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Abstract

Background
The effect of preoperative internal medicine evaluations on cancer patients undergoing surgery is
uncertain.

Methods
We conducted a retrospective cohort study of cancer patients who had been included in the National
Surgery Quality Improvement Program from 2011–2014 to determine the effect of an Internal Medicine
Perioperative Assessment Center (IMPAC) evaluation on the risk of 30-day mortality compared to that of
patients who proceeded directly to surgery.

Results
Of the 11,577 participants, 3589 underwent an IMPAC evaluation. Among the propensity score-matched
cohorts, the odds ratio (OR) of 30-day mortality was .39 (95% CI = .18-.84).

Conclusions
Our �ndings demonstrate that a preoperative internal medicine evaluation was associated with lower 30-
day mortality.

Introduction
Surgeons commonly refer patients for evaluation by internists or specialists prior to surgery to optimize
comorbidities and reduce the risk of postoperative complications.1–3 This is particularly important in
patients with cancer, as they may have higher rates of comorbidities than those without cancer.4 However,
to our knowledge, there are no published studies describing the effect of preoperative internal medicine
evaluations on patients with cancer, and the medical literature for the general patient population has been
mixed. Several studies have shown a reduction in in-hospital mortality, length of stay, and medically
avoidable surgery cancellations in non-cancer patients who underwent a preoperative evaluation by an
internist or anesthesiologist.5,6 Other studies have shown that preoperative evaluations result in increased
healthcare spending with no effect on care7 and are associated with poorer clinical outcomes, including
increased postoperative mortality.8

To clarify the effect of preoperative internal medicine evaluations on patients with cancer who are
undergoing surgery, we compared the odds of 30-day postoperative mortality among patients who
underwent a preoperative internal medicine evaluation with those of a matched cohort who did not.
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Methods

Study Sample and Setting
We conducted a retrospective cohort study of data from January 2011 to December 2014 collected as
part of The University of Texas MD Anderson Cancer Center’s participation in the American College of
Surgeons National Surgery Quality Improvement Program (NSQIP). NSQIP is the �rst nationally validated,
risk-adjusted, outcomes-based program designed to measure and improve the quality of surgical care.9 At
each participating hospital, a surgical clinical reviewer retrospectively abstracts clinical data from the
electronic medical record of randomly assigned patients, starting from 6 months prior to surgery until
30 days after surgery.9 This study included patients ages 18 years or over who had a major inpatient or
outpatient surgery at MD Anderson during the study period. The institutional review board at MD
Anderson approved the study protocol.

Patients were referred for a preoperative internal medicine evaluation by the Internal Medicine
Perioperative Assessment Center (IMPAC) at the discretion of the surgery team. Surgeons referred based
on the presence of medical conditions that required additional management, such as cardiovascular,
endocrine, or venous thromboembolic diseases. We considered patients as “IMPAC” patients if they had a
preoperative internal medicine evaluation up to 60 days before surgery. IMPAC patients received at least
one outpatient, preoperative internal medicine evaluation by an internal medicine physician or nurse
practitioner. Controls proceeded directly to surgery without an IMPAC evaluation. Both IMPAC and control
group patients underwent an anesthesia assessment and were eligible for referral to additional
specialists for perioperative management.

Measures
Baseline demographics and clinical variables were abstracted by NSQIP-trained surgical clinical
reviewers.9 Clinical variables included functional status (independent, partially dependent, totally
dependent), American Society of Anesthesiology (ASA) class, body mass index (BMI) class,

acute renal failure, ascites within 30 days, chronic obstructive pulmonary disease (COPD), congestive
heart failure, diabetes, dialysis, disseminated cancer, dyspnea, hypertension, smoking within the last year,
steroid use for a chronic condition, systemic sepsis within 48 hours of surgery (none, systemic
in�ammatory response syndrome (SIRS), sepsis or septic shock), ventilator-dependent and emergency
case. We included patients who were classi�ed as ASA class 5 or 6 or who were ventilator dependent, as
these patients were ambulatory at the time of their IMPAC evaluation. We recoded surgical Current
Procedural Terminology codes into 16 surgery types (Supplemental Table 1). The primary outcome of the
study was 30-day mortality after surgery.

