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CONCLUSIONS:

The risk of colorectal cancer increases with age, and the number of older adults requiring op-
erations has increased. The purpose of this study was to determine whether a current risk
calculator can accurately predict operative mortality for rectal cancer and whether the predic-
tive accuracy varied with age.

The American College of Surgeons NSQIP database using ICD-9/10 codes for rectal cancer
and CPT codes for proctectomy was accessed (2012 to 2015). The prognostic value of the
risk calculator was evaluated using the predicted mortality variable code. Age categories were
18 to 64 years, 65 to 79 years, and 80 to 89 years. Analysis of variance was performed to assess
differences between age categories in predicted and actual mortality and Pearson correlation
coefficients were computed. Logistic regression models were constructed to evaluate associ-
ations adjusted for key covariates.

There were 9,289 patients included, with age distribution as follows: 18 to 64 years (n = 5,674),
65 to 79 years (n = 2,899), and 80 to 89 years (n = 716). Both predicted and actual mortality
increased with age, adjusting for functional status, comorbidity, and other covariates
(p < 0.0001). The overall correlation between predicted and actual mortalicy was low
(r = 0.20). The correlation was weakest from 18 to 64 years (» = 0.07), strongest from 65 to
79 years (r=0.25), and in between from 80 to 89 years (= 0.13). Predicted mortality was over-
estimated in the 18 to 64 years and underestimated in both the 65 to 79 years and 80 to 89 years
age groups. Predicted mortality by age category interaction terms was also significantly associated
with actual mortality in covariate-adjusted logistic regression models, providing additional evi-
dence that the accuracy of predicted mortality varies by age.

The American College of Surgeons NSQIP mortality risk estimates appear to be poorly asso-
ciated with actual mortality and the accuracy might differ between younger and older patients
with primary rectal cancer. Goals of care discussion with the older patient about outcomes are
indicated, as there is an almost twice predicted mortality. (J Am Coll Surg 2019;228:627—634.
© 2019 by the American College of Surgeons. Published by Elsevier Inc. All rights reserved.)

") Check for updates

In the US, colorectal cancer (CRC) is one of the most
common cancers and cause of death and CRC incidence
increases with age.' Operation is one of the main treat-
ments for CRC.> In the recent healthcare structure,
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multiple reimbursement models for surgical specialties
have emerged. Although different in implementation,
most of these reimbursement models share the need for
evaluating quality of care through measured outcomes.’
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The Centers for Medicare and Medicaid Services stated its
goal of having 50% of Medicare payments tied to quality
or value through the Medicare Incentive-Based Payment
or alternative payment models.” This goal supports a
patient-centered quality system where patients are
informed about their options and can make treatment
decisions based on available information.

Preoperative risk assessment calculators can be valuable
tools for determining patients at high risk for morbidity
and mortality. Presenting the probability of perioperative
adverse events to the patient can help facilitate shared
decision-making and selection of lower-risk options, or
decision to proceed with an operation but with a better
appreciation of the potential risks.’

The American College of Surgeons (ACS) NSQIP was
developed to provide risk assessment to facilitate physician-
patient discussion and includes a database that provides
analyzed data collected from preoperative patient risk factors
and postoperative morbidity and mortality. This informa-
tion is then used to evaluate surgical quality.® The ACS
NSQIP provides probability of morbidity and mortality
based on patient characteristics and CPT code retrospectively
in its data set. This end point can be obtained concurrently
by physicians using the ACS NSQIP Risk Calculator
(RC).” The RC provides patient-level risk evaluations for
specific adverse outcomes based on patient predictors and
the planned procedure.® In addition, the surgical RC has
been recommended by the ACS as an important tool for sur-
geons and patients during preoperative interactions and dis-
cussion of treatment.” Additional evaluation of the RC for its
accuracy in predicting morbidity and mortality as a compo-
nent of a value-based payment model is needed.

