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The American College of Surgeons National Surgical Quality Improvement Program (ACS
NSQIP) has become an important surgical quality program in the United States, yet few studies
describe their methods for handling missing data. Our study examines the impact of missing
data on predictive models for short-term operative outcomes after cancer surgery in the ACS
NSQIP database.

We identified 97,230 patients who underwent oncologic resections for neoplasms in the 2005—
2009 ACS NSQIP. We used multivariable logistic regression to assess the impact of pre-, intra-,
and postoperative factors on short-term operative outcomes by type of procedure where missing
values were included as a variable category, excluded, and imputed.

A large proportion (72.8%) of patients had one or more missing pre-, intra-, or postoperative
characteristics, particularly preoperative laboratory values. Missing data were more frequent in
healthier patients and those undergoing lower-risk procedures. Although data were not missing
at random, the impact of preoperative risk factors on adverse operative outcomes after cancer
surgery was similar across methods for handling missing data. However, analytic approaches
using only patients with complete or imputed information risk basing the analysis on a poten-
tially nonrepresentative sample.

Missing data present challenges to interpreting predictors of short-term operative outcomes
after cancer surgery at ACS NSQIP hospitals. Similar to best practices for other data sets, this
study highlights the importance of using missing values carefully when using ACS NSQIP.
Given its potential to introduce bias, the approach to handling missing values should be detailed
in future ACS NSQIP studies. (J Am Coll Surg 2011;213:379-391. © 2011 by the American

College of Surgeons)

The American College of Surgeon’s National Surgical
Quality Improvement Program (ACS NSQIP) is consid-
ered an important surgical quality program for general and
vascular surgery in the United States.'” With ongoing ef-
forts to improve the quality of cancer surgery outcomes,
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ACS NSQIP provides an opportunity for service lines and
their surgeons to identify those factors predictive of oper-
ative outcomes after oncologic resections. Compared with
single-center data sets, ACS NSQIP provides a wide range
of pre-, intra-, and postoperative patient characteristics to
aid surgeons in evaluating quality and examining predic-
tors of operative outcomes in a large, multihospital setting.®

Although few published studies using ACS NSQIP fully
describe their methods of handling missing data, the pres-
ence of missing data has the potential to substantially in-
fluence conclusions if not properly addressed.”” Although
present in almost all databases, missing data can present
challenges to conducting high-quality research for 2 main
reasons: the potential for biased results due to differences in
patients with observed and unobserved characteristics and
the variety of methodological choices for handling missing
data.'®" Considering that the amount of missing data can
vary by both the extent of cancer surgery or a patient’s
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Abbreviations and Acronyms

ACS NSQIP = American College of Surgeon’s National
Surgical Quality Improvement Program

OR = odds ratio

PTT = partial thromboplastin time

comorbidities, identifying how different assumptions
about missing data affect study results should be an impor-
tant consideration in future ACS NSQIP studies. As a re-
sult of these concerns, several statistical methods have been
proposed to appropriately use patients with missing data in
other settings.'*"'>'*'® However, to date, no study has fully
examined the impact of missing data found in predictors of
adverse outcomes after cancer surgery within ACS NSQIP.

In our study, we examine the impact of different meth-
ods for handling missing data on the importance of predic-
tors of short-term operative outcomes after cancer surgery
in the ACS NSQIP database. We hypothesize that the im-
pact of pre-, intra-, and postoperative patient characteris-
tics on short-term operative outcomes will vary according
to the method for handling missing data.

METHODS

Data source

For our study, we used the 2005-2009 ACS NSQIP Par-
ticipant Use File, a large, prospective, multihospital data-
base.® Currently, ACS NSQIP collects detailed patient data
for those undergoing both inpatient and outpatient surgi-
cal procedures in >250 participating university and
private-sector medical centers. ACS NSQIP captures data
on preoperative risk factors and laboratory values, intraop-
erative variables, and 30-day postoperative mortality and
morbidity outcomes. Approval to conduct our study was
obtained from both ACS NSQIP and the University of
Minnesota Institutional Review Board. ACS NSQIP is not
responsible for the statistical validity of the data analysis or
the conclusions derived by users of the data.

Patients

Between 2005 and 2009, we identified 97,230 patients
older than 18 years of age who were surgically treated for
thoracic, abdominal, or pelvic neoplasms according to
ICD-9 diagnoses codes within ACS NSQIP and who un-
derwent elective and nonelective resection for their cancer
according to prespecified Current Procedure Terminology
codes. Patients were categorized into low-, intermediate-,
or high-risk procedures to examine the impact of different
methods for handling missing data on predictors of short-
term operative outcomes across different types of surgical

procedures. Low-risk procedures included mastectomy,
thyroid lobectomy, and thyroidectomy. Intermediate-risk
procedures included colectomy and proctectomy. High-
risk procedures included pneumonectomy and lobectomy,
espophagectomy, total and distal gastrectomy, pancreati-
coduodenectomy or total pancreatectomy, open distal pan-
createctomy, hepatic and bile duct resection, abdomino-
perineal resection and pelvic exenteration, radical
nephrectomy, and urinary cystectomy.

Outcomes definitions

We examined 30-day mortality, development of major
complications, and total number of postoperative compli-
cations. However, because those who underwent low-risk
procedures experienced extremely low mortality and few
complications, we only analyzed the development of major
complications for this group.

