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Purpose: This study determined the incidence of and identifi ed risk factors for 48 hour (h) and 

30 day (d) postoperative mortality after inpatient operations.

Methods: A retrospective cohort study was conducted using Anesthesiology’s Quality Indica-

tor database as the main data source. The database was queried for data related to the surgical 

procedure, anesthetic care, perioperative adverse events, and birth/death/operation dates. The 

48 h and 30 d cumulative incidence of postoperative mortality was calculated and data were 

analyzed using Chi-square or Fisher’s exact test and generalized estimating equations.

Results: The 48 h and 30 d incidence of postoperative mortality was 0.57% and 2.1%, 

respectively. Higher American Society of Anesthesiologists physical status scores, extremes of 

age, emergencies, perioperative adverse events and postoperative Intensive Care Unit admission 

were identifi ed as risk factors. The use of monitored anesthesia care or general anesthesia versus 

regional or combined anesthesia was a risk factor for 30 d postoperative mortality only. Time 

under anesthesia care, perioperative hypothermia, trauma, deliberate hypotension and invasive 

monitoring via arterial, pulmonary artery or cardiovascular catheters were not identifi ed as 

risk factors.

Conclusions: Our fi ndings can be used to track postoperative mortality rates and to test 

preventative interventions at our institution and elsewhere.
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Introduction
Increased attention has been placed in recent years on improving quality and safety 

in healthcare. In the United States, the Institute of Medicine (IOM), the Joint Com-

mission on the Accreditation of Healthcare Organizations (JCAHO), and the Institute 

for Healthcare Improvement (IHI) have made improvements in medication safety and 

adverse event tracking top priorities for the national public health agenda of the 21st 

century (IOM 2001; IHI 2007; JC 2007). The emphasis on patient safety was brought 

to the forefront by a 1999 report by the IOM which presented statistics suggesting that 

medical error accounts for the death of nearly 100,000 Americans each year (IOM 

1999). That same report noted the fi eld of anesthesiology as a model for patient safety. 

Indeed, in the early 1980s, rapid improvements in anesthesia safety were made over a 

very short period of time, primarily through the implementation of new clinical practice 

guidelines, improvements in vital signs monitoring technology, and the formation of 

the Anesthesia Patient Safety Foundation (IOM 1999; 2001; IHI 2007; JC 2007).

Yet, as emphasized by Lagasse (2002a; 2002b), claims that anesthesia remains 

safe today are based more on perception than on valid published data, as estimates on 

the incidence of anesthesia-related perioperative mortality are few, particularly in the 

United States. The most commonly cited report, from 1989, indicates that the rate of 

perioperative death directly attributable to anesthesia management is approximately 

0.001% for generally healthy persons (Eichhorn 1989). Even less is known about longer 
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term postoperative mortality, although a 2005 study by Monk 

and colleagues (2005) reports a one-year mortality rate of 

5.5% after noncardiac surgery in adults. The perceived safety 

of anesthesia has encouraged more complex surgeries to be 

performed on patients who might have been considered too 

unhealthy for surgery in the recent past, and yet even propo-

nents for the safety of anesthesia admit that further progress is 

needed to improve anesthesia safety for less healthy persons 

(Cooper and Gaba 2002). The perceived safety of anesthesia, 

coupled with economic pressures, also have contributed to the 

rise in the number of outpatient surgeries being conducted. 

Nonetheless, only two published studies, one by our group 

(Fecho et al in press) and one by another group (Warner 

et al 1993), focus on anesthesia-related adverse events in 

the outpatient setting.

The overall goals of our study were to determine the 

48 hour (h) and 30 day (d) incidence of postoperative mortal-

ity at our university-based, tertiary care hospital and to iden-

tify risk factors for postoperative mortality. The potential risk 

factors we evaluated were patient age and American Society 

of Anesthesiologists (ASA) physical status (PS), type of anes-

thesia (monitored anesthesia care (MAC), general, regional 

or combined), time under anesthesia care, emergency or 

trauma status, the occurrence of a perioperative adverse 

event, perioperative hypothermia, deliberate intraoperative 

hypotension, the need for invasive monitoring (via arte-

rial line, cardiovascular catheter or pulmonary artery), and 

postoperative intensive care unit (ICU) admission. Several 

of these factors have been implicated in earlier studies on 

anesthesia-related perioperative adverse events (Beecher 

and Todd 1954; Dripps et al 1961; Vacanti et al 1970; Eger 

et al 1971; Farrow et al 1982; Tiret et al 1986; Forrest et al 

1992; Schwilk et al 1998), but have not been fully evaluated 

in recent years, and so the contribution of these factors to 

postoperative mortality in today’s operating room environ-

ment remains unknown.

