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Background: Hip fracture surgery on elderly patients is associated with a high incidence of morbidity and mortality. The
aim of this study is to identify the risk factors related to the postoperative mortality and complications following hip frac-
ture surgery on elderly patients.

Methods: In this retrospective study, the medical records of elderly patients (aged 65 years or older) who underwent hip
fracture surgery from January 2011 to June 2014 were reviewed. A total of 464 patients were involved. Demographic data
of the patients, American Society of Anesthesiologists physical status, preoperative comorbidities, type and duration of
anesthesia and type of surgery were collected. Factors related to postoperative mortality and complications; as well as to
intensive care unit admission were analyzed using logistic regression.

Results: The incidence of postoperative mortality, cardiovascular complications, respiratory complications and intensive
care unit (ICU) admission were 1.7, 4.7, 19.6 and 7.1%, respectively. Postoperative mortality was associated with preop-
erative respiratory comorbidities, postoperative cardiovascular complications (P < 0.05). Postoperative cardiovascular
complications were related to frequent intraoperative hypotension (P < 0.05). Postoperative respiratory complications
were related to age, preoperative renal failure, neurological comorbidities, and bedridden state (P < 0.05). ICU admission
was associated with the time from injury to operation, preoperative neurological comorbidities and frequent intraopera-
tive hypotension (P < 0.05).

Conclusions: Adequate treatment of respiratory comorbidities and prevention of cardiovascular complications might be

outcomes of hip fracture surgery in

the critical factors in reducing postoperative mortality in elderly patients undergoing hip fracture surgery.
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Introduction

A significant proportion of hip fractures affect the elderly,
and most cases require surgical treatment [1]. Elderly patients
usually present multiple comorbidities, including cardiovascular
and respiratory diseases, which contribute to their high mortali-
ty rate following hip fracture surgery [2]. The rates of postopera-
tive complications after hip fracture surgery range between 12.5
and 30.0% [3-5]; the mortality rate during the acute phase (i.e.,
within one month of the injury) is about 4.5-10.0% [4,6], while
the rate in the first year of the injury is about 14-36% [7]. These
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high morbidity and mortality rates lead to increased medical
expenses [8].

Analyses of the factors related to postoperative mortality and
complications in older hip fracture surgical patients can con-
tribute to improving their clinical outcomes. Among the various
factors affecting the postoperative prognoses of hip fracture
patients, the patients’ medical condition - as defined by their
American Society of Anesthesiologists (ASA) physical status —
is known to have the greatest effect on the complications and
mortality rates of elderly patients [5,9]. Studies have reported
that factors such as old age, male gender [3], arthroplasty [10],
general anesthesia [10], and long delays between the admission
time and surgery [10], were associated with high mortality rates.
However, further research is required to verify these conclusions,
as other studies have reported contradictory results [5,9,11,12].

This retrospective study set out to determine the factors that
contribute to postoperative deaths and cardiovascular and re-
spiratory complications in elderly patients who have undergone
hip fracture surgery. In addition, it analyzed the factors affecting
intensive care unit (ICU) admission, prolonged ICU stay, and
prolonged postoperative length of hospital stay.

Materials and Methods

This study was conducted with the approval of the Institu-
tional Review Board of our hospital. The subjects were elderly
patients aged 65 or older who had undergone orthopedic
surgery at our hospital for a femur neck fracture or intertro-
chanteric fracture of the femur under either general or regional
anesthesia between January 2011 and June 2014. After exclud-
ing patients with multiple trauma, accompanying pelvic bone
fractures, accompanying avascular necrosis of the femur head,
periprosthetic fractures, metastatic malignant tumors, and those
undergoing reoperations, a total of 464 out of 494 eligible pa-
tients were included in the study.

The collected data were limited to the patients’ medical re-
cords taken during their hospitalization for hip fracture surgery.
Factors such as the patients’ gender, age, height, weight, ASA
physical status, comorbidities, type and duration of anesthesia,
type of surgery, and time from injury to operation (Timey; op)
were examined.

