J Gastrointest Surg (2009) 13:2152-2162
DOI 10.1007/s11605-009-1051-z

2009 SSAT PLENARY PRESENTATION

Preoperative Nomogram to Predict Risk of Perioperative
Mortality Following Pancreatic Resections for Malignancy

Chandrakanth Are - Chantal Afuh - Lavanya Ravipati -
Aaron Sasson + Fred Ullrich - Lynette Smith

Received: 4 June 2009 / Accepted: 11 September 2009 /Published online: 6 October 2009
© 2009 The Society for Surgery of the Alimentary Tract

Abstract

Introduction The majority of pancreatic resections for malignancy are performed in older patients with major comorbidities.
The aim of this study was to develop a preoperative nomogram based on the presence of comorbidities to predict risk of
perioperative mortality.

Materials and Methods The National Inpatient Sample database was queried to identify patients that underwent
pancreatectomy for malignancy. The preoperative comorbidities identified as predictors were used, and a nomogram was
created. Sample A (2000-2004) was utilized to develop the model, and sample B (2005) was utilized to validate this model.
Results The overall actual observed perioperative mortality rate for samples A and B was 6.3% and 5.2%, respectively. The
mean total points calculated for sample A by the nomogram was 131.7 that translates to a nomogram-predicted mortality
rate of 4.9%, which is similar to the actual mortality. The mean total points for sample B was 128.1, which translates to a
nomogram-predicted mortality rate of 4.6%. The similarity of mortality rates as predicted by the nomogram and a
concordance index of 0.76 shows good agreement between the data and the nomogram.

Conclusion This preoperative nomogram has been shown to accurately predict the risk of perioperative mortality following
pancreatectomy for malignancy.
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Pancreatic cancer is the fourth leading cause of cancer-
related death in the USA.! In the year 2008, 37,680 new
cases of pancreatic cancer were diagnosed that accounted
for 34,290 deaths.” Surgical resection is the only modality
that may offer hope for prolonging survival with reported
S-year survival rates ranging from 18% to 41% in selected
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patients.>* The advancement of surgical techniques has led
to a significant decrease in perioperative mortality over the
decades.” ™

Pancreatic cancer is a disease that predominantly afflicts
the elderly who are more likely to be infirm and suffer from
multiple pre-existing comorbidities. The pros and cons of
subjecting these patients to such major operations need to
be carefully weighed. The preoperative counseling of these
potentially operable and high-risk patients is critical to
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obtaining an adequately informed and shared consent. The
majority of surgeons rely on the published literature to
educate the individual patient on the likely rates of
perioperative mortality associated with the proposed proce-
dures. Although we have seen a decrease in the perioper-
ative mortality overall, there is a difference in the reported
perioperative morality rates published in the literature.”
The single-institution studies have reported a low perioper-
ative mortality rate of 1-2%, which may not be possible to
replicate at other institutions.” In contrast, population-
based studies have reported a higher perioperative mortality
rate ranging from 7.8% to 4.6%.° Although the population-
based data are a more accurate estimate of the national
perioperative mortality rates, it may be too generalized to
be applicable to that particular patient.

There is currently no specific method available to estimate
the risk of perioperative mortality for the individual patient
scheduled to undergo pancreatectomy for malignancy.
Nomograms are graphical devices or models that use
algorithms or mathematical formulae to estimate the proba-
bility of an outcome and are optimized for predictive
accuracy for each individual patient. The aims of this study
were to (1) develop a nomogram consisting of easily
available variables that can be utilized in the preoperative
setting to counsel individual patients about the perioperative
mortality associated with pancreatectomy for malignancy and
(2) to validate the proposed nomogram.

Materials and Methods
Data Source

The Nationwide Inpatient Sample (NIS) database was used
to look at inpatient mortality following pancreatectomy for
pancreatic neoplasms. The data were obtained from the
Nationwide Inpatient Sample, a database developed as part
of the Healthcare Cost and Ultilization Project (HCUP),
sponsored by the Agency for Healthcare Research and
Quality. The NIS is designed to approximate a 20% sample
of US hospitals. In 2005, the NIS data contained discharge
data from 1,054 hospitals located in 37 states (HCUP,
Nationwide Inpatient Sample, Rockville, MD: Agency for
Health Care Research and Quality; 2005). Additional
information about “NIS Overview” can be found at http://
www.hcup-us.ahrq.gov/nisoverview.jsp.