A previous study of the RC demonstrated good calibra-
tion and discrimination characteristics. In addition, the
RC performed comparably with colorectal procedural-
specific risk calculators, although this was not expanded
to other subspecialties.'” Subsequent studies, however,
re-examining procedural-specific validity, have not shown
similar concordance. Arce and colleagues'' studied the
predictive accuracy of the RC compared with observed
outcomes in head and neck cancer patients undergoing
microvascular reconstruction with free flaps and suggested
the RC is not a useful metric for risk stratification in the
studied population as it does not predict hospital length
of stay accurately. The RC also has limitations when pre-
dicting outcomes for procedures that have inherently
higher risks for specific complications. Although studies
have shown the RC to have good internal validity,
external validation studies performed at the institutional
level on surgical subspecialties have concluded the oppo-
site, that the RC lacked accuracy when applied to selective
populations.*?

There is controversy that the NSQIP database might not
accurately reflect the higher postoperative morbidity in
certain subspecialties. As a selective population, patients
undergoing rectal cancer procedures present challenges
due to the inherent nature of the disease and related
procedures where wound infection rates can range from
9.4% to 18%."” Value-based payment models rely partly
on administrative data gathered from national databases.
Accuracy of predicted patient risks becomes increasingly
important when transitioning to new payment models. If
higher-risk patient characteristics are not risk-adjusted
and reported accurately, there can be substantial financial
consequences to payers in the future.

There is a paucity of studies on the ability of the RC to
accurately predict mortality in patients undergoing pri-
mary rectal cancer operations. The goal of this study
was to compare the accuracy of the RC mortality variable
in predicting overall 30-day mortality within various age
groups who had operations for primary rectal cancer.

METHODS

Data source

Data were obtained from the 2012 to 2015 ACS NSQIP
Participant Use Data File from patients undergoing oper-
ations across a wide range of specialdes from approxi-
mately 700 hospitals in the US and Canada. These data
are compiled directly from patients’ medical records by
trained staff at each institution and include a wide variety
of preoperative patient characteristics, operative variables,
and 30-day outcomes. Previous studies have used ACS
NSQIP data for analysis of proctectomy outcomes."”

Inclusion criteria

Patients were included in the study based on ICD-9/10
codes for rectal cancer (154.0, 154.1, C20) and CPT
codes for proctectomy (44145, 44146, 44147, 44207,
44208, 45110, 45111, 45112, 45114, 45119, 45395,
45397, 44207, 44208, 44395, 44397). Because ACS
NSQIP does not differentiate age older than 90 years,
these patients were excluded from the study. There were
no other restrictions for inclusion.

Age classification
In accordance with studies published previously, patient
age was categorized as 18 to 64 years, 65 to 79 years,
and 80 to 89 years.

Study outcomes

The primary outcomes of interest in this study were actual
30-day mortality and ACS NSQIP-predicted 30-day
mortality; secondary outcomes were actual morbidity
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and ACS NSQIP-predicted morbidity. As categorized in
previous studies, actual morbidity was defined as occur-
rence of at least 1 of the following complications: organ
space infection, pneumonia, unplanned intubation, pul-
monary embolism, ventilator requirement longer than
48 hours, progressive renal insufficiency, acute renal fail-
ure, CVA, cardiac arrest, MI, deep venous thrombosis,
sepsis, septic shock, and return to operating room.’

Statistical methods

Descriptive statistics (mean and SD and frequency and
range) were calculated to characterize the study popula-
tion based on demographics, preoperative comorbidities,
preoperative laboratory results, and factors related to
operation (emergency vs elective, wound class, operating
time). Normality of continuous data was assessed via
Kolmogorov-Smirnov test. Unadjusted differences in
patient characteristics between age categories were evalu-
ated using chi-square test for categorical variables and
analysis of variance for continuous variables. Pearson cor-
relation coefficients were computed to determine the
accuracy of predicted and actual mortality overall and in
each age category. Analysis of variance was used to eval-
uate the statistical significance of the unadjusted relation-
ship between actual and predicted mortality overall and
between the 3 age categories. Logistic regression models
were also constructed to estimate this relationship while
adjusting for key covariates. Regression models were
adjusted for sex, BMI, race, smoking, and functional sta-
tus. Age X predicted mortality interaction terms were
included in regression models to determine the extent
of effect modification of the relationship between pre-
dicted and actual mortality by age category. Statistical sig-
nificance was defined as p < 0.05. All analyses were
performed in SAS, version 9.4 (SAS Institute).

