Instituto
de Investigación Sanitaria Pere Virgili,
Rovira I Virgili University, Tarragona,
Spain

M. C. Martı́n
Intensive Care Unit, Hospital Universitario
de Torrejón, Torrejón de Ardoz, Madrid,
Spain

R. Alceaga
Intensive Care Unit, Hospital Santa Tecla,
Tarragona, Spain

J. C. Rodrı́guez
Intensive Care Unit, Hospital Universitario
Marques de Valdecilla, Santander, Spain

E. Corral
Intensive Care Unit, Hospital Universitario
Santiago Apostol, Vitoria, Spain
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Abstract Purpose: The two aims
of this study were first to analyse the
feasibility and utility (to improve the
care process) of implementing a new
real time random safety tool and
second to explore the efficacy of this
tool in core hospitals (those par-
ticipating in tool design) versus non-
core hospitals. Methods: This was a
prospective study conducted over a

period of 4 months in six adult in-
tensive care units (two of which were
core hospitals). Safety audits were
conducted 3 days per week during the
entire study period to determine the
efficacy of the 37 safety measures
(grouped into ten blocks). In each
audit, 50 % of patients and 50 % of
measures were randomized. Feasi-
bility was calculated as the proportion
of audits completed over those
scheduled and time spent, and utility
was defined as the changes in the care
process resulting from tool applica-
tion. Results: A total of 1323
patient-days were analysed. In terms
of feasibility, 87.6 % of the scheduled
audits were completed. The average
time spent per audit was
34.5 ± 29 min. Globally, changes in
the care process occurred in 5.4 % of
the measures analysed. In core hos-
pitals, utility was significantly higher
in 16 of the 37 measures, all of which
were included in good clinical prac-
tice guidelines. Most of the clinical
changes brought about by the tool
occurred in the mechanical ventila-
tion and haemodynamics blocks.
Multivariate analyses demonstrated
that changes in the care process in
each block were associated with the
core hospital variable, staffing ratios
and severity of patient disease.
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Conclusions: Real time safety au-
dits improved the care process and
adherence to the clinical practice
guidelines and proved to be most
useful in situations of high care load

and in patients with more severe dis-
ease. The effect was greater in core
hospitals.
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Introduction

Patients admitted to an intensive care units (ICU) are
characterized specifically by their need for more advanced
level of monitoring than can be provided in other wards of a
hospital. However, precisely because of the greater com-
plexity of the healthcare that must be provided to these
patients, the risk of patient safety-related incidents is
greater in the ICU than in other hospital wards [1, 2].

Errors in healthcare may occur due to an unintended
act or by omission. Those resulting from the former are
more visible and therefore more easily detectable. Errors
of omission are more insidious and more difficult to
identify and include, as an example, the lack of adherence
to good clinical practice guidelines [3] which occurs,
paradoxically, in more severe patients [4]. Explanations
for such omissions are a lack of knowledge of good
clinical practice guidelines and the presence of barriers
that prevent their use, such as the lack of time and/or
resources, organizational aspects of the ICU or even re-
sistance to changing work habits [5].

The aimsof health riskmanagement are todetect, analyse
and prevent patient safety-related incidents using reactive or
proactive tools. These tools are complementary to each
other. Proactive tools have been proposed as a simple and
usefulmethod to avoid errors of act and omission in critically
ill patients [6, 7]. Although the implement of proactive tools
has been shown to be a promising strategy to prevent adverse
events (AEs) [8] and are current used in various aspects of
healthcare quality [9], they have not been free of criticism in
terms of the permanence of their effect over time and the
(increased) consumption of staff resources and time [10].
Among the various proactive methods which have been
proposed, the use of random safety audits stands out [6, 8]
because rather than attempting tomonitor all potential errors
all the time, randomprocess auditing systematically selects a
subset of error-prone points tomonitor at any givenmoment.
Our group has recently developed and validated such a
tool—the real time random safety audits (in Spanish:
Análisis Aleatorios de Seguridad en Tiempo Real, AAS-
TRE)—and found it to be effective in detecting and
remedying errors of omission in real time, thereby improving
adherence to guidelines [11].

The implementation, development and effectiveness of
tools used to improve healthcare quality and safety are in-
fluenced by the leadership and culture of the institution,
suggesting that not all tools are equally effective and
critically depend upon the environment in which they are

applied [12]. The aims of this study are, first, to analyse the
feasibility and utility (improve the care process) of imple-
menting a new real time random safety tool and, second, to
explore the utility of this tool in core hospitals (those par-
ticipating in tool design) versus non-core hospitals.

