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lacks universal criteria for allocation. This study explores the link between postoperative ICU
allocation and mortality in high-risk patients within a LMIC. Additionally, it assesses the Ex-Care
risk model’s utility in guiding postoperative allocation decisions.

Methods: A secondary analysis was conducted in a cohort of high-risk surgical patients from a
800-bed university-affiliated teaching hospital in Southern Brazil (July 2017 to January 2020).
Inclusion criteria encompassed 1431 inpatients with Ex-Care Model-assessed all-cause postopera-
tive 30-day mortality risk exceeding 5%. The study compared 30-day mortality outcomes
between those allocated to the ICU and the Postanesthetic Care Unit (PACU). Outcomes were
also assessed based on Ex-Care risk model classes.

Results: Among 1431 high-risk patients, 250 (17.47%) were directed to the ICU, resulting in 28%
in-hospital 30-day mortality, compared to 8.9% in the PACU. However, ICU allocation showed no
independent effect on mortality (RR = 0.91; 95% Cl 0.68-1.20). Patients in the highest Ex-Care
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risk class (Class V) exhibited a substantial association with mortality (RR = 2.11; 95% Cl 1.54
—2.90) and were more frequently admitted to the ICU (23.3% vs. 13.1%).

Conclusion: Patients in the highest Ex-Care risk class and those with complications faced ele-
vated mortality risk, irrespective of allocation. Addressing the unmet need for adaptable postop-
erative care for high-risk patients outside the ICU is crucial in LMICs. Further research is essential
to refine criteria and elucidate the utility of risk assessment tools like the Ex-Care model in

assisting allocation decisions.

© 2024 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The global demand for surgical procedures is on the rise, sur-
passing 310 million annually,”? particularly in countries with
limited healthcare spending (< US$ 40/per capita).’ A stagger-
ing 4.8 billion people lack access to safe surgical treatments,
resulting in a shortfall of at least 143 million surgical proce-
dures yearly, mainly in Low- and Middle-Income Countries
(LMIC).? This surge in demand, coupled with the increasing
severity of patients, strains healthcare systems, especially in
high-complexity settings like Intensive care Units (ICU).

High-risk surgical patients, facing a 5—25% mortality and
frequent complications,* often need routine ICU admissions.
However, ICU beds are costly, have limited resources, and lack
clear criteria for admission leading to potential disparities in
access.>>® In LMICs where resources are scant, this issue
becomes critical. In Brazil alone, with 4 million annual surgical
procedures and mortality rates ranging from 1.7% to 2.8%,”
the high-risk population constitutes 10—12% of patients.®° ICU
data in Brazil reveal mortality rates of 9.6—16.7% within 30
days and complication rates of 30—38%.'°

Globally, less than 15% of high-risk surgical patients are
admitted to the ICU due to the absence of clear admission cri-
teria. In Brazil, multicentric studies highlight low rates of ICU
admissions after noncardiac surgeries (3.5%) and insufficient
standardization regarding indications. In response to these
challenges, we developed the Ex-Care risk model to identify
high-risk surgical patients,® categorizing them as high-risk (5
—10% likelihood of death) or very high-risk (>10% probability
of death). A care bundle for these patients was successfully
implemented in surgical wards,"" with a particular interest in
the outcomes of high-risk patients electively admitted to ICU.

The primary objective of this study is to explore the asso-
ciation between postoperative ICU allocation and in-hospital
postoperative mortality in a cohort of high-risk surgical
patients in an LMIC setting. The secondary aim is to assess
the association between Ex-Care risk classes, ICU admis-
sions, and mortality. The hypothesis posits that postopera-
tive ICU allocation influences in-hospital postoperative
mortality among high-risk surgical patients in LMICs. Fur-
thermore, it suggests an association between Ex-Care risk
classes, ICU admissions, and mortality.

Methods

Study design and setting

This is a secondary analysis of a follow-up study of high-risk
surgical patients from a single-center, 800-bed quaternary

hospital in southern Brazil (Hospital de Clinicas de Porto Ale-
gre — HCPA). The protocol was approved by the National
Research Ethics Committee (CAAE 0444.8018.8.0000.5327)
and registered in Clinical Trials (identifier: NCT04187664).
The study was approved by the local Institutional Review
Board, which granted informed consent clearance. Our
report was based on the STROBE (STrengthening the Report-
ing of OBservational studies in Epidemiology) statement
(Supplementary material $1 Table)."?

