
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Prognostication in esophageal cancer

Lagarde, S.M.

Publication date
2008

Link to publication

Citation for published version (APA):
Lagarde, S. M. (2008). Prognostication in esophageal cancer. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/prognostication-in-esophageal-cancer(afb10153-56a4-42e1-a93d-b9a4d044a485).html


12
Preoperative prediction of the occurrence and 
severity of complications after esophagectomy 

for cancer with use of a nomogram

Sjoerd M Lagarde

Johannes B Reitsma

Anna-Karin D Maris

Mark I van Berge Henegouwen

Olivier RC Busch

Huug Obertop

Aelko H Zwinderman

J Jan B van Lanschot

Annals of Thoracic Surgery In press



Abstract

Introduction
Predicting the severity of complications after esophagectomy may supply important 

information for both patient and surgeon. The aim of the present study was to develop 

a nomogram based on preoperative risk factors to predict the severity of complications in 

patients who undergo esophagectomy for cancer.

Patients and Methods
A consecutive series of 663 patients who underwent esophagectomy between January 1993 

and August 2005 was used to develop a prognostic model. The model was validated in a 

second group of patients who were operated between August 2005 and November 2006.  

Ordinal logistic regression analysis was performed to predict the severity of complications. 

Diverse simple and conventional preoperative risk factors were evaluated.  A nomogram was 

developed to enhance clinical applicability.

Results
Patients were divided into three complication categories; those who suffered from no 

complications (N=197), minor complications (N=354) and major complications (N=112).  The 

following predictors remained in the model after multivariate analysis; higher age (p=0.014), 

CVA/TIA (p=0.009) or myocardial infarction in the medical history (p=0.066), lower FEV1 

(p=0.030), presence of ECG-changes (p=0.008) and more extensive surgery (p<0.001). 

A nomogram based on these variables was constructed. Overall agreement between the 

predicted probabilities and the observed frequencies was good in the development and the 

validation set.

Conclusions
The nomogram predicts the severity of complications for individual patients and may help 

in informing the patient before undergoing esophagectomy for cancer and in choosing the 

optimal extent of surgery. When externally validated, the nomogram may play a role in risk-

adjusted audit of morbidity after esophagectomy.
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Introduction

Surgery is the best curative treatment option for esophageal cancer, but is accompanied 

by a high operative risk1,2. In high volume centers, the operative mortality risk has steadily 

decreased and is generally around 5%1,3-8. One of the possibilities to measure quality of care 

between hospitals is to compare the operative mortality rate. However, comparing hospitals 

by using crude in-hospital mortality rates can be misleading. Ideally this parameter should 

be corrected for the so-called case mix (age, general health and comorbidity). Risk-adjusted 

models which are based on predicting in-hospital mortality for individual patients have been 

developed9-11. However, these models all suffer from a low discriminative ability9-11 or even 

a lack of fit when externally validated12. In-hospital mortality is a relatively rare event in 

esophageal cancer surgery and therefore a model which includes other serious, but more 

frequent complications, is preferred. 

While mortality rates of around 5% can be reached in high volume centers, esophageal cancer 

resection is still associated with substantial morbidity. Early postoperative complication rates 

vary between 40 and 80%, depending on the applied criteria and depending on the extent 

of resection1,13,14. Complications can range from minor complications (e.g. urinary tract 

infection) to major complications (e.g. respiratory failure). Several previous studies focused 

on predisposing factors for complications after esophagectomy for cancer, but this did 

not result in reliable predictive models15-19, except for the specific prediction of pulmonary 

complications20. Models that focus on the presence of unspecified complications can not be 

used in esophageal surgery due to the large variation in the severity of complications21. The 

severity of complications22 was only taken into account in one study9 and was validated in 

a relatively small external series23. These studies describe three different risk groups. These 

groups have a relation with a normal, prolonged or severe postoperative course.  However, 

estimation of individual risk is not possible with use of this risk score. Predicting the severity 

of complications with use of preoperative risk factors may reveal important information for 

both patient and surgeon. Individualized risk assessment may help in choosing the optimal 

extent of surgery. So far, the severity of complications was never taken into account in 

predictive models.