Statistical Analysis
We compared the characteristics of the IMPAC and control groups using Chi-square or Fisher’s exact test.
To reduce the effect of bias from non-random referral to IMPAC on the estimation of IMPAC evaluation on
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mortality, we performed exact matching on surgery type and propensity score matching with a caliper
width equal to 0.2 on the other 19 NSQIP variables in a 1:1 ratio.10 The propensity score was the
conditional probability of an IMPAC evaluation, given all NSQIP risk variables in the multivariate logistic
regression model. The balance on a variable between the IMPAC and control groups was assessed by
absolute standardized differences before and after matching. An absolute standardized difference < 10%
suggested an acceptable balance between the IMPAC and control groups.

We used logistic regression models using the double robust estimation to assess the difference in
mortality between the two matched cohorts and between different patient groups, as de�ned by the
NSQIP variables. We consolidated the levels of several variables (functional status, ASA class, systemic
sepsis, diabetes status, dyspnea, and BMI classi�cation) into two levels to obtain a more precise estimate
of the odds ratio in model �tting. Variables with a signi�cance level < .05 in the univariate models were
considered the candidate variables of the multivariate logistic regression model and were used to
estimate the effect of IMPAC evaluation on mortality. We used the forward selection method with IMPAC
evaluation forced to remain in the models. A maximum of four variables were kept to avoid over�tting. A
two-sided P value was considered signi�cant. The R package “MatchIt” and SAS version 9.4 were used to
perform the analyses.11

Results
Of the 77,000 patients who underwent surgery at MD Anderson during the study period, 11,577 were
included in the NSQIP program. Table 1 compares selected demographics and medical comorbidities of
IMPAC patients (n=3,589) and the control group (n=7,988). Before matching, IMPAC patients were older
(P<.001) and more likely to be male (P<.001) than controls. They were also more likely to have the
medical comorbidities shown in table 1 (P<.001 for all) except for disseminated cancer (P<.204). Urology
and breast surgeries were the most common (Supplemental Table 1).There were 57 deaths among study
participants within 30 days of surgery, 17/3572 (.47%) among IMPAC patients and 40/7948 (.50%)
among controls.

Initially, IMPAC and control groups were imbalanced due to signi�cant differences in the following
variables: age group, sex, ASA class, BMI class, COPD, diabetes, dyspnea, hypertension, and smoking
within the last year. The matching procedure identi�ed 2,804 matched pairs and substantially reduced the
imbalance on the variables used for matching (absolute standardized differences <10%, Supplemental
Table 2). The univariate logistic regression results after matching are shown in Supplemental Table 3. In
the multivariate logistic regression model (Table 2), the odds of death were 6.77 times higher in patients
who had used steroids (95% CI=3.00, 15.30; P<.001), 11.70 times higher in patients with sepsis (95%
CI=4.60, 29.70; P<.001), and 5.39 times higher in patients with dyspnea (95% CI=2.42, 12.00; P<.001).
After adjusting for these other predictors, the odds of death within 30 days was lower (.39, 95% CI=.18,
.84; P<.001) among IMPAC patients compared to controls.

Discussion
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In this retrospective study, patients with cancer who underwent a preoperative internal medicine
evaluation before elective surgery had lower odds of death in the 30 days after surgery than did matched
control patients who did not. The IMPAC evaluation included multiple features that improved patient care.
IMPAC clinicians performed evidence-based management of comorbidities, including anticoagulation,
diabetes, and hypertension.12 IMPAC clinicians placed orders directly rather than requiring surgeons to
enact recommendations. Finally, while the IMPAC evaluation was generally a one-time visit, the staff
identi�ed high-risk patients for close follow-up by the inpatient general internal medicine consultation
service during the postoperative period.

