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Abstract

Objectives—To determine the incidence and 1-year outcomes of an elderly population with 

perioperative atrial arrhythmia (PAA) within 7 days of hip fracture surgery.

Design—Retrospective cohort study.

Setting—The Rochester Epidemiology Project (REP).

Participants—Elderly adults consecutive undergoing hip fracture repair from 1988 to 2002 in 

Olmsted County, Minnesota (N=1,088, mean age 84.0 ± 7.4, 80.2% female).

Measurements—Baseline clinical variables were analyzed in relation to survival using Cox 

proportional hazards methods for comparison.

Results—Sixty-one participants (5.6%) developed PAA within the first 7 days. During 1 year of 

follow-up, 239 (22%) participants died. PAA was associated with greater mortality (45% vs 21%; 
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hazard ratio (HR)=2.8, 95% confidence interval (CI)=1.9–4.2). Other mortality risk factors were 

male sex (HR=2.0, 95% CI=1.5–2.6), congestive heart failure (HR=2.1, 95% CI=1.7–2.8), chronic 

renal insufficiency (HR=2.0, 95% CI=1.5–2.8), dementia (HR=2.9, 95% CI=2.2–3.7), and 

American Society of Anesthesiologists risk Class III, IV, or V (HR=3.3, 95% CI=1.9–5.9).

Conclusion—Elderly adults undergoing hip fracture surgery who develop PAA within 7 days 

have significantly higher 1-year mortality than those who do not. Further studies are indicated to 

determine whether prevention of PAA will reduce mortality in this population.
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The incidence of perioperative atrial arrhythmia (PAA) ranges from 20% to 50%1,2 after 

cardiac surgery. Its predictors, cost, length of hospital stay, and long-term outcomes in that 

population are well known.3–8 Although short-term outcomes of PAA after noncardiac 

surgery have been evaluated in a few studies,9–11 long-term outcomes of PAA after 

noncardiac surgery are less well defined, especially in elderly adults. Furthermore, every 

noncardiac surgical procedure is not the same in terms of perioperative events, hospital 

length of stay, and short- and long-term outcomes. These outcomes may differ according to 

the age of the individual, underlying comorbidities, and types of surgical procedures. Hip 

fracture surgery is one of the most common noncardiac surgeries performed in elderly 

adults,12 but data on the incidence and outcomes of PAA in this population are limited 

because of significant underrepresentation of elderly adults in clinical studies.13

The incidence and long-term outcomes of PAA in the first 7 days after hip fracture repair in 

elderly adults have not been elucidated. Therefore, the current study sought to determine the 

incidence of PAA in first 7 days and the effect on 1-year mortality in elderly adults after hip 

fracture repair.

METHODS

Data source

Participants were obtained from the Rochester Epidemiology Project (REP),14 a linked 

computerized database of medical records that includes a dynamic cohort of 502,820 

individuals who resided in Olmsted County at some point between 1966 and 2010 and 

received health care for any reason at a healthcare provider within the system. Information 

available electronically (electronic REP indexes) includes demographic characteristics, 

medical diagnostic codes, surgical procedure codes, and death information (including causes 

of death).

Study Population

A population-based, retrospective cohort study was conducted of individuals consecutively 

undergoing surgery for hip fracture repair from January 1, 1988, through December 31, 

2002, in Olmsted County, Minnesota. All hip fracture surgery episodes were identified on 

the basis of International Classification of Disease, Ninth Revision, codes. Only individuals 

who sustained a first femoral neck or intertrochanteric fracture as the primary indication for 
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surgery were included in the study. Individuals younger than 65 or who had surgery more 

than 72 hours after fracture (because of proven higher mortality due to delayed surgery),15 

had had in-hospital fractures (because of poorer preoperative condition and known to have 

worse outcomes in terms of length of stay and mortality),16 were nonoperatively managed, 

or had incomplete data, secondary pathological fractures, or fractures due to high-energy 

trauma injury were excluded from this cohort. The Mayo Clinic institutional review board 

approved the study. All participants provided prior authorization to use their medical records 

for research.

