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Abstract Purpose: Detailed
information on organization and pro-
cess of care in intensive care units
(ICU) in emerging countries is scarce.
Here, we investigated the impact of
organizational factors on the out-
comes and resource use in a large
sample of Brazilian ICUs. Meth-
ods: Retrospective cohort study of
59,693 patients (medical admissions,
67 %) admitted to 78 ICUs during
2013. We retrieved patients’ data
from an ICU quality registry and
surveyed ICUs regarding structure,
organization, staffing patterns, and
process of care. We used multilevel
logistic regression analysis to identify
factors associated with hospital mor-
tality. Efficient resource use was
assessed by estimating standardized
resource use and mortality rates
adjusted for the SAPS 3 score. Re-
sults:  ICUs were mostly medical-
surgical (79 %) and located at private
hospitals (86 %). Median nurse to bed
ratio was 0.20 (IQR, 0.15-0.28) and
board-certified intensivists were pre-
sent 24/7 in 16 (21 %) of ICUs.
Multidisciplinary rounds occurred in

Introduction

compared to those in developed nations [4, 17,

67 (86 %) and daily checklists were
used in 36 (46 %) ICUs. Most fre-
quent protocols focused on sepsis
management and prevention of
healthcare-associated infections.
Hospital mortality was 14.4 %. In
multivariable analysis, the number of
protocols was the only organizational
characteristic associated with mortal-
ity [odds ratio = 0.944 (95 % CI
0.904-0.987)]. The effects of proto-
cols were consistent across subgroups
including surgical and medical
patients as well as the SAPS 3 ter-
tiles. We also observed a significant
trend toward efficient resource use as
the number of protocols increased.
Conclusions: In emerging countries
such as Brazil, organizational factors,
including the implementation of pro-
tocols, are potential targets to
improve patient outcomes and
resource use in ICUs.

Keywords Organizational factors -
Outcomes -

Standardized resource use -
Intensive care unit - Protocols

18].

The way in which the intensive care unit (ICU) is orga-
nized and managed potentially affects quality and
efficiency in critical care [1-12]. Yet despite an extensive
literature addressing ICU organization and management,
our understanding of the impact of these factors on out-
comes remains limited, in part as a result of heterogeneity
across organizational factors and the complex interplay
among them. Additionally, acute care delivery may vary
significantly within and among countries, with differing
patient populations and local care practices affecting the
ICU structure, process, and outcome relationship [4, 6,
13-15].

Delivering affordable and high-quality critical care is
particularly challenging for emerging countries. These
countries account for more than 50 % of the world’s
population and face massive demographic and socioeco-
nomic transformation in the coming decades, with
increased urbanization, economic development, and
population growth [16]. In parallel, the demand for crit-
ical care is likely to increase, with severe implications in
terms of resource allocation and costs. Yet even at pre-
sent, patients’ outcomes remain comparatively worse as

Optimizing ICU organization is a potential target to
improve patient care and reduce mortality in these
countries. However, comprehensive information on ICU
organization and its relation to outcomes is mostly
restricted to developed countries [1, 3, 4, 7-12] and may
not fully translate to developing countries.

To address these knowledge gaps, we sought to
describe the organizational characteristics of a large
sample of Brazilian ICUs and to investigate their impact
on the hospital mortality and resource use.

Patients and methods

Design and setting

We performed a multicenter retrospective cohort study of
critical care organization and outcomes in 78 ICUs at 51
hospitals in 11 Brazilian states. The complete list of
investigators and centers appears in the Electronic Sup-
plementary Material (ESM). The study was coordinated
by the Department of Critical Care at the D’Or Institute
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for Research and Education (IDOR), Rio de Janeiro,
Brazil, and was endorsed by the Brazilian Research in
Intensive Care Network (BRICNet), an independent
research network for performing investigator-initiated
multicenter studies in critical care in Brazil. The Local
Ethics Committee at the IDOR (Parecer: 334.835) and the
Brazilian National Ethics Committee (CAAE:
19687113.8.1001.5249) approved the study and the need
for informed consent was waived. The full description of
patients and methods is given in the ESM.

Selection of centers, data collection, and definitions

Participating centers

We restricted the study to ICUs registered in the BRICNet
database and known to use the Epimed Monitor System®
(Epimed Solutions®, Rio de Janeiro, Brazil), a commer-
cial cloud-based registry for quality improvement,
performance evaluation, and benchmarking purposes. A
total of 117 ICUs met these criteria and were invited to
participate in the study. Of these, 88 ICUs agreed to
participate. We excluded ICUs that initiated Epimed after
July 2012 (n = 2) and ICUs in which more than 10 % of
patients were missing core data (n = 8), leaving 78 ICUs
from 51 hospitals in the final cohort (Fig. 1).

