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ABSTRACT

Background: Current preoperative cardiac risk stratification practices group operations into broad categories, which might
inadequately consider the intrinsic cardiac risks of individual operations. We sought to define the intrinsic cardiac risks of indi-
vidual operations and to demonstrate how grouping operations might lead to imprecise estimates of perioperative cardiac risk.
Methods: Elective operations (based on Common Procedural Terminology codes) performed from January 1, 2010 to Decem-
ber 31, 2015 at hospitals participating in the American College of Surgeons National Surgical Quality Improvement Program
were studied. A composite measure of perioperative adverse cardiac events was defined as either cardiac arrest requiring car-
diopulmonary resuscitation or acute myocardial infarction. Operations’ intrinsic cardiac risks were derived from mixed-effects
models while controlling for patient mix. Resultant risks were sorted into low-, intermediate-, and high-risk categories, and
the most commonly performed operations within each category were identified. Intrinsic operative risks were also examined
using a representative grouping of operations to portray within-group variation.

Results: Sixty-six low, 30 intermediate, and 106 high intrinsic cardiac risk operations were identified. Excisional breast biopsy
had the lowest intrinsic cardiac risk (overall rate, 0.01%; odds ratio, 0.11; 95% CI, 0.02 to 0.25) relative to the average,
whereas aorto-bifemoral bypass grafting had the highest (overall rate, 4.1%; odds ratio, 6.61; 95% CI, 5.54 to 7.90). There
was wide variation in the intrinsic cardiac risks of operations within the representative grouping (median odds ratio, 1.40;
interquartile range, 0.88 t0 2.17).

Conclusions: A continuum of intrinsic cardiac risk exists among operations. Grouping operations into broad categories inad-
equately accounts for the intrinsic cardiac risk of individual operations. (ANESTHESIOLOGY 2018; 128:283-92)

ORE than 26.8 million operations are performed
annually in the United States.! Of these, approxi-

mately 1.5% of patients will die during the subsequent 30 e The intrinsic risk of cardiac adverse events after surgery has

2 historically been attributed to broad categories of surgeries
based upon anatomical region (e.g., intraperitoneal) or surgical
service (e.g., plastic surgery)

e Detailed procedure-specific risks, independent of underlying
patient comorbidities, have not been robustly analyzed or
reported

What This Article Tells Us That Is New

e An analysis of 3 million surgeries in the American College of
Surgeons National Surgical Quality Improvement Program
registry demonstrated a broad range of procedure-specific
cardiac adverse event risk for 200 commonly performed
procedures

These data may advance our patient-specific risk/benefit
analyses and medical decision-making

What We Already Know about This Topic

days, most often due to perioperative cardiac complications.
Accurate preoperative risk stratification is paramount to
mitigate the risk of perioperative cardiac complications.>”
It allows for appropriate preoperative medical optimization,
timely cardiac-specific interventions, and guidance regard-
ing perioperative management. Most important, it provides

patients the opportunity to make a truly informed decision
6,7

regarding surgical treatment.

Primary care physicians, internists, hospitalists, cardiolo-
gists, and anesthesiologists play an integral role in preopera-
tive cardiac risk assessments.” Currently, these assessments
rely on clinical risk indices, such as the Revised Cardiac Risk
Index (RCRI), and clinical practice guidelines to inform

°
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decision-making.”"1* These strategies typically group pro-
cedures into broadly defined anatomical categories for the
sake of simplicity and to facilitate ease of use. However, these
broad categories can potentially underestimate the true risk
contributed by any one operation. Additionally, risk assess-
ments such as the RCRI consider patient factors more than

the risk of the operation itself. This approach may overes-
timate risk and result in unnecessary consultations, unnec-
essary costs, delays in surgery, and even harm from further
interventions.>!1"12