Preoperative medical conditions and comorbidities were con-
firmed by the consultation records. Preoperative hypertension,
arrhythmia, heart failure, ischemic heart disease, cardiac valvu-
lar disease, and cardiomyopathy were classified as cardiovascular
comorbidities, while chronic obstructive pulmonary disease and
asthma were categorized as respiratory comorbidities. In addi-
tion, histories of cerebrovascular accident, dementia, or Parkin-
son’s disease were regarded as neurological comorbidities. The
patients’ medical records were also checked for the presence of
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renal failure, delirium, or other accompanying diseases (diabetes,
liver disease, or peripheral arterial obstructive disease). Further-
more, the patients’ premorbid ambulatory state, emergency sur-
gery, type of surgery, and frequent intraoperative hypotension
(i.e., more than three occurrences of systolic pressure under 90
mmHg) were also examined.

Patients’ deaths during their hospital stay and the occur-
rence of postoperative complications were recorded as outcome
variables. Any occurrence of postoperative complications was
confirmed by the department’s consultation records. More spe-
cifically, the medical records were reviewed to evaluate the pres-
ence of any postoperative cardiovascular complications (myo-
cardial infarction, heart failure, cardiogenic shock, or newly-
occurring or aggravated arrhythmia), respiratory complications
(pneumonia, pulmonary edema, atelectasis, pleural effusion, or
hypoxemia), sepsis, delirium, stroke, pulmonary embolism, or
wound infection. Furthermore, the patients’ postoperative ICU
admission, length of ICU stay, and postoperative length of hos-
pital stay were investigated.

Statistical analysis

The data are presented as the mean + SD or number of pa-
tients (percentage). The R for windows (version 3.2.0, R Foun-
dation for Statistical Computing, Vienna, Austria) was used for
the statistical analyses. A logistic regression analysis based on
a binomial generalized linear model was performed to identify
the factors affecting the postoperative outcomes. Death, car-
diovascular complications, respiratory complications, delirium,
ICU,py (ICU admission), ICU, o\ (a stay of more than two days
in the ICU or death in the ICU), and a prolonged postoperative
length of hospital stay (postoperative hospital stay > 30 days),
were considered as the postoperative outcomes. In order to
identify the factors affecting each outcome, we first performed a
univariate analysis to determine the factors with a P value under
0.2, and included these factors in a multivariate analysis. The
items with P values under 0.05 in the multivariate analysis were
considered statistically significant.

In order to identify the factors affecting the postoperative
mortality, we analyzed the associations between the preoperative
factors, including the patients’ characteristics, medical condi-
tions, and comorbidities and deaths. The following factors were
set as independent variables: the age, gender, height, weight,
ASA physical status, cardiovascular comorbidity, respiratory
comorbidity, neurological disorder, renal failure, other accom-
panying diseases, delirium, Timey, o, ambulatory condition
prior to injury, type of surgery, emergency surgery, and frequent
intraoperative hypotension.

Moreover, the association of the postoperative mortality with
the following postoperative variables was analyzed: low-molec-
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ular-weight heparin (LMWH) administration, cardiovascular
complication, respiratory complication, pulmonary embolism,
sepsis, acute renal failure, delirium, and wound infection.

A logistic regression analysis was performed using the afore-
mentioned preoperative factors as independent variables in
order to determine the factors associated with postoperative
complications (cardiovascular complications, respiratory com-
plications, and delirium).

The relationship between the preoperative variables and the
ICU,p, was also examined. In addition, a logistic regression
analysis was performed with the above-mentioned preoperative
and postoperative variables in order to identify the factors as-
sociated with ICU,  and a prolonged postoperative length of
hospital stay.

