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Abstract

Objective: To determine whether the Mayo Cardiac Intensive Care Unit (CICU) Admission Risk Score (M-
CARS) is associated with CICU resource utilization.
Patients and Methods: Adult patients admitted to our CICU from 2007 to 2018 were retrospectively
reviewed, and M-CARS was calculated from admission data. Groups were compared using Wilcoxon test
for continuous variables and c2 test for categorical variables.
Results: We included 12,428 patients with a mean age of 67�15 years (37% female patients). The mean
M-CARS was 2.1�2.1, including 5890 (47.4%) patients with M-CARS less than 2 and 644 (5.2%) patients
with M-CARS greater than 6. Critical care restricted therapies were frequently used, including mechanical
ventilation in 28.0%, vasoactive medications in 25.5%, and dialysis in 4.8%. A higher M-CARS was
associated with greater use of critical-care therapies and longer CICU and hospital length of stay. The low-
risk cohort with M-CARS less than 2 was less likely to require critical-careerestricted therapies, including
invasive or noninvasive mechanical ventilation (8.0% vs 46.1%), vasoactive medications (10.1% vs
38.8%), or dialysis (1.0% vs 8.2%), compared with patients with M-CARS greater than or equal to 2 (all
P<.001).
Conclusion: Patients with M-CARS less than 2 infrequently require critical-care resources and have
extremely low mortality, suggesting that the M-CARS could be used to facilitate the triage of critically ill
cardiac patients.
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T he first coronary care units were devel-
oped in the 1960s to provide early
defibrillation for patients with acute

myocardial infarction.1 With progressive im-
provements in care for patients with acute cor-
onary syndrome (ACS), coronary care units
have evolved into cardiac intensive care units
(CICUs) that provide critical care across a
broad spectrum of acute and chronic cardio-
vascular pathology.2 Over the years, there
has been a reduction in the prevalence of un-
complicated ACS in tertiary-care CICU popu-
lations and an increase in the diversity of
critical care conditions including sepsis, respi-
ratory failure, shock, and organ failure.2,3
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Recent studies have suggested that patients
with uncomplicated ACS admitted to CICUs
have higher hospital costs without necessarily
having improved outcomes.4 Furthermore,
many patients admitted to contemporary
tertiary-care CICUs have no specific critical-
care needs.5 These studies raise important
questions about which patients are likely to
benefit from admission to CICUs, and whether
there are low-risk CICU admission candidates
who could safely be cared for in a lower-
intensity setting. This is a particularly impor-
tant issue, given the dramatically rising costs
of critical care in the United States, coupled
with the increasing occupancy of critical care
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beds that can adversely affect the availability of
critical-care services in some settings.6-8

Standard indications for CICU admission
include the need for critical-careerestricted
therapies or a high risk of deterioration that
could require urgent intervention. Approaches
to patient selection for admission to CICUs
are likely to differ among providers and institu-
tions, but few, if any, studies exist to guide
these triage decisions outside of patients pre-
senting with ST-elevation myocardial infarc-
tion.9 Although patient triage must necessarily
depend heavily on clinician judgment, the
availability of decision-support tools could
facilitate more consistent practices within and
across institutions. To blunt the rising health
care costs and improve resource allocation, pre-
vious studies have focused on identifying pa-
tients who are too ill to benefit from intensive
care unit (ICU) admission; this approach is
controversial insofar as criteria for futility are
not widely agreed upon.10 In contrast, we
believe that a reciprocal approach involving se-
lection of the lowest-risk potential CICU ad-
missions to be cared for in a non-CICU
setting might be of value, provided that these
patients are indeed at low risk of adverse out-
comes or subsequent deterioration and are
not anticipated to require critical-careerestricted
therapies.

We recently reported a novel CICU-
specific scoring system called the Mayo
CICU Admission Risk Score (M-CARS), which
predicts hospital mortality using 7 variables
available at the time of CICU admission,
with greater discrimination for mortality than
conventional ICU mortality risk-stratification
scoring systems among CICU patients.11 Pa-
tients with admission M-CARS less than 2
were indeed low risk, with less than 1%
observed hospital mortality in both the deriva-
tion and validation cohorts. We hypothesized
that these low-risk patients with M-CARS
less than 2 would also be unlikely to require
critical-careerestricted therapies during
hospitalization.
METHODS