Operations themselves carry risks for adverse outcomes

beyond the influence of patient comorbidities for myriad
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reasons, such as amount of blood loss, fluid shifts, cytokine
release from tissue injury, inflammation, and other acute
pathophysiologic changes. Accordingly, surgeons and anes-
thesiologists recognize that different operations carry intrin-
sically different risks of complication, but this gestalt can be
difficult to formally share with those performing preopera-
tive cardiac risk assessments.'® For instance, the RCRI labels
all intraperitoneal, intrathoracic, and suprainguinal vascular
operations as high-risk.” However, a laparoscopic cholecys-
tectomy, gastric bypass for morbid obesity, and pancreato-
duodenectomy (all intraperitoneal) appear to have different
intrinsic risks for perioperative adverse cardiac events. Clas-
sifying the risk of operations based on anatomic location or
clinical impression may inadequately inform risk assessment
for an individual procedure. Lack of granularity may there-
fore result in misleading predictions of risk and affect clinical
decision-making.

To improve upon current preoperative cardiac risk assess-
ment strategies and to facilitate interdisciplinary communi-
cation, the objectives of this study were to define the intrinsic
risks of operations for perioperative adverse cardiac events
(PACEs), and to demonstrate how grouping operations into
broad categories rather than considering operations indi-
vidually might be insufficient for preoperative cardiac risk
assessments.

Materials and Methods

Data Source and Study Population

The American College of Surgeons National Surgical Qual-
ity Improvement Program (ACS NSQIP) is a prospective,
peer-controlled, internally validated registry that quanti-
fies 30-day risk-adjusted surgical outcomes to benchmark
all voluntarily participating hospitals.!*!® Currently, more
than 700 hospitals in the United States and internation-
ally participate. The strength of the program is its use of
highly standardized and robust clinical data collected by
dedicated, trained, and regularly audited surgical clinical
reviewers.!” Specifics have been reported elsewhere.!>18-20
Briefly, reviewers collect patient demographics, operative
details, and postoperative outcomes from the clinical record,
through communication with other involved physicians, or
directly from patients up to 30 days from the index opera-
tion regardless of discharge status. Operations are identified
by Common Procedural Terminology (CPT) codes. Certain
operations are not included: ophthalmologic procedures,
obstetrical procedures, primary trauma operations, and
transplantations. While inpatient and outpatient operations
are included, minor procedures in freestanding surgery cen-
ters or in offices are not included.

This study included elective, noncardiac operations from
ACS NSQIP Essentials data between January 1, 2010, and
December 31, 2015. CPT codes with less than 25 occur-
rences were then excluded to create the analytic data set.?!
Submitted data comply with the Health Insurance Portability
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and Accountability Act and are subsequently deidentified
for analyses. The Chesapeake Institutional Review Board
(Columbia, Maryland) deemed this study exempt from over-
sight because it analyzed preexisting deidentified data.

Outcome

The primary outcome was any PACE, defined as either car-
diac arrest requiring cardiopulmonary resuscitation or acute
myocardial infarction (MI).”1% Cardiac arrest was defined as
any cardiac rhythm requiring initiation of basic or advanced
cardiac life support. Patients who experienced simultaneous
loss of consciousness and implantable cardioverter defibril-
lation were included. Acute MI was defined as evidence of
acute MI on electrocardiogram (i.e., ST segment elevation
greater than 1 mm in two or more contiguous leads, new
left bundle branch blow, new Q-wave in two or more con-
tiguous leads) or new troponin elevation greater than three
times the upper limit of the reference range with clinical cor-
relation with myocardial ischemia. Furthermore, troponin
elevation due to myocardial supply-and-demand mismatch
is included. Specifically, MI types 1 to 3 are included.?>??
Death was excluded as an endpoint because death in the
ACS NSQIP database is all-cause and not cardiac-specific.

