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Effect of remote ischemic preconditioning on fibrin formation
and metabolism in patients undergoing hip fracture surgery:
a randomized clinical trial
Kirsten L. Wahlstrøma, Sarah Ekeloefa, Johannes J. Sidelmannb,
Ismail Gögenura and Anna-Marie B. Münsterb,c

Remote ischemic preconditioning (RIPC) prior to surgery

has recently been shown to reduce the risk of myocardial

injury and myocardial infarction after hip fracture surgery.

This study investigated whether RIPC initiated

antithrombotic mechanisms in patients undergoing hip

fracture surgery. This trial was a predefined sub-study of a

multicentre randomized clinical trial. Adult patients with

cardiovascular risk factors undergoing hip fracture

surgery between September 2015 and September 2017

were randomized 1 : 1 to RIPC or control. RIPC was

initiated before surgery with a tourniquet applied to the

upper arm and it consisted of four cycles of 5 min of

forearm ischemia followed by five minutes of reperfusion.

The outcomes such as surgery-induced changes in

thrombin generation, fibrinogen/fibrin turnover, tissue

plasminogen activator, plasminogen activator inhibitor-1

and fibrin structure measurements were determined

preoperatively (prior to RIPC) and 2 h postoperatively. One

hundred and thirty-seven patients were randomized to

RIPC (n U 65) or control (n U 72). There were no significant

changes in thrombin generation, fibrinogen/fibrin turnover

or fibrin structure measurements determined pre and

postoperatively between patients in the RIPC and control

groups. Subgroup analyses on patients not on

anticoagulant therapy (n U 103), patients receiving

warfarin (n U 17) and patients receiving direct oral

anticoagulant therapy (n U 18) showed no significant

changes between the RIPC-patients and controls. RIPC

did not affect changes in thrombin generation, fibrin

turnover or fibrin structure in adult patients undergoing

hip fracture surgery suggesting that the cardiovascular

effect of RIPC in hip fracture surgery is not related to

alterations in fibrinogen/fibrin metabolism. Blood Coagul
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Introduction
Remote ischemic preconditioning (RIPC) has shown

promising results in protecting tissues and vital organs

from injury during noncardiac surgery [1]. RIPC is most

often induced by brief cycles of extremity ischemia and

reperfusion controlled using an inflatable tourniquet.

Although the effect of RIPC has been investigated for

more than 25 years in both experimental and clinical

studies in medical and surgical settings [2], the mecha-

nisms responsible for the protective effect of RIPC are

still unclear. The signal transduction from the local tissue

ischemia caused by RIPC seems to be multifactorial and

involves both humoral and neuronal mechanisms induc-

ing cyto-protection in remote organs and tissues [3–5].

In a randomized clinical trial, we included patients above

45 years of age with known cardiovascular comorbidity

undergoing hip fracture surgery and showed that RIPC

immediately prior to surgery reduced the risk of myocar-

dial injury within four days of hip fracture surgery [6].

Accordingly, RIPC prior to primary percutaneous coronary

intervention has been shown to reduce infarct size in

patients with first acute myocardial infarction [7]. The

vascular endothelium plays a key role in haemostasias and

thromboembolic disease and there is much evidence of

RIPC attenuating vascular endothelial dysfunction in

healthy people and patients with cardiovascular disease

[4,8–12]. Several experimental and clinical studies have

indicated that RIPC affects the haemostatic system [13–

18]. A systematic review showed that RIPC attenuated

platelet activity and reduced the risk of arterial thrombo-

embolism in patients undergoing surgery or cardiac pro-

cedures [19]. RIPC is also capable of increasing fibrinolysis

in patients with cerebrovascular and cardiovascular disease

when applied daily over a period [16,20]. However, a

majority of studies have exclusively investigated the effect

of RIPC on specific haemostatic proteins [13–18].