Major complications included deep incisional surgical
site infection, organ/space surgical site infection, wound
disruptions, pneumonia, need for reintubation, pulmo-
nary embolism, progressive renal insufficiency, acute renal
failure, cerebrovascular accidents, coma, peripheral nerve
injury, cardiac arrest, myocardial infarction, graft/flap fail-
ure, sepsis, septic shock, the need for return to the operat-
ing room, or longer than 48 hours on a ventilator. Minor
complications included superficial surgical site infections,
urinary tract infections, and deep vein thrombosis/
thrombophlebitis. The total number of complications con-
sisted of the sum of the major and minor complications
occurring up to 30 days after the operation, with the po-
tential for multiple complications within each category.
Thirty-day mortality was death from any cause measured
from the date of procedure to 30 days after the procedure.

Statistical analyses

For our bivariable analysis, we compared demographics,
preoperative factors, preoperative laboratory values, intra-
operative data, 30-day operative mortality, and postopera-
tive complications by surgical risk category using chi-
square tests for categorical data and the ANOVA test for
continuous outcomes.

To evaluate the impact of different methods for handling
missing values on the predictors of short-term operative
outcomes after cancer surgery, we used 3 common ap-
proaches for accounting for missing data in the statistical
analysis: complete case analysis, coding a missing value
within each predictor variable, and hotdeck imputation for
all missing values.'"'*'® Complete case analysis involves
analysis of only those patients for whom data exist for all
predictors of interest, and all other cases are excluded from
evaluation. The second option involves creating a category
for missing values within each predictor (ie, “missing
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value”), allowing for the use of data for all patients. Impu-
tation involves creating a set of plausible values for each
missing variable of interest, selecting that value based on
data from other similar patients in the database.

For each surgical risk group, we ran 3 analyses to evaluate
the impact of each of these 3 methods for handling missing
data on predictors of short-term operative outcomes. First,
we ran a logistic model predicting major complications
using complete case analyses (deleting all patients with 1 or
more missing values for a pre-, intra-, or postoperative pre-
dictor). Second, we ran the same logistic model, including
any patient with 1 or more missing values for a predictor
categorized as missing for the variable of interest. Finally,
we ran a logistic model using imputed values for all missing
variables using the hotdeck method of imputation.

Hotdeck imputation is a 3-step process.'® First, a set of
plausible values for each missing variable is created based
on values of that variable for similar individuals in the data
set. In our study, we used age, sex, and American Society of
Anesthesiologists score to predict missing values for each of
the missing variables of interest. Next, this set of plausible
values was used to fill in the missing values in the data set
and create a complete data set with no missing informa-
tion. However, the hotdeck procedure does retain the rela-
tive frequency of values for each variable, so the distribu-
tion of patient characteristics remains similar before and
after imputation.'® A set of complete data with imputed
values is then analyzed using multivariable techniques.

When using ACS NSQIDP, researchers should ideally use
a multiple imputation framework, where patients with
missing data take on multiple potential values for that miss-
ing variable."” When evaluated using multivariable tech-
niques, the model incorporates the uncertainty of these
values by producing larger standard errors relative to a non-
imputed model. The purpose of our analysis in this article
attempts to show the overall impact of various techniques
for handling missing data on point estimates, so we did not
use multiple imputation for simplification. As a result, our
hotdeck analysis will have underestimated standard errors.

After conducting multivariable analyses using each of
our 3 methods for handling missing data, we compared
variation in odds ratio estimates, C-indices, and Hosmer-
Lemeshow statistics across models. Model fit was first eval-
uated using the C-index, a measure of a model’s ability to
discriminate between events and nonevents. A C-index of
0.5 indicates no predictive ability for a model. In other
words, the predictive ability of the model is no better than
would be obtained by chance. A C-index of 1 indicates
perfect predictive ability, where all outcomes of interest
would be correctly identified according to the model.
C-indices derived from multivariate models fall between 1

of these 2 extreme values. Finally, we evaluated model cal-
ibration using the Hosmer-Lemeshow test, which exam-
ines how well the percentage of observed outcomes
matches the percentage of predicted outcomes over deciles
of risk. A significant test implies that the model is not
well-calibrated. To examine the extent of agreement be-
tween the 3 methods of handling missing values in the
multivariable models, we also computed Spearman rank
correlations of the patients’ predicted probabilities of ma-
jor complications (in quintiles) between the 3 models. As
rank is known to be overly sensitive to small changes in
performance estimates, we present correlations of compli-
cation probabilities by risk quintile rather than absolute
risk changes between methods for handling missing data.

All analyses were performed using Stata IC version 10.1
(StataCorp).

RESULTS

Of the 97,230 patients identified in our database search
who underwent resections for thoracic, abdominal, and
pelvic neoplasms, 52.7% underwent low-risk, 27.1% un-
derwent intermediate-risk, and 20.2% underwent high-
risk procedures. Patients undergoing lower-risk procedures
were more likely to be younger, female, to never have been
smokers, with a lower American Society of Anesthesiolo-
gists score and fewer overall comorbidities (p < 0.0001 for

all) (Table 1).

Preoperative laboratory values

Distribution of preoperative laboratory values varied con-
siderably by level of surgical risk (Table 1). Most notably,
the proportion of missing values for patients undergoing
low-risk procedures was considerably higher than patients
undergoing high-risk operations. Within low-risk opera-
tions, the proportion of missing data varied from 17.5% of
patients missing values for hematocrit to 79.3% missing
values for activated partial thromboplastin time (PTT).
Within high-risk procedures, the variation in missing val-
ues was considerably less, from 2.8% of patients missing
values of hematocrit to 27.8% missing values for PTT.