Covariates

Patient characteristics included in this study were identical
to those included in the ACS NSQIP Surgical Risk Calcula-
1821 and represent those typically known at the time of
preoperative cardiac risk assessment: age (less than 65, 65
to 74, 75 to 84, greater than or equal to 85 yr), sex (male/
female), American Society of Anesthesiologists (ASA) physi-
cal status (I, IL, IIL, IV, or V), body mass index (underweight,
normal, overweight, class I, class II, class III), ascites (yes/

tor

no), bleeding disorder (yes/no), disseminated cancer (yes/
no), diabetes (none, oral, insulin-dependent), dyspnea
(none, with moderate exertion, at rest), functional status
(independent, partially dependent, totally dependent), his-
tory of chronic obstructive pulmonary disease (yes/no),
history of congestive heart failure (yes/no), hypertension
requiring medication (yes/no), renal failure (yes/no), sepsis
(no, systemic inflammatory response syndrome, sepsis/septic
shock), weight loss (yes/no), smoking status (yes/no), and
steroid use (yes/no).

Statistical Analyses

To obtain intrinsic risks for PACE for individual opera-
tions, a mixed-effects logistic model was constructed from
the analytic data set using all patient characteristics as fixed
effects and with the CPT code as a random intercept (i.e.,
random effect).?* Akin to hospital profiling, this approach
allows an empirical-Bayes shrinkage adjustment of the CPT
effect from the risk-adjustment model to rank CPT codes
relative to the overall average.” Odds ratios (ORs) with 95%
Cls were then generated for each CPT code (i.e., random
effect); ORs greater than 1.0 represent higher than average
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risk for PACE, whereas values less than 1.0 represent lower
than average risk for PACE.

Each CPT code’s OR was then ranked in ascending order
and divided into thirds to form “low,” “intermediate,” and
“high” intrinsic cardiac risk categories. Three categories were
chosen to align with convention.?>?® Because of the large
number of CPT codes, we report those CPT codes that
accounted for 80% of the operations, or the most commonly
performed operations, in each risk category for practicality.

ORs for patient-level characteristics (i.e., fixed effects)
were also generated. The stability of these ORs was assessed
using a 50:50 split-sample approach, representing derivation
and validation cohorts. Model parameters obtained from
the derivation cohort were applied to the validation cohort,
and the c-statistics and Brier scores were visually compared
between cohorts to assess stability. The c-statistic and Brier
score were also calculated for the overall analytic data set.

The stability of each CPT code’s OR derived from the
overall analytic data set was assessed by calculating statistical
reliability, which reflects sample size, event rate, and variance
within each CPT code, and conceptually represents the “signal-
to-noise” ratio.”’° Because hierarchical modeling “shrinks”
the estimates of CPT codes with low sample sizes toward the
overall average, operations might be inappropriately ranked.
For example, “intermediate”risk CPT codes may be misclas-
sified as “intermediate” because of low sample sizes. To assess
the effect of sample size, event rate, and variance within each
CPT code, we calculated the statistical reliability for each CPT
code’s OR following previously published methodologies.?=!
Reliability values greater than 0.7 were considered “good” and
those greater than 0.9 were considered “excellent.”3>

Because CPT code ORs are relative to the statistically
estimated average operation and can be difficult to interpret,
we estimated the risk for PACE of one hypothetical patient
undergoing every reported operation. This hypothetical “base
case” patient was a 67-year-old white female with hyperten-
sion, diabetes requiring oral therapy, and a body mass index
of 32 (class I obesity), who is functionally independent, does
not smoke, and is of ASA physical class 2. We calculated her
estimated risk for PACE for every reported CPT code.

Finally, we selected thoracic surgery as a representative
example of a broad category to demonstrate how variable
intrinsic operative cardiac risk is within a single category. A
box plot of CPT code ORs was constructed for all operations
within the thoracic surgery specialty. ORs and 95% Cls for
individual operations within the thoracic surgery specialty
were also plotted. This visually depicted the variability of the
intrinsic cardiac risks captured within the broad category
example of thoracic surgery. All statistical analyses were two-
sided, set at the 0.05 level for significance, and performed
using SAS v9.4 (SAS Institute Inc., USA).

