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Background: Current preoperative risk assessment tools are often cumbersome, have limited accuracy, and are poorly
adopted. The Care Assessment Need (CAN) score, an existing tool developed for primary care providers in the U.S. Veterans
Administration health-care system (VA), is automatically calculated for individual patients using electronic health record data.
Therefore, it could present an efficient preoperative risk assessment tool. The aim of this project was to determine if the CAN
score can be repurposed as a preoperative risk assessment tool for patients undergoing total knee arthroplasty (TKA).

Methods: A multicenter retrospective observational study was conducted using national VA data from 2013 to 2016.
The cohort included veterans who underwent TKA identified through ICD-9 (International Classification of Diseases, Ninth
Revision), ICD-10, and CPT (Current Procedural Terminology) codes. The focus of the study was the preoperative patient
CAN score, a single numerical value ranging from 0 to 99 (with a higher score representing greater risk) that is auto-
matically calculated each week using multiple data points in the VA electronic health record. Study outcomes of interest
were 90-day readmission, prolonged hospital stay (>5 days), 1-year mortality, and non-routine patient discharge.

Results: The study included 17,210 veterans. Their median preoperative CAN score was 75, although there was sub-
stantial variability in patient CAN scores among different facilities. A preoperative CAN score of >75 was significantly
associated with mortality (odds ratio [OR] = 3.54), prolonged length of stay (OR = 1.97), 90-day readmission (OR = 1.65),
and non-routine discharge (OR = 1.57). The CAN score had good accuracy with a receiver operating characteristic (ROC)
curve value of >0.7 for all outcomes except 90-day readmission.

Conclusions: The CAN score can be leveraged as an extremely efficient way to risk-stratify patients before TKA, with
results that surpass other commonly available and labor-intensive alternatives. As a result, this simple and efficient
solution is well positioned for broad adoption as a standardized decision support tool.

Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.

A
ssessing preoperative risk is a critical part of surgical
care, especially for resource-intense scheduled surgery
such as total knee arthroplasty (TKA). Studies have

demonstrated a wide variety of risk factors, including comorbid
conditions, pain, and mental health status, associated with poor
outcomes after TKA1,2. As a result, there have been efforts to
design preoperative risk assessment tools to help surgeons to
risk-stratify and counsel patients3. Unfortunately, currently

available surgical risk assessment tools are often cumbersome,
requiring patients or providers to manually input various data
elements; have limited accuracy; and are poorly adopted4-7.
Thus, there remains a need for a preoperative risk assessment
tool that is both accurate and efficient for providers.

The Care Assessment Need (CAN) score was developed
by the U.S. Veterans Administration (VA) to help primary care
providers identify high-risk patients to better target resources
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and improve care coordination8. The score was developed using
statistical models to identify high-risk primary care patients
receiving care within the VA9. This team used information from
the electronic health record to predict the risk of hospitalization

or death during 90 days and 1 year and their study showed that
better care coordination for high-risk patients could be ach-
ieved by using prediction models.

The CAN scores are automatically calculated from the
VA’s national electronic health record using commonly re-
corded variables, including sociodemographic data, diagnosis
(inpatient and outpatient), vital signs, health care utilization,
medications, and laboratory values8,10,11. (For a complete list of
the variables, see the “Model Terms” slide at https://www.hsrd.
research.va.gov/for_researchers/cyber_seminars/archives/713-
notes.pdf.) The CAN scores range from 0 to 99, with a higher
score representing a greater risk of admission or death within a
specified time period (90 days or 1 year) in relation to all other
enrolled veterans. The CAN score is automatically updated
weekly for all outpatients who have a primary care provider
within the national VA system.

Given that this comprehensive score is available for most
VA patients, and calculated weekly, we hypothesized that the
CAN score could have value in preoperative risk stratification
for patients undergoing TKA. To test this hypothesis, we eval-
uated the ability of a preoperative CAN score to predict post-
surgical outcomes in a TKA cohort.

Materials and Methods
Data

Amulticenter retrospective cohort study was conducted
using national VA data from 2013 to 2016, obtained from

the Corporate Data Warehouse (CDW). The CDW is a national
VA data repository that encompasses a broad range of routinely

TABLE I Demographics of Patients with and without a CAN
Score of >75 from 2013 to 2016

Demographics

CAN Score >75*

Total*
(N = 17,210)

Yes
(N = 10,140)

No
(N = 7,070)

Male sex 9,444 (93) 6,695 (95) 16,139 (94)

Age (yr) 66 ± 9 64 ± 8 65 ± 8

Race

White 7,906 (78) 5,815 (82) 13,721 (80)

Black 1,597 (16) 781 (11) 2,378 (14)

American Indian 63 (1) 65 (1) 128 (1)

Native Hawaiian 44 (<1) 37 (1) 81 (<1)

Asian 21 (<1) 28 (<1) 49 (<1)

Other 252 (2) 73 (1) 325 (2)

Unknown 257 (3) 271 (4) 528 (3)

Non-Hispanic
ethnicity

9,523 (94) 6,697 (95) 16,220 (94)

*The values are given as the number of patients with the per-
centage in parentheses except for age, which is given as the mean
and standard deviation.