Materials and methods

Methodology for the implementation of AASTRE

Design and description of the checklist

Thechecklist, previouslyvalidated [11], consists of 37 safety
measureswhich aregrouped into ten blocksof different areas
of care [13–15]: mechanical ventilation, haemodynamics,
renal function and continuous renal replacement techniques
(CRRT), sedation and analgesia, treatment (two blocks),
nutrition, techniques and tests, nursing care and structure.
AASTRE is standardly performed three days per week, with
randomization of 50 % of the safety measures and 50 % of
the ICU patients on the each day of analysis. Each safety
measure has a specific definition, assessment criteria and a
specific methodology for verification [see Electronic Sup-
plementary Material (ESM)].

The definition of an ‘‘eligible patient’’ is a patient who
meets the assessment criteria for each of the measures se-
lected on the day of analysis. If the patient does notmeet the
assessment criteria, the measure is deemed not applicable.

Role and training of prompters

The safety audits are always carried out after the ICU
daily round and require the participation of a prompter
and the healthcare professionals directly responsible for
patient care (attending physician, residents and nurses).
The prompter is one of the two senior attending physi-
cians of each ICU (not directly caring for the patient) who
have received the education and training required by the
study and who are responsible for verifying and/or pro-
moting the safety measures.

At all centres, training sessions were held on the the-
oretical aspects and the methodology used in the
AASTRE. In addition, all prompters were trained in the
goals of the study and in the use of the tool via online.
Moreover, practical training was also required, by re-
producing at least three safety rounds in a core center
prior to the start of the study.
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Safety audits

Many of the measures included in the checklist are rou-
tinely carried out by healthcare professionals during the
ICU daily round. The purpose of the safety audits is to
verify that they indeed have actually been carried out. If
this were not the case (error of omission), the prompter
reminds the healthcare professionals that they should be
carried out. In this framework, the possible responses
during the audits are: (1) ‘‘Yes’’—when the measure
analysed had been taken/performed on the ICU daily
round; (2) ‘‘Yes, after AASTRE’’—when the safety audit
was used to detect an error of omission that has been
corrected; (3) ‘‘No’’—when the measure analysed could
not be changed despite the audit; (4) ‘‘Not applicable’’—
when the patient did not meet the assessment criteria.

The checklist and the responses of the evaluations are
entered into a web platform (http://www.aastre.es). Safety
audits were performed with a tablet at the bedside to fa-
cilitate implementation.

Study design and participating centres

This was a prospective study in which six Spanish
ICUs participated during a study period of 4 months

(February to May 2013). The organization of health-
care did not differ between the participating hospitals.
During ICU daily round, the attending physician,
resident and nurse responsible for the patient were
present.

Table 1 shows the characteristics of the centres and
the most relevant initiatives implemented in terms of
patient safety (register of AEs, voluntary reporting of AEs
and National Nosocomial Infections Surveillance Study).

Hospitals that participated in the design of the AASTRE
tool and in its pilot study were defined as core hospitals
(Hospitals 1 and 2).

Variables considered

The variables (and their definition) considered in this
study are as follows:

Number of patient-days was the number of patients
assessed in the total number of days on which safety
audits were carried out in the six hospitals.
Feasibility was determined by the number of times the
AASTRE was completed compared with the number of
days on which it was scheduled and for the average
evaluation time spent each day. The average time spent
each day that the AASTRE was conducted was evaluat-
ed at a single core centre.
Utility was evaluated as the proportion of changes in the
care process carried out as a result of verification. In
particular, for each safety measure, a quantitative
variable was defined to analyse it according to the
following formula (improvement proportion related to
AASTRE, IPR-AASTRE):

IPR-AASTRE-G is the proportion of changes in the care
process carried out as a result of the verification of the
safety measures over the total AASTRE.

As the safety measures were distributed according
to blocks, and each block analyses common aspects of
a particular area of the critically ill patient, a variable
was created to reflect the IPR of each block
(IPR-AASTRE-B):

IPR-AASTRE

¼ Numberof occasionsonwhich theAASTREchangedcareprocessð}yes;after theAASTRE}Þ
Numberof occasionsonwhich themeasurewas selected�numberof occasionsonwhich thepatientwasnot eligible

� 100

IPR-AASTRE-B

¼ Sumof thenumberof occasionsonwhich theAASTREchangedcareprocess in eachblock

Numberof occasionsonwhich themeasurewas selected in eachblock�numberof occasionsonwhich thepatientwasnot eligible in eachblock

� 100
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This formula helped simplify the assessment of the
impact of different variables on utility. These variables
are: the core hospital/non-core hospital, staffing ratio
[patient:nurse ratio (B2:1 vs.[2:1), patient:physician
ratio (B3:1 vs. [3:1)], the Sequential Organ Failure
Assessment (SOFA) score, type of patient (medical,
surgical, neurocritical and trauma), and length of stay
(length of stay at the time of safety audits (\7, 7–14,
[14 days).

