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Background: The impact of anesthetic choice on postopera-
tive mortality and morbidity has not been determined with
certainty.

Metbods: The authors evaluated the effect of type of anesthe-
sia on postoperative mortality and morbidity in a retrospective
cohort study of consecutive hip fracture patients, aged 60 yr or
older, who underwent surgical repair at 20 US hospitals be-
tween 1983 and 1993. The primary outcome was defined as
death within 30 days of the operative procedure. The secondary
outcomes were postoperative 7-day mortality, postoperative
myocardial infarction, postoperative pneumonia, postoperative
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congestive heart failure, and postoperative change in mental
status. Numerous comorbid conditions were controlled for in-
dividually and by several comorbidity indices using logistic
regression.

Resulls: General anesthesia was used in 6,206 patients
(65.8%) and regional anesthesia in 3,219 patients (3,078 spinal
anesthesia and 141 epidural anesthesia). The 30-day mortality
rate in the general anesthesia group was 4.4%, compared with
5.4% in the regional anesthesia group (unadjusted odds ratio =
0.80; 95% confidence interval = 0.66—0.97). However, the ad-
justed odds ratio for general anesthesia increased to 1.08 (0.84—
1.38). The adjusted odds ratios for general anesthesia versus
regional anesthesia for the 7-day mortality was 0.90 (0.59-1.39)
and for postoperative morbidity outcomes were as follows:
myocardial infarction: adjusted odds ratio = 1.17 (0.80-1.70);
congestive heart failure: adjusted odds ratio = 1.04 (0.80-1.36);
pneumonia: adjusted odds ratio = 1.21 (0.87-1.68); postoperative
change in mental status: adjusted odds ratio = 1.08 (0.95-1.22).

Conclusions: The authors were unable to demonstrate that
regional anesthesia was associated with better outcome than
was general anesthesia in this large observational study of el-
derly patients with hip fracture. These results suggest that the
type of anesthesia used should depend on factors other than
any associated risks of mortality or morbidity. (Key words:
Anesthesiology; orthopaedic surgery; outcome study.)

THE choice of anesthetic technique is a complex medi-
cal decision that depends on many factors, including
patient characteristics (e.g., comorbidity, age), type of
surgery performed, and risks of the anesthetic tech-
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niques. Assessment of the risks of the anesthetic tech-
nique should include consideration of technical factors
(airway, establishment of regional blocks, invasive mon-
itoring), anesthetic agent toxicities, incidence of critical
intraoperative and postoperative events, and postopera-
tive treatment of pain. :

Few studies have prospectively compared the out-
come of patients administered general versus regional
anesthesia." The largest randomized trial included only
423 patients, and the type of anesthesia did not appear to
influence cardiac morbidity or overall mortality.” It has
been suggested that further trials are unlikely to show
important differences among the types of anesthesia,® al-
though each of the published trials had limited power.

We describe the results of an analysis that evaluated
the relation between type of anesthesia and postopera-
tive morbidity and mortality in a cohort of 9,425 elderly
patients undergoing surgery for hip fractures.

Methods

Study Design and Patient! Population

We performed a retrospective cohort study of consec-
utive patients with hip fracture, aged 60 yr or older, who
underwent surgical repair at 1 of 20 study hospitals
between 1983 and 1993. Patients were excluded if they
declined to receive blood transfusion, had metastatic
cancer, or underwent a surgical procedure involving a
site other than the hip because the data were collected
for a study of blood transfusion and surgery.® The 20
participating hospitals were drawn from four metropol-
itan areas: New Brunswick, New Jersey; San Antonio,
Texas; Philadelphia, Pennsylvania; and Richmond, Vir-
ginia. These hospitals included university and commu-
nity and Veterans Administration medical centers and
were selected based on willingness to allow review of
medical records.

Anesthetic Technique

We compared the use of general versus regional anes-
thesia during the hip fracture repair. General anestbesia
was defined as inhalational anesthesia or total intrave-
nous anesthesia with use of an endotracheal tube. Re-
gional anestbesia was defined as epidural or spinal an-
esthesia. A patient receiving spinal or epidural anesthesia
plus sedation was classified in the regional anesthesia
group. The anesthesia technique was defined as general
plus regional if the patient received full regional anes-
thesia plus inhalational anesthesia. Patients who re-
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ceived 2 combination of regional and general anesthesia
were excluded from these analyses, as were the small
number of patients who received local anesthesia.

Primary Outcome: 30-day Mortality

The primary study outcome was 30-day postoperative
mortality. The National Death Index (NDI) was used to
identify deaths that occurred after discharge but within
30 days of the operation. Thirty-day mortality was the
primary outcome because it is not subject to detection
bias and it is an extremely important outcome, and 30
days is the standard time period to assess perioperative
outcomes.