Our results are consistent with those of another study of 5,000 patients undergoing a preoperative
internal medicine evaluation prior to elective surgery that showed a decrease in inpatient mortality
(1.27–.36%, P < .05).5 In contrast, a retrospective study of 250,000 patients undergoing major elective,
non-cardiac surgery in Canada found that a preoperative internal medicine evaluation was associated
with an increased risk of 30-day mortality (RR = 1.16, 95% CI = 1.07–1.25).8 It is possible that this study
was limited by the ability to adjust for the increased likelihood of being referred for a preoperative internal
medicine evaluation among those with more chronic illnesses. To our knowledge, no published studies
have speci�cally assessed the effect of preoperative internal medicine evaluations on clinical outcomes
in patients with cancer. Future research focused on preoperative management is needed in order to
identify strategies that may improve clinical outcomes.

As expected, we found that the presence of sepsis, chronic steroid use, or dyspnea prior to surgery was
associated with an increased odds of death within 30 days after surgery. These results are consistent
with prior research using NSQIP data that showed an increased risk of 30-day mortality among cancer
and non-cancer patients with these conditions.13

Our study had limitations. As we evaluated patients who underwent elective surgery for cancer diagnoses,
our results may not be generalizable to other populations. Patients who were referred for an IMPAC
evaluation may have had a greater comorbidity burden than those who were not referred. However,
because we implemented propensity score matching, those potential differences were likely minimized.

Conclusions
In summary, we found that preoperative internal medicine evaluation prior to elective surgery was
associated with a lower risk of 30-day mortality among patients with cancer. While patients may bene�t
from seeing a general internist prior to surgery, further research is needed to determine which preoperative
interventions affect outcomes and which patients are most likely to bene�t.

List Of Abbreviations
ASA, American Society of Anesthesiology
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BMI, body mass index

CI, con�dence interval

COPD, chronic obstructive pulmonary disease

IMPAC, Internal Medicine Perioperative Assessment Center

NSQIP, National Surgical Quality Improvement Program

RR, relative risk

SIRS, systemic in�ammatory response syndrome

OR, odds ratio
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Characteristic IMPAC (n = 3589), n
(%)

Controls (n = 7988), n (%) P Value

Age group (years)     <.001

  <65 1805 (50) 6118 (77)  

  65-74 1188 (33) 1419 (18)  

  75-84 493 (14) 393 (5)  

  ≥85 103 (3) 58 (1)  

Sex     <.001

  Female 1844 (51) 4846 (61)  

  Male 1745 (49) 3142 (39)  

ASA class     <.001

  1-2 312 (9) 1991 (25)  

  3-5 3258 (91) 5917 (75)  

BMI class (kg/m2)     <.001

  Underweight or normal
(≤24.9)

898 (25) 2553 (32)  

  Overweight (≥25) 2691 (75) 5435 (68)  

COPD 187 (5) 136 (2) <.001

Congestive heart failure 24 (1) 7 (0) <.001

Diabetes 831 (23) 558 (7) <.001

Dialysis 13 (0) 9 (0) .004

Disseminated cancer 428 (12) 1020 (13) .204

Dyspnea 309 (9) 305 (4) <.001

Hypertension 2307 (64) 2662 (33) <.001

Smoking within the last year 506 (14) 834 (10) <.001

Emergency Case 22 (1) 86 (1) .016

Abbreviations: ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary
disease; BMI, body mass index.
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TABLE 2. Multivariate Logistic Regression Model of 30-Day Mortality by Order in Model

Order Parameter OR (95% CI) P Value

Always in IMPAC admission    

  No Ref  

  Yes 0.39 (.18, .84) .016

1 Sepsis    

  None Ref  

  SIRS, sepsis, or septic shock 11.7 (4.60, 29.7) <.001

2 Steroid use for chronic condition    

  No Ref  

  Yes 6.77 (3.00, 15.3) <.001

3 Dyspnea    

  No Ref  

  Moderate exertion and at rest 5.39 (2.42, 12.0) <.001

Abbreviations: OR, odds ratio; CI, con�dence interval; IMPAC, Internal Medicine Perioperative Assessment
Center, SIRS, systemic in�ammatory response syndrome.
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