Short-term operative outcomes

Overall 30-day mortality rate within the cohort was rela-
tively low (Table 1). However, there was significant varia-
tion in mortality rates between levels of surgical risk (0.1%
in low-risk procedures vs 2.8% in high-risk procedures;
p < 0.0001). In addition, the disparity in complication
rates was significant between levels of operative risk. In the
cohort, major complications developed in 8.6% of patients
undergoing low-risk surgery and in 25.0% of patients un-
dergoing high-risk procedures (p < 0.0001). More than 1
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Table 1. Patient Preoperative Characteristics and Short-Term Operative Outcomes by Complexity of Surgery

Low risk Intermediate risk High risk
Preoperative patient characteristics (n = 51,262) (n = 26,331) (n = 19,637) p Value
Age (y), % <0.0001
<50 33.70 12.50 17.20
51-60 25.40 19.50 22.60
61-70 21.40 23.90 29.00
=70 19.50 44.10 31.20
White race, % 73.80 74.10 75.40 <0.0001
Female, % 94.20 49.50 47.30 <0.0001
Never smoker, % 74.40 67.40 20.70 <0.0001
ASA, % <0.0001
1+2 72.20 45.30 31.70
3+ 27.80 54.70 68.30
Cardiac conditions, % yes 3.80 13.90 11.40 <0.001
Hypertension, % yes 40.10 56.20 51.90 <0.0001
Diabetes, % yes 10.30 17.70 18.80 <0.001
Pulmonary condition, % yes 8.70 17.00 14.80 <0.0001
Preoperative laboratory values, %
Sodium, mmol/L <0.0001
=135 3.80 10.10 10.40
136-144 66.90 80.40 82.90
=145 1.70 2.80 2.40
Missing 27.60 6.70 4.30
BUN <0.0001
=39 69.80 89.30 92.60
Missing 29.50 9.10 6.20
Creatinine, mg/dL <0.0001
=1.5 73.60 5.00 3.90
Missing 24.90 5.80 3.50
Albumin, g/dL <0.0001
>2.6 48.60 65.90 78.80
Missing 51.20 30.50 18.00
Total bilirubin, mg/dL <0.0001
<1.0 47.10 62.70 63.30
Missing 49.00 28.80 17.00
SGOT <0.0001
=39 49.40 65.70 62.70
Missing 47.30 28.60 16.50
Alkaline phosphatase, U/L <0.0001
=124 50.10 65.40 60.20
Missing 47.00 27.80 16.10
White blood cell count, K/uL <0.0001
=4.4 7.00 9.00 9.60
4.5-10.9 68.70 77.50 80.20
=11.0 4.00 9.10 7.30
Missing 20.30 4.40 2.90
Hematocrit <0.001
=37 26.40 54.30 43.80
3844 51.30 36.00 46.10

(continued)
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Table 1. Continued
Low risk Intermediate risk High risk
Preoperative patient characteristics (n = 51,262) (n = 26,331) (n = 19,637) p Value
=45 4.80 6.20 7.30
Missing 17.50 3.50 2.80
Platelet count, K/uL <0.0001
=149 2.30 4.90 8.10
150-399 74.00 79.50 80.80
=400 3.40 11.20 8.10
Missing 20.30 4.40 3.00
PTT <0.0001
=34 19.20 44.50 64.90
Missing 79.30 50.30 27.80
Short-term operative outcomes, %
30-d mortality 0.10 2.60 2.80 <0.0001
Total no. postoperative complications (major or <0.0001
minor)
0 89.80 78.60 71.80
1 8.90 13.40 14.30
=2 1.3 8.00 13.90
Major complications <0.0001
Yes 8.60 16.60 25.00
Total operative time, min
Mean = SD 124.4 = 92.1 163.7 = 85.7 282.1 = 138.3 <0.0001
Median 101 146 261 <0.0001
Total anesthesia time, min
Mean = SD 173.8 = 102.2 224.8 = 94.7 362.2 = 149.2 <0.0001
Median 149 208 340 <0.0001

The following variables were excluded from analyses because <5% of patients fell into the following categories: nonindependent functional status; admission
from acute/chronic care facility; alcohol use >2 drinks/day; DNR order; presence of disseminated cancer; contaminated/dirty wound class; presence of bleeding
disorders; >4 U RBCs transfused before surgery; preoperative sepsis; emergency surgery; presence of airway trauma; presence of renal conditions; earlier

operation within 30 days.

ASA, American Society of Anesthesiologists; OR, odds ratio; PTT, partial thromboplastin time; SGOT, serum glutamic oxaloacetic transaminase.

complication developed in <0.5% of patients undergoing
a low-risk procedure, vs 13.9% in the high-risk procedure
group (Table 1).

Evaluating predictors of short-term

operative outcomes

High-risk procedures

In patients undergoing a high-risk procedure, 44.5% had 1
or more missing values for a pre-, intra-, or postoperative
characteristic (Table 2). Analyzing predictors of major
complications after excluding those with missing values
resulted in use of only 55.5% of the patient population
(n = 10,892 0f 19,637). Comparing the logistic regression
models that included (n = 19,637) or excluded (n =
10,982) patients with missing values, we found both mod-
els identified similar pre-, intra-, and postoperative predic-
tors of short-term operative outcomes. Although each anal-
ysis produced estimated odds ratios that differed up t0 0.33

for the same predictor (BUN =40 vs <39; odds ratio [OR] =
1.06; 95% CI, 0.78-1.43, for patients with missing values
included, vs OR = 1.39; 95% CI, 0.95-2.05, for complete
case analysis), the 95% Cls overlapped for most predictors
when comparing models. As a result, interpretations of
important risk factors for short-term operative outcomes
would remain similar between the 2 analyses. However, the
same comparison did identify differences in the interpreta-
tion of a few predictors. For example, when all patients
were included in the analysis, with missing values as a cat-
egory, creatinine was a significant predictor of major com-
plications (OR = 1.22; 95% CI, 1.03-1.45). Using com-
plete case analysis (ie, excluding those with unknown
creatinine levels or other predictors), the significance
of creatinine as a predictor of major complications was
diminished (OR = 1.06; 95% CI, 0.84-1.35). Again,
however, the 95% Cls for creatinine overlapped in both
models. Although results remained consistent between
methods, complete case analysis resulted in a substantially
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Table 2. Predictors of Major Complications in High-Risk Surgery

