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Determinants of Long-Term Survival After Major Surgery
and the Adverse Effect of Postoperative Complications

Shukri F. Khuri, MD,*1} William G. Henderson, PhD,§ Ralph G. DePalma, MD, ¥
Cecilia Mosca, MSPH,§ Nancy A. Healey, BS,* Dharam J. Kumbhani, MD, SM,* and the Participants
in the VA National Surgical Quality Improvement Program

Objective: The objective of this study was to identify the determi-
nants of 30-day postoperative mortality and long-term survival after
major surgery as exemplified by 8 common operations.

Summary Background Data: The National Surgical Quality
Improvement Program (NSQIP) database contains pre-, intra-,
and 30-day postoperative data, prospectively collected in a stan-
dardized fashion by a dedicated nurse reviewer, on major surgery
in the Veterans Administration (VA). The Beneficiary Identifi-
cation and Records Locator Subsystem (BIRLS) is a VA file that
depicts the vital status of U.S. veterans with 87% to 95%
accuracy.

Methods: NSQIP data were merged with BIRLS to determine the
vital status of 105,951 patients who underwent 8 types of operations
performed between 1991 and 1999, providing an average follow up
of 8 years. Logistic and Cox regression analyses were performed to
identify the predictors of 30-day mortality and long-term survival,
respectively.

Results: The most important determinant of decreased postoperative
survival was the occurrence, within 30 days postoperatively, of any
one of 22 types of complications collected in the NSQIP. Indepen-
dent of preoperative patient risk, the occurrence of a 30-day com-
plication in the total patient group reduced median patient survival
by 69%. The adverse effect of a complication on patient survival
was also influenced by the operation type and was sustained even
when patients who did not survive for 30 days were excluded from
the analyses.

Conclusions: The occurrence of a 30-day postoperative complica-
tion is more important than preoperative patient risk and intraoper-
ative factors in determining the survival after major surgery in the
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VA. Quality and process improvement in surgery should be directed
toward the prevention of postoperative complications.

(Ann Surg 2005;242: 326-343)

he National Surgical Quality Improvement Program

(NSQIP) is the first national, validated, outcome-based,
risk-adjusted, and peer-controlled program for measurement
and enhancement of the quality of surgical care.! To date, its
prospectively collected database contains preoperative, intra-
operative, and outcome information on more than 1.2 million
major operations performed in more than 120 Department of
Veterans Affairs (VA) inpatient surgical centers. Publications
from the NSQIP (and the VA National Surgical Risk Study
that preceded it) have identified preoperative predictors of
30-day mortality and 30-day morbidity after major surgery in
all operations,™ in 8 surgical specialties,™ and in a variety
of individual operations and procedure groups.* > A separate
VA database, the Beneficiary Identification and Records
Locator Subsystem (BIRLS) file, has been shown to contain
reliable information on the vital status of all veterans with
87% to 95% sensitivity in recent years.'* Matching the
NSQIP database with the BIRLS file provides a unique
opportunity to assess the long-term survival of patients un-
dergoing major surgery in the VA. Considering that an
episode of surgical care is defined by a continuum of pre-,
intra-, and postoperative factors and events, all of which have
a potential impact on patient survival, this study merged the
NSQIP database with the BIRLS file to determine the com-
parative impact of these factors and events on short- and
long-term survival after major surgery.

METHODS

The National Surgical Quality Improvement
Program and the Data Collection Processes

The VA National Surgical Quality Improvement Pro-
gram (NSQIP) was begun in 1991 with the goal of developing
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risk-adjusted models for the prediction of surgical outcome
that would allow the comparative assessment of quality of
surgical care among multiple facilities.'"”*!'> All 120 VA
medical centers that perform major surgery participate in the
program. At these facilities, all major operations performed
under general, spinal, or epidural anesthesia are candidates
for entry into the database. A surgical risk-assessment nurse
is assigned at each center to collect the data. These nurses
have completed in-depth training on conducting the protocol
and in the variable definitions. Preoperative variables include
patient demographics, comorbidities, laboratory values, and
lifestyle variables. Intraoperative variables include Current
Procedural Terminology (CPT) codes of the operations per-
formed, wound classification, operative time, blood transfu-
sion, and some characteristics of the surgeon. Postoperative
outcomes include 30-day mortality and a list of 21 possible
postoperative complications occurring within 30 days after the
operation. For the purpose of this study, we included all opera-
tions of 8 different types (Table 1) from the NSQIP database
with operation dates from 1991 to 1999. All patients were
followed until 2003, giving an average follow up of 8 years.

The Beneficiary Identification and Records
Locator Subsystem File

The BIRLS is a Veterans Benefits Administration
(VBA) database. The file comprises approximately 44 million
records, from pre-Civil War to the present, and almost
700,000 dependent records.'® Data fields in the BIRLS in-
clude date of birth and date of death. Cause of death infor-
mation is too incomplete and rudimentary to use. Several
studies have been conducted in recent years using known
deaths of veterans to estimate the sensitivity of the BIRLS
file.'!” Based on these studies, and the facts that the
present study was conducted in the period of 1991 to 2003
and mainly on inpatients, we expect that the sensitivity of
the BIRLS file for the present study to be on the order of
87% to 95%. The NSQIP datafile for the 8 operations
under study and for the period 1991 to 1999 was merged
with the BIRLS file by using patient Social Security
number. The date of death for each patient from the BIRLS
file was recorded in the NSQIP datafile to create the
database for this long-term mortality study.

TABLE 1.

Study Population in the National Surgical Quality Improvement Program Database, Mortality Within 30 Days

Postoperatively, and Mortality at Any Time During an Average Follow-up Period of 8 Years

Death Within Death at Any Time

30 Days During Follow Up
Current Procedural
Operation Terminology Codes Sample Size No. Percent No. Percent
Nonruptured abdominal aortic 35081 5300 236 4.45 1936 36.53
aneurysmectomy
Infrainguinal vascular 35521, 35533, 35548, 19,117 574 3.00 8221 43.00
reconstruction 35549, 35551, 35556,
35558, 35565, 35566,
35571, 35582, 35583,
35585, 35587, 35621,
35623, 35646, 35651,
35654, 35656, 35661,
35665, 35666, 35671, 37799
Carotid endarterectomy 35301, 35390 16,880 207 1.23 5717 33.87
Colectomy 44140, 44141, 44143, 19,895 1295 6.51 9139 45.94
44144, 44145, 44146,
44147, 44150, 44151,
44152, 44153, 44155,
44156, 44160, 44204
Open cholecystectomy 47600, 47605, 47610 9345 268 2.87 2784 29.79
Laparoscopic cholecystectomy 47562, 47563, 47564, 14,295 79 0.55 2453 17.16
49310, 49311, 56340,
56341, 56342
Lobectomy/pneumonectomy 32440, 32442, 32445, 8935 474 5.30 4999 55.95
32480, 32482, 32484,
32485, 32486, 32488,
32490, 32500, 32501
Total hip replacement 27130, 27131, 27132, 27134 12,184 122 1.00 2494 20.47
Total 105,951 3255 3.07 37,743 35.62
© 2005 Lippincott Williams & Wilkins 327

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Khuri et al Annals of Surgery ® Volume 242, Number 3, September 2005

TABLE 2. Relative Importance of Predictors of 30-Day and Long-Term Mortality: All Operations (Postoperative Complications
Capitalized, Bolded, and lItalicized)