The data for this study were compiled from the 2000—
2005 versions of the NIS. All patients discharged with
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) procedure codes for
pancreatectomy (5251—proximal pancreatectomy, 5252—
distal pancreatectomy, 5253—radical subtotal pancreatec-
tomy, 5259—other partial pancreatectomy, 526—total

pancreatectomy, and 527—radical pancreatectomy) and diag-
nosis codes for malignant neoplasms of the pancreas (157.0—
head of pancreas, 157.1—body of pancreas, 157.2—tail of
pancreas, 157.3—pancreatic duct, 157.8—other specified
pancreas sites, and 157.9—pancreas, part unspecified) were
included. Data on patient age and sex, admission type,
hospital size and type, and pancreatectomy type were
extracted from the database. Perioperative mortality in the
NIS database is defined as any mortality following pancrea-
tectomy during that same hospital admission. Preoperative
comorbid conditions were identified using the taxonomy
published by Elixhauser et al.” A sample definition of some
of the comorbidities is shown in Table 1. A detailed
description of all the comorbidities used can be found
in the taxonomy published by Elixhauser et al.’” The
years 2000-2004 (sample A) were used to create a predic-
tive model, and year 2005 (sample B) was used for
validation of the model. The analysis was limited to adults
(age >18 years).

Statistical Methods

SAS software (SAS Institute Inc., Cary, NC, USA) and
SUDAAN®?® software were used for all statistical analysis to
account for the complex sampling design of NIS. Weighted
sample estimates, standard errors, and 95% confidence limits
were calculated using the Taylor expansion method. All
statistical tests were two-sided, and p values less than 0.05
were considered to be statistically significant.

Chi-square tests were used to compare perioperative
mortality rates by patient and hospital characteristics. We
developed a nomogram to estimate the probability of peri-
operative mortality following pancreatectomy for pancreatic
neoplasm. We first identified potential predictors of perioper-
ative mortality with a combination of clinical experience,
significance from the univariate chi-square tests, and avail-
ability at the time of admission. Multivariate logistic
regression was used to find a predictive model of perioper-
ative mortality. A nomogram was built using the techniques
described by Iasonos et al.” and Brittain et al.'” using NIS
data from 2000 to 2004 (sample A). This nomogram was
validated using calibration plots and with a concordance
index using data from NIS 2005 (sample B). Briefly, the
concordance index is calculated by comparing the patients
that had died to those that are alive in sample B. All possible
pairs are constructed between those who died and those
alive. For each pair, if the nomogram assigns a higher
probability of death to the patient who died than the one
alive, then the model matches the data, and the pair is said to
be concordant. The concordance index is the probability of
being concordant out of all possible dead/alive patient pairs.
A 95% confidence interval is presented for the concordance
index based on 10,000 bootstrapped samples. A calibration
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Table 1 Definition of Some of the Preoperative Comorbidities Used
to Construct the Nomogram as per the Taxonomy Published by
Elixhauser et al.”

Renal failure

403.11 Hypertensive renal disease, benign with renal
failure
403.91 Hypertensive renal disease, unspecified with renal
failure
404.12 Hypertensive heart and renal disease, benign with
congestive heart failure
404.92 Hypertensive heart and renal disease, unspecified
with congestive heart failure
585 Chronic renal failure
586 Renal failure, unspecified
V42.0 Kidney transplant
V45.1 Renal dialysis status
V56.0 Extracorporeal dialysis
V56.8 Other dialysis
Liver disease
070.32 Viral hepatitis B without mention of hepatic coma,
chronic without mention of hepatitis delta
070.33 Viral hepatitis B without mention of hepatic coma,
chronic with hepatitis delta
070.54 Chronic hepatitis C without mention of hepatic
coma
456.0 Esophageal varices with bleeding
456.1 Esophageal varices without mention of bleeding
456.20 Esophageal varices in diseases classified
elsewhere, with bleeding
456.21 Esophageal varices in diseases classified
elsewhere, without mention of bleeding
571.0 Alcoholic fatty liver
571.2 Alcoholic cirrhosis of liver
571.3 Alcoholic liver damage, unspecified
571.40— Chronic hepatitis
571.49
571.5 Cirrhosis of liver without mention of alcohol
571.6 Biliary cirrhosis
571.8 Other chronic nonalcoholic liver disease
571.9 Unspecified chronic liver disease without mention
of alcohol
572.3 Portal hypertension
572.8 Other sequelae of chronic liver disease
Vv42.7 Liver transplant
Hypertension, uncomplicated
401.1 Essential hypertension, benign
401.9 Essential hypertension, unspecified
Hypertension, complicated
402.10 Hypertensive heart disease, benign, without
congestive heart failure
402.90 Hypertensive heart disease, unspecified, without
congestive heart failure
404.10 Hypertensive heart and renal disease, benign
404.90 Hypertensive heart and renal disease, unspecified
405.11 Secondary hypertension, benign renovascular
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Table 1 (continued)