Study Population
This study was approved by the Institutional
Review Board of Mayo Clinic as minimal risk
and was conducted under a waiver of
Mayo Clin Proc Inn Qual Out n October 2021
informed consent. We analyzed a previously
constructed database of consecutive unique
adult (aged �18 years) patients admitted to
the CICU at Mayo Clinic Hospital St. Mary’s
Campus, whose entire CICU admission
occurred between January 1, 2007, and April
30, 2018.2,11 The Mayo Clinic CICU is a
closed 16-bed unit serving critically ill cardiac
medical patients; postoperative cardiac surgery
patients and patients receiving extracorporeal
membrane oxygenator (ECMO) support are
cared for in a separate ICU. Indications for
CICU admission at Mayo Clinic include initia-
tion and titration of inotrope and vasopressor
medication; initiation of antiarrhythmic ther-
apy for ventricular arrhythmias; use of pulmo-
nary artery catheter (PAC), arterial line, and
mechanical circulatory support; high-flow ox-
ygen therapy, invasive and noninvasive venti-
lation; continuous renal-replacement therapy
(CRRT); and targeted temperature manage-
ment. The analyzed data were limited to the
first CICU admission during the study period
to avoid potential bias due to readmissions. As
per Minnesota state law, we excluded patients
not providing Minnesota Research
Authorization.

Data Sources
Demographic, vital sign, laboratory, clinical,
and outcome data including CICU and hospi-
tal length of stay (LOS) were extracted elec-
tronically from the medical record using the
Multidisciplinary Epidemiology and Transla-
tional Research in Intensive Care (METRIC)
DataMart.2,11-16 Data were collected regarding
therapies and procedures provided in the
CICU as well as the performance of coronary
angiography and percutaneous coronary inter-
vention (PCI) during hospitalization. Critical-
careerestricted therapies were defined as inva-
sive and noninvasive ventilation, vasoactive
drugs (vasopressors and inotropes), intra-
aortic balloon pump (IABP), PAC, Impella
(Abiomed, Danvers, MA), and CRRT. Central
venous catheters (CVC) and arterial lines
were not included as critical-careerestricted
therapies, as we were unable to separate the
different types of invasive lines.

We calculated the M-CARS for all patients
using data from the time of CICU admission,
with scoring criteria shown in Table 1.11 Pa-
tients with M-CARS less than 2 were
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TABLE 1. Criteria for Calculating M-CARS Score

Variable Value
Points
assigned

Admission value of BUN >23 mg/dL 1
�23 mg/dL 0

Admission value of anion
gap

>14 1

�14 0

Admission Braden skin
score

�12 2

13-15 1
>15 0

Admission value of RDW >14.3 1

�14.3 0

Admission diagnosis of
cardiac arrest

Yes 2

No 0

Admission diagnosis of
shock

Yes 2

No 0

Admission diagnosis of
respiratory failure

Yes 1

No 0

Missing data are assumed to be normal (score 0). The score
ranges from 0 to 10.

BUN, blood urea nitrogen; M-CARS, Mayo Clinic Intensive
Care Unit Admission Risk Score; RDW, red blood cell distri-
bution width.

M-CARS AND CICU RESOURCE UTILIZATION
considered low risk, given their low risk of
mortality in our previous study. The following
established ICU risk scores were calculated
automatically for all patients using data from
the first 24 hours of CICU admission, with
missing variables imputed as normal as the
default: Acute Physiology and Chronic Health
Evaluation (APACHE)-III score, APACHE-IV
predicted hospital mortality, and Day 1
Sequential Organ Failure Assessment (SOFA)
score.13-15,17-21 The mean and maximum daily
SOFA scores during CICU admission (up to
the first 7 days) were recorded. The Charlson
Comorbidity Index (CCI) and individual
comorbidities were determined from diagno-
ses in the medical record, based on a previ-
ously validated electronic algorithm.22

Admission diagnoses were defined as all In-
ternational Classification of Diseases (ICD)-9
and ICD-10 diagnostic codes recorded on the
day of CICU admission and the day before or af-
ter CICU admission; these admission diagnoses
Mayo Clin Proc Inn Qual Out n October 2021;5(5):839-850 n https:
www.mcpiqojournal.org
were not mutually exclusive, and the primary
admission diagnosis could not be determined.
Admission diagnoses of interest included
ACS, including all forms of acute myocardial
infarction and unstable angina; heart failure
(HF); shock, cardiogenic shock (CS); cardiac
arrest (CA); respiratory failure; and sepsis
(including septic shock). Patients with CA
were subdivided based on the presence of a
concomitant admission diagnosis of ventricular
fibrillation (VF) into VF CA and non-VF CA.

Statistical Methods
We assessed CICU and hospital mortality and
LOS, duration of mechanical ventilation, and
use of critical-care therapies during the CICU
stay as a function of the M-CARS at the time
of CICU admission. Data are reported as
mean � standard deviation (SD) for contin-
uous variables and number (%) for categorical
variables. Patients with M-CARS less than 2
and more than or equal to 2 were compared
using Wilcoxon test for continuous variables
and c2 test for categorical variables. Trends
across M-CARS groups were analyzed using
Cochran-Armitage trend tests for categorical
variables and linear regression for continuous
variables. Statistical analyses were performed
using JMP version 13.0 Pro (SAS Institute,
Cary, NC). No extramural funding was used
to support this research.