Methods
All study procedures were approved by our Institutional 

Review Board.

Data sources
Our Department of Anesthesiology’s Quality Indicator (QI) 

database and the hospital’s Surgical Services databases 

were the data sources. The QI database was maintained 

on a Microsoft SQL Server installed on a server running 

the Microsoft Windows 2000 Operating System (Micro-

soft Corp., Redmond, WA) and it contained data on every 

anesthesia-assisted procedure conducted at our hospital. The 

data were derived from a standard QI form similar to the one 

developed and validated by Cooper and colleagues (1987) for 

perioperative adverse event reporting. The form contained 

check-boxes for the occurrence of 48 specifi c types of peri-

operative adverse events in several major categories (Airway, 

Cardiovascular, Neurological, Regional, Respiratory and 

Miscellaneous-System Errors, Patient Factors, Other), and 

anesthetists completed the form in the postanesthesia care 

unit. The anesthesia record was used to obtain additional 

data that also were entered into the database: the patient’s 

date of birth and ASA PS; type of anesthesia; date and time 

that anesthesia care began and ended; emergency or trauma 

status of the operation; perioperative hypothermia; deliberate 

intraoperative hypotension; the need for invasive monitoring 

via arterial line, cardiovascular catheter or pulmonary artery 

catheter; and whether the patient was admitted (planned 

or unplanned) to the ICU postoperatively. The hospital’s 

Surgical Services database was used to obtain data on the 

date of death for any patient who dies after admission. 

Anesthesiology’s QI database was updated with a patient’s 

date of death on a daily basis. For the purpose of the present 

study, we queried the QI database for all fi elds of data for each 

procedure conducted between 4/1/04 and 3/31/05. The data 

were successfully extracted and downloaded into a Microsoft 

Offi ce Excel 2003 spreadsheet for transfer. The dataset was 

then uploaded into SPSS (version 15.0 for Windows; SPSS 

Inc., Chicago, IL) for variable “clean-up,” variable building 

and variable transformation prior to statistical analysis.

Endpoint variables
The time to death was calculated as the number of days 

from the patient’s date of surgery to the date of death 

(rounded to the nearest day). Mortality variables were created 

for two time periods after surgery, 48 h or 30 d, and mortality 

was treated as a binary variable (0 if did not die or 1 if died) 

for each time period.

Risk factors
The standard ASA PS scale of 1–5 was used in this study; 

procedures classifi ed as ASA PS 6 (organ donor) were 

excluded from the dataset prior to analysis (Vacanti et al 

1970). Patient age was calculated as the number of days from 

the patient’s date of birth to the date of the procedure, and 

age was expressed as years (rounded to the nearest year). 

Chronological age was used to calculate the age of premature 

babies. Patient age was categorized as 0–1, 2–17, 18–39, 

40–64, and 65+ years, following the age categories used by 
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Monk and colleagues (2005). Four types of anesthesia were 

evaluated: MAC; regional anesthesia; general anesthesia; 

or a combination. Total time under anesthesia care was 

calculated as the number of minutes (rounded to the near-

est minute) between the date and time that anesthesia care 

was begun to the date and time that anesthesia care ended. 

Total time under anesthesia care was broken into quartiles 

for analysis, which corresponded roughly to operation 

times of �60 min (quartile 1), 60–120 min (quartile 2), 

120–240 min (quartile 3), and �240 min (quartile 4). The 

emergency or trauma status of the operation, perioperative 

hypothermia, deliberate intraoperative hypotension and post-

operative ICU admission were classifi ed as binary variables 

(0 if no, 1 if yes). The total number of perioperative adverse 

events associated with each operation was calculated and a 

new variable was created to treat the occurrence of adverse 

events as a binary variable (0 or �1 adverse events). We did 

not evaluate subcategories of perioperative adverse events as 

the numbers within each subcategory were quite small, but of 

the 290 adverse events that were reported, the most common 

events were cardiovascular (55 or 19.1%) and respiratory 

(54 or 18.6%). Only inpatient operations were analyzed; 

outpatient and nonsurgical procedures (eg, electroconvulsive 

therapy) were excluded prior to analysis.