RESULTS

There were 9,289 patients included in the analysis. The age
distribution of the sample was as follows: 18 to 64 years,
n =5,674; 65 to 79 years, n = 2,899; and 80 to 89 years,
n = 716. As described in Table 1, older age was associated
with female sex, lower BMI, more diabetes, less smoking,
less disseminated cancer, more transfusions, and longer
length of stay (p < 0.05). There was no difference in emer-
gency procedure frequency between age categories (p =
0.10). Although the frequency of some CPT codes varied
meaningfully by age (44207, 45110, 45395, 45397; p <
0.05), most CPT codes included in the analysis did not
differ widely across age categories.

Table 2 provides the predicted and actual mortalities
across age categories. As expected, both predicted and

actual mortality increased with age (p < 0.0001)
(Fig. 1A). The overall correlation between predicted and
actual mortality across the entire study sample was weak
(r = 0.20). The correlation was weakest from age 18 to
64 years (r = 0.07), strongest from age 65 to 79 years
(r = 0.25), and in between from age 80 to 89 years
(r = 0.13). Predicted mortality was overestimated in the
18 to 64 years age group and underestimated in both
the 65 to 79 years and 80 to 89 years age groups.

These relationships between predicted and actual mor-
tality were robust to adjustment for covariates (BMI, race,
smoking, functional status, and CPT codes that varied
substantially by age in bivariate analyses [44207, 45110,
45395, and 45397]) in logistic regression modeling of
actual mortality. With the 18 to 64 years age category
as the referent group in the logistic regression model,
the maximum likelihood estimates in the 65 to 79 years
age group (-0.0053; p = 0.016) reflected decreased
odds of mortality and increased mortality in the 80 to
89 years age group (0.0128; p = 0.0037). The age X pre-
dicted mortality interaction terms were statistically signif-
icant in the regression models, signifying the varying
accuracy of the predicted mortality with actual mortality
by age (p < 0.0005).

Table 3 provides the predicted and actual morbidities
across age categories. Both predicted and actual morbid-
ities increased with age (p < 0.0001) (Fig. 1B). The cor-
relation between predicted and actual morbidity across
the entire study sample was weak (» = 0.14). The corre-
lation did not vary substantially by age, with age 18 to
64 years (r = 0.14) and both 65 to 79 years and 80 to
89 years (= 0.13). Predicted morbidity was considerably
overestimated across all age groups.

The relationships between predicted and actual morbidity
were also robust to adjustment for the same set of covariates
in logistic regression modeling of actual morbidity. With the
18 to 64 years age category as the referent group in the logis-
tic regression model, the maximum likelihood estimates in
both the 65 to 79 years age group (-0.0062; p = 0.49)
and the 80 to 89 years age group (0.0138; p = 0.44)
reflected no staistically significant differences by age in
the consistent overestimation of morbidity. The age X pre-
dicted morbidity interaction terms were not statistically
significant in the models (p > 0.1), thereby reflecting the
consistency in overestimation of the predicted morbidity
across age groups.

DISCUSSION

Currently, CRC is one of the most common cancers and
cause of death in the US." Increasing age has been shown
to be a risk factor for postoperative complications after
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Table 1. Characteristics of Study Population by Age Category
Age category

Variable 18-64 y (n = 5,674) 65—-79y (n = 2,899) 80—-89y (n = 716) p Value*
Female sex, % 38.8 37.5 43.6 <0.0001
BMI, kg/m?, mean (SD) 28.4 (6.6) 27.9 (6.0) 25.7 (4.6) <0.0001
Current smoker, % 21.0 14.0 5.9 <0.0001
Functionally dependent, % 0.8 1.9 6.3 <0.0001
Disseminated cancer, % 10.7 8.9 6.3 <0.0001
Transfusion, % 0.4 0.8 1.4 <0.0001
Diabetes mellitus, % 11.8 20.0 19.2 <0.0001
Elective operation, % 95.9 93.5 89.7 <0.0001
Emergency operation, % 0.32 0.45 0.84 0.10
Wound disruption, % 1.4 2.2 2.4 <0.0001
Length of stay, d, mean 7.3 8.8 10.3 <0.0001

*Difference between age categories estimated by chi-square test for categorical variables and analysis of variance for continuous variables.

colorectal operations for cancer.””"” The RC has been rec-
ommended as a useful tool for preoperative discussion
with the patient, including goals of care.'® In addition,
the tool is well known and an easily accessible outcomes
prediction tool. There is the possibility it will eventually
be implemented as part of the Medicare Incentive-Based
Payment program. As such, it is important that this tool
be relatively accurate in predicting risks, especially
mortality.

