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Introduction: Surgeons struggle to counsel families on the role of surgery and likelihood of survival in the mori-
bund patient. We sought to develop a risk prediction model for postoperative inpatient death for the moribund
surgical candidate.
Materials and methods: Using 2007-2012 American College of Surgeons National Surgical Quality Improvement
Program data, we identified American Society of Anesthesiologists class 5 (moribund) patients. The sample
was randomly divided into development and validation cohorts. In the development cohort, preoperative patient
characteristics were evaluated. The primary outcome measure was in-hospital mortality. Factors significant in
univariate analysiswere entered into amultivariablemodel; pointswere assigned based on β coefficients. A scor-
ing system was generated to predict inpatient mortality. Models were developed separately for operations per-
formed within and after 24 hours of admission, and tested on the validation cohort.
Results: A total of 3120 patients were included. In-hospital mortality was 50.6%. Inmultivariable analysis, patient
characteristics associatedwith in-hospitalmortality were age, functional status, recent dialysis, recentmyocardi-
al infarction, ventilator dependence, body mass index, and procedure type. The scoring system generated from
this model accurately predicted in-hospital mortality for patients undergoing surgery within and after 24 hours.
Conclusion: A simple risk prediction model using readily available preoperative patient characteristics accurately
predicts postoperativemortality in themoribund surgical patient. This scoring system can assist in decisionmaking.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Surgical evaluation of the moribund patient is fraught with difficult
decisions, perhaps themost important of which is the decision whether
or not to offer an operation. The termmoribund literally means “close to
death’s door” [1]. Because certain critical clinical situations exist

where death is certain without surgery, the American Society of Anes-
thesiologists (ASA) Physical Status classification system includes ASA
class 5 to describe patients who are “moribund [and] not expected to
survive without the operation” [2]. Although death without operation
is expected in this cohort of surgical patients, the likelihood of survival
with operation is often unclear.

The ability to predict the survival of amoribund patient following an
operation plays a critical role both in the surgeon’s decision to offer an
operation and in a patient’s or surrogate decision maker’s decision to
consent to an operation. Recent literature demonstrates a nearly 50%
30-day postoperative survival rate in moribund surgical patients [3],
but data on factors associated with survival are lacking. Therefore, it is
difficult to provide patients and their family members with information
on the best course of action for a specific patient.

Much of the difficulty in preoperative prognostication in mori-
bund patients lies in the lack of high-quality data upon which to
build predictive models. Available large administrative databases
such as the National Inpatient Sample provide robust sample sizes
but do not capture physiology or laboratory data, which are critically
important in developing appropriate risk-adjustedmodels in this pa-
tient population. Single-center databases may capture physiologic
and laboratory values but likely suffer from limited sample sizes
and unclear generalizability.
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The American College of Surgeons National Surgical Quality Im-
provement Project (ACS NSQIP) database is a national data set that cap-
tures preoperative andpostoperative information onmore than 500000
patient cases yearly.We hypothesized that, using this data set, we could
develop accurate mortality risk prediction models for moribund pa-
tients undergoing surgery. Furthermore, we hypothesized that risk fac-
tors for mortality would vary between those patients undergoing
surgery on admission and those undergoing surgery greater than
1 day after admission. The goal of our efforts was to generate a clinical
useful mortality risk prediction model to inform both surgeons and
their patients.

2. Materials and methods

Weconducted a retrospective cohort study using theACSNSQIP Par-
ticipant Use File (PUF) from 2007 to 2012. The PUF was obtained from
the NSQIP Web site. The PUFs are compliant with the Health Insurance
Portability and Accountability Act; and as such, no identifying patient
information was included. Hospital and provider information is not in-
cluded in the ACS NSQIP file. The validity of the ACS NSQIP PUF has
been described elsewhere [4–6]. In 2007, 183 hospitals participated in
the ACS NSQIP; and in 2012, 374 hospitals participated. Data were col-
lected for 214 variables describing patient characteristics, preoperative
and postoperative events, and mortality [7].

We identified all ASA class 5 patients undergoing surgery by a gen-
eral surgeon for inclusion in the study. Patients were excluded from
the study if a non–general surgeon performed the operation, as a
proxy for eliminating patients who underwent non–general surgical
procedures. Patients were also excluded if the index operation was re-
ported as “elective,” as this may have represented a palliative interven-
tion rather than a potentially curative one. No trauma patients were
included in the study, as these patients are excluded from the ACS
NSQIP PUF [7]. The remaining cases were then randomly divided into
a development cohort and a validation cohort in a 3:1 ratio.