Surgery itself has been associated with a postoperative

fibrinolytic shutdown [21,22], which is thought to be
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driven by the inhibition of tissue type plasminogen activator

(tPA) by a rapid release of plasminogen activator inhibitor

type 1 (PAI-1) [21–23]. An alternative or maybe supple-

mentary explanation for the impaired fibrinolysis could be

changes in the fibrin structure properties [24]. Thrombin

generation as well as fibrinogen/fibrin turnover are central

players in the coagulation system [25,26], and alterations in

these processes together with fibrin structure have been

associated with the pathophysiology of arterial and venous

thromboembolic diseases [24,27,28].

In the present study, we investigated the effect of RIPC

on thrombin generation, fibrinogen/fibrin turnover, tPA

and PAI-1 concentrations and fibrin structure to clarify

whether alterations in the central part of haemostasis are

related to the cardioprotective effect of RIPC in patients

undergoing hip fracture surgery.

Materials and methods
Trial design
The present single-centre, observer-blinded trial was a

predefined sub-study of a multicentre, randomized clinical

trial (PIXIE trial) designed to test the hypothesis that RIPC,

compared with standard treatment, reduces the incidence of

myocardial injury after hip fracture surgery [6].

The trial was approved by the Regional Ethics Commit-

tee of Region Zealand Denmark (no. SJ-428), and by the

Danish Data Protection Agency (no. Reg-115–2014).

The trial was reported according to the CONSORT

Statement [29] and registered on ClinicalTrials.gov

(no. NCT02344797).

Participants
Patients of age more than 45 years undergoing hip fracture

surgery (including nails, cemented and uncemented proth-

esis insertion) were included if they fulfilled at least one of

four inclusion criteria being ischemic heart disease defined

by angina pectoris, prior myocardial infarction, prior percu-

taneous coronary intervention or prior coronary artery

bypass grafting; peripheral arterial disease defined by either

intermittent claudication, reduced peripheral arterial blood

flow or previous vascular surgery due to peripheral arterial

disease; prior stroke; and any of the following cardiovascular

risk factors: previous transient ischemic attack, age at least

70 years, congestive heart failure, diabetes and currently

taking antidiabetics, hypertension or preoperative creati-

nine concentration more than 175 mmol/l.

Patients were not eligible if any of the exclusion criteria

were met: history of peripheral arterial disease affecting

both arms, renal failure (estimated glomerular filtration

rate <30 ml/min/1.73 m2), cardiogenic shock or cardiac

arrest during the current hospital stay (before inclusion),

another surgical procedure during the current hospital

stay (before inclusion), a condition that prevented the

performance of RIPC, not capable of giving informed

consent or previously enrolled in the trial. Extended

exclusion criteria for this sub-study were active cancer

and treatment with therapeutical doses of low molecular

weight heparin (LMWH).

The patient recruitment and data collection was con-

ducted at the Regional Hospital West Jutland, a second-

ary referral centre, between September 2015 and

September 2017. The patients were included consecu-

tively. Only per-protocol patients, defined as those

undergoing RIPC as described in the protocol and having

both a preoperative baseline blood sample and a 2-h

postoperative blood sample collected, were included

for analyses in this study.

Randomization and blinding
Patients were allocated by randomization to intervention

or control. A third party generated the allocation sequence

using the electronic generator www.randomization.com

with allocation ratio 1 : 1 in blocks of six. A sealed, opaque

envelope was opened in the operating theatre by the nurse

anaesthetist. Due to the nature of the intervention, the

anaesthetist, nurse anaesthetist, surgeon and surgical staff

were not blinded. The principal investigator, technicians

and data assessors were blinded to the intervention.

Patients were blinded to their allocation if operated under

general anaesthesia, but not if they were operated under

regional anaesthesia without sedation.