30-Day Mortality Long-Term Survival
Step Variable Odds Ratio  95% CI Variable Hazard Ratio 95% CI
1 CARDIAC ARREST 125.0 106.3-147.3 CARDIAC ARREST 7.3 6.9-7.8
2 FAILURE TO WEAN 1.5 1.3-1.8 ASA class 1.4 1.3-1.4
3 Serum albumin 0.7 0.6-0.7 Age 1.035 1.034-1.036
4 ASA class 1.7 1.6-1.9 Serum albumin 0.8 0.8-0.9
5 SYSTEMIC SEPSIS 3.6 3.0-4.3 Disseminated cancer 24 2.3-25
6 CVA 6.7 5.1-8.7  FAILURE TO WEAN 1.3 1.2-1.4
7 Emergency surgery 1.7 1.5-2.0 History of COPD 1.29 1.26-1.33
8 Disseminated cancer 2.9 24-3.5 BUN >40 mg/dL 1.4 1.3-1.4
9 RENAL FAILURE 4.8 3.7-6.1 Functional status 1.1 1.1-1.2
10 MYOCARDIAL INFARCTION 4.7 3.7-5.9 Smoking status 1.3 1.2-1.3
11 RENAL INSUFFICIENCY 4.2 3.3-5.3 Diabetes mellitus 1.1 1.1-1.2
12 Age 1.035 1.030-1.041 SYSTEMIC SEPSIS 1.5 1.4-1.6
13 No. RBC units transfused intraop 1.109 1.089-1.129 Weight loss 1.4 1.3-14
14 COMA 6.4 4.4-9.1 Hematocrit #38% 1.18 1.16-1.21
15 PULMONARY EMBOLISM 6.0 4.0-8.9 COMA 2.5 2.2-2.8
16 URINARY TRACT INFECTION 0.3 0.2-0.4 PNEUMONIA 1.3 1.3-1.4
17 Sodium #135 nmol/L 1.6 1.4-1.8 Alkaline phosphatase >125 U/L 1.1 1.1-1.2
18 DNR 2.0 1.6-2.6 Gender 1.7 1.5-1.8
19 Ascites 24 1.8-3.1 CvA 1.8 1.6-2.0
20 PNEUMONIA 1.8 1.5-2.0 Sodium #135 nmol/L 1.2 1.1-1.2
21 Dyspnea 1.2 1.1-1.3 RENAL FAILURE 1.7 1.5-1.9
22 SGOT >40 IU/mL 1.3 1.2-1.5 Creatinine >1.2 mg/dL 1.12 1.09-1.14
23 Weight loss 1.5 1.3-1.7 MYOCARDIAL INFARCTION 1.5 1.4-1.6
24 PT >13.2 secs 1.3 1.2-1.5 Operation time 1.031 1.026-1.037
25 Steroid use 1.5 1.2-1.8 Wound class 1.080 1.062—-1.097
26 Functional status 1.2 1.1-1.3 Dyspnea 1.097 1.073-1.121
27 BUN >40 mg/dL 1.3 1.1-1.6 Platelet count #150 K/cm 1.196 1.154-1.240
28 SUPERFICIAL INFECTION 0.5 0.4-0.6 Dialysis 1.5 1.4-1.6
29 Wound class 1.2 1.1-1.2 Platelet count >400 K/cm 1.2 1.1-1.2
30 Pneumonia 1.6 1.2-2.0 RENAL INSUFFICIENCY 1.5 1.4-1.7
31 Platelet count #150 K/cm 1.3 1.2-1.5 DNR 1.4 1.3-1.5
32 DEEP WOUND INFECTION 0.6 0.5-0.8 CVA neurologic deficit 1.1 1.1-1.2
33 GRAFT FAILURE 1.8 1.3-2.5 Pneumonia 1.3 1.2-1.5
34 Alkaline phosphatase >125 U/L 1.2 1.1-14 Impaired sensorium 1.2 1.1-1.3
35 Sodium >145 nmol/L 1.6 1.2-2.1 Steroid use 1.2 1.1-1.3
36 Tumor involving CNS 2.5 1444 Ascites 1.4 1.3-1.5
37 PERIPHERAL NERVE INJURY 0.4 0.2-0.7 Congestive heart failure 1.1 1.1-1.2
38 Dialysis 1.7 1.2-2.2 WBC >11.0 K/cm 1.085 1.054-1.116
39 ILEUS 0.7 0.6-0.9 PULMONARY EMBOLISM 1.5 1.3-1.7
40 History of COPD 1.2 1.0-1.3 ETOH use 1.1 1.0-1.1
41 Impaired sensorium 1.3 1.1-1.5 Bilirubin >1.0 mg/dL 0.912 0.881-0.944
42 WBC >11.0 K/cm 1.1 1.0-1.3 PTT >35 secs 1.1 1.0-1.1
43 DEEP WOUND INFECTION 1.1 1.1-1.2
44 Transfusion 0.8 0.8-0.9
45 Hematocrit >45% 0.9 0.9-1.0
(Continued)
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TABLE 2. (Continued)
30-Day Mortality Long-Term Survival
Step Variable Odds Ratio 95% CI1 Variable Hazard Ratio 95% CI
46 PERIPHERAL NERVE 0.8 0.7-0.9
INJURY
47 SGOT >40 IU/mL 1.1 1.0-1.1
48 Tumor involving CNS 1.4 1.1-1.7
49 Wound infection 1.1 1.0-1.1
n = 105,903 n = 105,904

No. of deaths = 3253
C-index = 0.932
Death rate = 3.07%

No. of deaths = 37,724
Death rate = 35.62%

CI, confidence interval; ASA, American Society of Anesthesiology; BUN, blood urea nitrogen; CNS, central nervous system; COPD, chronic obstructive
pulmonary disease; CVA, cerebral vascular accident; DNR, do not resuscitate; ETOH, alcohol use; /NJ, injury; PT, prothrombin time; PTT, partial
thromboplastin time; RBC, red blood cells; SGOT, serum glutamic; transfusion, >4 RBC units within 72 h preoperatively this admission; WBC, white blood

cell count; weight loss, >10% in 6 mo.

Data Analysis

The relative importance of the patient preoperative
characteristics, intraoperative variables, and postoperative
complications on 30-day postoperative mortality was de-
termined by stepwise multiple logistic regression analysis
(lefthand side of Tables 2 and 3). Three models were run
for each operation type and all operations combined. In the
first model, only preoperative predictors were used. In the
second model, the preoperative predictors significant in the
first model were combined with intraoperative variables
(operation time, anesthesia type, wound classification, and
number of red blood cells transfused). In the third model,
the preoperative and intraoperative predictors significant
in the second model were combined with the postoperative
complications to determine the final model. In each model,
at step one, the most important predictor variable of
30-day postoperative mortality was entered. On the subse-
quent steps, the next most important variables were entered
into the models, given that the previously entered variables
were in the model. The regression analysis was discontin-
ued when all important predictor variables were in the
model at the P < 0.05 level of significance. Odds ratios
and 95% confidence intervals for the odds ratios for each
variable are given. The c-index is a measure of the pre-
dictability of the models. C-indices typically range be-
tween 0.5 and 1.0. As the c-index approaches 1.0, the
predictability of the model improves. Models were devel-
oped for all operations combined (left side of Table 2) and
the individual operations (left side of Table 3). The models
for the individual operations are summarized in Table 3 by
specifying the number of models in which each predictor
variable was significant and the average step of entry in the
stepwise analysis. The most important predictor variables

© 2005 Lippincott Williams & Wilkins

are the ones that enter most or all of the models with a low
number for average step of entry.

The relative importance of the patient preoperative
characteristics, intraoperative variables, and postoperative
complications on long-term mortality was determined by
stepwise Cox regression analysis (right side of Tables 2
and 3). The stepwise Cox regression analysis works sim-
ilarly to the stepwise logistic regression analysis, except
the dependent variable is time to death rather than the
dichotomous variable of alive or dead at 30 days postop-
eratively. Hazard ratios and 95% confidence intervals for
the hazard ratios are given for each predictor variable.
Models again were developed for all operations combined
(right side of Table 2) and for the individual operations
(right side of Table 3). The models for the individual
operations are summarized in Table 3 by specifying the
number of models in which each predictor variable was
significant and the average step of entry in the stepwise
analysis. The most important predictor variables are the
ones that enter most or all of the models with a low number
for average step of entry.