Table 1. Characteristics of Patients and Information Related to Anesthesia
and Surgery

Number of patients 464
Gender (M/F) 107 (23.0)/357 (77.0)
Age (yr) 79.5+73
Height (cm) 156.7 + 8.2
Weight (kg) 54.3 £10.2
ASA physical status 2/3/4 270 (58.2)/190 (40.9)/4 (0.9)
Type of anesthesia
General/Regional 165 (35.6)/299 (64.4)
Anesthetic time (min) 127.7 £ 34.9
Type of surgery
Pinning/CR & IF/OR & IF 39 (8.4)/231 (49.8)/29 (6.3)
Bipolar hemiarthroplasty 165 (35.6)
Emergency surgery 45(9.7)

Premorbid ambulation state

Ambulatory/bedridden 448 (96.6)/16 (3.4)
Injury to admission (day) 1.8+4.1
Injury to surgery (day) 6.1+5.0

Data are mean + SD or number of patients (%). ASA: American society
of anesthesiologists, CR & IF: Closed reduction & internal fixation, OR
& IF: Open reduction & internal fixation.

Table 2. Preoperative Morbidities

Kim et al.

Results

The subjects of the study (464 subjects) were aged 79.5 £ 7.3
years. The patients’ characteristics, anesthesia- and surgery-relat-
ed information, as well as their existing accompanying diseases,
are detailed in Tables 1 and 2. Eight patients (1.7%) died dur-
ing hospitalization, and 22 (4.7%), 91 (19.6%), and 99 patients
(21.3%), respectively, suffered from postoperative cardiovascular
complications, respiratory complications, and delirium (Table 3).
The length of time from admission to discharge was 25.9 + 11.6
days; 33 patients (7.1%) were admitted to the ICU after surgery,

Table 3. Postoperative Outcomes

Mortality 8(1.7)
Cardiovascular complications ~ Total 22 (4.7)
Myocardiac infarction 0 (0)
Heart failure 6(1.3)
Cardiogenic shock 2(0.4)
Arrhythmia 17 (3.7)
Respiratory complications Total 91 (19.6)
Pneumonia 15(3.2)
Pulmonary edema 28 (6.0)
Atelectasis 20 (4.3)
Pleural effusion 13(2.8)
Hypoxemia 69 (14.9)
Sepsis 7 (1.5)
Delirium 99 (21.3)
ICU admission and length of stay
ICU admission 33(7.1)
Causes of ICU admission
Cardiovascular cause 16 (3.4)
Respiratory cause 9(1.9)
Neurological cause 5(1.1)
Infection 1(0.2)
Unstable vital signs 1(0.2)
Acute renal failure 1(0.2)
Length of ICU stay (day) 6.8+9.3
Postoperative length of hospital stay (day) 20.6 +10.6

Data are number of patients (%) or mean + SD. ICU: intensive care unit.

Cardiovascular morbidities
Hypertension/Arrhythmia/Heart failure/THD
Valvular heart disease/Cardiomyopathy

Respiratory morbidities
COPD/Asthma

Diabetes melitus

Renal failure
Acute renal failure/Chronic renal failure

Neurological morbidities
Dementia/Parkinson disease/History of CVA

Delirium

352 (75.9)
329 (70.9)/33 (7.1)/18 (3.9)/38 (8.2)
11 (2.4)/6 (1.3)
30 (6.5)
17 (3.7)/15 (3.2)
148 (31.9)
52(11.2)
19 (4.1)/37 (8.0)
159 (34.3)
72 (15.5)/22 (4.7)/88 (19.0)
39 (8.4)

Data are number of patients (%). IHD: Ischemic heart disease, COPD: chronic obstructive pulmonary disease, CVA: Cerebrovascular accident.

Online access in http://ekja.org

563



Factors affecting outcome of hip surgery

and they stayed for about 6.8 + 9.3 days (Table 3).

The results of the logistic regression analysis performed to
identify the associations between the different variables and
postoperative outcomes are presented in Tables 4, 5 and 6. No
multicollinearity was found between the variables in the logistic
regression. The presence of a respiratory comorbidity prior to
the surgery was associated with postoperative death (P = 0.035);
furthermore, postoperative cardiovascular complications were
significantly associated with postoperative death (P = 0.012)
(Table 4). Postoperative cardiovascular complications were as-
sociated with frequent intraoperative hypotension (P < 0.001).
Postoperative respiratory complications were associated with the
patient’s age (P < 0.001), preoperative renal failure (P = 0.004),
existing neurological comorbidities (P = 0.015), and a bedridden
life prior to injury (P = 0.005). Of the 99 patients with postoper-
ative delirium, 20 patients already suffered from delirium before
the surgery, while 79 patients did not. Postoperative deliriums
were significantly associated with the patients’ age (P = 0.001),
preoperative neurological comorbidities (P = 0.01), and preop-
erative delirium (P < 0.001) (Table 5). The age of the patients
with postoperative delirium was 82.0 + 7.1 years.