Intervention
As described previously [6], patients in both the inter-

vention and control groups received standard care before,

during and after surgery permitting the local guidelines to

be followed. In addition, patients in the RIPC group

received the RIPC procedure consisting of four cycles of

forearm ischemia and reperfusion. The procedure was

performed by the nurse anaesthetist with an electronic

tourniquet device (Tourniquet 4500 ECL; VBM Medi-

zintechnik, Sulz am Neckar, Germany). The tourniquet

was inflated to 200 mmHg for 5 min followed by deflation

and 5 min of reperfusion. In case of patients having a SBP

above 185 mmHg, the tourniquet was inflated to a mini-

mum of 15 mmHg above the patient’s SBP. The inter-

vention was performed in the operating theatre after

induction of anaesthesia and the first cycle of ischemia

and reperfusion was completed prior to skin incision. The

exact time of each cycle, technical difficulties and dis-

ruptions were noted. Choice of anaesthesia and analgesia

were decided by the anaesthesiologist in charge. For type

of anaesthesia, see Table 1.

Treatment with tranexamic acid (TXA), vitamin K or

blood components was decided by the surgeon in charge

and if they were administered, pre, peri and postoperative

time and doses were recorded.

Daily medication
For patients taking daily medications affecting blood coag-

ulation [acetylsalicylic acid (n¼ 34); platelet inhibitors:
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dipyridamol (n¼ 4) and clopidogrel (n¼ 10); vitamin K

antagonist (n¼ 17); or direct oral anticoagulants (DOAC):

dabigatranetexilat (n¼ 5), rivaroxaban (n¼ 5) and apixaban

(n¼ 8)], doses and time of pre and postoperative adminis-

tration were recorded.

Outcomes
Outcomes assessed in this trial were changes in the levels

of thrombin generation, fibrinogen/fibrin turnover, tPA,

PAI-1 and fibrin structure determined preoperatively and

2 h postoperatively in RIPC patients and controls, as

listed in Table 2.

Blood sampling
Citrate stabilized venous blood samples were collected

according to international guidelines [30] using minimal

Ischemic preconditioning and fibrin metabolism Wahlstrøm et al. 27

Table 2 Study outcomes

Thrombin generation
Prothrombin fragment 1þ2 F1þ2
Lag time thrombin generation (s) TGTlag

Time to thrombin peak (min) TTP
Thrombin peak height (nmol/l) Peak
Endogenous thrombin potential (nmol/l�min) ETP
Time for thrombin generation to terminate (min) Trail

Fibrinogen/fibrin turnover
Tissue-type plasminogen activator concentration (ng/ml) tPA
Plasminogen activator inhibitor type 1 concentration (ng/ml) PAI-1
Fibrinogen (mmol/l) FIBF
Lag time fibrin generation (s) FIBRlag

Vmax (OD/min) Vmax

D-dimer D-dimer
Lysis (% in 30 min) Lysis

Fibrin fibre structure
Mass-length ratio (� 1012 Dalton/cm) ML
Diameter (mg/l) Diam
Density (� 1022 Dalton/cm3) Dens

Table 1 Baseline and per-operative characteristics of patients stratified by intervention (remote ischemic preconditioning and controls
receiving standard care)

Baseline characteristics RIPC (n¼65) Control (n¼72)

Sex, no. (%)
Males 18 (27.7) 22 (30.6)
Females 47 (72.3) 50 (69.4)

Age, Median (range); years 81.5 (54.5–97.8) 80.0 (58.7–92.3)
BMI, Mean (SD); kg/m2 23.5 (4.8) 24.1 (4.8)
Daily smoking, No. (%) 17 (26.2) 19 (26.4)
Alcohol abuse, No. (%) 7 (10.8) 10 (13.9)
Comorbiditya No. (%)

Hypertension 45 (69.2) 48 (66.7)
Hypercholesterolemia 45 (69.2) 48 (66.7)
Diabetes mellitus 6 (9.2) 11 (15.3)
Ischemic heart disease 9 (13.8) 9 (12.5)
Peripheral arterial disease 3 (4.6) 6 (8.3)
Congestive heart failure 4 (6.2) 6 (8.3)
Atrial fibrillation 22 (33.8) 13 (18.1)
Stroke 10 (15.4) 12 (16.7)
Transient cerebral ischemia 3 (4.6) 1 (1.4)
Autoimmune diseases 9 (13.8) 6 (8.3)

