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Remote ischaemic preconditioning reduces the risk of myocardial injury within four days of hip 

fracture surgery. We aimed to investigate the effect of remote ischaemic preconditioning on the 

incidence of major adverse cardiovascular events one year after hip fracture surgery. We performed 

a phase-2, multicentre, randomised, observer-blinded, clinical trial between February 2015 and 

September 2017. We studied patients aged ≥ 45 years with a hip fracture and a minimum of one 

cardiovascular risk factor. Patients were allocated randomly to remote ischaemic preconditioning 

applied just before surgery or no treatment (control group). Remote ischaemic preconditioning was 

performed on the upper arm with a tourniquet in four cycles with 5 minute ischaemia and 5 minute 

reperfusion. Primary outcome was the occurrence of major adverse cardiovascular events within 

one year of surgery. A total of 316 patients were allocated randomly to the remote ischaemic 

preconditioning group and 309 patients to the control group. Major adverse cardiovascular events 

occurred in 43 patients (13.6%) in the remote ischaemic preconditioning group compared with 51 

patients (16.5%) in the control group (adjusted hazard ratio (95%CI) 0.83 (0.55–1.25); p=0.37). Fewer 

patients in the remote ischaemic preconditioning group had a myocardial infarction (11 (3.5%) vs. 22 

(7.1%); hazard ratio (95%CI) 0.48 (CI 0.23–1.00); p=0.04). Remote ischaemic preconditioning did not 

reduce the occurrence of major adverse cardiovascular events within one year of hip fracture 

surgery. The effect of remote ischaemic preconditioning on clinical cardiovascular outcomes in non-

cardiac surgery needs confirmation in appropriately powered randomised clinical trials. 

Around 5% of patients undergoing non-cardiac surgery suffer a myocardial infarction within 30 days 

of the surgical procedure [1, 2], and myocardial injury, defined as an isolated troponin elevation due 

to myocardial ischaemia, occurs in 10–30% of the patients after non-cardiac surgery [3–6]. 

Cardiovascular events including myocardial injury are associated with a poor prognosis after non-

cardiac surgery [4, 7]. A timely and appropriate peri-operative intervention could potentially prevent 

these cardiovascular events and improve the clinical course after non-cardiac surgery. 

Remote ischaemic preconditioning (RIPC) is a non-invasive, safe procedure that can be applied easily 

in the peri-operative setting [8–10]. The procedure is performed by applying a tourniquet to the 

upper or lower extremity. The tourniquet is inflated and blood flow to the extremity is stopped [11]. 

After 5 min of occlusion, the tourniquet is deflated and the extremity is reperfused for 5 min. This 

cycle is repeated three to four times [11]. In clinical situations or procedures with a risk of 

myocardial ischaemia-reperfusion injury, RIPC has been shown to reduce the risk of myocardial 

injury and major adverse cardiovascular events [12]. 
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We have demonstrated previously that RIPC performed in patients having surgery for a hip fracture 

reduced the occurrence of myocardial injury within four days of the surgical procedure [13]. No data 

exist on the effect of RIPC on cardiovascular clinical outcomes within one year of hip fracture 

surgery. Therefore, we aimed to study whether RIPC performed in relation to hip fracture surgery 

could reduce the risk of major adverse cardiovascular events within one year of surgery.

Methods

The trial was approved by the regional ethics committee and written informed consent was obtained 

from all patients. The trial was registered prior to patient enrolment with ClinicalTrials.gov. The trial 

was reported according to the Consolidated Standards of Reporting Trials (CONSORT) 2010 

statement. Data to support the findings of this trial are available on request from the corresponding 

author.

The trial was a pre-specified one-year follow-up analysis of secondary clinical outcomes in patients 

who had been studied previously in a phase-2, multicentre, randomised, observer-blinded, clinical 

trial performed at three Danish hospitals [13]. All sites were secondary referral centres. As described 

previously, patients aged ≥ 45 years undergoing hip fracture surgery who met one or more 

cardiovascular risk criteria were eligible for inclusion. Cardiovascular risk criteria were defined as: 

pre-existing ischaemic heart disease; peripheral vascular disease; stroke; or any one of seven 

supplementary risk criteria (age ≥ 70 years, pre-existing heart failure, prior transient ischaemic 

attack, diabetes (medicated with an oral hypoglycaemic agent or insulin), hypertension, pre-

operative creatinine > 75 µmol∙l-1, or active smoking within 2 years of surgery). We did not study 

patients with any of the following criteria: history of peripheral arterial disease affecting both upper 

limbs; renal failure with an estimated glomerular filtration rate < 30 ml-1.min-1.1.73 m-2; cardiogenic 

shock or cardiac arrest during the current hospital admission; re-operation/operation after elective 

surgery; other conditions that prevented the performance of RIPC; previous inclusion in the trial; 

and inability to give informed consent to participation after oral and written information. Patients 

that underwent a surgical procedure following the primary hip fracture operation were included in 

this one-year follow-up trial. 