Sixteen out of the 33 patients admitted to the ICU after sur-
gery had initially been scheduled to stay in the ICU for better
postoperative management of their accompanying diseases;
thirteen were admitted to the ICU unexpectedly on account of
an unanticipated postoperative problem; and the remaining four

Table 4. Logistic Regression for the Influence of Risk Factors on Mortality
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patients were already in the ICU prior to surgery and stayed in
the ICU after surgery. The specific reasons for ICU admission
are shown in Table 3. Incidences of ICU admission were associ-
ated with the Time, o, (P = 0.002), preoperative neurological
comorbidities (P = 0.008), and frequent intraoperative hypoten-
sion (P < 0.001) (Table 6). The Timey; op for all the subjects was
6.1 + 5.0 days, while that for the 33 patients admitted to the ICU
was 9.2 + 7.0 days, and that for the patients who were not admit-
ted to the ICU was 5.9 + 4.7 days.

Twenty patients out of the 33 ICU-admitted patients stayed
in the ICU for more than two days, or died in the ICU (ICU, ).
These patients were significantly associated with preoperative
neurological disorders (P = 0.001) and open reduction and inter-
nal fixation (ORIF) types of surgeries (P = 0.002) (Table 6).

Forty-eight patients stayed in the hospital for more than 30
days after the surgery, with a postoperative length of hospital
stay of 44.3 + 14.5 days. Postoperative pulmonary embolisms
(P =0.012), wound infection (P = 0.002) and preoperative renal
failure (P < 0.001) were significantly associated with a prolonged
postoperative length of hospital stay (Table 6).

Discussion

In this study, the rate of mortality in the course of hospital
stays after hip fracture surgery was 1.7%. This was relatively low
in comparison with the 4.5-10.0% found in previous studies

B* Standard error ' P value Odds ratio 95% confidence interval
Preoperative
Respiratory comorbidities 1.81 0.86 0.035 6.13 1.14-33.01
Postoperative
Cardiovascular complications 2.17 0.87 0.012 8.74 1.60-47.84
*@ represents the logistic regression coefficient. "The standard error for the B coefficient.
Table 5. Logistic Regression for the Influence of Risk Factors on Postoperative Complications
B* Standard error ' P value Odds ratio 95% confidence interval
Cardiovascular complications
Frequent intraoperative hypotension 221 0.59 <0.001 9.12 2.86-29.10
Respiratory complications
Age 0.63 0.02 <0.001 1.06 1.03-1.10
Renal failure 1.03 0.35 0.004 2.81 1.40-5.63
Neurological comorbidities 0.60 0.25 0.015 1.82 1.12-2.95
Bedridden state 1.52 0.55 0.005 4.59 1.58-13.38
Delirium
Age 0.54 0.16 0.001 1.06 1.02-1.09
Neurological comorbidities 0.62 0.24 0.01 1.86 1.16-2.99
Preoperative delirium 1.30 0.36 <0.001 3.70 1.83-7.45

*B represents the logistic regression coefficient. "The standard error for the § coefficient.
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Table 6. Logistic Regression for the Influence of Risk Factors on ICU,,\, & ICU, oy & Prolonged Postoperative Stay

Kim et al.