Study population and data source

The cohort comprised consecutive high-risk adults that
underwent surgery between July 2017 and January 2020 and
were referred either to the ICU or PACU immediately after
surgery. High surgical risk, defined as probability of death
>5%, was determined using the Ex-Care model® (Supplemen-
tary material 52 Table). We excluded patients aged less than
16 years, and those who underwent outpatient, diagnostic
and cardiac procedures, transplants, and procedures under
local anesthesia.

Data on the surgical procedure, comorbidities, complica-
tions, and outcomes were obtained from electronic medical
records and corrected for missing values using complete
case analysis. The researchers were physicians trained to
find information of preoperative comorbidities, surgery/
anesthesia, postoperative complications, and deaths (the
detailed variables collected are outlined in the section
below). We defined pre-existing medical conditions as those
fulfilling at least one of the following: appeared in medical
records; registered in preanesthetic documents; confirmed
by laboratory results.

Outcomes definition

The primary outcome was in-hospital postoperative mortal-
ity, censored at 30 days after surgery if the patient was still
alive and in hospital. Secondary outcome was mortality in
patients allocated at an ICU within 30 days after surgery,
based on their respective Ex-Care risk model classes.

Exposure

The exposure of interest was immediate postoperative allo-
cation at either ICU or PACU. The ICU group comprised
patients who were directly transferred to an ICU as deter-
mined by the surgical/anesthetic team and were not in the
PACU at any time. Criteria for direct postoperative ICU
admission vary among surgical specialties, surgical severity,
and ICU availability. Organ dysfunction or instabilities are
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the main prioritization criteria for ICU allocation in our
institution.

The PACU group comprised high-risk patient’s ineligible
for ICU or due to ICU bed unavailability. The PACU empha-
sizes short-stay recovery and is staffed by consultant anes-
thesiologists and nurses to provide 24-hour care. It focuses
on continuous monitoring, pain management, hemodynamic
optimization, and immediate postoperative complications.
After meeting discharge criteria (Supplementary material S3
Table), patients transition to surgical wards. Admission,
staffing, and physical structure criteria for ICU/PACU/stan-
dard wards remained consistent throughout the study.

To adjust for different sites of postoperative allocation,
high-risk patients were classified using the Ex-Care model,
based on death probability within 30 days (Class Ill: 5.0—-9.9%,
Class IV > 10%).2 Developed and validated in the same hospital,
the model, encompassing age, ASA-PS (American Society of
Anesthesiologists physical status), surgical severity, and
nature, demonstrated high discriminative power for postoper-
ative in-hospital death. A non-proprietary smartphone applica-
tion for the Ex-Care model is available on mobile platforms.

Variables

In the analysis, variables included age, gender, ASA-PS,"
surgical severity'® and nature (elective or urgent). Surgical
specialties were categorized into general (upper abdomen,
lower gastrointestinal and hepatobiliary), vascular, orthope-
dics, urology, thoracic, neurosurgery and others (breast,
head and neck, gynecology, and plastics).

Major complications within 7 days were: previous diagnosis
of ventilatory support, postoperative vasopressor usage, acute
kidney injury, transfusion, myocardial infarction, stroke,
arrhythmia, thromboembolic event, delirium, wound dehis-
cence, sepsis, abdominal complication, or surgical reinterven-
tion within 7 days. Data collection followed definitions from
the European Perioperative Clinical Outcome (EPCO)," World
Health Organization (WHO), Third International Consensus Def-
initions for Sepsis and Septic Shock (Sepsis-3), and POMS ques-
tionnaire domains'®"” (Supplementary material 54 Table).

Process outcomes were additionally assessed, including
unplanned readmissions for patients previously assigned to
the ICU or unplanned ICU admissions for those primarily des-
ignated to PACU, calls to the Rapid Response Team (RRT)
within 7 days, and length of hospital stay. Hospital readmis-
sions and unplanned surgical reinterventions within 30 days
were also recorded.

Statistical analysis

The baseline characteristics of the two cohorts (ICU and
PACU) were described in terms of continuous and categorical
variables. The crude rates of death, complications and pro-
cess measures were presented according to the postopera-
tive allocation and Ex-Care risk classes.

For the primary analysis, we conducted a complete case
analysis, excluding patients with missing data. We examined
the independent association between in-hospital 30-day
mortality and postoperative ICU allocation using Poisson
regression with robust error variance, capable of directly
estimating relative risks and avoiding the risk of overestima-
tions from odds ratios.