Missing values included Missing values excluded Missing values imputed
(n = 19,637) (n = 10,892) (n = 19,637)
Predictor OR 95% CI OR 95% CI OR 95% CI
Age,y
51-60 vs <50 1.02 0.91-1.14 1.02 0.88-1.18 1.01 0.90-1.13
61-70 vs <50 1.03 0.92-1.15 0.99 0.86-1.15 1.01 0.90-1.13
>70 vs <50* 1.16 1.03-1.3 1.16 1.01-1.35 1.16 1.04-1.30
Race
African American vs white 0.95 0.84-1.08 1.04 0.89-1.21 1.02 0.91-1.15
Hispanic vs white 0.95 0.81-1.12 0.99 0.81-1.22 0.99 0.85-1.15
Other vs white 1.05 0.9-1.23 1.15 0.95-1.4 1.08 0.93-1.25
Missing vs white 0.96 0.84-1.1
Sex
Male vs female* 1.3 1.22-1.4 1.27 1.16-1.4 1.31 1.22-1.40
Smoking status
Current vs never* 1.17 1.07-1.28 1.18 1.05-1.32 1.17 1.07-1.27
Previous vs never 1.06 0.98-1.15 1.1 0.99-1.23 1.05 0.97-1.15
ASA
3+ vs 1-2* 1.38 1.27-1.49 1.46 1.32-1.63 1.42 1.31-1.54
Cardiac conditions
Yes vs no 1.16* 1.04*-1.28* 1.13 0.99-1.29 1.17* 1.06*-1.30*
Hypertension
Yes vs no 1.05 0.98-1.13 1.04 0.94-1.14 1.06 0.98-1.14
Diabetes
Yes vs no 1.07 0.98-1.16 1.03 0.92-1.15 1.08 0.99-1.18
Pulmonary conditions*
Yes vs no 1.4 1.28-1.53 1.32 1.17-1.48 1.41 1.29-1.55
Sodium, mmol/L
=135 vs 136-144 1.15* 1.04*-1.28* 1.13 0.98-1.29 1.09 0.98-1.21
=145 vs 136-144 1.3* 1.05*-1.6* 1.27 0.96-1.68 1.13 0.91-1.40
Missing vs =136-144 1.11 0.83-1.5
BUN
=40 vs =39 1.06 0.78-1.43 1.39 0.95-2.05 0.95 0.79-1.14
Missing vs =39 0.65* 0.51*-0.83*
Creatinine, mg/dL
>1.6vs =1.5 1.22* 1.03*-1.45* 1.06 0.84-1.35 1.29* 1.10*%1.51*
Missing vs =1.5 1.26 0.9-1.76
Albumin, g/dL
=2.5vs >2.6* 1.42 1.2-1.69 1.58 1.29-1.94 1.52 1.05-2.19
Missing vs >2.6 0.87 0.73-1.03
Total bilirubin, mg/dL
=1.0vs <1.0 1.09 0.99-1.2 1.11 0.99-1.25 1.13* 1.03*-1.23*
Missing vs <1.0 1.09 0.88-1.35
SGOT
=40 vs =39 0.97 0.88-1.07 1.02 0.9-1.15 1.01 0.92-1.10
Missing vs =39 1.02 0.81-1.28
Alkaline phosphatase, U/L
=125vs =124 1.18* 1.08*-1.3* 1.17* 1.04*-1.31* 1.08 0.99-1.18
Missing vs =124 1.01 0.79-1.27

(continued)
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Table 2. Continued

Missing values included

Missing values excluded Missing values imputed

(n = 19,637) (n = 10,892) (n = 19,637)
Predictor OR 95% CI OR 95% CI OR 95% CI
White blood cell count, K/uL
=4.4vs 4.5-10.9 0.97 0.86-1.1 1.01 0.85-1.17 1.06 0.94-1.19
=11.0 vs 4.5-10.9 1.24* 1.1%-1.4* 1.18* 1.01*~1.39* 1.06 0.93-1.19
Missing vs 4.5-0.9 1.18 0.6-2.09
Hematocrit, %
=37 vs 38—44 1.16* 1.08*-1.25* 1.1 0.99-1.21 1.03 0.96-1.10
=45 vs 38-44 1.07 0.94-1.22 1.04 0.87-1.24 0.95 0.83-1.09
Missing vs 38—-44 1.45 0.92-2.26
Platelet count, K/uL
=149 vs 150-399 1.1 0.98-1.24 1.04 0.98-1.22 1.09 0.97-1.23
=400 vs 150-399 1.13* 1.01*-1.28* 1.15 0.89-1.34 0.99 0.8-1.12
Missing vs 150-399 0.61 0.35-1.06
PTT
=35 vs =34 1.13* 1.01*-1.28* 1.04 0.91-1.19 0.99 0.89-1.10
Missing vs =34 0.99 0.92-1.08
>10% Weight loss
Yes vs no 1.13* 1.03*-1.25* 1.13* 1.01*-1.29* 0.89 0.78-1.01
Preoperative chemo/radiation
Yes vs no 1.13 0.99-1.28 1.08 0.92-1.28 0.82 0.75-0.91
C-index 0.62 0.61 0.6
HL chi-square 4.12 6.2 6.68
p Value 0.85 0.62 0.57

*p Value <0.05.