Statistical analysis
The data were analyzed using SPSS (SPSS Inc.) and graphed 

using Sigma Plot 2000 (version 6.1; SPSS Inc.). We treated 

each instance of death as an individual endpoint variable 

(coded as a binary variable, 0 or 1). Cumulative incidence 

rates of mortality and crude mortality rates were calculated 

for 48 h and 30 d postoperatively. The cumulative incidence 

of mortality was calculated for each level of the evaluated 

risk factors. Univariate analyses using chi-square or 

Fisher’s exact test were used to compare mortality rates 

across potential risk factors, with α = 0.05. Each risk factor 

was recategorized as a binary variable (if not already) 

for multivariate analysis using a generalized estimating 

equations model to determine the strength of each factor 

as a predictor of postoperative mortality and to estimate 

odds ratios, or relative risks. We categorized in this manner 

because, conceptually, the odds ratio is easier to understand 

and interpret when applied to binary variables. Subject 

identifi er was included as a covariate in the generalized 

estimating equations model to control for subjects having �1 

operation over the sampling period, as those subjects may 

be assumed to have greater comorbidity. For all analyses, 

p � 0.05 was considered signifi cant.

Results
From 4/1/04 through 3/31/05, 12,739 inpatient operations 

were conducted at our hospital. The incidence of postop-

erative hospital mortality was 0.57% within 48 h and 2.1% 

within 30 d of an inpatient operation (Table 1). These rates 

translate into crude 48 h mortality rates of 1:177 operations 

and crude 30 d mortality rates of 1:49 operations.

Our univariate analyses showed that the incidence of 

mortality varied across evaluated risk factors (Figures 1 

and 2). Mortality rates 48 h and 30 d postoperatively increased 

with increased ASA PS (p � 0.0005). The same relationship 

was found even when ASA 5 patients were excluded from 

analysis (p � 0.0005). Mortality rates were higher for very 

young (0–1 years) and older (65+ years) patients (p � 0.0005). 

Emergency or trauma operations were associated with higher 

48 h and 30 d postoperative morality rates (p � 0.01). 

Perioperative hypothermia was associated with higher 48 

h and 30 d postoperative mortality (p � 0.001). Operations 

in which a perioperative adverse event was documented or 

which resulted in postoperative ICU admission also were 

associated with higher 48 h and 30 d postoperative mortality 

rates (p � 0.0005). General anesthesia was associated with the 

highest mortality rate 48 h postoperatively (p � 0.0005), but 

both MAC and general anesthesia were associated with high 

mortality rates 30 d postoperatively (p � 0.0005). Mortality 

rates 48 h postoperatively did not vary by total time under 

anesthesia care. Mortality rates 30 d postoperatively did vary 

by total time under anesthesia care (p � 0.01), but a positive 

linear relationship, in which mortality rates increased with 

increased anesthesia care time, was not apparent. The need for 

invasive monitoring via arterial line, cardiovascular catheter 

or pulmonary artery catheter was associated with higher 

mortality rates 48 h and 30 d postoperatively (p � 0.002). 

Deliberate intraoperative hypotension was not associated with 

postoperative mortality.

The evaluated risk factors were combined as binary 

variables in a multivariate generalized estimating equations 

Table 1 Hospital deaths after inpatient surgeriesa

 Inpatient surgeries n = 12,739

Death within 48 hours 
Incidence 72 (0.57%)
Mortality rate 1:177
Death within 30 days 
Incidence 262 (2.1%)
Mortality rate 1:49

Notes: aOver the sampling period of 4/1/04–3/31/05, 12,739 inpatient surgical pro-
cedures. The table lists the cumulative incidence (frequency and percent) of hospital 
deaths, and the overall mortality rate, over two time periods, 48 hours and 30 days 
after surgery.
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Figure 1 Risk factors for 48 h and 30 d postoperative mortality. For each panel, the y-axis shows the incidence of mortality (%) 48 h or 30 d postoperatively, and the x-axis 
shows the ASA PS of the patient (A; 1–5 scale), the patient’s age (B; years), the emergency status of the operation (C), whether the operation was a trauma case (D), whether 
the patient was hypothermic perioperatively (E), whether a perioperative adverse event occurred (F), and whether the operation resulted in postoperative intensive care unit 
admission (G). In some panels, the exact percentage is noted with an arrow (eg, “0” refers to “0%”).
Notes: The fi gure legends list the signifi cance levels from chi-square or Fisher’s exact test examining incidence rates across each level of the risk factor.
Abbreviations: ASA PS, American Society of Anesthesiologists physical status; d, day; h, hour; NS, not signifi cant.
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model to determine the strength of each factor as a predictor of 

postoperative mortality and to estimate odds ratios (Table 2). 