To control for potential confounding factors, we built suc-
cessive multilevel models adjusting for a group of variables
based on a conceptual framework that describes the rela-
tionship between risk-factors.'® For all models, forced
simultaneous entry (all candidate variables remained in the
model) was used rather than automated stepwise selection.
The blocks of covariates were: first, preoperative risk class
defined by Ex-Care model; second, surgical specialties (gen-
eral surgery as the reference); third, postoperative compli-
cations (transfusion, cardiovascular, abdominal, sepsis,
delirium, and acute kidney injury); fourth, postoperative
instability (need of ventilatory or hemodynamic support). A
power analysis was not conducted for this exploratory study,
which relied on a convenience sample.

The significance level for all analyzes was 5%. Data were
analyzed using the Statistical Analysis System (SAS Studio®
9.4. Cary. NC. USA) and R (version 3.5.1).

Results
Patient selection and postoperative allocation

During the study period, a total of 30,419 surgeries were
performed. After excluding 15,983 cases (reoperations,
transplants, diagnostic, cardiac and ambulatory proce-
dures), 14,436 procedures were conducted at the main sur-
gical unit, with 1,208 (8.36%) directly admitted to ICU.
Among the 1,558 (10.79%) high-risk patients, 1,431 were eli-
gible after excluding 127 patients who were preoperatively
in the ICU. Postoperatively, 250 (17.47%) high-risk patients
were referred to the ICU.

Regarding risk class, 23.3% (143/613) of the very high-risk
group (Ex-Care Class 1V) and 13.0% (107/818) of the high-risk
group (Ex-Care Class Ill) were allocated to the ICU. Patient
inclusion is depicted in Figure 1.

High-risk patient characteristics

The mean (SD) age of patients allocated at ICU was 65.72
(12.61) and 68.42 (11.3) years for the PACU group. Among
patients directly admitted to the ICU in the postoperative
period, there was a higher proportion of ASA-PS > IV (28.0% vs.
10.2% at PACU, p < 0.01), and of those with predicted mortal-
ity >10% (57.2% vs. 39.8% at PACU, p < 0.01). Baseline charac-
teristics of the study population are shown in Table 1.

Regarding surgical aspects, the nature of the procedures
(elective or urgent) was not different between groups while
major surgeries were more frequent in the ICU group (82.4%
vs. 66.0% at PACU, p < 0.01). The most prevalent surgeries
were abdominal, vascular, urological, and orthopedic. Neu-
rosurgical patients were more frequently admitted to the
ICU (24.0% vs. 3.4% at PACU, p < 0.01). As for comorbidities,
there was a higher incidence of cancer and preoperative
sepsis in those admitted to the ICU (Table 1).

Incidence of complications

Major complications occurred in 79.6% of patients allocated
to the ICU versus 49.1% of those referred to PACU (p < 0.01).
Patients allocated to the ICU had a higher incidence of bleed-
ing and transfusion, ventilatory support (51.6% vs. 7.3% at
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30419 surgical procedures retrieved from hospital
database during study period (30 months)

M 15983 procedures excluded * ‘

»

13228 allocated at PACU |

14436 eligible OR** surgical procedures }—[:

1208 allocated at ICU |

1558 high-risk surgical patients procedures held at HCPA
(Jul 2017- Jan 2020)

,! 127 preoperatively at ICU

1431 high-risk surgical patients included in analysis
to determine association between postoperative allocation and in-hospital mortality

J

|

‘ 1181 high-risk patients at PACU ‘

| 250 high-risk patients at ICU |

711 Ex-Care risk Class 1Il_|

‘ 470 Ex-Care risk Class IV ‘
|

Figure 1

107 Ex-Care risk Class III |

] 143 Ex-Care risk Class IV ‘
—

Flow chart of study cohort selection. OR, Operating Room; ICU, Intensive Care Unit; PACU, Postanesthetic Care Unit;

HCPA, Hospital de Clinicas de Porto Alegre. * Reoperations, transplants, diagnostic, cardiac and ambulatory procedures. ** Procedures

held at the main surgical unit.

PACU, p < 0.01), hemodynamic support (55.6% vs. 0.4% at
PACU, p < 0.01), acute kidney injury, arrhythmia, delirium,
abdominal complications, and sepsis. We observed no differ-
ences in hospital readmission between groups (13.4% vs.
12.4% in PACU group, p = 0.67). More surgical reinterventions
occurred in the PACU group (11.8% vs. 7.2% in ICU, p < 0.03).
Table 2 describes the outcomes.