The goal of this study was to evaluate the predictive accu-
racy of the RC for mortality rate and serious postoperative
complications in patients who had operations for primary
rectal cancer by comparing predicted and actual patient out-
comes. The study found that although both predicted and
actual mortality increased with age, the overall correlation
between predicted and actual mortality was low. Correlation
remained low after stratification into different age groups.
These results remained true after adjusting for covariates
via logistic regression analysis. Meanwhile, overall serious
complications were overestimated in each age group.

In this study, the RC was found to underestimate over-
all and age-stratified mortality and overestimate serious
comorbidities in all age groups after operation for primary
rectal cancer. In addition, there is variation in the accu-
racy of the RC between different age groups, as demon-
strated by the underestimation of mortality in older age
groups and overestimation of mortality in the younger
age group. Earlier studies reported that although the

RC was a capable tool for overall morbidity and mortality
risk assessment, it is less accurate when used for individual
quality outcomes or when applied to a more focused sub-
set of a patient population, as seen in various subspe-
cialties."”” A single institution study by Keller and
colleagues® found that in elective colorectal operations
the RC correlated well for predicting complications in
general but predictive accuracy for identifying actual
occurrences was poor, except mortality, which had good
accuracy. Another study from an independent academic
medical center noted the RC underestimated specific
and overall complication rates in colorectal operations.”
A similar finding reported by Bergquist and colleagues™
was that the RC failed to predict surgical site infection
in an independent prospective database of colorectal oper-
ations performed at the Mayo Clinic. Of note, there are
few studies on the predictive accuracy of RC in older pop-
ulations undergoing primary rectal cancer operations.
Overestimation of serious comorbidities in all age groups
might be due to improving care since the start of the ACS
NSQIP. This was discussed in a recent article by Cohen
and colleagues,” who found reductions in adverse events af-
ter operations in hospitals participating in ACS NSQIP,
with the magnitude of quality improvement increasing
with time of participation. Although the ACS NSQIP data-
base is updated continuously, the RC itself might still be
incorporating older data with much higher complication
rates, skewing overestimation of comorbidities. A similar

Table 2. Correlation Between Predicted and Actual Mortality after Rectal Cancer Resection

Age, y n Predicted mortality, % Actual mortality, % re p Value'
18—64 5,674 0.35 0.25 0.07 <0.0001
65—79 2,899 0.95 1.03 0.25 <0.0001
80—89 716 1.90 3.49 0.14 <0.0001

*Pearson correlation coefficient.
TDifference between age categories estimated by analysis of variance.
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Figure 1. (A) Predicted mortality versus actual mortality by age
group and (B) predicted morbidities versus actual morbidities by age
group.

study could be done if there is an RC update to examine
whether current data would change predictive accuracy.

The oldest patient population subgroup faces unique
challenges, such as cumulative loss of physiologic reserve
in nearly all organ systems, which might require addi-
tional adjustment of the RC risk modifiers.”’ McMillan
and colleagues™ previously compared the RC and a
procedural-specific model for pancreaticoduodenectomy
that incorporated intraoperative factors and demonstrated
better morbidity and mortality predictive accuracy with
the latter. A similar model might be applicable to the
older patient population as well. Colorectal operations
are also associated with higher inherent risks of complica-
tions, often independent of surgical technique and quality
of patient care.'”” The RC algorithm needs refinement
for calculating predicted risk in older patients undergoing
primary rectal cancer operations.

This study has special implications for octogenarians, as
overall mortality is especially underestimated in this age
group. The 80 years and older age group is the fastest
growing cohort in the US and is projected to rise from
5.8 million to more than 19 million by 2050.* Incorpo-
rating a frailty measurement in the RC can better predict
morbidity and mortality in this age group.””*

There is the ongoing ACS NSQIP Geriatric Surgery
Pilot program that expands the surgical database to
include information that reflects the unique needs of older
adults. This expanded database was created to look at
geriatric-specific risk factors to improve the ability of sur-
geons to predict outcomes and to provide the best possible
care focusing on quality outcomes. This new pilot pro-
gram might be better suited for risk prediction in the
older surgical population because it incorporates variables
that identify patients with characteristics of frailty.””