Ethical aspects

The study was approved by the Ethics and Clinical Re-
search Committee of each investigating centre. Given the
characteristics of the study and the anonymity of the data,
it was deemed unnecessary to obtain informed consent.

Statistical analysis

All variables were described using the absolute number
(N) and with the relative frequency percentage for catego-
rical variables and the mean and standard deviation for
continuous variables. Univariate analysis was performed to

compare the groups (core hospitals vs. non-core hospitals),
and the chi-square test was used for categorical variables.
Multivariate analysiswas performed to ascertain the impact
of the ten blocks of different variables on the IPR-AAS-
TRE-B and with the aim of adjusting possible confounding
effects; multiple logistic regression, fixed model and like-
lihood ratio method analyses were performed for possible
confounding effect. The results were expressed as odds
ratio and their 95 % confidence interval. The acceptable
level of statistical significance was set at p B 0.05. All data
analysis was performed using the SPSS version 15 statis-
tical package (SPSS Inc., Chicago, IL).

Results

During the study period, the AASTRE was carried out on
1323 patient-days. Medical patients were evaluated on
673 occasions (50.9 %), surgical patients on 343 occa-
sions (25.9 %), trauma patients on 160 occasions
(12.1 %) and neurocritical patients on 147 occasions
(11.1 %). Table 2 shows the distribution of the types of
patient, the SOFA score, the ratios of patients to profes-
sionals, length of stay at the time of the AASTRE and the

Table 1 Characteristics of the centres and safety-related initiatives

Characteristics Hospital 1 Hospital 2 Hospital 3 Hospital 4 Hospital 5 Hospital 6

Core study hospital Yes Yes No No No No
No. of hospital beds 350 250 180 980 250 840
Teaching hospital
Undergraduate Yes Yes No Yes Yes Yes
Resident physician Yes No Yes Yes Yes Yes

No. of ICU beds
Total at the centre 30 16 9 42 17 32
ICU participating in
study

14 16 9 12 17 10

Computerized ICU Yes Yes No No Yes No
Active protocol for
Sedation and analgesia Yes No Yes No Yes Yes
Weaning Yes No Yes No Yes Yes
Enteral nutrition Yes Yes Yes Yes Yes Yes

Register of AEs No No No No Yes No
Voluntary reporting of
AEs

Yes Yes Yes No Yes Yes

ENVIN-ICU
participation (BZ, NZ,
RZ)

Yes Yes No Yes Yes Yes

Other checklist systems
(not AASTRE)

Prevention of VAP, CRB,
intrahospital transfer

Prevention of
VAP, CRB

No Organ
donation
process

Checklist of shift
change nursing

Daily targets

Patient types Medical
Surgical
Trauma
Neurocritical

Medical
Surgical
Trauma
Coronary

Medical
Surgical
Coronary

Trauma
Neurocritical

Medical
Surgical
Trauma
Coronary

Medical
Surgical
Trauma
Neurocritical

N absolute number, ICU intensive care unit, AEs adverse events,
ENVIN National Nosocomial Infections Surveillance Study, BZ
Bacteremia Zero Spanish Project, NZ Pneumonia Zero Spanish

Project, RZ Resistance Zero Spanish Project, VAP ventilator-asso-
ciated pneumonia, CRB catheter-related bloodstream infection
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comparison between core and non-core hospitals. The
distribution of type of patients was similar at each of the
participating hospitals. Severity of patient disease/condi-
tion was higher in the non-core hospitals, and the staff
load was higher in the core hospitals.

Feasibility

During the study period, the AASTRE was scheduled on
47 occasions in each hospital. Overall, 87.6 % were
conducted. There were no significant differences between
core hospitals and non-core hospitals in terms of feasi-
bility (87.2 vs. 87.9 %, respectively). Midweek holidays
prevented all of the scheduled safety audits from being
carried out. In each audit, 100 % of the randomly selected
patients were analysed. The average time spent on a
safety audit, measured at Hospital 1, was 34.5 ± 29 min.

Utility

The overall IPR-AASTRE-G was 5.4 %, and it was sig-
nificantly higher in core hospitals that in non-core
hospitals (8.5 vs. 2.3 %, respectively; p\ 0.0001).

Table 3 shows the number of eligible patients and the
IPR-AASTRE in relation to the core and non-core hos-
pitals for each safety measure. When all centres were
analysed together, the IPR-AASTRE was[10 % for six
measures. Globally, the tool has been useful to maintain

improved control of plateau pressure to adjust monitor
alarms to safer settings and to improve nutrition. Inter-
estingly, in core hospitals, 16 of the 37 safety measures
presented a significantly higher IPR-AASTRE compared
to the non-core hospitals. Many of these are included in
the good clinical practice guidelines, such as early re-
moval of vascular catheters and semi-recumbent position
assessment, among others.

