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n association between β-blocker (BB) therapy and a reduced risk of major cardiac events and mortality in patients undergoing surgery
for hip fractures has previously been demonstrated. Furthermore, a relationship between an increasedRevised Cardiac Risk Index (RCRI)
score and a higher risk of postoperativemortality has also been detected. The purpose of the current studywas to investigate the interaction
between BB therapy and RCRI in relation to 30-day postoperative mortality in geriatric patients after hip fracture surgery.
METHODS: A
ll patients older than 65 years who underwent primary emergency hip fracture surgery in Sweden between January 1, 2008, and
December 31, 2017, except for pathological fractures, were included in this retrospective cohort study. Patients were divided into
cohorts based on their RCRI score (RCRI 1, 2, 3, and ≥4) and whether they had ongoing BB therapy at the time of admission. A
Poisson regression model with robust standard errors of variance was used, while adjusting for confounders, to evaluate the asso-
ciation between BB therapy, RCRI, and 30-day mortality.
RESULTS: A
 total of 126,934 cases met the study inclusion criteria. β-Blocker therapy was associated with a 65% decrease in the risk of
30-day postoperative mortality in the whole study population (adjusted incidence rate ratio [95% confidence interval], 0.35
[0.32–0.38]; p < 0.001). The use of BB also resulted in a significant reduction in 30-day postoperative mortality within all RCRI
cohorts. However, the most pronounced effect of BB therapy was seen in patients with an RCRI score greater than 0.
CONCLUSION: β
-Blocker therapy is associated with a reduction in 30-day postoperative mortality, irrespective of RCRI score. Furthermore, patients
with an elevated cardiac risk appear to have a greater benefit of BB therapy. (J Trauma Acute Care Surg. 2022;92: 49–56. Copyright ©
2021 The Author(s). Published by the American Association for the Surgery of Trauma.)
LEVEL OF EVIDENCE: T
herapeutic/care management, level II

KEYWORDS: β
-Blocker therapy; hip fracture; Revised Cardiac Risk Index; mortality.
T he incidence of hip fractures is expected to increase over the
coming years as a result of the rapidly aging global

population.1–4 The mortality rate among hip fracture patients
is high and places a heavy burden on the healthcare system and
society.5,6 Hip fracture patients generally suffer from several co-
morbidities with the primary cause of mortality being cardiovas-
cular events.5,7–10 Several studies have demonstrated that β-
blockers (BBs) are able to reduce the risk of major cardiac events
and mortality in patients undergoing noncardiac surgery.9,11–15

Recent published studies have also demonstrated an association
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between BB usage and reduced short-term postoperative mortal-
ity in traumatic hip fracture patients.9,13

The protective effects of BBs are mainly seen in patients
with preexisting cardiac risk factors.16 The Revised Cardiac
Risk Index (RCRI), initially developed by Lee et al.,17 has been
used to evaluate the 30-day risk of major cardiac events and
all-cause mortality in the postoperative period.18 The relation-
ship between a high RCRI score and increased postoperative
mortality has been demonstrated in several studies on patients
undergoing noncardiac surgery.18–20 A recent study, including
patients only operated on for traumatic hip fractures, also dem-
onstrated an association between an increased RCRI score and
a higher risk of short-term postoperative mortality.21 The aim
of this study was to investigate the interaction between preoper-
ative BB therapy and the RCRI score in relation to 30-day post-
operative mortality in geriatric patients after hip fracture surgery.
The hypothesis was that patients with higher RCRI scores will
have a greater benefit of BB therapy, in terms of reduced postop-
erative mortality.
PATIENTS AND METHODS