Only variables containing information that would have been known
or readily available to the surgeon at the time of surgical decision mak-
ing were evaluated for inclusion in the prediction model. These charac-
teristics included patient demographics: age, sex, race, bodymass index
(BMI), admission source, and functional status. Agewas grouped into 20
to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, 70 to 79, and 80 years of age
or greater. We categorized BMI (kg/m2) into underweight (BMI b 18.5),
normal (18.5-24.9), overweight (25.0-29.9), and obese (N30.0) using
the World Health Organization classification system [8]. Admission
source refers to the method of the patient’s admission to the hospital:
transfer from an acute care hospital vs admission fromhomeor a chron-
ic care facility via the emergency room. Functional statuswas defined as
fully dependent or partially dependent/fully independent.We also eval-
uated patient comorbidities (history of diabetes, history of chronic
obstructive pulmonary disease, ventilator dependence, current pneu-
monia, history of congestive heart failure, history of myocardial infarc-
tion, need for dialysis within 30 days, acute renal failure, systemic
sepsis) and laboratory values (sodium, creatinine, albumin, white
blood cell count, hematocrit, platelet count, international normalized
ratio of prothrombin time values, partial thromboplastin time). Because
surgeons often know the general type of procedure that will be per-
formed, we grouped the index operation into 1 of 4 categories by
CPT code: skin and soft tissue, laparotomy, thoracotomy, and vascu-
lar (Table 1). Univariate analyses were then performed using these
preoperative characteristics on the derivation cohort. The primary
outcome measure was inpatient death. A P value of b .1 in univariate
analysis was used as the threshold for including a variable in the
multivariate model.

Multivariable logistic regressionwas performed to evaluate the rela-
tionship between inpatient death and patient characteristics found to
be significantly associated with inpatient death in univariate analyses.
Characteristics that remained significantly associated with death in

the regression model were then used to generate a simple scoring sys-
tem to predict inpatient death (P b .05). A weighted point system was
developed using the β coefficients from the multivariable analysis. The
reference groups in the regression, as well as variables with negative
or nonsignificant β coefficients, were assigned 0 point. Variables were
assigned a point value of 1 if the associated β coefficient was less than
0.5, a point value of 2 if the associated β coefficient was 0.5 to 1, and a
point value of 3 if the associated β coefficient was greater than 1. Ob-
served and predicted mortality rates for each point value were calculat-
ed. Model performance was then tested on the validation cohort.
Discrimination and validation were tested using the C statistic and
Hosmer-Lemeshow goodness-of-fit tests.

Within the derivation cohort, models were developed separately for
patientswho received the index operationwithin 24hours of admission
and patients who received the index operation at least 1 day after ad-
mission. Thiswas done to differentiate between patientswhopresented
to the hospital in an acutely ill state and those whose condition deteri-
orated over the course of the hospital stay. All analyses were performed
independently for these 2 groups.

All data were transferred into STATA format using Stat/Transfer Ver-
sion 11.0 statistical program (Circle Systems Inc, Seattle, WA). All anal-
yses were performed with STATA 12.0/IC statistical software (STATA
Corp, College Station, TX). This studywas reviewed and deemed exempt
from approval by the University of Pennsylvania Institutional
Review Board.

3. Results

3.1. Patient demographics

We identified3120patients in theACSNSQIP PUF from2007 to 2012
who were ASA class 5 and received an emergent or urgent operation
from a general surgeon. Nearly half the patient population was female,
at 1508 (48.3%). Almost three quarters of the group were white (2285
patients or 73.2%), 12.8% were black (399 patients), 2.5% were Asian
(78), and 9.3% (290) had no race identified. The median age of the
group was 67 years, with an interquartile range of 57 to 78 years. One
fifth of the patients were older than 80 years (632 patients or 20.3%).
A total of 1057 patients received the surgery of interest within 24
hours of admission, whereas 2063 received the surgery of interest
after 1 day of admission. The overall mortality rate was 50.6% or
1579 patients.

The derivation and validation cohorts were similar in sex, median
age, race, and mortality rate. Overall inpatient death was 50.1% (1169
patients) in the derivation cohort and 52.2% (410) in the validation
cohort (P = .29). Analyses were then performed within the derivation
cohort for patients who received operations within 24 hours of
admission and for patients who received an operation at least 1 day
after admission.

The overwhelmingmajority of procedures performedwere laparoto-
mies (2868 or 91.9%). Vascular procedures accounted for 3.1% (n= 96);
thoracotomies, 0.8% (n= 26); and skin/soft tissue operations, 4.2% (n=
130). The procedure type distribution differed between the 2 groups:

Table 1
Categorization of procedures by CPT code for univariate analysis

Category CPT codes

Skin/soft tissue 10040-10999, 11000-11044, 12001-13160,
15570-15999, 19000-19240

Abdominal/laparotomy 38100-38780, 43280-45190, 45500-46320,
46700-47530, 47560-49999

Chest wall/thoracotomy 19260-19272, 31750-32999, 39000-39561,
43121

Vascular 34001-37799

CPT, Current Procedural Terminology.
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