Results

Overall, there were 3,247,537 operations encompassing
1,880 unique CPT codes. The overall rate of PACE was 0.5%
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(n = 16,050). Characteristics of patients with PACE com-
pared to those without can be found in table 1, along with
their respective ORs on multivariable analysis. As expected,
older age, male sex, higher ASA class, and presence of comor-
bidities had greater odds of PACE as compared to their
respective reference categories. For the derivation cohorrt,
the c-statistic was 0.876 and Brier score was 0.0048; for the
validation cohort, the c-statistic was 0.866 and Brier score
was 0.0048. The overall analytic data set had a c-statistic of
0.874 and Brier score of 0.005. Figure 1 ranks all 1,880 CPT
codes on a caterpillar plot based upon each operation’s OR
for PACE relative to the average CPT code.

There were 66 low-, 30 intermediate-, and 106 high-risk
operations that accounted for the majority of the operations
(80% of operations in each risk category) performed, and
the descriptions of these are reported in ascending order of
intrinsic cardiac risk in supplemental table 1, Supplemental
Digital Content (http://links.Iww.com/ALN/B593). Exam-
ples are shown in table 2. The median OR for these opera-
tions was 1.20 (interquartile range [IQR], 0.62 to 1.78).
Excisional breast biopsy was the operation with the lowest
intrinsic cardiac risk of PACE (OR, 0.11; 95% CI, 0.02 to
0.25) relative to the average, whereas aorto-bifemoral bypass
grafting had the highest (OR, 6.61; 95% CI, 5.54 to 7.90).
For a different perspective, if our hypothetical patient was
to undergo an excisional breast biopsy, she would have an
estimated 0.03% risk for PACE, as compared to her risk of
1.43% if she had aorto-bifemoral bypass grafting—a nearly
48-fold greater risk.

Other examples of high-risk operations included cystec-
tomy with ileal conduit (OR, 3.76; 95% CI, 3.02 to 4.68),
pylorus-preserving  pancreatoduodenectomy (OR, 4.70;
95% CI, 4.00 to 5.53), and Ivor-Lewis esophagectomy (OR,
4.62; 95% CI, 3.56 to 5.99), whereas examples of low-risk
operations included laparoscopic appendectomy (OR, 0.45;
95% ClI, 0.33 to 0.62), sleeve gastrectomy (OR, 0.57; 95%
CI, 0.45 to 0.73), and cholecystectomy (OR, 0.62; 95% CI,
0.53 to 0.72). Notably, these examples are all intraperito-
neal operations and vary in their intrinsic cardiac risk pro-
files. Furthermore, the surgical approach also changed the
intrinsic cardiac risk of the operation. For example, if our
hypothetical patient was to undergo a laparoscopic cholecys-
tectomy, she would have a 0.14% risk for PACE, whereas if
she had an open cholecystectomy, she would have a 0.34%
risk—two and a half—fold greater.

Statistical reliability of the most commonly performed
operations was excellent: overall median reliability was
0.96 (IQR, 0.88 t0 0.99). The median reliability of the 66
low-risk operations was 1.00 (IQR, 0.99 to 1.00), the 30
intermediate-risk 0.96 (IQR, 0.94 to 0.99), and the 106
high-risk 0.89 (IQR, 0.81 to 0.95).

To illustrate how variable risk is within a broad cat-
egory, figure 2A shows a box plot of the ORs for operations
within the thoracic surgery specialty. The median OR was
1.40 (IQR, 0.88 to 2.17). For a more granular perspective,

Liu et al.
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Table 1. Patient Characteristics by Perioperative Adverse Cardiac Event Status

No PACE (n = 3,231,487 [99.5%])* PACE (n = 16,050 [0.5%))* Odds Ratio (95% CI)t

Age, yr

<65 662,184 (21)

65-74 362,012 (11)

75-84 2,097,966 (65)

> 85 109,325 (3.4)
Female 1,870,382 (58)
ASA class

| 275,416 (8.5)

I 1,511,720 (47)

11l 1,297,869 (40)

IVorV 146,482 (4.5)
BMI class

Underweight 52,805 (1.6)

Normal 786,156 (24)

Overweight 1,015,301 (31)

Class | 683,657 (21)

Class Il 354,133 (11)