405.19 Secondary hypertension, benign other

405.91 Secondary hypertension, unspecified renovascular

405.99 Secondary hypertension, unspecified other
Diabetes, uncomplicated

250.00- Diabetes mellitus without complication, with

250.33 other ketoacidosis, with hyperosmolarity, with other

coma

Diabetes, complicated

250.40- Diabetes with renal or ophthalmic or neurological
250.73 manifestations or peripheral circulatory disorders
250.90- Diabetes with unspecified complications
250.93

plot is constructed by plotting predicted probabilities from
the nomogram versus the actual probabilities. For sample A,
deciles (quartiles for sample B due to smaller sample size) of
the predicted probabilities for the patients who died were
found, and the observed mortality proportions were deter-
mined for the decile groups, along with 95% confidence
intervals, and plotted. A perfectly predictive nomogram
should result in the observed and expected probabilities
falling along the 45° line.

Results

The total number of patients included in the study was
5,481 (weighted frequency of n=26,958). The mean age of
our sample was 64.9 (range, 18-98) with males accounting
for 51% of the patients. The number of patients included in
samples A and B were 4,482 (weighted n=21,981) and 999
(weighted n=4,977), respectively. The overall perioperative
mortality rate for the entire cohort of patients was 6.1%.
The perioperative mortality rate for samples A and B was
6.3% and 5.2%, respectively.

Tables 2 and 3 show the demographic, hospital, tumor
characteristics, and preoperative comorbidity details for
samples A and B as well as the estimated perioperative
mortality rates. The distribution of patient characteristics
is similar between samples A and B sets. There are
some differences in the significance level of perioperative
mortality comparisons between samples A and B, but the
majority of these differences are probably due to smaller
sample sizes in the 2005 dataset.

Table 4 shows the results of the multivariate models used
to predict perioperative mortality using the 2000-2004
dataset (sample A). Variables selected for the multivariate
model were chosen from a combination of clinical
experience and statistical significance. If the variable was
significant at the 0.05 level from the univariate chi-square
tests presented in Tables 2 and 3, they were included in the
model. If they were not significant at the 0.05 level but
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Table 2 Demographics, Hospital Status, Location of Neoplasm, and Type of Resection
2000-2004 (sample A) 2005 (sample B)
Weighted  Percent  Mortality p Weighted  Percent  Mortality p
frequency frequency
Age <70 13,920 63.3 4.7 <0.0001 3,103 62.3 4.2 0.077
>70 8,060 36.7 9.0 1,874 37.7 7.0
Sex Male 11,293 51.4 7.3 0.0055 2,447 494 3.6 0.019
Female 10,682 48.6 5.3 2,509 50.6 6.9
Race White 13,241 79.7 59 0.70 2,704 76.0 4.7 0.022
Non-white 3,363 20.3 6.3 855 24.0 8.9
Admission type Non-elective 5,212 26.9 9.7 <0.0001 1,000 24.3 8.4 0.017
Elective 14,136 73.1 5.0 3,117 75.7 4.5
Length of stay <10 days 8,379 39.0 5.4 0.078 2,274 45.7 44 0.29
>10 days 13,601 61.0 6.8 2,703 54.3 5.9
Hospital size Small 1,290 5.9 9.4 0.030 345 6.9 10.1 0.0012
Medium 3,754 17.1 7.6 806 16.2 10.3
Large 16,937 77.1 5.8 3,826 76.9 3.7
Hospital type Non-teaching 6,065 27.6 93 <0.0001 1,175 23.6 8.9 0.0035
Teaching 15,916 72.4 5.1 3,802 76.4 4.1
Pancreas Neoplasm Location = Head 13,641 62.1 6.0 0.31 3,006 60.4 5.5 0.70
Other site 8,339 379 6.7 1,971 39.6 4.9
Pancreatectomy type Proximal 346 1.6 5.7 0.027 51 1.0 0.0 NE
Distal 3,770 17.2 5.1 982 19.7 3.0