Limitations of this study include retrospective study
design with its inherent shortcomings. Other limitations
include accuracy of the ACS NSQIP and the RC with po-
tential for errors in data collection and coding, which has
been described previously.'”'” In addition, there was no
adjustment for surgeon experience as this was not
reported. The number of actual mortalities is low relative
to sample size, which might limit reliable estimates of pre-
dictive accuracy. Surgical RC parameters were not
re-estimated for validation data sets, which might increase
effects of case-mix homogeneity from model inadequacy.

CONCLUSIONS

The ACS NSQIP RC predictive variables in older patients
appear to underestimate overall mortality and overesti-
mate overall serious morbidity risk. Despite this, ACS
NSQIP RC remains a useful tool for the surgeon in pre-
operative patient education; however, accuracy is still
lacking as a predictive tool. Surgeons should be mindful
of limitations of risk calculators when discussing proced-
ures with patients. Additional refinement of the ACS
NSQIP RC is needed before being used as part of a
quality-based healthcare metric.

Table 3. Correlation Between Predicted and Actual Morbidity after Rectal Cancer Resection

Age, y n Predicted morbidity, % Actual morbidity,* % r p Value'
18—64 5,674 15.9 12.1 0.14 <0.0001
65—79 2,899 20.3 13.9 0.13 <0.0001
80—89 716 23.1 18.0 0.13 <0.0001

*Includes occurrence of at least 1 of the following complications: organ space infection, pneumonia, unplanned intubation, pulmonary embolism, ventilator
requirement longer than 48 hours, progressive renal insufficiency, acute renal failure, CVA, cardiac arrest, MI, deep venous thrombosis, sepsis, septic shock,

and return to operating room.

Pearson correlation coefficient.

iDifference between age categories estimated by analysis of variance.
y y



632 Li et al Operative Mortality for Rectal Cancer

J Am Coll Surg

Author Contributions

Study conception and design: Coleman, V Ahuja

Acquisition of data: Wolf

Analysis and interpretation of data: Li, D’Adamo, Katlic,
N Ahuja, V Ahuja

Drafting of manuscript: Li, Kadic, N Ahuja

Critical revision: Li, Coleman, D’Adamo, Wolf, Kadic, N
Ahuja, Blumberg, V Ahuja

REFERENCES

1. American Cancer Society. Cancer Facts & Figures 2018. Avail-
able at: https://www.cancer.org/research/cancer-facts-statistics/
all-cancer-facts-figures/cancer-facts-figures-2018.html. Accessed
August 7, 2018.

2. Brenner H, Kloor M, Pox CP. Toward better control of colo-
rectal cancer. Lancet 2013;383[9927]:1437.

3. Birkmeyer NJ, Birkmeyer JD. Strategies for improving surgical
quality—should payers reward excellence or effort? N Engl J
Med 20006;354:864—870.

4. Burwell SM. Setting value-based payment goals—HHS efforts
to improve U.S. health care. N Engl ] Med 2015;372:
897—899.

5. Hooten KG, Neal D, Lovaton Espadin RE, et al. Insurance
status influences the rates of reportable quality metrics in brain
tumor patients: a nationwide inpatient sample study. Neuro-
surgery 2015;76:239—248.

6. Cohen ME, Bilimoria KY, Ko CY, Hall BL. Development of
an American College of Surgeons National Surgery Quality
Improvement Program: morbidity and mortality risk calcu-
lator for colorectal surgery. J Am Coll Surg 2009;208:
1009—1016.

7. Aloia TA, Fahy BN, Fischer CP, et al. Predicting poor
outcome following hepatectomy: analysis of 2313 hepatec-
tomies in the NSQIP database. HPB 2009;11:510—515.

8. Keller DS, Ho JW, Mercadel AJ, et al. Are we taking a risk
with risk assessment tools? Evaluating the relationship between
NSQIP and the ACS risk calculator in colorectal surgery. Am J
Surg 2018;216:645—651.

9. Cohen ME, Liu Y, Ko CY, Hall BL. An examination of Amer-
ican College of Surgeons NSQIP surgical risk calculator accu-
racy. ] Am Coll Surg 2017;224:787—795.¢l.