Secondary Outcome: 7-day Movrtality

We evaluated 7-day mortality because the immediate
postoperative period (1 week) may be more likely to
reflect anesthetic-related complications. A National
Death Index search was used to identify deaths.

Tertiary Outcomes: Morbidity

The morbidity outcomes were postoperative myocar-
dial infarction, postoperative pneumonia, postoperative
congestive heart failure (CHF), and postoperative confu-
sion. We evaluated morbidity at 7 days after surgery. We
used the 7-day time period because (1) we could not
assess outcomes that occurred after discharge from the
hospital and (2) the immediate postoperative period (1
week) may be more likely to reflect anesthetic-related
complications.

Morbidity was considered to be a tertiary outcome
because (1) identification was based only on information
available in the medical record and it is possible these
data were pursued or recorded differently among study
sites and over time; (2) although unlikely, we cannot rule
out the possibility of a detection bias caused by differ-
ential postoperative assessment for morbidity in patients
receiving general or regional anesthesia; and (3) we
could only assess events that occurred during the hospi-
tal stay. Postoperative myocardial infarctions were de-
fined using Atherosclerosis Risk in Communities (ARIC)
Study criteria.’ These criteria are widely used in epide-
miologic studies of myocardial infarction. A screening
procedure was used to identify patients who could con-
ceivably be classified as having a myocardial infarction
using Atherosclerosis Risk in Communities Study crite-
ria. These screening criteria included (1) postoperative
chest pain and at least one postoperative electrocardiog-
raphy (ECG) performed; (2) cardiac enzymes and at least
onc postoperative ECG performed; or (3) at least two
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ECG procedures performed, with one performed during
the postoperative period.. In patients meeting any of
these criteria, up to three ECGs were interpreted by the
ECG center at the University of Minnesota.

Pneumonia was determined to be present in patients
based on the following criteria: (1) Postoperative chest
radiograph was consistent with infiltrate or pneumonia
was diagnosed by a physician and (2) thé patient was
treated using an antibiotic.

Congestive heart failure was determined to be present
in patients who had (1) either a physician diagnosis of
CHF or a chest radiograph that was consistent with new
CHF and (2) treatment with diuretics, digoxin, or angio-
tensin-converting enzyme inhibitor. Postoperative con-
Jfusion was defined as a postoperative change in mental
status that included new episodes of syncope, seizure,
loss of consciousness, disorientation, agitation, somno-
lence, and lethargy.

We also evaluated intraoperative events, including hy-
potension, use of vasopressors, and arrhythmias. Hypo-
tension was defined as a systolic blood pressure less than
90 mmHg. Intraoperative arrbytbmia was defined as
the presence of new onset of atrial fibrillation or flutter,
ventricular fibrillation, more than five premature ventric-
ular contractions/min, or ventricular tachycardia.

Other outcomes of an « priori interest, including post-
operative stroke and postoperative deep venous throm-
bosis or pulmonary embolism, were not studied because
they were rare outcomes in the study population.

Data Collection

A retrospective chart review was conducted using
standardized, pretested forms and an explicit abstraction
process. The data collection instrument included ques-
tions regarding anesthetic technique and significant in-
traoperative and postoperative events. Research nurses
received extensive training by the investigators. Quality
assurance was performed by reviewing a random sample
of medical records.

We collected information regarding demographic char-
acteristics (age, gender, race, insurance, preadmission
residence, hospital admission year), comorbid condi-
tions (see next paragraph), habits (smoking, alcohol
use), medications used before admission and during the
preoperative and postoperative time periods, preopera-
tive physical examination (vital signs, cardiac examina-
tion, mental status, motor strength, whether patient was
malnourished or cachectic, presence of a decubitus ul-
cer), laboratory results (electrocardiogram, chest radio-
graph, arterial blood gas, echocardiogram, glucose, cre-

Anesthesiology, V 92, No 4, Apr 2000

atinine, liver enzymes, coagulation tests), cointer-
ventions (preoperative admission to the intensive care
unit, thromboembolism prophylaxis, antibiotic prophy-
laxis, preoperative transfusions, physical therapy, respi-
ratory therapy, preoperative consultations), and hip frac-
ture treatment (type of hip fracture, surgical procedure).

