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Osteoporotic hip fracture (OHF) is an increasingly frequent age-related pathology, which results in high
rates of functional loss and mortality within the first year after surgery. This study assessed whether
preoperative levels of brain natriuretic peptide (NT-proBNP) and troponin I were related to early occur-
rence (30d) of major adverse cardio-vascular events (MACE) after OHF repair surgery. During a 6-month
period, perioperative clinical and analytical data from consecutive patients, without known history of
cardiovascular disease and undergoing surgery for OHF repair at a single centre, were prospectively col-
lected. MACE was defined as acute myocardial ischaemia or infarction, acute heart failure or cardiovas-
cular death. amongst the 140 patients included, 23 (16.4%) developed postoperative MACE (MACE group)
and 117 did not (Control group). Compared to those from control group, patients from MACE group were
older, had poorer physical status (ASA IlI-IV), received preoperative red blood cell transfusion (RBCT)
more frequently, presented with lower haemoglobin concentrations and higher NT-proBNP, creatinine and
troponin I concentrations. Overall, RBCT requirements and 30d mortality rate were also higher in MACE
group. However, in multivariate analysis, only preoperative RBCT, creatinine >1 mg/dL and NT-proBNP
>450 pg/mL remained as independent preoperative risks factors for postoperative MACE, while 95% con-
fidence intervals of odds ratios were wide. Though our findings require confirmation in a larger multicen-
tre cohort, identifying risk factors for early postoperative MACE after OHF repair surgery, might facilitate
assessing patients’ risk prior to and following surgery, and targeting them the appropriate preventive
and/or therapeutic interventions.
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Introduction months [10]. Most common causes of death after OHF were res-

piratory and cardio-vascular complications; the latter being aggra-

The osteoporotic hip fracture (OHF) is an increasingly frequent
age-related pathology, which results in high rates of irreversible
functional loss and mortality within the first year after surgery
[1-8]. A recent retrospective epidemiological study estimated an
overall incidence of 517 cases per 100,000 elderly people per year
in Spain [9], whereas a prospective multicentre study reported a
15.8% overall mortality rate (24.1% in men, 13.4% in women) within
the first year, with 53% of deaths occurring within the first 3
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vated the presence of perioperative anaemia [11].

Given the frequency of postoperative cardiac complications
in OHF, there is an increasing interest in finding preoperative
biomarkers that may identify patients at risk. These biomarkers in-
clude cardiac troponins and natriuretic peptides. In clinical prac-
tice, cardiac troponins I and T (as markers of myocardial dam-
age) are mainly used in the diagnosis of acute coronary syndrome,
while the brain natriuretic peptides (BNP) (as markers of myocar-
dial stress or myocardial stretch) are mainly used for diagnosing
and grading the severity of heart failure [12-14].

Regarding OHF, several studies have shown that preoperative
elevations of troponin I [15,16] or T [17,18] are predictors of
postoperative morbidity and mortality in these patients’ popula-
tions. Similarly, there are several studies evaluating the role of
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List of abbreviations

OHF: Osteoporotic hip fracture

BNP: Brain natriuretic peptide

MACE: Major adverse cardio-vascular events
ASA: American Society of Anesthesiologists
RBCT: Red blood cell transfusion
NT-proBNP: N-terminal fragment of pro-BNP

PHF: Pertrochanteric hip fracture

SHF: Subcapital hip fracture

preoperative brain natriuretic peptide assessment (especially
the N-terminal fragment of pro-BNP [NT-proBNP]), either alone
[19,21] or in combination with troponin I determination [22], as
a predictor of cardiovascular events in this type of surgery. It has
been suggested that NT-proBNP assessment is more reliable than
American Society of Anaesthesia (ASA) physical status scale scores
for predicting postoperative cardiac complications [23].