Within each participating ICU, the ICU director and/or
chief nurse completed a survey about hospital and ICU
organizational, structural, and process characteristics (see
ESM). Domains for the survey were based on prior
studies demonstrating potential structure—outcome links
in critical care [3, 5-7, 9—11], and included the following:
hospital and ICU type and bed capacity, presence of
residence/fellowship in critical care or training programs
certified by the Brazilian Association of Intensive Care
(Associacdo Brasileira de Medicina Intensiva, AMIB),
ICU staffing patterns (excluding residents and trainees),
presence of regular multidisciplinary clinical rounds and
daily checklists, clinical pathways and protocols, regular
debriefing and administrative multidisciplinary meetings,
and family visiting policies. Detailed definitions of the
organizational characteristics are given in the ESM.

In order to guarantee data accuracy, validity, and com-
pleteness, we piloted the survey among three participating
centers and provided respondents with explicit definitions
of the survey domains. We ensured the reliability of all data
by interviewing medical and/or nurse ICU directors from
every participating center on site or by phone.

Patients

We included all consecutive patients aged at least
16 years old admitted to the participating ICUs during
2013. Readmissions and patients with missing core data

[age, location before ICU admission, main ICU admission
diagnosis, the simplified acute physiology score
(SAPS 3), ICU and hospital length of stay (LOS), and
vital status at hospital discharge] were excluded (Fig. 1).
We obtained de-identified patient data from the Epimed
Monitor System®. Briefly, data were prospectively
entered in a structured electronic case report form, most
typically by a trained case manager. Key data elements
included demographics, comorbidities based on the
Charlson comorbidity index [19], functional status before
hospital admission, location before ICU admission,
SAPS 3 score and the sequential organ failure (SOFA)
score, ICU admission diagnosis, use of ICU support, ICU
and hospital LOS, and destination at hospital discharge.

Outcomes

The primary outcome of interest was in-hospital mortality
at the patient level. The secondary outcome was efficient
resource use [6]. We evaluated outcomes and resource use
for each ICU by estimating the standardized mortality
rates (SMR) and standardized resource use (SRU)
according to the SAPS 3, as proposed by Rothen et al. [6].
The SRU estimates the average observed to expected ratio
of resources (based on ICU LOS) used per surviving
patient in a specific ICU adjusted for the severity of ill-
ness. On the basis of median SMR and median SRU, we
assigned each ICU to one of four groups: “most efficient”
(all units whose SMR and SRU were below the median
SMR and SRU); “least efficient” (units with both SMR
and SRU above the median); “overachieving” (low SMR
and high SRU) and “underachieving” (high SMR and low
SRU) (eFig. 1a-1l).

Data processing and statistical analysis

We screened data for missing information, implausible
and outlying values, logical errors, and insufficient
details. In cases of inconsistent or implausible data, we
contacted local investigators to provide the requested
information. There was no missing information regarding
hospital and ICU characteristics. Because missingness for
patients’ characteristics was minimal, we performed sin-
gle imputation using the reference or “normal” category
[20].

We investigated the association between organiza-
tional factors and hospital mortality adjusting for patients’
characteristics using multilevel multivariable logistic
regression. A two-level model was fit with patient-level
fixed effects at the first level and ICU-level fixed effects
at the second level, as well as an ICU-specific random
effect. Patient level variables of interest included age,
gender, hospital LOS before ICU admission, diagnostic
category, previous functional capacity, the Charlson
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Fig. 1 Study flowchart. ICU ORCHESTRA Study —Flowchart

intensive care unit

Invited to participate in the study
* 71 Hospitals
* 117ICUs

Not interested / Did not respond invitation
— ¢ 18 Hospitals (25%)
* 291CUs (25%)

Agreed to participate
* 54 Hospitals
* 88ICUs /1499 ICU beds

Excluded (<12 months collecting continuously patient
data)

* 1 Hospital (2%)

+  21CUs (2%) / 44 ICU beds (3%)

Centers collecting data for >12 months
* 53 Hospitals
* 86ICUs /1455ICU beds

o 74,395ICU admissions

Excluded centers (>10% invalid admissions)
* 2 Hospitals (4%)
+  8ICUs (9%) / 88 ICU beds (6%)

o 3393 ICU admissions (4.6%)

Included centers that have sent patient data
* 51 Hospitals (94%)
* 78ICUs (89%) / 1367 ICU beds (91%)

o 71,002 ICU admissions

Excluded admissions
* Total: 11,309 (16.2%)
o Hospital readmissions: 1365
o ICU readmissions during a hospitalization:
7585
o Age <16 yrold: 458
o Missing hospital discharge: 1260
o Missing main diagnosis: 641

Studied population
* 59,693 patients

comorbidity index, the use of mechanical ventilation vs. specialty (i.e. ICUs dedicated to only specific groups
(MV) on day 1, SOFA and SAPS 3 scores. ICU level of patients)], presence of training programs in critical
variables of interest included ICU type [medical-surgical care, ICU admission volume (number) during 2013,
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staffing patterns, organizational and process character-
istics. We selected variables for the multivariable model
using forward and backward stepwise regression. We
considered variables for the model if they were associ-
ated with outcome with a P value of less than 0.20 on
univariate analysis, and removed variables from the
model if they had a P value of greater than 0.10 on
multivariate analysis. We performed subgroup analyses
stratifying patients according to the type of admission
(medical vs. surgical) and the SAPS 3 tertiles. We used
the Akaike information criterion, a measure of the rel-
ative predictive ability of a statistical model for a given
set of data, to choose among the alternative models.
Two-tailed P values less than 0.05 were considered
statistically significant. We conducted all statistical
analyses in R (http://www.r-project.org) and SPSS 21
(IBM Corp., Armonk, NY).