Information regarding the presence of many comorbid
conditions was collected. Cardiovascular disease was
defined as history of any of the following: myocardial
infarction, angina or ischemic chest pain, coronary ar-
tery disease, coronary artery bypass surgery, percutane-
ous transluminal coronary angioplasty, CHF, or periph-
eral vascular disease. Chronic pulmonary disedase was
defined as history of any of the following: chronic ob-
structive pulmonary disease, asthma, primary pulmonary
hypertension, chronic pulmonary embolism, or other
chronic pulmonary disorder. Data were collected about
the following other comorbid conditions: history of val-
vular heart disease, arrhythmia, hypertension, diabetes
mellitus, dementia, stroke or transient ischemic attach,
thromboembolism, malignancy, gastrointestinal bleed-
ing, swallowing disorder, liver disease, arthritis, hospital
admission within the preceding month, and hip fracture.

We also calculated several multivariate indices, includ-
ing the Charlson Comorbidity index,6 the acute physiol-
ogy score (APS) subscore of the Acute Physiology and
Chronic Health Evaluation (APACHE) 1I index,” and the
30-day Sickness at Admission scale.” The APACHE II
index is predictive of in-hospital mortality for critically ill
patients.® The Charlson Index incorporates many com-
mon, serious comorbid conditions in its final score and is
a predictor of mortality for medical in-patients. The 30-
day Sickness at Admission scale was developed specifi-
cally to predict mortality in hip fracture patients. In
addition, we collected data regarding the American So-
ciety of Anesthesiologists’ (ASA) physical status classifi-
cation system, which predicts postoperative mortali-
ty.'®!! The acute physiology score was analyzed as a
continuous variable; the Charlson Index was analyzed as
a dichotomous variable (no points vs. any points) be-
cause it was not linearly associated with outcome; the
30-day Sickness at Admission Scale was divided into
quartiles; and the ASA physical status was grouped into
three categories (I or II; III; IV or V).

Statistical Analysis

For each outcome, we first assessed the unadjusted
relations with type of anesthesia and potential confound-
ers using an independent sample ¢ test or chi-square
test.'? We calculated the unadjusted odds ratio for the
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Table 1. Patient Characteristics by Type of Anesthesia

Reneral Anecthesia Ragiona! Anesthesia

(n = 6,206) (n = 3,219)
Description No. % No. % P*
Age (yr) = 0.001
60-69 910 147 325 10.1
70-79 1,918 30.9 881 27.4
80-89 2,602 41.9 1,452 451
90+ 776 12,5 561 17.4
Female gender 4,978 80.2 2,437 757 = 0.001
White race 5,402 87.2 2,748 85.8 0.07
History of
Cardiovascular disease 2,537 40.9 1,533 47.6 = 0.001
Valvular disease 286 4.6 201 6.2 = 0.001
Atrial fibrillation 575 9.3 424 13.2 = 0.001
Hypertension 2,865 46.2 1,529 475 0.22
Chronic pulmonary disease 869 14.0 864 21.3 = 0.001
Confusion or disorientation not precipitated by fracture 1,624 26.2 851 26.4 0.78
Stroke or transient ischemic attack 987 159 577 17.9 0.01
Prior hospital stay within 1 month of admission 269 4.3 144 4.5 0.76
Smoking 1,433 231 860 26.7 = 0.001
Physician diagnosis of malnourished or cachectic 355 57 210 6.5 0.12
Described as obese at physical examination 501 8.1 179 5.6 = 0.001
Charlson comorbidity index (any points) 3,142 50.6 1,766 54.9 = 0.001
Sickness at admission scale for 30-day mortality = 0.001
= 3.00 1,669 26.9 730 22.7
3.01-54 1,545 24.9 779 24.2
7.5-8.6 1,544 249 835 25.9
> 8.6 1,448 23.3 875 27.2
ASA physical status = 0.001
lorll 1,698 28.4 560 18.1
i 3,666 61.3 2,097 67.8
WVorV 618 10.3 438 14.1
Preoperative transfusion 489 7.9 216 6.7 0.04
Surgery delayed for medical reasons 663 10.7 324 10.1 0.35
Fracture type intertrochanteric or subtrochanteric 3,272 52.7 1,667 51.8 0.39
Procedure type = 0.001
Total arthroplasty or hemiarthroplasty 2,327 37.6 1,153 35.8
Internal fixation, other than pinning 3,367 54.4 1,851 57.6
Internal fixation, pinning 495 8.0 212 6.6
Preadmission residence was nursing home/psychologic facility 1,260 " 203 657 20.4 0.90

“ Chi-square statistic.

effect of type of anesthesia instead of the relative risk, so it
could be compared with the adjusted odds ratio generated
by a logistic-regression model. The odds ratio should be the
same for uncommon outcomes except confusion.
Logistic regression was used to describe the effect of
type of anesthesia on outcome after adjusting for poten-
tial confounders. Potential confounding variables in-
cluded characteristics that met all of the following crite-
ria: (1) a statistically significant univariate relation with
outcome (P = 0.05), (2) presence in at least 5% of the
population, and (3) no expected value less than 5 in the
contingency-table analysis. All variables maintaining a P
value of 0.10 or less were included in the final model. All
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variables included in the tables or described in the data
collection section of the article were evaluated for inclu-
sion in the models. We did not control for intraoperative
or postoperative factors (i.e., intraoperative hypoten-
sion) that might influence mortality or morbidity be-
cause these might actually represent outcomes that oc-
curred during or after the time anesthesia was
administered.

