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Abstract 
CARE is a practical, rapid risk stratification system used for predicting mortality 
and morbidity after cardiac surgery. It is based on clinical judgment as well as 
three perioperative variables: comorbid conditions, surgical case complexity, and 
procedural urgency. 

i. how to use 

When to Use 

CARE-based risk stratification may be applied to all adult 
patients over eighteen years of age undergoing cardiac 
surgery. However, it is important to note that the score 
was not validated for ventricular assist device insertion or 
heart transplantation, as these procedures were excluded 
from the original study design. 

Pearls / Pitfalls 

The CARE score is grounded in the well-established un
derstanding that clinicians are generally reliable at iden
tifying patients at the extremes of cardiac surgical risk, 
those who are clearly low risk (CARE 1) and those who 
are unequivocally very high risk (CARE 5). In contrast, 
determining intermediate levels of risk is more complex 
and more susceptible to variability when based solely on 
subjective clinical judgment. 

To reduce this inconsistency, the CARE system in
corporates two objective categories of risk factors- sur
gical complexity and the presence of comorbid condi
tions- which help define the intermediate tiers of CARE 
2 through CARE 4. This structure reflects the rationale 
that patients with controlled medical conditions (CARE 
2) face greater risk than those without any comorbid dis
ease (CARE 1), yet remain at lower risk than patients 
with uncontrolled conditions (CARE 3). CARE 3 fur
ther acknowledges that uncontrolled comorbidities con
fer a level of risk comparable to that associated with com
plex surgical procedures, a relationship supported by 
multiple regression analyses. Because of this similarity, 

both factors are assigned equal prognostic weight. CARE 
4 represents the additive burden that arises when complex 
surgery coincides with uncontrolled medical disease. 

Emergency surgery receives special designation within 
the system, as catastrophic physiologic states are among 
the most powerful predictors of adverse cardiac surgery 
outcomes. Importantly, CARE categories 1 and 2 are in
eligible for this emergency classification. The score’s use 
of a small number of robust, clearly defined variables en
hances its stability and reliability as a risk-adjusted predic
tor of morbidity. 

Major morbidity within the CARE framework en
compasses several postoperative complications. Cardio
vascular morbidity includes low cardiac output and hy
potension requiring an intra-aortic balloon pump or 
prolonged use of multiple vasopressors or inotropes, as 
well as malignant arrhythmias requiring cardiopul
monary resuscitation, antiarrhythmic therapy, or device 
intervention. Respiratory complications include mechan
ical ventilation beyond 48 hours, tracheostomy, or the 
need for reintubation. Neurologic morbidity encom
passes focal brain injury with permanent deficits or ir
reversible encephalopathy. Renal morbidity is defined by 
acute renal failure requiring dialysis. Infectious compli
cations include septic shock with positive blood cultures 
or deep sternal or leg wound infections necessitating an
tibiotics and/or surgical debridement. Finally, a miscella
neous category captures any secondary surgery or invasive 
procedure required to treat complications arising from 
the initial cardiac operation. 
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Why Use 

Complex perioperative risk tools such as the Society of 
Thoracic Surgeons (STS) score, the European System for 
Cardiac Operative Risk Evaluation (EuroSCORE), Eu
roSCORE II, and the Parsonnet score incorporate nu
merous clinical variables, which can make them cumber
some and may limit routine use in everyday practice. 
Conversely, clinical judgment supplemented by a small 
number of well-established risk factors has been shown 
to provide practical and reasonably accurate prognostic 
information. The ordinal CARE score was created with 
this streamlined approach in mind. It can be applied 
quickly across a wide range of clinical situations without 
requiring extensive data collection, and its structure is 
reminiscent of the American Society of Anesthesiologists 
(ASA) physical status classification, a system already fa
miliar to perioperative clinicians. 

ii. next steps 

Advice 

The CARE score can complement other risk indices and 
clinical judgment to support perioperative planning, re
source allocation, and patient counseling. Patients flagged 
as intermediate to high-risk by the CARE score may war
rant closer monitoring, targeted optimization of comor
bid conditions, and coordinated multidisciplinary plan
ning. However, the score should be implemented as an 
adjunct and not as a substitute for a thorough clinical 
evaluation. 

iii. evidence 

Evidence Appraisal 

CARE provides discrimination and calibration for pre
dicting mortality and major morbidity after cardiac 
surgery that is comparable to widely used models such as 
EuroSCORE and the STS score. However, it differs in 
important ways, particularly in its relative simplicity, gen
eralizability, and breadth of its validation. Although mor
tality after cardiac surgery has declined substantially over 
the past two decades largely because of advances in surgi
cal technique, the CARE score has continued to demon
strate stable calibration without requiring frequent read
justment. One recognized limitation, however, is that it 
tends to overestimate perioperative risk in patients who 
fall into the very high-risk category. 

Unlike EuroSCORE and STS, which have undergone 
extensive multicenter validation, the CARE score was de
veloped primarily from a single-center national cohort. 
This more limited scope likely contributes to its lower 
prevalence in clinical practice. STS, on the other hand, 
enjoys widespread use, notably in the United States, and 

both STS and EuroSCORE have the added advantage 
of being adaptable for benchmarking, research, and mul
ticenter comparisons- capabilities not yet established for 
CARE. 

Despite these constraints, several additional applica
tions of the CARE score have been explored in the lit
erature. Bhukal and colleagues found that while CARE 
was a good predictor of mortality, it performed poorly in 
forecasting hospital length of stay. Similarly, Wagener et 
al. reported that although CARE predicted mortality al
most as effectively as the Surgical Procedure Assessment 
(SPA) score, it did not reliably predict ICU length of 
stay. Comparisons with frailty measures such as the Ed
monton Frailty Scale and the Clinical Frailty Scale re
vealed that CARE was less effective in predicting in-hos
pital mortality, length of stay, and postoperative 
complications. 

Further insights emerged from Ristovic et al. who ex
amined intraoperative hypotension among intermediate-
risk patients categorized as CARE 3 or 4. In this group, 
mortality increased by 18% for every additional 10 min
utes during which mean arterial pressure (MAP) re
mained between 55 and 64 mmHg after cardiopul
monary bypass, and by 30% for every 10 minutes with 
MAP below 55 mmHg. Interestingly, this association did 
not hold for CARE 5 patients, in whom intraoperative 
hypotension did not correlate with higher mortality. 

Together, these findings highlight both the strengths 
and limitations of the CARE score, underscoring its util
ity as a streamlined risk assessment tool while also empha
sizing areas where broader validation and further study 
are needed. 

Formula 

(Unchanged since 2001) 
CARE 1: patient with stable cardiac disease and no 

other medical problems, undergoing non-complex 
surgery 

CARE 2: patient with stable cardiac disease and one 
or more controlled medical problems, undergoing non
complex surgery 

CARE 3: patient with any uncontrolled medical 
problem OR a patient undergoing complex surgery 

CARE 4: patient with any uncontrolled medical 
problem AND undergoing complex surgery 

CARE 5: patient with chronic or advanced cardiac 
disease for whom cardiac surgery is undertaken as a last 
hope to save or improve life 

E (only applicable to CARE 3-5): surgery as soon as 
diagnosis is made and operating room is available 

Facts & Figures 

Description of mortality and morbidity rates based on 
CARE (Dupuis 2001) 
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Demonstration of CARE calibration (Tran 2012) 

Areas under the Receiver Operating Characteristic 
(ROC) curves for the CARE score were approximately 
0.615 and 0.726 for postoperative complications and in-
hospital mortality, respectively, demonstrating relatively 
low probability to predict outcomes (Kovacs 2017) 
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