For 48 h postoperative mortality, ASA PS (3, 4, 5 vs. 1, 2), 

the occurrence of a perioperative adverse event, an emergency 

operation, postoperative ICU admission and the extremes of 

age (0–1 or 65+ vs. 2–64) were identifi ed as signifi cant risk 

factors (p � 0.05). The occurrence of a perioperative adverse 

event was the strongest risk factor, with an estimated odds ratio 
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Figure 2 Risk factors for 48 h and 30 d postoperative mortality. For each panel, the y-axis shows the incidence of mortality (%) 48 h or 30 d postoperatively, and the x-axis 
shows the anesthesia type (A; MAC, regional anesthesia, general anesthesia or combined), the total time under anesthesia care (B; minutes), the use of invasive monitoring via 
arterial line (C), cardiovascular catheter (D) or pulmonary artery catheter (E), and whether the operation involved deliberate intraoperative hypotension (F). In some panels, 
the exact percentage is noted with an arrow (eg, “0” refers to “0%”).
Notes: The fi gure legends list the signifi cance levels from chi-square or Fisher’s exact test examining incidence rates across each level of the risk factor.
Abbreviations: d, day; h, hour; MAC, monitored anesthesia care; NS, not signifi cant.
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of 11.91 (95% CI: 6.46–21.96; p � 0.0005). The extremes of 

age (0–1 or 65+ vs. 2–64) was the weakest risk factor, with an 

estimated odds ratio of 1.75 (95% CI: 1.04–2.98; p � 0.05). 

For 30 d postoperative mortality, ASA PS (3, 4, 5 vs. 1, 2), 

anesthesia type (MAC or general vs. regional or combined), an 

emergency operation, the occurrence of a perioperative adverse 

event, postoperative ICU admission and the extremes of 

age (0–1 or 65+ vs. 0–64) were identifi ed as signifi cant risk 

factors (p � 0.01). ASA PS (3, 4, 5 vs. 1, 2) was the strongest 

risk factor, with an estimated odds ratio of 15.20 (95% CI: 

7.31–31.56; p � 0.0005) and the extremes of age (0–1 or 65+ 

vs. 2–64) was again the weakest risk factor, with an estimated 

odds ratio of 1.79 (95% CI: 1.37–2.35; p � 0.0005). For 30 day 

postoperative mortality, the use of a pulmonary artery catheter 

for invasive monitoring was associated with a small decreased 

risk of mortality, with an estimated odds ratio of 0.52 (95% 

CI: 0.29–0.93; p � 0.05).

Discussion
Despite recent mandates for improvements in medication 

safety and adverse event tracking by the IOM, JCAHO, and 

IHI (IOM, 1999; 2001; IHI 2007; JC 2007), surprisingly 

little recent research exists on anesthesia safety in the 

United States, either in terms of tracking adverse event 

rates, identifying antecedents and risk factors, testing 

preventative interventions, or comparing rates of adverse 

events across institutions. Postoperative mortality is an 

objective endpoint that can be used to evaluate anesthesia 

safety, within and between institutions, and to test the 

effectiveness of changes in practice (Baker et al 2007). Our 

fi ndings suggest that 48 h postoperative mortality at our 

hospital occurs at a rate of 5.7 per 1000 operations (0.57%). 

Lagasse (2002) recently conducted a review of all studies on 

perioperative mortality published worldwide over the last 

fi ve decades and found an overall perioperative mortality 

Table 2 Generalized estimating equations model for 48 hour and 30 day postoperative mortalitya

 Coeffi cient (B) Standard Error p valueb Exp(B)c 95% CI for Exp(B)d

48 hour postoperative mortality     

ASA PS 2.26 0.60 p � 0.0005 9.57 2.97–30.85
Age 0.57 0.27 p � 0.05 1.75 1.04–2.98
Emergency Operation 2.06 0.27 p � 0.0005 7.81 4.57–13.34
Trauma 0.19 0.53 N. S. 1.21 0.43–3.43
Perioperative Hypothermia 0.30 0.47 N. S. 1.36 0.54–3.43
Perioperative Adverse Event 2.48 0.31 p � 0.0005 11.91 6.46–21.96
Postoperative ICU Admission 0.88 0.31 p � 0.01 2.42 1.32–4.43
Total time under Anesthesia Care 0.52 0.37 N. S. 1.67 0.81–3.45
Anesthesia type 1.06 0.71 N. S. 2.90 0.72–11.75
Deliberate Hypotension 0.49 1.28 N. S. 1.64 0.13–20.09
Arterial Line −0.47 0.37 N. S. 0.62 0.30–1.28
Cardiovascular Catheter 0.66 0.43 N. S. 1.93 0.83–4.49
Pulmonary artery Catheter −0.57 0.45 N. S. 0.56 0.23–1.37