Data regarding process outcomes showed no difference in
unplanned admission or readmission to ICU (7.6% vs. 7.5% in
PACU group, p = 0.96). Furthermore, for those who experi-
enced unplanned ICU admission, mortality exceeded 40% in
both groups (46.0% in PACU group vs. 42.1% in ICU group,
p = 0.87). Postoperative length of stay was significantly lon-
ger in the ICU group, with a median of 10 (6—17) vs. 7 (4
—11) days for those allocated at PACU (Table 2).

Association between mortality and postoperative
allocation

Amongst 1431 high-risk surgical patients included in the
analysis we identified 12.2% overall mortality. In the group
allocated at the ICU, 70/250 patients (28.0%) died within 30
days vs. 105/1181 (8.9%) allocated at the PACU (Table 2).
Before adjustment, the RR for death was 3.19 (95% Cl 2.43
—4.20) for ICU in relation to the PACU group. We adjusted
risk for confounding factors included in successive models
that considered preoperative risk class, surgical specialty,
postoperative complications, and instabilities (need for
hemodynamic and/or ventilatory support). After risk adjust-
ment, there was no independent effect of ICU allocation in
the immediate postoperative period on mortality (RR = 0.91;
95% Cl1 0.68—1.20) (Table 3).

In this analysis, the independent factors associated with
30-day postoperative mortality were Ex-Care Class IV
(RR = 2.11; 95% ClI 1.54—2.90), postoperative abdominal
complications (RR 1.47; 95% ClI 1.06—2.05), sepsis (RR 2.63;
95% Cl 1.1.84—3.77) and acute kidney injury (RR = 1.87; 95%
Cl 1.41-2.49). An association of mortality with postopera-
tive hemodynamic and/or ventilatory instabilities was also
demonstrated (RR = 3.91; 95% Cl 2.63—5.80). The adjusted
RRs associated with mortality for variables included in the
multivariable models are in Table 3.

Association between Ex-Care risk classes and
mortality

To identify whether very high-risk patients (predicted mor-
tality > 10%) could benefit from allocation to intensive care,
we analyzed two subgroups of patients regarding their Ex-
Care risk classes (Class Il and IV). We explored inpatient 30-
day mortality and its relationship with surgical aspects,
postoperative complications, and allocation.

The subgroup of Class IV patients confirmed predictions
with substantially higher mortality rates (20.71% vs. 5.37%
at Class Ill). Class IV patients were more frequent at general
surgery procedures (44.0%) and reinterventions (12.6%).
Major postoperative complications occurred in above 90% of
high-risk patients who died in contrast with rates of 43.0% at
risk Class Ill and 63.3% at risk Class IV. The most frequent
complications and their rates by subgroup are presented at
Figure 2. The group of Class IV patients was more frequently
admitted to ICU (23.3% vs. 13.1% of Class Ill). The rates of
ICU admission were higher also for Class IV patients who
died within 30 days (44.9% vs. 27.3% of Class Ill) (Fig. 2 and
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Table 1 Clinical characteristics stratified by postoperative allocation group.
Demographic
Age (yr) 68.42 (11.03) 65.72 (12.61) - - <0.01
Male 671 (56.8) 122 (48.8) - - 0.31
Composite risk scales
ASA-PS <0.01
I 25 (2.1) 2 (0.8) - -
I 1035 (87.6) 178 (71.2)
v 117 (9.9) 58 (23.2)
v 4(0.3) 12 (4.8)
Risk of death (Ex-Care model)? <0.01
Predicted mortality 5.0-9.9% 711 (60.2) 107 (42.8) - -
Predicted mortality > 10% 470 (39.8) 143 (57.2)
Operative
Procedure type <0.01
Abdominal 411 (34.8) 103 (41.2) - -
Vascular 287 (24.3) 40 (16.0)
Orthopedic 103 (8.7) 9 (3.6)
Urologic 141 (11.9) 23 (9.2)
Thoracic 113 (9.6) 8(3.2)
Neurosurgical 40 (3.4) 60 (24.0)
Other 86 (7.3) 7(2.8)
Surgical severity <0.01
Minor 147 (12.4) 14 (5.6) - -
Intermediate 254 (21.5) 30 (12)
Major 780 (66.0) 206 (82.4)
Urgent surgery 556 (47.1) 124 (49.6) - - 0.46
Comorbidities
Coronary artery disease 204 (17.3) 39 (15.6) - - 0.52
Heart failure 114 (9.7) 25 (10.0) - - 0.86
COPD 170 (14.4) 46 (18.4) - - 0.10
Cancer 500 (42.3%) 125 (50.0) - - 0.02
Insulin-dependent DM 176 (14.9%) 32 (12.8) 1 - 0.38
Cerebrovascular disease 181 (15.3%) 39 (15.6) - - 0.91
Sepsis 87 (7.4%) 52 (20.8) - 1 <0.01
Anemia® 764 (64.8%) 148 (59.7) 2 - 0.12
Dialysis 65 (5.7%) 65 (5.7) 50 8 0.45
Acute kidney injury 150 (13.0%) 42 (16.5%) 31 1 0.15
Chronic renal failure 344 (30.0%) 68 (27.3%) 33 2 0.40