Results

Characteristics of participating centers and studied
population

The final sample included 78 ICUs at 51 hospitals
(Fig. 1). The number of ICUs varied largely among hos-
pitals: 37 had only one ICU; nine had two ICUs, three had
three ICUs, and two hospitals had seven ICUs. ICU and
hospital characteristics are reported in Tables 1 and 2, and
eTables 1 and 2 of the ESM. Participating ICUs were
mostly medical/surgical (n = 62, 79 %) and located in
private hospitals (n =72, 93 %). Half (n = 40, 51 %) had
training programs in critical care. The average physician/
bed ratio was 0.15 (0.11-0.19). Board-certified physicians
and nurses were present 24/7 in 16 (21 %) and 9 (12 %)
ICUs. Few ICUs had fully dedicated clinical pharmacists
(n = 18, 23 %), nutritionists (n = 28, 36 %), and psy-
chologists (n =9, 12 %). Multidisciplinary clinical
rounds occurred on a regular basis in 67 (86 %) and daily
checklists were applied in 36 (46 %) ICUs. In general,
checklists were applied by varying healthcare providers
and were used to both monitor and prompt the adherence
to best practices. Median number of clinical protocols per
ICU was 7 (25 %-75 % IQR, 5-9) (Fig. 2). Protocols
were in use for the following domains: ventilator-asso-
ciated pneumonia prevention (n = 71, 91 %), central-line
associated bloodstream infection prevention (n = 71,
91 %), sepsis (n =62, 79 %), liberation from MV
(n = 58, 74 %), lung-protective ventilation in acute lung
injury (n =51, 65 %), acute coronary syndromes
(n = 51, 65 %), sedation in MV patients (n = 50, 64 %),
early mobilization (n =44, 56 %), cerebrovascular
accident management (n = 36, 42 %), and therapeutic
hypothermia in cardiac arrest patients (n = 34, 44 %)
(Fig. 2). There were several differences among ICUs

according to the type of hospital (eTable 2). Of note,
ICUs located at both private for-profit and philanthropic
hospitals more often had 24/7 intensivists, clinical rounds,
checklists, protocols, and managerial meetings.

A total of 71,002 admissions occurred in the partici-
pating ICUs during 2013, of which 59,693 met inclusion
criteria (Fig. 1). Of included admissions, there were
39,863 (66.8 %) medical, 16,652 (27.9 %) scheduled
surgical, and 3178 (5.3 %) emergency surgical. Comor-
bidities were present in 32,940 (55.2 %) patients, with the
most frequent being systemic arterial hypertension
(50.1 %), diabetes mellitus (23.1 %), and cancer
(17.0 %). Overall in-hospital mortality was 14.4 % (8581/
59,693). The vast majority of the 51,112 surviving
patients were discharged home (92.8 %); very few were
transferred to another hospital (1.5 %) or hospice care
(0.7 %). The main patient characteristics are given in
Table 3.

Organizational, structural, and process factors
associated with hospital mortality

In the ESM, eTables 3 and 4 depict the results of uni-
variate analyses of patients’ and centers’ characteristics
associated with hospital mortality. Patient-level factors
associated with worse outcomes included older age, male
gender, longer hospital LOS prior to ICU admission,
compromised previous chronic health status, the use of
MYV on day 1, and higher Charlson comorbidity, SAPS 3,
and SOFA scores. ICU characteristics associated with
lower hospital mortality included higher nurse/bed ratios,
the presence of physiotherapists and clinical pharmacists
exclusively dedicated to the ICUs, higher numbers of
implemented protocols, the occurrence of multidisci-
plinary clinical rounds, daily checklists, and regular
debriefing and managerial meetings.

