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Abstract
Purpose The post-operative mortality after hip fracture surgery is high and has remained largely unchanged during the 
last decades. The Revised Cardiac Risk Index (RCRI) is a tool used to evaluate the 30-day risk of, among other outcomes, 
post-operative mortality. The aim of this study is to determine the association between the RCRI score and post-operative 
mortality in patients undergoing hip fracture surgery.
Methods Data was obtained from the national hip fracture register which was cross-referenced with patients’ electronic 
hospital records. All adults who underwent primary emergency hip fracture surgery in Orebro County, Sweden, between 
January 1, 2013 and December 31, 2017, were included. Patients were divided into two cohorts: low RCRI (score = 0–1) 
and high RCRI (score ≥ 2). A Poisson regression model was employed to investigate the association between a high RCRI 
score and 30- and 90-day post-operative mortality.
Results A total of 2443 patients, of whom 446 (18%) had a high RCRI score, were included in the current study. When 
adjusting for age, sex, comorbidities and type of surgery, the incidence of 30-day mortality increased by 46% in the high 
RCRI cohort (adj. IRR 1.46, 95% CI, 1.10–1.94, p = 0.010). Similar results were observed for 90-day mortality (adj. IRR 
1.50, 95% CI, 1.21–1.84, p < 0.001).
Conclusion The RCRI is applicable to patients that undergo surgery for traumatic hip fractures. A high RCRI score is associ-
ated with an increased incidence of both 30- and 90-day post-operative mortality. Future studies to evaluate these findings 
are needed.
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Introduction

Hip fractures are a common injury in the elderly. As the 
global population continues to age, the incidence of hip frac-
tures is predicted to increase [1]. The risk of mortality after 
surgery for traumatic hip fractures is high, with rates around 
10% and 16% for 30 and 90 days, respectively [2]. Despite 
several strategies employed during the last decades to alter 
the incidence of adverse outcomes, including new orthope-
dic innovations, fast-track programs and multidisciplinary 
teams, the post-operative mortality rate has remained largely 
unchanged [2, 3]. At the moment, there are few tools that are 
easy to use in clinical practice when trying to predict mortal-
ity rates after hip fracture surgery. Previous studies have sug-
gested using tools such as the Possum Score, the Charlson 
Comorbidity Index, or the 5-factor modified frailty index 
[4–6]. However, these indices are complex or have inherent 
limitations which restrict their clinical utility; the Possum 
score has 18 variables, some of which are collected in the 
intra- or post-operative period [7], the Charlson Comorbidity 
Index has 17 variables [8], and the 5-factor modified frailty 
index includes functional status which is subjective and 
may be difficult to assess in the emergency setting [6]. The 
RCRI benefits from only requiring a few variables which can 
more easily be assessed on arrival to the emergency room. 
Although clinical decisions are made based on individual 
cases by the treating physician, predictive tools offer the 
benefit of facilitating resource allocation on a group level 
and they support physicians in objective decision-making as 
well as in communication with patients and family members.

The Revised Cardiac Risk Index (RCRI) is a tool used 
to evaluate the 30-day risk of post-operative myocardial 
infarction, cardiac arrest, and mortality [9]. The index is 
calculated using several pre-operative risk factors with an 
increasing score being associated with an increased risk of 
post-operative mortality [9–11]. RCRI has been extensively 
investigated and validated in general surgery and vascular 
surgery populations for its association with predicting mor-
tality risks. However, many of the previous studies validat-
ing the RCRI have had a sample population predominantly 
composed of elective general surgical patients [12]. Its role 
in the emergency setting has been less thoroughly studied, 
particularly in hip fracture patients. It is important to empha-
size the distinction between elective versus emergency surgi-
cal conditions, in the latter pre-operative optimization can be 
jeopardized by the time restriction for performing definitive 
treatment, i.e. surgery. The aim of this study is to deter-
mine the association between the RCRI score and 30-day 
mortality in patients undergoing emergency hip fracture sur-
gery. The hypothesis is that a high RCRI score is associated 
with an increased incidence of 30-day mortality following 
hip fracture surgery.