RESULTS

Baseline Characteristics
Among the 15,947 adult patients admitted to
the CICU within the study period, 3519
were excluded (2472 readmissions and 1047
without Minnesota Research Authorization),
leaving 12,428 unique CICU patients in the
final study population (Supplemental
Figure 1, available online at http://
mcpiqojournal.org). The final study popula-
tion had a mean age of 67.6�15.2 years,
including 4686 (37.7%) female patients
(Table 2). Admission diagnoses included
ACS in 5238 (42.5%) patients, HF in 6008
(48.8%) patients, coronary artery disease in
1479 (12.0%), shock in 1859 (15.1%), sepsis
in 780 (6.3%), and respiratory failure in
2986 (24.2%). The mean M-CARS was
2.1�2.1, including 5890 (47.4%) patients
with M-CARS less than 2 and 644 (5.2%)
//doi.org/10.1016/j.mayocpiqo.2020.12.009 841

http://mcpiqojournal.org
http://mcpiqojournal.org
https://doi.org/10.1016/j.mayocpiqo.2020.12.009
http://www.mcpiqojournal.org


TABLE 2. Baseline Characteristics of the Final Study Population, Patients With M-CARS Less Than 2 and M-CARS Greater Than or Equal to 2

Variable

Final study
population
(n¼12,428)

M-CARS <2
(n¼5890)

M-CARS �2
(n¼6538) P value

Baseline characteristics
Age (years, mean) 67.6�15.2 65.2�15.3 69.8�14.7 <.001
Female, n (%) 4686 (37.7) 2134 (36.2) 2552 (39.0) .0013
Caucasian, n (%) 11,466 (92.2) 5436 (92.3) 6030 (92.2) .89
Hospital days before CICU (mean) 0.7�2.7 0.4�1.5 1.0�3.4 <.001

Comorbidities

Charlson comorbidity index 2.4�2.6 1.6�2.2 3.1�2.8 <.001
Previous myocardial infarction, n (%) 2300 (18.5) 962 (16.4) 1338 (20.5) <.001
Previous heart failure, n (%) 2521 (20.3) 604 (10.3) 1917 (29.4) <.001
Previous stroke, n (%) 1483 (11.9) 519 (8.83) 964 (14.8) <.001
Previous diabetes mellitus, n (%) 3544 (28.6) 1247 (21.2) 2297 (35.2) <.001
Previous cancer, n (%) 2623 (21.1) 1042 (17.7) 1581 (24.2) <.001
Previous lung disease, n (%) 2410 (19.4) 881 (15.0) 1529 (23.4) <.001
Previous chronic kidney disease, n (%) 2561 (20.7) 538 (9.15) 2023 (31.0) <.001
Previous dialysis, n (%) 620 (4.9) 73 (1.2) 547 (8.4) <.001

Admission diagnosesa

Acute coronary syndrome 5238 (42.5) 2780 (47.8) 2458 (37.8) <.001
Heart failure 6008 (48.8) 1659 (28.5) 4349 (66.8) <.001
Shock 1859 (15.9) 0 (0) 1859 (28.6) <.001
Cardiogenic shock 1498 (12.2) 0 (0) 1498 (23.0) <.001

Cardiac arrest 1479 (12.0) 0 (0) 1479 (22.7) <.001
VF arrest 753 (6.1) 0 (0) 753 (11.6) <.001
Non-VF arrest 726 (5.9) 0 (0) 726 (11.2) <.001

Respiratory failure 2986 (24.2) 137 (2.4) 2849 (43.8) <.001
Sepsis 780 (6.3) 59 (1.0) 721 (11.1) <.001

Severity of illness

APACHE-III score (mean) 60.7�25.1 48.0�16.2 72.2�26.2 <.001
APACHE-IV predicted hospital mortality (%) 16.8�19.7 7.5�8.0 25.2�23.1 <.001
Day 1 SOFA score (mean) 3.5�3.2 1.8�1.5 5.1�3.5 <.001
Maximum week 1 SOFA score 21 16 21 <.001
Mean week 1 SOFA score 3.0 1.7 4.2 <.001