However, though the association between elevated preopera-
tive levels of cardiac biomarkers and postoperative cardiovascu-
lar complications seemed to be strong, most published studies in-
cluded mixed populations of OHF patients presenting with or with-
out cardiovascular co-morbidity. Thus, the primary objective of this
prospective study was testing the hypothesis that preoperative lev-
els of NT-proBNP and Troponin I may be useful for predicting the
occurrence of major postoperative adverse cardiovascular events
(MACE: acute myocardial ischaemia or infarction, acute heart fail-
ure or cardiovascular death) in OHF patients without known car-
diovascular pathology. The possible relationship between MACE
and other risk factors such as anaemia or red blood cell transfu-
sion (RBCT) were secondary objectives.

Methods
Study design

A prospective study of consecutive patients undergoing surgery
for osteoporotic subcapital (SHF) or pertrochanteric (PHF) hip frac-
ture repair at our Centre during a 6-month period was con-
ducted. Upon preoperative admission, the attending orthopaedic
surgeon requested the laboratory tests (see below) and patients
were screened for eligibility and enrolment by a cardiologist (AA).
The study was reviewed, approved and registered by the Commit-
tee of Research Ethics of the Autonomous Community of Aragén,
Spain (C.P. IACS 81/011-C.I. PI 08/77). All patients or their autho-
rised relatives signed informed consent to enter the study.

Inclusion criteria

Only patients without a known history of cardiovascular dis-
ease, sustaining an OHF due to low-energy trauma, defined as
ground level falls up to two levels of stair height [24], and un-
dergoing repair surgery were included. Patients with incomplete
data sets for the studied outcomes were also excluded from the
analysis.

Perioperative management

All patients were operated on by the same surgical team, under
standardised anaesthesia, antibiotic prophylaxis, and postoperative
analgesia. Surgery was scheduled during standard daytime work-
ing hours (Monday to Friday), whenever medical staff, operating

theatre or blood were available, and if the patient’s medical con-
dition allowed it. Neither normovolaemic haemodilution or pe-
rioperative cell salvage nor antifibrinolytic drugs were used in
any patient. A Gamma 3 trochanteric nail (Stryker Trauma GmbH,
Germany) was inserted for fixing PHF, and a cemented hemi-
arthroplasty (Furlong JRI Orthopaedics, U.K.) or an uncemented to-
tal hip arthroplasty (ABG-II, Stryker, USA) for SHF [25].

All patients received closed-suction drains, usually two, which
were placed after wound closure and removed the next morn-
ing after the operation. The postoperative blood loss in the vac-
uum collectors was recorded. All stayed in the post-anaesthesia
recovery unit for at least 4 h before being transferred to the
ward.

During hospitalization, they were clinically evaluated daily,
and full laboratory evaluation was performed preoperatively and
at postoperative day 7. After discharge, they attended a follow-
up visit for clinical and laboratory evaluation at postoperative
day 30.

Wherever possible, all patients were allowed to sit on the edge
of the bed within the first 24 h, and were transferred to a chair
during the second postoperative day. Patients were encouraged to
stand up, supervised by a physiotherapist, starting then partial
weight bearing with walking aids as tolerated, usually at the 3-
4 postoperative day. In the case of PHF considered to be instable
(e.g., comminuted postero-lateral femoral fracture), weight bearing
was delayed for 4-6 weeks.

Thrombo-prophylaxis was provided by once-daily, weight-
adjusted dosing of low molecular weight heparin (Enoxaparin,
Clexane, Sanofi-Aventis S.A., Barcelona, Spain), which was started
12 h after surgery and maintained for the first 30 postoperative
days.

Stimulation of erythropoiesis

Unless there were contraindications, patients received: (1) IV
iron (200 mg, Venofer, Vifor, Saint Gallen, Switzerland), three doses
starting on admission; (2) Vitamin Bq; (1 mg) intramuscularly on
admission; and (3) Folic acid (5 mg/day) for the entire duration of
hospitalization. Patients presenting with preoperative haemoglobin
levels <13 g/dL also received a single dose of recombinant human
erythropoietin (40,000 IU, sc; Eprex, Janssen-Cilag, Madrid, Spain)
24 h after admission [25].