Class Il 339,435 (11)
Ascites 9,869 (0.3)
Bleeding disorder 128,757 (4.0)
Disseminated cancer 70,271 (2.2)
Diabetes, n (%)

Oral 312,379 (9.7)

Insulin-dependent 183,646 (5.7)
Dyspnea

With moderate exertion 192,875 (6.0)

At rest 15,091 (0.5)
Functional status

Partially dependent 71,632 (2.2)

Totally dependent 14,068 (0.4)
COPD 143,753 (4.4)
CHF 20,782 (0.6)
Hypertension requiring medication 1,490,197 (46)
Preoperative renal failure 45,895 (1.4)
Sepsis

SIRS 54,484 (1.7)

Sepsis or septic shock 32,914 (1.0)
Weight loss 42,451 (1.3)
Smoking 580,917 (18)
Chronic steroids 110,199 (3.4)

4,920 (31) Ref
4,536 (28) 1.76 (1.69-1.84)
4,508 (28) 2.47 (2.35-2.59)
2,086 (13) 3.31 (3.11-3.53)
6,706 (42) 0.74 (0.72-0.77)

58 (0.4) Ref
1,844 (12) 2.79 (2.14-3.63)
9,807 (61) 6.47 (4.97-8.42)

4,341 (27) 10.60 (8.12-13.84)

617 (3.8) 1.18 (1.08-1.29)

4,765 (30) Ref
5,122 (32) 1.92 (1.88-1.95)
2,962 (19) 1.84 (1.80-1.89)
1,443 (9.0) 1.89 (1.83-1.94)
1,141 (7.1) 1.92 (1.88-1.95)
173 (1.1) 1.25 (1.06-1.46)
2,664 (17) 1.42 (1.36-1.49)
794 (4.9) 1.18 (1.09-1.27)
2,551 (16) 1.23 (1.18-1.29)
3,116 (19) 1.66 (1.58-1.74)
2,548 (16) 1.39 (1.32-1.45)
446 (2.8) 1.59 (1.43-1.76)
1,708 (11) 1.32 (1.25-1.40)
459 (2.9) 1.39 (1.25-1.54)
2,409 (15) 1.20 (1.15-1.27)
957 (6.0) 1.65 (1.53-1.78)
12,698 (79) 1.61 (1.54-1.68)
1,530 (9.5) 2.22 (2.08-2.37)
898 (5.6) 1.49 (1.39-1.61)
847 (5.3) 1.88 (1.74-2.04)
806 (5.0) 1.36 (1.26-1.47)
3,413 (21) 1.12 (1.07-1.17)
976 (6.1) 1.06 (0.99-1.13)

Comparisons between patients with and without perioperative adverse cardiac event (PACE) for all variables were statistically significant at P < 0.001 on

Pearson’s chi-square test for association and thus omitted for clarity.

*Column values expressed as No. (%). TOdds ratios for fixed effects whereby values greater than 1.0 represent greater odds for PACE relative to the refer-

ence group. Reference values omitted are set to “not present.”

ASA = American Society of Anesthesiologists; BMI = body mass index; COPD = chronic obstructive pulmonary disease; CHF = congestive heart failure;
Ref = reference category; SIRS = systemic inflammatory response syndrome.

figure 2B demonstrates the variability in intrinsic cardiac
risk for each of the CPT codes within the thoracic surgery
specialty.

Discussion

Using high-quality clinical data from more than 3.2 million
patients, we empirically derived the intrinsic risk of individ-
ual operations for PACE. Broad groupings of operations, as
has been conventionally done,”!® can be misleading because

they do not consider the continuum of intrinsic cardiac risk
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286

that exists for each operation. Current practices of preop-
erative cardiac risk assessments might be improved by rec-
ognizing the intrinsic cardiac risk of each operation when
performing preoperative cardiac risk assessments.
Accurately predicting patients’ perioperative cardiac risk
is paramount to mitigating PACE.*¢ Overestimation of risk
may be as problematic as underestimation. Patients may
forgo beneficial procedures; limited resources, such as inten-
sive care, may be misappropriated; or providers may not
refer patients for surgical care. Accurate estimation of risk

