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Background: Care Assessment of Need (CAN) scores pre-
dicting 90-day mortality and hospitalization are automatically
computed each week for patients receiving care at Veterans
Health Administration facilities. While currently used only by pri-
mary care teams for care coordination, we explored their value
as a perioperative risk stratification tool before major elective
surgery.

Methods: We collected relevant demographic and periopera-
tive data along with perioperative CAN scores for veterans who
underwent total knee replacement between July 2014 and
December 2015. We examined score distribution, relationships
of preoperative CAN 1-year mortality scores with 1-year post-
operative mortality and index hospital length of stay (LOS), and
patterns of mortality.

Results: Among 8206 patients, 1-year mortality was 1.4% (110
patients), and CAN scores exhibited near-normal distribution.

Median scores among survivors were significantly higher than
those of in nonsurvivors (45 vs 75; P < .001). The Kaplan-Meier
curves showed an approximately 4-fold higher rate of death
at 1 year in the highest tercile for 1-year mortality CAN scores
compared with those with lower scores (2.0% vs 0.5% re-
spectively; P < .001). Locally estimated scatterplot smoothing
curves revealed a significant and nonlinear increase in hospital
LOS across preoperative CAN scores.

Conclusions: Although designed for ambulatory care use,
CAN scores can identify patients at high risk for mortality and
extended hospital LOS in an elective surgery population. The
CAN scores may prove valuable in supporting informed deci-
sion making and preoperative planning in high-risk and vul-
nerable populations. Further study is needed to confirm the
validity of CAN scores and compare them to other more widely
used surgical risk calculators.
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in guiding clinical decision making,

patient-centered precision medicine,
and resource allocation.! Several periopera-
tive risk prediction models have emerged
in recent decades that estimate specific haz-
ards (eg, cardiovascular complications after
noncardiac surgery) with varying accuracy
and utility. In the perioperative sphere, the
time windows are often limited to an index
hospitalization or 30 days following surgery
or discharge.>® Although longer periods are
of interest to patients, families, and health
systems, few widely used or validated mod-
els are designed to look beyond this very
narrow window.'®!! In addition, periopera-
tive risk prediction models do not routinely
incorporate parameters of a wide variety of
health or demographic domains, such as
patterns of health care, health care utiliza-
tion, or medication use.

In 2013, in response to the need for near
real-time information to guide delivery of en-
hanced care management services, the Veter-
ans Health Administration (VHA) Office of
Informatics and Analytics developed auto-

Risk calculators can be of great value
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mated risk prediction models that used de-
tailed electronic health record (EHR) data.
These models were used to report Care As-
sessment Need (CAN) scores each week for
all VHA enrollees and include data from a
wide array of health domains. These CAN
scores predict the risk for hospitalization,
death, or either event within 90 days and
1 year.'>!3 Each score is reported as both a
predicted probability (0-1) and as a percentile
in relation to all other VHA enrollees (a value
between 1 and 99).1 The data used to calcu-
late CAN scores are listed in Table 1.'*

Surgical procedures or admissions would
not be differentiated from nonsurgical admis-
sions or other procedural clinic visits, and
as such, it is not possible to isolate the ef-
fect of undergoing a surgical procedure from
another health-related event on the CAN
score. At the same time though, a short-term
increase in system utilization caused by an
elective surgical procedure such as a total
knee replacement (TKR) would presumably
be reflected in a change in CAN score, but
this has not been studied.

Since their introduction, CAN scores have
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TABLE 1 Care Assessment Need Score 2.0 Variables

Health care  Chronic Laboratory Tests/
Demographics Vital Signs Uses llinesses Radiology Pharmacy Text Notes
Age BMI ( > 40) Hospital/bed Deyo- Albumin test, No. Antipsychotic Consent notes,
days, No. Charlson (y/n) No.
score
Air Force flag (y/n) Weight Medical Health care Blood urine nitrogen B-blocker Telephone
variability, Ib providers, conditions test, No. (y/n) notes, No.
No. (y/n)d
VHA care eligibility Heart rate Visit type, Lymphocytes (low) Benzodiazepine
status (1, 2-4, > 5) (60-80 beats/min) No.° (y/n)

Rank flag Respiratory rate Red blood cell B-agonist nebulizer
(officer, enlisted) (breaths/min > 20) count (low) (y/n)
Marital status (y/n) Blood pressure® Sodium (low) Furosemide
(systolic/diastolic) (y/n)
Priority? White blood cell Statin
count (high) (y/n)
SES index Troponin tests, No. Metformin (y/n)

Chest radiography
examination, No.

