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BACKGROUND: Postoperative complications are a significant source of

morbidity and mortality. There are limited studies, however, assessing

the impact of common postoperative complications on health care re-

source utilization.

OBJECTIVE: To assess the association of clinically important postop-

erative complications with total hospital costs and length of stay (LOS)

in patients undergoing noncardiac surgery.

METHODS: We determined total hospital costs and LOS in all patients

admitted to a single tertiary care center between July 1, 1996 and

March 31, 1998 using a detailed administrative hospital discharge da-

tabase. Total hospital costs and LOS were adjusted for preoperative

and surgical characteristics.

RESULTS: Of 7,457 patients who underwent noncardiac surgery,

6.9% developed at least 1 of the postoperative complications. These

complications increased hospital costs by 78% (95% confidence inter-

val [CI]: 68% to 90%) and LOS by 114% (95% CI: 100% to 130%) after

adjustment for patient preoperative and surgical characteristics. Post-

operative pneumonia was the most common complication (3%) and was

associated with a 55% increase in hospital costs (95% CI: 42% to 69%)

and an 89% increase in LOS (95% CI: 70% to 109%).

CONCLUSIONS: Postoperative complications consume considerable

health care resources. Initiatives targeting prevention of these events

could significantly reduce overall costs of care and improve patient

quality of care.
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A significant number of patients undergoing noncardiac

surgery may experience a postoperative complication.

Several studies1–3 reported rates of wound infection of 1.8%

to 7%, myocardial infarction (MI) 0.5% to 1%, pneumonia 0.7%

to 2.4%, and stroke o1% depending on the region studied,

surgical procedure, and method of identifying complications.

Meanwhile, studies that report health care costs and resource

utilization associated with these complications are limited by

focusing on single surgical procedures (especially coronary ar-

tery bypass graft surgery),4–7 examining only cardiac compli-

cations,8 using patient charges as a proxy for cost4 instead of

using total (direct and indirect) hospital costs, or because

costs are not adjusted for baseline conditions.9 To overcome

these limitations, we studied the association of total hospital

costs and length of stay (LOS) with multiple postoperative

complications for a heterogeneous group of surgical proce-

dures at a large tertiary care center.

METHODS

Study Population

The study population was derived from administrative hospital

discharge data of an urban, 750-bed tertiary care center and

teaching hospital in Calgary, Alberta, Canada, for patients dis-

charged from hospital between July 1, 1996 and March 31,

1998. We included patients aged 16 or older admitted for elec-

tive or urgent noncardiac surgery. We excluded patients who

were undergoing day procedures, had surgery cancelled, or

who had no recorded procedure code (2,151 patients excluded

in total).

Data Source

The administrative discharge abstract data coded by trained

professional coders contain up to 16 diagnosis and 10 proce-

dure codes of the International Classification of Diseases,

Ninth Revision, Clinical Modification codes (ICD-9-CM),10

and itemized hospital costs. Total itemized costs, calculated

based on the patient’s Diagnosis-Related Group, represent es-

timated expenses accrued from direct and indirect patient

care. Direct costs are based on all costs for providing patient

care such as nursing staff, drugs, and other patient supplies.

Indirect costs represent the cost of supporting the provision of

patient care and include costs of administrative infrastruc-

ture, fixed facility costs, health records costs, etc. Physician

salaries and billings are not included in hospital costs.

Explanatory Variables

To determine the independent association of postoperative

complications on total cost and LOS, we adjusted for comor-

bid status as well as type of surgery (major vs minor). Comor-

bid status was defined using the Elixhauser list of 30 comorbid

conditions. This list was validated for LOS and hospital costs

as outcomes and has superior control of confounding

compared with other comorbidity indices.11,12 Further, all

comorbid conditions were identified by a diagnosis-type

indicator that was recorded in the administrative data to flag
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conditions arising in-hospital13 to minimize misclassification

of comorbidities as complications. Minor surgery was defined

as a surgical procedure that involved brief anesthesia, limited

tissue dissection, or anticipated short recovery period, i.e.,

o2 days. Examples of minor surgical procedures include

hernia repair, mastectomy, arthroscopic and laparoscopic

procedures. Examples of major surgery include: colectomy,

thoracotomy, and lumbar laminectomy. Two independent re-

viewers classified over 1,000 surgical procedures in the data-

base as minor or major.14 The percentage agreement between

the 2 reviewers was 73%, corresponding to a k score of 0.42,

indicative of moderate agreement. Any disagreements were

resolved by consensus.