Thirty-day, 1-year, and 5-year mortality were calcu-
lated for patients with and without postoperative complica-
tions. These data are given for all operations combined for
each type of complication and for any complication in Table
4 and for individual operations in Table 5. Mortality rates
between patients with and without complications were com-
pared using the chi-squared test.

Kaplan-Meier survival curves were calculated for each
type of operation (Fig. 1). A Cox model was fit with time to
death as the dependent variable and preoperative and intra-
operative variables as the independent variables. Patient risk-
adjusted survival curves were then computed from the Cox

329

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Khuri et al Annals of Surgery ® Volume 242, Number 3, September 2005

TABLE 3. Relative Importance of Preoperative, Intraoperative, and Postoperative Variables (Including Any Postoperative
Complication) for 30-Day and Long-Term Mortality

30-Day Mortality Long-Term Survival
No. of Models Average Step No. of Models Average Step
Variable Included in of Entry Variable Included in of Entry
ANY COMPLICATION 8 1.125 Age 8 2.0
ASA class 8 3.375 Albumin (g/dL) 8 3.125
Emergency 6 4.67 ANY COMPLICATION 8 3.375
Albumin (g/dL) 5 2.6 ASA class 8 3.625
RBC (no. of units transfused 5 52 BUN >40 mg/dL 8 7.25
intraoperatively)
Age 5 6.8 History of COPD 8 7.875
Sodium <135 nmol/L 5 10.6 Smoking 8 12.0
Disseminated cancer 4 55 Diabetes 8 13.125
BUN > 40 mg/dL 4 6.0 Functional status 7 6.57
SGOT >40 IU/mL 4 8.5 Disseminated cancer 7 11.0
Dyspnea 4 9.75 Platelet count <150 (K/cm) 7 14.57
Weight loss 3 8.67 Sodium <145 nmoles/L 7 18.14
Dialysis 3 9.0 Impaired sensorium 7 20.57
PT >35 secs 3 12.33 Alkaline phosphatase >125 6 10.5
(U/L)
Creatinine >1.2 mg/dL 3 13.0 Hematocrit <38% 6 13.5
PTT >35 secs 3 15.0 Creatinine >1.2 mg/dL 6 14.67
History of CHF 2 5.5 CVA neurodeficit 6 17.0
Impaired sensorium 2 5.5 Steroid 6 18.83
Ascites 2 7.5 Gender 6 19.0
WBC >11.0 K/em 2 8.5 Dyspnea 6 22.5
Functional status 2 10.0 RBC (no. of units transfused 5 13.4
intraoperatively)
Sodium >145 nmol/L 2 11.5 SGOT >40 IU/mL 5 14.4
Platelet count <150 K/cm 2 12.0 Dialysis 5 15.4
DNR status 2 17.0 Ascites 5 18.4
CVA no neurodeficit 1 4.0 PTT >35 secs 5 19.4
CVA neurodeficit 1 8.0 Weight loss 4 12.0
Alkaline phosphatase >125 1 10.0 DNR status 4 18.5
U/L
Bilirubin >1.0 mg/dL 1 14.0 Emergency 3 16.33
Steroid use 1 14.0 Preoperative pneumonia 2 15.0
Anesthesia type 1 15.0 WBC >11.0 K/em 2 16.5
Hematocrit <38% 1 18.0 Operation time 2 17.5
Preoperative pneumonia 1 19.0 History of CHF 2 18.0
CNS tumor 1 20.0 Wound class 2 19.0
Wound infection 1 22.0 Transfusion 2 20.0
Platelet count >400 K/cm 2 23.5
Sodium >145 nmol/L 2 26.0
PT >13.5 secs 2 27.5
Anesthesia type 1 22.0
Bleeding disorder 1 22.0
ETOH use 1 24.0

ASA, American Society Anesthesiology class; BUN, blood urea nitrogen; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease;
CNS, central nervous system; CVA, cerebrovascular accident; DNR, do not resuscitate; ETOH, alcohol; PT, prothrombin time; PTT, partial thromboplastin
time; RBC, red blood cells; SGOT, serum glutamic; WBC, white blood cells.

330 © 2005 Lippincott Williams & Wilkins
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Annals of Surgery ® Volume 242, Number 3, September 2005 Determinants of Long-Term Survival

TABLE 4. Mortality of Patients With and Without Complications, All Operations Combined

30 Days 1 Year 5 Years
With Without With Without With Without
Type of Complication n Percent n Percent Percent Percent Percent Percent
Any complication 19,20888 13.3 86,743 0.8 28.1 6.9 57.6 39.5
Cardiac 2148 57.9 103,803 1.9 70.5 9.5 85.2 41.9
Arrest 1392 79.7 104,559 2.0 88.9 9.7 94.9 42.1
MI 952 30.8 104,999 2.8 47.5 10.4 73.1 42.5
Neural 1289 24.9 104,662 2.8 44.6 10.3 65.1 42.5
Coma 280 67.5 105,669 2.9 91.8 10.5 96.4 42.6
CVA 741 20.1 105,209 3.0 40.9 10.5 64.6 42.6
Peripheral nerve injury 430 13.0 105,520 3.0 30.0 10.6 50.2 42.7
Renal 1240 39.5 104,711 2.6 62.9 10.1 80.7 42.3
Insufficiency 702 36.2 105,249 2.8 58.6 10.4 78.8 42.5
Failure 595 445 105,356 2.8 69.8 10.4 83.2 42.6
Pulmonary 5704 22.0 100,247 2.0 459 8.7 71.4 41.1
Failure to wean 3150 29.1 102,801 2.3 55.9 9.3 71.5 41.7
Pneumonia 3936 18.0 102,015 2.5 42.8 9.5 69.4 41.7
Vascular/Thrombotic 1873 10.8 104,078 2.9 22.5 10.5 49.5 42.6
DVT 599 7.7 105,352 3.0 19.9 10.7 47.9 42.7
PE 270 34.8 105,681 3.0 48.5 10.6 66.3 42.7
Graft/prosthesis failure 1078 7.3 104,873 3.0 18.0 10.6 46.6 42.7
Infections 8555 9.0 97,396 2.5 24.5 9.5 554 41.7
Superficial wound 3199 2.5 102,752 3.1% 12.4 10.7 459 42.7
Deep wound 1965 7.2 103,986 3.0 24.3 10.5 55.9 42.5
UTI 2774 6.1 103,177 3.0 25.4 10.3 58.4 42.4
Systemic sepsis 1636 34.0 104,315 2.6 59.3 10.0 78.2 422

All differences between percentages of patients with complication and patients without complications are statistically significant (P < 0.05) except for those
indicated by an asterisk (*).
CVA, cerebrovascular accident; DVT, deep vein thrombosis; MI, myocardial infarction; PE, pulmonary embolism; UTI, urinary tract infection.

model stratified on whether or not the patient experienced a
postoperative complication (Fig. 2A). This analysis was re-
peated after deleting those patients who died in the 30-day
postoperative period to determine if long-term mortality dif-
ferences between patients with and without postoperative
complications were the result of deaths in the immediate
30-day postoperative period (Fig. 2B). The Cox model was
also fit and patient risk-adjusted survival curves were com-
pared for patients with and without postoperative complica-
tions for each type of operation (Fig. 3; Table 6), and for
categories of complications combining all types of operations
together (Fig. 4; Table 6).

RESULTS

Thirty-Day and Long-Term Survival After 8
Major Operations

The 30-day and long-term mortality rates after the 8
types of surgery included in this study are shown in Table 1.