Procedures and therapies

Any critical care therapy 5260 (42.3%) 1129 (19.2%) 4131 (63.2%) <.001
Inpatient coronary angiogram, n (%) 7254 (58.4) 3859 (65.5) 3395 (51.9) <.001
Inpatient PCI, n (%) 4320 (34.8) 2567 (43.6) 1753 (26.8) <.001
Any invasive line, n (%) 5503 (44.3) 2038 (34.6) 3465 (53.0) <.001
Central venous line, n (%) 2507 (20.2) 584 (9.9) 1923 (29.4) <.001
Arterial line, n (%) 3985 (32.1) 1513 (25.7) 2472 (37.8) <.001
Pulmonary artery catheter, n (%) 1198 (9.6) 236 (4.0) 962 (14.7) <.001
IABP in CICU, n (%) 1051 (8.5) 242 (4.1) 809 (12.4) <.001
Impella (Abiomed, Danvers, MA) in hospital, n (%) 73 (0.6) 9 (0.2) 64 (1.0) <.001
ECMO in CICU, n (%) 30 (0.2) 2 (0.0) 28 (0.4) <.001
Any mechanical ventilation, n (%) 3483 (28.0) 470 (8.0) 3013 (46.1) <.001
Duration of mechanical ventilation, days 2.1�3.0 1.0�1.9 2.1�2.9 <.001
Invasive ventilator use, n (%) 2034 (16.4) 108 (1.8) 1924 (29.4) <.001
Duration of invasive ventilation, days 1.9�2.8 0.9�1.8 2.2�3.0 <.001
Duration of invasive ventilation <1 day, n (%) 948 (46.6) 90 (83.3) 858 (44.6) <.001
Noninvasive ventilator use, n (%) 1923 (15.5) 377 (6.4) 1546 (23.7) <.001
Duration of noninvasive ventilation, days 1.2�1.8 1.0�1.9 1.3�1.8 <.001

Continued on next page
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TABLE 2. Continued

Variable

Final study
population
(n¼12,428)

M-CARS <2
(n¼5890)

M-CARS �2
(n¼6538) P value

Procedures and therapies, continued
Vasoactive drug use, n (%) 3131 (25.5) 592 (10.1) 2539 (38.8) <.001
Vasopressor use, n (%) 2672 (21.5) 443 (7.5%) 2229 (34.1) <.001
Inotrope use, n (%) 1150 (9.3) 223 (3.8) 927 (14.2) <.001
Blood transfusion, n (%) 1393 (11.2) 258 (4.4) 1135 (17.4) <.001
Dialysis, n (%) 594 (4.8) 59 (1.0) 535 (8.2) <.001
New dialysis start, n (%) 393 (3.2) 50 (0.9) 343 (5.3) <.001
CRRT, n (%) 244 (2.0) 1 (0.0) 243 (3.7) <.001
In-hospital CPR, n (%) 317 (2.6) 17 (0.3) 300 (4.6) <.001

Length of stay

CICU length of stay (days) 2.5�4.3 1.8�3.8 3.1�4.6 <.001
CICU length of stay <1 day, n (%) 3515 (28.3) 1997 (33.9) 1518 (23.2) <.001
CICU length of stay >7 days, n (%) 593 (4.8) 53 (0.9) 540 (8.3) <.001
Hospital length of stay (days, mean) 8.0�13.4 4.9�6.9 10.7�16.8 <.001
Hospital length of stay <3 days, n (%) 3844 (30.9) 2575 (43.7) 1269 (19.4) <.001
Hospital length of stay >14 days, n (%) 1565 (12.6) 238 (4.0) 1327 (20.3) <.001

APACHE, Acute Physiology and Chronic Health Evaluation; CICU, cardiac intensive care unit; CPR, cardiopulmonary resuscitation; CRRT, continuous renal replacement
therapy; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; M-CARS, Mayo Clinic Intensive Care Unit Admission Risk Score; PCI, percuta-
neous coronary intervention; SOFA, Sequential Organ Failure Assessment; VF, ventricular fibrillation.

Data displayed as n (%) for categorical variables or mean � standard deviation for continuous variables. Reported P value is for between-group comparison of patients with
M-CARS less than 2 and M-CARS greater than or equal to 2, using c2 test (categorical variables) or Wilcoxon rank-sum test (continuous variables).
aAdmission diagnoses are not mutually exclusive and may add up to more than 100%.

M-CARS AND CICU RESOURCE UTILIZATION
patients with M-CARS greater than 6. The
low-risk cohort of patients with M-CARS less
than 2 differed substantially from the remain-
ing patients with M-CARS greater than or
equal to 2 (Table 2), with a lower age, fewer
comorbidities, and lower severity of illness.
Notably, all patients with cardiac arrest or
shock had M-CARS greater than or equal to
2, by definition.

