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Background: Most evidence guiding perioperative medi-
cal risk management of patients undergoing hip frac-
ture repair focuses on cardiac and thromboembolic risk.
Little is known of the relative clinical importance of other
complications.

Objective: To systematically map incidence and out-
comes of a broad spectrum of medical complications af-
ter hip fracture repair.

Methods: Retrospective cohort study of patients 60 years
or older in 20 academic, community, and Veterans Af-
fairs hospitals. Data on complications and mortality were
abstracted from medical records by trained abstractors
using standardized, pretested forms or the National Death
Index.

Results: Of 8930 patients, 1737 (19%) had postopera-
tive medical complications. Cardiac and pulmonary com-
plications were most frequent (8% and 4% of patients,
respectively). Similar numbers of patients had serious
cardiac or pulmonary complications (2% and 3%,

respectively). Other complications were gastrointesti-
nal tract bleeding (2%), combined cardiopulmonary com-
plications (1%), venous thromboembolism (1%), and tran-
sient ischemic attack or stroke (1%). Renal failure and
septic shock were rare. After the index complication, 416
patients had 587 additional complications. Mortality was
similar for serious cardiac or pulmonary complications
(30 day: 22% and 17%, respectively; 1 year: 36% and 44%,
respectively) and highest for patients with multiple com-
plications (30 day: 29%-38%; 1 year: 43%-62%). Com-
plications and death occurred significantly earlier for se-
rious cardiac than for serious pulmonary complications
(1 vs 4 days, 2 vs 8 days, P�.001); length of stay for pa-
tients surviving these complications was similar.

Conclusions: Most patients had no medical complica-
tions after hip fracture repair. Serious cardiac and pulmo-
nary complications were equally important in frequency,
mortality, and survivors’ length of stay. Patients with mul-
tiple complications had especially poor prognosis.
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H IP FRACTURES are an im-
portant cause of morbid-
ity and mortality in el-
ders, with more than
225000 hip fractures oc-

curring annually in the United States in
patients older than 50 years.1,2 Internists
are frequently asked to help with preop-
erative risk assessment and perioperative
medical management. Effective risk man-
agement requires an understanding of the
full clinical picture of postoperative medi-
cal complications, but most research on
perioperative risk has focused on cardiac
complications. Recent evidence suggests
that pulmonary complications may be as
clinically important, and, other than ve-
nous thromboembolism, we know little
about the full spectrum and outcomes
of medical complications after hip frac-
ture repair.3-5 Previous studies are small,
methodologically flawed, or assess only a
few complications.6-53 We therefore ana-
lyzed a large cohort of 8930 patients hav-
ing hip fracture repair to (1) specifically
compare the incidence and outcomes of
pulmonary and cardiac complications

and (2) describe the incidence and out-
comes of other postoperative medical
complications.

PATIENTS AND METHODS

STUDY DESIGN AND
PATIENT POPULATION

We performed a retrospective cohort study of
consecutive patients 60 years or older with hip
fracture undergoing surgical repair at 20 study
hospitals between 1982 and 1993. Participating
hospitals in New Jersey, Texas, Pennsylvania,
and Virginia included 5 university-affiliated
hospitals, 2 Veterans Affairs medical centers,
4 community teaching hospitals, and 9 com-
munity hospitals. The study was approved by
the Institutional Review Boards at all partici-
pating facilities. The cohort has previously been
described and excluded patients who refused
blood transfusion; had metastatic cancer, mul-
tiple myeloma, multiple trauma, additional op-
eration beside hip fracture repair, or above-
the-knee amputation; or were paraplegic or
quadriplegic.54 We further excluded patients with
acute preoperative medical complications and
those with missing information on the date or
type of postoperative complications.
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OUTCOMES

Medical complications were defined by explicit, standardized cri-
teria specifically designed for retrospective chart abstraction. Mor-
tality during hospitalization, at 30 days, and at 1 year was deter-
mined by chart audit or the National Death Index. We assessed
inpatient complications and length of hospital stay until death,
discharge, or 30 days, whichever occurred first. Because 10% of
patients underwent surgery 2 days or more after admission, length
of stay was defined from the day of surgery until discharge. We
defined the index complication as the first postoperative medi-
cal complication. If additional complications occurred within 24
hours, the index event was defined as one of multiple complica-
tions. Complications occurring later than 24 hours after the in-
dex event were defined as additional complications. For ex-
ample, for a patient with pneumonia followed by a myocardial
infarction 12 hours later, the index event was classified as a com-
bined cardiopulmonary complication. In contrast, for a patient
with pneumonia followed by a myocardial infarction 3 days later,
the index event was classified as pneumonia and the myocardial
infarction as an additional complication.