Table 4 shows the analysis of the measures grouped
into blocks (IPR-AASTRE-B). In a joint analysis of the
participating hospitals, this variable exceeded 20 % in the
mechanical ventilation, nursing care and structure blocks.
When comparing core and non-core hospitals, IPR-
AASTRE-B was significantly higher in core hospitals in
all blocks of measures.

Table 5 shows the impact of the independent variables
selected in the IPR-AASTRE-B. Interestingly, the core
hospital variable is independently associated to a higher
IPR-AASTRE-B in all blocks of measures. The higher
nursing workload was associated with a higher IPR-
AASTRE in six blocks, while physician workload was
only associated with a higher IPR-AASTRE in two
blocks; the same was observed for the SOFA score.

The ‘‘No’’ response (when the measure analysed could
not be changed despite the safety audit) occurred in
2.52 % of cases, with significant differences between core
and non-core hospitals (1.74 vs. 3.13 %, respectively,
p\ 0.05). The distribution of this response was homo-
geneous among all variables and was associated with the
lack of local clinical protocols.

Table 2 Distribution of the types and severity of patient disease/condition, staffing ratios and length of stay

Variables Core participating hospitals Non-core participating hospitals Total p

N % N % N %

Patient type
Medical 294 50.34 379 51.29 673 50.87 0.4
Neurocritical 69 11.82 78 10.55 147 11.11
Surgical 143 24.49 200 27.06 343 25.93
Traumatic 78 13.36 82 11.10 160 12.09

SOFA score
\4 344 58.90 264 35.82 608 46.03 \0.0001
4–7 156 26.71 250 33.92 406 30.73
8–12 70 11.99 161 21.85 231 17.49
C12 14 2.40 62 8.41 76 5.75
Missing data 2

Patient:nurse ratio
B2:1 362 61.99 555 75.10 917 69.31 \0.0001
[2:1 222 38.01 184 24.90 406 30.69
Patient:physician ratio
B3:1 395 67.64 698 94.45 1093 82.62 \0.0001
[3:1 189 32.36 41 5.55 230 17.38
Length of stay
\7 days 278 47.60 366 49.53 644 48.68 0.09
7–14 days 121 20.72 179 24.22 300 22.68
14–21 days 62 10.62 75 10.15 137 10.36
C21 days 123 21.06 119 16.10 242 18.29

SOFA Sequential Organ Failure Assessment Score
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Table 3 Distribution of eligible patients and IPR-AASTREa

Blocks and associated safety measures 6 Hospitals
(N = 1323)

Core
hospitals
(N = 584)

Non-core
hospitals
(N = 739)

p for differences
in IPR-AASTRE
between core
and non-core
hospital

Block: mechanical ventilation
1. Alveolar pressure limit 212 (21.2) 73 (28.8) 139 (17.3) 0.06
2. Mechanical ventilation alarms 391 (21.0) 183 (32.8) 208 (10.6) \0.0001
3. Tolerance to spontaneous ventilation 167 (0.6) 73 (1.4) 94 (0.0) 0.24
4. Suitable current volume 343 (1.5) 144 (2.1) 199 (1.0) 0.65

Block: haemodynamics
5. Monitor alarms 556 (18.2) 263 (22.8) 293 (14.0) \0.0001
6. Water balance and fluid adjustment 557 (0.7) 263 (0.8) 294 (0.7) 0.99
7. Adequate haemodynamic monitoring 551 (0.2) 263 (0.4) 288 (0.0) 0.47
8. Fluid therapy and amines adjustment according to monitoring 192 (0.0) 42 (0.0) 150 (0.0) NA

Block: renal function and CRRT
9. Acute renal failure assessment 671 (6.7) 318 (13.5) 353 (0.6) \0.0001
10. CRRT treatment prescription 45 (0.0) 16 (0.0) 29 (0.0) NA
11. CRRT monitoring 45 (0.0) 16 (0.0) 29 (0.0) NA

Block: sedation and analgesia
12. Evaluation of sedation level and pain of sedated patient 293 (4.8) 95 (14.7) 198 (0.0) \0.0001
13. Pain assessment in non-sedated patient 373 (5.4) 157 (11.5) 216 (0.9) \0.0001
14. Oversedation prevention 239 (3.8) 74 (10.8) 165 (0.6) 0.001

Block: treatment (1)
15. Check drug allergies and intolerances in patient’s medical
history