The ASA physical status score was missing in 348
(3.7%) patients. We present the unadjusted odds ratios
for both the entire study population (N = 9,425) and the
subset of the population with an available ASA physical
status score (n = 9,067). Adjusted odds ratios are pre-
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Fig. 1. Decreasing rate of general anesthe-
sia by year.
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sented for the population with an available ASA physical
status score because the ASA physical status is included
in all the multivariate models. The results of logistic-
regression models that included all patients (therefore
not controlling for ASA physical status) were very similar
and had no effect on the interpretation of the results,
except where noted in the Results section.

In addition to controlling for confounding in the logis-
tic-regression model as described previously, we per-
formed an analysis using propensity scores, which strat-
ified patients based on their predicted probability of
receiving general anesthesia. The first step in this analy-
sis was to develop a predictive model for general anes-
thesia. Independent predictors (demographic character-
istics, comorbid conditions, habits, preoperative
physical findings, hospital) were entered into a logistic
model. The C statistic was used to assess the adequacy of
the ability of the predictive models to discriminate be-
tween those who received general versus regional anes-
thesia. The probability of receiving general anesthesia
(the “propensity score”) was generated for each patient,
based on the model, and patients were grouped into
quintiles of predicted probability. Thus, within each of
the five strata defined by predicted probability, all pa-
tients had a similar likelihood (based on clinical and
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Fig. 2. Variation in general anesthesia by hospital.
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demographic characteristics) of receiving general anes-
thesia, although some did and others did not actually
receive general anesthesia. This stratification is an at-
tempt to eliminate confounding by the variables that
went into calculating the propensity score.'? The odds
ratio for anesthesia type wversus 30-day mortality was
calculated, with a 95% confidence interval, separately
within each of the five strata defined by the propensity
scores. We used the Breslow-Day test among quintiles of
predicted probability of receiving general anesthesia to
assess homogeneity of odds ratios,'* and then calculated
the common odds ratio using the Mantel-Haenzsel pro-
cedure.'” All analyses were performed using Statistical
Analysis Software (SAS) version 6.12.1¢

Results

Study Population

The original study cohort included 9,598 patients who
underwent operative repair of a hip fracture. Patients
who received local anesthesia (n = 14), a combination
of regional and general anesthesia (n = 134), or whose
type of anesthesia was unknown (n = 25), were ex-
cluded from this analysis. The final study population
therefore included 9,425 patients. General anesthesia
was used in 6,206 patients (65.8%). Of the remaining
3,219 patients, 3,078 received spinal anesthesia and 141
received epidural anesthesia. The mean age was 80.3 yr
(SD = 8.7 yr) and 78.7% were women.

Table 1 shows the clinical characteristics of the study
population stratified by the type of anesthesia. The re-
gional anesthesia group was older (17.4% were older
than 90 yr vs. 12.5% of the general anesthesia group),
and somewhat more sick. For example, the regional
anesthesia group was more likely to have a history of
cardiovascular disease (47.6 vs. 40.9%) and chronic ob-
structive lung disease (21.3 vs. 14.0%), and a greater
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Table 2. Description of Patient Population and Univariate Relationship with 30-day Mortality

Dead 30-day Mortality
Description No. % Odds Ratio 95% ClI

Age (y1) .
60-69 29/1,235 2.4 Baseline
70-79 87/2,799 3.1 1.33 0.86-2.09
80-89 201/4,054 5.0 217 1.44-3.29
90+ 129/1,337 9.7 4.44 2.90-6.84

Gender 0.46 0.38-0.56
Female 285/7,415 3.8
Male 161/2,010 8.0

Race 0.82 0.61-1.11
Nonwhite 50/1,249 4.0
White 394/8,150 4.8

History of cardiovascular disease* 2.03 1.67-2.47
Present 267/4,070 6.6
Absent 179/5,355 3.3

History of atrial fibrillation 2.08 1.63-2.66
Present 85/999 8.5
Absent 361/8,426 4.3

History of valvular disease 1.50 1.04-2.18
Present 33/487 6.8
Absent 413/8,938 4.6