NE not estimable

deemed important based on clinical experience, they were
also included in the model. Due to the overlap in the ICD-9
codes, statistical requirements, and to keep the nomogram
simple, we used the pancreatectomy codes for “distal,”
“radical,” and “other” only for inclusion. Presented are
adjusted odds ratios with 95% confidence intervals, the (3
coefficient and standard error, the Wald p value, and the
total points for that variable estimated from the multivariate
logistic model. These variables were used to construct a
nomogram as shown in Fig. 1. For each patient, all the
variables will be plotted in the nomogram to calculate the
total number of points. The total points are now added to
obtain an estimate of the likely perioperative mortality
following pancreatectomy. For example, a patient seen in
our clinic with the preoperative comorbidities as shown in
Fig. 2 will be assigned a total of 208.2 points that translates
to a nomogram-predicted perioperative mortality of approxi-
mately 18%.

Validation of the Nomogram

The total number of points was calculated for each patient
in sample A (2000-2004 dataset). The mean total points for
the entire sample A is 131.7 (SE=1.54) and ranges from 7.7
to 339.8. The mean total points for sample A of 131.7

correspond to approximately a 5% nomogram-predicted
perioperative mortality rate which is similar to the actual
observed perioperative mortality rate of 6.3%. The nomo-
gram was validated using the NIS 2005 dataset (sample B).
The mean total points for sample B is 128.1 (SE=1.62) and
ranges from 7.7 to 367.9. This approximates to a nomogram-
predicted perioperative mortality rate of 4.6%, which is close
to the actual observed perioperative mortality rate of 5.2%.
The concordance index was found to be excellent at 0.76
with a 95% confidence interval of 0.69 to 0.83.

In addition to the concordance index, we performed
validation of the nomogram by creating calibration plots.
Calibration of the nomogram was examined by looking at the
observed perioperative mortality versus the model-predicted
perioperative mortality. First, we looked at the 20002004
data (sample A) that were used to build the nomogram
(Fig. 3). The predicted probabilities extend from a minimum
of 0.0054 to a maximum of 0.687. The observed perioper-
ative mortality rates were calculated for the predicted
probability deciles along with 95% confidence intervals
and plotted against the predicted probabilities. There is
excellent agreement between the observed and predicted
probabilities. In the validation set, sample B (Fig. 4), the
predicted probabilities extend from a minimum of 0.0054 to
a maximum of 0.786. The observed perioperative mortality
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Table 3 Preoperative Comorbidities

Comorbidities 2000-2004 (sample A) 2005 (sample B)
Weighted Percent Mortality  p Weighted Percent Mortality  p
frequency frequency

CHF No 21,092 96.0 5.8 <0.0001 4,761 95.7 4.6 <0.0001
Yes 889 4.0 18.5 216 43 18.5

Cardiac arrhythmia No 19,665 89.5 5.7 <0.0001 4,292 86.2 4.8 0.14
Yes 2,315 10.5 11.1 685 13.8 7.9

Valvular disease No 21,396 97.3 6.2 0.12 4,803 96.5 5.1 0.37
Yes 584 2.7 9.8 175 35 8.6

Pulmonary circ disorder No 21,906 99.7 6.2 0.026 4,956 99.6 5.3 NE
Yes 75 0.3 20.3 21 0.4 0.0

Peripheral vascular disease No 21,565 98.1 6.2 0.45 4,855 97.5 5.3 0.82
Yes 415 1.9 8.2 123 2.5 4.2

Hypertension, uncomplicated No 14,093 64.1 7.4 <0.0001 2,835 57.0 7.8 <0.0001
Yes 7,887 35.9 43 2,142 43.0 1.9

Hypertension complicated No 21,903 99.6 6.3 0.97 4,972 99.9 5.2 NE
Yes 78 0.4 6.1 5 0.1 0.0

Paralysis No 21,956 99.9 6.3 NE 4,967 99.8 52 NE
Yes 25 0.1 0.0 10 0.2 0.0

Other neurological disease No 21,766 99.0 6.1 0.0002 4,936 99.2 4.9 <0.0001
Yes 215 1.0 20.5 41 0.8 48.9

COPD No 19,394 88.2 6.1 0.11 4,434 89.1 53 0.71
Yes 2,586 11.8 7.8 543 10.9 4.5

Diabetes uncomplicated No 16,796 76.4 6.8 0.0079 3,905 78.5 6.0 0.026
Yes 5,185 23.6 4.6 1,072 21.5 2.3

Diabetes complicated No 21,638 98.4 6.3 0.92 4,886 98.2 5.3 NE
Yes 343 1.6 6.0 91 1.8 0.0