Materials and methods

The cohort was retrieved from the prospectively collected 
national quality register for hip fractures in Sweden, Rik-
shöft [13]. During the 5-year period between January 1, 
2013 and December 31, 2017, all consecutive adult patients 
who underwent primary emergency hip fracture surgery in 
Orebro County, Sweden, were included in the current study. 
Orebro county consists of three hospitals: Orebro University 
Hospital and two university-affiliated regional hospitals. To 
keep the sample population homogenous, pathological hip 
fractures were excluded along with conservatively managed 
hip fractures. Pathological hip fractures have previously 
been associated with significantly increased rates of postop-
erative complications, readmissions, and deaths when com-
pared to native hip fractures. Consequently, guidelines for 
native hip fractures might not be generalizable to pathologi-
cal hip fracture patients [14]. Variables were obtained from 
both the national hip fracture register and patients’ electronic 
hospital records. The variables retrieved from the register 
were age, sex, date of hospital admission, American Society 
of Anesthesiologists (ASA) classification, type of fracture, 
surgical method, and date of hospital discharge. Comorbidity 
data was used to calculate both the Charlson Comorbidity 
Index (CCI) [8] and RCRI [15] for each patient. The CCI 
is based on the diagnosis of myocardial infarction, heart 
failure, peripheral vascular disease, cerebrovascular events, 
dementia, chronic obstructive pulmonary disease, connec-
tive tissue disease, peptic ulcer disease, liver disease, dia-
betes mellitus, hemiplegia, chronic kidney disease, cancer, 
leukemia, lymphoma, and AIDS. The patients’ electronic 
hospital records were reviewed in order to retrieve comor-
bidity data and time of death, as well as to supplement any 
data missing from the national hip fracture register.

Calculating the Revised Cardiac Risk Index

The RCRI score is calculated based on the following vari-
ables: history of ischemic heart disease, history of conges-
tive heart failure, history of cerebrovascular disease, pre-
operative insulin therapy, pre-operative creatinine above 
2 mg/dL and high-risk surgery, with each variable count-
ing as 1 point if present. Hip fracture surgery is considered 
intermediate risk surgery according to the American Col-
lege of Cardiology and the American Heart Association 
guidelines [16]; accordingly, points for high-risk surgery 
were not awarded to any patient in this study. Patients that 
had end-organ damage resulting from diabetes mellitus 
but lacked pre-operative insulin therapy were also awarded 
one point to reflect the severity of their diabetes.
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Statistical analysis

Patients were divided into two cohorts: low RCRI 
(score = 0–1) and high RCRI (score ≥ 2). Patient demograph-
ics and clinical characteristics were compared between the 
two cohorts. Categorical variables are reported with percent-
ages while continuous variables are reported as mean and 
standard deviation (SD) or median and interquartile range 
(IQR). Pearson’s χ2 test and Fisher’s exact test were used to 
determine the statistical significance of differences between 
categorical variables. For continuous variables the Student’s 
t-test was used for normally distributed data, otherwise the 
Mann–Whitney U test was employed. The primary outcome 
of interest was 30-day post-operative mortality. The second-
ary outcome of interest was 90-day post-operative mortality. 
A Poisson regression model was employed to investigate the 
association between a high RCRI score and post-operative 
mortality. The analysis was performed while adjusting for 
age, sex, type of surgery and comorbidities that were not 
already included as part of the RCRI calculation. Results are 
reported as incidence rate ratios (IRR) for 30- and 90-day 
mortality with 95% confidence intervals (CI). Statistical sig-
nificance was defined as a p value less than 0.05.