Daily Medicine intake (dosing range/day), No. (%)
Beta-blocker 22 (33.8) 25 (34.7)
Calcium antagonist 23 (35.4) 26 (36.1)
ACE-1/ARB 31 (47.7) 33 (45.8)
Acetylsalicylic acid (75 mg) 17 (26.2) 17 (25.0)
Platelet inhibitors (dipyridamol 200–400 mg, clopidogrel 75 mg) 6 (9.2) 8 (11.1)
Vitamin K antagonist (1.25–10 mg) 12 (18.5) 5 (6.9)
DOAC (rivaroxaban 15–20 mg, dabigatranetexilat 110–150 mg, apixaban 2.5–5 mg) 7 (10.8) 10 (13.9)
NSAID (ibuprofen 400–1200 mg, diclofenac 100 mg, naproxen 500mg) 4 (6.2) 4 (5.6)
Glucocorticoids 1 (1.5) 4 (5.6)
Methotrexate (7.5–10 mg once per week) 1 (1.5) 2 (2.8)

Anesthesia, No. (%)
Epidural 14 (21.5) 16 (22.2)
Spinal 16 (24.6) 23 (31.9)
TIVA 3 (4.6) 2 (2.8)
Volatile 32 (49.2) 31 (43.1)
Norepinephrine infusion 2 (3.1) 6 (8.3)

Bleeding
No. of patients (%) 55 (84.6) 57 (79.2)
Amount [ml, median (range)] 200 (25–2720) 150 (25–900)

Per-operative transfusions and medicationsb, No. (%)
Erythrocyte suspension 2 (3.1) 1 (1.4)
Plasma 1 (1.5) 0 (0)
Tranexamic acid 25 (38.5) 19 (26.4)

Duration of surgery (min, median [range]) 52 (16–197) 55 (11–201)

ACE-1, angiotensin-converting enzyme 1; ARB, angiotensin II receptor blockers; DOAC, direct oral anticoagulants; SD, standard deviation; TIVA, total intravenous
anaesthesia. a No patient in either group had blood coagulation disorders as a comorbidity. b No patients in either group received platelets.



stasis prior to RIPC/surgery (baseline) and 2 h postopera-

tively. Blood samples were withdrawn from a large ante-

cubital vein, the first blood sampled was disposed and a

maximum of 30 ml from each participant was collected.

Citrate plasma was obtained by centrifugation of samples

at 2000 g for 20 min. Subsequently, the plasma was ali-

quoted and stored at -808C in cryotubes. The samples

were thawed for 5 min at 378C before analysis, kept at

room temperature and analysed within 1 h of thawing.

Measurement of thrombin generation
The plasma concentration of prothrombin fragment 1þ2

was determined using the Enzygnost F1þ2 kit (Siemens

Healthcare Diagnostics, Marburg, Germany). Thrombin

generation was analysed by the calibrated automated

thrombin generation assay (Thrombinoscope BV, Maas-

tricht, The Netherlands) employing the Fluoroskan

Ascent microplate fluorometer (Thermo Fisher Scien-

tific, Hvidovre, Denmark). The Thrombinoscope soft-

ware was used for calculating the lag time of the thrombin

formation process (TGTlag), time to reach peak thrombin

concentration (TTP), peak thrombin concentration

(peak), time for thrombin generation to terminate (trail)

and endogenous thrombin potential (ETP) recording the

total amount of thrombin formed.

Measurement of fibre structure and degradation of
fibrin
The plasma concentration of fibrinogen and D-Dimer was

quantitatively determined using the STA-Liquid fib and

the Liatest D-Di kits (Diagnostica Stago, Asnieres-sur-

Seine, Paris, France), respectively, and a STA-R coagula-

tion analyser (Diagnostica Stago). In-house prepared ELI-

SAs employing specific mAbs were used to determine the

plasma concentration of tPA and PAI-1 [31].