ASA, American Society of Anesthesiologists; OR, odds ratio; PTT, partial thromboplastin time; SGOT, serum glutamic oxaloacetic transaminase.

decreased sample size and changes to the underlying scudy
population.

Analyzing predictors of major complications after im-
puting values for those with missing data produced esti-
mates that were similar to both complete case analysis and
analysis with missing values as a category. Predominantly,
imputation produced larger standard errors for estimators
due to variation in the set of plausible values selected for
imputation. Of note, patients without missing operative
and demographic characteristics, whose data constituted
the set from which selections were drawn, tended to be
sicker, indicating that the data might not be missing at
random (Table 1). As a result, these imputations might be
selecting plausible values for patient characteristics from a
nonrepresentative cohort, potentially biasing the underly-
ing population used to create the model. However, 17 of 22
predictor variables across regression models did give the
same or similar findings, and in only 5 of 22 predictor
variables did regressions show dissimilar results (for creati-
nine, white blood count, hematocrit, PTT, and >10%
weight loss). Although these results were based on a single
imputation framework, multiple imputations would most
likely increase the standard errors for the model. As a result,

the similarities between methods for handling missing data
could increase. Overall, each model was well-calibrated and
had similar C-indices, regardless of the approach for han-
dling missing data.

Examining each analysis technique for predicting mor-
tality and an increased number of complications showed
results similar to those identified from the major compli-
cation analysis. Estimates varied slightly in both the pre-
dicted effect and standard errors for each predictor of in-
terest, with the greatest variation seen between the
predicted effect of BUN =40 vs <39 in complete case
analysis and categorized missing values (OR = 1.447 vs
1.05) (results not shown).

Intermediate-risk procedures

More than 65% of patients undergoing an intermediate-
risk procedure had 1 or more pre-, intra-, or postoperative
characteristics missing (Table 3). Excluding any patient
with a missing value from analysis resulted in a loss of
17,191 patients for 9,140 usable cases (35% of total).
Again, analyses using complete case analyses compared
with categorization of missing values resulted in similarities
in the estimated effect of most predictors, as well as their
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Table 3. Predictors of Major Complications in Intermediate Risk Surgery

Missing values included

Missing values excluded

Missing values imputed

(n = 26,331) (n = 9,140) (n = 26,331)
Predictor OR 95% CI OR 95% CI OR 95% CI
Age,y
51-60 vs <50 0.85 0.75-0.97 0.82 0.67-1.01 0.84* 0.74*-0.96*
61-70 vs <50 0.89 0.78-1.01 0.79* 0.65*-0.97* 0.86* 0.76*-0.97*
>70 vs <50 0.97 0.86-1.1 0.89 0.74-1.09 0.95 0.85-1.08
Race
African American vs white 1.18* 1.06*-1.32* 1.18* 1.01*-1.39* 1.00 0.91-1.10
Hispanic vs white 1.02 0.86-1.21 0.99 0.77-1.27 0.99 0.85-1.16
Other vs white 0.82* 0.68*-0.99* 0.97 0.73-1.3 0.96 0.81-1.14
Missing vs white 0.92 0.81-1.05
Sex, male vs female 1.35* 1.26*-1.45* 1.37* 1.23*-1.54* 1.31* 1.22*-1.41*
Smoking status
Current vs never 1.26* 1.14*-1.38* 1.24* 1.07*-1.45* 1.26* 1.14*-1.38*
Previous vs never 1.04 0.95-1.14 0.98 0.85-1.13 0.99 0.91-1.09
ASA 3+ vs 1-2 1.47* 1.36*-1.59* 1.48* 1.29*-1.7* 1.55* 1.43*-1.68*
Cardiac conditions, yes vs no 1.14* 1.03*-1.25* 1.15* 1.01*-1.33* 1.16* 1.06*-1.27*
Hypertension, yes vs no 1.08* 1.01*-1.17* 1.15* 1.01*-1.3* 1.09* 1.01*-1.17*
Diabetes, yes vs no 1.04 0.96-1.14 1.06 0.93-1.22 1.07 0.98-1.17
Pulmonary conditions, yes vs no 1.46* 1.34*-1.59* 1.47* 1.29*-1.67* 1.53* 1.41*-1.67*
Sodium, mmol/L
=135 vs 136144 1.25% 1.12*-1.38* 1.3* 1.12*%-1.52* 1.22* 1.10*-1.35*
=145 vs 136144 1.24* 1.02*-1.5* 1.37* 1.03*-1.83* 1.14 0.95-1.38
Missing vs =136-144 0.93 0.73-1.19
BUN
=40 vs =39 1.56* 1.23*-1.96* 1.46* 1.05*-2.03* 1.04 0.83-1.29
Missing vs =39 0.86 0.69-1.07
Creatinine, mg/dL
>1.6vs =1.5 1.34* 1.16*-1.55* 1.41* 1.14*-1.74* 1.32* 1.15%-1.52*
Missing vs =1.5 1.42* 1.08*-1.87*
Albumin, g/dL
=2.5vs >2.6 1.68* 1.44*-1.95* 1.56* 1.29*-1.89* 1.20* 1.05*-1.36*
Missing vs >2.6 0.9 0.78-1.05
Total bilirubin, mg/dL
=1.0vs <1.0 1.12 0.99-1.25 1.19* 1.01*~1.39* 1.09 0.99-1.21
Missing vs <1.0 1 0.78-1.29
SGOT
=40 vs =39 1.25* 1.09*-1.44* 1.33* 1.11*-1.6* 1.16* 1.03*~1.30*
Missing vs =39 1.28* 1.04*-1.58*
Alkaline phosphatase, U/L
=125vs =124 1.12 0.98-1.26 1.04 0.85-1.23 0.99 0.89-1.12
Missing vs =124 0.85 0.64-1.11
White blood cell count, K/ulL
=4.4vs4.5-10.9 0.99 0.88-1.12 0.86 0.71-1.06 0.91 0.80-1.02
=11.0 vs 4.5-10.9 1.51* 1.36*-1.68* 1.73* 1.48%-2.02* 1.25* 1.13*-1.38*
Missing vs 4.5-0.9 0.82 0.51-1.33