Overall mean CICU LOS was 2.5�4.3
days, and overall mean hospital LOS was
8.0�13.4 days. Both CICU and hospital LOS
increased significantly as a function of rising
M-CARS (P<.001; Figure 1 and
Supplemental Figure 2, available online at
http://mcpiqojournal.org); however, M-CARS
only explained 3.8% and 5.1% of the vari-
ability in CICU and hospital LOS, respectively.
The strength of association between M-CARS
and the use of each specific therapy varied
substantially, being strongest for invasive
ventilator and weakest for coronary angiog-
raphy (Table 3). Patients with M-CARS less
than 2 had shorter CICU and hospital LOS
than patients with M-CARS greater than or
equal to 2 (P<.001). Overall, 5260 patients
Mayo Clin Proc Inn Qual Out n October 2021;5(5):839-850 n https:
www.mcpiqojournal.org
received critical-careerestricted therapies,
with 1129 (19.2%) of patients with M-CARS
less than 2 receiving any critical-careeres-
tricted therapy compared with 4131 (63.2%)
of patients with M-CARS greater than or equal
to 2 (P<.001). A total of 1685 (28.6%) pa-
tients had M-CARS less than 2, CICU LOS
lest than 1 day, and did not receive any crit-
ical-careerestricted therapies.

Mechanical Ventilation
Mechanical ventilation was used in 3483
(28.0%) patients, including invasive ventila-
tion in 2034 (16.4%) and noninvasive ventila-
tion in 1923 (15.5%) patients. The use of any
mechanical ventilation (including both inva-
sive and noninvasive ventilation) increased as
a function of increasing M-CARS (P<.001;
Figure 2). There was an inverted U-shaped
relationship between M-CARS and the use of
noninvasive ventilation, with the highest rates
at intermediate M-CARS; at lower M-CARS,
noninvasive ventilation was used more
commonly, whereas invasive ventilation pre-
dominated at higher M-CARS (Figure 3). The
duration of ventilation increased with rising
//doi.org/10.1016/j.mayocpiqo.2020.12.009 843
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FIGURE 1. Cardiac intensive care unit (CICU) and hospital length of stay
(LOS) as a function of Mayo Cardiac Intensive Care Unit Admission Risk
Score (M-CARS).
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M-CARS (P<0.001), with a decreasing pro-
portion of ventilated patients with duration
of ventilation <1 day (Figure 2). Patients
with M-CARS less than 2 infrequently
required any type of mechanical ventilation
compared with those with M-CARS greater
than or equal to 2 (8.0% vs 46.1%), and
83.3% of patients with M-CARS less than 2
who required invasive ventilation had dura-
tion of ventilation less than 1 day.
Vasoactive Drugs and Other Therapies
A total of 3131 (25.2%) patients received
vasoactive drugs, including 2672 (21.5%)
who received vasopressors and 1150 (9.3%)
who received inotropes. The use of vasoactive
drugs, including vasopressors and inotropes,
increased progressively with rising M-CARS
(P<.001; Figure 3A). Among patients with
M-CARS less than 2, only 592 (10.0%)
required use of vasoactive drugs during the
CICU stay, including vasopressors in 443
(7.5%) and inotropes in 223 (3.8%). A total
of 594 (4.8%) patients required dialysis during
the CICU stay, including 244 (2.0%) who
received CRRT; red blood cell (RBC) transfu-
sion was required in 1393 (11.2%) patients.
Dialysis, CRRT, and RBC transfusion were all
more prevalent with rising M-CARS (P<.001;
Figure 3A). Few patients with M-CARS less
Mayo Clin Proc Inn Qual Out n October 2021
than 2 required dialysis, CRRT, or RBC trans-
fusion during their admissions.

Invasive Lines and Other Procedures
A total of 5503 (44.3%) patients had any inva-
sive line during the CICU stay, including arte-
rial line in 3985 (32.1%), central venous line
in 2507 (20.2%), PAC in 1198 (9.6%), and
IABP in 1051 (8.5%). Use of all invasive lines
increased as a function of rising M-CARS
(P<.001; Figure 3B). Use of invasive lines
was less common among patients with M-
CARS less than 2 (34.6% vs 53.0%), especially
for central venous lines (9.9% vs 29.4%), PAC
(4.0% vs 14.7%) and IABP (4.1% vs 12.4%).
The use of coronary angiography and PCI
had a curvilinear relationship with M-CARS
(Figure 3B), with higher use of coronary angi-
ography and PCI among patients with M-
CARS less than 2 consistent with the higher
prevalence of patients with ACS and lower
prevalence of patients with HF in this group.

Hospital Mortality and Resource Utilization
in Low-Risk Patients
Among low-risk patients with M-CARS less
than 2, hospital mortality occurred in only
47 (0.8%) patients, including 28 (0.5%) who
died in the CICU. Patients with M-CARS less
than 2 who did not receive any critical-care
therapies had lower hospital mortality (0.5%
vs 2.1%; P<.001). Similarly, patients with
M-CARS greater than or equal to 2 who did
not receive any critical-care therapies had
lower hospital mortality (6.8% vs 22.7%;
P<.001). Hospital mortality among patients
with M-CARS less than 2 who did and did
not receive specific therapies while in the
CICU is shown in Figure 4. Patients with M-
CARS less than 2 who received invasive or
noninvasive ventilation, vasopressors, or ino-
tropes, dialysis, RBC transfusion, or IABP
had higher observed hospital mortality than
those who did not (all P<.05), whereas we
did not observe a statistically significant differ-
ence in hospital mortality for patients who did
and did not receive central venous lines, arte-
rial lines, or PAC (all P>.1).