615 (2.9) 299 (4.3) 316 (1.6) 0.07

16. Correct prescription of daily treatment orders 615 (3.1) 299 (5.0) 316 (3.1) 0.01
17. Adequate indication and dosage of the prescribed medication 614 (3.1) 298 (5.0) 316 (1.3) 0.02
18. Prescribed treatment administered correctly. Verbal orders 615 (4.2) 299 (3.0) 316 (5.4) \0.0001

Block: treatment (2)
19. Prevention of thromboembolic disease 648 (4.0) 280 (7.1) 368 (1.6) 0.001
20. Prophylaxis of gastrointestinal haemorrhage 690 (0.1) 301 (0.3) 389 (0.0) 0.35
21. Control of hyperglycaemia 686 (1.0) 299 (1.3) 387 (0.8) 0.58
22. Assessment of the antibiotic treatment 551 (2.0) 219 (3.2) 332 (1.2) 0.12
23. Appropriate transfusion 557 (0.4 %) 267 (0.4) 290 (0.3) 0.57

Block: techniques and tests
24. Checking of X-ray slides 553 (2.5 %) 211 (2.4) 342 (2.6) 0.53
25. Daily assessment of the need for catheters 676 (7.8 %) 250 (16.4) 426 (2.8) \0.0001

Block: nutrition
26. Monitoring of enteral nutrition 610 (12.0 %) 266 (25.9) 344 (1.2) \0.0001
27. Daily assessment by parenteral nutrition team 153 (2.0 %) 29 (6.9) 124 (0.8) 0.09

Block: nursing care
28. Verification of endotracheal tube cuff pressure 467 (3.9 %) 227 (0.0) 240 (7.5) \0.0001
29. Oral hygiene with chlorhexidine (0.12–0.2 %) 536 (0.6 %) 251 (0.4) 285 (0.7) 0.29
30. Daily assessment of the risk of developing pressure ulcers 672 (10.9 %) 318 (16.0) 354 (6.2) \0.0001
31. Daily assessment of the protective measures for the safe
handling of the patient

673 (0.7 %) 317 (1.6) 356 (0.0) 0.02

32. Semi-recumbent position 548 (9.7 %) 225 (21.8) 323 (1.2) \0.0001
Block: structure
33. Unequivocal patient identification 634 (7.6 %) 276 (14.1) 358 (2.5) \0.0001
34. Patient clinical information properly structured in the medical
history

633 (12.0 %) 275 (27.6) 358 (0.0) \0.0001

35. Life sustaining treatment limit sheet updated 77 (5.2 %) 37 (10.8) 40 (0.0) 0.07
36. Correct position of bed rails 627 (1.9 %) 271 (0.7) 356 (2.8) 0.11
37. Information to family members 633 (0.3 %) 275 (0.4) 358 (0.3) 0.10

NA not applicable, AASTRE real time random safety audits (in
Spanish: Análisis Aleatorios de Seguridad en Tiempo Real), CRRT
continuous renal replacement techniques, IPR-AASTRE proportion
of changes (%), i.e. improvement proportion related (IPR) to

AASTRE as a result of the verification of the safety measures over
the total AASTRE.
a Data are presented as the number of eligible patients, with the
IPR-AASTRE (%) in parenthesis
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Discussion

This study is the first to prospectively analyse the feasi-
bility and utility of a clinical interaction system applied to
daily healthcare practices, namely, the AASTRE, which
identifies unsafe healthcare situations in real time, al-
lowing them to be rectified. We found that the utility of
this system, which has been especially effective in im-
proving adherence to clinical practice guidelines, was
higher in the core hospitals participating in the study than
in the non-core hospitals. Our proposed tool contributes
additional information and methodology to other reactive
initiatives aiming to reduce AEs [16, 17] and at the same
time tackles the problem of lack of adherence in daily
practice to clinical guidelines [18].

Clinical practice is based on experience and the habits
acquired through it, and the latter are often difficult to
change [19]. In our study the use of the AASTRE allowed
clinical practice to be adapted on[5 % of occasions; for
some measures, this proportion can exceed 20 %. How-
ever, two findings mark the utility of the AASTRE in our
study: (1) The AASTRE led to greater improvement of
the care process in core hospitals; (2) the AASTRE fa-
cilitated adherence to the good clinical practice
guidelines.

The differences in behaviour between core and non-
core hospitals may be found in the circumstances that
condition the introduction of new approaches to work or
changes in routine clinical practice. In this context, Kash
et al. [20] described that any change initiative, if accepted
as pertinent in the group dynamics (acceptance within the
local culture and values), and if properly steered, will be
more likely to be included in work habits. Indeed, in our
study, the work performed by the core hospitals in de-
signing and developing the tool may have resulted in a
broader dissemination and increasing safety awareness of
this tool among the healthcare professionals of these
hospitals, thereby facilitating its incorporation in daily
practice. As a result, there would be less resistance to
change as the tool had been recommended as a strategy
for improving clinical practice.