© 2005 Lippincott Williams & Wilkins

The overall 30-day mortality rate in the total study population
was 3.07%; it varied from a low of 0.55% for laparoscopic
cholecystectomy to a high of 6.51% for colectomy. With an
average follow up of 8 years, mortality at any time in the
follow-up period was observed to be 35.62% for the total
population; it varied from 17.16% for laparoscopic cholecys-
tectomy to 55.95% for pulmonary resection. Figure 1 shows
the Kaplan-Meier survival curves after the 8 operations in the
study. Long-term survival was best after laparoscopic chole-
cystectomy and worst after pulmonary resection.

Determinants of 30-Day and Long-Term
Survival After 8 Major Operations

Table 2 lists the predictors of 30-day mortality and
long-term survival for all operations in order of decreasing
importance in the respective model. Of the top 12 indepen-
dent predictors of 30-day mortality, 7 were postoperative
complications: cardiac arrest, failure to wean, systemic
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TABLE 5. Mortality of Patients With and Without Complications

30 Days 1 Year 5 Years
Top 10 Complications in With Without With  Without With  Without
Order of Decreasing
Operation Frequency n Percent n Percent Percent Percent Percent Percent
Abdominal aortic ANY COMPLICATION 1529 13.2 3771 0.9 23.5 4.5 524 342
aneurysmectomy Failure to wean 441 16.8 4859 33 35.8 7.6 61.4 37.5
Pneumonia 428 10.3 4872 3.9 28.0 8.4 58.2 37.8
Urinary tract infection 249 32 5051 4.5% 18.1 9.6 50.6 38.9
Cardiac arrest 142 78.9 5158 2.4 88.0 7.8 91.6 38.0
Systemic sepsis 130 27.7 570 3.9 54.6 8.9 71.5 38.6
Superficial wound infection 117 1.7 5183 4.5% 6.8 10.0* 43.6 39.4*
Renal failure 99 354 5201 3.9 60.6 9.0 75.8 38.8
Myocardial infarction 94 33.0 5206 3.9 42.6 9.4 74.5 38.8
Renal insufficiency 90 27.8 5210 4.0 433 9.4 74.4 38.8
Deep wound infection 51 39 5249 4.5% 29.4 9.8 60.8 39.2
Infrainguinal vascular ANY COMPLICATION 5136 9.2 13,981 0.7 222 7.9 53.2 43.6
reconstruction Superficial wound infection 1333 1.8 17,784 3.1 11.2 11.8%* 43.7 46.3*
Graft/prosthesis failure 937 6.2 18,180 2.8 17.1 11.5 46.0 46.2%*
Deep wound infection 716 3.8 18,401 3.0% 18.4 11.5 52.6 459
Pneumonia 681 13.7 18,436 2.6 38.9 10.8 65.0 45.4
Urinary tract infection 571 4.9 18,546 2.9 24.0 11.4 59.0 45.8
Failure to wean 553 26.2 18,564 23 50.8 10.6 73.1 45.4
Myocardial infarction 323 30.3 18,794 2.5 49.5 11.1 74.0 45.7
Cardiac arrest 316 79.4 18,801 1.7 89.2 10.5 96.2 453
Systemic sepsis 295 29.2 18,822 2.6 54.2 11.1 75.9 45.7
Deep vein thrombosis 185 9.7 18,932 2.9 18.9 11.7 48.1 46.1*
Carotid endarterectomy ANY COMPLICATION 1338 10.4 15,542 0.4 232 4.8 54.1 41.2
CVA 345 16.8 16,535 0.9 322 5.7 56.2 41.9
Pneumonia 214 9.8 16,666 1.1 36.0 59 65.0 41.9
Peripheral nerve deficit 197 3.6 16,683 1.2 13.7 6.2 37.6 42.2%
Urinary tract infection 189 53 16,691 1.2 20.1 6.1 54.5 42.0
Myocardial infarction 158 17.1 16,722 1.1 342 6.0 64.61 42.0
Failure to wean 134 21.6 16,746 1.1 47.0 59 71.6 41.9
Superficial wound infection 106 0.0 16,774 1.2% 6.6 6.2% 34.9 42.2%
Cardiac arrest 99 67.7 16,781 0.8 79.8 5.8 90.9 41.9
Systemic sepsis 45 222 16,835 1.2 51.1 6.1 71.1 42.1
Renal insufficiency 33 15.2 16,847 1.2 60.6 6.1 75.8 42.1
Colectomy ANY COMPLICATION 5795 17.3 14,100 2.0 359 12.1 65.2 47.7
Pneumonia 1179 233 18,716 5.4 52.2 16.9 76.3 513
Failure to wean 1153 355 18,742 4.7 66.2 16.1 84.3 50.8
Urinary tract infection 958 9.4 18,937 6.4 33.6 18.3 66.7 52.1
Superficial wound infection 938 4.9 18,957 6.6 18.0 19.1* 56.5 52.6
Systemic sepsis 722 37.7 19,173 53 63.2 17.4 81.3 51.7
Deep wound infection 703 11.1 19,192 6.3 329 18.5 62.3 524
Cardiac arrest 408 84.8 19,487 4.8 92.4 17.5 96.8 51.8
Renal insufficiency 235 43.8 19,660 6.0 68.1 18.4 84.7 524
Myocardial infarction 190 40.0 19,705 6.2 58.4 18.6 81.0 52.5
Renal failure 172 54.1 19,723 6.1 77.9 18.5 90.1 524
(Continued)
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TABLE 5. (Continued)

30 Days 1 Year 5 Years
Top 10 Complications in With Without With  Without With  Without
Order of Decreasing
Operation Frequency n Percent n Percent Percent Percent Percent Percent
Open cholecystectomy  ANY COMPLICATION 1517 13.6 7828 0.8 26.6 5.7 51.2 31.7
Superficial wound infection 335 0.9 9010 2.9 8.4 9.1% 33.1 34.9%
Pneumonia 297 19.2 9048 23 40.4 8.1 60.9 34.0
Failure to wean 229 27.1 9116 23 50.2 8.1 76.0 33.8
Urinary tract infection 217 6.4 9128 2.8 29.5 8.6 553 344
Deep wound infection 193 8.8 9152 2.7 18.6 8.9 47.7 34.6
Systemic sepsis 147 32.0 9198 24 55.8 8.4 69.4 343
Cardiac arrest 99 75.8 9246 2.1 88.9 8.2 96.0 34.2
Renal failure 63 46.0 9282 2.6 66.7 8.7 76.2 34.6
Myocardial infarction 53 37.7 9292 2.7 52.8 8.8 77.4 34.6
Renal insufficiency 52 36.5 9293 2.7 57.7 8.8 75.0 34.6
Laparoscopic ANY COMPLICATION 741 7.7 13,554 0.2 16.1 2.6 47.2 31.0
cholecystectomy Superficial wound infection 161 0.6 14,134 0.5% 4.4 3.3*% 342 31.9%
Urinary tract infection 120 0.8 14,175 0.5% 5.8 3.3% 42.5 31.8
Pneumonia 114 53 14,181 0.5 24.6 3.1 56.1 31.7
Deep wound infection 68 7.4 14,227 0.5 17.6 32 47.1 31.8
Failure to wean 56 21.4 14,239 0.5 554 3.1 82.1 31.7
Systemic sepsis 55 18.2 14,240 0.5 32.7 32 67.3 31.8
Cardiac arrest 38 68.4 14,257 0.4 73.7 3.1 89.5 31.7
Myocardial infarction 29 10.3 14,266 0.5 20.7 33 58.6 31.8
Deep vein thrombosis 20 5.0 14,275 0.5 10.0 33 45.0 31.9
CVA 19 31.6 14,276 0.5 36.8 3.3 52.6 31.9
Lobectomy/ ANY COMPLICATION 1887 21.1 7048 1.1 43.0 16.2 74.4 553
pneumonectomy Pneumonia 889 21.5 8046 35 45.7 19.2 75.7 57.6
Failure to wean 543 31.7 8392 3.6 60.4 19.4 81.8 57.9
Cardiac arrest 234 82.0 8701 32 91.0 20.0 95.7 58.4
Systemic sepsis 208 40.4 8727 4.5 69.2 20.7 87.5 58.7
Urinary tract infection 170 6.5 8765 5.3% 359 21.6 70.6 59.1
Deep wound infection 97 13.4 8838 52 39.2 21.7 71.1 59.2
Superficial wound infection 96 3.1 8839 5.3% 25.0 21.8*% 66.7 59.3%
Renal insufficiency 85 52.9 8850 4.8 68.2 21.4 87.1 59.1
Renal failure 63 58.7 8872 4.9 84.1 21.4 93.6 59.1
Myocardial infarction 57 42.1 8878 5.1 61.4 21.6 84.2 59.2
Total hip replacement ~ ANY COMPLICATION 1265 6.4 10,919 0.4 13.2 2.8 39.2 29.1
Urinary tract infection 300 2.7 11,884 1.0 10.7 3.7 41.3 29.8
Deep vein thrombosis 145 1.4 12,039 1.0%* 34 3.9% 26.9 30.2%
Pneumonia 134 16.4 12,050 0.8 38.8 3.5 62.7 29.8
Superficial wound infection 113 1.8 12,071 1.0* 3.5 3.9% 32.7 30.1%*
Deep wound infection 110 0.0 12,074 1.0%* 10.9 3.8 43.6 30.0
Graft/prosthesis failure 63 1.6 12,121 1.0%* 4.8 3.9% 28.6 30.1%*
Pulmonary embolism 55 12.7 12,129 1.0 18.2 3.8 34.6 30.1%*
Myocardial infarction 48 29.2 12,136 0.9 37.5 3.7 52.1 30.0
Peripheral nerve injury 43 4.6 12,141 1.0 18.6 3.8 41.9 30.1%*