NSAID
(y/n)

Prescriptions filled, No.

Abbreviations: BMI, body mass index; NSAID, nonsteroidal anti-inflammatory drug; PCP, primary care provider, PTSD, posttraumatic distress disorder;
SES, socioeconomic status; VHA, Veterans Health Administration.

aPriority: Presence of service-connected condition, < 50% or > 50%.

bSystolic blood pressure (mm Hg): < 110, 110-140, 141-160, >160; diastolic blood pressure: < 60, 60-89, 90-100, >100.
°Cardiology, computed tomography, emergency care, estimated office visits, No., inpatient, mental health, other than face-to-face, primary care, primary

care phone care: 10 to 20 min, 21 to 30 min.

dAlcohol abuse, atrial fibrillation, chronic obstructive pulmonary disease, congestive heart failure, dementia, mental health and PTSD, metastatic cancer.

been routinely accessed by primary care
teams and used to facilitate care coordina-
tion for thousands of VHA patients. How-
ever, these CAN scores are currently not
available to VHA surgeons, anesthesiolo-
gists, or other perioperative clinicians. In
this study, we examine the distributions of
preoperative CAN scores and explore the re-
lationships of preoperative CAN 1-year mor-
tality scores with 1-year survival following
discharge and length of stay (LOS) during
index hospitalization in a cohort of US vet-
erans who underwent TKR, the most com-
mon elective operation performed within the
VHA system.

METHODS

Following approval of the Durham Veterans
Affairs Medical Center Institutional Review
Board, all necessary data were extracted from
the VHA Corporate Data Warehouse (CDW)
repository.' Informed consent was waived
due to the minimal risk nature of the study.

mdedge.com/fedprac

We used Current Procedural Terminol-
ogy codes (27438, 27446, 27447, 27486,
27487, 27488) and International Classifica-
tion of Diseases, 9th edition clinical modifi-
cation procedure codes (81.54, 81.55, 81.59,
00.80-00.84) to identify all veterans who had
undergone primary or revision TKR between
July 2014 and December 2015 in VHA Vet-
erans Integrated Service Network 1 (Maine,
Vermont, New Hampshire, Massachusetts,
Connecticut, Rhode Island, New York, Penn-
sylvania, West Virginia, Virginia, North Car-
olina). Because we focused on outcomes
following hospital discharge, patients who
died before discharge were excluded from the
analysis. Preoperative CAN 1-year mortality
score was chosen as the measure under the
assumption that long-term survival may be
the most meaningful of the 4 possible CAN
score measures.

Our primary objective was to determine
distribution of preoperative CAN scores in
the study population. Our secondary was to
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TABLE 2 Distribution of CAN 1-Year Mortality Scores

Categories Total Cohort Survivors Nonsurvivors
Patients, No. 8206 8096 110
CAN score, mean (SD) 48.3 (25.5) 47.1 (25.9) 66.3 (25.6)
CAN score, median 50.0 45.0 75.0

Abbreviation: CAN, Care Assessment of Need.

Scores for the entire population and for survivors and nonsurvivors following total
knee replacement demonstrated near-normal distribution in the cohort as a whole.
Nonsurvivors have significantly higher CAN scores than those of survivors.

FIGURE 1 Distribution of 1-Year Mortality CAN Scores
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Abbreviation: CAN, Care Assessment of Need.
The near-normal distribution of the study cohort indicates that the study population
resembles the general veteran population regarding risk of death within 1 year (mean
[SD] 48.3 [25.5]; median, 50.0; range, 0-99).

study relationships among the preoperative
CAN 1-year mortality scores and 1-year mor-
tality and hospital LOS.

Study Variables
For each patient, we extracted the date of
index surgery. The primary exposure or in-
dependent variable was the CAN score in
the week prior to this date. Because prior
study has shown that CAN scores trajecto-
ries do not significantly change over time,
the date-stamped CAN scores in the week
before surgery represent what would have
been available to clinicians in a preoper-
ative setting.'” Since CAN scores are re-
freshed and overwritten every week, we
extracted archived scores from the CDW.
For the 1-year survival outcome, the pri-
mary dependent variable, we queried the
vital status files in the CDW for the date of
death if applicable. We confirmed survival
beyond 1 year by examining vital signs in
the CDW for a minimum of 2 independent
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encounters beyond 1 year after the date of
discharge. To compute the index LOS, the
secondary outcome, we computed the differ-
ence between the date of admission and date
of hospital discharge.