Fig. 1

Variability in preoperative CAN scores among facilities.
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collected patient, provider, facility, health-care system, and
other administrative data including laboratory tests, pharmacy
use, inpatient and outpatient utilization, appointments, vital
status, staff information, and many other data sources. Patients
were identified using ICD-9 (International Classification of
Diseases, Ninth Revision), ICD-10, and CPT (Current Proce-
dural Terminology) codes for TKA (see Appendix).

VA hospitals were identified by Station ID, and hospital
TKAvolume was a count of all cases over 3 years. Patients were
excluded if their procedure was performed at a very-low-
volume center (<10 TKAs in 4 years).

For this study, we utilized the CAN score for combined
mortality and readmissions. We used the CAN score that was
closest in time prior to the patients’ operative date. Four different
patient outcomes of interest were evaluated: mortality at 1 year,
prolonged hospital length of stay (>5 days), 90-day read-
mission (including both emergency room [ER] and inpatient
admissions), and non-routine discharge (i.e., not discharged to
home). Patients not eligible for analysis of 90-day readmission
because their hospital stay had been >90 days or they had
undergone outpatient surgery were excluded from this model,
as were patients with a recorded length of stay of >365 days.

Analysis
Bivariate analyses were carried out with each independent
variable and outcome variable using chi-square tests, Fisher

exact tests, and analysis of variance (ANOVA). We performed a
median split in order to set a cut point for the CAN score. We
then performed multilevel mixed-effects logistic regression
models, clustering by facility. Demographic predictors (e.g.,
age and sex) are already part of the CAN score calculations and
thus were not included in our models. Analyses were per-
formed using STATA/MP15 (StataCorp) and SAS Enterprise
Guide 7.1 (SAS Institute).

Results
Cohort

Our initial cohort included 17,580 patients who under-
went TKA from 2013 to 2016 in the VA health-care

system. A CAN score was automatically calculated and re-
corded for 98% (17,210) of these patients within 6 months
prior to their procedure. Overall patient demographics were
consistent with the VA population, with 94% being men and a
mean age of 65 years (Table I). Four patients were excluded
because they had a >365-day of length of stay and 493 were
excluded because they were not eligible for analysis of 90-day
readmission.

Facility Variation
Eighty-eight facilities performed >10 TKAs from 2013 to 2016.
Four patients from 3 other facilities were excluded secondary to
low procedure volume.

TABLE II Outcomes of Interest by CAN Score*

Outcomes

CAN Score >75†

Total† (N = 17,210)Yes (N = 10,140) No (N = 7,070)

Any readmission within 90 days after discharge

No 7,955 (78) 6,069 (86) 14,024 (81)

Yes 2,185 (22) 1,001 (14) 3,186 (19)

90-day readmission

Inpatient stay 887 (9) 375 (5) 1,262 (7)

ER visit 1,298 (13) 626 (9) 1,924 (11)

All 2,185 (22) 1,001 (14) 3,186 (19)

1-yr mortality

No 10,011 (99) 7,044 (100) 17,055 (99)

Yes 129 (1) 26 (<1) 155 (1)

Non-routine discharge

No 9,602 (95) 6,797 (96) 16,399 (95)

Yes 175 (2) 97 (1) 272 (2)

Unknown/NA‡ 363 (4) 176 (2) 539 (3)

Long length of stay (>5 days)

No 7,040 (69) 5,786 (82) 12,826 (75)

Yes 2,770 (27) 1,121 (16) 3,891 (23)

NA‡ 330 (3) 163 (2) 493 (3)

*The CAN score was the risk combined event (mortality and readmission).†The values are given as the number of patients with the percentage in
parentheses. ‡NA = not applicable because listed as an outpatient surgery (only has a visit date).
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The median preoperative CAN score for the cohort was
75. The preoperative CAN scores varied substantially among
facilities, with the percentage of patients with a preoperative
CAN score of 75 ranging from 38% to 85% (Fig. 1).

Outcomes
In the total cohort, 19% returned for care in the ER (11%) or
were readmitted for inpatient care (7%) within 90 days after the
TKA, 1% died by 1 year, approximately 2% had a non-routine
discharge, and 23% had a prolonged length of stay (Table II).

Models
Using a median split of 75, we performed logistical models
accounting for hospital effects, with a CAN score of >75 as a
bivariate outcome. We found no significant interaction between a
CAN score of >75 and white race. This threshold cutoff of 75
was a significant predictor of all 4 outcomes (Table III). Three of
the 4 outcomes had good predictive models (receiver operating
characteristic [ROC] curve value of >0.7), the highest being non-
routine discharge (ROC = 0.87).