Postoperative Complications

To identify postoperative complications that were common

and/or clinically important, we used ICD-9-CM diagnosis

codes (codes beginning with 996-999) that are explicitly labe-

led as ‘‘complications’’ (cardiac complications, pneumonia,

hemorrhage, infectious complication, stroke) as well as ICD-

9-CM codes for acute MI, acute respiratory failure, and deep

vein thrombosis/pulmonary embolism. These codes have been

used in other studies15,16 (see online Appendix 1).

Statistical Analysis

The logarithmic transformation of cost and LOS was used be-

cause of the positive skew in the distribution of these 2 vari-

ables. To estimate the independent association between

complications and costs and LOS, we adjusted for baseline

characteristics including age, gender, the Elixhauser comor-

bidity list, urgency of surgery (urgent vs nonurgent), and type

of surgery (major vs minor) using linear regression modeling.

Clinically and statistically relevant interaction terms were also

included. The final model was assessed for the satisfaction of

assumptions for multiple linear regression. We also evaluated

for potential clustering at the surgical service level using a lin-

ear mixed effects modeling procedure. That analysis support-

ed the findings from the simpler linear regression models that

we present in the Results section.

The adjusted cost increase (i.e., the relative cost increase

associated with the presence of a given complication vs the

absence of any complications) was estimated by the percent-

age increase of the exponentiated b coefficient. We determined

the median cost with a given complication by multiplying the

adjusted percent increase that was associated with a postop-

erative complication with the unadjusted geometric mean. The

same method was used to assess increase in LOS.

RESULTS

There were 7,457 patients undergoing noncardiac surgical

procedures during the 21-month study period. As discerned

from Table 1, the majority of patients in this study were female,

with generally few comorbid conditions.

A significant proportion of patients experienced at least 1

postoperative complication (6.9%) but the occurrence of more

than 1 complication was infrequent. The most frequent com-

plications were postoperative pneumonia (3%), hemorrhage

(1.8%), postoperative infection (1.3%), and cardiac complica-

tions (1.3%).

In the multivariate analysis, after adjustment for age,

gender, preoperative comorbid conditions, type of surgical pro-

cedure, urgency of surgery, the presence of a postoperative

complication compared with having no complications was in-

dependently associated with increased total hospital costs

(Table 2). Postoperative complications were also associated

with increases in LOS except for acute MI. Postoperative stroke

and infectious complications were associated with the largest

Table 1. Patient Characteristics (n=7,457)

Characteristic

Age (y)
Mean � SD 50 � 17
Range 16 to 93

Female 63% (4,696)
Major surgery� 62% (4,597)
Urgent surgery 41% (3,080)
Surgery type

General 31% (2,292)
Neurosurgery 19% (1,416)
Obstetrics and Gynecology 24% (1,780)
Orthopedics 15% (1,134)
Other 11% (835)

Comorbidities
Diabetes mellitus 4% (273)
Chronic pulmonary disease 10% (763)
Neoplasia 15% (1,094)
Liver disease 0.6% (45)
Hypertension 20% (1,457)
Cerebrovascular disease 2% (166)
Congestive heart failure 1% (67)
Recent myocardial infarction 3% (231)

Postoperative complications
Cardiacw 1.3% (100)
Pneumonia 3.0% (220)
Stroke 0.1% (9)
Hemorrhagez 1.8% (137)
Infection‰ 1.3% (93)
Acute myocardial infarctionk 0.1% (9)
Acute respiratory failurek 0.4% (27)
DVT/PEk 0.2% (16)
At least one complicationz 6.9% (517)
Any two complications 0.9% (67)
Any three complications 0.1% (6)