History of hypertension 0.96 0.80-1.17
Present 204/4,394 4.6
Absent 242/5,031 4.8

History of chronic pulmonary disease 1.46 1.16-1.84
Present 98/1,553 6.3
Absent 348/7,872 4.4

History of confusion or disorientation not precipitated by fracture 2.37 1.96-2.88
Present 199/2,475 8.0
Absent 247/6,950 36

History of stroke or transient ischemic attack 1.50 1.20-1.89
Present 101/1,564 6.5
Absent 345/7,861 4.4

Prior hospital stay within 1 month of admission 2.41 1.73-3.37
Present 42/413 10.2
Absent 404/8,608 4.5

History of treated diabetes mellitus 1.41 1.04-1.91
Present 50/788 6.4
Absent 396/8,637 - 46

Physician diagnosis of malnourished or cachectic 2.39 1.78-3.21
Present 56/565 9.9
Absent 390/8,860 4.4

Charison comorbidity index 2.77 2.23-3.44
Any points 331/4,908 6.7
No points 115/4,517 2.5

Sickness at admission scale for 30-day mortalityt
= 3.00 45/2,399 1.9 Baseline
3.01-5.4 60/2,324 2.6 1.39 0.92-2.09
7.5-8.6 115/2,379 4.8 2.66 1.85-3.83
> 8.6 226/2,323 9.7 5.64 4.03-7.91

ASA physical statust
I orll 42/2,258 1.9 Baseline
1 265/5,763 4.6 2.54 1.81-3.59
IV orV 118/1,056 11.2 6.64 4.57-9.67

Abnormal preoperative chest radiograph§ 1.77 1.46-2.14
Present 221/3,424 6.5
Absent 225/6,001 3.8
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Table 2. Continued

Dead 30-day Mortality
Description No. % Qdds Ratio 95% CI
Type of fracture 1.25 1.11-1.64
Intertrochanteric or subtrochanteric 265/4,939 5.4
Other 181/4,486 4.0
Preoperative transfusion 2.45 1.87-3.20
Present 70 /705 9.9
Absent 376/8,720 4.3
Surgery delayed for medical reasons 2.04 1.58-2.64
Present 83 /987 8.4
Absent 363/8,438 4.3
Procedure type
Internal fixation, pinning 15 /707 21 Baseline
Total arthroplasty or hemiarthroplasty 161/3,480 4.6 2.24 1.28-3.98
Internal fixation, other than pinning 265/5,218 5.1 2.47 1.43-4.34
Preadmission residence 1.94 1.57-2.39
Nursing home/psychologic facility 144/1,917 7.5
Other 302/7,508 4.0
Admission year
1981/1982 4 /96 4.2
1983 14 /433 3.2
1984 21 /507 4.1
1985 42 /716 5.9
1986 40 /762 5.3
1987 29 /811 3.6
1988 49 /929 5.3
1989 47 /936 5.0
1990 38/1,070 3.6
1991 73/1,268 5.8
1992 58/1,226 4.7
1993/1994 31 /67 4.6
Hospital
1 13 /288 4.5
2 49 /855 5.7
3 19 /314 6.0
4 8 /322 25
5 16 /452 3.5
6 3 /137 2.2
7 39/1,353 29
8 34 /693 49
9 12 /393 3.0
10 11 /278 4.0
1 21 /325 6.5
12 15 /379 4.0
13 35 /614 5.7
14 42 /642 6.5
15 40 /739 5.4
16 39 /863 4.5
17 17 /327 5.2
18 12 /200 6.0
19 21 /238 8.8
20 0 /13 0.0

* Cardiovascular disease defined as history of myocardial infarction, angina, or ischemic chest pain, or coronary artery disease, coronary artery bypass surgery,
percutaneous transluminal coronary angioplasty, or history of congestive heart failure, or history of peripheral vascular disease.

t Cut points for categories chosen to create approximately equal quartiles.

1 American Society of Anesthesiologist physical status classification missing for 348 patients.

§ Abnormal chest radiograph defined as consistent with congestive heart failure, cardiomegaly, or chronic obstructive pulmonary disease.
| Intraoperative tachycardia defined as pulse > 100 beats/min for at least 10 min.

# Intraoperative arrhythmia includes ventricular fibrillation, ventricular tachycardia, > five premature ventricular contractions, atrial fibrillation, atrial flutter,

superventricular tachycardia, paroxysmal atrial tachycardia, multifocal atrial tachycardia, or intraoperative cardiopulmonary resuscitation.

ASA = American Society of Anesthesiologists; C! = Taylor-based confidence interval.