We screened for myocardial infarction in patients with (1)
postoperative chest pain and at least 1 postoperative electrocar-
diogram (ECG); (2) cardiac enzymes and at least 1 postopera-
tive ECG; or (3) at least 2 ECGs performed, with one during the
postoperative period. In patients who met these criteria, up to 3
ECGs were interpreted by the ECG center at the University of
Minnesota, Minneapolis, and myocardial infarction was defined
by the criteria of the Atherosclerosis Risk in Communities Study.55

Myocardial infarction was definite if any of the following criteria
were met: (1) evolving diagnostic ECG; (2) diagnostic ECG and
abnormal cardiac enzyme levels; or (3) chest pain, abnormal car-
diac enzyme levels, and either evolving ST-T wave or equivocal
changes on ECG. Myocardial infarction was considered prob-
able for (1) chest pain and abnormal cardiac enzyme levels or (2)
abnormal cardiac enzyme levels and evolving ST-T wave changes
on ECG. Myocardial infarction was categorized as possible if the
only abnormality was elevated cardiac enzyme levels.

We defined congestive heart failure by (1) physician di-
agnosis or chest radiography consistent with new congestive
heart failure or pulmonary edema and (2) new or increased treat-
ment with diuretics, digoxin, or afterload-reducing agents. Ar-
rhythmia was defined as chart documentation (progress note,
consultation note, or ECG) of ventricular fibrillation, ventricu-
lar tachycardia, atrial fibrillation, atrial flutter, supraventricu-
lar tachycardia, paroxysmal atrial tachycardia, or multifocal atrial
tachycardia. The definition of conduction defect was chart docu-
mentation (progress note, consultation note, or ECG) of Mo-
bitz type II block, second-degree heart block, complete heart
block, third-degree heart block, sinus pause (�2 seconds), si-
nus arrest, sick sinus syndrome, or tachycardia-bradycardia syn-
drome. We defined emergency cardioversion, pacemaker place-
ment, or cardiopulmonary resuscitation as chart documentation
in progress notes or consultation notes.

Definite pneumonia was defined as antibiotics plus post-
operative chest radiograph consistent with infiltrate or physi-
cian diagnosis of pneumonia. Pneumonia was defined as pos-
sible if any of the following criteria were met: positive chest
radiograph, physician diagnosis, or antibiotic treatment. We de-
fined respiratory failure as intubation maintained past midnight
on the day of hip fracture repair or reintubation postoperatively.

Gastrointestinal tract bleeding was defined as chart docu-
mentation of hematemesis, coffee-ground emesis, blood per na-
sogastric tube, melena, or blood per rectum. Hypotension requir-
ing vasopressors in association with other complications was
considered secondary to the primary complication (eg, pneumo-
nia, septic shock, or arrhythmia). We defined isolated hypoten-
sion requiring vasopressors as systolic blood pressure less than

90 mm Hg treated with vasopressor agents, excluding low-dose
dopamine. Renal failure was defined as a decline in renal func-
tion requiring hemodialysis. Deep venous thrombosis or pulmo-
nary embolism required positive duplex ultrasound or veno-
gram, high-probability ventilation-perfusion scan, or positive
pulmonary angiogram. We defined transient ischemic attack or
cerebrovascular accident by physician diagnosis or evidence of
new stroke on computed tomography or magnetic resonance im-
aging. Septic shock was defined by physician diagnosis.

To more accurately describe the epidemiology of postop-
erative cardiac and pulmonary complications, we categorized
these complications as serious or not serious, using defini-
tions determined by consensus of the investigators. The fol-
lowing cardiac and pulmonary complications were classified
as serious: definite or probable myocardial infarction, emer-
gency cardioversion, pacemaker insertion, ventricular fibrilla-
tion, respiratory failure, and pneumonia. In addition, other car-
diac complications were explicitly considered serious if
associated with any of the following indicators: cardioversion,
pacemaker insertion, cardiopulmonary resuscitation, ventricu-
lar fibrillation, ventricular tachycardia, supraventricular tachy-
cardia, sick sinus syndrome or other conduction defect, or hy-
potension requiring vasopressors.