Patients were allocated randomly in a 1:1 ratio in fixed blocks of six to either RIPC or control 

treatment. A third party generated the random allocation sequence using an electronic 

randomisation plan generator (http://www.randomization.com). Patients were allocated prior to 
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their operation by a nurse anaesthetist who opened a sealed opaque envelope. Outcome assessors 

were blinded to the allocation.

Both intervention groups received standard treatment. Patients allocated to the RIPC group also 

received RIPC on one upper extremity. The RIPC procedure was as described previously [13]. In 

short, a tourniquet (Tourniquet 4500 ECL, VBM Medizintechnik GmbH, Sulz am Neckar, Germany) 

was placed on one upper arm and the cuff inflated to 200 mmHg or a minimum of 15 mmHg above 

the systolic blood pressure in order to disrupt the blood flow to the arm. After 5 min of lower-arm 

ischaemia, the cuff was deflated and the arm was reperfused for 5 min. The procedure was 

performed four times. A minimum of one cycle of ischaemia and reperfusion was completed before 

the surgical incision. The procedure was initiated after the induction of general or regional 

anaesthesia. The procedure was performed by the nurse anaesthetist in the operating theatre.  

The primary outcome was occurrence of major adverse cardiovascular events (MACE) within one 

year of surgery defined as a composite clinical outcome of myocardial infarction heart failure, 

stroke, non-fatal cardiac arrest, coronary revascularisation procedure (primary percutaneous 

coronary intervention or coronary artery bypass grafting), peripheral arterial thrombosis, clinically 

important cardiac arrhythmia or cardiovascular rehospitalisation. A major adverse cardiovascular 

event was defined as the first event if a patient had more than one event during the one-year 

follow-up. Heart failure was defined as an admission to hospital for new-onset heart failure. A 

clinically important cardiac arrhythmia was defined as any not previously diagnosed cardiac 

arrhythmia leading to hospitalisation or diagnosed while hospitalised. Secondary outcomes included 

all-cause one-year mortality and the individual clinical outcomes used in the definition of a major 

adverse cardiovascular event. 

Data on MACE within 30 days of surgery were collected from the electronic patient record as 

described previously [13]. These data were supplemented with one-year follow-up data from the 

Danish National Patient Registry. In the Danish nationwide registers and public systems, all residents 

are registered with a unique personal identification number [14]. Using the nationwide healthcare 

registers and the unique personal identification number, it is possible to follow individuals with 

respect to hospital admissions and surgical procedures. In the Danish national patient registry, all 

hospital admissions are registered with a primary and one or more secondary diagnoses according to 

the International Classification of Diseases, 10th revision (ICD-10), and surgical procedures are 

registered with a Nordic Medico-Statistical Committee (NOMESCO) code [14]. The ICD-10 codes and 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



5

This article is protected by copyright. All rights reserved

NOMESCO codes (coronary revascularisation procedure, procedures on peripheral arteries) used to 

define MACE in this trial are available in online Supporting Information Appendix S1. Vital status and 

data on emigration were obtained from the Danish Civil Registration System. Data on demographics, 

pre-existing comorbidities, pre-operative use of medication, biochemistry, surgery and anaesthesia 

were obtained from the electronic patient record. 

Sample size was based on the primary outcome, myocardial injury, of the trial by Ekeloef et al. [13]. 

This was a predefined follow-up study on an intention-to-treat basis, defined as all patients allocated 

randomly regardless of the treatment received. We did a post hoc power analysis based on a 20% 

reduction in the frequency of MACE (α 0.05) and a sample size of 625 patients. The power of the 

study was 0.19. To reach a power of 0.80, 2000 patients should have been included in each of the 

two groups. 