B* Standard error ' P value Odds ratio 95% confidence interval

ICU,pu

Time,y o 0.09 0.03 0.002 1.09 1.03-1.15

Neurological comorbidities 1.04 0.39 0.008 2.84 1.33-6.13

Frequent intraoperative hypotension 2.29 0.48 <0.001 9.92 3.84-25.61
ICUjon

Neurological comorbidities 1.70 0.52 0.001 5.48 1.99-15.09

Type of surgery : ORIF 2.14 0.70 0.002 8.47 2.14-33.54
Prolonged postoperative length of hospital stay

Postoperative pulmonary embolism 2.55 1.02 0.012 12.83 1.74-94.41

Wound infection 2.55 0.84 0.002 12.83 2.48-66.41

Renal failure 1.65 0.36 <0.001 5.23 2.56-10.57

ICU,py: ICU admission, ICU, : staying in the ICU for more than two days or dying in the ICU, Time,y,.op: time from injury to operation, Prolonged
postoperative length of hospital stay: postoperative length of hospital stay > 30 days. *B represents the logistic regression coefficient. "The standard

error for the B coefficient.

[4,6]. However, unlike in these studies, which had examined the
mortality rates over a specific period of time (e.g., for one month
after surgery) [4,6], the present study surveyed the mortality rate
of hospitalized patients during their hospital stay only; therefore,
it only followed up on patients for a short period of time, as the
postoperative length of hospital stay for most patients was about
17.9 + 5.4 days, with the exception of 48 patients who stayed for
more than 30 days.

Postoperative death was associated with several factors. In
this study, the patients’ respiratory comorbidities and postopera-
tive cardiovascular complications were significantly associated
with postoperative death. The existing literature reports various
factors associated with postoperative death. Eiskjaer and Ost-
gard [9] found that patients’ medical conditions had the greatest
effect on postoperative death, while Kenzora et al. [5] stated that
the postoperative mortality rate was increased when patients
presented more than four comorbidities. It was reported that
regional anesthesia was associated with a reduced mortality, as
compared with general anesthesia [10]. However, another study
found no difference between general anesthesia and regional
anesthesia in terms of postoperative mortality [12]. There have
been contradictory reports on the effects of delayed surgery on
the mortality rate [9,13]. Emergency operations have been as-
sociated with a higher mortality rate and greater incidence of
postoperative complications than elective surgeries [14]. In one
study, older age was associated with a higher mortality rate [3],
while in another, the age was inversely proportional to the mor-
tality rate in the first year after surgery [11]. There have been
inconsistencies in the associations between gender and mortal-
ity [3,5], as well as in the effect of postoperative LMWH admin-
istration on postoperative mortality [15,16].

The factors shown to affect postoperative mortality in previ-
ous studies were not significantly associated with this outcome
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in the present study. On the other hand, respiratory comorbidi-
ties and postoperative cardiovascular complications were found
to be significantly associated with postoperative mortality. This
was in line with the results reported by Takamine et al. [17] and
Lawrence et al. [18], whose studies identified respiratory diseas-
es and postoperative cardiovascular complications, respectively,
as important risk factors of mortality. The fact that postoperative
cardiovascular complications were significantly associated with
postoperative death suggests that postoperative care is critical
for patients who have undergone hip fracture surgery.

In this study, postoperative cardiovascular complications - a
major risk factor of mortality — were related to frequent intraop-
erative hypotension. According to Walsh et al. [19], postopera-
tive myocardial damage occurs more frequently when the intra-
operative mean arterial pressure is lower than 55 mmHg even
for a short period. Hence, the taking of precautions to prevent
intraoperative hypotension is presumed to be helpful in reduc-
ing postoperative cardiovascular complications and mortality.

A premorbid ambulatory state may be an indication of func-
tional impairment. One study reported that the postoperative
mortality rates were higher in bedridden patients and patients
who were only capable of walking indoors than in patients with
normal ambulation [20]. In the present study, a premorbid am-
bulatory state did not have a significant impact on postoperative
mortality but was an important factor of postoperative respira-
tory complications. Moreover, the patients’ age, preoperative re-
nal failure, and neurological comorbidities were associated with
postoperative respiratory complications; other studies also found
that old age and preoperative renal failure were associated with
postoperative respiratory complications [2,21]. The frequency of
postoperative respiratory complications in this study was 19.6%,
a higher rate than that reported by Lawrence et al. (4%) [18].
This was presumed to be caused by the inclusion of frequently-
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occurring hypoxemia as one of the respiratory complications in
this study.