In the multivariable analysis, the number of fully
implemented clinical protocols was the only organiza-
tional characteristic associated with hospital mortality
[odds ratio (OR) for each additional protocol =
0.944 (95 % confidence interval (CI) 0.904-0.987), P =
0.011] (Fig. 3 and eTable 5). In a second model evalu-
ating all patients, we observed that the availability
of jointly managed clinical protocols [OR = 0.231
(95 % CI 0.083-0.645), P = 0.005] was also indepen-
dently associated with lower mortality (Fig. 3). Similar
results were observed in the subgroup analyses, with
significant reductions in mortality (Fig. 3 and eTable 6).
Finally, we forced into the final model the following
covariates at center level: physiotherapists and pharma-
cists fully dedicated to the ICU, daily checklists, and
regular debriefing and administrative meetings. None of
them were statistically significantly associated with
mortality.
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Table 1 ICU characteristics, staffing patterns, and comparisons between medical-surgical and specialty ICUs

Characteristics All ICUs (n = 78) Medical-surgical Specialty P value
(n=62,79 %) ICUs*
(n =16, 21 %)

ICU characterization

Type of hospital
Private, for profit 58 (74 %) 44 (71 %) 14 (87.5 %) 0.309
Private, philanthropic 14 (18 %) 12 (19 %) 2 (12.5 %)

Public 6 (8 %) 6 (10 %) 0

Training programs in critical care
No 38 (49 %) 33 (53 %) 5 (31 %) 0.198
Yes 40 (51 %) 29 (47 %) 11 (69 %)

Active ICU beds (n) 17 £ 11; 13 (10-22) 19 + 12; 16 (10-24) 11 £ 2; 11 (9-12) 0.004
<10 26 (33 %) 18 (29 %) 8 (50 %) 0.018
10-20 30 (39 %) 22 (35.5 %) 8 (50 %)
>20 22 (28 %) 22 (35.5 %) 0

ICU bed occupancy rate (%) 73 £+ 14; 73 (63-84) 73 £+ 14; 73 (62-83) 72 £+ 64; 72 (64-88) 0.738

Staffing patterns: physicians and nurses
(excluding trainees and residents)

Total number of physicians working 21 £ 12; 17 (13-24) 22 + 13; 19 (14-28) 15 £ 3; 15 (12-17) 0.037
in the ICU

% of intensivists (board—certified 34 + 25; 26 (14-48) 35 £ 25; 28 (14-50) 32 £ 29; 24 (14-35) 0.540
in critical care)

Board-certified intensivists present 16 21 %) 14 (23 %) 2 (12.5 %) 0.501
in the ICU 24/7

Number of graduate nurses working 16 + 12; 13 (9-18) 17 £ 16; 13 (9-22) 11 £4; 11 (9-13) 0.202
in the ICU

Average graduate nurse/bed ratio 0.23 £ 0.11; 0.20 0.23 £ 0.11; 0.20 0.25 £ 0.11; 0.20 0.718
during shifts (0.15-0.28) (0.15-0.26) (0.15-0.33)

Average nurse staff 0.73 £ 0.17; 0.71 0.72 £ 0.76; 0.70 0.76 £+ 0.14; 0.76 0.373
(graduate + auxiliary)/bed ratio (0.61-0.84) (0.61-0.84) (0.64-0.86)
during shifts

% of critical care nurses (board-certified 16 & 25; 0 (0-24) 17 + 26; 0 (0-27) 13 + 22; 0 (0-22) 0.500
in critical care)

Board-certified critical care nurses 9 (12 %) 8 (13 %) 1(6 %) 0.676
present in the ICU 24/7

Staffing patterns: other care providers

Physiotherapists exclusively
dedicated to the ICU
No 13 (17 %) 8 (13 %) 5 (31 %) 0.160
Only during day shifts 12 (15 %) 9 (15 %) 3 (19 %)

During day and night shifts 53 (63 %) 45 (73 %) 8 (50 %)

Psychologists
No 15 (19 %) 14 (23 %) 1 (6 %) 0.333
Yes, but not dedicated to ICU 54 (69 %) 41 (66 %) 13 (81 %)

Yes, dedicated to the ICU 9 (12 %) 7 (11 %) 2 (13 %)

Nutritionists
No 1 (1 %) 12 %) 0 0.071
Yes, but not dedicated to ICU 49 (63 %) 35 (56 %) 14 (87.5 %)

Yes, dedicated to the ICU 28 (36 %) 26 (42 %) 2 (12.5)

Clinical pharmacists
No 10 (13 %) 9 (15 %) 1 (6 %) 0.088
Yes, but not dedicated to ICU 50 (64 %) 36 (58 %) 14 (87.5 %)

Yes, dedicated to the ICU 18 (23 %) 17 27 %) 1 (6 %)

Results for continuous variables are reported as mean + SD and
median (IQR)

IQR interquartile range, /CU intensive care unit, SD standard
deviation

Organizational, structural, and process factors
associated with efficient resource use

Median estimated SMR and SRU were 0.97 (0.72-1.15)
and 1.06 (0.89-1.37). There were 28 (36 %) “most

# Specialty ICUs included surgical (n = 7), neurological (n = 2),
cardiac/coronary care (n = 6), and solid transplant (n = 1)

efficient”, 28 (36 %) “least efficient”, 11 (14 %) “over-
achieving”, and 11 (14 %) ‘“underachieving” ICUs.
Comparing key organizational factors between “most
efficient” with “lowest efficient ICUs, we found that
“most efficient” ICUs were usually located in private
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Table 2 Organizational characteristics, clinical protocols and processes of care, and comparisons between medical-surgical and specialty