The rate of fibrin formation (Vmax) and fibrin structure

measurements (mass-length ratio [(ML), diameter (Diam)

and density (Dens)] and fibrin clot lysis were determined

according to Sjøland et al. [32] using turbidity measurements

Fibrin clot lysis was measured by mixing 60 ml of plasma

with 120 ml of a reaction mixture consisting of 1 IU/ml of

thrombin, 15 mmol/l CaCl2, 50 mmol/l Tris-HCL buffer,

150 mmol/l NaCl and 0.6 mg/ml recombinant tPA (Boeh-

ringer Ingelheim, Ingelheim am Rhein, Germany). The

optical density at 340 nm (OD340) was recorded for

30 min, and the percentage of the clot lysed thereafter

was determined. Measures of fibrin clot properties was

determined using a similar setup, but replacing rtPA with

Tris-HCl buffer. The fibrin fibre properties (i.e. Vmax,

mass-length, Diam and Dens) were determined by mea-

surements of OD405, OD560, OD608 and OD690 of the

fibrin clot and calculated according to Carr et al. [33,34].

Statistical analyses
As the study was a predefined explorative sub-study of a

larger randomized clinical trial, sample size calculation

was not performed. All eligible patients from one study

centre were included during the 2-year study period.

Categorical baseline data were presented as frequencies

(N and %) and analysed using x2 test with Yates correction.

The distribution of continuous data was depicted using

histogram plots. Normally distributed data were com-

pared by Student’s t-test and presented as mean (SD),

while nonnormally distributed data were compared by

the Mann–Whitney U-test and presented as median

(range). Bonferroni correction was applied to significant

results as an adjustment for multiple testing. The Spear-

man’s rank correlation was performed to explore the

associations between nonnormally distributed results.

Subgroup analyses were performed post hoc on patients

receiving either warfarin therapy, DOAC therapy or no

anticoagulant treatment.

All statistical analyses were performed and all graphs

were constructed using RStudio (RStudio Team [2019]

[35]). A two-sided P value less than 0.05 was considered

statistically significant.

Results
Baseline and per-operative characteristics
Between September 2015 and September 2017, 206

patients who underwent hip fracture surgery at Regional

Hospital West Jutland and fulfilled the inclusion criteria

were consecutively included in the study. Due to lack of

blood samples, 49 patients were excluded, leaving 157

patients in the intention-to-treat population. Hereafter, 13

patients were excluded as they did not meet the per-

protocol criteria (including three patients experiencing

discomfort to the intervention; Fig. 1), six patients were

excluded due to active cancer and one was excluded due to

treatment with therapeutically doses of LMWH. Finally,

137 patients were eligible for per-protocol analyses (RIPC

group: n¼ 65, control group: n¼ 72, Fig. 1). A comparison

of the baseline characteristics between patients included

and those excluded is available in the Appendix Table 1,

http://links.lww.com/BCF/A112. Overall, the groups were

comparable with one exception that a higher number of

patients included in the study had a daily intake of

angiotensin receptor blockers or angiotensin-converting

enzyme inhibitors than the excluded patients (P¼ 0.04).

The demographics of the included population are pre-

sented in Table 1. The majority of the included patients

were female, and the median age (range) was 81.5 (54.5–

97.8) years in the RIPC group and 80.0 (58.7–92.3) years

in the control group. Hypertension and hypercholester-

olemia were the most common cardiovascular morbidities

in both groups. No patients suffered from blood coagula-

tion disorders. Per-operative characteristics were similar

in the two groups (Table 1). One hundred and twenty-six

patients had surgery within 24 h from admission, and the

remaining 11 patients had surgery within 72 h from

admission.
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LMWH was either administered more than 6 T1/2 prior to

or after RIPC, blood sampling and surgery. Thus,

LMWH did not affect the outcome of our analysis.

Forty-four patients received one dose of TXA per-oper-

atively (RIPC¼ 25 and control¼ 19). D-dimer level and

lysis of fibrin were not analysed on patients receiving

TXA due to the impact of TXA on these measures [36].