There has been debate about the effect of postoperative de-
lirium on the mortality rate after hip fracture surgery. Mazzola
et al. [22] suggested that postoperative delirium was a significant
predictor of postoperative death, while Gottschalk et al. [23] did
not find a significant relationship between the two, in keeping
with the results of this study. However, delirium must be care-
fully managed in elderly patients, as it can affect other postoper-
ative complications as well as the length of the hospital stay [24].
In the present study, the patients’ age, preoperative neurological
disorders, and preoperative delirium had significant effects on
the incidence of postoperative delirium. Juliebo et al. [25] sug-
gested that cognitive dysfunction, indoor injury, and a body
mass index under 20 were important risk factors of postopera-
tive delirium among hip fracture patients. Moreover, Bitsch et al.
[26] suggested that old age and dementia were strongly associ-
ated with postoperative delirium in hip fracture patients. These
results were consistent with our findings.

Patients can be admitted to the ICU after surgery for the
treatment of serious postoperative complications or existing
comorbidities. According to Kamath et al. [27], patients who
had been scheduled to be admitted to the ICU for the manage-
ment of existing diseases had a better postoperative prognosis
than those who were taken to the ICU unexpectedly on account
of postoperative complications. Similarly, in the present study,
five out of the 13 patients who required unexpected ICU admis-
sion died, against only one out of the 20 patients scheduled for
planned ICU admission. A number of previous studies have also
examined the relationship between postoperative admission to
the ICU and the anesthetic method. AbdelSalam et al. [28] ob-
served that patients who had received general anesthesia were
more frequently taken to the ICU after surgery. By contrast, no
significant correlation was found between the type of anesthesia
and the incidence of postoperative admission to the ICU in the
present study; however, the Time,y, o, neurological comorbidi-
ties, and frequent intraoperative hypotension had significant ef-
fects on the incidence of postoperative admission to the ICU. In
the present study, most of the patients admitted to the ICU for
comorbidities or unstable vital signs before or after surgery did
not develop any serious complications, and were transferred to
a general ward within two days. Therefore, the patients included
in the ICU,  category presented relatively more severe condi-
tions than the rest of the patients admitted to the ICU. In gen-
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eral, the patients with an existing neurological disorder or those
who had undergone ORIF surgery stayed in the ICU for more
than two days.

Basques et al. [29] reported that the postoperative length of
the hospital stay after hip fracture surgery was longer when the
time from admission to operation had been long and when the
patients had received regional anesthesia. In a different study,
regional anesthesia contributed to shorter hospital stays after
surgery [12]. The type of surgery was also associated with the
postoperative length of hospital stay [29]. In the present study,
the anesthetic method and type of surgery did not affect the
postoperative length of hospital stay; however, preoperative
renal failure, postoperative pulmonary embolism, and wound
infection were significantly associated with a prolonged postop-
erative stay.

Unfortunately, the results of this study cannot be generalized
as the study was only conducted in one healthcare institution.
Another limitation of this study lies in the fact that it did not
follow up on the patients after discharge, as the focus was on
the postoperative deaths and complications taking place during
the hospital stay. Hence, this study cannot suggest predictors for
death or long-term complications. Future studies should con-
duct prospective investigations in multiple institutions and with
long-term follow-up in order to address these limitations.

This study analyzed the factors affecting the postoperative
outcomes of elderly patients having undergone hip fracture sur-
gery. Preoperative respiratory comorbidities and postoperative
cardiovascular complications were associated with postoperative
death. Therefore, the appropriate treatment of patients’ exist-
ing respiratory diseases and the prevention of postoperative
cardiovascular complications should be emphasized in order to
improve the outcomes of hip fracture surgery. In addition, intra-
operative hypotension, which is associated with cardiovascular
complications and ICU admission, should be managed appro-
priately. As old age, preoperative neurological disorders, renal
failure, and a bedridden state are associated with postoperative
respiratory complications, extra care should be taken to prevent
respiratory complications in patients presenting these factors.
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