Transfusion protocol

The anaesthesiologist made decisions on transfusion, both in
the operating theatre and in the anaesthesia recovery unit. On the
ward, measurement of postoperative blood loss and decisions on
postoperative transfusions were made by the attending surgeon. In
these orthopaedic patients, transfusion was considered when the
patient had symptoms of acute anaemia (hypotension, tachycardia,
tachypnoea, dizziness, fatigue, etc.), or their haemoglobin level felt
below 8 g/dL [25].

Data collection

A set of demographic and clinical data was prospectively gath-
ered for all patients, including sex, age, ASA physical status scale,
type of OHF, co-morbidities (arterial hypertension, diabetes melli-
tus, dyslipidaemia), surgical procedure (anaesthesia, duration, type
of fracture fixation, drain output), RBCT rate (percentage of trans-
fused patients) and index (RBCT units per patient), occurrence of
MACE (myocardial infarction [26], acute cardiac failure [27] and [or
cardiovascular mortality) (primary outcome measure), and overall
mortality within 30d postoperatively.
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Perioperative laboratory tests were performed in blood sam-
ples drawn preoperatively (upon hospital admission) and at post-
operative days (POD) 7 and 30, and included: haemoglobin (DXH-
800, Beckman Coulter, Brea, CA, USA), iron status and creatinine
(AU-5800, Beckman Coulter), troponin I (Unicel DXI 800, Beckman
Coulter), NT-proBNP (Cobas 411, Roche Diagnostic, Manheim, Ger-
many). Additionally, Hb concentration was assessed at POD 1 and
at any time during hospitalisation, should it be deemed necessary
by the attending physician. Anaemia was defined by haemoglobin
<13 g/dL [28-30], irrespective of gender, and ID by TSAT <20%
and/or ferritin <100 ng/mL [29].

Statistical analysis

As all patients without a known history of cardiovascular dis-
ease who underwent surgery for OHF repair during a 6-month pe-
riod were included in the analysis, the study sample size was not
calculated beforehand. Overall, 69 out of 140 patients presented
with serum NT-proBNP concentrations >450 pg/mL. Of those, 19
out 23 (83%) were in the MACE group and 50 out of 117 (43%)
in the control group. In a post-hoc calculation, the actual size of
the study sample provides an alpha error of 0.037 and a statistical
power of 0.958.

Data were expressed as percentages or as the mean + standard
deviation or median [interquartile range]. Pearson’s chi-square test
or Fisher’s exact test was used for comparison of qualitative vari-
ables. Parametric two-way analyses of variance or non-parametric
Mann-Whitney U test were used for comparison of quantitative
variables, after consideration of distributional characteristics.

Variables with significant differences between groups were in-
troduced in the multivariate analysis (multinomial logistic regres-
sion), with MACE as the dependant variable and continuous vari-
ables being dichotomised. Established cut-off was used for tro-
ponin I (>0.03 ug/L) [31]. To identify the preoperative NT-proBNP
and creatinine cut-off values for predicting the occurrence of post-
operative MACE, according to its sensitivity and specificity, the re-
ceiver operating characteristic (ROC) curve was used and the area
under the curve (AUC) was calculated. For variables showing high
collinearity (Pearson’s correlation coefficient >0.7), only one of
them was introduced in the multivariate analysis

All statistical analysis were performed with computer software
(IBM SPSS 24.0, Chicago, IL), and a p value of less than 0.05 was
considered significant.

Results

A total of 209 patients sustaining OHF (140 PHF, 69 SHF) were
admitted to our institution during the 6-month study period. Sixty-
seven of them were excluded: 7 treated conservatively and 60
because of a previous history of cardiovascular disease. Addition-
ally, two patients were missed during follow-up (incomplete data).
Amongst the remaining 140 (91 PHF, 49 SHF), 23 (16.4%) devel-
oped MACE within 30d postoperatively (MACE group) and 117 did
not (Control group).