Criteria for PAA

PAA was defined as new episodes of atrial arrhythmia (AA) in the 7 days after surgery. 

Diagnoses were made based on electrocardiographic diagnostic criteria for atrial fibrillation 

(AF), atrial flutter, paroxysmal atrial tachycardia, supraventricular tachycardia, and 

multifocal atrial tachycardia consistent with traditional definitions and consensus 

statements.17 Mortality was defined as death from any cause within the first year after hip 

fracture repair. Deaths were identified through the National Death Index.

Statistical Analyses

The association between participant demographic characteristics, medical history, and 

baseline clinical data and the outcome of 7-day PAA was evaluated using chi-square tests or 

Fisher exact tests for categorical variables and two-sample t-tests for continuous variables. 

Survival was estimated using the Kaplan–Meier method, and survival time was calculated 

from 7 days after surgery to date of death or last follow-up to a maximum of 1 year after 

surgery. The association between participant demographic characteristics, medical history, 

baseline clinical data, and the development of PAA within 7 days after surgery and 1-year 

survival was evaluated using Cox proportional hazards regression analysis. In addition to 

univariate models, a multivariable model was developed using backward selection; all 

variables in the final model were significant at p < .05. Hazard ratios (HRs) are reported 

with 95% confidence intervals (CIs). All statistical tests were two-sided, and p<.05 was 

considered statistically significant. The analysis was performed using SAS version 9.3 (SAS 

Institute, Inc., Cary, NC) and R (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

The participant population consisted of 1,116 individuals with hip fracture between 1988 

and 2002. Because the main focus of this study was on the development of PAA within 7 

days after hip fracture repair and its effect on 1-year mortality, 28 individuals who died 

without at least 7 days of follow-up were excluded. Thus, the analysis cohort comprised 

1,088 participants (Table 1) with a mean age of 84.0 ± 7.4; 80.2% were female. Mean body 

mass index (BMI) was 23.3 ± 4.9 kg/m2. One hundred sixty-two (14.9%) participants were 

American Society of Anesthesiology (ASA) Class 1 or 2, and 925 (85.1%) were ASA Class 

3, 4, or 5. A history of AA was reported in 293 (26.9%) participants. Cardiovascular risk 

factors included hypertension (58%), coronary artery disease (23%), congestive heart failure 

(CHF) (26%), diabetes mellitus (12%), chronic renal insufficiency (CRI) (11%), AF (19%), 

obstructive sleep apnea (1.5%), cerebrovascular accident (27%), and dementia (34%).
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Sixty-one (5.6%) participants developed PAA in the first 7 days. Participants with PAA are 

compared with those without PAA in Table 1. Participants with PAA were significantly older 

than those without (mean age 87.4 vs 83.8, p<.001). Incidence of PAA was higher in very 

elderly adults (≥85) (7.7% vs 3.6%, p=.004). Participants who developed PAA were more 

likely to have dementia (45.9% vs 33.0%, p=.04) and CRI (19.7% vs. 10.4%, p=.03) than 

those without. Participants with PAA were more likely to have lower BMI (mean 22.2 vs 

23.4 kg/m2, p=.06) and higher ASA scores (ASA 3, 4, or 5, 93.4% vs 84.6%, p=.07) than 

those without, but these did not reach statistical significance.

All-cause mortality

During 1 year of follow-up, 239 participants died (23%). Mortality was significantly higher 

in participants with PAA (45%) than in those without (21%) (HR=2.8, 95% CI=1.9–4.2, p<.