Hypothyroid No 20,655 94.0 6.5 0.014 4,611 92.6 5.4 0.40
Yes 1,326 6.0 2.9 366 7.4 3.1

Renal failure No 21,776 99.1 6.0 <0.0001 4,913 98.7 5.1 0.14
Yes 205 0.9 35.6 64 1.3 14.1

liver disease No 21,283 96.8 6.0 0.0002 4,819 96.8 52 0.82
Yes 697 32 13.6 159 32 6.1

Peptic ulcer No 21,597 98.3 6.3 0.29 4,903 98.5 52 0.79
Yes 384 1.7 35 74 1.5 6.8

AIDS No 21,963 99.9 6.3 NE 4,972 99.9 5.2 NE
Yes 18 0.1 0.0 5 0.1 0.0

Obesity No 21,532 98.0 6.4 0.12 4,867 97.8 5.4 NE
Yes 449 2.0 2.3 110 2.2 0.0

Comorbidities <3 19,975 90.9 6.2 0.54 4,439 89.2 53 0.73
>3 2,006 9.1 7.0 538 10.8 4.5

CHF chronic heart failure, COPD chronic obstructive pulmonary disease, NE not estimable

rates were calculated for the predicted probability quartiles  Discussion

along with 95% confidence intervals and plotted against the

predicted probabilities. There is excellent agreement be-  The majority of patients that present with pancreatic
tween the observed and predicted probabilities for the last ~ malignancies are elderly with likely multiple pre-existing
three quartiles and a slight over estimate of the mortality rate ~ comorbidities. The preoperative counseling to obtain
in the first quartile. consent is vital before subjecting this group of high-risk
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Table 4 NIS Data 20002004 (Sample A) Looking at Inpatient Mortality Following Pancreatectomy for Pancreatic Neoplasm: Multivariate

Models
OR Lower 95% Upper 95% {3 coefficient SE Wald F Total
CI CI p value points
Intercept —5.36 0.52

Renal failure Yes vs no 6.13 2.88 13.08 1.81 0.39 <0.0001 100
Other neurological disease Yes vs no 3.81 1.6 9.07 1.34 0.44 0.0025 74.0
Hypothyroid No vs yes 2.66 1.11 6.38 0.98 0.45 0.028 54.1
CHF Yes vs no 2.29 1.42 3.69 0.83 0.24 0.0007 45.9
Liver disease Yes vs no 1.99 1.08 3.66 0.69 0.31 0.026 38.1
Age >70 1.84 1.38 2.46 0.61 0.15 <0.0001 33.7
Admission type Non-elective 1.77 1.32 2.37 0.57 0.15 0.0002 31.5
Hypertension, uncomplicated No vs yes 1.66 1.22 2.26 0.5 0.2 0.0013 28.2
Hospital type Non-teaching 1.5 1.1 2.05 0.41 0.16 0.011 22.7
Cardiac arrhythmia Yes vs no 1.48 0.99 2.22 0.39 0.21 0.055 21.5
Hospital size Small/medium 1.41 1.01 1.96 0.34 0.17 0.045 18.8
Diabetes uncomplicated No vs yes 1.34 0.95 1.89 0.29 0.18 0.10 16.0
COPD Yes vs no 1.21 0.83 1.77 0.19 0.19 0.32 10.5
Sex Male 1.17 0.89 1.54 0.16 0.14 0.26 8.8
Pancreatectomy type Radical vs distal 1.15 0.78 1.69 0.14 0.2 0.52 7.7
Other vs distal 1.36 0.8 233 0.31 0.27 17.1

CHF chronic heart failure, COPD chronic obstructive pulmonary disease

patients to complex pancreatic resections. It is during this
counseling that the risks and benefits of the procedure are
explained to provide the platform upon which an informed
consent is obtained. The published perioperative mortality
rates following pancreatectomy are conflicting and range
from 1-2% (single-institution data) to 7-8% (population-
based data).> ® Asiyanbola et al.'' noted a similar discrep-
ancy in perioperative mortality rate for hepatic resections
between single-institution and population-based studies.

Similarly, the data on the effect of several variables on
the perioperative outcome following pancreatectomy for
malignancy are also conflicting. Sohn et al.'? analyzed their
single-institution database of 727 patients and noted that
pancreaticoduodenectomy can be safely performed in octo-
genarians with outcomes similar to younger patients. In an
update on the single-institution data, Makary et al."’
cluded that pancreaticoduodenectomy can be safely per-
formed in nonagenarians. In contrast, a population-based
study from Texas'* found that unadjusted in-hospital mor-
tality increased with increasing age from 2.4% (<60 years) to
11.4% (>80 years of age).