Demographic, clinical and analytical characteristics are depicted
in Tables 1 and 2, and Fig. 1. Preoperatively, patients from MACE
group were older (p = 0.053), had poorer physical status (ASA IlI-
IV) (p = 0.022) and received RBCT more frequently (p = 0.001),
compared to those from control group (Table 1). There were also
differences in their analytical parameters. Compared to control
group, perioperative haemoglobin concentrations were lower in
MACE group (p = 0.001), without differences in ferritin or TSAT
levels or ID prevalence (Table 2, Fig. 1A-C), whereas NT-proBNP
levels were higher (Table 2, Fig. 1D) (p = 0.001). Similarly, higher
preoperative creatinine (p = 0.001) and troponin concentrations
(p = 0.02) were observed in MACE group, compared to control

Table 1

Demographic and clinical characteristics of hip fracture pa-
tients, according to the occurrence of MACE within 30 days
postoperatively.

Control MACE P
Patients (n) 117 23
Age (years) 83+9 87 + 8 0.053
Gender (Male/Female) 18/99 7/16 0.131
Type of fracture
Pertrochanteric, n (%) 77 (66 14 (61) 0.650
Subcapital, n (%) 40 (34 9 (39) 0.641
Comorbidity
Hypertension, n (%) 69 (59) 16 (69) 0.484
Diabetes, n (%) 17 (15) 3(13) 1.000
Dyslipidaemia, n (%) 17 (15) 2(9) 0.739
ASA 1II-1V 55 (47) 17 (74) 0.022
Time-to-surgery (days) 3.6+16 39+34 0.620

RBCT rate, n (%) 31 (26) 15 (65) 0.001
Preoperative, n (%) 3(6) 7 (30) 0.002
Intraoperative, n (%) 3(3) 2(9) 0.070
Postoperative, n (%) 30 (26) 13 (56) 0.018
RBCT index (U/pte) 06+10 19+16 0.001
30d mortality, n (%) 1(1) 8 (35) 0.001

ASA, American Society of Anaesthesia physical status scale;
MACE, major adverse cardiovascular event; RBCT, red blood cell
transfusion.

Table 2
Laboratory parameters at admission in hip fracture patients, according to the
occurrence of MACE within 30 days postoperatively.

Control MACE P

Patients (n) 117 23

Haemoglobin (g/dL) 129 £ 1.5 11.7 £ 2.2 0.001
Anaemia, n (%) 52 (44) 15 (65) 0.109
Ferritin (ng/mL) 297 + 264 295 + 142 0.811
Ferritin <100, n (%) 19 (16) 2(9) 0.527
TSAT (%) 27 + 26 18 + 21 0.103
TSAT <20%, n (%) 56 (48) 16 (70) 0.054
Iron deficiency, n (%) 59 (50) 16 (70) 0.090
Creatinine (mg/dL) 09+ 0.3 1.3 +£038 0.001
Creatinine >1, n (%) 20 (17) 12 (52) 0.001
Troponin (ug/L) 0.03 £ 0.11 0.11 £ 0.26 0.020
Troponin >0.03, n (%) 10 (9) 5(22) 0.074
NT-proBNP (pg/mL) 366 [198-651] 1160 [534-2637]  0.001
NT-proBNP >450, n (%) 50 (43) 19 (83) 0.001

MACE, major adverse cardiovascular event; NT-proBNP, N-terminal fragment
of type B natriuretic peptide; TSAT, transferrin saturation; Iron deficiency: fer-
ritin < 100 ng/mL and/or TSAT <20%. Data are mean + standard deviation or
median [interquartile range].

group (Table 2). Overall, RBCT rate and index during hospitalisation
(p = 0.001) and 30d mortality rate (p = 0.001) were also higher in
the MACE group (p = Table 1).