10. Bilimoria KY, Liu Y, Paruch JL, Zhou L, et al. Development
and evaluation of the universal ACS NSQIP surgical risk calcu-
lator: a decision aid and informed consent tool for patients and
surgeons. ] Am Coll Surg 2013;217:833—842. el —¢3.

11. Arce K, Moore EJ, Lohse CM, et al. The American College of
surgeons National Surgical Quality Improvement Program
surgical risk calculator does not accurately predict risk of 30-
day complications among patients undergoing microvascular
head and neck reconstruction. J Oral Maxillofac Surg 2016;
74:1850—1858.

12. Mcnally M, Duncan J, Obrien B. Controversies surrounding
quality measurement in colon and rectal surgery. Clin Colon
Rectal Surg 2014;27:26—31.

13. Bentrem DJ, Cohen ME, Hynes DM, et al. Identification of
specific quality improvement opportunities for the elderly un-
dergoing gastrointestinal surgery. Arch Surg 2009;144:
1013—1020.

14. Paruch JL, Ko CY, Bilimoria KY. An opportunity to improve
informed consent and shared decision making: the role of the

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ACS NSQIP surgical risk calculator in oncology. Ann Surg
Oncol 2014;21:5—7.

Finlayson EV, Birkmeyer JD. Operative mortality with elective
surgery in older adules. Eff Clin Pract 2001;4:172—177 [Pub-
lished correction appears in Eff Clin Pract 2001;4:235.].
Schlussel AT, Delaney CP, Maykel JA, et al. A national data-
base analysis comparing the nationwide inpatient sample and
American College of Surgeons National Surgical Quality
Improvement Program in laparoscopic vs open colectomies:
inherent variance may impact outcomes. Dis Colon Rectum
2016;59:843—854.

Dimick JB, Cowan JA, Upchurch GR, Colletti LM. Hospital vol-
ume and surgical outcomes for elderly patients with colorectal
cancer in the United States. ] Surg Res 2003;114:50—56.
Borja-Cacho D, Parsons HM, Habermann EB, et al. Assessment
of ACS NSQIP’s predictive ability for adverse events after major
cancer surgery. Ann Surg Oncol 2010;17:2274—2282.

Slump J, Ferguson PC, Wunder JS, et al. Can the ACS-NSQIP
surgical risk calculator predict post-operative complications in
patients undergoing flap reconstruction following soft tissue sar-
coma resection? ] Surg Oncol 2016;114:570—575.

Lapar DJ, Stukenborg GJ, Lau CL, et al. Differences in re-
ported esophageal cancer resection outcomes between national
clinical and administrative databases. J Thorac Cardiovasc
Surg 2012;144:1152—1157.

Aiello FA, Shue B, Kini N, et al. Outcomes reported by the
vascular quality initiative and the National Surgical Quality
Improvement Program are not comparable. ] Vasc Surg
2014;60:152—159. 159.el.

Rosales-Velderrain A, Bowers SP, Goldberg RF, et al. National
trends in resection of the distal pancreas. World J Gastroen-
terol 2012;18:4342—4349.

Steinberg SM, Popa MR, Michalek JA, et al. Comparison of
risk adjustment methodologies in surgical quality improve-
ment. Surgery 2008;144:662—667; discussion 662.

Sebastian AS, Polites SF, Glasgow AE, et al. Current quality
measurement tools are insufficient to assess complications in
orthopedic surgery. ] Hand Surg Am 2017;42:10—15.el.
Augustin T, Schneider E, Alaedeen D, et al. Emergent surgery
does not independently predict 30-day mortality after paraeso-
phageal hernia repair: results from the ACS NSQIP database.
J Gastrointest Surg 2015;19:2097—2104.

Edelstein AI, Kwasny MJ, Suleiman LI, et al. Can the Amer-
ican College of Surgeons risk calculator predict 30-day compli-
cations after knee and hip arthroplasty? J Arthroplasty 2015;30
[9 Suppl]:5—10.

Schneider AL, Deig CR, Prasad KG, et al. Ability of the Na-
tional Surgical Quality Improvement Program risk calculator
to predict complications following total laryngectomy. JAMA
Otolaryngol Head Neck Surg 2016;142:972—979.
Adegboyega TO, Borgert AJ, Lambert PJ, Jarman BT.
Applying the National Surgical Quality Improvement Program
risk calculator to patients undergoing colorectal surgery: theory
vs reality. Am J Surg 2017;213:30—35.