DATA COLLECTION

Trained abstractors reviewed the entire medical record using stan-
dardized, pretested abstraction forms, an explicit abstraction pro-
cess, centralized training of abstraction supervisors from the 4
study sites, and a systematic prospective data quality assurance
process.54 Data collected included demographic characteristics,
medical comorbid conditions, smoking and alcohol use, medi-
cations used before admission and during hospitalization, pre-
operative physical examination, laboratory data, cointerven-
tions (eg, thromboembolism prophylaxis, antibiotic prophylaxis,
and physical therapy), variables for type of fracture and repair,
intraoperative data, postoperative complications, and mortal-
ity.54 Chart data to assess independence in activities of daily liv-
ing were collected for a global assessment across all activities and
for specific data regarding bed-to-chair transfer, walking or wheel-
chair use, feeding, and basic grooming.

ANALYSIS

Complication and mortality rates were calculated with 95% con-
fidence intervals. Time in days (from surgery to complication and
from complication to death or discharge) was calculated with me-
dian values and interquartile ranges. Statistical comparisons of
complication rates, mortality, and time to complication, death,
and discharge were limited to the largest patient groups: all and
serious cardiac complications; all and serious pulmonary com-
plications, gastrointestinal tract bleeding; and combined cardio-
pulmonary complications. We used an analysis of variance ap-
proach with �2 (categorical data) or Kruskal-Wallis (continuous
data) tests for independence; if results were statistically signifi-
cant, we proceeded to selected pairwise comparisons.

RESULTS

There were 9598 patients potentially eligible for the study.
After 637 patients (6.6%) with preoperative medical com-
plications and 31 patients with missing data were ex-
cluded, the final cohort comprised 8930 patients
(Table 1). The study population was elderly (mean age,
80.2±8.7 years), primarily female (79%), white (87%),
and living at home at the time of the fracture (73%). Pa-
tients had significant chronic disease as suggested by mul-
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tiple markers of comorbidity (individual diseases, num-
ber of prescribed medications, Charlson Comorbidity
Index score, and American Society of Anesthesiologists
category). A minority (15%) of patients were dependent
in activities of daily living.

Table 2 shows the patient-based incidence of index
complications and associated mortality. Of 8930 patients,
81% (7193) had no postoperative medical complications.
In the 1737 patients with complications, 1531 (17%) had
1, 182 (2%) had 2, and 24 (0.3%) had 3 or more compli-
cations as their index event. Cardiac and pulmonary com-
plications were most frequent (8% and 4% of patients,
respectively). However, most cardiac complications were
not serious; the incidences of serious cardiac and serious
pulmonary complications were similar (2% and 2.6%,
respectively). Other index complications included com-
bined cardiopulmonary (1.3% of patients), gastrointesti-
nal tract bleeding (2% of patients), and venous thrombo-
embolism, transient ischemic attack or cerebrovascular
accident, isolated hypotension, and multiple complica-
tions (in about 1% of patients for each). Renal failure re-
quiring dialysis and septic shock were both rare.

Of the 1737 patients with complications, 206 (12%)
had multiple complications as their index event. In 416

patients (24% of those with complications), an addi-
tional 587 complications occurred more than 24 hours
after the index event. Among additional complications,
cardiac and pulmonary remained most frequent, with 212
and 200 complications, respectively.

Overall inpatient mortality was 3.3% (292/8930). Pa-
tients without complications had a much lower inpatient
mortality rate than patients with any complications (0.5%
vs 15%). Similarly, mortality at 30 days and at 1 year was
significantly lower for patients without complications (Table
2; P�.001 for both). Patients with multiple complications
and renal failure had the highest mortality rates (29%-38%).
Cardiac, pulmonary, and cerebrovascular complications
were associated with higher mortality rates than were gas-
trointestinal tract bleeding, venous thromboembolism, and
unexplained hypotension.

Patients with both, or combined, cardiac and pul-
monary complications as their index event had higher
30-day and 1-year mortality than patients with either car-
diac or pulmonary complications alone (P�.001). Over-
all, mortality was higher for patients with pulmonary than
cardiac complications, but was similar for patients with
serious cardiac and pulmonary complications.