Results

A total of 2443 patients met inclusion criteria. 48 patients 
had end-organ damage due to diabetes mellitus without 
ongoing insulin therapy; these patients were awarded one 
point on the RCRI resulting in 448 (18.3%) patients being 
included the high RCRI cohort. Females accounted for the 
majority of cases in both cohorts. Males were more prevalent 
in the high RCRI cohort compared to the low RCRI cohort 
(46.2% vs 29.7%, p < 0.001). The high RCRI cohort was 
older (mean age: 83.7 (SD 8.4) vs 81.5 (SD 10.2) years, 
p < 0.001), had more comorbidities (CCI ≥ 7: 77.5% vs. 
19.6%, p < 0.001), and was less fit for surgery based on 
their American Society of Anesthesiologists classification 
(ASA ≥ 3: 82.0% vs. 44.1%, p < 0.001) (Table 1). For the 
majority of the comorbidities analyzed, a higher prevalence 
was seen in the high RCRI cohort as depicted in Table 2. 
No statistically significant difference was observed in the 
distribution of fracture types between the cohorts. The low 
RCRI cohort was managed with more advanced surgical 
techniques, such as total hip replacement and hemiarthro-
plasty, while the high RCRI cohort was subjected to less 
invasive surgical methods (Table 1). 

The incidence of 30-day mortality was higher in the 
high RCRI cohort (13.4% vs 7.1%, p < 0.001). The same 
was observed for unadjusted 90-day mortality (22.5% vs 
12.7%, p < 0.001) (Table 3). An increase in the incidence 
of mortality with increasing RCRI scores was observed for 

both 30- and 90-day mortality (Table 4). Multivariable Pois-
son regression analysis found that increasing age, male sex, 
dementia, liver disease and metastatic cancer were associ-
ated with significantly increased incidences of both 30- and 
90-day post-operative mortality after hip fracture surgery. 
When adjusting for age, sex, comorbidities and type of sur-
gery, the incidence of 30-day mortality increased by 46% in 
the high RCRI cohort (adj. IRR 1.46, 95% CI, 1.10–1.94, 
p = 0.010). Similar results were observed for 90-day mortal-
ity (adj. IRR 1.50, 95% CI, 1.21–1.84, p < 0.001) (Table 5).  

Discussion

This is the first large-scale study investigating the associ-
ation between the Revised Cardiac Risk Index score and 
short-term mortality after hip fracture surgery. A significant 
increase in the incidence of both 30- and 90-day mortality 
was detected in patients with a high RCRI score. This rela-
tionship remained significant after adjusting for age, sex, 
type of surgery and relevant comorbidities, with an almost 
50% increase in the incidence of mortality in patients with a 
high RCRI score compared to a low RCRI score.

Hip fractures predominantly occur in the elderly who tend 
to be burdened by several comorbidities [2, 17–20]. This 
is supported by the demographics of the sample popula-
tion in the current study. Despite advances in the care of hip 
fracture patients, mortality rates have remained high during 
the last decades [2, 3]. Gundel et al. [2] published a study 
in 2019, composed of 113,721 patients, which calculated 
the 30- and 90-day post-operative mortality rates after hip 
fracture surgery to be 9.6% and 16%, respectively. These 
results mirror the current study where the overall 30- and 
90-day post-operative mortality rates were 8.2% and 14.5%, 
respectively. Gundel et al. [2] also demonstrated that male 
sex, increasing age and comorbidities were significant risk 
factors for 90-day post-operative mortality in hip fracture 
patients, an association that is in line with earlier studies 
[2, 17–20]. This remained true for our cohorts where these 
same variables were associated with an increased incidence 
of post-operative mortality.

The RCRI was developed by Lee et al. [15] and is now 
widely used to estimate the 30-day risk of myocardial infarc-
tion, cardiac arrest and mortality after non-cardiac sur-
gery [9]. Several studies have investigated the relationship 
between the RCRI and mortality [9, 10]. Lindenauer et al. 
specifically outlined a proportional relationship between 
in-hospital mortality rate and the RCRI score; with an 
increased mortality at higher RCRI scores [11]. A meta-
analysis published in 2010 by Ford et al. validated the previ-
ous conclusion that the RCRI could predict adverse cardiac 
events after non-cardiac surgery. Nevertheless, they did not 
distinguish between different types of non-cardiac surgery 
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with the exception of one subgroup analysis for vascular 
surgery specifically, where the RCRI exhibited a low predic-
tive value [12]. However, subsequent studies have provided 
additional evidence for the RCRI’s ability to predict adverse 
events in patients undergoing non-cardiac surgery [21, 22].