(continued)
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Table 3. Continued

Missing values included

Missing values excluded

Missing values imputed

(n = 26,331) (n = 9,140) (n = 26,331)
Predictor OR 95% CI OR 95% CI OR 95% CI
Hematocrit, %
=37 vs 38—44 1.15* 1.07*-1.25* 1.2* 1.06*-1.37* 1.01 0.94-1.10
=45 vs 38—44 0.99 0.86-1.17 0.8 0.59-1.09 0.92 0.78-1.09
Missing vs 38—-44 1.55* 1.07*-2.25*
Platelet count, K/uL
=149 vs 150-399 1.13 0.98-1.31 1.28* 1.04*-1.58* 1.29* 1.13*-1.47*
=400 vs 150-399 1.09 0.98-1.21 1.05 0.89-1.24 1.02 0.92-1.13
Missing vs 150-399 0.96 0.6-1.53
PTT
=35 vs =34 1.27* 1.11*-1.46* 1.21* 1.04*-1.42* 1.13* 1.02*-1.25*
Missing vs =34 0.89* 0.82*-0.95*
>10% Weight loss, yes vs no 1.23* 1.08*-1.39* 1.16 0.97-1.38 0.69* 0.61*—0.78*
Preoperative chemo/radiation, yes vs no 1.3* 1.15*-1.47* 1.16 0.95-1.43 0.82* 0.61*-0.78*
C-index 0.66 0.67 0.64
HL chi-square 7.65 13.58 8.52
p Value 0.46 0.093 0.38

*p Value <0.05.

ASA, American Society of Anesthesiologists; OR, odds ratio; PTT, partial thromboplastin time; SGOT, serum glutamic oxaloacetic transaminase.

associated standard errors. The estimated effects of BUN
presented the largest variation across all 3 analytic methods,
with an OR of 1.56 (p < 0.05) for categorized missing
values, OR of 1.46 (p < 0.05) for complete case analysis,
and OR of 1.04 (p > 0.05) for imputed values. OR esti-
mates were again similar across all 3 models for 20 of the 22
predictor variables and different for only 2 variables
(>10% weight loss and preoperative chemo/radiation),
with 95% Cls overlapping for most predictors.

The C-indices of the 3 models were similar. Calibration
for all models was acceptable, although the calibration for
the model based on complete cases tended to be somewhat
inferior to the other 2 models (not significant). Analysis
techniques predicting mortality and an increased number
of complications again presented similar estimated effects
for each predictor of interest, as well as model fit across
methods for handling missing data.

Low-risk procedures

Low-risk procedures presented the most substantial chal-
lenges for estimation of predicted effects because of the very
high proportion of missing values (Table 4). More than
44,845 of 51,262 patients (87%) had at least one pre-,
intra-, or postoperative characteristic missing. As a result,
complete case analysis would produce the estimated effects
of patient characteristics based on only 13% of the popu-
lation. Estimated effects were similar for 19 of 22 predictor
variables, and were different for only 3 predictor variables
(creatinine, alkaline phosphatase, and PTT). The C-index

was slightly higher for the model based on complete cases
compared with the other 2 models, but the calibration was
somewhat worse.

Spearman rank correlations of the predicted
probabilities of major complications

Table 5 presents the Spearman rank correlations of the
predicted probabilities of major complications from the 3
models. For the high-risk procedures, the correlations
ranged from 0.84 to 0.95, indicating that all 3 methods for
handling missing values tended to produce patient proba-
bilities for major complications that ranked the patients
very similarly. However, the correlations between the mod-
els were smaller for the intermediate- and low-risk proce-
dures, indicating that the choice of method for handling
missing values might be more important for these proce-
dures compared with high-risk procedures.

We performed several sensitivity analyses for all multi-
variate models to ensure that our results were not due to our
modeling decisions. Placing a large number of potential
risk factors into a multivariate model presents a risk for
overadjusting for these factors and creating models with
few to no significant results. To evaluate this potential con-
cern, we performed our multivariate analyses with groups
of 2 to 3 laboratory values (which have high levels of miss-
ing data) to see if their predictive ability changed in the
absence of a broader array of laboratory data. Our results
remained unchanged.
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Table 4. Predictors of Major Complications in Low-Risk Surgery