Statistical Methods

The parameters and performance of the
multivariable logistic regression models de-
veloped to compute the various CAN mor-
tality and hospitalization risk scores have
been previously described.!? Briefly, Wang
and colleagues created parsimonious re-
gression models using backward selection.
Model discrimination was evaluated using
C (concordance)-statistic. Model calibra-
tion was assessed by comparing predicted
vs observed event rates by risk deciles
and performing Cox proportional hazards
regression.

We plotted histograms to display preop-
erative CAN scores as a simple measure of
distribution (Figure 1). We also examined
the cumulative proportion of patients at each
preoperative CAN 1-year mortality score.

Using a conventional ¢ test, we compared
means of preoperative CAN 1-year mor-
tality scores in patients who survived vs
those who died within 1 year. We also con-
structed a plot of the proportion of patients
who had died within 1 year vs preoperative
CAN 1-year mortality scores. Kaplan-Meier
curves were then constructed examining
1-year survival by CAN 1-year mortality
score by terciles.

Finally, we examined the relationship
between preoperative CAN 1-year mor-
tality scores and index LOS in 2 ways:
We plotted LOS across CAN scores, and
we constructed a locally weighted regres-
sion and smoothing scatterplot. LOESS
(locally weighted polynomial regression)
models, involve fitting the polynomial
using weighted least squares, giving more
weight to points near the point whose re-
sponse is being estimated and less weight
to points further away. LOESS models help
fit a smooth curve to data for which linear
and nonlinear least squares regression mod-
els do not perform well and in situations
where no theoretical model exists. LOESS
are ideal for modeling complex processes.
All analyses were performed using SAS,
version 9.3.
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RESULTS

We identified 8206 patients who had under-
gone a TKR over the 18-month study period.
The overall mean (SD) for age was 65 (8.41)
years; 93% were male, and 78% were White
veterans. Patient demographics are well de-
scribed in a previous publication.!®!

In terms of model parameters for the CAN
score models, C-statistics for the 90-day
outcome models were as follows: 0.833 for
the model predicting hospitalization (95%
CI, 0.832-0.834); 0.865 for the model pre-
dicting death (95% CI, 0.863-0.876); and
0.811 for the model predicting either event
(95% CI, 0.810-0.812). C-statistics for the
1-year outcome models were 0.809 for the
model predicting hospitalization (95% ClI,
0.808-0.810); 0.851 for the model predicting
death (95% CI, 0.849-0.852); and 0.787 for
the model predicting either event (95% CI,
0.786-0.787). Models were well calibrated
with a = 0 and B = 1, demonstrating strong
agreement between observed and predicted
event rates.

The distribution of preoperative CAN
1-year mortality scores was close to nor-
mal (median, 50; interquartile range, 40;
mean [SD] 48 [25.6]) (eTable available at
doi:10.12788/fp.0148). The original CAN
score models were developed having an
equal number of patients in each strata and
as such, are normally distributed.'? Our co-
hort was similar in pattern of distribution.
Distributions of the remaining preopera-
tive CAN scores (90-day mortality, 1-year
hospitalization, 90-day hospitalization)
are shown in Figures 2, 3, and 4. Not sur-
prisingly, histograms for both 90-day and
1-year hospitalization were skewed toward
higher scores, indicating that these patients
were expected to be hospitalized in the near
future.

Overall, 1.4% (110/8096) of pa-
tients died within 1 year of surgery.
Comparing l-year mortality CAN
scores in survivors vs nonsurvivors,
we found statistically significant differ-
ences in means (47 vs 66 respectively,
P < .001) and medians (45 vs 75 respec-
tively, P < .001) (Table 2). In the plot
examining the relationship between pre-
operative l-year mortality CAN scores
and 1l-year mortality, the percentage
who died within 1 year increased ini-
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FIGURE 2 Distribution of 90-Day Mortality CAN Scores
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Abbreviation: CAN, Care Assessment of Need.
Similar to the 1-year mortality CAN scores, these are near-normally distributed and resemble
those of the general veteran population.

FIGURES 3 Distribution of Hospitalization CAN Scores
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Abbreviation: CAN, Care Assessment of Need.
These scores are skewed to higher values, which demonstrates how accurately these par-
ticular CAN scores are at detecting a pending hospitalization.

tially for patients with CAN scores
> 00 and again exponentially for patients
with CAN scores > 80. Examining Kaplan-
Meier curves, we found that survivors and
nonsurvivors separated early after surgery,
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FIGURE 4 Relationship Between 1-Year Mortality Rates
and 1-Year CAN Scores
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Abbreviation: CAN, Care Assessment of Need.
A significant increase in mortality rate is evident for CAN scores > 75.

and the differences between the top tercile
and the middle/lower terciles were statisti-
cally significant (P < .001). Mortality rates
were about 0.5% in the lower and middle
terciles but about 2% in the upper tercile
(Figure 5).