There is only one previous study composed of 422 
patients, conducted by Guerra et al. [23] investigating the 
association between RCRI and mortality in hip fracture 
patients. Their study could not demonstrate a predictive 
relationship between the RCRI and 1-year mortality. The 
difference between their results and the results of the current 
study may be attributed to the limited size of their sample 
population and their use of 1-year rather than short-term 
mortality. Additionally, the current study divides patients 
into two cohorts based on RCRI scores as well as adjusts for 
relevant comorbidities and other clinically important factors 
that could affect the risk of mortality; this was not carried 
out by Guerra et al. [23].

In general, less invasive surgical techniques are preferred 
for frail, elderly patients [24–26]. This is reflected in our 
data in which hemiarthroplasties were 20% more common 
and total hip replacements were 125% more common in 
the low RCRI cohort, which were younger, less burdened 
by comorbidities, and more fit for surgery, based on their 
CCI and ASA scores respectively. More invasive techniques 
tend to result in more expansive tissue damage along with 
a greater inflammatory response which is postulated to 
increase the post-operative mortality risk due to systemic 
inflammatory conditions and subsequent multi-organ failure, 
most notably from cardiac and respiratory origin [27–29]. 
Nevertheless, none of the surgical techniques were associ-
ated with an increase or decrease in the incidence of mortal-
ity in our study cohorts. This observation may be the result 
of the appropriate clinical decision having been made by 
the attending orthopedic surgeons, where more frail patients 
were allocated to less invasive and stressful surgery.

Table 1  Demographics 
and clinical characteristics 
in patients before hip 
fracture surgery based on 
Revised Cardiac Risk Index 
(RCRI) score

ASA American Society of Anesthesiologists, N total number of patients
a RCRI score 0–1
b RCRI score ≥ 2

RCRI  lowa RCRI  highb p value
N = 1995 N = 448

Age in years, mean [SD] 81.5 [10.2] 83.7 [8.4]  < 0.001
Sex, n (%)  < 0.001
 Female 1403 (70.3) 241 (53.8)
 Male 592 (29.7) 207 (46.2)

ASA classification, n (%)  < 0.001
 1 180 (9.0) 4 (0.9)
 2 924 (46.3) 77 (17.2)
 3 785 (39.3) 278 (62.1)
 4 96 (4.8) 89 (19.9)
 Missing 10 (0.5) 0 (0.0)

Charlson Comorbidity Index, n (%)  < 0.001
  ≤ 4 777 (38.9) 6 (1.3)
 5–6 827 (41.5) 95 (21.2)
  ≥ 7 391 (19.6) 347 (77.5)

Fracture type, n (%) 0.170
 Non displaced cervical (Garden 1–2) 274 (13.7%) 47 (10.5)
 Displaced cervical (Garden 3–4) 720 (36.1) 152 (33.9)
 Basicervical 87 (4.4) 24 (5.4)
 Peritrochanteric (two fragments) 475 (23.8) 112 (25.0)
 Peritrochanteric (multiple fragments) 296 (14.8) 83 (18.5)
 Subtrochanteric 143 (7.2) 30 (6.7)