Mortality 0.2% (14)
Cost in dollars��

Median 2,094
Range 154 to 80,589

Length of hospital stay in days
Median 3
Range 1 to 116

�Major surgery refers to any surgical procedure that is long in duration

and involving a significant amount of tissue dissection or fluid shifts.
wCardiac complication is defined in the 996 series ICD-9-CM coding man-

ual as cardiac arrest, cardiac insufficiency, cardiorespiratory failure, or

heart failure during or resulting from a surgical procedure.
zHemorrhage is defined in the 996 series ICD-9-CM coding manual as

any hemorrhage of any site resulting from a surgical procedure.
‰Infection is defined in the 996 series ICD-9-CM coding manual as post-

operative abscess or septicemia or infection due to an internal prosthetic

device.
kThese comorbid conditions are defined using ICD-9 codes not in the 996

series.15

zAny complication refers to the occurrence of at least 1 of the following

postoperative complications: cardiac, pneumonia, infection, stroke,

DVT/PE, acute respiratory failure, MI, or hemorrhage.
��All dollar values are based on 1998 U.S. dollars.

ICD-9-CM, International Classification of Diseases, Ninth Revision, Clin-

ical Modification codes; DVT/PE, deep vein thrombosis/pulmonary

embolism.
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increases in cost and also in LOS. The presence of any com-

plication was associated with a 110% increase in adjusted cost

and 101% increase in LOS.

In addition, significant interactions between major type of

surgery and pneumonia (Po.01) and major type of surgery and

postoperative cardiac complications (Po.01) were observed.

The interactions suggested that although these postoperative

complications were associated with increased cost and LOS for

both major and minor surgical procedures, the relative cost

increase was greater for those undergoing minor surgeries.

DISCUSSION

We found that postoperative complications were relatively

common, occurring in 6.9% of surgical patients in the present

study. Each of the postoperative complications studied were

associated with substantial increases in total hospital cost and

LOS, even after adjusting for type of surgery, urgency of sur-

gery, and preoperative patient comorbid conditions. The rela-

tive increase in cost for each of the complications ranged from

41% to 112%. Parallel to the increases seen in costs, compli-

cations were associated with similar significant increases in

LOS. Pulmonary complications occurred most often and were

associated with a substantial increase in hospital cost and

LOS. These increases in hospital costs were largely driven by

prolonged hospital stay. This conclusion is based on the fact

that although most complication types were associated with an

increase in hospital cost independent of LOS, the magnitude of

the cost increase was considerably lower than in an analysis

that does not control for LOS.

These results are consistent with and extend findings from

previous investigations of the impact of various perioperative

explanatory factors on health care resource utilization in non-

cardiac surgery.8,12,17 Dimick et al.3 reported increases in hos-

pital costs and LOS with several postoperative complications

in a study of 1,008 surgical patients. However, because of

the small number of events, they were only able to study a lim-

ited number of complications and could only adjust for a few

comorbid conditions. Our study demonstrated, in a large

patient population adjusted for a comprehensive list of comor-

bid conditions, that complications were associated with sub-

stantial costs and prolonged LOS for multiple adverse compli-

cations.

The present study has several limitations. The first limi-

tation is that as the costs and LOS results are from a single

institution, they may not be representative of other hospitals.

However, the complication rates in this study are similar to

other reported complication rates from tertiary care cen-

ters.8,18,19 Second, administrative data might be incomplete

and inaccurate in identifying complications. We reduced mis-

classification of comorbid conditions as complications by us-

ing the diagnosis-type indicator13 that identifies each

comorbid condition as present at admission. Furthermore,

Lawthers et al.16 reported that 73% of surgical complications

identified by ICD-9 codes were confirmed against medical

record review. A third limitation is that the extreme imbalance

of comorbidity profiles between patients with complications

and those without might result in incomplete adjustment for

potential confounding. While we could not use multivariable

matched analyses proposed by some authors20 because of the

low matching rate, we have attempted to reduce confounding

by using a comprehensive list of comorbid conditions.11,12 The

fourth limitation is that patients in this study underwent sur-

gery between 1996 and 1998 and since that time, direct and

indirect hospital costs may have increased. Also, costs in the

single payer Canadian system are generally lower than quoted

costs or charges from the American system. However, the over-

all conclusion that postoperative complications are independ-

ently associated with a significant increase in cost and LOS

remains true, and is likely to apply to more recent Canadian

data and to American data.