30 day postoperative mortality     

ASA PS 2.72 0.37 p � 0.0005 15.20 7.31–31.56
Age 0.59 0.14 p � 0.0005 1.79 1.37–2.35
Emergency Operation 1.18 0.15 p � 0.0005 3.25 2.42–4.37
Trauma 0.36 0.31 N. S. 1.43 0.78–2.61
Perioperative Hypothermia 0.15 0.29 N. S. 1.17 0.66–2.06
Perioperative Adverse Event 1.37 0.25 p � 0.0005 3.92 2.41–6.37
Postoperative ICU Admission 1.09 0.15 p � 0.0005 2.96 2.19–4.00
Total Time Under Anesthesia Care −0.08 0.19 N. S. 0.93 0.64–1.36
Anesthesia type 1.20 0.39 p � 0.01 3.32 1.54–7.16
Deliberate Hypotension −0.68 1.06 N. S. 0.50 0.06–4.03
Arterial line −0.02 0.18 N. S. 0.98 0.69–1.39
Cardiovascular Catheter 0.08 0.25 N. S. 1.09 0.67–1.77
Pulmonary artery Catheter −0.66 0.30 p � 0.05 0.52 0.29–0.93

Notes: aThe table lists the results of the Generalized Estimating Equations model, with risk factors of ASA PS (3,4,5 vs. 1,2), age (0–1 or 65+ years vs. 2–64 years), emergency 
procedure (yes vs. no), trauma (yes vs. no), preoperative hypothermia (yes vs. no), perioperative adverse event (yes vs. no), ICU admission postoperatively (yes vs. no), total 
time under anesthesia care (top 25% vs. bottom 75%), anesthesia type (general vs. MAC, regional or combined for death within 48 h; general or MAC vs. regional or combined 
for death within 30 days), and invasive monitoring via arterial line, cardiovascular catheter or pulmonary artery catheter (yes vs. no); b“N.S. stands for that signifi cant.”; cExp(B) 
is an estimate of the odds ratio for each risk factor; d95% Confi dence Intervals (CI) are provided for each Exp(B) estimate.
Abbreviations: ASA PS, American Society of Anesthesiologists physical status; d, day; h, hour; ICU, intensive care unit; MAC, monitored anesthesia care; NS, not signifi cant.
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rate of approximately 2 per 1000 anesthetics (or 0.2%). 

Our rates are higher than those approximated by Lagasse, 

but within the same range. Our fi ndings further suggest that 

30 d postoperative mortality at our hospital occurs at a rate 

of 21 per 1000 operations (2.1%).

Postoperative mortality is associated with three major 

categories of risk factors: patient comorbidity; the surgical 

procedure itself; and risks directly related to anesthesia 

management (Beecher and Todd 1954). A major goal of 

our study was to begin to identify specifi c risk factors for 

postoperative mortality, and we carefully selected different 

variables that refl ect each of these major risk categories. 

Patient comorbidity was captured in our statistical analysis 

by including subject identifi er as a covariate in the general-

ized estimating equations model to control for subjects hav-

ing multiple operations over our one year sampling period, 

as they are presumably sicker than other subjects. Several 

other surrogates of patient comorbidity also were directly 

evaluated. The ASA PS is a well established surrogate mea-

sure of patient comborbidity (Vacanti et al 1970; Tiret et al 

1986; Schwilk et al 1989; Forrest et al 1992). Our analysis 

confi rmed that higher ASA PS scores are associated with 

increased risk of both 48 h and 30 d postoperative mortal-

ity. Notably, no patients classifi ed as ASA PS 1 died 48 h or 

30 d postoperatively and very few patients classifi ed as ASA 

PS 2 died over the two postoperative time periods. However, 

approximately 35% of ASA PS V patients died within 48 

h and nearly 50% of those patients died within 30 d post-

operatively. Both 48 h and 30 d postoperative mortality rates 

were higher after emergency operations or after operations 

resulting in postoperative ICU admission. The odds ratio for 

death after an emergency procedure was greatest for the fi rst 

48 h after inpatient surgery, but was signifi cant after 30 d as 

well, which is somewhat surprising. An emergency proce-

dure imparted approximately 8 times increased risk of death 

within 48 h and 3 times increased risk of death within 30 d 

postoperatively. Postoperative ICU admission was associated 

with a 2–3 times increased risk of 48 h or 30 d postoperative 

mortality. Trauma and perioperative hypothermia were not 

identifi ed as risk factors for postoperative mortality in our 

multivariate analysis.