001) (Figure 1). Older age (HR for 10-year increase=1.7, 95% CI=1.4–2.0), male sex 

(HR=2.0, 95% CI=1.5–2.6), history of myocardial infarction (HR=1.9, 95% CI=1.5–2.5), 

history of CHF (HR=2.1, 95% CI=1.7–2.8), history of CRI (HR=2.0, 95% CI=1.5–2.8), 

history of dementia (HR=2.9, 95% CI=2.2–3.7), ASA Class 3, 4, or 5 (HR=3.0, 95% 

CI=1.9–5.9), and AA at the time of surgery (vs no history of AA) (HR=2.6, 95% CI=1.9–

3.7) were also associated with mortality. Further analysis using multivariable Cox regression 

showed that older age (HR=1.4, 95% CI=1.2–1.7), male sex (HR=2.2, 95% CI=1.6–2.9), 

history of CHF (HR=1.7 (1.3–2.2), history of dementia (HR=2.4, 95% CI=1.8–3.1), ASA 

Class 3, 4, or 5 (HR=1.9, 95% CI=1.1–3.3), history of AA and in AA at surgery (HR=1.8, 

95% CI=1.3–2.5), and development of AA within 7 days after surgery (HR=2.1, 95% 

CI=1.4–3.1) were independently associated with 1-year mortality. Details of the univariate 

analysis are described in Table 2. HRs were modestly attenuated in the multivariable model 

(Figure 2).

DISCUSSION

This study demonstrated an association between PAA and long-term mortality in a large 

cohort of elderly adults undergoing hip fracture surgery for the first time. The findings of 

this study address important knowledge gaps regarding the incidence and outcomes of PAA 

specific to individuals aged 65 and older by studying a large cohort of individuals 

undergoing hip fracture surgery. PAA in the first 7 days was associated with almost three 

times as high a risk of mortality at 1 year.

In the preoperative setting in this elderly population, a higher prevalence of a history of AA 

(including AF) was found than in the general population (27% vs 8%)17. Individuals with 

preexisting AA are potentially at greater risk of hemodynamic instability resulting from hip 

fracture hospitalization. In addition, the study subjects were very elderly and had many 

cardiovascular risk factors. These risk factors, along with preoperative AA and advanced 

age, are known to be associated with a higher incidence of pre and postoperative AA.2,17–19

There are plausible explanations for the higher incidence of PAA in elderly adults; they have 

a greater propensity to develop AA after surgery because the collagen content of the atria is 

greater and because of other factors of aging.1 Arterial hypotension is the most common 

hemodynamic complication of general and regional anesthesia in elderly adults because of 
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low autonomic hemostasis and carotid baroreceptor response. Fluid resuscitation is often 

used to reverse arterial hypotension. Elderly adults have impaired ability to physiologically 

withstand the wide fluctuation in the fluid balance because of low cardiopulmonary reserve 

compounded by a high incidence of heart failure and CRI. One study found positive 

perioperative fluid balance in 88% of participants undergoing noncardiac surgical 

procedures, ranging from 1.9 to 6.2 L.20 Volume overload in the setting of CRI and CHF 

causes significant tricuspid regurgitation, predisposing to AA.21

A previous study10 found a 6.9% incidence of PAA in elderly adults (>80) undergoing total 

hip or knee arthroplasty, similar to this study’s incidence and population, although another 

study21 found a higher incidence of supraventricular tachycardia (18%) after noncardiac 

thoracic surgical procedures; these individuals were felt to be at higher risk of PAA because 

they had more-extensive surgery. A 12.6% incidence of PAA was found in individuals 

undergoing noncardiac surgery admitted to a surgical intensive care unit with diagnoses of 

sepsis requiring treatment with sympathomimetic drugs.9

PAA is also known to increase short-term morbidity and mortality. Thirty-day mortality of 

25%11 and 17%22 was found in individuals with PAA who underwent pneumonectomy, but 

no previous data are available regarding PAA and its association with long-term mortality in 

elderly adults after noncardiac surgery.