A final caveat is that we studied complications regardless

of the occurrence of death. The relationship between death and

costs/LOS is complicated, as death occurring early or late

during the hospital admission would have differing effects on

cost and LOS. In this study, the effect of death on resource use

(cost and LOS) was, on average, modest, but this represents an

averaged summary of effects that range anywhere from huge

decreases in resource use (for early deaths) and huge increases

in resource use (for later deaths).

In conclusion, patients with postoperative complications

consume considerably more health care resources. Initiatives

Table 2. Increases in Total Hospital Cost and LOS for Postoperative Complications Before and After Adjustment for Patient Characteristics and
Comorbid Conditions

Complication Median LOS
(IQR)

Unadjusted %
Increase LOS

(95% CI)

Adjusted %
Increase LOS�

(95% CI)

Median Cost
(IQR)z

Unadjusted %
Increase Cost

(95%CI)

Adjusted %
Increase Cost�

(95% CI)

Pneumonia 7.0 (4.0 to 12.0) 164 (142 to 188) 75 (58 to 94) 3,930 (2,511 to 7,505) 100 (80 to 123) 47 (34 to 60)
Stroke 11.0 (9.0 to 15.0) 297 (71 to 2,399) 98 (22 to 222) 7,394 (4,274 to 10,054) 277 (100 to 608) 112 (39 to 223)
Hemorrhage 7.0 (5.0 to 12.0) 160 (137 to 186) 87 (64 to 94) 4,747 (2,922 to 6,616) 112 (92 to 133) 63 (46 to 81)
Infectious 10.0 (4.0 to 16.9) 190 (139 to 253) 122 (91 to 159) 4,747 (2,788 to 8,805) 126 (91 to 165) 79 (57 to 105)
Cardiac 9.0 (6.0 to 14.5) 218 (177 to 264) 46 (24 to 72) 5,767 (3,595 to 9,637) 191 (152 to 234) 65 (43 to 90)
AMI 20.9 (2.0 to 46) 286 (16 to 1,180) 3 (38 decr to 70 incr) 11,309 (6,524 to 25,168) 372 (120 to 955) 50 (0 to 133)
Acute respiratory

failure
6.0 (4.0 to 12.9) 131 (63 to 225) 35 (2 to 79) 3,345 (2,515 to 8,509) 114 (47 to 211) 41 (10 to 80)

DVT/PE 8.0 (7.0 to 16.4) 199 (108 to 324) 103 (41 to 193) 6,551 (4,287 to 9,566) 194 (120 to 294) 106 (50 to 183)
Any complicationw 7.0 (4.0 to 11.9) 165 (151 to 178) 101 (87 to 115) 4,278 (2,734 to 6,656) 110 (99 to 122) 71 (61 to 82)

�Adjusted increase in cost/LOS refers to cost/LOS associated with a complication compared with the cost/LOS without any complication.
wAny complication refers to the occurrence of at least 1 of the following postoperative complications: cardiac, pneumonia, infection, stroke, hemor-

rhage, acute respiratory failure, acute myocardial infarction, or DVT/PE.
zAll dollar values are based on 1998 U.S. dollars.

decr, decrease; incr, increase; LOS, length of stay; IQR, interquartile range; CI, confidence interval; AMI, acute myocardial infarction; DVT/PE, deep vein

thrombosis/pulmonary embolism.
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that target prevention of these events, even if costly to imple-

ment, would significantly improve quality of care and patient

safety, with potential to also decrease the overall costs of care.
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