In the plot examining the relationship be-
tween CAN scores and index LOS, the LOS
rose significantly beyond a CAN score of 60
and dramatically beyond a CAN score of 80
(Figure 6). LOESS curves also showed 2 in-
flection points suggesting an incremental and
sequential rise in the LOS with increasing
CAN scores (Figure 7). Mean (SD) LOS in
days for the lowest to highest terciles was 2.6
(1.7),2.8 (2.1), and 3.6 (2.2), respectively.

DISCUSSION
CAN scores are automatically generated
each week by EHR-based multivariable risk
models. These scores have excellent predic-
tive accuracy for 90-day and 1-year mor-
tality and hospitalization and are routinely
used by VHA primary care teams to assist
with clinical operations."? We studied the
distribution of CAN 1-year mortality scores
in a preoperative context and examined re-
lationships of the preoperative CAN 1-year
mortality scores with postoperative mortal-
ity and LOS in 82006 veterans who under-
went TKR.

There are several noteworthy findings.
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First, the overall 1-year mortality rate ob-
served following TKR (1.4%) was similar
to other published reports.'®!° Not surpris-
ingly, preoperative CAN 1-year mortality
scores were significantly higher in veter-
ans who died compared with those of sur-
vivors. The majority of patients who died
had a preoperative CAN 1-year mortality
score > 75 while most who survived had a
preoperative CAN 1-year mortality score <
45 (P < .001). Interestingly, the same scores
showed a nonlinear correlation with LOS.
Index LOS was about 4 days in patients
in the highest tercile of CAN scores vs 2.5
days in the lowest tercile, but the initial in-
crease in LOS was detected at a CAN score
of about 55 to 60.

In addition, mortality rate varied widely
in different segments of the population
when grouped according to preoperative
CAN scores. One-year mortality rates in
the highest tercile reached 2%, about 4-fold
higher than that of lower terciles (0.5%).
Examination of the Kaplan-Meier curves
showed that this difference in mortality
between the highest tercile and the lower
2 groups appears soon after discharge and
continues to increase over time, suggest-
ing that the factors contributing to the in-
creased mortality are present at the time
of discharge and persist beyond the post-
operative period. In summary, although
CAN scores were not designed for use in
the perioperative context, we found that
preoperative CAN 1-year mortality scores
are broadly predictive of mortality, but es-
pecially for increases in LOS following elec-
tive TKA, both increases in hospital LOS
following elective TKA and mortality over
the year after TKA.

Our findings raise several important
questions. The decision to undergo elec-
tive surgery is complex. Arguably, individu-
als who undergo elective knee replacement
should be healthy enough to undergo, re-
cover, and reap the benefits from a pro-
cedure that does not extend life. The
distribution of preoperative CAN 1-year
mortality scores for our study population
was similar to that of the general VHA en-
rollee population with similar measured
mortality rates (< 0.5% vs 2 1.7% in the low
and high terciles, respectively).! Further
study comparing outcomes in matched co-
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horts who did and did not undergo joint re-
placement would be of interest. In lieu of
this, though, the association of high but not
extreme CAN scores with increased hospi-
tal LOS may potentially be used to guide
allocation of resources to this group, obvi-
ating the increased cost and risk to which
this group is exposed. And the additional
insight afforded by CAN scores may en-
hance shared decision-making models by
identifying patients at the very highest risk
(eg, 1-year mortality CAN score > 90), pa-
tients who conceivably might not survive
long enough to recover from and enjoy
their reconstructed knee, who might in
the long run be harmed by undergoing the
procedure.

Many total joint arthroplasties are per-
formed in older patients, a population in
which frailty is increasingly recognized
as a significant risk factor for poor out-
comes.?*?! CAN scores reliably identify
high-risk patients and have been shown
to correlate with frailty in this group.?
Multiple authors have reported improved
outcomes with cost reductions after im-
plementation of programs targeting mod-
ifiable risk factors in high-risk surgical
candidates.”**> A preoperative assessment
that includes the CAN score may be valu-
able in identifying patients who would
benefit most from prehabilitation pro-
grams or other interventions designed to
blunt the impact of frailty. It is true that
many elements used to calculate the CAN
score would not be considered modifi-
able, especially in the short term. However,
specific contributors to frailty, such as nu-
tritional status and polypharmacy might
be potential candidates. As with all multi-
variable risk prediction models, there are
multiple paths to a high CAN score, and
further research to identify clinically rel-
evant subgroups may help inform efforts
to improve perioperative care within this
population.