This study complies with the principles of the Declaration
of Helsinki and the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines.22 Ethical approval
was obtained from the Swedish Ethical Review Authority
49
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(reference 2021-01744). The cohort was retrieved from the pro-
spectively collected Swedish National Quality Registry for Hip
Fractures, Rikshöft.23 Cases were considered for inclusion if
the patient was older than 65 years and underwent primary emer-
gency hip fracture surgery in Sweden between January 1,
2008, and December 31, 2017. Conservatively treated and path-
ological hip fractures were excluded from the original data re-
trieval. The data from Rikshöft were used to determine the
date of hospital admission, age, sex, fracture type, American So-
ciety of Anesthesiologist (ASA) classification, type of surgery,
date of surgery, and hospital discharge date. This was
cross-referenced with the Swedish National Board of Health
and Welfare Patient, Cause of Death, and Prescribed Drugs reg-
isters using the patients’ social security numbers, which pro-
vided time of death and comorbidity data. The comorbidity
data were used to calculate both the age-adjusted Charlson Co-
morbidity Index (CCI)24 and the RCRI for each patient.17

BB THERAPY

The Swedish Prescribed Drugs Register, a population-
based database that records all drug prescriptions issued by
physicians in Sweden within both primary and secondary care
facilities, was used to extract all issued BB prescriptions (ATC
codes C07AA, C07AB, and C07AG). Ongoing BB therapy
was defined as a patient having filled a prescription within the
year before surgery. A period of 12 months was selected since
BBs are rarely discontinued once initiated and therefore com-
monly issued on a long-term basis covering up to a 1-year period
with a single prescription. β-Blockers are rarely discontinued in
patients with hip fractures admitted for surgery; this assumption
has previously been tested by assessing the electronic medical
records of more than 2,400 consecutive hip fracture patients
from one selected Swedish county during a 5-year period (be-
tween the years 2013 and 2017).13 There were no statistically
significant changes in BB prescription among the general popu-
lation, for the same age group as the current study (≥65 years),
during the study period.25

CALCULATING THE RCRI

The RCRI score was calculated using the variables defined
by Lindenauer et al.20: high-risk surgery, ischemic heart disease,
congestive heart failure, cerebrovascular disease, renal insufficiency,
and diabetes mellitus, with each variable counting as one point if
present. Hip fracture surgery is considered intermediate risk surgery
according to the American College of Cardiology and the American
Heart Association guidelines.26 Accordingly, points for high-risk
surgery were not awarded to any patient in this study.

STATISTICAL ANALYSIS

Initially, cases were grouped by their RCRI score of 0, 1,
2, 3, and≥4, as presented by Lindenauer et al.20 Cases were then
further subdivided into ongoing β-blocker therapy (BB+) and no
β-blocker therapy (BB−) at the time of admission, resulting in a
total of 10 cohorts. Patient demographics and clinical character-
istics were compared between the cohorts. Categorical variables
were reported as counts with percentages, while continuous var-
iables were reported as a mean and SD or median and
50 © 2021 The Author
interquartile range. Pearson’sχ2 test and Fisher’s exact test were
used to determine the statistical significance of differences
between categorical variables. An analysis of variance was
performed for normally distributed continuous variables; other-
wise, a Kruskal-Wallis test was used. The primary outcome of
interest was 30-day postoperative mortality.

Poisson regression analysis was used to study the associa-
tion between BB therapy, the RCRI, and their interaction as they
all relate to 30-day postoperative mortality. The regression anal-
ysis included BB therapy, RCRI, and their interaction as predic-
tors (using the “*” notation available in the R formula interface)
while adjusting for age, sex, ASA classification, type of surgery,
fracture type, year of surgery, and comorbidities that were not
included in the RCRI but were included in the CCI. Results
are reported as incidence rate ratios (IRRs) with 95% confidence
intervals (CIs). Statistical significance was defined as a two-sided
p value of <0.05.

Less than 2% of patients had any missing data (Table 1).
This is within the acceptable limits of what can be expected to
be missing at random when working with retrospective data.
Multiple imputation by chained equations was accordingly used
to manage these missing values; logistic regression was used for
sex, a proportional odds model for ASA classification, as well as
Bayesian polytomous regression for type of fracture and type
of surgery. This resulted in 10 imputed datasets. Analyses were
performed using the statistical programming language R (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

A total of 126,934 cases met the study inclusion criteria.
From the 142,171 cases originally extracted from the Rikshöft
register, 8,002 cases (5.6%) were excluded for being younger
than 65 years, 2,877 cases (2.0%) were excluded because of in-
correctly registered data, and 4,358 cases (3.1%) were excluded
as they were reoperations. In the current study population, 40%
of the patients (n = 50,673) were in the BB+ cohorts, which is
roughly equivalent to the 36% of people in the general geriatric
population who have BB therapy during the same period.25