All characteristics have no missing data unless otherwise stated. Data are presented as mean (+SD), median (IQR) or absolute values (%).
Patient ages and hemoglobin were compared with Student’s t-test; serum creatinine, eGFR, surgical duration and length of stay were com-
pared with Mann-Whitney test; all other comparisons were performed with two-tailed Chi-Square test.

& Ex-Care risk model was determined using calculator available online.

b Anemia was defined as Hemoglobin (Hb) < 13 g.dL~" for men and < 12 g.dL~" for women.
PACU, Postanesthetic Care Unit; ICU, Intensive Care Unit; ASA-PS, American Society of Anesthesiologists Physical Status; COPD, Chronic
Obstructive Pulmonary Disease; DM, Diabetes Mellitus; PO, Postoperative.

Table 4). Elsewhere, at the final Poisson regression model,
the very-high risk group demonstrated to be strongly associ-
ated with mortality (RR = 2.11; 95% Cl 1.54—2.90).

Discussion

The primary objective of our study was to evaluate the out-
comes and allocation scenarios for high-risk surgical patients
in a Brazilian public hospital setting. Our analysis revealed

that 8.3% of all surgical inpatients and only 17.4% of
high-risk inpatients had planned ICU admissions. A key
finding emerged as we failed to identify evidence sup-
porting the beneficial impact of postoperative critical
care on the survival of high-risk surgical patients. Nota-
bly, patients in the highest Ex-Care preoperative risk
class (>10%) and those experiencing complications like
sepsis, acute kidney injury, or hemodynamic/ventilatory
instabilities faced a significantly elevated risk of death,
regardless of allocation.
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Table 2

Process measures, postoperative complications, and mortality by allocation.

Process Measures

Unplanned ICU admission (30 days) 89 (7.5%) 19 (7.6%) 0.96
Mortality (30 days) 41 (46.0%) 8 (42.1%) 0.87
RRT Calls (7 days) 199 (16.9%) 27 (10.8 %) 0.01
PO Length of stay (days); median (IQR) 7 (4—11) 10 (6—17) <0.01
Complications (7 days)
Surgical bleeding > 500 mL 144 (12.2%) 71 (28.8%) <0.01
Ventilatory support 86 (7.3%) 129 (51.6%) <0.01
Hemodynamic support 123 (10.4%) 139 (55.6%) <0.01
Acute kidney injury 176 (14.9%) 58 (23.2%) 0.01
Transfusion 161 (13.6%) 66 (26.4%) <0.01
Myocardial infarction 11 (0.9%) 5 (2.0%) 0.30
Stroke 10 (0.8%) 4 (1.6%) 0.27
Arrhythmia 49(4.1%) 27 (10.8%) <0.01
Thromboembolic event 102 (8.6%) 29(11.6%) 0.14
Delirium 83 (7%) 32 (12.8%) 0.02
Wound dehiscence 18 (1.5%) 10 (0.8%) 0.37
Abdominal 171 (14.5%) 63 (25.2%) <0.01
Sepsis 91 (7.7%) 63 (25.2%) <0.01
Hospital readmission (30 days) 158(13.4%) 31 (12.4%) 0.67
Surgical reintervention (30 days) 139 (11.8%) 18 (7.2%) <0.03
Major complication® 580 (49.1%) 199 (79.6%) <0.01
30-day mortality 105 (8.9%) 70 (28.0%) <0.01

Data are presented as median (IQR) or absolute values (%). PACU, Postanesthetic Care Unit; ICU, Intensive Care Unit; RRT, Rapid Response

Team; PO, Postoperative.