Liu et al.
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Procedures Ranked by Intrinsic Cardiac Risk

Fig. 1. Caterpillar plot demonstrating all 1,880 operations ranked by intrinsic cardiac risk. Horizontal reference line represents
odds ratio of 1.0. Values greater than 1.0 represent higher than average risk for perioperative adverse cardiac events, whereas
values less than 1.0 represent lower than average risk for perioperative adverse cardiac events. Vertical reference lines represent
cut points used to classify operations as low, intermediate, and high intrinsic cardiac risks. 95% Cls are omitted for clarity.

allows patients to make informed decisions,'® and provid-
ers can appropriately plan care, such as deciding between
an endovascular versus an open procedure, or between a free
muscle and tissue transfer flap versus tissue expanders for
breast reconstruction.

A significant contributor to a patient’s risk is the intrinsic
risk the operation itself carries for PACE. However, defining
this intrinsic risk has been mostly left to expert opinion.!?
Operations have been traditionally grouped into categories
based upon anatomy, physiology, or surgical specialty for
simplicity and ease of use.”!*26343¢ For example, the 2014
American College of Cardiology/American Heart Association
Guidelines provide “plastic surgery” as an example of low risk
operations.” However, surgeons and anesthesiologists recog-
nize that a free flap requiring microvascular anastomoses with
an operative duration potentially exceeding 12 h likely carries
greater intrinsic cardiac risk as compared to the placement
of breast tissue expanders for breast reconstruction, although
both are “plastic surgery.” Indeed, if our hypothetical patient
was to undergo a free flap with microvascular anastomosis,
she would experience a 13-fold greater risk for PACE as
compared to if she was to undergo placement of breast tissue
expanders (0.52% vs. 0.04%, respectively).

Instead of grouping operations into anatomic or physi-
ologic categories, our data-driven approach derives the
intrinsic cardiac risk of each operation. For instance, Gupta
et al'® grouped foregut and hepatopancreatobiliary (FG/
HPB) operations together. However, the FG/HPB category
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contains operations each with its own intrinsic cardiac risk, as
we report. Without acknowledging this continuum of intrin-
sic cardiac risks, grouping all FG/HPB operations together
implies that they all have the same risk (i.c., given equal
weight in calculations). Using the thoracic surgery specialty
as an example, the intrinsic cardiac risk of individual opera-
tions within the thoracic cavity varies (fig. 2). Without incor-
porating individual operations’ intrinsic cardiac risks into the
preoperative cardiac risk stratification calculus, inaccurate
assessments might be made.

Our study sorted individual operations based upon their
intrinsic cardiac risks into three risk groups. However, a con-
tinuum of intrinsic cardiac risk exists based upon our frame-
work (fig. 1) and simple classification into these three categories
seem inappropriate. It is precisely because a continuum exists
that we advocate for the adoption of sophisticated risk calcu-
lators that can accommodate such granularity of individual
operations and their intrinsic cardiac risks. Computer-based
risk calculators can handle this complex continuum of intrin-
sic cardiac risk, an improvement over relying on conventional
broad groupings of operations.”’”#! Indeed, the 2014 ACC/
AHA Guidelines have begun to recognize and cautiously
encourage the use of calculators.” For those that do not wish
to use a calculator, our study provides a comprehensive listing
of the most commonly performed operations.

For rarely performed operations, procedure-specific risk
estimates are generally less accurate (ie., stable), partly
because of low sample sizes.”’*! By using a mixed-effects
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Table 2. Selected Examples of Low, Intermediate, and High Intrinsic Cardiac Risk Operations