The need for invasive monitoring, via arterial line, car-

diovascular catheter or pulmonary artery catheter, refl ects an 

increase in patient comorbidity and/or surgical complexity. 

Our multivariate analysis showed that invasive monitor-

ing was not associated with increased risk of 48 h or 30 d 

postoperative mortality. Total time under anesthesia care is 

considered another surrogate measure of surgical complexity. 

Indeed, complex operations take longer to complete and 

are associated with greater physiological stress and trauma 

for the patient. Early studies by other groups demonstrated 

a relationship between longer time under anesthesia care 

and greater risk of any type of perioperative adverse event 

(Beecher and Todd 1954; Tiret et al 1986; Schwilk et al 

1998). Our study did not fi nd an association between time 

under anesthesia care and postoperative mortality. Deliberate 

intraoperative hypotension is sometimes required during 

complex operations. Our analysis also did not fi nd an asso-

ciation between deliberate intraoperative hypotension and 

postoperative mortality. Collectively, these fi ndings suggest 

that anesthesiologists are managing longer, more complex 

operations quite well.

The occurrence of an adverse event in the immediate 

perioperative period was associated with higher 48 h and 

30 d postoperative mortality. A surgery associated with a 

perioperative adverse event imparted a 12 times increased risk 

of death within 48 h postoperatively and 4 times increased 

risk of death within 30 d postoperatively. Although we did 

not analyze subcategories of perioperative adverse events, 

cardiovascular and respiratory events were the most com-

mon. However, we cannot determine from the current data 

whether these events refl ect patient comorbidity, anesthetic 

complications, or surgical complexity. Further studies, using 

a larger sample and greater resolution data, will explore this 

relationship and investigate the specifi c contribution of differ-

ent perioperative adverse events to postoperative mortality.

Earlier studies identifi ed the extremes of age as a risk 

factor for perioperative adverse events (Beecher and Todd 

1954; Eger et al 1971; Farrow et al 1982; Tiret et al 1986; 

Forrest et al 1992; Schwilk et al 1998). In our study, infants 

(0–1 years) and older persons (65+ years) experienced higher 

rates of postoperative mortality than persons 2–64 years. 

However, the extremes of age imparted less than 2 times 

increased risk of 48 h or 30 d postoperative mortality. These 

fi ndings suggest that patients in the extreme age groups are 

now being managed relatively well.

Whether general anesthesia is associated with greater risk 

than regional anesthesia, or vice-versa, is a matter of great 

debate (Gulur et al 2006). Our study did not fully clarify the 

relationship between postoperative mortality and the type 

of anesthesia used during surgery. Anesthesia type was not 

identifi ed as a signifi cant risk factor for 48 h postoperative 

mortality, but for 30 d postoperative mortality, the use of 

MAC or general anesthesia versus regional or combined 

anesthesia was identifi ed as a signifi cant risk factor. The 

identifi cation of MAC as a signifi cant risk factor might 
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refl ect the anesthesiologist’s decision to use MAC instead of 

general anesthesia for sicker patients, and so the signifi cant 

association might refl ect a relationship between patient 

comorbidity, not anesthesia type, and 30 d postoperative 

mortality. Our results add to the debate in the literature 

regarding the risks associated with regional versus general 

anesthesia, but further studies clearly are needed.

Limitations
Our study has several limitations that should be considered 

when interpreting the results. First, this was an observational 

study and as such, it is vulnerable to both confounding 

and misclassifi cation bias. Second, our mortality data are 

derived solely from our hospital’s Surgical Services database, 

and so our data do not refl ect deaths occurring outside of our 

hospital. Third, the relationship between the identifi ed risk 

factors and death is not necessarily causal, especially for the 

30 d period, in which multiple additional variables which we 

were unable to capture are likely to be involved.

Implications
Our results indicate that postoperative mortality occurs at 

high rates. Our study identifi ed new and re-established other 

risk factors for postoperative mortality in the modern operat-

ing room environment, and our study discounted several risk 

factors identifi ed in early studies. We aim to build upon our 

fi ndings, track mortality rates at our institution and across 

others, and test interventions designed to reduce postopera-

tive mortality rates and increase anesthesia safety.
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