To improve applicability of predictive models with diverse predictive factors nomograms have 

been developed. A nomogram gives a graphical representation of the predictive strength of 

individual predictors and enables clinicians to calculate an overall score for individual patients 

reflecting their personal risk. Nomograms are nowadays extensively applied to predict 

cancer recurrence after treatment24-26, but have recently also been designed to predict the 

probability of developing major complications after breast reconstruction27. The aim of the 

present study was to design a nomogram that can predict the severity of complications with 

use of conventional and widely available preoperative risk factors for patients undergoing 

potentially curative esophagectomy for cancer.
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Patients and Methods

Patients
The model was developed with data of a consecutive series of patients who underwent 

potentially curative esophagectomy for adenocarcinoma or squamous cell carcinoma of 

the esophagus or gastro-esophageal junction (GEJ) in the Academic Medical Center at the 

University of Amsterdam, the Netherlands, a tertiary referral center with a wide experience 

in esophageal surgery, between January 1993 and August 2005. Subsequently, the validity 

of the model was tested in a consecutive series of new patients who underwent potentially 

curative esophagectomy in the same hospital between August 2005 and November 

2006. Extensive preoperative staging had not revealed local irresectability and / or distant 

metastases (including tumor positive cervical lymph nodes or irresectable celiac nodes). All 

patients had a detailed preoperative assessment of their general health status and organ 

function (e.g. lung function tests, electrocardiography). 

Surgery was performed / supervised by an experienced surgeon (MIvBH, ORCB, HO, JJBvL). 

Both transhiatal and transthoracic esophagectomies were performed. Clinicopathological 

data from all operated patients were permanently collected in a prospective database. 

The study was approved by the Medical Ethical Committee of the Academic Medical Center 

at the University of Amsterdam and the necessity of an individual consent for the study was 

waived by this committee.

Definition of complications 
The severity of postoperative complications was graded according to the morbidity scale 

proposed by Dindo et al22. This classification system is based on the therapeutic consequences 

of complications and consists of five grades and two subgrades. Grade I complications do 

not need any medical or surgical intervention, grade II complications need pharmacological 

treatment, grade III complications need a radiological (grade IIIa) or operative (grade IIIb) 

reintervention, grade IV complications are life threatening and represent single organ (grade 

IVa) or multi organ (grade IVb) dysfunction. Finally, grade V complications are complications 

leading to death. Grading of complications was performed according to the most severe 

complication in each patient by a panel of four contributing authors (SML, MIvBH, ORCB and 

JJBvL). Subsequently, for the purpose of the present study, three categories of complications 

were defined by the above mentioned contributing authors (see Table 1); no complications 

(category 0), minor to moderate complications (category 1, grade I to IIIb) and severe 

complications (category 2, grade IVa, IVb and V).

Statistical analysis
A proportional odds model (ordinal logistic regression) was used to examine the association 

between potential predictors and the occurrence of complications classified in three categories 

of severity. The proportional odds model is an extension of the binary logistic regression 

model to the case of three or more outcome states that are naturally ordered28. Odds ratios 
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with 95% confidence intervals were used to quantify the strength of the association between 

predictors and severity of complications. Various readily available preoperative potential 

predictors were selected by a panel of four contributing authors (SML, MIvBH, ORCB and 

JJBvL). These factors included general predictors (e.g. age, sex, smoking) and predictors 

related with the medical history of the patients (e.g. myocardial infarction, hypertension). 

Function tests (lung function and electrocardiogram) and therapy related predictors (e.g. 

location of tumor, neoadjuvant chemoradiation therapy) were also selected. 