Statistical analyses were performed in SAS version 9.4 (SAS institute, Cary, NC, USA) and graphics 

created in GraphPad Prism version 6 (GraphPad Software, San Diego, CA, USA). Continuous data 

were compared with an unpaired t-test or Mann-Whitney u-test. Groups were compared with a chi-

squared test. As secondary analyses, we performed univariable Cox regression analyses on the 

association between the intervention and the primary and secondary outcomes. In addition, a 

multivariable Cox regression analysis was performed to study the association between the 

intervention and MACE with adjustment for sex, age and pre-operative treatment with aspirin [13]. 

Proportional hazard assumption was checked graphically with the Schoenfeld residuals. All models 

satisfied the assumption of proportionality. The disease-free probability (MACE) and one-year 

survival were illustrated with Kaplan-Meier curves and compared with a log-rank test. A two-sided p-

value < 0.05 was considered statistically significant. 

Results

Patients were recruited from February 2015 through to September 2017. All patients were followed-

up one year after surgery. Patient study flow is illustrated in Figure 1. In the intention-to treat-

population, 316 patients were included in the RIPC group and 309 patients in the control group. Pre- 

and intra-operative characteristics were well balanced in general (Table 1). 

A total of 43 (13.6%) patients in the RIPC group and 51 (16.5%) patients in the control group had a 

MACE within one year of surgery (hazard ratio (95%CI) 0.83 (0.55–1.15); p = 0.37). Multivariable Cox 
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regression analysis adjusting for age, sex and treatment with aspirin showed no statistically 

significant association between the intervention with RIPC and risk of MACE (adjusted hazard ratio 

(95%CI) 0.82 (0.54–1.23); p=0.33). Figure 2a illustrates the unadjusted one-year disease-free 

probability (MACE). All-cause one-year mortality did not differ between the groups. Survival curves 

are illustrated in Figure 2b. 

Among the secondary outcomes, significantly fewer patients had myocardial infarction in the RIPC 

group compared with the control group (11 (3.5%) vs. 22 (7.1%) patients (p = 0.04), respectively). In 

31 of the 33 patients (93.9%), the myocardial infarction occurred within 30 days of surgery. The 

incidence of stroke, heart failure or clinically important arrhythmia within one year of surgery was 

similar in both groups (Table 2). Hazard ratios on the individual clinical outcomes are illustrated in 

Figure 3. 

Discussion

In this pre-specified follow-up of a randomised clinical trial, RIPC compared with control did not 

reduce the occurrence of MACE one year after hip fracture surgery. Of the individual clinical 

outcomes, the number of patients with postoperative myocardial infarction was significantly 

reduced in the RIPC group compared with the control group. 

Myocardial infarction is one of the most common major cardiovascular complications following non-

cardiac surgery [1]. In clinical practice the diagnosis is challenging since less than one in three 

patients experience subjective ischaemic symptoms in the postoperative period [1, 15]. In the fourth 

universal definition of myocardial infarction from the European Society of Cardiology, postoperative 

troponin surveillance is recommended in high-risk individuals in order to identify patients with 

myocardial injury and potential peri-operative myocardial infarction [16]. However, few studies have 

investigated potential treatments of myocardial injury and/or peri-operative myocardial infarction 

[1, 15, 17]. A recent randomised clinical trial showed that dabigatran given to patients with 

myocardial injury reduced the risk of major vascular complication compared with placebo (hazard 

ratio (95%CI) 0.72 (0.55–0.93); p = 0.0115) [15]. At present, neither myocardial injury nor peri-

operative myocardial infarction have any universally accepted treatment. Therefore, an effective 

preventative strategy, such as RIPC, applied before the surgical procedure is desirable. With this 

follow-up study, we found that the difference in the frequency of myocardial infarctions found in the 

trial by Ekeloef et al. [13] was maintained for one year. Although peri-operative ischaemic stroke and 

myocardial infarction do, to some extent, share pathophysiology [18] there was no difference in the 
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incidence of stroke and heart failure between the two groups. Clinical studies have suggested an 

inhibitory effect of RIPC on platelet activation and reactivity even in patients receiving conventional 

antiplatelet therapy [19, 20]. The preventive effect of RIPC on the risk of stroke after surgery remains 

to be studied. 