Cardiac complications occurred significantly ear-
lier postoperatively than pulmonary complications (1 vs
4 days; P�.001 for both all and serious complications).
For patients who survived, length of stay was similar (13
and 12 days) after cardiac or pulmonary complications.
However, for those who died, death occurred signifi-

Table 1. Demographic Characteristics of Cohort

Characteristic No. (%)

Age, y
60-69 1197 (13)
70-79 2653 (30)
80-89 3833 (43)
�90 1247 (14)

Female sex 7088 (79)
Race/ethnicity

White 7750 (87)
Black 635 (7)
Hispanic 485 (5)
Other 39 (0.5)

Preadmission residence
Home 6556 (73)
Retirement home 475 (5)
Nursing home 1767 (20)

Independence in activities of daily living
Independent 5117 (58)
Needing some help 2457 (28)
Dependent 1313 (15)

Medical comorbidity
Ischemic heart disease 3528 (40)
Congestive heart failure 1407 (16)
Atherosclerotic cerebrovascular disease 1718 (19)
Hypertension 4203 (47)
Asthma or chronic obstructive lung disease 1325 (15)
Confusion or dementia 2582 (29)

Charlson Comorbidity Index score56

0 4365 (49)
1 2851 (32)
2 1126 (13)
�3 588 (7)

ASA category*
I or II 2576 (29)
III 5480 (61)
IV or V 874 (10)

*ASA indicates American Society of Anesthesiologists.

Table 2. Patient-Specific Index Complications and Mortality
in 8930 Patients Undergoing Hip Fracture Repair*

Index
Complication

No. of
Patients

(% of Total)

30-d
Mortality, %

(95% CI)

1-y
Mortality, %

(95% CI)

All patients, with and
without complications

8930 (100) 4 (3.6-4.4) 16 (15-17)

No complications 7193 (81) 1.7 (1.4-2) 12 (11.5-13)
Any complication 1737 (19) 14 (12-15) 34 (32-36)
Any cardiac 720 (8) 11 (9-13) 31 (27-34)
Any pulmonary 344 (4) 14 (11-19)† 41 (36-46)†
Serious cardiac 178 (2) 22 (17-29) 36 (28-46)
Serious pulmonary 229 (2.6) 17 (12-23)‡ 44 (38-51)‡
Combined cardiopulmonary 117 (1) 33 (25-43)§ 58 (48-67)§
Gastrointestinal bleeding 195 (2) 8 (4-12) 26 (20-33)
DVT/PE 89 (1) 4 (1-11) 11 (6-20)
TIA/CVA 85 (1) 18 (10-27) 39 (28-50)
Hypotension requiring

vasopressors, no
other complication

85 (1) 9 (4-18) 18 (10-27)

2 Complications,
not cardiopulmonary

65 (0.7) 29 (19-42) 43 (31-56)

�3 Complications 24 (0.3) 38 (19-59) 62 (41-81)
Renal failure 8 (0.09) 38 (8-76) 62 (24-92)
Septic shock 5 (0.06) 0 40 (5-85)

*CI indicates confidence interval; DVT, deep venous thrombosis;
PE, pulmonary embolism; TIA, transient ischemic attack; and
CVA, cerebrovascular accident.

†P=.08 and .001 for 30-day and 1-year mortality, respectively, for any
pulmonary complication compared with any cardiac complication.

‡P=.17 and .10 for 30-day and 1-year mortality, respectively, for serious
pulmonary compared with serious cardiac complications.

§P�.001 for 30-day and 1-year mortality for cardiopulmonary complications
vs cardiac or pulmonary complications alone.
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cantly earlier after serious cardiac than serious pulmo-
nary complications (2 vs 8 days; P�.001). For other com-
plications, median days between surgery and the index
complications were variable and time to death after the
index complication was often protracted.

Respiratory failure was classified as a pulmonary
complication regardless of its association with other com-
plications. The 116 index cases of respiratory failure were
distributed as follows: 38 isolated, or primary, cases; 3
cases with pneumonia; 33 cases with cardiac complica-
tions; 19 cases with pneumonia plus cardiac complica-
tions; 11 cases with noncardiac complications; and 12
cases associated with noncardiac complications com-
bined with other cardiac or pulmonary complications.
If the 33 patients with respiratory failure and cardiac com-
plications were reclassified as patients whose index com-
plication was cardiac, the number of serious pulmonary
and serious cardiac complications would remain similar
(196 pulmonary vs 211 cardiac instead of 229 pulmo-
nary vs 178 cardiac).