ICUs
Characteristics All ICUs Medical-surgical ~ Specialty ICUs P value
(n=178) n=62,79 %) (n =16, 21 %)
Clinical rounds
Formal clinical rounds
No 1(1 %) 12 %) 0
Yes, but not daily 9 (12 %) 8 (13 %) 1(6 %) 0.578
Yes, daily, except for the weekends 21 27 %) 18 (29 %) 3 (19 %)
Yes, daily, including the weekends 47 (60 %) 35 (56 %) 12 (75 %)
Care providers participating in the clinical rounds
Physicians 77 (99 %) 61 (98 %) 16 (100 %)
Nurses 76 (97 %) 60 (97 %) 16 (100 %)
Physiotherapists 76 (97 %) 60 (97 %) 16 (100 %)
Clinical pharmacists 34 (44 %) 31 (50 %) 3 (19 %)
Nutritionists 51 (65 %) 45 (73 %) 6 (37.5 %)
Psychologists 27 (35 %) 22 (35 %) 5 (31 %)
Regular multidisciplinary clinical rounds (>5 days/week)
No 11 (14 %) 10 (16 %) 1(6 %) 0.444
Yes 67 (86 %) 52 (84 %) 15 (94 %)
Checklists
Checklists to assist patients’ care and management
No 8 (10 %) 6 (10 %) 2 (12.5 %) 0.720
Yes, but not daily 16 21 %) 12 (19 %) 4 (25 %)
Yes, daily, except for the weekends 18 (23 %) 16 (26 %) 2 (12.5 %)
Yes, daily, including the weekends 36 (46 %) 28 (45 %) 8 (50 %)
Roles of checklists
There are no checklists 8 (10 %) 6 (10 %) 2 (12.5 %) 0.876
Only monitoring the adherence to best practices 709 %) 6 (10 %) 1(6 %)
Monitoring and prompting the adherence to best practices 63 (81 %) 50 (81 %) 13 (81 %)
Care providers regularly applying checklists
Physicians 61 (78 %) 49 (79 %) 12 (75 %)
Nurses 66 (85 %) 53 (85 %) 13 (81 %)
Physiotherapists 47 (60 %) 40 (65 %) 7 (44 %)
Clinical pharmacists 10 (13 %) 9 (15 %) 1(6 %)
Nutritionists 20 (26 %) 17 27 %) 3 (19 %)
Psychologists 1 %) 12 %) 0
Other regular activities in the ICU (at least monthly)
Debriefing meetings
None 29 (37 %) 23 (37 %) 6 (37.5 %) 0.573
Only physicians and nurses participate 4 (5 %) 4 (7 %) 0
Physicians, nurses, and other care providers participate 45 (58 %) 35 (57 %) 10 (62.5 %)
Administrative and managerial meetings
None 28 (36 %) 20 (32 %) 8 (50 %) 0.028
Only physicians and nurses participate 9 (12 %) 58 %) 4 (25 %)
Physicians, nurses, and other care providers participate 41 (53 %) 37 (60 %) 4 (25 %)
Teaching and training activities
None 19 (24 %) 16 (26 %) 3 (19 %) 0.666
Only physicians and nurses participate 10 (13 %) 7 (11 %) 3 (19 %)
Physicians, nurses, and other care providers participate 49 (63 %) 39 (63 %) 10 (62.5 %)
Clinical pathways and protocols
Clinical protocols/pathways fully implemented for >6 months (n) 7 £3;7 (5-9) 7 £3;7 (5-9) 8 +£3;8(6-10) 0.384
No 34 %) 23 %) 1(6 %) 0.503
Yes 75 (96 %) 60 (97 %) 15 (94 %)
Protocols jointly managed by different care providers®
No 58 (74 %) 47 (76 %) 11 (69 %) 0.540
Yes 20 (26 %) 15 (24 %) 5 (31 %)

Specialty ICUs included surgical (n = 7), neurological (n = 2),
cardiac/coronary care (n = 6), and solid transplant (n = 1)
Results for continuous variables are reported as mean + SD and
median (IQR)

IQR interquartile range, ICU intensive care unit, A&M adminis-
trative and managerial, SD standard deviation, /QR interquartile
range

# Clinical protocols and pathways jointly managed by at least two
different care providers
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Fig. 2 Implementation of
clinical protocols in the
participating ICUs (n = 78).
CPA cardiopulmonary arrest,
CVA cerebrovascular accident,
ACS acute coronary syndromes,
MYV mechanical ventilation,
CLABSI central-line associated
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VAP prevention
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hospitals, with step-down units and training programs in
critical care (eTable 7). We also observed a significant
trend toward efficient resource use as the number of
implemented clinical protocols increased (eTable 7 and
eFig. 1k). The presence of daily checklists also tended to
be associated with efficient resource use [OR = 2.89
(0.95-8.72), P = 0.057]. In addition, we observed a trend
toward highest efficiency as the graduate nurse/bed ratio
increased [OR = 2.88 (0.76-10.99), for ratios between
0.17 and 0.25; and OR = 4.40 (1.04-18.60), for a ratios
>(0.25, P = 0.116] and when board-certified nurses were
available 24/7 in the ICU [OR = 5.87 (0.64-53.93),
P = 0.084] (eTable 7). SMR and SRU for the different
participating ICUs according to different organizational,
structure, and process characteristics are given in
eFig. la-ll.