The potential cardioprotective effect of RIPC has been studied repeatedly in cardiac surgery and 

invasive cardiology [10, 21–24]. While phase-2 randomised clinical trials have shown a 

cardioprotective effect of RIPC in both settings, the results of larger phase-3 trials have been 

disappointing [10, 22, 23]. The study by Hausenloy et al. found no beneficial effect of RIPC on cardiac 

death or hospitalisation for heart failure at one year in patients with ST-elevation myocardial 

infarction undergoing primary percutaneous coronary intervention [22]. Ischaemia-reperfusion 

injury is the pathophysiological mechanism leading to further myocardial injury in both cardiac 

surgery and invasive cardiology [25]. The pathophysiological mechanisms attributable to myocardial 

injury and myocardial infarction after non-cardiac surgery are thought to be oxygen supply-demand 

mismatch due to intra- and postoperative cardiac strain combined with factors such as coronary 

atherosclerosis, anaemia, hypoxia and hypotension [16]. This pathophysiological difference could 

explain why RIPC effectively prevents myocardial injury and potentially myocardial infarction after 

non-cardiac surgery but not cardiovascular clinical outcomes after cardiac surgery and invasive 

cardiac procedures. 

In the earlier trial by Ekeloef et al., we did not observe any harm or adverse events related to RIPC. 

However, in this one-year follow-up trial, we did see a higher frequency of new clinically important 

arrhythmias in patients receiving RIPC compared with patients undergoing standard treatment, 

although this difference did not reach statistical significance. The majority of the patients were 

diagnosed with new-onset atrial fibrillation. We did not have access to detailed information 

regarding potential medical treatment (anticoagulation and/or rate control), since these data are not 

registered in the Danish National Patient Registry. A recent meta-analysis did not find any effect of 

RIPC on the risk of postoperative atrial fibrillation [26]. However, future clinical trials should register 

this potential adverse effect of RIPC in relation to non-cardiac surgery. 

The trial has certain limitations. We reported one-year clinical outcomes, which the study was not 

originally powered for and a type-2 error could explain the lack of effect. The one-year follow-up on 

clinical outcomes was obtained from the Danish National Patient Registry and the Danish Civil 

Registration System. The registers have a high validity but data quality does rely upon the accuracy 
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of the physician’s registration [14, 27]. We found that very few patients had their first myocardial 

infarction more than 30 days after surgery. This finding could be due to under-reporting of the 

diagnosis in the Danish National Patient Registry. On the other hand, it is well known that 

postoperative myocardial infarctions often occur within few days of surgery [1]. Except for 

treatment with aspirin, pre- and intra-operative characteristics were equally distributed between the 

two groups and substantial confounding effects are unlikely. Adjusting for the baseline difference in 

treatment with aspirin did not change the results. 

In this pre-planned follow-up study, RIPC did not reduce the occurrence of MACE within one year of 

hip fracture surgery. Looking at individual components of the primary outcome, the preventive 

effect of RIPC on myocardial infarction seems to hold for one year. The long-term effect of RIPC on 

major adverse cardiovascular events should be studied in future appropriately powered clinical 

trials. 
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Appendix S1 ICD-10 and NOMESCO codes used for one-year follow-up in the Danish National Health 

Registers 

Table 1. Patient characteristics of 316 patients allocated to remote ischaemic preconditioning and 

309 patients allocated to standard treatment (control). Values are mean (SD), number (proportion) 

or median (IQR [range]). 

Remote ischaemic 

preconditioning group

n = 316

Control group

n = 309

Age; years 78.3 (10.3) 78.9 (10.0)

Sex; female 215 (68.0%) 211 (68.3%)

Body mass index; kg.m-2 23.5 (4.0) 24.0 (4.3)

Active smoking 101 (31.9%) 83 (26.9%)

Alcohol excessa 44 (13.9%) 47 (15.2%)

ASA physical status

1

2

3

4

23 (7.3%)

162 (51.3%)

123 (38.9%)

8 (2.5%)

22 (7.2%)

159 (51.5%)

122 (39.5%)

6 (1.9%)

Revised cardiac risk index

1–2

3–4

283 (89.6%)

33 (10.4%)

273 (88.4%)

36 (11.7%)

Pre-operative haemoglobin; g.dl-1 8.0 (7.3–8.5 [4.5–10.7]) 8.0 (7.2–8.6 [4.9–10.6])

Pre-operative creatinine; mg.dl-1 67 (55–87 [27–194]) 72 (56–92 [28–187])