COMMENT

We systematically evaluated the spectrum, incidence, and
clinical outcomes of medical complications after hip frac-
ture repair. Most patients (81%) had no postoperative
complications and their mortality was relatively low. For
those with complications, most had only one, but a sub-
stantial minority (12%) had multiple complications as
their index event. Mortality was substantially higher in
patients with postoperative complications and was es-
pecially high for those with multiple complications.

Overall, the number of patients with cardiac com-
plications was twice the number with pulmonary com-
plications, consistent with the common perception that
cardiac events are the most frequent postoperative medi-
cal complication.57 However, the higher frequency of car-
diac complications was entirely explained by nonseri-
ous complications. For serious pulmonary and cardiac
complications, incidence and mortality were quite simi-
lar. For those who survived these complications, length
of hospital stay was also similar. Among those who died,
serious cardiac complications and subsequent death oc-
curred significantly earlier postoperatively than did se-
rious pulmonary complications.

We searched MEDLINE for studies of mortality or
medical complications after hip fracture repair pub-
lished since 1966 and found 48 with potentially rel-
evant data.6-53 Sex and age characteristics of these stud-
ies were similar to those of our large cohort, but the largest
involved only 723 patients and mean size was only 222.6-53

Among studies published since 1990 with at least 100
patients and mortality data, mortality rates were 7% to
11% in hospital, 3% to 13% at 30 days, 10% to 28% at 3
months, and 17% to 43% at 1 year after surgery.* Our
30-day and 1-year mortality rates were at the low end of
these ranges, at 4% and 16.4%, respectively.

Few recent studies with at least 100 patients have
reported specific medical complications after hip frac-
ture repair.29,41,42,46,48 Among these, incidence was 7% for

cardiac complications, 12% for cardiac failure (one study,
317 patients), and 6% to 10% for pneumonia (3 studies,
100-317 patients).29,41,42,48 Rates from our study are simi-
lar but somewhat lower for serious pulmonary and car-
diac complications.

This study had a number of strengths and was de-
signed to address limitations in previous research. It is
the largest study in a single surgical setting comprehen-
sively evaluated for postoperative complications and their
outcomes. We systematically reviewed medical records
using a detailed abstraction instrument and explicit cri-
teria for index complications and their severity.

This study’s primary limitation is its retrospective
chart audit design. Our ascertainment strategy targeted
clinically apparent events and so may have underesti-
mated incidence of some complications. For example,
not all patients had routine postoperative ECGs, and
screening for myocardial infarctions using cardiac en-
zymes was rarely performed. We detected fewer throm-
boembolic events than have prophylaxis trials in which
routine surveillance was performed, although our
results represent clinically recognized events.58 In addi-
tion, the age of our data (1982-1993) may be a limita-
tion. However, cohort studies large enough to accu-
rately evaluate rates of complications will necessarily
span a number of years and/or multiple sites and the da-
ta’s age is similar to that of other recently published
studies in leading journals.59-61 Changes in rates of com-
plications since these data were collected may include
fewer myocardial infarctions because of increasing use
of perioperative �-antagonists, less venous thromboem-
bolism with more aggressive prophylaxis, and possibly
less pneumonia with earlier ambulation. Such trends
are unlikely to change the important finding of this
study that serious cardiac and pulmonary complica-
tions are similar in frequency and outcomes.

In contrast to other studies of elective surgery, this
study tackles the urgent setting of hip fracture repair with
(1) the largest cohort to date and (2) expanded out-
come assessment of complication severity, length of stay
stratified by time of complication and survival status, and
mortality at several time points. These results indicate
that most elderly patients have an uncomplicated course
after hip fracture repair. Of those with complications, most
have only one. Few patients have multiple complica-
tions, but these patients have the worst prognosis and
little is known about risk management for them.3,61

Most intervention research has focused on peri-
operative cardiac risk reduction. This study indicates that
serious pulmonary and cardiac complications are equally
clinically important in incidence, mortality, and length
of stay after hip fracture repair and corroborate results
from a previous study of abdominal surgery.3 The evi-
dence base for pulmonary operative risk lags behind that
for cardiac risk, especially regarding identification of re-
liable risk factors and risk reduction strategies.52,53,62,63
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