2 Major complication: previous diagnosis of ventilatory support, postoperative vasopressor usage, acute kidney injury, transfusion, myo-
cardial infarction, stroke, arrhythmia, thromboembolic event, delirium, wound dehiscence, sepsis, abdominal complication, or surgical

reintervention within 7 days.

Our finding, indicating that ICU allocation does not corre-
late with a survival advantage, aligns with findings from pre-
vious cohorts.'”2° Additionally, our cohort’s ICU admission
rates slightly exceeded those from the EuSOS*' and from the
South-African study SASOS,?? possibly due to our institution’s
nature as a quaternary and regional reference for complex
cases. A noteworthy fact is that only 23.1% of all ICU admis-
sions were high-risk patients. More than 70% of high-risk and
55% of very-high-risk patients who died were not immedi-
ately allocated to ICU postoperatively. In a similar way, the
majority of EuSOS patients who died (73%) were not admit-
ted to ICU at any time, and among those who died after ICU
admission, 43% occurred after an uneventful first passage
through the unit.?" Similarly, the mortality after unplanned
ICU admissions in our study exceeded 40%. These findings
emphasize a systematic failure in the allocation process of
critical care resources, particularly in high-complexity hos-
pitals in LMIC.??

The inconsistency in results regarding the potential mor-
tality-reducing effects of ICU allocation and the observed
increase in unfavorable outcomes raise questions about rou-
tine ICU allocation and the criteria guiding it.2*> A multicen-
ter study by the International Surgical Outcomes Study
group found an association between ICU allocation and
increased mortality in high-risk patients (OR = 2.32; 95% ClI
1.44—3.74).% Conversely, a UK-based population study
reported lowest mortality rates in trusts with a higher num-
ber of critical care beds relative to provider size.?* This

indicates a complex relationship influenced by unadjusted
confounding variables, since they are population-based
studies using standard databases.

Our study highlights how such confounders considerably
impact the final model, and perhaps contributes to identify-
ing the variables that actually lead to high mortality rates
besides the place of allocation itself. In fact, the high rate
of major complications reported (close to 80% in the ICU
group and 50% in the PACU), underscores the significant
impact of unstable patients on mortality. On the other hand,
as described by Gillies et al, the traditional role of an ICU is
to provide organ support, such as invasive ventilation, ino-
tropes/vasopressors, and renal replacement therapy in
unstable patients.?®> The Society of Critical Care Medicine
guidelines include as ICU/level 3 and highest priority level
(Priority 1) critically ill patients who require organ support
and intensive monitoring.%°

However, few surgical patients require organ support after
surgery, even in the high-risk group. What these patients need
is prompt treatment of pain, hypothermia, mild cardiorespira-
tory compromise and fluid imbalance, early mobilization,
enteral nutrition, and surveillance for deterioration signs. Sur-
gical teams often refer their patients to ICUs because their
staff is used to meeting those needs, but other units can also
provide such proactive care. For instance, we identified at our
setting a high prevalence of neurosurgical patients admitted to
ICU (24.0% vs. 3.4% at PACU), especially due to sensory moni-
toring demand. We have already shown that adequate surgical
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Table 3 Unadjusted and adjusted association between ICU allocation and in-hospital death within 30 days in 1431 patients —

Poisson regression model.

ICU allocation vs. PACU
Model 1: preoperative risk
ICU allocation vs. PACU
Ex-Care model®
Predicted mortality 5.0—9.9%
Predicted mortality > 10%
Model 2: preoperative risk + specialty
ICU allocation vs. PACU
Ex-Care model risk class
Il (predicted mortality 5.0—9.9%)
IV (predicted mortality > 10%)
Surgical Specialty
General
Vascular
Orthopedics
Urology
Thoracic
Neurosurgery
Other
Model 3: preoperative risk + specialty + PO complications
ICU allocation vs. PACU
Ex-Care model risk class
Il (predicted mortality 5.0—9.9%)
IV (predicted mortality > 10%)
Surgical Specialty
General
Vascular
Orthopedics
Urology
Thoracic
Neurosurgery
Other
PO complications
PO transfusion
Cardiovascular
Abdominal
Sepsis
Delirium
Acute kidney injury