Missing values included

Missing values excluded

Missing values imputed

(n = 51,262) (n = 6,417) (n = 51,262)
Predictor OR 95% CI OR 95% ClI OR 95% CI
Agey
51-60 vs <50 1.071 0.985-1.163 0.93 0.76-1.214 1.09* 1.01*-1.19*
61-70 vs <50 1.006 0.917-1.103 0.838 0.644-1.09 1.04 0.95-1.13
>70 vs <50 0.799* 0.719*-0.888* 0.802 0.605-1.062 0.82* 0.74*-0.91*
Race
African American vs white 1.005 0.902-1.119 0.927 0.721-1.192 0.97 0.88-1.06
Hispanic vs white 0.962 0.823-1.12 0.894 0.658-1.215 1.01 0.91-1.13
Other vs white 0.865 0.732-1.023 0.765 0.476-1.229 0.94 0.80-1.09
Missing vs white 0.999 0.889-1.123
Sex, male vs female 0.609* 0.515*-0.721* 0.593* 0.373*-0.942* 0.57* 0.48*-0.67*
Smoking status
Current vs never 1.13* 1.034*-1.235* 1.437* 1.138*-1.814* 1.80* 1.52*-2.13*
Previous vs never 1.035 0.939-1.141 1.023 0.787-1.33 1.11 0.85-1.45
ASA, 3+ vs 12 1.135* 1.05*-1.227* 1.198 0.981-1.463 1.15* 1.06*-1.25*
Cardiac conditions, yes vs no 1.122 0.956-1.317 0.902 0.608-1.338 1.13 0.97-1.33
Hypertension, yes vs no 1.069 0.992-1.152 1.144 0.933-1.404 1.07 0.99-1.15
Diabetes, yes vs no 0.958 0.86-1.067 0913 0.697-1.196 0.96 0.87-1.07
Pulmonary conditions, yes vs no 1.035 0.926-1.156 1.092 0.833-1.43 1.03 0.93-1.16
Sodium, mmol/L
=135 vs 136-144 1.053 0.898-1.234 1.389 0.976-1.976 1.08 0.94-1.24
=145 vs 136144 1.017 0.805-1.285 1.271 0.756-2.137 1.20 0.99-1.44
Missing vs =136-144 1.063 0.895-1.285
BUN
=40 vs =39 1.305 0.898-1.898 0.537 0.211-1.365 1.05 0.74-1.49
Missing vs =39 0.72* 0.594*-0.872*
Creatinine, mg/dL
>1.6vs =1.5 1.104 0.841-1.448 1.953* 1.162*-3.28* 1.14 0.89-1.46
Missing vs =1.5 1.351* 1.126*-1.623*
Albumin, g/dL
=2.5vs >2.6 1.607 0.966-2.671 1.408 0.716-2.768 1.48 1.07-2.05
Missing vs >2.6 1.052 0.895-1.237
Total bilirubin, mg/dL
=1.0vs <1.0 1.092 0.935-1.275 1.325 0.986-1.78 1.03 0.92-1.16
Missing vs <1.0 1.112 0.887-1.393
SGOT
=40 vs =39 1.057 0.894-1.251 1.312 0.96-1.793 1.07 0.94-1.21
Missing vs =39 0.772* 0.622*-0.958*
Alkaline phosphatase, U/L
=125vs =124 1.268* 1.074*-1.498* 1.136 0.82-1.573 0.95 0.83-1.08
Missing vs =124 0.974 0.756-1.256
White blood cell count, K/ulL
=4.4vs4.5-10.9 0.961 0.846-1.092 1.016 0.755-1.368 0.98 0.88-1.08
=11.0 vs 4.5-10.9 0.98 0.835-1.15 1.049 0.726-1.514 0.89 0.77-1.04
Missing vs 4.5-10.9 1.342 0.915-1.968

(continued)
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Table 4. Continued

Missing values included

Missing values excluded Missing values imputed

(n = 51,262) (n = 6,417) (n = 51,262)
Predictor OR 95% CI OR 95% CI OR 95% CI
Hematocrit, %
=37 vs 38—44 0.977 0.904-1.057 1.04 0.859-1.26 0.98 0.91-1.05
=45 vs 38—44 1.149 0.991-1.332 1.116 0.736-1.69 1.03 0.88-1.19
Missing vs 38—-44 0.867 0.716-1.049
Platelet count, K/uL
=149 vs 150-399 1.05 0.855-1.29 0.615 0.373-1.013 1.08 0.94-1.26
=400 vs 150-399 0.977 0.822-1.162 1.361 0.954-1.942 1.18* 1.00*-1.38*
Missing vs 150-399 0.936 0.639-1.369
PTT
=35vs =34 1.718* 1.386*-2.129* 1.695* 1.286*-2.235* 1.09 0.97-1.22
Missing vs =34 1.039 0.956-1.129
>10% Weight loss, yes vs no 0.995 0.66-1.5 1.514 0.733-3.124 1.12 0.95-1.33
Preoperative chemo/radiation, yes vs no 0.867 0.728-1.033 1.139 0.791-1.638 0.95 0.63-1.43
C-index 0.57 0.61 0.55
HL chi-square 7.34 14.8 7.01
p Value 0.5 0.064 0.53

*p Value <0.05.

ASA, American Society of Anesthesiologists; OR, odds ratio; PTT, partial thromboplastin time; SGOT, serum glutamic oxaloacetic transaminase.

DISCUSSION

In our study, we demonstrate that although predictors of
short-term operative outcomes after cancer surgery in the
ACS NSQIP database remain similar across methods for
handling missing data, certain approaches should be fa-
vored due to the ability to evaluate all eligible patients. The
ACS NSQIP is an important surgical outcomes database,
providing a wide variety of pre-, intra-, and postoperative
patient characteristics for use in studying a diverse set of
surgical procedures and risk-adjusted short-term operative

Table 5. Spearman Rank Correlation: Predicted Probability
of Developing Major Complications by Method for Handling
Missing Data (in Quintiles)

Missing
values as Complete

Procedures a category case Imputed
Low-risk

Missing values as a category 1.00 0.62 0.64

Complete case 0.62 1.00 0.51

Imputed 0.64 0.51 1.00
Intermediate risk

Missing values as a category 1.00 0.93 0.81

Complete case 0.93 1.00 0.90

Imputed 0.81 0.90 1.00
High-risk

Missing values as a category 1.00 0.95 0.84

Complete case 0.95 1.00 0.95

Imputed 0.84 0.93 1.00

outcomes. However, investigators should be aware that re-
sults for coefficients on certain variables can change in
magnitude depending on the approach to handling missing
data, particularly for models evaluating the impact of pre-
operative laboratory values in low-risk procedures. Addi-
tionally, model discrimination can vary by method, as
highlighted in lower-risk procedures (Table 4). To our
knowledge, the present analysis is one of the first studies to
systematically evaluate the impact of missing data on mul-
tiple predictors of operative outcomes after cancer surgery
in the ACS NSQIP database.