Discussion

In this study, we report detailed information on structure,
organization, and process of care for a large sample of
Brazilian ICUs. We found that ICU organization as well
as standardized resource use and mortality rates varied
substantially among the participating ICUs. Adoption of
clinical protocols was associated with both improved
patient survival and more efficient resource use. Other
structural variables thought to be associated with mor-
tality and resource use in some settings, such as 24/7
coverage by intensivists and regular multidisciplinary
rounds, were not associated with mortality and resource
use in this sample.

Although many studies evaluating ICU organization and
process of care are available in the literature, the under-
standing of their effect on outcomes and resource use is
limited by the complex interplay among them. Moreover,

10 20 30 40

ICUs (n)

50 60 70 80

data from emerging countries remain scarce [18, 21-24].
The present study adds to this literature by examining the
relationship between ICU organization, patient outcomes,
and resource use in a large sample of Brazilian ICUs.
Recent studies demonstrate that there is significant variation
in the capacity and outcomes in critical care around the
globe [13, 14]. An increasing challenge in emerging
countries is to provide access and high-quality and afford-
able care for the large urban populations [14, 25].

A higher number of protocols was associated with
improved patient outcomes and more efficient resource
use—a finding that was significant for both medical and
surgical patients and across all severity of illness strata. This
finding supports that the implementation of clinical protocols
may be a potentially valuable strategy to achieve high-
quality ICU outcomes, at least in some ICUs [12, 26]. Pre-
vious experiences on implementation of sepsis management
strategies and sedation protocols carried out in Asian coun-
tries and Brazil were cost-effective and associated with
better outcomes and less use of resources (as evaluated by
ICU LOS and MV duration) [18, 21, 27]. In addition, our
results suggest that collaborative multidisciplinary work
among [CU care providers impacts favorably on the patients’
outcomes, since hospital mortality was lower in ICUs where
protocols were jointly managed by different care providers.
Conversely, in a recent study performed in the USA, proto-
cols were not associated with outcomes [26]. A Dbetter
understanding of which organizational and structural factors
influence the successful implementation of protocolsin ICUs
requires further investigation.

In contrast to prior work, we did not observe a sig-
nificant impact of physician or nurse staffing patterns on
patients’ outcomes. In the early 2000s, a meta-analysis
reported that high-intensity intensivist staffing (manda-
tory intensivist consultation or closed ICU) was
associated with both reduced ICU and hospital mortality
rates and LOS [11]. However, more recently, four
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Table 3 Main patient characteristics and outcomes, and comparisons between medical-surgical and specialty ICUs

Characteristics All ICUs Medical-surgical Specialty ICUs P value
(n=178) (n= 62,79 %) (n =16, 21 %)

Patients (n) 59,693 49,642 (83.2 %) 10,051 (16.8 %)

Age (years) 62 + 19; 65 (49-78) 62 + 20; 65 (49-78) 63 + 18; 64 (51-77) 0.169

<45 11,886 (19.9 %) 10,149 (20.4 %) 1737 (17.3 %) <0.001

45-64 17,877 (29.9 %) 14,476 (29.2 %) 3401 (33.8 %)

65-74 12,115 (20.3 %) 9980 (20.1 %) 2135 (21.2 %)

75-84 10,477 (17.6 %) 8751 (17.6 %) 1726 (17.2 %)

>85 7338 (12.3 %) 6286 (12.7 %) 1052 (10.5 %)

Gender

Female 29,921 (50.1 %) 24,936 (50.2 %) 4985 (49.6 %) 0.250

Male 29,772 (49.9 %) 24,706 (49.8 %) 5066 (50.4 %)

Health insurance coverage

Public health insurance 6314 (10.6 %) 5377 (10.8 %) 937 (9.3 %) <0.001

Private health insurance 45,928 (76.9 %) 37,050 (74.6 %) 8878 (88.3 %)

Admission costs paid with patient’s own resources 7451 (12.5 %) 7215 (14.5 %) 236 (2.3 %)

Comorbidities

Diabetes mellitus 13,810 (23.1 %) 11,482 (23.1 %) 2328 (23.2 %) 0.944

Cancer 10,167 (17.0 %) 8627 (17.4 %) 1540 (15.4 %) <0.001

Chronic renal failure 5152 (8.6 %) 4181 (8.4 %) 971 (9.7 %) <0.001

Coronary artery disease 5012 (8.4 %) 3893 (7.8 %) 1119 (11.1 %) <0.001

Cardiac failure 3103 (5.2 %) 2656 (5.4 %) 447 (4.4 %) <0.001

Chronic pulmonary disease 2815 (4.7 %) 2399 (4.9 %) 416 (4.1 %) 0.002

Charlson comorbidity index (points) 1.43 £ 1.88; 1 (0-2) 1.44 +£ 1.89; 1 (0-2) 1.40 +£ 1.87; 1 (0-2) 0.041