Bergquist JR, Thiels CA, Etzioni DA, et al. Failure of colo-
rectal surgical site infection predictive models applied to an in-
dependent dataset: do they add value or just confusion? ] Am
Coll Surg 2016;222:431—438.

Cohen M, Liu Y, Ko CY, Hall BL. Improved surgical out-
comes for ACS NSQIP hospitals over time: evaluation of hos-
pital cohorts with up to 8 years of participation. Ann Surg
2016;263:267—273.


https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2018.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2018.html
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref2
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref2
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref3
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref3
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref3
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref3
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref3
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref4
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref4
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref4
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref4
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref4
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref5
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref5
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref5
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref5
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref5
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref6
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref6
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref6
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref6
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref6
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref6
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref7
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref7
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref7
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref7
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref8
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref8
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref8
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref8
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref8
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref9
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref9
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref9
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref9
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref10
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref10
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref10
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref10
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref10
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref10
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref11
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref11
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref11
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref11
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref11
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref11
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref11
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref12
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref12
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref12
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref12
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref13
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref13
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref13
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref13
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref13
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref14
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref14
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref14
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref14
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref14
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref15
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref15
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref15
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref15
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref16
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref16
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref16
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref16
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref16
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref16
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref16
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref17
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref17
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref17
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref17
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref18
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref18
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref18
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref18
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref19
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref19
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref19
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref19
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref19
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref20
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref20
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref20
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref20
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref20
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref21
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref21
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref21
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref21
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref21
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref22
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref22
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref22
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref22
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref23
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref23
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref23
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref23
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref24
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref24
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref24
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref24
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref25
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref25
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref25
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref25
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref25
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref26
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref26
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref26
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref26
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref26
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref27
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref27
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref27
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref27
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref27
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref28
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref28
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref28
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref28
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref28
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref29
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref29
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref29
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref29
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref29
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref30
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref30
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref30
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref30
http://refhub.elsevier.com/S1072-7515(19)30011-0/sref30

Vol. 228, No. 4, April 2019

Li et al Discussion 633

31. Dardik A, Berger D, Rosenthal R. Surgery in the geriatric padent.
In: Townsend C, Beauchamp R, Evers B, etal., eds. Sabiston Text-
book of Surgery: The Biological Basis of Modern Surgical Practice.
19th ed. Philadelphia: Elsevier Saunders; 2012:328—357.

32. McMillan MT, Allegrini V, Asbun H]J, et al. Incorporation of
procedure-specific risk into the ACS-NSQIP surgical risk calcu-
lator improves the prediction of morbidity and mortality after
pancreaticoduodenectomy. Ann Surg 2017;265:978—986.

33. Sherman SK, Hrabe JE, Charlton ME, et al. Development of
an improved risk calculator for complications in proctectomy.
J Gastrointest Surg 2014;18:986—994.

34. US Census Bureau. The Next Four Decades: The Older Popula-
tion in the United States: 2010 to 2050. Washington, DC: US
Census Bureau. Available at: https://www.census.gov/prod/
2010pubs/p25-1138.pdf. Accessed December 17, 2018.

35. Sadoum M, Zangbar B, Rhee PM, et al. NSQIP surgical risk
calculator and frailty in emergency general surgery: a measure
of surgical resilience. ] Am Coll Surg 2015;221:5130.

36. Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-
operative outcomes in older surgical patients: a systematic re-
view. BMC Geriatrics 2016;16:1—12.

37. Robinson TN, Rosenthal RA. The ACS NSQIP Geriatric Sur-
gery Pilot Project: Improving care for older surgical patients.
Chicago, IL. Available at: http://bulletin.facs.org/2014/10/
the-acs-nsqip-geriatric-surgery-pilot-project-improving-care-for-
older-surgical-patients/. Accessed December 18, 2018.