Our results are consistent with previous studies identi-
fying the potential for missing data to influence underlying
study populations and potentially interpretations of risk
factors in ACS NSQIP. Hamilton and colleagues have ex-
amined surgically treated patients captured within ACS
NSQIP during the 2006 calendar year to evaluate interpre-
tations of albumin under different assumptions about the
missing data.” Their analysis demonstrated that among
ACS NSQIP patients, >45% had missing values for albu-
min levels. In addition, the authors found that albumin’s
effect on operative morbidity and mortality is altered de-
pending on the method for addressing missing values. They
conclude that a bias exists in patients who actually have
their albumin levels reported and that “missingness” was
significantly associated with morbidity and mortality out-
comes. In effect, excluding or imputing values for these
individuals can inappropriately bias albumin levels for
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these individuals, as they were considerably healthier than
their counterparts with the laboratory value recorded.

We demonstrate that across the spectrum of preopera-
tive laboratory values, the proportion of missing data was
higher among those undergoing low-risk procedures or
those who also tended to be healthier. In addition, we also
found that multivariable regressions of low-risk procedures
are subject to exclusion of a large number of patients if only
individuals with complete case information were included
in these multivariate models. For these reasons, we do not
recommend using complete case analysis for developing
prediction models using NSQIP data. In addition, this
study identifies the importance of understanding the as-
sumptions behind the methods investigators choose to
handle missing data. Specifically, the observation that a set
of predictors are no longer significant after hotdeck impu-
tation, particularly among low-risk procedures, might
bring into question the validity of the missing at random
assumption required for imputation of data. In other
words, patients with missing values for laboratory or other
information can be qualitatively different than those who
have complete information. As a result, investigators
should cautiously use imputation methods when analyzing
ACS NSQIP because of the potential for inappropriately
extrapolating results based on a sicker overall population.

Missing data can present challenges to interpretations of
both the effect of laboratory values and comorbidities on
short-term operative outcomes. These missing values can
result from a wide variety of factors, including patient re-
fusal to disclose information (eg, race), physicians request-
ing specific laboratory tests only, incomplete data captured
by the trained ACS NSQIP data collector, and the poten-
tial lack of coordination between laboratory reporting and
inclusion in a patient’s medical record. As previously
noted, high-risk procedures tend to have more complete
laboratory values and fewer overall missing values for the
procedure of interest. On the other hand, low-risk proce-
dures present challenges for health outcomes investigators
interested in the predictive ability of pre-, intra-, and post-
operative variables because of the potential for losing the
majority of cases in a complete case analysis. Although
estimated effects between most predictors remained stable
among all 3 methods for handling missing data, the ability
to generate meaningful and practical conclusions based on
imputed values or complete case analysis might still present
challenges to the validity of such results due to the large
proportion of missing data.

Although our study provides an addition to current
knowledge of appropriate analysis in the presence of miss-
ing data within ACS NSQIPR, we acknowledge several lim-

itations. First, our results did not assess procedure-specific

complications. We have previously demonstrated that ACS
NSQIP has low predictive ability for postoperative compli-
cations for specific procedures compared with operative
mortality after major cancer surgery.” ACS NSQIP is con-
sidering adding disease- and operation-specific factors in its
future format, such as anastomic leaks after colectomies.
Second, given our choice to only include people with can-
cer, the current findings might not be applicable to the
remainder of NSQIP cohort. Third, the present study did
not adjust for surgeon or hospital volume, which might
correlate with mortality and morbidity, because ACS
NSQIP does not release data on the treating facility to
encourage participation and reporting of adverse events. As
a result, it was not possible to compare the different models
on how they rank performance of providers or institutions.
Rather, we relied on the model’s comparison of predicting
individual complications between methods for handling
missing data. Our findings are based on an important tool
that assesses surgical quality from >250 participating hos-
pitals, which can be superior to studies based on single-
center databases.

Findings from the current analysis present several im-
portant implications for future studies using ACS NSQIP
to identify risk factors for complications after cancer sur-
gery at its participating hospitals. First, surgical outcomes
investigators should examine patterns of missingness in
their data and fully consider the strengths and benefits of,
at 2 minimum, the 3 techniques outlined in this article.
Weighing the pros and cons of each technique with respect
to usable sample, interpretability of results (ie, what does a
“missing” category mean?), and impact on variance estima-
tion, will allow researchers to better interpret findings. Sec-
ond, future studies should conduct and report a complete
sensitivity analysis using multiple multivariable techniques
to ensure that results are not an artifact of sample selection
or exclusion of patients with only complete values for all
predictors of interest. Investigators should be aware of the
potential changes to analyses due to the presence of missing
data within the ACS NSQIP. Importantly, future studies
should carefully consider the potential for bias within anal-
yses under different modeling techniques and approaches
to handling missing data and be transparent about the cho-
sen technique in their methods.

CONCLUSIONS

Missing data presents challenges to interpreting predictors
of short-term operative outcomes after cancer surgery at
ACS NSQIP hospitals. Similar to best practices for other
data sets, this study highlights the importance of using
missing values carefully when using ACS NSQIP. Given its
potential to introduce bias, the approach to handling miss-
ing values should be detailed in future ACS NSQIP studies.
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