Subgroup Analysis: Patients With Acute
Coronary Syndrome
The major findings of the main analysis were
consistent in the subgroup of patients with
;5(5):839-850 n https://doi.org/10.1016/j.mayocpiqo.2020.12.009
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TABLE 3. Association Between the M-CARS and Resource Utilization on Univariate Logistic Regression

Beta estimate
(standard error)

Unit OR per 1-point
increase in M-CARS

(95% CI) R2 AUC P value

Respiratory support therapies
Any ventilator 0.707 (0.014) 2.027 (1.973-2.082) 0.279 0.833 <.0001
Invasive ventilator 0.836 (0.017) 2.308 (2.233-2.385) 0.383 0.891 <.0001
Noninvasive ventilator 0.270 (0.011) 1.310 (1.283-1.339) 0.057 0.703 <.0001

Hemodynamic support therapies
Vasopressors 0.559 (0.012) 1.750 (1.708-1.792) 0.212 0.792 <.0001
Inotropes 0.290 (0.013) 1.336 (1.303-1.371) 0.062 0.701 <.0001
Any vasoactive drug 0.520 (0.012) 1.682 (1.644-1.720) 0.184 0.773 <.0001
IABP 0.314 (0.014) 1.369 (1.333-1.406) 0.073 0.695 <.0001
Coronary angiography e0.107 (0.009) 0.898 (0.883-.914) 0.009 0.580 <.0001
PCI e0.166 (0.010) 0.847 (0.831-.864) 0.019 0.609 <.0001

Invasive lines
Any invasive line 0.287 (0.010) 1.332 (1.307-1.357) 0.059 0.641 <.0001
Central line 0.377 (0.011) 1.458 (1.428-1.489) 0.108 0.718 <.0001
Arterial line 0.247 (0.009) 1.280 (1.257-1.304) 0.047 0.620 <.0001
PA catheter 0.298 (0.013) 1.347 (1.313-1.381) 0.066 0.702 <.0001

Other support therapies
Any dialysis 0.377 (0.017) 1.458 (1.410-1.508) 0.099 0.768 <.0001
CRRT 0.515 (0.027) 1.673 (1.587-1.765) 0.161 0.855 <.0001

Blood transfusion 0.316 (0.012) 1.372 (1.339-1.405) 0.076 0.718 <.0001

Outcomes
CICU death 0.633 (0.019) 1.884 (1.816-1.954) 0.263 0.871 <.0001
Hospital death 0.634 (0.016) 1.885 (1.827-1.944) 0.270 0.868 <.0001

AUC, area under the curve; CI, confidence interval; CICU, cardiac intensive care unit; CRRT, continuous renal replacement therapy; IABP, intra-aortic balloon pump; M-
CARS, Mayo Clinic Intensive Care Unit Admission Risk Score; OR, operating room; PA, pulmonary artery; PCI, percutaneous coronary intervention.
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an admission diagnosis of ACS. Among those
with ACS, there were 2780 (53.1%) patients
with M-CARS less than 2 and 2458 (46.9%)
patients with M-CARS greater than or equal
to 2. Only 23 (0.8%) of patients with ACS
and M-CARS less than 2 died in the hospital,
and hospital mortality increased incrementally
with increasing M-CARS (P<.0001). Hospital
and CICU LOS similarly increased with rising
M-CARS (both P<.0001).

Patients with ACS and M-CARS less than 2
were less likely to require mechanical ventila-
tion, CRRT, hemodialysis, vasoactive medica-
tions, CVC, arterial line, packed red blood
cells (pRBC), IABP, ECMO, or PAC (all
P<.0001). Only 428 (15.4%) of patients
with ACS and M-CARS less than 2 required
any critical-care therapies compared with
1593 (64.8%) of those with M-CARS greater
than or equal to 2.
Mayo Clin Proc Inn Qual Out n October 2021;5(5):839-850 n https:
www.mcpiqojournal.org
DISCUSSION
To our knowledge, this is the first comprehen-
sive study assessing the use of a prognostic
score to determine the need for critical-care re-
sources among patients admitted to a contem-
porary CICU. Among 12,428 patients
admitted to our tertiary-care CICU, a higher
M-CARS was associated with increased CICU
and hospital LOS and greater use of all crit-
ical-careerestricted therapies. Patients with
M-CARS less than 2 were less likely to require
critical-care resources despite comprising
47.4% of all admissions, and hospital mortal-
ity was rare in this group (less than 1% of pa-
tients). Among this low-risk cohort, more than
25% required no critical-care therapies and
had CICU LOS less than 1 day, comprising a
group that likely could have been cared for
outside the CICU setting. Our data suggest
that many CICU patients with admission
//doi.org/10.1016/j.mayocpiqo.2020.12.009 845
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M-CARS less than 2 who do not have immedi-
ate critical-care needs could, in theory, be
cared for safely in a non-ICU setting and could
be candidates for initial triage to a non-ICU
setting or early transfer out of the CICU.
This opens a potential opportunity to supple-
ment clinician judgment with an evidence-
based risk-stratification tool such as M-CARS
for the purposes of CICU admission triage.