In terms of facilitating adherence good clinical practice
guidelines, the failure to follow guidelines based on sci-
entific evidence iswidely described [21–23]. TheAASTRE
can facilitate adherence to clinical practice guidelines, thus
avoiding errors of omission and facilitating the transfer of
knowledge into clinical practice. Gurses et al. [24] recently
described four categories of factors that can contribute to
such a transfer: factors related to (1) the clinician (training,
experience), (2) the guidelines themselves (clarity), (3)
cultural inertias of work and (4) the dissemination of
guidelines. The AASTRE is a transversal tool that affects
each of these categories: (1) it interacts directly with the
clinician in terms of daily decision-making; (2) it evaluates
the key factors of clinical practice guidelines; (3) it ques-
tions cultural habits challenging the scientific evidence; (4)
it ensures that the evaluation process itself will facilitate the
transfer of best clinical practices gradually and system-
atically throughout the field of critical medicine. In this
context, AASTRE may play a role in educating and fa-
cilitating teamcommunication. This aspect also contributes
to greater adherence to good clinical practice guidelines, as
previously described [25].

The utility of the AASTRE may be conditioned by
intrinsic aspects of the field of critical care patients, such
as the distribution of human resources, the severity of
patients and the length of hospital stay. In our study, a
patient:nurse ratio of [2 was independently associated
with a greater number of changes in six of the ten blocks.
Other authors have reported a negative impact of this
variable in monitoring protocols [26, 27], and it has also
been linked to a lower quality of patient care, to a higher
incidence of AEs [28] and to an increase in average length
of hospital stay and mortality [29–31]. In the case of the
attending physician, a ratio of[1 physician to 3 patients
was independently associated with a greater utility of the
AASTRE in just two of the blocks of measures. A care
load is perceived by the intensive care physician as being
a negative factor on the quality of healthcare [32].
However, the most suitable ratio is not known [33], and
neither is its impact on mortality [34].

Table 4 IPR-AASTRE-B: distribution and comparison between core and non-core hospitalsa

Blocks of safety measures 6 Hospitals (N = 1323) Core hospitals (N = 584) Non-core hospitals (N = 739) p

Block: mechanical ventilation 414 (26.1) 190 (38.4) 224 (15.6) \0.0001
Block: haemodynamics 558 (18.6) 263 (23.2) 295 (14.6) 0.01
Block: renal function and CRRT 672 (6.7) 319 (13.5) 353 (0.6) \0.0001
Block: sedation and analgesia 654 (5.4) 249 (13.0) 405 (0.7) \0.0001
Block: treatment (1) 615 (12.2) 299 (16.4) 316 (8.2) 0.002
Block: treatment (2) 693 (6.8) 301 (11.0) 392 (3.6) \0.0001
Block: techniques and tests 681 (9.4) 250 (17.6) 431 (4.6) \0.0001
Block: nutrition 678 (11.1) 288 (24.7) 390 (1.0) \0.0001
Block: nursing care 675 (21.5) 318 (31.8) 357 (12.3) \0.0001
Block: structure 634 (20.7) 276 (40.1) 357 (5.6) \0.0001

IPR-AASTRE-B, Variable was created to reflect the improvement proportion related to AASTRE (IPR) of each block
a Data are presented as the number of eligible patients, with the IPR-AASTRE-B (%) in parenthesis
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In our study the disease severity of the patient was
independently associated with a greater utility of the
AASTRE in terms of renal function and CRRT, treatment
and structure blocks. These data are consistent with the
observations of Ilan et al. [4] who reported that the most
severely ill patients are often excluded from structured
decision trees in good clinical practice guidelines. This
does not mean that care is neglected; conversely, it does
mean that a particular problem (perhaps resuscitation)
absorbs all the attention of the healthcare providers,
relegating less urgent but equally important measures to
second place. In this scenario, the AASTRE has proved to
be especially useful since, without any interruption to the
work flow, aspects of healthcare for the severely ill pa-
tient are recalled and their definitive inclusion into
treatment is left to the discretion of the attending physi-
cian, based on the indication:risk balance.

Regarding the methodology used for the randomiza-
tion of patients and variables, the AASTRE has the
potential to increase safety awareness of the clinical staff
while providing prompt feedback on team performance in
critical patient safety domains. However, the interaction
between the healthcare professionals caring for the patient
and the prompter (all of whom are members of the ICU
team) is fundamental in providing empathy and recog-
nizing the relevance of the clinical problems analysed via
the AASTRE. This aspect has been previously described
by Weiss et al. [35] who, in a prospective study, showed
that checklists of safety measures guided by an observer
improved mortality and average length of stay in an ICU
compared to those carried out through self-verification.