Depicted in Table 1 are patient and clinical characteristics for
each RCRI cohort, subdivided by BB exposure. Metoprolol
was the most common BB used in all BB+ cohorts. Patients with
higher RCRI scores were less fit for surgery, based on their pre-
operative ASA score being ≥3 (BB−: RCRI 0 vs. RCRI ≥4,
44.4% vs. 94.4%; p < 0.001) and had more comorbidities, based
on their CCI score being≥7 (BB−: RCRI 0 vs. RCRI≥4, 5.3% vs.
99.7%; p < 0.001). Total hip replacements were more commonly
performed on patients with lower RCRI scores (BB−: RCRI 0 vs.
RCRI ≥4, 8.2% vs. 2.9%; p < 0.001) (Table 1).

All comorbidities increased with higher RCRI scores ex-
cept for dementia, connective tissue disease, liver disease, and
metastatic carcinoma (Table 2). The crude incidence of mortality
30 days postoperatively increased with each additional point on
the RCRI (RCRI 0 to≥4: 5.4%, 9.5%, 14.1%, 18.6%, and 22.1%).
At the same time, postoperative mortality was significantly
lower in BB+ compared with BB− patients within each RCRI
cohort, irrespective of the specific cause of mortality (RCRI
0: BB− vs. BB+, 6.9% vs. 2.3%; RCRI ≥4: BB− vs. BB+,
53.6% vs. 8.8%; p < 0.001) (Table 3).
(s). Published by the American Association for the Surgery of Trauma.
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TABLE 4. IRR for 30-day Mortality After Hip fracture Surgery

IRR (95% CI) p

BB therapy

No Reference

Yes 0.35 (0.32–0.39) <0.001

RCRI

0 Reference

1 1.57 (1.49–1.66) <0.001

2 2.28 (2.13–2.43) <0.001

3 3.00 (2.72–3.31) <0.001

≥4 3.95 (3.36–4.65) <0.001

BB therapy (BB+) � RCRI*

BB+ � RCRI 1 0.87 (0.76–1.00) 0.046

BB+ � RCRI 2 0.79 (0.68–0.92) 0.002

BB+ � RCRI 3 0.81 (0.67–0.98) 0.027

BB+ � RCRI ≥4 0.58 (0.42–0.79) <0.001

Age 1.06 (1.06–1.07) <0.001

Sex

Female Reference

Male 1.66 (1.59–1.73) <0.001

ASA classification

1 Reference

2 1.32 (1.09–1.61) 0.005

3 2.26 (1.86–2.75) <0.001

4 3.78 (3.09–4.61) <0.001

5 6.60 (4.73–9.21) <0.001

Type of fracture

Nondisplaced cervical (garden 1–2) Reference

Displaced cervical (garden 3–4) 1.29 (1.18–1.42) <0.001

Basicervical 1.24 (1.05–1.46) 0.013

Peritrochanteric (two fragments) 1.24 (1.06–1.45) 0.006

Peritrochanteric (multiple fragments) 1.36 (1.16–1.59) <0.001

Subtrochanteric 1.38 (1.17–1.63) <0.001

Type of surgery

Pins or screws Reference

Screws or pins with side plate 0.97 (0.84–1.12) 0.676

Intramedullary nail 0.93 (0.80–1.08) 0.369

Hemiarthroplasty 1.02 (0.94–1.10) 0.722

Total hip replacement 0.67 (0.57–0.79) <0.001

Peripheral vascular disease

No Reference

Yes 1.09 (1.00–1.19) 0.041

Chronic obstructive pulmonary disease

No Reference

Yes 1.23 (1.16–1.30) <0.001

Liver disease

No Reference

Yes 1.70 (1.41–2.06) <0.001

Dementia

No Reference

Yes 1.41 (1.35–1.47) <0.001

Connective tissue disease

No Reference

Yes 1.01 (0.91–1.12) 0.835

Continued next page

TABLE 4. (Continued)