Fourteen patients received vitamin K preoperatively and

prior to baseline blood sample collection (RIPC¼ 9 and

control¼ 5). The 14 patients who were administered

warfarin were not excluded from the subgroup analysis,

as they all had an international normalized ratio above

normal range (in this case defined as 0.8–1.2) at pre and

postoperative blood sample collection in spite of the

vitamin K administration. Thus, the patients treated with

vitamin K were still responding to warfarin and were

included in the warfarin-sub-group analysis.

Thrombin generation
No differences were observed in levels of markers of

thrombin generation from baseline until two hours after

the hip fracture surgery between patients receiving RIPC

and those receiving standard care: F1þ2 (P¼ 0.30),

TGTlag (P¼ 0.75), TTP (P¼ 0.17), peak (P¼ 0.35), trail

(P¼ 0.32) and ETP (P¼ 0.46) (Table 3). Likewise, no

changes were observed in the sub-groups; neither in the

sub-group of patients not receiving anticoagulant therapy

[F1þ2 (P¼ 0.88), TGTlag (P¼ 0.30), TTP (P¼ 0.15),

peak (P¼ 0.13), trail (P¼ 0.92) and ETP (P¼ 0.57)

(Appendix Table 2, http://links.lww.com/BCF/A112)],

in patients with a daily intake of warfarin [F1þ2

(P¼ 0.38), TGTlag (P¼ 0.96), TTP (P¼ 0.83), peak

(P¼ 0.51), trail (P¼ 0.15) and ETP (P¼ 0.72) (Appendix

Table 3, http://links.lww.com/BCF/A112)] or patients

with an intake of DOACs [F1þ2 (P¼ 0.13), TGTlag

(P¼ 0.33), TTP (P¼ 0.71), peak (P¼ 0.21), trail

(P¼ 0.44) and ETP (P¼ 0.33)] (Appendix Table 4,

http://links.lww.com/BCF/A112).

Fibrinogen/fibrin turnover
Fibrinogen/fibrin turnover did not change from baseline

until 2 h after the hip fracture surgery between patients

receiving RIPC and those receiving standard care [tPA

(P¼ 0.10), PAI-1 (P¼ 0.11), fibrinogen (P¼ 0.87),

FIBRlag (P¼ 0.72), Vmax (P¼ 0.06), lysis (P¼ 0.93)

and D-dimer (P¼ 0.83) (Table 3)].
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Fig. 1

Flow-chart for patient selection.
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Although there were no differences between the groups,

both tPA and PAI-1 increased after surgery. For the RIPC

group, tPA increased from preoperative median of 12.2

(IQR 5.40) ng/ml to 14.3 (IQR 7.70) ng/ml postoperative

(P< 0.001), and for the control group, tPA likewise

increased from a preoperative median of 12.8

(IQR 5.73) ng/ml to 15.8 (7.78) ng/ml postoperative

(P< 0.001).

PAI-1 increased from preoperative values of 21.8 (IQR

17.3) ng/ml to 35.0 (IQR 28.9) ng/ml postoperative

(P< 0.001) in the RIPC group, and for the control group,

a similar increase was seen from a preoperative level of

23.6 (IQR 18.4) ng/ml to a postoperative level of 39.4

(IQR 38.9) ng/ml (P< 0.001).

In addition, PAI-1 was negatively correlated to lysis

(r¼�0.26; 95% confidence intervals¼�0.46, �0.09;

P¼ 0.01).

Sub-group analyses of patients not receiving anticoagu-

lant therapy revealed no significant changes in any of the

fibrinogen/fibrin turnover measurements from pre to

postoperative values: patients not receiving anticoagulant

therapy [tPA (P¼ 0.18), PAI-1 (P¼ 0.16), fibrinogen

(P¼ 0.43), FIBRlag (P¼ 0.50), Vmax (P¼ 0.50), lysis

(P¼ 0.68) and D-dimer (P¼ 0.91) (Appendix Table 2,

30 Blood Coagulation and Fibrinolysis 2022, Vol 33 No 1

Table 3 Effect of remote ischemic preconditioning on thrombin generation and fibrinogen/fibrin turnover stratified by intervention [remote
ischemic preconditioning (n U 65) and control (n U 72)]