There are a number of limitations to this study. First,
the degree of safety awareness at the beginning and at the
end of the study was not considered as a variable in the
design of the study. Second, the ICUs included in the
study are heterogeneous, which may have affected any
comparison of results. Third, the length of the study time
period (4 months) may have been too short and prevented
our addressing other goals, such as the impact on mor-
tality. Fourth, the time spent performing the safety audits
was only analysed in one core hospital; however, it should
be noted that this aspect is an objective element of im-
provement since very few other studies explain this [36].
Fifth, the lack of randomization of assessment days may
have biased the results. Sixth, the care burden on the
nursing staff could have been represented using a nursing
workload score rather than the patient:nurse ratio. Finally,
the impact of the tool on result indicators, such as inci-
dence of AEs, was not measured.

To conclude, real time safety audits are a useful and
feasible tool for the prevention of errors in adult ICU
patients. In our study, this tool was most useful in the
hospitals which participated in its design. The AASTRE
was found to improve adherence to clinical practice
guidelines, proving most useful in situations of high
healthcare load and in the more severely ill patient. MoreT
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extensive studies are needed to ascertain its impact on the
evolution of care of critically ill patients.
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1. Merino P, Álvarez J, Martı́n MC,
Alonso A, Gutiérrez I, SYREC study
investigators (2012) Adverse events in
Spanish intensive care units: the
SYREC study. Adverse events in
Spanish intensive care units: the
SYREC study. Int J Qual Health Care
24:105–113

2. Donchin Y, Gopher D, Olin M, Badihi
Y, Biesky M, Sprung CL, Pizov R,
Cotev S (2003) A look into the nature
and causes of human errors in the
intensive care unit 1995. Qual Saf
Health Care 12:143–147

3. Cabana MD, Rand CS, Powe NR, Wu
AW, Wilson MH, Abboud PA, Rubin
HR (1999) Why don’t physicians
follow clinical practice guidelines?A
framework for improvement. JAMA
282:1458–1465

4. Ilan R, Fowler RA, Geerts R, Pinto R,
Sibbald WJ, Martin CM (2007)
Knowledge translation in critical care:
factors associated with prescription of
commonly recommended best practices
for critically ill patients. Crit Care Med
35:1696–1702

5. The McDonnell Norms Group (2006)
Enhancing the use of clinical
guidelines: a social norms perspective.
J Am Coll Surg 202:826–836

6. Ursprung R, Gray JE, Edwards WH,
Horbar JD, Nickerson J, Plsek P,
Shiono PH, Suresh GK, Goldmann DA
(2005) Real time patient safety audits:
improving safety every day. Qual Saf
Health Care 14:284–289

7. Byrnes MC, Schuerer DJE, Schallom
ME, Sona CS, Mazuski JE, Taylor BE,
McKenzie W, Thomas JM, Emerson JS,
Nemeth JL, Bailey RA, Boyle WA,
Buchman TG, Coopersmith CM (2009)
Implementation of a mandatory
checklist of protocols and objectives
improves compliance with a wide range
of evidence-based intensive care unit
practices. Crit Care Med 37:2775–2781

8. Lee L, Girish S, van den Berg E, Leaf A
(2009) Random safety audits in the
neonatal unit. Arch Dis Child Fetal
Neonatal Ed 94:F116–F119

9. Centofanti JE, Duan EH, Hoad NC,
Swinton ME, Perri D, Waugh L,
Cocinero DJ (2014) Use of a daily goals
checklist for morning ICU rounds: a
mixed-methods study. Crit Care Med
42:1797–1803

10. Invaso R (2005) Real time patient
safety audits. Qual Saf Health Care
14:464

11. Sirgo Rodrı́guez G, Olona Cabases M,
Martin Delgado MC, Esteban Reboll F,
Pobo Peris A, Bodı́ Saera M, ART-
SACC study experts (2014) Audits in
real time for safety in critical care:
definition and pilot study. Med
Intensiva 38:473–482

12. Kaplan HC, Brady PW, Dritz MC,
Hooper DK, Linam WM, Froehle CM,
Margolis P (2010) The influence of
context on quality improvement success
in the Elath care: a systematic review of
the literature. Milbank Quat
88:500–559

13. Timsit JF, Citerio G, Bakker J, Bassetti
M, Benoit D, Cecconi M, Curtis JR,
Hernandez G, Herridge M, Jaber S,
Joannidis M, Papazian L, Peters M,
Singer P, Smith M, Soares M, Torres A,
Vieillard-Baron A, Azoulay E (2014)
Year in review in Intensive Care
Medicine 2013: III. Sepsis, infections,
respiratory diseases, pediatrics.
Intensive Care Med 40:471–483