3.19 (2.43-4.2)
2.41 (1.78-3.26)

1 (REF)
4.26 (3.12-5.81)

2.50 (1.82—3.43)

1 (REF)
3.74 (2.68-5.21)

1 (REF)
0.69 (0.46—1.04)
0.77 (0.40—1.46)
0.79 (0.48—1.30)
0.78 (0.43—1.42)
0.49 (0.29—0.82)
0.37 (1.14-0.99)

1.42 (1.04—-1.95)

1 (REF)
2.27 (1.60-3.23)

1 (REF)
1.11 (0.73—1.67)
1.11 (0.64—1.93)
0.94 (0.50—1.52)
1.26 (0.70—2.28)
1.49 (0.86—2.15)
0.61 (0.23—1.60)

1.20 (0.87—1.66)
0.98 (0.63—1.54)
1.50 (1.04—2.14)
4.14 (2.85—6.02)
1.20 (0.83—1.74)
2.28 (1.69-3.07)

Final Model®: preoperative risk + specialty + PO complications + PO instability

ICU allocation vs. PACU
Ex-Care model risk class
Il (predicted mortality 5.0—9.9%)
IV (predicted mortality > 10%)
Surgical Specialty
General
Vascular
Orthopedics
Urology
Thoracic
Neurosurgery
Other
PO complications
PO transfusion
Cardiovascular®
Abdominal
Sepsis

0.91 (0.68—1.20)

1 (REF)
2.11 (1.54-2.90)

1 (REF)
1.08 (0.68—1.49)
1.26 (0.72—2.19)
0.92 (0.58—1.44)
1.10 (0.61—1.98)
1.59 (0.95—2.68)
0.65 (0.25—1.68)

1.06 (0.79—1.42)
0.98 (0.63—1.50)
1.47 (1.06—2.05)
2.63 (1.84-3.77)

<0.01

<0.01

<0.01

<0.01

<0.01

0.08
0.42
0.36
0.42
<0.01
<0.05

0.02

<0.01

0.61
0.68
0.80
0.43
0.15
0.31

0.25
0.95
0.02
<0.01
0.31
<0.01

0.52

<0.01

0.96
0.41
0.71
0.74
0.07
0.37

0.68
0.92
0.02
<0.01
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Table 3 (Continued)

Delirium
Acute kidney injury
PO instability®

1.20 (0.85—1.68) 0.28
1.87 (1.41—2.49) <0.01
3.91 (2.63-5.80) <0.01

RR, Relative Risk; Cl, Confidence Interval; ICU, Intensive Care Unit; PACU, Postanesthetic Care Unit; REF, Reference Category; PO, Postop-

erative.

@ Ex-Care risk model considers age, ASA-PS, nature (urgent or elective) or severity of surgery (major vs. non-major).

® Including myocardial infarction, arrhythmias, and stroke.

¢ PO instability was defined as the need of ventilatory or hemodynamic support.

ward teams improve patient safety and can reduce the inci-
dence of postoperative complications and mortality."" There-
fore, in hospitals that provide excellent ward-based care, the
incremental benefit of ICU admissions for stable patients will
be reduced.”’

To address the subjectivity in postoperative allocation deci-
sions and optimize the use of this precious resource, we advo-
cate for better criteria and instruments. Technical basis
becomes even more necessary considering the great inequity of
ICU beds in the Brazilian Unified Health System (SUS - Sistema
Unico de Saude).?® Although guidelines suggest not using scoring
systems alone to determine the level of care because they are
not highly accurate in predicting individual mortality, they can
offer guidance when considering physiologic variables.

Our study focused on postoperative allocation in a limited-
resource setting, using preoperative risk classes defined by the
Ex-Care risk model. Notably, very high-risk patients (Class IV)
showed significantly higher rates of intensive care admissions,
particularly among those who died. Implementing such risk
models into routine clinical practice could enhance decision-
making for perioperative teams, map critical bed utilization,
and streamline surgical schedules. This finding is corroborated
by the Royal College of Surgeons of England’s recommendation
that all high-risk general surgical patients should be considered
for critical care and, as a minimum, patients with an estimated
risk of death of > 10%.%° Other major studies worldwide, such
as the Surgical Risk Preoperative Assessment System (SURPAS)®

%
Class 111(5.0-9.9%)

100
90
80
70
60
5
4

w
o O O

2
1

o o

PACU + Ward ICU Ventilatory

support

Figure 2
ICU, Intensive Care Unit; AKI, Acute Kidney Injury.

m Class Il Deaths

Hemodynamic
support

and the Combined Assessment of Risk Encountered in Surgery
(CARES),* have also shown promising results using a surgical
risk calculator for accurate prediction of mortality and need
for ICU admission.