Plasma measure (median, IQR) Baseline 2 h postoperative Delta-value PDELTA

Prothrombin fragment 1þ2 (pmol/l)
RIPC 368 (361) 682 (429) 180 (319) 0.30
Control 438 (378) 843 (431) 316 (487)

TGTlag (s)
RIPC 3.50 (1.25) 3.50 (1.00) 0.00 (0.25) 0.75
Control 3.50 (1.00) 3.50 (1.00) 0.00 (0.50)

TTP (min)
RIPC 7.00 (1.50) 6.50 (1.50) 0.00 (0.50) 0.17
Control 6.50 (1.75) 6.50 (1.58) �0.25 (0.50)

Peak (nmol/l)
RIPC 228 (85.9) 229 (79.3) 3.04 (25.9) 0.35
Control 248 (82.5) 250 (77.9) 6.81 (23.5)

ETP (nmol/l�min)
RIPC 1488 (335) 1509 (262) 21.0 (111) 0.46
Control 1568 (298) 1594 (315) 26.5 (112)

Trail (min)
RIPC 25.0 (4.00) 25.5 (3.00) 0.50 (1.50) 0.32
Control 25.5 (4.75) 26.0 (4.50) 0.00 (1.75)

tPA (ng/ml)
RIPC 12.2 (5.40) 14.3 (7.70) 2.00 (4.70) 0.10
Control 12.8 (5.73) 15.8 (7.78) 2.90 (5.20)

PAI-1 (ng/ml)
RIPC 21.8 (17.3) 35.0 (28.9) 9.50 (22.5) 0.11
Control 23.6 (18.4) 39.4 (38.9) 19.4 (30.6)

FIBF (mmol/l)
RIPC 11.9 (3.40) 11.5 (3.50) �0.30 (1.10) 0.87
Control 11.2 (2.40) 10.9 (3.12) �0.25 (1.12)

FIBRlag (s)
RIPC 15.0 (0.00) 15.0 (1.00) 0.00 (1.00) 0.72
Control 15.0 (1.00) 15.0 (1.00) 0.00 (1.00)

Vmax (OD/min)
RIPC 1.11 (0.31) 1.15 (0.29) 0.004 (0.12) 0.06
Control 1.09 (0.30) 1.05 (0.37) �0.012 (0.15)

D-dimer (mg/l) a

RIPC 4.62 (9.84) 7.40 (9.20) 0.58 (3.32) 0.83
Control 4.07 (10.1) 7.66 (9.40) 0.82 (5.56)

Lysis/30 min (%) a

RIPC 50.2 (29.6) 49.0 (20.5) 1.05 (13.4) 0.93
Control 52.3 (32.9) 53.0 (33.4) 0.60 (17.3)

Diam (mm)
RIPC 0.14 (0.02) 0.14 (0.02) �0.01 (0.01) 0.29
Control 0.13 (0.02) 0.13 (0.01) 0.00 (0.01)

Dens (�1022 Dalton/cm3)
RIPC 3.90 (0.70) 4.00 (0.70 0.10 (0.30 0.45
Control 3.95 (0.75) 4.00 (0.80) 0.20 (0.43)

ML (�1022 Dalton/cm)
RIPC 5.90 (1.10) 5.80 (1.00) �0.20 (0.60) 0.19
Control 5.65 (0.93) 5.75 (1.10) 0.00 (0.63)

P values are given for the difference between the delta-values of the plasma markers in the two groups. Delta-value¼ value2-h postoperative – valuebaseline. Dens, density; Diam,
diameter; ETP, endogenous thrombin potential; FIBR, fibrinogen; FIBRlag, lag time fibrin generation; ML, mass-length ratio; PAI-1, plasminogen activator inhibitor type 1;
RIPC, remote ischemic preconditioning; TGTlag, lag time thrombin generation; tPA, tissue-type plasminogen activator; TTP, time to thrombin peak. a Forty-four patients
excluded from analysis due to tranexamic acid administration (RIPC¼25, control¼19).