The decision to admit a patient to the
CICU vs a non-ICU setting can be challenging
and is typically based on multiple patient and
institutional factors. The admitting clinician
must consider objective physiological parame-
ters, prognosis, disease reversibility, and the
actual or potential need for critical-careeres-
tricted therapies while also considering logistic
factors such as the availability of beds and re-
sources. Common indications for CICU
admission include need for vasoactive
Mayo Clin Proc Inn Qual Out n October 2021
medications, invasive lines, mechanical venti-
lation, CRRT, or the need for close moni-
toring.5 Although several guidelines have
been constructed to help with the triage of
critically ill patients,23-25 these are rarely
used in clinical practice, as exemplified by
the wide variability in ICU triaging practices
among different institutions, with refusal rates
ranging from 16% to 51%.10,26 The CICU
triage process can be even more challenging
because of historical trends, which may no
longer be reflective of the modern CICU
environment.

The effective use of CICU beds is impera-
tive, as critical care is expensive and resources
are often limited. Previous studies have esti-
mated that the daily cost of care in an ICU is
3 to 5 times more than a general medical or
surgical ward,27-29 with particularly high ex-
penses during the first few days of admis-
sion.30,31 The use of critical care beds has
continued to increase in the United States,
with a 19.3% increase in ICU days between
2000 and 2010.6 This was accompanied by a
92.9% increase ($56 to $108 billion) in annual
critical care costs, accounting for $14,964 tril-
lion (0.72% of the gross domestic product).
This increased use of critical-care beds has
led to a scarcity of available resources in
many institutions. Resource availability has
been shown to affect triage decisions, as pa-
tients are less likely to be admitted to the
ICU and more likely to have their goals of
care changed in times of ICU bed scarcity.7,8

Some institutions have created intermediate-
care units (IMCUs) to provide for patients
requiring higher levels of care than a general
ward but not requiring the aggressiveness of
an ICU; IMCUs include heterogeneous popu-
lations with large institutional variability, mak-
ing it difficult to assess their benefits in cost
and resource allocations.32 The relationship
between the IMCU and CICU has not been
studied, but IMCUs have been shown to
improve outcomes in postcardiac surgery pa-
tients.33 Although our institution does not
have an IMCU, the M-CARS could, theoreti-
cally, apply to the decision between admission
to CICUs and IMCUs in institutions with this
option.

The Critical Care Cardiology Trials
Network (CCCTN) multicenter study of
3049 CICU patients demonstrated an
;5(5):839-850 n https://doi.org/10.1016/j.mayocpiqo.2020.12.009
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increasing proportion of primary noncardiac
diagnoses as well as wide variability of triage
practices among different institutions.5 The
overall CICU LOS and use of critical-care ther-
apies in the CCCTN database parallels our
CICU practices, with small differences in the
use of certain specific therapies. Notably,
36.2% of patients were triaged to the CICU
solely for the perceived need of monitoring,
ICU-level nursing, frequent laboratory testing,
or postprocedural monitoring in the absence
of any other specific critical care needs; these
patients had the lowest mortality among com-
mon diagnosis groups. Remarkably, 41.8% of
admissions were treated without any CICU-
level therapies or procedures, suggesting a sig-
nificant subset of patients who could be cared
for in a lower-intensity setting. Our study mir-
rors these findings, particularly among pa-
tients with low M-CARS, suggesting that
there is substantial room for improvement in
the CICU patient-triage process.
Mayo Clin Proc Inn Qual Out n October 2021;5(5):839-850 n https:
www.mcpiqojournal.org
Prognostic scoring systems, including
SOFA, APACHE, and Oxford Acute Severity
of Illness Score (OASIS) have all been vali-
dated for prediction of mortality risk in the
CICU population.13,14 APACHE-IV provides
additional clinical information regarding LOS
among ICU populations.34 Zimmerman et al
recently reported that a model based on the
APACHE scoring system could be used to
identify low-risk patients who were unlikely
to require general ICU resources.35 A major
limitation of these scoring systems is the
need for 24 hours of data for accurate risk
stratification, which limits the ability to help
triage patients at the time of presentation, un-
like the M-CARS, which uses variables avail-
able at the time of admission.11 The M-CARS
is a CICU-specific tool that combines admis-
sion laboratory values (blood urea nitrogen
[BUN], anion gap, red blood cell distribution
width [RDW]), a marker of frailty (Braden
skin score), and admission diagnoses (CA,
//doi.org/10.1016/j.mayocpiqo.2020.12.009 847
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CS, respiratory failure) to derive a prognostic
score that was superior to the established
risk scores in predicting hospital mortality in
CICU patients.