All differences between percentages of patients with complication and patients without complication are statistically significant (P < 0.05) except for those
indicated by an asterisk (*).
CVA, cerebrovascular accident.
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100 Long-term survival following any of 8 major operations
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FIGURE 1. Kaplan-Meier survival curves of patients undergo-
ing major surgery in the Veterans Affairs between 1991 and
2003, calculated for each type of operation included in the
study.

sepsis, cerebrovascular accident (CVA), renal failure, myo-
cardial infarction (MI), and renal insufficiency. The 5 preop-
erative variables among the top 12 determinants of 30-day
mortality (preoperative serum albumin level, ASA class,
emergency status, disseminated cancer, and age) were the
same as the top preoperative predictors of 30-day mortality
that were identified in our previous studies.>?® As shown in
Table 2, individual complications occurring in the first 30
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FIGURE 2. A, Cox survival curves of all study patients who
sustained a 30-day postoperative complication compared with
those who did not. B, Cox survival curves of study patients
who survived 30 days after major surgery stratified as to
whether or not patients had sustained a complication within
the first 30 postoperative days. The difference in survival
between the 2 groups in each panel reflects the independent
effect of the occurrence of a postoperative complication on
postoperative survival, ie, corrected for other confounding
variables captured in the National Surgical Quality Improve-
ment Program.
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FIGURE 3. Cox survival curves of study patients undergoing
abdominal aortic aneurysmectomy (A) and laparoscopic cho-
lecystectomy (B) stratified as to whether or not patients had
sustained a complication within the first 30 postoperative
days. The difference in survival between the 2 groups in each
panel reflects the independent effect of the occurrence of a
postoperative complication on postoperative survival, ie, cor-
rected for other confounding variables captured in the Na-
tional Surgical Quality Improvement Program.

days postoperatively were also independent determinants of
long-term survival, but their relative importance in the model
was less than that in the 30-day mortality model. These
findings, which were observed in the all-operation models,
were similar to the findings observed in individual operation
models (data not shown). For example, the top 3 independent
determinants of 30-day mortality after laparoscopic cholecys-
tectomy were complications (cardiac arrest, CVA, and renal
failure), and 6 of the top 10 predictors in this model were
complications. Of the top 6 predictors of long-term survival
after laparoscopic cholecystectomy, 2 were complications
(cardiac arrest and failure to wean).

Table 3 depicts the relative importance of preoperative,
intraoperative, and postoperative variables in all 8 individual
operation models. Complications were grouped into a single
dichotomous variable, the presence or absence of any com-
plication. The presence of any complication within the first
30 days postoperatively was the most important independent
determinant of 30-day mortality; it appeared in all 8 models
with an average step of entry of 1.12. It was also the third
most important predictive variable of long-term survival, also
appearing in all 8 models with an average step of entry of 3.4.
Age was the most important determinant of long-term sur-
vival in contrast to 30-day mortality in which it was the sixth
most important determinant, appearing in 5 of the 8 models.
Intraoperative variables were not as important as complica-
tions and preoperative risk factors in determining survival
after major surgery. Of these, only the need for intraoperative

© 2005 Lippincott Williams & Wilkins
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TABLE 6. Median Survival of Patients With or Without Any Postoperative Complication

Median Survival (Years) of Patients

With/Without Complication

Percent Reduction in Median

Operation Type With Without Survival From Complication*
Nonruptured AAA 6.2 13.4 54
Infrainguinal vascular reconstruction 6.2 11.6 47

reconstruction
Carotid endarterectomy 8.2 13.7 48
Colectomy 34 13.7 75
Open cholecystectomy 10.3 21.9 53
Laparoscopic cholecystectomy — — —
Lobectomy/pneumonectomy 1.5 6.6 77
Total hip replacement — — —
Type of postoperative complication in all
operation types
Cardiac (arrest, MI) 0.14 16.2 99
Neurologic (CVA, coma, neurodeficits) 2.5 16.2 85
Pulmonary (pneumonia, unplanned 2.2 17.3 87
intubation, failure to wean)
Renal (progressive renal insufficiency, 3.8 17.1 78
acute renal failure, UTI)
Thromboembolic 9.9 17.0 42
(DVT/thromboembolism, PE)
Wound complications (superficial and 10.0 17.1 42

deep wound infection, dehiscence)

*P < 0.001.

AAA, abdominal aortic aneurysmectomy; MI, myocardial infarction; CVA, cerebral vascular accident; UTI, urinary tract infection; DVT, deep vein

thrombosis; PE, pulmonary embolism.

transfusion appeared in 5 of the 8 individual operation mod-
els, and it was not among the 12 top predictors in any model.

The Effect of 30-Day Postoperative
Complications on Long-Term Survival

These analyses identified an important independent
predictive role of complications in short- and long-term
survival after major surgery. To explore this relationship
further, we conducted a more detailed analysis of outcomes in
patients who sustained 30-day postoperative complications
compared with patients who did not. Table 4 lists the mor-
tality of patients with and patients without 30-day complica-
tions in the whole study population, examining the impact of
specific complications on mortality at 30 days, at 1 year, and
at 5 years postoperatively. Differences in mortality rates at
these 3 periods in time between patients with and without
30-day postoperative complications were all significant, ex-
cept for superficial wound infection at 30 days postopera-
tively. Patients experiencing a complication of any type
within the first 30 days postoperatively had a 30-day mortal-
ity rate of 13.3% compared with a rate of 0.8% observed in
the patients who did not have a postoperative complication

© 2005 Lippincott Williams & Wilkins

(P < 0.001). At 1 and 5 years postoperatively, the mortality
rate in the patients with a complication of any type was
28.1% and 57.6%, respectively, in contrast to 6.9 and 39.5%
(P < 0.001 and P < 0.001, respectively) in patients with no
complications. The mortality rates at 30 days, 1 year, and 5
years postoperatively in patients with 30-day complications
varied with the type of complication. For example, myocar-
dial infarction resulted in a mortality rate of 31% at 30 days,
47% at 1 year, and 73% at 5 years. In contrast, a urinary tract
infection resulted in corresponding mortality rates of 6%,
25%, and 58%.