Predictors with a p-value of 0.10 or less in univariate analysis were all entered in a multivariate 

model. A nomogram was developed to visualize the prognostic strength of the different 

factors in a single figure and to calculate the expected distribution across the severity of 

complications based on a specific profile of a patient. In a backward elimination procedure 

(p<0.10 to stay in the model) the number of predictors was reduced to increase the practical 

applicability of the nomogram. The number of points for each predictor was based on the 

coefficient from the nomogram model by multiplying it by ten and rounding it to the lowest 

whole number. The total number of points derived by specifying values for all predictors was 

used to calculate the expected probability to develop no complications, minor to moderate 

complications and severe complications. This was visualized by a series of stacked bar-graphs 

for the three outcome categories across the range of predicted risks.

Because missing data result in loss of statistical power and can lead to possible bias, multiple 

imputation techniques were applied29,30. All predictors as well as the observed outcome 

together were used to impute missing values based on multivariate normal distributions 

using the Markov Chain Monte Carlo method. The coefficients of ten rounds of imputations 

were combined to obtain the final estimates and their 95% confidence intervals of the 

multivariate model. 

The fit and validity of models were checked in the following ways. The discriminatory 

properties of the model were examined by visualizing the distribution and degree of overlap 

in risk scores of individual patients within and between the three outcome categories. 

Subsequently, the discriminative ability was quantified by using the concordance (c) statistic. 

The c-statistic is a measure that can be interpreted as the probability among all possible 

pairs between patients from different outcome categories that the patient with the more 

severe complication also has the higher risk score. Values can range from 0.5 (due to chance; 

no discrimination) to 1.0 (perfect discrimination). The proportional odds assumption was 

evaluated by performing the test for parallel lines. Calibration was checked by comparing 

expected and observed number of patients in each of the three outcome categories across 

deciles of expected risk and tested for significance by using an extension of the Hosmer-

Lemeshow goodness-of-fit statistic31. All analyses were performed using SAS software 

version 9.1 (SAS Institute Inc.,Cary, NC, USA).
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Results

Between January 1993 and August 2005, a consecutive series of 663 patients underwent 

a macroscopically radical esophagectomy for squamous cell carcinoma (187 patients, 28%) 

or adenocarcinoma (476 patients, 72%) of the esophagus or GEJ.  Within this series, 466 

patients (70%) experienced at least one complication during their hospital stay. Patients 

were classified according to the severity of complications into three complication categories; 

no complications (category 0, N=197), minor to moderate complications (category 1, N=354) 

and major complications (category 2, N=112) (Table 1). In-hospital mortality was observed 

Table 1: Categorization of the severity of complications based on the classification according to 
Dindo et al20. Patients underwent esophagectomy for adeno- or squamous cell carcinoma of the 
esophagus or gastroesophageal junction. 

Complication category N examples of complications specific for 
esophageal surgery

Grade N (%)

0 = no complications 197 no complications 197 (30%)

1 = minor complications 354 atelectasis, vocal cord paresis or paralysis, 
radiological anastomotic leakage,

Grade I 133 (20%)

pneumonia, chyle leakage, pulmonary embolus Grade II 113 (17%)

anastomotic leakage requiring drainage, chest 
drain for pneumothorax or pleural empyema

Grade IIIa 36 (  5%)

any reoperation Grade IIIb 72 (11%)

2 = severe complications 112 requiring artificial ventilation, heart failure, 
ischemic stroke, renal insufficiency

Grade Iva   71 (11%)

combination of at least 2 complications classified 
as grade IVa

Grade Ivb   17 (  3%)

death Grade V   24 (  4%)

Table 2: Intensive care stay and hospital stay. Categories of complications were graded according 
to severity; no complications (category 0), minor to moderate complications (category 1) and severe 
complications (category 2).