Functional status before hospital admission

Ambulant 46,498 (77.9 %) 38,464 (77.5 %) 8034 (79.9 %) <0.001

Minor assistance 9511 (15.9 %) 8081 (16.3 %) 1430 (14.2 %)

Major assistance or bedridden 3684 (6.2 %) 3097 (6.2 %) 587 (5.8 %)

Source of ICU admission

Emergency department 31,349 (52.5 %) 26,816 (54.0 %) 4533 (45.1 %) <0.001

Operating room 17,319 (29.0 %) 13,878 (28.0 %) 3441 (34.2 %)

Ward/floor 4472 (7.5 %) 4040 (8.1 %) 432 (4.3 %)

Transfer from other hospitals 2402 (4.0 %) 2126 (4.3 %) 276 (2.7 %)

Other 4151 (7.0 %) 2782 (5.6 %) 1369 (13.6 %)

Hospital days prior to ICU admission (1) 2.7 +429; 0 (0-1) 2.8 +46.9; 0 (0-1) 2.2 +17.2; 0 (0-1) 0.206

Admission diagnostic category

Scheduled surgery 16,652 (27.9 %) 12,721 (25.6 %) 3931 (39.1 %)

Emergency surgery 3178 (5.3 %) 2771 (5.6 %) 407 (4.0 %)

Cardiovascular® 11,434 (19.2 %) 8591 (17.3 %) 2843 (28.3 %)

Sepsis® 11,121 (18.6 %) 10,167 (20.5 %) 954 (9.5 %)

Neurological® 5707 (9.6 %) 4979 (10.0 %) 728 (7.2 %)

Respiratory® 2658 (4.5 %) 2397 (4.8 %) 261 (2.6 %)

Gastrointestinal® 2320 (3.9 %) 2106 (4.2 %) 214 (2.1 %)

Other medical admissions® 6623 (11.1 %) 5910 (11.9 %) 713 (7.1 %)

SAPS 3 (points) 43 + 15; 41 (33-52) 44 + 15; 42 (33-52) 40 + 14; 38 (29-48) <0.001

SOFA score on day 1 (points) 24 £ 31; 1 (04) 2.5+ 3.1; 1 (04 1.9 £ 2.7; 1 (0-3) <0.001

Support on day 1

Mechanical ventilation 9064 (15.2 %) 7917 (15.9 %) 1147 (11.4 %) <0.001

Noninvasive ventilation 5678 (9.5 %) 4762 (9.6 %) 916 (9.1 %) 0.140

Vasopressors 7650 (12.8 %) 6572 (13.1 %) 1123 (11.2 %) <0.001

Renal replacement therapy 1672 (2.8 %) 1334 (2.7 %) 338 (3.4 %) <0.001

ICU LOS (days) 54+9;2 (-5 54 10; 2 (1-5) 44+6;2 (14 <0.001

Hospital LOS (days) 16 £ 29; 8 (4-16) 16 £ 30; 8 (4-17) 14 £ 27; 6 (3-15) <0.001

ICU mortality 5723 (9.6 %) 5187 (10.4 %) 536 (5.3 %) <0.001

Hospital mortality 8581 (14.4 %) 7639 (15.4 %) 942 (9.4 %) <0.001

Destination at hospital discharge

Home 47,450 (79.5 %) 38,482 (77.5 %) 8968 (89.2 %) <0.001

Other hospital
Hospice/home-care
Other/Unknown
Died

763 (1.3 %)
375 (0.6 %)
2524 (4.2 %)
8581 (14.4 %)

703 (1.4 %)
351 (0.7 %)
2467 (5.0 %)
7639 (15.4 %)

60 (0.6 %)
24 (0.2 %)
57 (0.6 %)
942 (9.4 %)

Specialty ICUs included surgical (n = 7), neurological (n = 2), car-
diac/coronary care (n = 6), and solid transplant (n = 1)
Results for continuous variables are reported as mean + SD and median

(QR)

IQOR interquartile range, ICU intensive care unit, SAPS simplified acute

physiology score, SOFA sequential organ failure score, LOS length of stay,

SD standard deviation
# These admission categories refer to medical diagnosis only



2158

Fig. 3 Association of
organizational characteristics
and hospital mortality: results
from the multilevel