The impact of specific complications and groups of
complications on mortality at 30 days, 1 year, and 5 years
postoperatively in each of the 8 study operations is shown in
Table 5. The impact of a specific complication on mortality
over time varied from one procedure to another, although
inconsistently. Pneumonia and MI consistently exhibited a
significant effect on all 3 mortality time points in all opera-
tions. In contrast, superficial wound infection exhibited a
significant effect on 30-day mortality in only 3 of the 8
operations (infrainguinal vascular reconstruction, colec-
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FIGURE 4. Cox survival curves of all study patients stratified as
to whether or not the patients had sustained a pulmonary
complication (A) or a wound complication (B) within the first
30 postoperative days. The difference in survival between the
2 groups in each panel reflects the independent effect of the
occurrence of the respective complication on postoperative
survival, ie, corrected for other confounding variables captured
in the National Surgical Quality Improvement Program. Pul-
monary complications include one or more of the following:
pneumonia, prolonged intubation, and failure to wean.
Wound complications include superficial wound infection,
deep wound infection, and wound dehiscence.

tomy, open cholecystectomy) and did not exhibit a signif-
icant effect on 1- and 5-year mortalities in any of the 8
operations.

Survival Curves of Patients With 30-Day
Postoperative Complications

Figure 2A depicts the Cox regression survival curves of
the total study population separated on the basis of whether or
not the patient had sustained a 30-day postoperative compli-
cation. The curves represent the independent effect of the
presence or absence of a 30-day postoperative complication,
accounting for all the other confounding variables. The dif-
ference between the 2 survival curves in this figure was
highly significant, with the median survival of patients with
and those without a complication being 5.6 and 18.4 years,
respectively (P < 0.001). Thus, the occurrence of a 30-day
postoperative complication of any type reduced the median
long-term survival in our study population by 69%. To
ascertain that the difference in long-term survival between the
2 groups was not solely the result of the initial 30-day
postoperative mortality, similar Cox regression survival
curves were constructed first deleting the patients with 30-day
postoperative mortality. The resultant curves, shown in Fig-
ure 2B, confirmed the independent effect of a 30-day post-
operative complication on long-term survival: The patients
who developed a complication and survived beyond 30 days
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postoperatively had a median survival of 9.6 years, compared
with a median survival of 18.4 years (P < 0.001) in patients
who did not develop a 30-day postoperative complication and
who also survived beyond 30 days postoperatively.

Median survival by extrapolating the Cox regression
curves could be determined in 6 of the 8 operations. The same
significant effect of a 30-day complication causing a reduc-
tion in median patient survival was observed in these 6
operations (Table 6). The occurrence of a complication
within 30 days after these operations reduced the median
survival by 47% to 77%. Figure 3 illustrates this effect in 2
examples, abdominal aortic aneurysmectomy and laparo-
scopic cholecystectomy. In both, significant differences are
observed between the survival curves of patients who sus-
tained a 30-day postoperative complication of any type and
those who did not.

Survival in patients who sustained a specific 30-day
postoperative complication category was significantly less
than that of patients who did not sustain a complication in that
category (Table 6). The reduction in median survival inde-
pendently attributed to specific complication groups ranged
from 42% for wound complications to 99% for cardiac
complications. This is illustrated in Figure 4, which depicts
the Cox survival curves after the 2 most frequent groups of
complications, pulmonary and wound. In both categories,
significant differences in survival were observed between
those who sustained the complications and those who did not
(P < 0.001 for pulmonary and P < 0.001 for wound com-
plications).

The long-term survival curves of patients who sus-
tained a 30-day postoperative complication consistently ex-
hibited 2 different slopes, the initial slope being more acute
than the latter slope (Fig. 5). The inflection point between the
2 slopes ranged between 27 days for hip replacement and 180
days for carotid endarterectomy.

DISCUSSION

This is the first prospective multicenter study that
identifies the predictors of 30-day and long-term survival
after major surgery, taking into account the compendium of
pre-, intra-, and postoperative variables that define an episode
of surgical care. The study shows that events in the postop-
erative period are more important than preoperative patient
risk factors in determining the survival after major surgery in
the VA. Specifically, after correcting for the confounding
variables collected in the NSQIP, the occurrence of a com-
plication within the first 30 days postoperatively, independent
of the patient’s preoperative risk, reduced median patient
survival by 69% in the total patient study group.

Multicenter studies published since 1990 that have
addressed the predictors of survival at and beyond 1 year after
the 8 operations addressed in this study have been scarce
(Table 7). Most have been retrospective in nature and based
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FIGURE 5. Survival curve of patients undergoing colectomy
who developed one or more complications in the first 30 days
postoperatively showing the 2 slopes of the curve and the
inflection point. The inflection points for the 8 procedures
studied are shown in the table insert.

on clinical registries or administrative and claims databases.
They all focused primarily on preoperative variables with
most of them concentrating on disease-specific variables.
None of the published studies to date has provided an assess-
ment of the relative contribution of pre- and postoperative
factors in determining postoperative survival. In our study,
we used generic and not disease-specific preoperative vari-
ables and found that the predictive variables for each opera-
tion (data not shown in the article) were similar to those
identified in the all-operations model shown in Table 2. Most
striking in these models and in the models shown in Table 3
was the relative importance of postoperative complications in
independently determining both postoperative 30-day mortal-
ity and long-term survival after major surgery. In a recently
published case—control study in which cases were randomly
selected from the Pennsylvania Medicare database, Silber et
al were first to demonstrate an altered prognosis of patients
experiencing their first postoperative complication compared
with patients who had not been reported to experience a
complication.®* They reported a 3.4-fold increase in the odds
of dying within 60 days postoperatively in patients with
complications as compared with those without complications.
However, because of the limitations inherent in that study
(patient selection based on claims data, retrospective chart
review, case—control design, follow up limited to 60 days,
small sample size), it could not separate with certainty the
effect of the complication per se from that of preoperative
patient risk and other important determinants of postoperative
long-term survival. In contrast, our study used a large sample
size in a prospective database populated in a standardized
fashion by dedicated nurse reviewers and containing com-
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plete data on pre-, intra-, and postoperative variables, includ-
ing laboratory variables, with a vital status follow up of an
average of 8 years postoperatively. This allowed us to ascer-
tain the independent effect of the occurrence of a 30-day
postoperative complication on long-term survival. Hence, the
survival curves shown in Figures 2 to 4 display differences in
survival between patient groups that are primarily the result
of the presence or absence of a complication, ie, corrected for
other confounding variables collected in the NSQIP. As
shown in Figure 4 and reported in Table 6, the occurrence of
pulmonary complications in the study population indepen-
dently reduced the median survival by 87%, and the occur-
rence of a wound complication independently reduced the
median survival by 42%. Equally noteworthy in our study are
the seemingly high mortality rates at 5 years postoperatively
in patients who did not experience specific complications
within 30 days after certain operations (infrainguinal vascular
reconstruction, 43.6%; carotid endarterectomy, 41.2%; colec-
tomy, 47.7%; pulmonary resection 55.3%). Because there are
no other prospective observational multicenter studies that
have addressed postoperative long-term mortality in this
manner, it is difficult to compare these figures to the pub-
lished literature. In general, the 5-year mortality rates after
these operations as reported in few large, single, institutional
studies and prospective, randomized, multicenter trials are
lower than the rates reported in this study. It is unlikely that
this high late mortality rate is unique to the VA patient
population. We have just completed a large multicenter study
that examined the applicability of the NSQIP to the private
sector. Unpublished data from this study, as well as data from
a smaller previously published study,** indicate that surgical
outcomes of general and vascular surgery in VA medical
centers are similar to outcomes in major academic non-VA
medical centers.