Type of surgery, n (%) 0.003
 Screws or pins 398 (19.9) 93 (20.8)
 Screws or pins with sideplate 703 (35.2) 179 (40.0)
 Intramedullary nail 319 (16.0) 82 (18.3)
 Hemiarthroplasty 413 (20.7) 78 (17.4)
 Total hip replacement 162 (8.1) 16 (3.6)
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The ability to evaluate hip fracture patients pre-opera-
tively may be of value when trying to achieve a reduction in 
post-operative mortality. Since a high RCRI score appears 
to be associated with an increased incidence of both 30- and 
90-day mortality after hip fracture surgery, its application 
may be considered in order to achieve better resource allo-
cation, patient prioritization, surgical method selection and 
detection of patients in need of extended pre-operative opti-
mization. More importantly, it may help orthopedic surgeons 
and their multidisciplinary teams to identify those patients 
in need of higher post-operative care levels in order to pre-
vent adverse post-operative cardiac events. Consequently, 

the RCRI could be considered for inclusion in surgical care 
protocols for patients undergoing emergency orthopedic sur-
gery. The authors hope that the results of the current study 
will encourage further research in this field of orthopedic 
trauma surgery in order to determine the viability of utiliz-
ing the RCRI in this manner for patients suffering from hip 
fractures.

The current study has both strengths and limitations that 
need to be mentioned. To the authors’ knowledge, this is the 
first study investigating the association between the RCRI 

Table 2  Preoperative 
co-morbidities in patients before 
hip fracture surgery based on 
Revised Cardiac Risk Index 
(RCRI) score

N total number of patients
a RCRI score 0–1
b RCRI score ≥ 2

RCRI  lowa RCRI  highb p value
N = 1995 N = 448

Myocardial infarction, n (%) 118 (5.9) 262 (58.5)  < 0.001
Heart failure, n (%) 144 (7.2) 282 (62.9)  < 0.001
Peripheral vascular disease, n (%) 104 (5.2) 76 (17.0)  < 0.001
Cerebrovascular event, n (%) 322 (16.1) 273 (60.9)  < 0.001
Dementia, n (%) 478 (24.0) 96 (21.4) 0.280
Chronic obstructive pulmonary disease, n (%) 157 (7.9) 66 (14.7)  < 0.001
Connective tissue disease, n (%) 29 (1.5) 11 (2.5) 0.190
Peptic ulcer disease, n (%) 184 (9.2) 65 (14.5)  < 0.001
Liver disease, n (%) 26 (1.3) 5 (1.1) 0.930
Diabetes Mellitus, n (%)  < 0.001
 Uncomplicated 113 (5.7) 48 (10.7)
 End-organ damage 92 (4.6) 119 (26.6)

Hemiplegia, n (%) 36 (1.8) 33 (7.4)  < 0.001
Chronic kidney disease, n (%) 80 (4.0) 97 (21.7)  < 0.001
Cancer, n (%) 0.046
 Local tumor 379 (19.0) 107 (23.9)
 Metastatic 56 (2.8) 15 (3.3)

Leukemia, n (%) 11 (0.6) 6 (1.3) 0.130
Lymphoma, n (%) 13 (0.7) 0 (0.0) 0.180

Table 3  Outcomes in patients with hip fractures based  on Revised 
Cardiac Risk Index (RCRI) score

N total number of patients
a RCRI score 0–1
b RCRI score ≥ 2

RCRI  lowa RCRI  highb p value
N = 1995 N = 448

Hospital length of stay in 
days, median [Q2, Q3]

8.0 [5.0, 11.0] 9.0 [5.8, 13.0]  < 0.001

30-day mortality, n (%) 141 (7.1) 60 (13.4)  < 0.001
90-day mortality, n (%) 253 (12.7) 101 (22.5)  < 0.001

Table 4  The distribution of Revised Cardiac Risk Index (RCRI) score 
in patients with hip fractures for 30- and 90-day post-operative mor-
tality