To ascertain whether the preoperative variables associated with
postoperative MACE in the univariate analysis remained as in-
dependent risk factors in a multivariate analysis, they were in-
troduced into a multinomial logistic regression model as di-
chotomised variables (Yes/no: ASA III-1V, preoperative RBCT, cre-
atinine >1 mg/dL, troponin >0.03 wg/L, NT-proBNP >450 pg/mL).
For NT-proBNP, cut-off level was established at 450 pg/mL because
the ROC curve offered an AUC of 0.773 [0.654-0.893] (sensitivity,
83%; specificity, 54%) (Fig. 2A). For creatinine, the cut-off level was
established in 1 mg/dL, which is commonly used in clinical prac-
tice (sensitivity, 52%; specificity, 78%), and was derived from a ROC
curve with an AUC of 0.705 [0.654-0.826] (Fig. 2B). The cut-off
level for troponin was obtained from the literature (24). As de-
picted in Table 3, in the multivariate analysis, only preoperative
RBCT (p = 0.009), creatinine >1 mg/dL (p = 0.036) and NT-proBNP
>450 pg/mL (p = 0.043) remained as independent risks factors as-
sociated with the occurrence of postoperative MACE.
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Fig. 1. Perioperative laboratory parameters in hip fracture patients, according to the occurrence of MACE within 30 days postoperatively. MACE, major adverse cardiovascular
event; NT-proBNP, N-terminal fragment of type B natriuretic peptide [median, interquartile range], PO, postoperative; PreOP, preoperative (admission). *P < 0.01 MACE vs.

control.

Table 3

Multivariate analysis of preoperative variables associated with MACE (multinomial logistic regression).

95% Confidence Interval for Exp(B)

MACE B Wald Sig: Exp(B) Lower limit Upper limit
Intersection —3683 29.771 0.000

ASA 1II-1V 0.949 2.697 0.101 2.584 0.832 8.020
RBCT preOP 1.767 6.748 0.009 5.854 1.543 22.206
Creatinine >1 mg/dL 1.170 4391 0.036 3.221 1.079 9.621
NT-proBNP >450 ng/mL 1.346 4.084 0.043 3.840 1.041 14.163
Troponin I > 0.03 ug/L 0.339 0.221 0.639 0.713 0.174 2.928

ASA, American Society of Anaesthesia physical status scale; MACE, major adverse cardiovascular event; NT-
proBNP, N-terminal fragment of type B natriuretic peptide; RBCT, red blood cell transfusion.
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Fig. 2. ROC curves of NT-proBNP (A) and creatinine levels (B) at admission for prediction of postoperative major adverse cardiovascular events. AUC, area under the curve

[lower limit-upper limit]; ROC, receiver operator characteristics.

Discusion

Respiratory and cardio-vascular complications are the most
common causes of death after OHF [11]. This study found that
preoperative NT-proBNP concentration >450 pg/mL, preoperative
creatinine concentration >1 mg/dL and preoperative RBCT were
independently associated with an increased odd ratio (OR) for
the occurrence of early postoperative major adverse cardiovascu-
lar events (MACE), though 95% confidence intervals [95%CI] were
wide (Table 3). These findings are not completely new [19-23] but,
as far as we know, this is the first study documenting a statisti-
cally independent association exclusively in a population of OHF
patients without a known history of preoperative cardiovascular
co-morbidity.

Hip fracture patients presenting with high (>2370 ng/L) or in-
termediate (806-2370 ng/L) preoperative NT-proBNP concentration
has been reported to have higher short-term postoperative mortal-
ity (<30 days), compared to those with low NT-proBNP concentra-
tion (<806 ng/mL) (15% vs. 11% vs. 2%; p = 0.04) [12]. Similar cut-
offs of NT-proBNP have been reported by Chong et al. [32,33] for
in-hospital cardiac events and 1- and 2-year mortality. However,
in these studies, up to 70% of patients included presented with a
history of cardiovascular disease, and were expected to have high
rates of postoperative cardiovascular complications. More recently,
in a series of 328 OHF, the cut-off level of NT-proBNP for predict-
ing postoperative cardiovascular complications, as determined by
ROC curve analysis (AUC 0.87 [95% CI, 0.80-0.94]; p < 0.001), was
600 pg/mL, with a sensitivity, specificity, positive predictive value,
and negative predictive value of 79%, 81%, 25%, and 98%, respec-
tively [21]. Though this cut-off was lower than those previously re-
ported [25,26], again 38% of OHF patients presented with preoper-
ative cardiovascular co-morbidity. The present study included only
patients without a known history of cardiovascular disease, so it is
not surprising that an even lower the cut-off level of NT-proBNP
(450 pg/mL) was found. This lower cut-off might be reflecting a
non-clinically apparent cardiac disease.