Anesthesiology, V 92, No 4, Apr 2000
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Table 3. Unadjusted and Adjusted Relations between General Anesthesia and Outcome

General Regional
Anesthesia Anesthesia
Patients Patients
(n = 6,206) {n = 3,129 Unadjusted Fully Adjusted
Outcome No. % No. % Qdds Ratio 95% Cl QOdds Ratio 95% Cl
30-day mortality 272 4.4 174 54 0.80 0.66-0.97 1.08 0.84-1.38"
7-day mortality 82 1.3 53 1.6 0.80 0.56-1.13 0.90 0.59-1.391
7-day myocardial infarction 122 2.0 61 1.9 1.04 0.76-1.42 1.17 0.80-1.70%
7-day congestive heart failure 288 4.6 133 41 1.13 0.92-1.39 1.04 0.80-1.36§
7-day pneumonia 174 2.8 84 2.6 1.07 0.83-1.40 1.21 0.87-1.68||
7-day change in mental status 1,565 25 1,114 34 0.64 0.58-0.70 1.08 0.95-1.22#

* Variables included in the final model were gender, history of cardiovascular disease, history of atrial fibrillation, history of confusion, history of hospitalization
1 month before admission, malnourished or cachectic on physical examination, abnormal preoperative chest radiograph, acute physiological score, Charison
comorbidity scale (any vs. no points), age (divided into four groups), preoperative transfusions, type of fracture, delay of surgical repair of fracture for medical
reasons, 30-day Sickness at Admission Scale (quartiles), hospital, and ASA score.

T Variables included in the final model were gender, history of cardiovascular disease, history of hospitalization 1 month before admission, malnourished or
cachectic on physical examination, acute physiological score, Charlson comorbidity scale {any vs. no points), age (divided into four groups), delay of surgical
repair of fracture for medical reasons, hospital, and ASA score. There were no cases of 7-day mortality at one of our study hospitals. Therefore, patients from
this hospital were excluded from the multivariate analysis (n = 137).

¥ Variables in final model were race, gender, history of cardiovascular disease, fracture type, admission year, age, hospital, and ASA score.

§ Variables inciuded in final model were race, gender, admission year, history of cardiovascular disease, history of hospitalization 1 month before admission,
history of treated diabetes mellitus, abnormal preoperative chest radiograph, preoperative transfusion, 30-day Sickness at Admission Scale (quartiles), age, delay
of surgical procedure for medical reasons, hospital, and ASA score.

|| Variables included in final model were gender, history of confusion, any history of smoking, abnormal preoperative chest radiograph, Charlson comorbidity
scale, 30-day Sickness at Admission score, age, hospital, and ASA score. There were no cases of postoperative pneumonia at one of our study hospitals.
Therefore, patients from this hospital were excluded from the multivariate analysis (n = 137).

# Variables included in the final model were gender, history of cardiovascular disease, history of stroke, abnormal preoperative chest radiograph, type of surgical

repair, age, hospital, and ASA score.
Cl = confidence interval.

percentage of patients had a higher score on the Sick-
ness at Admission scale and a higher ASA physical status
classification. The relative percentages of patients receiv-
ing regional anesthesia increased progressively (P <
0.001) beginning in 1988 (fig. 1). There was consider-
able difference among study hospitals in the percentage
of cases performed during general versus during re-
gional anesthesia (P < 0.001), ranging from 12.6 to
97.3% (fig. 2). Only 0.2% of the general anesthesia group
and 1.6% of the regional anesthesia group underwent
postoperative epidural anesthesia.

Primary Outcome: 30-Day Mortality

The clinical characteristics of the study population and
the univariate association with mortality is described in
table 2. There were no significant differences in mortal-
ity by admission year (2 = 0.20). Mortality varied by
hospital (P < 0.001). Many clinical characteristics were
associated with 30-day mortality.

Table 3 describes the unadjusted and adjusted analyses
for each outcome and the variables included in the final
model. The unadjusted 30-day mortality rate was 4.4% in
the general anesthesia group and 5.4% in the regional
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anesthesia group (odds ratio = 0.80, 95% confidence
interval = 0.66-0.97; table 3). The adjusted odds ratio
for general anesthesia was 1.08 (95% confidence inter-
val, 0.84-1.38).

We performed an additional analysis that stratified pa-
tients by probability of receiving general anesthesia (ta-
ble 4). The results of the Breslow-Day test for homoge-
neity of the odds ratio were not significant (P = 0.50).
The common odds ratio was 1.03 (0.81-1.32).

Secondary Outcome: 7-Day Mortality

The rate of postoperative 7-day mortality in the general
anesthesia group was 1.3%, compared with 1.6% in the
regional anesthesia group (unadjusted odds ratio = 0.80,
95% confidence interval = 0.56-1.13). The adjusted
odds ratio for 7-day mortality in patients administered
general anesthesia versus regional anesthesia was 0.90
(95% confidence interval, 0.59-1.39).