Discussion

TheVA developed a patient assessment tool for primary care
that automatically extracts a comprehensive range of patient

data from the electronic health record11. In this study, we validated
the potential of the CAN score as a preoperative screening and
assessment tool for patients undergoing TKA. Our analysis re-
vealed several important insights. First, the CAN score performed

well as a risk assessment tool. Using a score cut point of 75, the
CAN score models captured much of the variability, with ROC
values of >0.7 for several important outcomes: prolonged length
of stay, non-routine discharge, and 1-year mortality. This is a
surprisingly good performance when compared with other cal-
culators, such as the labor-intensive American College of Sur-
geons (ACS) risk calculator, which requires manual entry of 21
different preoperative risk factors12-14. There has been much
interest in risk stratification for TKA. Many of the variables used
in other studies on risk of TKA, including bodymass index (BMI),
sex, and laboratory values, are included in the CAN score7,15-17.

The CAN score was designed to be a risk tool to help
allocate resources and improve care. In a prior study of patients
>65 years of age enrolled in an exercise program, Serra et al.
found that the CAN score did not correlate well with physical
function tests18. Combining the findings from that study and our
study generates some interesting questions. If the CAN score is
predictive of mortality and hospitalization but not physical
function, how does it fit into counseling of TKA patients? How
should we stratify patients who are physically stronger preop-
eratively but at increased risk of readmission or mortality
within a year? These are all important avenues for next steps.

This project’s purpose was to demonstrate the potential
of the CAN score as a tool to help a physician to risk-stratify
surgical patients efficiently. A dichotomized score (high versus
low) provides an efficient clinical workflow to identify patients
at high risk for poor outcomes. Some of the variables that lead
to a high CAN score are potentially modifiable by the surgeon

TABLE III Models of CAN Score of >75 for Outcomes of Interest

Outcome/Predictor* Odds Ratio P > |z| 95% Confidence Interval

Non-routine discharge (n = 16,675, Wald x2 = 14.2,
p < 0.001, ROC curve = 0.871 [95% CI, 0.853-0.889])

White 1.43 0.043 1.01 2.03

CAN score >75 1.57 0.001 1.20 2.05

Constant 0.00 <0.001 0.00 0.01

Length of stay >5 days (n = 16,721, Wald x2 = 233.6,
p < 0.001, ROC curve = 0.833 [95% CI = 0.826-0.841])

White 0.75 <0.001 0.67 0.83

CAN score >75 1.97 <0.001 1.80 2.17

Constant 0.19 <0.001 0.13 0.26

1-yr mortality (n = 17,214, Wald x2 = 35.2,
p <0.001, ROC curve = 0.708 [95% CI = 0.668-0.749])

White 1.29 0.233 0.85 1.96

CAN score >75 3.54 <0.001 2.32 5.40

Constant 0.00 <0.001 0.00 0.00

90-day readmission (n = 17,214, Wald x2 = 178.7,
p <0.001, ROC curve = 0.606 [95% CI = 0.595-0.616])

White 0.75 <0.001 0.68 0.83

CAN score >75 1.65 <0.001 1.52 1.79

Constant 0.20 <0.001 0.18 0.23

*White = yes versus no, and CAN score >75 = yes versus no. CI = confidence interval.
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while others are not. A high CAN score could prompt a more
thorough investigation of the medical record, provide time to
medically optimize, and allow a patient to provide more in-
formed consent.

In our assessment, we also found wide facility-level var-
iation in patients’ preoperative CAN scores before TKA. This
type of variation suggests a lack of standardization in preop-
erative risk assessment and is consistent with other research6.
This variation highlights the potential utility for additional
standardized preoperative assessment tools such as the CAN
score. The CAN score, which is calculated automatically from
electronic health record data, and is strongly correlated with
outcomes, can provide greater patient assessment consistency
as well as a consistent risk adjustment factor for performance
quality assurance measures.

There are 3 main limitations to our work. First, the VA
patient population is unique, which limits generalizability.
Another limitation is that CAN-score availability is currently
limited to the VA health-care system.However, because the CAN
utilizes commonly recorded patient health-care variables, a
similar system could be developed with other electronic health
records utilizing similar data and methodology. Finally, our
assessment was based on data for a specific surgical condition
(TKA). Although we expect that these results will have some
level of generalizability for other types of surgery, that assump-
tion needs to be validated and quantified.

There are several important strengths to our research.
Notably, as the VA is the largest health-care system in the U.S.,
this research included a large cohort of patients, from a wide
geographic range, using a robust longitudinal database. In
addition, the data utilized to calculate the CAN score were
obtained from common structured data fields in the elec-
tronic health record. Since >96% of U.S. hospitals have
electronic health records and there is a federal mandate for
“meaningful use” of the electronic health record,
implementing a CAN-type score would be of interest to non-
VA health-care systems19,20.

An additional strength is that this method of risk assess-
ment is automated, and therefore extremely efficient, for time-
limited clinicians. Finally, this study highlights the benefit of
utilizing the preexisting electronic health record data to improve
clinical care.

Automated scores calculated from existing electronic
health record data offer an efficient way to risk-stratify patients
before TKA. Understanding the pronounced CAN score risk-
threshold effect will require further evaluation. We recommend
future research to validate and quantify the benefit of this risk
assessment strategy in a prospective clinical trial.
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