N total number of patients

Total 30-day mortality 90-day mor-
tality

N = 2443 N = 201 N = 354

RCRI 0, n (%) 1235 (50.6) 75 (6.1) 133 (10.8)
RCRI 1, n (%) 760 (31.1) 66 (8.7) 120 (15.8)
RCRI 2, n (%) 319 (13.1) 45 (14.1) 72 (22.6)
RCRI 3, n (%) 108 (4.4) 13 (12.0) 24 (22.2)
RCRI 4, n (%) 20 (0.8) 2 (10.0) 5 (25.0)
RCRI 5, n (%) 1 (0.0) 0 (0.0) 0 (0.0)
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and short-term mortality, based exclusively on patients sub-
jected to emergency surgery for traumatic hip fractures. Fur-
thermore, the results are strengthened by the fact that patient 
management remained uniform, since all patients were 
treated within the same orthopedic department, and that the 
register data could be cross-referenced with the electronic 

hospital charts. The use of register data resulted in certain 
limitations as the authors were unable to determine the cause 
of death for any patients included in the study. Nevertheless, 
this is not a necessity since the RCRI includes mortality 
in its outcome prediction, which is not solely exclusive to 
cardiovascular events [9]. Analyses regarding prioritization 

Table 5  Incidence rate 
ratio (IRR) for 30- and 
90-day mortality after hip 
fracture surgery

Poisson regression model with robust standard errors. Model adjusted for age, sex, comorbidities and type 
of surgery
a Revised Cardiac Risk Index score 0–1
b Revised Cardiac Risk Index score ≥ 2
c No deaths were registered in patients with lymphoma within 30 days post-operatively

Variable 30-day IRR (95% CI) p value 90-day IRR (95% CI) p value

Revised Cardiac Risk Index
 Lowa ref ref
 Highb 1.46 (1.10–1.94) 0.010 1.50 (1.21–1.84)  < 0.001

Age 1.07 (1.05–1.09)  < 0.001 1.07 (1.05–1.08)  < 0.001
Sex
 Female ref ref
 Male 2.38 (1.81–3.14)  < 0.001 1.67 (1.36–2.03)  < 0.001

Peripheral vascular disease
 No ref ref
 Yes 0.83 (0.49–1.40) 0.485 0.96 (0.69–1.33) 0.798

Dementia
 No ref ref
 Yes 2.26 (1.73–2.94)  < 0.001 2.26 (1.87–2.73)  < 0.001

Chronic obstructive pulmonary disease
 No ref ref
 Yes 1.35 (0.89–2.06) 0.162 1.28 (0.94–1.76) 0.123

Connective tissue disease
 No ref ref
 Yes 1.22 (0.58–2.57) 0.595 0.72 (0.33–1.58) 0.413

Liver disease
 No ref ref
 Yes 2.63 (1.02–6.73) 0.045 2.28 (1.11–4.67) 0.025

Cancer
 None ref ref
 Local tumor 1.27 (0.95–1.70) 0.101 1.19 (0.95–1.48) 0.125
 Metastatic 2.46 (1.46–4.13) 0.001 3.07 (2.15–4.40)  < 0.001

Leukemia
 No ref ref
 Yes 2.18 (0.63–7.52) 0.218 1.31 (0.40–4.30) 0.653

Lymphoma
 No ref ref
 Yes N/Ac – 0.62 (0.11–3.46) 0.583

Type of surgery
 Screws or pins ref ref
 Screws or pins with sideplate 1.12 (0.79–1.59) 0.530 1.22 (0.95–1.57) 0.117
 Intramedullary nail 1.17 (0.77–1.76) 0.462 1.05 (0.77–1.43) 0.761
 Hemiarthroplasty 0.90 (0.60–1.36) 0.608 0.96 (0.71–1.30) 0.791
 Total hip replacement 0.64 (0.23–1.82) 0.405 0.57 (0.25–1.29) 0.174
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for surgery and pre-operative optimization could not be per-
formed since this information was not readily available and 
requires a prospective study design.

Conclusion

The Revised Cardiac Risk Index (RCRI) is applicable to 
patients that undergo surgery for emergency traumatic hip 
fractures when assessing the incidence of short-term post-
operative mortality. A high RCRI score is associated with 
an increased incidence of both 30- and 90-day post-opera-
tive mortality. Further prospective studies are nevertheless 
required to evaluate the utility of the RCRI as a predictor of 
mortality in hip fracture patients.
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