Tertiary Outcomes: Morbidity

Table 3 shows the relation between anesthesia and
morbidity. None of the outcomes were associated with
type of anesthesia after adjusting for risk factors.
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Table 4. Analysis Stratified by Probability of Receiving General Anesthesia

Death Rate in

Death Rate in

Patients Receiving Those Receiving Those Receiving
General Anesthesia General Anesthesia Regional Anesthesia
Probability of General
Anesthesia Quintile* No. % No. % No. % Odds Ratio 95% Confidence Interval
1 354/1,806 19.6 24/354 6.8 87/1,452 6.0 1.41 0.72-1.82
2 951/1,807 52.6 52/591 55 51/856 6.0 0.91 0.61-1.36
3 1,333/1,807 73.8 50/1,333 3.8 20/474 4.2 0.89 0.52-1.50
4 1,582/1,807 87.5 70/1,582 4.4 5/225 2.2 2.04 0.81-5.10
5 1,737/1,806 96.2 56/1,737 3.2 3/69 4.5 0.73 0.22-2.24

Breslow-Day test for homogeneity of the odds ratio was not significant (P = 0.50). Overall summary odds ratio, 1.03; 95% confidence interval, 0.81-1.32.
*The variables included in the predictive model of anesthesia were age, gender, race, hospital admission year (added as 11 indicator variables), hospital (added
as 19 indicator variables), transfer from an acute care hospital, surgical procedure (divided into three groups: internal fixing with pinning, internal fixation other
than pinning, total or hemiarthroplasty), history of cardiovascular disease, valvular heart disease, atrial fibrillation, hypertension, stroke, malignancy, arthritis,
chronic pulmonary disease, Charlson comorbidity index {any points vs. no paints), APS (continuous), 30-day Sickness at Admission Scale (quartiles), ASA status
(1 or 2 points, 3 points, 4 or 5 points), smoking, malnourished or cachectic, preoperative transfusion. Model discrimination was excellent (C index = 0.85).

Intraoperative hypotension (16.3% regional, 12.4%
general; P < 0.001), use of vasopressors (42.6% regional,
14.3% general; P < 0.001), and intraoperative arrhyth-
mia (3.3% regional, 1.6% general; P < 0.001) occurred
more commonly in the regional anesthesia group than in
the general anesthesia group. The association between
intraoperative arrhythmia and anesthesia was not quite
significant after adjusting for confounding variables
(odds ratio = 0.70, 95% confidence interval 0.5-1.04).

Discussion

This study of 9,425 patients is the largest analysis that
we are aware of that evaluated the effect of the type of
anesthesia on mortality'and morbidity. As might be pre-
dicted from clinical practice, we found that older pa-
tients and those who are more ill were more likely to be
administered regional anesthesia. However, after con-
trolling for differences in patient characteristics, we
found no association between type of anesthesia and
mortality or morbidity. This finding suggests that unad-
justed differences in outcome between general anesthe-
sia and regional anesthesia are mainly a result of con-
comitant disease, and not any protective effect of one
anesthetic technique versus another.

Each of the intraoperative events we evaluated— hy-
potension, use of vasopressors, and arrhythmia—was
associated with the use of regional anesthesia. The in-
creased incidence of hypotension and use of vasopres-
sors were expected findings, resulting from a loss of
vascular tone in patients who were administered re-
gional anesthesia.

Our analysis also shows that regional anesthesia was
used more frequently in recent years. In 1981-1982, the
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first year of our study, general anesthesia was used in
94.8% of patients. By 1993-1994, general anesthesia was
used in only 49.6% of patients. The reasons for the
increased use of regional anesthesia cannot be deter-
mined from these data. However, there was consider-
able variability in the use of regional anesthesia among
institutions, ranging from 12.6 to 97.3%. This variation in
practice is consistent with many other medical interven-
tions.'” Importantly, we adjusted for year of surgery and
hospital in the analysis.