No 
complications

n=197

Minor 
complications

n=354

Major 
complications

n=108

p-value

intensive care stay [days]

- median 1 2 10 <0.001

- p25 1 1 6

- p75 2 4 18

hospital stay [days]

- median 13 19 36 <0.001

- p25 12 15 19

- p75 15 26 38
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in 24 patients (3.6%). Eighteen patients died within 30 days (2.7%) and 31 patients (4.7%) 

died within 90 days after operation. Patients in the more severe complication category had 

significantly longer intensive care stays (p< 0.001) as well as longer hospital stays (p< 0.001)  

(Table 2). The diverse preoperative predictors that were tested for are given in Table 3.  

Descriptive data on the distribution of the various preoperative predictors in each of the three 

outcome categories are given in Table 3. Interestingly, ASA classification was not related with 

the severity of complications (p=0.294). Age (p=0.003, FEV1 (p=0.003), the occurrence of 

CVA/TIA (0.008) or myocardial infarction (p=0.007) in the medical history, the presence 

of q-waves and/or ST-T changes on the electrocardiogram (p<0.001) and a more extended 

transthoracic esophagectomy (p<0.001) were all associated with more severe complications 

in the univariate analysis. The presence of dyspnea or hypertension showed a trend towards 

significance (p=0.066 and p=0.072 respectively)

Table 3: Univariate analysis of potential preoperative  predictors for the severity of complications. 
Categories of complications were graded according to severity; no complications (category 0), minor 
to moderate complications (category 1) and severe complications (category 2).

Potential predictor Total
(N)

missing 
(N)

0
n=197

1
n=354

2
n=112

p-value

age [yrs]

- median 64 0 62 65 66 0.003

- p25 56 55 56 58

- p75 71 69 72 73

sex

- male 509 (77%) 0 150 (76%) 271 (77%) 88 (79%) 0.667

- female 154 (23%) 47 (24%) 83(23%) 24 (21%)

ASA classification

- 1 112 (17%) 7 37 (19%) 59 (17%) 16 (15%) 0.294

- 2 404 (62%) 120 (62%) 221 (63%) 63 (57%)

- 3 137 (21%) 36 (19%) 70 (20%) 31 (28%)

- 4 3 (0%) 1 (1%) 2(1%) 0 (0%)

percent weight loss [%]

- median 5 37 6 5 3 0.183

- p25 0 0 0 0

- p75 11 11 11 11

BMI

- median 24.49 50 24.44 24.48 24.80 0.473

- p25 21.87 21.45 21.97 22.00

- p75 26.92 27.34 27.14 27.15

alcohol intake [units a day]

- median 1 21 1 1 1 0.809

- p25 0 0 0 0

- p75 3 2.5 3 3
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smoking (1 yr before operation)

- no 379 (58%) 9 110 (58%) 210 (60%) 59 (53%) 0.581

- yes 275 (42%) 81 (42%) 141 (40%) 53 (47%)

presence of dyspnea 83 (13%) 4 21 (11%) 41 (12%) 21 (19%) 0.066

presence of pulmonary disease 
for which medication is used

52 (8%) 0 18 (9%) 25 (11%) 9 (8%) 0.856

preoperative FVC

- median 4.19 116 4.43 4.17 4.01 0.548

- p25 3.43 3.62 3.40 3.2

- p75 4.95 5.06 4.94 4.63

preoperative FEV1 [l/s]

- median 3.07 115 3.17 3.01 2.81 0.003

- p25 2.41 2.63 2.38 2.23

- p75 3.60 3.83 3.59 3.40

% predicted  FEV1 [%]

- median 99 149 105 99 94 0.002

- p25 88 93 88 80

- p75 113 115 113 105

serum creatinine [mmol/L]