Adjusted effects of the organizational characteristics on the hospital

mortality (all patients)

multivariable analyses. Upper
panel final model studying all
patients, including the number
of protocols. Middle panel
model studying all patients,
including jointly managed
protocols. Lower panel adjusted
effects of protocols in subgroup
analyses (see also eTables 5 and
6). Estimates were adjusted for
SAPS 3 score, need for
mechanical ventilation,
previous chronic health status,
admission diagnostic category,
ICU type, intensivists 24/7 in
the ICU, average graduate
nurse/bed ratio, regular clinical
rounds, and annual ICU
admission volume. /ICU
intensive care unit

ICU Admissions (each 10)

Specialty ICU

Medical-Surgical ICU

Intensivist 24/7 in the ICU

Graduate Nurse/Bed Ratio

Protocols (n)

Regular Multidisciplinary Rounds

4 0.980 (0.959-1.000)
+ 1.000

1.309 (0.998-1.730)

—— 1.036 (0.783-1.370)
o 0.810(0.292-2.245)
— — 1.108(0.800-1.533)
R 0.944 (0.904-0.987)
1 1 1 1 1
00 05 10 15 20 25

Adjusted Odds-Ratio (95% ClI)

Adjusted effects of jointly managed protocols on the hospital mortality

(all patients)

Jointly Managed Protocols

—-— 0.231(0.083-0.645)

1 L 1 L i 1 L 1 i 1
00 05 1.0 15 20 25
Adjusted Odds-Ratio (95% Cl)

Subgroup analyses for the association between the number of
implemented protocols and hospital mortality

Medical Patients (n=39,863) <! 0.952(0.918-0.994)
Surgical Patients (n=19,830) <+ 0.903(0.839-0.971)
SAPS 3 - 1st tertile (n=19,990) - 0.831(0.760-0.907)
SAPS 3 - 2nd tertile (n=20,472) * 0.940(0.873-0.970)
SAPS 3 - 3rd tertile (n=19,231) L 0.959(0.921-0.999)
1 L 1 L " | L 1 L |
00 05 10 15 20 25

Adjusted Odds-Ratio (95% ClI)

multicenter studies investigated the association between
the presence of 24-h intensivists and patients’ outcomes
with different results, suggesting that this relationship
seems less relevant that previously reported [2, 3, 10, 12].
On the other hand, the number of critical care nurses may
play an important role in clinical outcomes of severely ill

patients [2, 3, 28]. However, this was not the case for the
present study. We can hypothesize that Brazilian ICUs
have developed systems to make patient outcomes robust
to variation in nurse staffing levels. Alternatively, our
results might also be explained in part because graduate-
nurse bed ratios higher than 1:1.5 were present in only
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two ICUs. Despite the introduction in almost all ICUs,
regular multidisciplinary rounds were not associated with
mortality and resource use, corroborating the findings of
two recent studies carried out in the USA [3, 12].

We found that ICU admission volume was not inde-
pendently associated with mortality, which contrasts early
work [7] but is in agreement with contemporary studies
[2, 3, 29, 30]. One of the potential explanatory mecha-
nisms in volume—outcome associations is that
organizational factors associated with outcomes are
common at high-volume centers [31]. Therefore, our
results are not unexpected, as we have controlled for these
confounders in multivariable analyses. Additionally,
some investigators hypothesized that even in scenarios
with wide variation in admission volumes, the use of
evidence-based practices and implementation of quality
improvement strategies may be of help to allow low-
volume centers to achieve good outcomes [30].

Our study has several limitations. First, we did not
audit the implementation of protocols. The reported
presence of a protocol does not necessarily imply that it
was successfully implemented. Moreover, we cannot
guarantee that protocols were similar in all units. Second,
although we have evaluated a large number of Brazilian
ICUs, as we used a convenience sample, our data may not
be representative of the entire nation. The average number
of ICU beds in Brazil is comparable to Europe (13 vs. 11.5
per 100,000 people), but wide variation within the country
exists in terms of ICU beds and provision of healthcare
[32, 33]. Third, we cannot rule out the possibility that the
study was underpowered to test the association between
some covariates at center level (e.g., nurse to bed ratios)
and the dependent variable, nor that our results can be
explained by unmeasured confounders. Fourth, the eval-
uation of SRU is beyond the original scope of SAPS 3.
However, it has been used to assess variability in resource
use between ICUs [6]. Fifth, as with most of the previous

studies using patients’ data from already existing stan-
dardized databases [7-10, 29, 30], we were able to only
evaluate hospital mortality. When evaluating ICU per-
formance, assessments based on hospital mortality can be
subject to biases related to discharge practices [34].
Nonetheless, the proportion of patients discharged to other
hospitals and hospice care facilities in our study was rel-
atively low. Sixth, we studied a population with an overall
relatively low severity of illness and some caution is
needed in the generalization of our results. Finally, we
only assessed resource use in the ICU. Although we
acknowledge that organization and process of care outside
the ICU can potentially affect the overall resource use,
such information was not collected.

In conclusion, specific organizational and process
factors, including the implementation of protocols, were
associated with patient outcomes and efficient resource
use. These observations can assist in policies and inter-
ventions to bridge the current quality gap in the delivery
of critical care in emerging countries.
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