The benefit of undergoing resection at high-volume
centers has led to regionalization of care for patients with
pancreatic malignancies.'>'® The data are confusing in
defining what is high volume and also whether volume
should be defined based on the physician or the hospital. In
a study of the National Inpatient Sample database, Meguid

con-

et al.!” noted that volume alone accounted for less than 2%

of data variance in perioperative mortality following
pancreatic resection. This led them to suggest that volume
alone is an imperfect surrogate of outcomes. Similarly, Riall
et al."® noted significant variability even among high-volume
centers reiterating that volume is not a reliable single mea-
sure of quality or outcomes following pancreatic surgery.
The current data make it difficult to estimate the individual
risk for each particular patient. The ability to estimate the
individual risk of perioperative mortality following pancrea-
tectomy for malignancy is important for the patient as well as
the surgeon. Nomograms are graphical devices or models that
use algorithms or mathematical formulae to estimate the
probability of an outcome and are optimized for predictive
accuracy for each individual patient.'””° Nomograms allow
physicians to tailor decisions to the individual patient rather
than applying a “one-size fits all” approach to medical
decision-making. Nomograms permit the use of all the
important available parameters or risk factors so that an
accurate prediction model can be constructed. Nomograms
allow continuous variables to remain continuous to maximize
the predictive power. More importantly, nomograms can be
continuously updated based on available new clinical infor-
mation thereby adding to the accuracy of the predictions.
The benefit of post-operative nomograms in predicting
long-term survival has been proven in patients with cancer
of various organ systems.?' >* These nomograms obtained
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Points 0 10 20 30 40 S0 60 70 80 90 100
Renal Failure No Yes (100)
Other Neurological Disorders  NC Yes (74)

Yes No(54)
Hypothyroid

Yes (46)
CHF No
Yes (38

Liver Disease No es (38)
Age <70yrs >70yrs (34)
Admission Type Elective Non-elective (32)

Yes No (28,
HTN Uncomplicated 0(28)

ing Non-teaching (23

Hospital Type Teaching 8(23)
Cardiac Arrhythmia No Yes (21.5)

Large Small/Med (19
Hospital Size g / (19)
Diabetes Uncomplicated yes No(16)
COPD No  Yes (10.5)
Sex Female Male(9)

Distal (0)
Pancreatectomy Radical (7.7)
Type —

Other (17)
40 80 120 160 2({0 240 2?0 320 360 400
. 19 ] | ] ] | | |

Total Points I T T T T 1 T 1 1 '
Percentage O.L% I.L)% ZL% 4'0% 7!8 b 14!9% ZJ.G% 42.&% 50!5% 76!1% 86.846

Figure 1 The constructed nomogram.

in the postoperative period consist of various known
prognostic factors and are used to define and predict long-
term outcome. Recently, we have seen the development of
preoperative nomograms to predict the risk of complica-
tions associated with particular surgical procedures.>**> Lin
et al?* developed a preoperative nomogram to predict
complications associated with various types of breast
reconstruction procedures following mastectomy. Lagarde
et al.”> constructed a nomogram that can help predict the
severity of complications in the preoperative setting for
patients scheduled for esophagectomy. The aim of this
study therefore was to develop and validate a nomogram
consisting of easily available variables that can be utilized
in the preoperative setting to counsel individual patients
about the perioperative mortality associated with pancrea-
tectomy for malignancy.

The results of our study revealed good correlation
between the nomogram-predicted perioperative mortality
rate and the actual observed perioperative mortality rate for
both samples A and B. The concordance index was found
to be 0.76 with a 95% confidence interval of 0.69 to 0.83