In the regression analyses, occasionally an odds ratio or
hazard ratio was below one for a postoperative complication,
indicating a “protective” effect for mortality (eg, in Table 2,
the odds ratio for deep wound infection is 0.6 for 30-day
mortality). We know from Table 4 that patients with a deep
wound infection have higher 30-day mortality compared with
those without this complication (7.2% vs 3.0%, P < 0.05).
This is an occasional artifact that happens in regression
analysis, particularly when some very important variables
dominate the model (eg, cardiac arrest with an odds ratio
of 125.0).

It is surprising (and almost counterintuitive to sur-
geons) to note that the adverse impact of 30-day postopera-
tive morbidity on long-term survival is not only the result of
the mortality within 30 days as shown in Figure 2. Compli-
cations such as pneumonia, deep wound infection, and pul-
monary embolism, even after apparent recovery, still result in
a shortened lifespan. It is difficult to fully explain this
phenomenon with our current state of knowledge. An
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abundant literature demonstrates the occurrence of immediate
systemic inflammatory responses (SIRS) in proportion to
the duration and magnitude of surgical interventions,*>>’
trauma,*®>° anesthesia,*” and early cardiac complications.*!
Markers of these responses include elevated cytokine levels
with extended duration of elevation; among these markers are
IL 1b, IL 6, IL 10, and C-reactive protein (CRP). Elevated
levels of IL 6 and CRP relate to myocardial infarction*' and
can also predict myocardial infarction in asymptomatic
men.*? Myocardial events per se appear to be prominent
determinants of long-term survival. Continued elevation of
cardiac troponin elevations after major vascular surgery in
asymptomatic patients* is associated with a decrement in
long-term survival (P = 0001) over a 6-year period. Long-
term persistence of inflammatory states or their effects after
operations, complications, and other critical illnesses may be
a factor in shortening postoperative survival because certain
interventions have been shown to reduce these effects. For
example, continuance of statins and beta-blockers, indepen-
dently, has been shown to diminish long-term mortality after
vascular and cardiac surgery.***> The precise mechanisms
with which inflammatory states can lead to decreased long-
term survival remains to be determined. A recent study that
showed an adverse effect of intraoperative myocardial acido-
sis on long-term survival after cardiac surgery*® hypothesized
acidosis-induced acceleration of apoptosis*’ might be an
underlying mechanism. It is thus tempting to hypothesize that
the inflammatory states after operations and complications
may also lead to accelerated apoptosis and subsequent de-
crease in long-term survival.

The demonstration of an adverse effect of complica-
tions on long-term outcome, independent of the patients’
preoperative risk, has important implications on quality im-
provement of surgical care. First and foremost, it prompts that
process improvement efforts be directed toward the preven-
tion of postoperative complications. Complications are pre-
ventable through process improvement, as evidenced by the
45% reduction in postoperative morbidity that was observed
within 5 years after the institution of the NSQIP in the VA.'?
The feedback of comparative risk-adjusted outcomes to sur-
gical providers in the VA has been instrumental in promoting
process improvement at the local level*®; the NSQIP annual
report has many examples of institutions that witness a
significant decrease in morbidity observed/expected ratio sec-
ondary to local process improvement (Fig. 6). Second, reduc-
ing the postoperative complication rate also reduces the cost
of surgical care. The NSQIP in both the VA (work in
progress) and the private sector*” has demonstrated a 5-fold
increase in the median cost of an operation in general surgery
when that operation is accompanied by a postoperative pul-
monary complication. Third, the inflection point of the sur-
vival curve of patients with complications (Fig. 5) suggests
that a follow-up period longer than 30 days is required for one
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FIGURE 6. Time course of the observed to expected (O/E)
30-day morbidity ratio in the all-operations model over 4 fiscal
years in 2 separate Veterans Affairs medical centers. A statisti-
cally significant high outlier at the 99% confidence level is
indicated by the asterisk (*) and a statistically significant low
outlier is indicated by the pound sign (#). (A; hospital A) This
hospital was a low outlier in FY 01; the morbidity rate in-
creased over the next 2 years, mostly in general surgery and
orthopedics, causing it to become a high outlier in FY 03.
Process improvement reversed the overall O/E ratio, but al-
though it ceased to be an outlier in the all operations model
and general surgery, it continued to be a high outlier in
orthopedics, indicating that additional process improvement
needed to be directed toward orthopedic surgery at that
hospital. (B; hospital B) This hospital was a high outlier in
morbidity for 3 consecutive years. Negative press about the
quality of care at that hospital prompted process improvement
that resulted in a marked decrease in morbidity rate from
17.5% to 10.8%. These 2 case studies exemplify the fact that
surgical morbidity rates can be reduced effectively through
local process improvement.

to assess completely the impact of an episode of surgical care
on patient outcome. It also emphasizes the deficiency of using
in-hospital morbidity and mortality as measures of quality of
care. Finally, this study underscores the important role of
risk-adjusted outcomes in the measurement and enhancement
of the quality of surgical care, and the imperative of devel-
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oping standardized, prospective, and reliable methods to
measure them.*”
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Discussions

Dr. Joun L. CAMERON (BALTIMORE, MARYLAND): I would
like to congratulate Dr. Khuri on another outstanding presen-
tation of very interesting, but also somewhat puzzling data.
The major part of Dr. Khuri’s presentation is intuitive. After
an operation if you have a stroke, a myocardial infarct, a
cardiac arrest, develop renal failure, compared to the group
that doesn’t have those complications, long-term survival is
less. That really is intuitive, and if that was the whole
presentation, there would be no discussion.

However if the same thing held true for complications
such as pulmonary emboli, pneumonia, urinary tract infec-
tion, and even wound infections, that would be unusual, and
that is in fact what Dr. Khuri has shown.

Therefore the major question is, does the decrease in
long-term survival results from the complication, or are these
minor complications just surrogate markers for something
else that really determines, and decreases long-term survival.
For instance, with a wound infection, does that result in
immunosuppression of the patient and make more likely
implantation of tumor cells shed during surgery? Or is the
increase in the systemic inflammatory response that accom-
panies the wound infection, initiate a cascade of events that
leads to progression of atherosclerosis? Or do these minor
complications result in nutritional depletion, perhaps delayed
adjuvant therapy, or cause other delays in recovery that result
in a decrease in long-term survival?

Or is the complication just a surrogate marker for
something else, and this something else is the cause of the
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complication as well as the cause of the decrease in long-term
survival? So these are interesting, but also somewhat puz-
zling data.

Unfortunately we don’t have any information from Dr.
Khuri’s presentation, or even from the manuscript, about the
diagnoses for which these operations were carried out. For
instance, for the colon are they all cancers, or are there a lot
of patients with diverticular disease? This obviously is im-
portant information to know. We also need to know the cause
of death. In patients with colon cancer, is the increased mortality
rate secondary to an increase in cancer recurrence, or are they
secondary to atherosclerotic disease, or other causes?

Finally, I want to comment and ask Dr. Khuri to
comment on something that wasn’t in his presentation, but is
1 of the most interesting parts of the manuscript. The survival
curves after all of the operations presented by Dr. Khuri
assume 2 shapes. One is a sharp drop immediately postoper-
atively, which is the postoperative mortality. And then the
inflection point where the curve assumes the normal survival
curve for that age group. We have always assumed that
30-day mortality ends the mortality point for the operation,
and we report hospital or 30-day mortality. The inflection
point however for the 8 operations that Dr. Khuri discusses
are in most instances much further out than 30 days. For
instance for abdominal aneurysms the inflection point is at 97
days. For carotid endarterectomy they don’t assume the
normal survival curve until 180 days. Why is this inflection
point so late, Dr. Khuri? What is the explanation for that?
And what could we do in these instances where the normal
survival curve isn’t assumed until weeks or months later, to
initiate the inflection point earlier?