Many clinical factors influence the risk of mortality and
morbidity after anesthesia. Studies have suggested in-
creasing age, cardiovascular disease, pulmonary disease,
diabetes mellitus, and poor general medical status are
associated with an increased risk of death during anes-
thesia, regardless of anesthesia type.'® > Indices that
incorporate multiple medical problems, such as the
Charlson comorbidity index, Sickness at Admission
scale, and acute physiologic score from the APACHE II
scale have also been shown to be associated with mor-
tality after surgery. Predictors of postoperative ischemia
include evidence of cardiovascular disease (including
hypertension), symptoms of ischemia, and CHF and dia-
betes. Age older than 60 yr, male gender, obesity,
diabetes mellitus, and history of chronic obstructive pul-
monary disease, renal disease, and smoking are associ-
ated with increased risk of critical respiratory events
after general anesthesia.?> The ASA physical status has
been shown to predict perioperative mortality and mor-
bidity.?*~28

Previous studies have not reliably established whether
the type of anesthesia influences mortality and morbidity
from nonvascular surgery. The largest clinical trial in-
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cludes only 423 patients randomized to general, spinal,
or epidural anesthesia.” The type of anesthesia did not
appear to influence cardiac morbidity or overall mortal-
ity; however, the study was discontinued early because
the outcomes were infrequent and the study was un-
likely to show differences between the groups. In total,
approximately 1,400 patients have been included in ran-
domized clinical trials.*>*° %7 Few of these studies found
differences in mortality or morbidity, although most had
limited power because of small sample size. One small
study in 53 patients found lower mortality and morbidity
in high-risk patients administered epidural anesthesia
and postoperative analgesia.’” A second study showed
more postoperative confusion in patients administered
general anesthesia,®” although a study of 262 patients
evaluated postoperative cognition using standardized
neuropsychological tests and found no difference in
function.*® Our study also found that the type of anes-
thesia did not affect postoperative cognition.

The most important limitation of this retrospective
observational cohort study is that it is possible that we
were unable to identify and adjust for important prog-
nostic differences between groups even though we con-
trolled for ASA status, hospital, many individual diseases,
and several comorbidity indices. A randomized clinical
trial would eliminate this limitation but would need to be
very large to adequately assess mortality and morbidity
outcomes. For example, a trial in patients with hip frac-
ture with 30-day mortality as the primary outcome (as-
suming 80% power, 4.8% mortality, and ability to detect
25% difference) would necessitate a sample size of ap-
proximately 13,000-14,000 patients. If the primary out-
come for the trial was 7-day mortality (a time period
some would argue is more likely to be related to anes-
thesia than 30-day mortality), 38,000 patients would be
needed because mortality is much lower at 7 days than at
30 days. Alternatively, a smaller trial could be performed
using a combined mortality and morbidity outcome.

The precision of this study can be evaluated by evalu-
ating the 95% confidence intervals.>® For fully adjusted
30-day mortality analysis, the 95% confidence interval of
0.84-1.38 means that the observed data are statistically
compatible with an increase in risk of death no greater
than 38% and a decrease in the risk of death no greater
than 16%. This is equivalent to a difference in mortality
from 4.03 to 6.6% when compared to a baseline of 4.8%,
which suggests this study has reasonable power to de-
tect clinically important differences in 30-day mortality.
The study has less power to evaluate risk of myocardial
infarction and pneumonia.
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The results of the analysis of morbidity outcomes must
be interpreted cautiously. We used data recorded in the
medical record to identify patients with a morbidity
outcome. It is likely that not all of the events were
captured in the medical record, either because the diag-
nostic tests were not ordered or the because symptoms
were subtle and therefore went unrecognized. Postop-
crative confusion may be especially difficult to deter-
mine reliably from the medical record. Some of the
criteria used for morbidity outcomes were based on
physician diagnosis and these may not always be accu-
rate. It is probable that diagnostic information was not
recorded consistently among the 20 hospitals or during
the time of the study. Although unlikely, we cannot rule
out the possibility that there was differential assessment
for postoperative morbidity in patients receiving general
or regional anesthesia. Therefore, we classified the mor-
bidity endpoints as tertiary outcomes.

This study has several other potential limitations. We
did not control for intraoperative or postoperative fac-
tors (e.g., intraoperative hypotension, postoperative an-
algesic management) that might influence mortality or
morbidity because these might actually represent out-
comes occurring during or after the time anesthesia was
administered. The benefit of regional anesthesia may be
partially mediated by the use of epidural anesthesia,
which was used too infrequently to study in this study
population. We did not collect information about the
specific anesthetic drug and dose.

We were unable to demonstrate any clinically impor-
tant influence on major outcomes from surgery in this
very large study in patients with hip fracture who were
administered genéral versus regional anesthesia after dif-
ferences in clinical characteristics were considered. The
study was large enough to exclude up to a 38% differ-
ence in mortality and a 22-70% difference in morbidity.
During the period of the study, the use of regional
anesthesia for hip fracture surgery increased by 30%, and
there was great variability among hospital centers in the
choice of anesthesia. Combined with other work in the
field, this study suggests that choice of anesthesia should
be dependent on factors other than influence on post-
operative mortality or morbidity.
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