Odds Ratio* Estimated Cardiac Risk
Description (95% Cl) of Hypothetical Patientt (%) Reliabilityt
Low intrinsic cardiac risk
Partial mastectomy (lumpectomy) 0.22 (0.15-0.31) 0.05 1.00
Arthroscopic rotator cuff repair 0.32 (0.19-0.54) 0.07 1.00
Simple mastectomy (complete breast) 0.37 (0.26-0.50) 0.08 1.00
Laparoscopic appendectomy 0.45 (0.33-0.62) 0.10 1.00
Laparoscopic cholecystectomy 0.62 (0.53-0.72) 0.14 1.00
Intermediate intrinsic cardiac risk
Transurethral resection of bladder tumor, large 0.85 (0.61-1.20) 0.19 0.94
Laparoscopic prostatectomy 0.88 (0.69-1.12) 0.19 1.00
Open appendectomy 0.95 (0.51-1.75) 0.21 0.96
Total hip arthroplasty 0.95 (0.83-1.08) 0.21 1.00
Laparoscopic radial hysterectomy with bilateral salpingo-oophorectomy 1.05 (0.57-1.94) 0.23 0.96
High intrinsic cardiac risk
Laparoscopic total abdominal colectomy with ileostomy 1.50 (0.92-2.44) 0.33 0.95
Breast reconstruction with free flap 1.52 (0.81-2.86) 0.33 0.97
Open cholecystectomy 1.55 (1.25-1.92) 0.34 0.95
Open ventral hernia repair, incarcerated or strangulated, recurrent 1.78 (1.29-2.44) 0.39 0.95
Whipple procedure, pylorus-sparing 4.70 (4.00-5.53) 1.02 0.86

See Supplemental Table 1, Supplemental Digital Content (http://links.lww.com/ALN/B593) for a comprehensive list.

*Odds ratios are relative to the statistically estimated average procedure. Values greater than 1.0 represent higher than average risk for perioperative
adverse cardiac events, whereas values less than 1.0 represent lower than average risk for perioperative adverse cardiac events. 1The hypothetical patient
used to estimate numerical risk values across all operations for comparison was a 67-yr-old white female with hypertension, diabetes requiring oral therapy,
and a body mass index of 32 (class | obesity), who is functionally independent, does not smoke, and is of ASA physical class Il. +Statistical reliability repre-
sents the confidence in the rank of the CPT code. Conceptually, it is the signal-to-noise ratio. Reliability is a continuous number ranging from 0 to 1, where
0 implies that all the variability is attributable to error, and 1 implies that all variability is attributable to real differences between the intrinsic cardiac risks of
CPT codes. Values closer to 1 mean CPT codes are appropriately ranked and the OR can be considered reliable.

ASA = American Society of Anesthesiologists; CPT = Common Procedural Terminology; OR = odds ratio.

model that employs empirical Bayes-like shrinkage, CPT
codes with small samples are “shrunk” toward the popula-
tion average. Reliability was calculated to estimate the con-
fidence of our procedure-specific risk estimates for the CPT
codes reported, which overall was “excellent.”?®-* However,
for uncommonly performed operations, procedure-specific
risk derived this way might have decreased levels of reliability
and should be carefully interpreted.?’~23! Computer-based
calculators relying on procedure-specific cardiac risk might
be subject to limitations in procedure sample size; however,
issues of small CPT code sample size are likely rare in the cur-
rent analysis of more than 3.2 million patients, representing
the most robust and powered data available to address these
issues. Furthermore, shrunken estimates might represent the
best available estimate in the absence of better information,
and certainly represent an improvement over currently uti-
lized tools to assess cardiac risk.”!? Further research is needed
to determine the procedure-specific sample size acceptable
for reliable estimates of procedure-specific cardiac risk, and
to identify CPT codes associated with similar but more com-
mon operations that could be informative when the primary
CPT code is rare.

This study is not the first to suggest that consideration of
an operation’s intrinsic risk could improve risk stratification
142 utilized registry data from The
Netherlands and studied postoperative all-cause mortality in
3.7 million patients. Although they grouped operations into

strategies. Noordzij er a
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36 bins “according to generally accepted medical theory and
practice,” they concluded, as we do, that predictions of post-
operative outcomes can be improved if the intrinsic risks of
the operations are given more consideration in the preopera-
tive risk assessment calculus. Estimates of risk will always be
inaccurate and misleading if the intrinsic risk of an operation
for an outcome is not appropriately considered.