- median 75 14 76 74 74 0.936

- p25 64 65 64 64

- p75 84 85 83 90

myocardial infarction 44 (7%) 0 7 (4%) 24 (7%) 13 (12%) 0.007

CVA / TIA 22 (3%) 0 4 (2%) 9 (3%) 9 (8%) 0.008

hypertension for which 
medication is used

140 (21%) 0 37 (19%) 71 (20%) 32 (29%) 0.072

q-waves and/or ST-T changes 54 (8%) 9 8 (4%) 28 (8%) 18 (17%) <0.001

diabetes for which medication 
is used

39 (6%) 0 12 (6%) 19 (5%) 8 (7%) 0.832

neoadjuvant therapy 140 (21%) 0 42 (21%) 73 (21%) 25 (22%) 0.911

location of tumor

- proximal or mid 150 (23%) 0 42 (21%) 72 (20%) 36 (30%) 0.243

type of operation

- limited (transhiatal) 424 (64%) 0 150 (76%) 221 (62%) 53 (47%) <0.001

- extended (transthoracic) 239 (36%) 47 (24%) 133 (38%) 59 (53%)

ASA = American Society for Anesthesiologists
BMI = body mass index
FVC =  forced vital capacity
FEV1 = forced expiratory volume in the first second 
CVA =  cerebrovascular accident
TIA = transient ischemic attack

Table 3: continued

Potential predictor Total
(N)

missing 
(N)

0
n=197

1
n=354

2
n=112

p-value
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Table 4: Remaining predictors of the nomogram model after backward elimination for the 
prediction of severity of complications. Results expressed as odds ratios (OR) and 95% confidence 
intervals (CI)

Factor Nomogram model
OR (95% CI)

P-value

transthoracic esophagectomy 2.64 (1.91-3.66) <0.001

q-waves and/or ST-T changes 2.16 (1.23-3.81) 0.008

history of CVA / TIA 3.06 (1.33-7.05) 0.009

age, one year increment 1.02 (1.00-1.04) 0.014

preoperative FEV1 [per l/s] 0.81 (0.67-0.98) 0.030

history of myocardial infarction 1.79 (0.96-3.32) 0.066

removed during backward elimination hypertension for which medication is used, presence of 
dyspnea, FEV1 = forced expiratory volume in the first second, CVA =  cerebrovascular accident
TIA = transient ischemic attack

Figure 1: Nomogram for prediction of severity of complications with use of preoperative risk-
factors. Complication categories are graded according to severity; no complications (category 0), 
minor to moderate complications (category 1) and major complications (category 2) 

Instruction: Locate the Age on the axis. Determine how many points the patient receives. Repeat 
this for each axis. Sum the points for all predictors and locate the sum on the Total points axis. 
Draw a line straight down to the bar graphs. Bar graphs represent the chance for an individual 
patient after esophagectomy for cancer to develop major, minor-to-moderate or no complications.

FEV1 = forced expiratory volume in the first second 
MI = myocardial infarction
TIA = transient ischemic attack
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All these variables were selected for multivariate analysis. Using backward elimination the 

following predictors remained in the model; age (0.014), the presence of CVA/TIA (p=0.009) 

or myocardial infarction in the medical history (p=0.066), FEV1 (p=0.030), the presence of 

q-waves and/or ST-T changes (p=0.008) and the operation type (p<0.001). The strength 

of the association using odds ratios and 95% confidence intervals are shown in Table 4. A 

nomogram based on these variables was constructed and is shown in Figure 1. The value 

of each predictor corresponds to a score. The scores for all predictors are summed to a 

total score, which is then translated into a probability for each of the three outcome states 

visualized by stacked bar graphs.

A graphical impression of the model’s discriminative ability is shown in Figure 2. This 

figure shows that although the mean risk score is significantly different between all three 

Figure 2: Distribution of risk score (by 
means of the total points derived by the 
nomogram) for the prediction of the 
severity of complications with use of 
preoperative risk-factors. complication 
categories are graded according to severity; 
no complications (category 0), minor to 
moderate complications (category 1) and 
severe complications (category 2)

complication categories (P<0.05), there is substantial overlap in the risk scores between 

patients from different categories of severity. This moderate discrimination is confirmed by 

a c-statistic of 0.65. Calibration plots for the prediction of the three outcome categories are 

shown in Figure 3. The goodness-of-fit test for ordinal models (p=0.366) indicated that the 

overall agreement between the predicted and actual probabilities was good.