Discussion )

DR JULIE A FREISCHLAG (Winston-Salem, NC): The findings
regarding the younger and older patient outcomes being signifi-
cantly different than predicted make one pause. Were the proced-

ures, as listed by CPT code, the same in each age group? Were
more extensive procedures done on the older patients, which could
predict worse outcomes? What difference does the significant in-
crease in urgent/emergent procedures done in the older patients
make in the worse outcomes observed? Finally, how are you now
approaching the older patient once you calculate their risk out-
comes? What discussions are you having? Do you alter your proced-
ure or course?

DR MICHAEL E ZENILMAN (Brooklyn, NY): This manuscript re-
minds me of a paper by Dr Boyd from West Virginia (Ann Surg
1980; 192:743—746), who showed that in patients older than
50—that was old then—mortality after colectomy rose with age in
an arithmetical manner, but the rise was exponential when comor-
bidities of cardiac, respiratory, and renal systems were included.
The exponential rise in mortality was a result of comorbidities.
The authors today showed that the NSQIP calculator loses its
efficacy with increasing age. The increase in mortality with age in
their graph reminds me of the study from Dr Boyd. What really
is missing in the latter cohort and specifically, in the patients
over the age of 80 years? What I think is missing is the variable
that is not measured by NSQIP. It is not measured very well yet.

It is the syndrome of frailty, which we heard about earlier from
the Texas A&M group. Frailty is an influential weapon as an indi-
cator of risk. It’s actually more powerful than the American Society
of Anesthesiologists (ASA) score.

In 2015, Dr Clifford Ko, one of the coauthors, Dr Mark Katlic,
myself, and members of the American College of Surgeons Task
Force on Geriatric Surgery reported results of a pilot program in
which 16 geriatric-specific variables were included in 27 NSQIP
hospitals. New variables, like arrival to the hospital from a nursing
home, dementia, implementation of palliative care, and novel post-
operative complications like delirium were analyzed. I doubt these
metrics were included in the NSQIP calculator because the NSQIP
calculator is only about 4 or 5 years old, a timeline that overlaps
with this study. But embedded in NSQIP are other proxy measures
for frailty—malnutrition, low albumin, and activity of daily
living—which I think you could take advantage of.

Can you use proxies for frailty already in the NSQIP cohort that
you are measuring to predict the outcomes? How about polyphar-
macy, comorbidities, ASA score, serum albumin, and history of
weight loss? Once done, you might be able to develop a specific
multivariate model for colectomy in the over-the-age-0f-80 popula-
tion, or you might just want to wait for the geriatric indicators that
I mentioned previously to get more steam and put into the
calculator.

Lastly, for a panel session I am hosting at the upcoming 2019
American College of Surgeons meeting, named, “Optimizing
Care for the Frail Patient,” we will be discussing assessment, preha-
bilitation, and the results of the Coalition of Quality for Geriatric
Surgery, which has identified best practices in surgical services
across the nation for care of the vulnerable, frail patients.

DR ERIC G WEISS (Weston, FL): One thing that is not taken into
account with the NSQIP calculator is neoadjuvant therapy. Was
neoadjuvant therapy either added or omitted in the older patients?
Could that have an effect on outcomes? Second, what operations
were done in the elderly patients? I think that somebody brought
that up. Were these sphincter-preserving operations? And were
the deaths related to leaks as opposed to other comorbidities?

DR EDWARD COPELAND (Gainesville, FL): T want to tell you a
story about my favorite patient, a gentleman aged 101 years. I met
him in the emergency room of the Hospital of the University of
Pennsylvania when I was chief resident. He suffered from an
obstructing carcinoma of the right colon. Someone had recommen-
ded a cecostomy. He looked healthy enough to me. We did a right
colostomy and primary anastomosis. He did fine. I decided to send
him to physical therapy. He rode the exercise bike there and was
walked in the hall by the nurses. At discharge as he was walking
out, he said, “Doc, this operation is the best thing that has
happened to me in a long time. I have not been able to walk in
10 years, and now I am walking out of the hospital.”

Age obviously matters in survival for any major operation. But
do not rely totally on risk adjusted nomograms and protocols.
Rely a little on your past experience and common sense. Hopefully,
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