Among the strengths of our study are the significant num-
ber of high-risk patients and using a context-sensitive risk
stratification model which allowed comparison for similar
patients allocated to different standards of care. Moreover,
the adjustment of baseline risk variables and the description
of postoperative complications, individually reviewed in
medical records, enabled building robust statistical models.
Furthermore, our data can be relevant to plan critical care
in resource-limited environments.

The study has several limitations. Firstly, being a single-
center study restricts external validity. While conducted at
a highly representative public hospital, it does not encom-
pass minor district hospitals or private healthcare facilities.
Secondly, its observational nature introduces bias and pre-
cludes drawing conclusions regarding causality. However,
conducting randomized clinical trials to evaluate care pro-
cesses is challenging. Thirdly, we assessed outcomes solely
in the immediate postoperative period, lacking insights into
long-term mortality, functional independence, or quality of
life. Moreover, the lack of detailed information on illness
severity (SAPS, POSSUM, SOFA) restricts the conclusions.
Lastly, a power analysis was not conducted for this explor-
atory study, which relied on a convenience sample.

m ClassIV(=10%) m Class IV Deaths

Sepsis Abdominal

Outcomes according to each risk class of Ex-Care model in high-risk surgical patients. PACU, Postanesthetic Care Unit;
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Table 4  Outcomes according to each risk class of Ex-Care model in high-risk surgical patients.

Operative

Surgical Specialty

General 245 (30.0)
Vascular 195 (23.8)
Orthopedics 63 (7.7)
Urology 98 (12.0)
Thoracic 90 (11.0)
Neurosurgery 60 (7.3)
Other 67 (8.2)
Surgical bleeding > 500 mL 145 (17.7)
Reintervention 80 (9.8)
PO complications

Ventilatory support 80 (9.8)
Hemodynamic support 117 (14.3)
Acute kidney injury 114 (13.9)
Thromboembolic event 61 (7.5)
Abdominal 110 (13.4)
Sepsis 42 (5.1)
Major complication® 352 (43.0)
Allocation

PACU 711 (86.9)
ICU 107 (13.1)

14 (5.7) 269 (44.0) 74 (27.5)
10 (5.1) 132 (21.5) 19 (14.4)
5(7.9) 49 (8.0) 5 (10.2)
5 (5.1) 66 (10.8) 12 (18.2)
6 (6.7) 31 (5.1) 5(16.1)
2(3.3) 40 (6.5) 10 (25.0)
2(3.0) 26 (4.2) 2(7.7)
11 (25.0) 71 (11.6) 14 (11.0)
7 (15.9) 77 (12.6) 14 (18.2)
3(6.8) 135 (22.0) 71 (57.0)
24 (54.5) 145 (23.7) 71 (56.0)
27 (23.7) 120 (19.6) 51 (42.5)
3(6.8) 70 (11.4) 12 (17.1)
18 (16.4) 124 (20.2) 52 (42.0)
17 (38.6) 112 (18.3) 69 (54.0)
41(93.2) 390 (63.3) 115 (90.5)
32 (72.7) 470 (76.6) 70 (55.1)
12 (27.3) 143 (23.3) 57 (44.9)

Data are presented as absolute values (%). PACU, Postanesthetic Care Unit; ICU, Intensive Care Unit; PO, Postoperative.
& Major complication: previous diagnosis of ventilatory support, postoperative vasopressor usage, acute kidney injury, transfusion, myo-
cardial infarction, stroke, arrhythmia, thromboembolic event, delirium, wound dehiscence, sepsis, abdominal complication, or surgical

reintervention within 7 days.

In conclusion, our study provides valuable insights into
the complex decision-making process of postoperative ICU
allocation. While we were unable to establish a direct
impact of ICU allocation on outcomes, we found indications
that ICU stay itself does not significantly affect mortality.
Therefore, addressing the unmet need for adaptable postop-
erative care for high-risk surgical patients outside the ICU is
crucial, particularly in LMICs. Further research is essential
to refine criteria and elucidate the utility of risk assessment
tools such as the Ex-Care model in assisting allocation deci-
sions, especially in resource-limited countries.
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