14. Azoulay E, Citerio G, Bakker J,
Bassetti M, Benoit D, Cecconi M,
Curtis JR, Hernandez G, Herridge M,
Jaber S, Joannidis M, Papazian L,
Peters M, Singer P, Smith M, Soares M,
Torres A, Vieillard-Baron A, Timsit JF
(2014) Year in review in Intensive Care
Medicine 2013: II. Sedation, invasive
and noninvasive ventilation, airways,
ARDS, ECMO, family satisfaction,
end-of-life care, organ donation,
informed consent, safety, hematological
issues in critically ill patients. Intensive
Care Med 40:305–319

15. Citerio G, Bakker J, Bassetti M, Benoit
D, Cecconi M, Curtis JR, Hernandez G,
Herridge M, Jaber S, Joannidis M,
Papazian L, Peters M, Singer P, Smith
M, Soares M, Torres A, Vieillard-Baron
A, Timsit JF, Azoulay E (2014) Year in
review in Intensive Care Medicine
2013: I. Acute kidney injury,
ultrasound, hemodynamics, cardiac
arrest, transfusion, neurocritical care,
and nutrition. Intensive Care Med
40:147–159

16. Valentin A, Capuzzo M, Guidet B,
Moreno RP, Dolanski L, Bauer P,
Metnitz PGH (2006) Pateint safety in
intensive care: results from the
multinacional Sentinel Events
Evaluation (SEE) study. Intensive Care
Med 32:1591–1598

17. Garrouste-Orgeas M, Timsit JF, Vesin
A, Schwebel C, Arnodo P, Lefrant JY,
Souweine B, Tabah A, Charpentier J,
Gontier O, Fieux F, Mourvillier B,
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clinicianścompliance with evidence-
based guidelines. Crit Care Med
38:S82–S91

25. Kiyoshi-Teo H, Cabana MD, Froelicher
ES, Blegen MA (2014) Adherence to
institution-specific ventilador-
associated pneumonia prevention
guidelines. Am J Crit Care 23:201–214

26. De Becker W (2007) Starting up a
continuous renal replacement therapy
program on ICU. Contrib Nephrol
156:185–190

27. Honda CK, Freitas FG, Stanich P,
Mazza BF, Castro I, Nascente AP, Bafi
AT, Azevedo LC, Machado FR (2013)
Nurse to bed ratio and nutrition support
in critically ill patients. Am J Crit Care
22:71–78

28. Weingart SN, McL Wilson R, Gibberd
RW, Harrison B (2000) Epidemiology
of medical error. Br Med J
320:774–777

29. Tarnow-Mordi WO, Hau C, Warden A,
Shearer AJ (2000) Hospital mortality in
relation to staff workload: a 4 year
study in an adult intensive-care unit.
Lancet 356:185–189

30. Stone PW, Mooney-Kane C, Larson
EL, Horan T, Glance LG, Zwanziger J,
Dick AW (2007) Nurse working
conditions and patient safety outcome.
Med Care 45:571–578

31. Kane RL, Shamliyan TA, Mueller C,
Duval S, Wilt TJ (2007) The
association of registered nurse staffing
levels and patient outcome. Systematic
review and meta-analysis. Med Care
45:1195–1204

32. Ward NS, Read R, Afessa B, Kahn JM
(2012) Perceived effects of attending
physician workload in academic
medical intensive care units: a national
survey of training program directors.
Crit Care Med 40:400–405

33. Afessa B (2006) Intensive care unit
physician staffing: seven days a week,
24 hours a day. Crit Care Med
34:894–895

34. Dara SI, Afessa B (2005) Intensivist-
tobed-ratio: association with outcomes
in the medical ICU. Chest 128:567–572

35. Weiss CH, Moazed F, McEvoy CA,
Singer BD, Szleifer I, Amaral LA,
Kwasny M, Watts CM, Persell SD,
Baker DW, Sznajder JI, Wunderink RG
(2011) Prompting physician to address
a daily checklist and process of care and
clinical outcomes. Am J Respir Crit
Care Med 184:680–686

36. Thomassen O, Storesund A, Softeland
E, Brattebo G (2014) The effects of
safety checklists in medicine: a
systematic review. Acta Anaesthesiol
Scand 58:5–18

1098


	Feasibility and utility of the use of real time random safety audits in adult ICU patients: a multicentre study
	Abstract
	Introduction
	Materials and methods
	Methodology for the implementation of AASTRE
	Design and description of the checklist
	Role and training of prompters
	Safety audits

	Study design and participating centres
	Variables considered
	Ethical aspects
	Statistical analysis

	Results
	Feasibility
	Utility

	Discussion
	Acknowledgments
	References