IRR (95% CI) p

Local tumor

No Reference

Yes 1.09 (1.02–1.15) 0.007

Metastatic carcinoma

No Reference

Yes 1.78 (1.61–1.98) <0.001

Year of surgery

2008 Reference

2009 0.87 (0.79–0.97) 0.008

2010 0.94 (0.86–1.04) 0.234

2011 0.88 (0.80–0.96) 0.006

2012 0.95 (0.87–1.04) 0.278

2013 0.85 (0.77–0.93) <0.001

2014 0.77 (0.70–0.85) <0.001

2015 0.78 (0.71–0.86) <0.001

2016 0.78 (0.71–0.86) <0.001

2017 0.77 (0.70–0.85) <0.001

Poisson regression model with robust standard errors of variance. Multiple imputation
with chained equations was used to manage missing values. Model is adjusted for age,
sex, peripheral vascular disease, chronic obstructive tissue disease, liver disease, dementia,
connective tissue disease, local tumor, metastatic carcinoma, ASA classification, type of frac-
ture, type of surgery, and year of surgery.

*The interaction between BB therapy and RCRI.
BB−, no β-blocker therapy; BB+, ongoing β-blocker therapy.
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In the Poisson regression analysis, an increase in the RCRI
score was associated with increased 30-day mortality risk after
hip fracture surgery. There was a 57% increase in the postoper-
ative mortality risk at RCRI 1 compared with RCRI 0 (adjusted
[adj.] IRR [95%CI], 1.57 [1.49–1.66]; p < 0.001] and an almost
fourfold increase at RCRI ≥4 compared with RCRI 0 (adj. IRR
[95% CI], 3.95 [3.36–4.65]; p < 0.001) (Table 4).

β-Blocker therapy was associated with a 65% decrease in
the risk of 30-day postoperative mortality in the whole study
population (adj. IRR [95% CI], 0.35 [0.32–0.38]; p < 0.001).
There was a statistically significant interaction between BB
therapy and the RCRI. β-Blocker therapy was associated with
an additional 13% reduction in mortality among patients with
an RCRI score of 1 (adj. IRR [95% CI], 0.87 [0.76–1.00];
p = 0.046], while patients with an RCRI score of ≥4 exhibited
an additional 42% reduction in postoperative mortality (adj. IRR
[95% CI], 0.58 [0.42–0.79]; p < 0.001]. This suggests that the
protective effect of BBs is even more important in patients with
higher RCRI scores (Table 4).
DISCUSSION

This study, based on a total of 126,934 traumatic hip fracture
cases, demonstrated a strong association between preoperative BB
therapy and a reduced postoperative mortality risk in all RCRI co-
horts. There was an enhanced and more pronounced mortality risk
reduction by β-blockade exposure among patients with higher
RCRI scores. Furthermore, patients in the highest risk strata,
that is, RCRI ≥4, benefitted the most from BB therapy.
ery of Trauma. 53



Mohammad Ismail et al.
J Trauma Acute Care Surg

Volume 92, Number 1
In Sweden, hip fractures occur in every fourth woman and
every tenth man older than 50 years.1 This results in approxi-
mately 18,000 hip fractures annually in Sweden; as the population
continues to age, this number is expected to continue to grow.1–4

These changes in population demographics are expected to result
in an increased incidence of hip fractures worldwide.27–30 Post-
operative mortality rates as high as 10% after 30 days and up to
16% after 90 days following hip surgery have been
reported.2,5,7,8,27,31–33 Despite the implementation of several in-
terventions during the last decades to reduce the mortality rate,
including new orthopedic innovations, multidisciplinary care,
and fast track programs that minimize time to surgery,5,27,34,35

the postoperative mortality rate has largely been unaffected.5,35

The relationship between a high RCRI score and increased
postoperative mortality has been demonstrated in several studies
on patients undergoing noncardiac surgery along with more re-
cent studies focusing on traumatic hip fractures, specifically.18–21

This relationship was also observed in the currently studied pop-
ulation, where the incidence of mortality significantly increased
with every additional point added to the RCRI score.