Pre-operative eGFR, ml.min-1.1.73m-2 81 (61–90 [27–115]) 77 (57–90 [22–117])

Comorbid conditions

Hypertension

COPD

Stroke

Ischaemic heart disease

Diabetes

Heart failure

Active cancer

Peripheral arterial disease

194 (61.4%)

58 (18.4%)

51 (16.1%)

45 (14.2%)

42 (13.3%)

27 (8.5%)

25 (7.9%)

19 (6.0%)

211 (68.3%)

58 (18.8%)

49 (15.9%)

44 (14.2%)

42 (13.6%)

28 (9.1%)

23 (7.4%)

20 (6.5%)
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Chronic kidney disease 17 (5.4%) 8 (2.6%)

Cardiovascular medication

ACEi/ARB

Statin

Calcium antagonist

Anticoagulant/antithrombotic

Aspirin

Beta-blocker

124 (39.2%)

96 (30.4%)

80 (25.3%)

77 (24.4%)

77 (24.4%)

76 (24.1%)

125 (40.5%)

97 (31.4%)

87 (28.2%)

82 (26.5%)

54 (17.5%)

76 (24.1%)

Surgery and anaesthesia

Type of anaesthesia

Epidural

Spinal

TIVA

Volatile

111 (35.1%)

48 (15.2%)

39 (12.3%)

118 (37.3%)

88 (28.5%)

60 (19.4%)

40 (12.9%)

121 (39.2%)

Duration of surgery; min 57 (36–71 [26–197]) 59 (42–68 [21–201])

Surgical procedure 

Internal fixation

Intramedullary rod

Hemi hip replacement

Total hip replacement

147 (46.5%)

62 (19.6%)

55 (17.4%)

52 (16.5%)

129 (41.7%)

78 (25.2%)

43 (13.9%)

59 (19.1%)

COPD, chronic obstructive pulmonary disease; ACEi/ARB, angiotensin-converting enzyme 

inhibitor/angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; TIVA, total 

intravenous anaesthesia. aFor female patients > 7 units of alcohol per week and for male patients > 

14 units of alcohol per week. 
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Table 2. Number of patients with events (%) and hazard ratios (95%CI) for the primary composite outcome and the secondary clinical outcomes within one 

year of surgery. 

Remote ischaemic 

preconditioning group

n = 316

Control group

n = 309

Hazard ratio 

(95%CI)

p value

Primary composite outcome

MACE 43 (13.6%) 51 (16.5%) 0.83 (0.55–1.25) 0.37

Secondary outcomes

Myocardial infarction 11 (3.5%) 22 (7.1%) 0.48 (0.23–1.00) 0.04

Heart failure 5 (1.6%) 10 (3.2%) 0.48 (0.17–1.41) 0.18

Stroke 7 (2.2%) 15 (4.9%) 0.48 (0.20–1.20) 0.12

Non-fatal cardiac arrest 1 (0.3%) 2 (0.6%) - 0.62

Coronary revascularisation procedure 1 (0.3%) 3 (1.0%) - 0.31

Clinically important arrhythmia 26 (8.2%) 15 (4.9%) 1.71 (0.91–3.23) 0.10

Peripheral arterial thrombosis - - - 1.00

Cardiovascular rehospitalisation 25 (7.9%) 22 (7.2%) 1.13 (0.63–1.99) 0.69

All-cause one-year mortality 37 (11.7%) 34 (11.0%) 1.06 (0.67–1.69) 0.81

MACE, major adverse cardiovascular events; MACE was defined as myocardial infarction, congestive heart failure, stroke, non-fatal cardiac arrest, a 

coronary revascularisation procedure, clinically important arrhythmia, peripheral arterial thrombosis or cardiovascular rehospitalisation.A
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Figure Legends

Figure 1. Study flow chart. *23 patients underwent major emergency abdominal surgery. Patients 

were excluded from the trial due to protocol changes. 

Figure 2. (a) One-year disease free (major adverse cardiovascular outcomes) probability stratified on 

remote ischaemic preconditioning (blue) and control (red). There was no statistically significant 

difference (p = 0.36). (b) One-year survival stratified on remote ischaemic preconditioning (blue) and 

control (red). There was no statistically significant difference (p = 0.81).

Figure 3. Effect of remote ischaemic preconditioning on one-year clinical outcomes expressed as 

hazard ratios. Error bars indicate 95%CIs.  
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