These data are very interesting, raise many important
questions, and certainly at first glance are very puzzling. There
are many questions generated by these data that Dr. Khuri has
presented to keep Dr. Khuri busy for many years to come.

Dr. Snukri F. KHURI (WEST ROXBURY, MASSACHUSETTS):
Thank you very much, Dr. Cameron. I think you are as
puzzled with these findings now as we were when we first
generated the data. As to whether the effect of complications
on long-term outcome is a surrogate for something else, our
statisticians assure us that the effect of the complication is
independent of the preoperative risk factors and intraopera-
tive events. In and of itself, the complication probably ini-
tiates some cascade of events that ultimately alter the survival
of the patient. There is enough evidence in the literature to
suggest that complications initiate an inflammatory process,
which I think may be leading to certain events that ultimately
decrease patient survival. We have some evidence from our
own laboratory in cardiac surgery that might shed some light
on this issue. In a group of nearly 500 patients who were
followed up for an average of 10 years, we have shown that
intraoperative myocardial acidosis independently decreases
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long-term survival following cardiac surgery. We have also
shown a direct relationship between intraoperative myocar-
dial acidosis and accelerated myocyte apoptosis. It is there-
fore attractive to hypothesize, apropos this study, that the
complication-induced inflammatory processes might be ac-
celerating apoptotic processes, which in turn might influence
long term survival. Obviously, a lot of basic work is needed
to verify such a hypothesis.

I did not have time in my presentation to address the
inflection point that you mentioned. This was certainly an
interesting new finding wherein the survival curves of the
patients with complications all seemed to have two compo-
nents to them, an initial curve with an acute slope followed by
a curve with a milder slope. The inflection point where the 2
slopes met corresponded to a time point that ranged between
27-180 days with an average of 81 days postoperatively, in
the 8 operations studied. This probably indicates that the
immediate postoperative effects of a single episode of care
are not adequately appreciated with a follow up of only 30
days postop. A much longer period of follow-up probably up
to 180 days, is probably needed to appreciate the full effect of
a single episode of care on short term patient outcome.

Dr. JoNaTHAN L. MEAKINS (OxFORD, ENGLAND): There is
a certain feeling of disconnect between Papers 3 and 4. In 3,
we hear that the cost to society, which is the cost in dollar
terms, is actually related to the preoperative risk factors and
surgical complexity and only 4 percentage points are related
to postoperative complications. Yet in this paper, the cost to
the patient is almost entirely linked to postoperative compli-
cations without reference to preoperative risk factors.

So I am having a little trouble sorting out the message
if in one sense preoperative issues and surgical complexity
are really much more important to the length of stay and the
dollar cost to the patient, yet to the patients themselves, the
postoperative complications are most significant. In other
work you have told us that outcome (morbidity and mortality)
is associated with preoperative assessment. Therefore, the
issues in these 2 presentations must all be related. So how are
we to think about these 2 different kinds of costs and what
they mean to society and to the patient?

DRr. Snukri F. KHURI (WEST ROXBURY, MASSACHUSETTS):
They are all related. The 2 papers we presented this morning
are not contradictory but in fact complimentary to one an-
other. One has to think in terms of an episode of surgical care
wherein the patient brings in a multitude of preoperative risk
factors and undergoes an operation of varying complexity.
Although complications are more likely to occur in patients
with more risk factors undergoing more complex operations,
the number of patients who experience a complication in a
good surgical center is relatively low, compared to the ma-
jority of patients who do not experience a complication.
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Therefore, as we have heard from Mr. Davenport and Dr.
Mentzer, the overall cost of treating a population of surgical
patients is determined more by the postoperative severity of
illness of the 85% of patients who do not experience a
complication than by the cost of 15% of patients who do
develop a postoperative complication. This does not mean
that the complications are not costly or that complications
cannot exert an adverse effect on long term survival.

Pror. J. Hans JEekeL (ROTTERDAM, NETHERLANDS): It
may have to do something with the defense mechanism in the
patients. If you look at, for example, the strong evidence that
we have nowadays that the acute inflammatory response may
influence as well as postoperative infection as well as tumor
growth exponentially. Do you have data of cancer recurrence
in the long-term follow-up and recurrence of inflections in the
long-term follow-up in order to get some impression about
indeed the immune—or the defense mechanism that has to do
with the acute inflammatory response and subsequent tumor
recurrence.

Dr. Snukri F. KHURI (WEST ROXBURY, MASSACHUSETTS):
It is unfortunate that although we have excellent data on the
vital status of the US veterans in the BIRLS file, the file does
not provide information on the cause of death of our patients.
Therefore, we cannot tell how many of the deaths were due to
cancer. However, we have specifically chosen to study some
operations that do not necessarily involve cancer, like infrain-
guinal vascular reconstruction and abdominal aortic aneurys-
mectomy. The observations we made on the effect of com-
plications in these operations were similar to those we made
in operations that were likely to include cancer patients, such
as colectomy and pulmonary resection. However, your point
is well made in terms of the effects of the immune system and
the inflammatory process. Probably this is where research
needs to go to answer the questions raised by our study.

Dr. MurrAY F. BRENNAN (NEW YORK, NEW YORK): Dr.
Khuri, I enjoyed your paper, as I have enjoyed many of your
presentations. But I am left with an extraordinary dilemma, a
sort of sinking feeling of therapeutic nihilism.

You tell us that the only event I could see, that relates
to the operation was wound infection. Did antibiotics make
any difference? The rest were system failures, systemic
failures, and yet you told us that preoperatively we could not
predict those. So I am left with this extraordinary feeling that
the only thing I can possibly impact on is wound complica-
tions. Perhaps you would reassure me?

Dr. Jeekel is correct, what we need is disease-specific
survival, which would answer many of these questions. Fi-
nally, Dr. Cameron’s reason for commenting is there are no
complications at the Johns Hopkins Hospital.
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Dr. Snukri F. KHURI (WEST ROXBURY, MASSACHUSETTS):
We have devoted a good section of our manuscript addressing
the issue of whether or not one can reduce complications. In
the manuscript we present data from the NSQIP that clearly
show how process improvement at the local level can dra-
matically improve the morbidity O/E ratio of a specific
surgical center and of specific specialties within that cen-
ter. This demonstrates what has been established by the
NSQIP for more than a decade, namely that feed back to
the provider of reliable comparative risk-adjusted out-
comes is an effective tool for driving process and quality
improvement in surgery at both local and national levels.

Dr. BRUCE H. BARRACLOUGH (SYDNEY, AUSTRALIA): A
great paper from a very important project. With the method-
ologies used in the VA to do a root cause analysis to identify
the basic underlying systems causes for these things, could
you tell us what percentage of these complications you
would find as preventable and what are the top issues in
terms of systems improvement that would allow us to
make those that are preventable actually be preventable?

© 2005 Lippincott Williams & Wilkins

Dr. Snukri F. KHURI (WEST ROXBURY, MASSACHUSETTS):
Every year we review the O/E ratios for mortality and
morbidity in all 122 surgical centers in the VA. The O/E,
or observed to expected, ratio is the risk adjustment mea-
sure used to compare the performance of one hospital to
another in our system. For morbidity, it is calculated at the
99% confidence level. We repeatedly see surgical centers
and specialties within these centers, who are statistically
significant high outliers in a certain year (i.e. performing
poorly) improve significantly within one year, with a
marked drop in the O/E ratio, sometimes to a statistically
low outlier status. This means that they have effectively
reduced the risk-adjusted number of complications, mostly
through process improvement. So yes, within the rubric of
process improvement, morbidity can be reduced and as
such complications resulting from suboptimal processes of
care can be prevented. Based on the wide variation in
morbidity O/E ratio which we observe between various
institutions, I personally believe that the majority of com-
plications can be prevented through improved processes of
care.
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