Hospital LOS is of intense interest for
many reasons, not least its utility as a sur-
rogate for cost and increased risk for imme-
diate perioperative adverse events, such as
multidrug-resistant hospital acquired in-
fections, need for postacute facility-based
rehabilitation, and deconditioning that in-
crease risks of falls and fractures in the
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FIGURE 5 Kaplan-Meier Curves
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Curves illustrating postoperative 1-year survival against preoperative 1-year mortality
CAN scores. Patients in the highest tercile have significantly higher mortality at 1 year
compared with that of those in the middle and lower terciles (2% vs 0.5%; P < .0001).

FIGURE 6 Average Hospital LOS and 90-Day Mortality
CAN Scores in Patients Undergoing Elective TKA
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Abbreviations: CAN, Care Assessment of Need; TKA, total knee replacement; LOS, length
of stay.

older population.?** In addition, its im-
portance is magnified due to the COVID-
19 pandemic context in which restarting
elective surgery programs has changed tra-
ditional criteria by which patients are
scheduled for surgery.

We have shown that elevated CAN
scores are able to identify patients at risk
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FIGURE 7 Average Hospital LOS and
90-Day Mortality CAN Scores
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Abbreviations: CAN, Care Assessment of Need; LOESS, locally
weighted regression and smoothing scatterplot; LOS, length of stay.

The LOESS curve reveals that prolonged hospital stays begin at
a 90-day CAN score as low as 40 to 50.

for extended hospital stays and, as such,
may be useful additional data in allocating
scarce operating room time and other re-
sources for optimal patient and health care
provider safety.>**! Individual surgeons and
hospital systems would, of course, decide
which patients should be triaged to go first,
based on local priorities; however, choos-
ing lower risk patients with minimal risk
of morbidity and mortality while pursuing
prehabilitation for higher risk patients is a
reasonable approach.

Limitations

Our study has several limitations. Only a
single surgical procedure was included, al-
beit the most common one performed in
the VHA. In addition, no information was
available concerning the precise clinical
course for these patients, such as the dura-
tion of surgery, anesthetic technique, and
management of acute, perioperative course.
Although the assumption was made that
patients received standard care in a man-
ner such that these factors would not signif-
icantly affect either their mortality or their
LOS out of proportion to their preopera-
tive clinical status, confounding cannot be
excluded. Therefore, further study is nec-
essary to determine whether CAN scores
can accurately predict mortality and/or LOS
for patients undergoing other procedures.
Further, a clinical trial is required to as-
sess whether systematic provision of the
CAN score at the point of surgery would
impact care and, more important, impact
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outcomes. In addition, multivariable analy-
ses were not performed, including and ex-
cluding various components of the CAN
score models. Currently, CAN scores could
be made available to the surgical/anesthesia
communities at minimal or no cost and are
updated automatically. Model calibration
and discrimination in this particular setting
were not validated.

Because our interest is in leveraging an
existing resource to a current clinical and
operational problem rather than in creating
or validating a new tool, we chose to test
the simple bivariate relationship between
preoperative CAN scores and outcomes.
We chose the preoperative 1-year mortal-
ity CAN score from among the 4 options
under the assumption that long-term sur-
vival is the most meaningful of the 4 can-
didate outcomes. Finally, while the CAN
scores are currently only calculated and
generated for patients cared for within the
VHA, few data elements are unavailable
to civilian health systems. The most prob-
lematic would be documentation of actual
prescription filling, but this is a topic of
increasing interest to the medical and ac-
ademic communities and access to such in-
formation we hope will improve.>*3*

CONCLUSIONS

Although designed for use by VHA pri-
mary care teams, CAN scores also may
have value for perioperative clinicians, pre-
dicting mortality and prolonged hospital
LOS in those with elevated 1-year mortal-
ity scores. Advantages of CAN scores rela-
tive to other perioperative risk calculators
lies in their ability to predict long-term
rather than 30-day survival and that they
are automatically generated on a near-real-
time basis for all patients who receive care
in VHA ambulatory clinics. Further study
is needed to determine practical utility in
shared decision making, preoperative eval-
uation and optimization, and perioperative
resource allocation.
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