Preoperative RBCT was the stronger independent risk factor
for postoperative MACE (Table 3). Amongst patients developing
MACE, admission Hb levels were significantly lower in those re-
ceiving preoperative transfusion compare to those who did not
(9.3 £ 2.7 g/dL vs. 12.7 £ 1.4 g/dL, respectively; p < 0.001). This
suggests the presence of chronic anaemia in this patient subpopu-
lation, in which several compensatory mechanisms may have been

activated to improve the tolerance of anaemia. However, many
anaesthesiologists are still reluctant to anaesthetize patients pre-
senting with preoperative Hb < 10 g/dL. This reluctance prompts
the administration of RBCT before taking them to the theatre. The
transfused blood is not saturated with oxygen as it enters the
circulation and might not confer an immediate positive effect on
oxygen delivery (as its oxygen downloading capacity is limited by
low 2,3DPG concentrations) [34], while it has an immediate im-
pact on circulatory volume, viscosity and rheological characteris-
tics of recipient’s blood (especially in patients with even mild kid-
ney disease). This can lead to various positive and negative changes
in macro- and micro-circulation (e.g. transfusion-associated circu-
latory overload, reduced cardiac output, or improved microcircu-
lation) [35,36], which might be enhanced by subsequent intra-
and/or postoperative RBCTs (Table 1). Another issue is the change
in left ventricular geometry developed in chronic anaemia (such
as ventricular hypertrophy) which might be aggravated with RBCT
[37].

Iron deficiency, which was very frequent in the study popula-
tion (54%, Table 2), may precipitate heart failure [38], which was
the cause of death in most cases. As depicted in Table 2, there
was a trend towards higher prevalence of iron deficiency in the
MACE group compared to the control group. However, as all pa-
tients received 600 mg IV iron sucrose perioperatively, the possi-
ble role of ID in postoperative heart failure and 30-day mortality
is difficult establish. Three randomized trials provide support for
the beneficial effects of intravenous iron in patients with heart fail-
ure [39], though data from large, independent, and more extended
studies are needed [40]. Additionally, the mechanisms underlying
non-erythropoietic effects of rHUEPO, such as neurological and re-
nal protective effects, and IV iron, such as improvement of hearth
function, need to be elucidated [41,42].

This study presents some limitations. First, this is a single-
centre study and, though this ensured uniform patient care, includ-
ing aggressive perioperative erythropoiesis management, applica-
bility of the study’s findings to other centres might be limited. Sec-
ond, the whole study sample is relatively small, the follow-up time
short. Thus, NT-proBNP assessment might have an important role
for the patient whose past history or a reliable exam cannot be
obtained. However, confirmation in a larger cohort with a longer
follow-up is needed. Third, the absence of a documented history of
cardiovascular disease does not exclude conclusively its existence,
especially if demographic characteristics and comorbidity of the
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study population are taken into consideration. Thus, apart from the
preoperative electrocardiogram, the selection of patients without
previous cardiovascular disease could be optimised implementing a
non-invasive diagnostic image-based test (echocardiogram), with-
out delaying the procedure, thanks to the coordinated efforts of
the Hip Fracture Unit multidisciplinary staff (cardiologist, internist,
orthopaedic surgeon, physiotherapist, and anaesthetist). Four, in
our series time-to-surgery is clearly over all the international rec-
ommendations (with a clear limit established in 48 h). However,
we did not find differences between patients having surgery within
48 h and those operated on after 48 h, regarding the incidence of
postoperative MACE (9/42 vs. 14/98; p = 0.342) or 30-days mortal-
ity (2/42 vs. 7/98, respectively; p = 0.724).

In conclusion, despite the above-mentioned limitations, it
seems that our data could be useful for everyday clinical practice.
Though more research is needed, by identifying significant risk
factors associated with early postoperative MACE, the orthopaedic
surgeons will be better equipped to assess patients’ risk prior to
and following surgery, and for targeting them the appropriate pre-
ventive or therapeutic interventions.
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