The current study found a significant association between PAA and long-term mortality in a 

large cohort of elderly adults undergoing hip fracture surgery. Because PAA may be a 

marker for a sicker elderly population rather than a primary cause of mortality, statistical 

methods known to delineate risk factors of disease processes in large population-based 

studies were used. Based on this Cox proportional hazards analysis, the current study 

provides strong evidence that the association between PAA and 1-year mortality persists 

after adjustment for known strong predictors of late mortality such as advanced age, 

hypertension, male sex, CHF, CRI, and dementia. Several plausible mechanisms could 

explain the association between PAA and long-term mortality. Individuals with PAA may 

develop exacerbations of underlying compensated CHF due to loss of atrial contraction or 

may have poor exercise tolerance, high fall risk, and thromboembolic events including 

stroke. They may experience proarrhythmic effects of antiarrhythmics or intolerance of rate 

control drugs, resulting in hemodynamic consequences. Finally, they may develop poorly 

controlled hypertension or hemorrhagic events with anticoagulation.

Current American College of Cardiology and American Heart Association (ACC/AHA) 

guidelines17 outline the preventive and treatment strategies of postoperative AF after cardiac 

surgery, including use of beta-blockers, calcium channel blockers, digoxin, sotalol, 

amiodarone, cardioversion, and pacing, but these management strategies did not affect cost 

or hospital LOS. Little has been published regarding morbidity and mortality outcomes after 

implementation of ACC/AHA guidelines to manage PAA after noncardiac surgery. In 

addition, no data are available regarding the prevention or treatment of PAA in elderly adults 

undergoing hip fracture surgery.
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This study should be interpreted in the context of certain limitations inherent to its 

retrospective design and methodology. The study population was predominantly Caucasian 

and from a single center, possibly limiting study generalizability, although other studies 

from the REP database14,23 support generalizability to other geographical populations. All-

cause mortality was used, so study participants may have died from a cause unrelated to 

arrhythmia such as cancer or other undocumented systemic conditions. There is a possibility 

that the participants may have developed a new arrhythmia, such as AF, after hospital 

discharge, contributing to mortality and morbidity. The underuse of systemic 

anticoagulation, which is known to reduce stroke, may have contributed to higher mortality, 

although advanced age, risk of fall after hip fracture surgery, and safety concerns may 

account for underuse of systemic anticoagulation in elderly adults.24 The data did not allow 

postdischarge management, long-term or recurrent stroke, recurrent AF, or rehospitalization 

to be addressed. Despite these limitations, this investigation highlights that PAA is 

associated with excess long-term mortality, even after adjustment for known comorbid 

conditions.

CONCLUSION

In elderly adults, PAA in the first 7 days after hip fracture surgery is associated with a risk of 

1-year mortality that is almost three times as great. PAA is a potentially preventable 

complication after surgery. Further studies are indicated to determine whether prevention 

and treatment of PAA are associated with lower long-term mortality in elderly adults 

undergoing hip fracture surgery.
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Figure 1. 
One-year Kaplan–Meier survival curves associated with atrial arrhythmia in the first 7 days 

after hip fracture surgery. The largest difference in mortality between the two groups 

occurred by 30 days, although the difference persisted and remained significant for up to 1 

year after surgery.
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Figure 2. 
Multivariate Cox proportional hazards model for 1-year mortality. Multivariate analysis of 

significant variables found atrial arrhythmia (AA) within 7 days to be the third highest risk 

factor for 1-year mortality after hip surgery in elderly adults. Increasing age according to 

decade and male sex had greater risks. CHF=congestive heart failure; ASA=American 

Society of Anesthesiologists; AA=atrial arrhythmia; NSR=normal sinus rhythm.
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Table 1

Participant Characteristics and Preoperative Risk Factors, Overall and According to Perioperative Atrial 

Arrhythmia (PAA)