Operations may carry intrinsic cardiac risk, independent
of patient characteristics, because PACE has different etiolo-
gies from nonoperative cardiac events. Myocardial infarction
is more likely to occur because of supply-and-demand mis-
matches (type 2 MI) rather than thrombosis (type 1 MI).
Type 1 MI causes less than 5% of postoperative troponin
increase.”> Many more patients will suffer myocardial injury
after noncardiac surgery than overt infarction.* These epi-
sodes are secondary to demand ischemia, which can be
caused by pain, anemia, fluid shifts, inflammation, and the
stress responses commensurate with an operation’s intrinsic
risk.“4> The inherent metabolic demands and levels of stress
induced by surgery are likely explanations as to why certain
operations or approaches (e.g., laparoscopic vs. open) to
operations are associated with varying risk of PACE.*

The results of this study must be interpreted consider-
ing several limitations. First, as a retrospective cohort study,
unmeasured confounding is always probable. Second, our
results could not be compared to de facto low-risk opera-
tions, such as cataract surgery,47 since cataract surgeries
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OR, 1.40 (interquartile range, 0.88 to 2.17). (B) shows the ORs and 95% CI for individual operations (i.e., Common Procedural g
Terminology [CPT] codes) within the thoracic surgery specialty. Note that the x-axis is on the log scale. g
8
o
are not available in the ACS NSQIP data. Third, the ACS  be vascular procedures, and our results should be interpreted 2
NSQIP stopped collecting additional cardiac-specific risk  as relative to the statistically estimated average procedure. g
factors other than the ones we noted in the Materials and ~ Fourth, our data were unable to discern cardiac-specific from N
N
~

Methods section because they did not improve the statistical
models for quality improvement purposes.’> The absence of
cardiac-specific variables, such as history of MI or stroke,
hyperlipidemia requiring statin therapy, or whether a patient
underwent preoperative cardiac testing, however, should not
be overlooked. Our estimated intrinsic cardiac risks might
therefore be underestimations in certain populations with
greater cardiac disease burden (e.g., patients undergoing
vascular operations). Our results must also be interpreted
considering secular trends in preoperative cardiac risk evalu-
ations. Vascular surgical procedures were highly scrutinized
before the 2014 ACC/AHA Guidelines, which might again
underestimate our risk estimates. Many operations with high
intrinsic cardiac risk were, however, noted in our results to
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all-cause mortality, and our results might represent underes-
timations. However, it should be noted that the RCRI does
not include cardiac-specific death.” Last, the focus of ACS
NSQIP hospitals on quality may be inconsistently present
in non—-ACS NSQIP hospitals, and this might impact the
generalizability of our findings.

Our approach may challenge providers who have relied
on intuition or expert opinion based on experience of
estimating risk by looking at both patient factors and the
planned procedure. Disassociating patient factors from the
operation can thus contradict clinical intuition. The risk cat-
egories shown in this study represent the intrinsic risk of an
operation for PACE without considering patient factors. But
it is precisely because of the complex interplay between the
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intrinsic cardiac risk of each operation and patient charac-
teristics that we recommend the use of risk calculators that
can efficiently determine the most accurate predictions of
cardiac risk. Notwithstanding, clinicians should be prepared
to interpret these predictions in a clinical context.

In conclusion, conventional methods for preoperative
cardiac risk stratification may be inadequate because they do
not consider the intrinsic cardiac risk each operation itself
carries. The ever-increasing use of technology in health care
will allow us to adopt the use of sophisticated risk calculators
at the bedside and during a clinical encounter rather than
relying on simplistic risk scores. Our comprehensive lists of
operations demonstrating their individual risks for PACE
can serve as a reference source for routine preoperative medi-
cal consultations. Cardiologists, primary care physicians,
and advanced practice providers who provide preoperative
medical consultations could easily reference the intrinsic car-
diac risks of operations to deliver high-quality perioperative
care to surgical patients and improve multidisciplinary com-
munication with surgeons and anesthesiologists.
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