The association between BB therapy and a reduction in
mortality after noncardiac surgery, including isolated hip
fracture surgery, has been demonstrated previously.9,11,13–15

The result of the current study suggests that geriatric patients
with hip fractures could benefit from BB therapy. These re-
sults support current guidelines proposed by the American
College of Cardiology in conjunction with the American
Heart Association, as well as the European Society of Cardi-
ology together with the European Society of Anesthesiology,
which recommend considering the initiation of BB therapy in
intermediate and high-risk patients (≥2 clinical risk factors,
ASA class ≥3, or RCRI ≥3).26,36 The majority of hip fracture
patients fall within these defined risk groups. With this in mind,
pharmaceutical treatment with BBs might be a reasonable next
step in achieving a reduction in postoperative mortality in pa-
tients with hip fractures.

Despite having an RCRI score of 0, a large reduction in
postoperative mortality risk was still seen in BB+ patients in this
cohort. This is not surprising since even this cohort contains older
frail patients with a large number of comorbidities. In geriatric pa-
tients, who make up the majority of hip fracture patients, even
those with RCRI 0 are likely to have some degree of cardiovascu-
lar comorbidity despite not having a formal diagnosis. However,
the most pronounced effect of BB therapy was seen in patients
with an RCRI score greater than 0, that is, patients who have
an even greater comorbidity burden.

β-Blockers have during the past years fallen out of favor
with clinicians as a result of studies such as the PeriOperative IS-
chemic Evaluation (POISE) trial.37 Although the POISE trial
showed a decrease in adverse cardiac events among patients
who received preoperative BBs, their use was associated with
an increased risk of stroke and overall mortality.37 The POISE
trial was, however, limited by the heterogeneity in the patient
population, making no distinction between those subjected to
vascular, orthopedic, and general abdominal surgical proce-
dures, along with the unusually high dose of BBs administered
to previously BB-naive patients. While randomized controlled
trials are considered the criterion standard for evidence in the
medical field, observational studies have also been demonstrated
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to be of comparable value when other factors besides study de-
sign, such as external validity and sample sizes, are considered.38

At the moment, there are still many questions regarding the ini-
tiation of preoperative BB therapy in noncardiac surgery, but
with the publication of several large observational studies during
the past years, the consensus appears to once again have shifted
to BBs potentially having a beneficial effect, at the very least in
patients with a high cardiac risk.39

This study benefits from using consecutive data from a
nationwide database, well known for its high case coverage.40

Despite this strength, there are several limitations that need to
be acknowledged. Including only cases from Sweden may limit
the external validity of these results, but it can also be considered
a strength, as the access to universal health care results in a more
homogenous sample population. Because of the retrospective
nature of the study, estimation of the severity of renal impairment
through calculation of Acute Kidney Injury Network or Kidney
Disease Improving Global Outcomes scores was not possible.
We therefore elected to use the documentation of chronic kidney
disease diagnosis using International Classification of Diseases,
Ninth and Tenth Revision, codes as a surrogate, as originally de-
scribed by Lindenauer et al.20 Changes to BB therapy
perioperatively could not be determined in the current study,
as this is not recorded in any Swedish quality register. However,
a review of 2,443 cases treated for traumatic hip fractures in the
Swedish county of Orebro found that no patient with BB therapy
before surgery had this treatment discontinued during their stay
in the hospital.13 This is also in line with current medical guide-
lines for BB therapy.26,36 Furthermore, data regarding other drugs,
whichmay have affected outcomes, was not collected and indepen-
dently studied, since it was outside of the scope of the current study.
Finally, the clustering effects attributable to the treating facility
could not be accounted for, since the treating facility was not listed
in the dataset used. However, hip fracture management is relatively
homogenous in Sweden; management is based on national guide-
lines, and the choice of intervention and follow-up is primarily
based on the morphology of the hip fracture rather than an indi-
vidual surgeon’s preferences.
CONCLUSION

In conclusion, the preoperative prescription of BBs was
associated with a significant reduction in 30-day postoperative
mortality within all RCRI cohorts, with the greatest survival
benefit seen in patients with the highest cardiac risk. These find-
ings may be beneficial to surmounting the challenge of reducing
mortality after hip fracture surgery. Additional prospective stud-
ies are warranted to explore this relationship.
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