Characteristic Total, N=1,088 PAA, n=61 No PAA, n=1,027 P-Value

Age at surgery, mean±SD 84.0 (7.4) 87.4 (6.4) 83.8 (7.5) <.001

Age at Surgery≥85 years, n (%) 531 (48.8) 41 (67.2) 490 (47.7) .004

Male, n (%) 215 (19.8) 17 (27.9) 198 (19.3) .10

BMI, kg/m2, mean±SD 23.3 (4.9) 22.2 (4.5) 23.4 (4.9) .06

BMI, kg/m2, n (%) .08

 <18.5 157 (14.6) 15 (25.9) 142 (14.0)

 18.5–25.9 592 (55.1) 28 (48.3) 564 (55.5)

 26.0–29.9 228 (21.2) 12 (20.7) 216 (21.3)

 ≥30.0 97 (9.0) 3 (5.2) 94 (9.3)

Preoperative clinical risk factors, n (%)

 Hypertension 626 (57.5) 29 (47.5) 597 (58.1) .11

 Diabetes mellitus 131 (12.0) 4 (6.6) 127 (12.4) .18

 Myocardial infarction 248 (22.8) 13 (21.3) 235 (22.9) .78

 Congestive heart failure 282 (25.9) 15 (24.6) 267 (26.0) .81

 Atrial fibrillation 209 (19.2) 10 (16.4) 199 (19.4) .57

 Atrial flutter 49 (4.5) 4 (6.6) 45 (4.4) .43

 Cerebrovascular accident 297 (27.3) 14 (23.0) 283 (27.6) .43

 Obstructive sleep apnea 16 (1.5) 0 (0.0) 16 (1.6) .64

 Chronic renal insufficiency 119 (10.9) 12 (19.7) 107 (10.4) .03

 Dementia 367 (33.7) 28 (45.9) 339 (33.0) .04

 American Society of Anesthesiologists Class 3, 4, or 5 925 (85.1) 57 (93.4) 868 (84.6) .07

Preoperative history of AA, n (%) .70

 No history of AA 795 (73.1) 42 (68.9) 753 (73.3)

 History of AA, normal sinus rhythm at surgery 180 (16.5) 11 (18.0) 169 (16.5)

 History of AA, in AA at surgery 113 (10.4) 8 (13.1) 105 (10.2)

Length of stay, days, mean±SD 10.2 (7.8) 10.9 (4.3) 10.2 (8.0)

SD=standard deviation; BMI=body mass index; AA=atrial arrhythmia.
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Table 2

Univariate Analysis of Risk Factors of 1-Year Mortality with Perioperative Atrial Arrhythmia (AA)

Clinical Risk Factor Hazard Ratio (95% Confidence Interval) P-Value

Postoperative AA within 7 days 2.8 (1.9–4.2) <.001

Age at surgery, per 10-year increase 1.7 (1.4–2.0) <.001

Aged ≥ 85 at surgery 1.9 (1.4–2.4) <.001

Male 2.0 (1.5–2.6) <.001

Body mass index, kg/m2

 Mean±standard deviation 0.97 (0.95–1.0) .05

 <18.5 1.6 (1.1–2.2) .007

 26.0–29.9 0.9 (0.7–1.3) .65

 ≥30.0 0.8 (0.5–1.3) .35

Preoperative risk factors

Hypertension 0.8 (0.6–1.0) .06

Diabetes mellitus 1.4 (1.0–2.0) .05

Myocardial infarction 1.9 (1.5–2.5) <.001

Congestive heart failure 2.1 (1.7–2.8) <.001

Obstructive sleep apnea 1.2 (0.5–3.3) .69

Cerebrovascular accident 1.2 (0.9–1.6) .17

Chronic renal insufficiency 2.0 (1.5–2.8) <.001

Dementia 2.9 (2.2–3.7) <.001

Atrial fibrillation 1.7 (1.3–2.3) <.001

Atrial flutter 2.0 (1.2–3.3) .004

American Society of Anesthesiologists Class 3, 4, or 5 3.3 (1.9–5.9) <.001

Preoperative AA

 History of AA, normal sinus rhythm at surgery 1.2 (0.9–1.7) .28

 History of AA, in AA at surgery 2.6 (1.9–3.7) <.001
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