@ Springer

and is evident with the good agreement between the
predicted and observed perioperative mortality rates. In
addition, we found excellent agreement between the
observed and nomogram-predicted perioperative mortality
rates on the calibration plots for both samples A and B.
The variables selected for use in constructing the nomo-
gram were based on statistical significance on multivariate
analysis as well as clinical significance. The clinical
variables included were the ones known to have a likely
impact on clinical outcome. It is known that omitting
clinically relevant variables can compromise predictive
accuracy of the nomogram.”® Brennan et al.>* developed
a prognostic nomogram for patients with adenocarcinoma
of the pancreas that included several nonsignificant varia-
bles such as sex, margin status, number of negative nodes,
and T stage. Although these included variables were not
significant on multivariable analysis, the developed nomo-
gram predictions discriminated better than the American
Joint Commission on Cancer staging (0.64 vs 0.56,
p<0.001). Similarly, Wong et al.”’ developed a prognostic
nomogram for melanoma patients that included clinician-
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Points 1] 10 20 30 40 50 60 70 80 90 100
Renal Failure No | Yes (100)|
Other Neurological Disorders N2 Yes (74)
; Yes No (54)
Hypothyroid
N Yes (46)
CHF 2 I l
Yes (38
Liver Disease No e (38)
Age <70yrs >70yrs (34)
Admission Type Elective Non-elective (32)
Yes IN I
HTN Uncomplicated | 0(28)
Teaching Mon-teaching (23
Hospital Type — 8(23)
Cardiac Arrhythmia No Yes (21.5)
. ’ Large Small/Med(19)
Hospital Size 8
| Diabetes Uncomplicated I yes
COPD @
Sex Female  Male (9)
Distal (0) 208 2
Pancreatectomy
Type :
Otheril}‘i 1
40 80 120 160 z‘io 240 280 320 360 400
, 10 | | | 1 | | | | |
Total Points ! ' i ' 4 + . k- : . ]
Percentage o.l:‘% I.LJ% 2.&]% 4.|o% 7!8% 1a|.9% zel.s% 41&% 50!5% ?5!1% 35_3&,

Figure 2 An example of using the nomogram. This 68-year-old female patient seen in our clinic with multiple shown preoperative comorbidities
has a total of assigned points of 208.2 that translates to a nomogram-predicted perioperative mortality rate of approximately 18%.

Calibration plot for Sample A Calibration plot for Sample B
1 2000-2004 1] 2005
c 5
. e
g
5 g
Z E
O o7 - 01
o
3 >
@ %
£ 5
o
0.01 0.07
0.01 i 0.1 . 1 0.01 . 0.1 .
Predicted Probability Predicted Probability
Figure 3 Validation of sample A (2000-2004). Figure 4 Validation of sample B (2005).
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selected variables only based on their practical prognostic
values.

There are several limitations to our study. The nomogram
does not include some other known risk factors and perioper-
ative variables such as ASA status, serum albumin, coronary
artery disease, texture of gland, size of duct, and blood loss.
Although these other variables are important determinants of
outcome, some of this perioperative information is only avail-
able after the patient has already consented for the procedure.
Similarly, the addition of more variables may increase the
complexity and limit the universal applicability. The limitations
of the utilized data source (NIS) allowed us to use the pre-
operative comorbidities as categorical variables rather than
continuous variables. It is likely that a nomogram that incorpo-
rates them as continuous variables may be more beneficial.
The purpose of this study was to develop a nomogram by
using variables that are widely and easily available in the
preoperative setting. This nomogram is not intended to substi-
tute for experience of the surgeon or to replace the established
process of obtaining an informed and shared consent. It is
hoped that this nomogram will play an additional role in
counseling these high-risk patients prior to surgery. The
simplicity of using this nomogram in the preoperative clinic
setting makes it easy for the individual patient to understand
their individual estimated risk of the proposed procedure. In
addition, this may also permit referring physicians without
expertise in pancreatic surgery to counsel patients before
referring to specialized institutions. The nomogram is currently
available for use at the following website- http://www.unmec.
edu/publichealth/pancreas nomogram.html.

Conclusion

In summary, we have developed a preoperative nomogram
to predict perioperative mortality following pancreatic
resection for malignancy. The nomogram was developed
by using variables that are easily and widely available in
the preoperative setting. The ease of use of this nomogram
will make it an additional tool in the preoperative
counseling of these high-risk patients prior to obtaining an
informed and shared consent. The value of this nomogram
can be confirmed following external validation.
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Discussant

Dr. Keith D. Lillemoe (Indianapolis): I’d like to con-
gratulate you for a great presentation. Your style of presenta-
tion and knowledge of the data were great. It was an
outstanding job by a medical student.

The authors have constructed a nomogram based upon
preoperative risk factors to predict perioperative mortality
following pancreatic resection. The product of their efforts
has been validated using a second patient sample from the
same database. This work seems like a natural extension
from prior publications from Memorial Sloan Kettering,
the institution where the senior author, Dr. Are did his
fellowship. Dr. Brennan and others at Memorial have
constructed nomograms to predict the long term survival
for many common tumors. The logic behind those nomo-
grams is that they can be used to guide adjuvant therapy for
patients at the greatest risk for recurrent disease.