The validity of the model was tested in an independent consecutive series of new patients 

(n=95) who underwent potentially curative esophagectomy for adenocarcinoma or 

squamous cell carcinoma of the esophagus or gastro-esophageal junction (GEJ) in the period 

immediately following the developmental set. The development and test set were comparable 

for case-mix.  As in the development set, a great overlap in distribution was seen, but again 
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the mean risk score was significantly different between all three complication categories 

(P<0.05). Calibration plots for the prediction of the three outcome categories are shown in 

Figure 4. The Hosmer-Lemeshow goodness-of-fit test indicated that the differences between 

the probabilities predicted by the model and the actual probabilities were small and non-

significant (p=0.626). Again a moderate discrimination was confirmed by a c-statistic of 

0.66.

Figure 4: Observed versus predicted plots for the prediction of the severity of complications in the 
nomogram validation set. The dotted line represents an optimal prediction of the predictive model. 
The three outcome categories are represented by the black line (no complications), blue line (minor 
to moderate complications) and red line (major complications) Observed proportions for each of the 
three categories are calculated for quartiles of the risk score and given with their 95% confidence 
interval.

Figure 3: Observed versus predicted plots for the prediction of the severity of complications in the 
nomogram development set. The dotted line represents an optimal performance of the predictive 
model. The three outcome categories are represented by the black line (no complications), blue line 
(minor to moderate complications) and red line (major complications). Observed proportions for 
each of the three categories are calculated for quartiles of the risk score and given with their 95% 
confidence interval. 
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Discussion

Esophagectomy is accompanied by a high operative risk1,2. On the basis of the present series 

of patients who underwent potentially curative resection for cancer of the esophagus or 

gastroesophageal junction, an ordinal regression model was developed to define a nomogram 

in order to predict the severity of complications for individual patients. Since individualized 

risk-assessment may help in informing the patient before surgery and in choosing the optimal 

extent of surgery, only preoperative risk factors were included in the model. The nomogram 

model showed moderate discrimination but good calibration in both the development and 

validation set.

Age, lung function and comorbidity were all significantly related with the severity of 

complications, but the discriminative ability of the nomogram risk score when combining 

these preoperative factors was only moderate. Partly, this could be expected since also 

other predictive models in esophageal surgery suffer from a low discriminative ability10,12,21. 

Apparently, in esophageal cancer surgery, patient related factors are not the only factors 

responsible for developing complications. In this complex and extensive type of surgery 

many more factors may all contribute to an increased risk for the severity of complications. 

First of all, unexpected complexities during surgery, resulting in a longer operation time or 

more blood loss, are not included. Also complexities during the early postoperative period 

are not included. For example, failing epidural analgesia after transthoracic esophagectomy 

leads to more complications, as was described recently32. The inclusion of those factors 

might increase the discriminatory effect of the nomogram, but can not be used in the 

preoperative setting, when treatment related decisions have to be made by the treating 

surgeon and the patient. Furthermore, our knowledge concerning the development of 

complications is still incomplete. Immune function and genetic alterations are known to be 

associated with increased susceptibility to infectious complications33. A recent study showed 

that preoperative interferon-γ determination helps in the prediction of postoperative major 

infectious complications after esophagectomy34. Another study found a predictive effect in 

the levels of secretory leukocyte protease inhibitor levels in bronchoalveolar lavage fluid35. 

An angiotensin-converting enzyme (ACE) insertion or deletion may play a role in affecting 

individual susceptibility to pulmonary complications after pulmonary injury36. Genetic 

polymorphisms of mannan-binding lectin (MBL) have recently been associated with infectious 

complications37. Probably, genetic and immunologic knowledge will rapidly increase and if 

proven useful, a predictive model could incorporate these molecular predictors. Finally, the 

grouping of complications also might have an effect in the moderate discriminatory ability. 