The current study extends the potential
usefulness of the M-CARS to identify patients
with a low probability of needing critical-care
resources, to facilitate triage at the time of
CICU admission using a criterion other than
mortality risk. An M-CARS less than 2 identi-
fied a sizeable group (47.4% of all admissions)
of low-risk patients who were unlikely to
require CICU therapies, in addition to being
unlikely to die during hospitalization. Patients
with M-CARS less than 2 had extremely low
in-hospital mortality rates (below 1%), and
fewer than 10% of these patients received
vasoactive medications, mechanical ventila-
tion, PAC, or IABP. Although the rates of uti-
lization of these critical-care therapies are not
negligible, the vast majority of these low-risk
patients never received any critical-care ther-
apy. The frequent use of arterial lines in this
low-risk group may reflect our inability to
differentiate arterial lines placed in the CICU
for monitoring from access sheaths placed in
Mayo Clin Proc Inn Qual Out n October 2021
the procedural laboratory and subsequently
removed; furthermore, use of arterial lines
for monitoring of critically ill patients has
not been shown to improve outcomes, so
many of these patients may have done well
without this intervention.36 If even a fraction
of patients with M-CARS less than 2 could
have been safely cared for outside of the
CICU, this could have translated into substan-
tial cost savings.

Limitations
In common with most retrospective observa-
tional studies, this study has important limita-
tions that preclude drawing strong causal
inferences. The referral population reflected
in this single-center CICU cohort likely differs
significantly from other CICU populations in
terms of demographics and other important
factors. Furthermore, our institution does not
have an intermediate care unit, which may
be available at other facilities, and could affect
the triage decisions. Nonetheless, the use of
critical-care therapies and case-mix in our
cohort are consistent with recently reported
CICU studies.5,37-40 Although the assumption
that patients who do not require critical care
therapies do not need CICU care is implicit
in our analysis, this is certainly not always
the case, and there are numerous potential in-
dications for CICU admission of lower-acuity
patients who require frequent monitoring or
pose substantial risks of deterioration. It is
crucial to note that the observed low mortality
and limited critical-care therapy after CICU
admission among low-risk patients does not
rule out an important role of the CICU in pa-
tient stabilization and does not imply that all
such patients would have done equally well
outside of a CICU setting. In addition, patients
who were high risk but successfully rescued in
the CICU are virtually indistinguishable in our
database from patients who never needed
CICU care in the first place; this is essential,
considering the growing trend toward earlier
ICU transfer for high-risk patients. Impor-
tantly, we did not have data on the timing of
the use critical-care therapies, so we could
not differentiate among patients admitted
because of the immediate requirements for
these therapies vs patients who subsequently
deteriorated and required these therapies later.
Furthermore, any analysis of LOS must be
;5(5):839-850 n https://doi.org/10.1016/j.mayocpiqo.2020.12.009
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interpreted in the light of the competing risk
of mortality, which shortens LOS (particularly
in high-risk groups). We could not determine
resuscitation status or the presence of any care
restrictions: important factors that could
further influence CICU triage, resource utiliza-
tion, and outcomes. Overall, our hypothesis-
generating suggestion that patients with low
M-CARS could be triaged to a non-CICU
setting could be assessed directly by
comparing patients with low M-CARS who
were and were not admitted to the CICU,
but our database only includes CICU patients,
precluding this analysis.
CONCLUSION
Our study demonstrates that higher M-CARS
is associated with increased critical-care
resource utilization during CICU admission
and could potentially be used in the triage of
critically ill cardiac patients by identifying
those with higher or lower likelihoods of
needing critical care resources. Patients with
M-CARS less than 2 are unlikely to die or
require critical-careerestricted therapies,
despite accounting for nearly one-half of all
CICU admissions, highlighting the need to
reconsider standard CICU admission indica-
tions and offering an area in which substantial
improvement can be made. Our data suggest
that using M-CARS at the time of admission
could be valuable in identifying low-risk pa-
tients who may not require CICU resources.
Prospective studies are needed to validate the
strong negative predictive value of M-CARS
for hospital mortality and resource utilization
and will be necessary before M-CARS can be
integrated into practice for triage of potential
CICU admissions.
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