I understand the reasons that you have provided us for
this nomogram and how it might be useful, but, again, to
bring up the point that was brought up on Saturday at the
Pancreas Club, Karl Bilimoria from Northwestern has
already demonstrated that we have a problem with people
with resectable cancers of the pancreas being denied
surgery, or even surgical consultation, because the opinions
of either their primary care physicians or other physicians,
that they are not surgical candidates.

This nomogram could provide ammunition for non-
surgeons to calculate their own predictions of mortality and
potentially deny resectable patients the potential for surgery.

Is this really what we want, to take these decisions out of
the hands of the surgeons and leave them in the hands of a
non-surgeon who can evaluate a nomogram based on a
series of risk factors that they can measure but without
surgical judgment.

I know databases have limitations, but you’re missing a
lot of important factors that might contribute to perioper-

ative risk such as serum albumin, ASA class, weight loss,
and coronary artery disease. You use size of hospital and
teaching hospitals as a surrogate, but these factors do not
necessarily reflect hospital volume or surgeon experience in
pancreatic surgery. You also could have included Leap Frog
criteria.

Finally, imitation is the highest form of flattery. At
Saturday’s Pancreas Club meeting, Jennifer Tseng and her
group presented an almost identical nomogram addressing
the same points that you did, only with a different database.

Despite the fact that these are both very nice papers, 1
predict that I will never use them. Rather, I am going to sit
down with the patient, going to look at all their comor-
bidities, at my own experience, and I am going to look at
the tumor, and I am going to put all these points together,
make the decision whether to offer the patient an operation.
I am not going to make this decision based on a calculated
nomogram, but surgical judgment and experience.

I have one final question. After using the nomogram to
determine that the lady you described with an 18%
mortality, Dr. Are, did you offer her an operation? And if
you did, then I can’t believe you really are going to ever
apply this nomogram.

Discussant

Dr. Sean Mulvihill (University of Utah, Salt Lake City,
Utah): I think Dr. Lillemoe was a little hard on you. I think
it actually would be useful to have a nomogram that you
could use to sit down with a patient and predict mortality.

The problem with your study is that it’s not applicable to
any individual hospital. So, for instance, in my own
hospital, of the last 173 Whipple resections we have done
there was one perioperative death, for a mortality rate of
0.7%. But in your inpatient sample, the mortality rate is far
higher. So we couldn’t use your nomogram except to
attribute an average mortality across the country. I think
most of us would believe that the average results in the
country are unacceptably poor right now.

The other weakness is that the inpatient sample is
notoriously inaccurate at describing patient comorbidities.
And if one looks, in contrast to your nomogram, at the
model that we have previously published from the NSQIP
program where the variables are more closely controlled,
it’s quite different. And so I think your study is useful, but
probably not the answer to this problem of prediction of
outcome.

Closing discussant

Chantal Afuh: That is a good point. As Dr. Are mentioned,
this is not a tool to replace experience. It is something that
may be used to help discuss these risks with patients.
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One may say to the patient, based on your health status,
the comorbidities you have, you may have an increased
risk, whether it be slightly increased risk to another patient
who does not have these additional health concerns.

There definitely are some institutions that have better
outcomes than the national average. It is possible that this is
something you may not wish to use at your institution to
replace what you all have done, but it may be useful to
supplement the conversation you have with the patient so that
they can better understand and provide informed consent.

Dr. Carlos Fernandez Del Castillo (Boston, MA): A
quick comment as I rise and share Dr. Lillemoe’s concern
that this study, as well as the one from the University of
Massachusetts, could generate nihilism in terms of the
applicability of pancreatic resection for patients with
pancreatic cancer, and can be used as an argument against

surgery.

@ Springer

Currently only 30% of pancreatic resections are done for
pancreatic cancer. Many others are done for benign disease,
like cystic tumors, where the risk profile could be very
different, including a higher risk of fistula, which in turn
can be a cause of death. So, I’'m not really sure this is really
generalizable.

Closing discussant

Chantal Afuh: That is a very good comment as well. The
purpose of our nomogram, however, is to be used when
patients do have a primary adenocarcinoma.

So this isn’t necessarily something that can be applicable
at large to different disease conditions of the pancreas or
periampullary conditions. It’s something to be used in this
particular situation, which is perioperative mortality fol-
lowing pancreatectomy for pancreatic malignancy.
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