This grouping might result in a large heterogeneity within each group of complications. 

However, for both doctor and patient, the prediction of these three categories represents 

important information that can be helpful in clinical decision making.

Calibration of the nomogram model was good in both the development and the validation 

data set, which means that predictions for groups of patients with similar risk profile match 

the observed probabilities. For individual patients the model can provide an indication, but 
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certainly not a certitude that complications will occur22. The nomogram based on an ordinal 

logistic regression model not only predicts whether or not a complication will develop, it also 

provides information about the severity of complications. 

In esophageal cancer surgery, only one study developed a risk score which has a relation 

with the postoperative course. In a prospective analysis, it could be demonstrated that a 

consequent selection of patients based on this risk score could even reduce the postoperative 

mortality9. Recently another study confirmed that this individualized risk analysis may help to 

select patients for esophageal surgery based on this prediction of postoperative outcome23. 

These studies showed the importance of age and pulmonary status, which is in line with the 

present study. However, instead of a risk score, the present study presents a nomogram. This 

nomogram gives a graphical representation of the predictive strength of individual predictors 

and enables clinicians to calculate an overall score for individual patients reflecting their 

personal risk. Applying the nomogram only requires drawing lines and adding points for each 

individual predictor. This simplicity allows easy day-to-day clinical use for risk assessment in 

esophageal surgery. 

The ASA classification, which is used by anesthesiologists all around the world to assess 

operative risks, did not have any relation with the severity of complications. Probably, 

because ASA was originally developed for intraoperative problems of anesthesia.

In the present study, the nomogram was validated on a relatively small validation set of 

comparable patients who underwent esophagectomy in our hospital after the period of 

model development. Although calibration was good, it should be realized that this type 

of  validation does not address the wider issue of generizability in which the performance 

of the model is examined in other settings (hospitals) with possible differences in case mix 

and procedures. If adequate model performance can be achieved in other settings, the 

nomogram might be used to adjust for case mix when comparing hospital performance. 

High volume centers who specialize in esophageal surgery report decreasing mortality rates 

and report rates of less than five percent2-6,13. The association between hospital volume and 

operative mortality has been investigated since the 1990s and is well-documented in the 

literature. Nearly all the studies demonstrate that high-volume medical centers in esophageal 

cancer surgery consistently achieve lower mortality rates, which are around 5%2-6,38-40. 

Therefore, esophageal surgery for cancer should be regionalized in specialized high-volume 

hospitals41 and case-mix models should be based on numbers achieved in these hospitals. 

While mortality rates decrease, morbidity is still significant and consequently, case mix 

models should preferably not focus on only a rare event such as mortality, but rather on the 

severity of complications (which also includes mortality). In this way it is probably easier to 

make a comparison between hospitals. 

Cost-efficiency seems also related with specialized high volume care42. Recently a case-mix 

model was used to analyze cost-efficiency in pancreatic surgery43. Where the observed 

number of complications was lower than expected (as measured with POSSUM), in that 

study, costs decreased with more than one third. Cost reductions were primarily achieved 

213

Pred
ictio

n of the severity of co
m

p
licatio

ns
C

 H
 A

 P T E R
   12



not through decreasing duration of hospital stay or ICU stay, but rather through substantial 

decreases in pharmacy, radiology, and laboratory costs.

In conclusion, a statistical model was developed to define a nomogram which predicts the 

incidence and severity of complications for individual patients after esophagectomy for 

cancer. The nomogram model uses only preoperative predictors and showed moderate 

discrimination but good calibration. The nomogram may help in informing the patient 

before surgery and in choosing the optimal extent of surgery. When externally validated, the 

nomogram may play a role in risk-adjusted audit of morbidity after esophagectomy.
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