http://links.lww.com/BCF/A112)]; patients with a daily

intake of warfarin [tPA (P¼ 0.96), PAI-1 (P¼ 0.72),

fibrinogen (P¼ 0.10), FIBRlag (P¼ 0.94), Vmax

(P¼ 0.94), lysis (P¼ 0.89) and D-dimer (P¼ 0.33)

(Appendix Table 3, http://links.lww.com/BCF/A112)]

and patients with a daily intake of DOAC [tPA

(P¼ 0.43), PAI-1 (P¼ 0.33), fibrinogen (P¼ 0.39), FIBR-

lag (P¼ 0.50), Vmax (P¼ 0.50), lysis (P¼ 1.0) and D-dimer

(P¼ 0.81) (Appendix Table 4, http://links.lww.com/BCF/

A112)].

Fibrin structure
There were no significant differences in changes of fibrin

structure measurements or lysis [Diam (P¼ 0.29), Dens

(P¼ 0.45), mass-length (P¼ 0.19), lysis (P¼ 0.93) (Table

3)] between patients receiving preoperative RIPC and

controls receiving standard care. These findings did not

change in subgroup analyses of patients not receiving

anticoagulant therapy [Diam (P¼ 0.32), Dens (P¼ 0.42),

mass-length (P¼ 0.07) and lysis (P¼ 0.68) (Appendix

Table 2, http://links.lww.com/BCF/A112)], in patients

with a daily intake of warfarin [Diam (P¼ 0.74), Dens

(P¼ 0.83), mass-length (P¼ 0.75), lysis (P¼ 0.89)

(Appendix Table 3, http://links.lww.com/BCF/A112)]

or in patients with a daily intake of DOACs [Diam

(P¼ 0.78), Dens (P¼ 0.96), mass-length (P¼ 0.86), lysis

(P¼ 1.0) (Appendix Table 4, http://links.lww.com/BCF/

A112)].

Discussion
The present study addresses for the first time the poten-

tial association between the cardio protecting effect of

RIPC in patients undergoing hip fracture surgery [6] and

the effect of RIPC on the haemostatic balance in terms of

thrombin generation, fibrinogen/fibrin turnover, tPA,

PAI-1 and fibrin structure measures. Our study demon-

strates no significant differences in preoperative and

postoperative values of the aforementioned outcomes

between the patients who received preoperative RIPC

and those who received only standard care.

Few other studies have focused on the effect of RIPC on

coagulation and fibrinolysis demonstrating either no

effect on the fibrinolytic system [17] augmented fibrino-

lysis [13,16] and prolongation of the prothrombin time

suggesting impaired activation of the coagulation system

induced by RIPC [15]. These studies however were

conducted in animals [13] or included a low number of

patients [15,16].

In our study, focusing on the activation of coagulation, we

demonstrated that F1þ2 concentrations rose in response

to surgery as previously described [37–39], but RIPC had

no effect on F1þ2 levels confirming recent findings in

RIPC patients undergoing elective head and neck cancer

surgery [17].

Thrombin generation is another step in the central coag-

ulation process wherein RIPC potentially could play a

role. Thrombin plays a crucial role in clot formation with a

dynamic concentration during the coagulation process

[40]. Surgery in cancer patients has been found to impact

markers of thrombin generation; although the findings in

one study were inconsistent [41], another study con-

firmed surgery to induce a hypercoagulable state with

decreased TGTlag and TTP together with increased

ETP and peak during surgery [42]. RIPC did not reduce

thrombin generation in our patient population.

Reduced fibrinolytic shutdown instigated by RIPC is an

alternative hypothesis on the anticoagulative effect of

RIPC. There was no difference in fibrinolytic shutdown

between patients receiving RIPC and controls in our

study. Our baseline values of D-dimer were very signifi-

cantly increased compared to the normal range and D-

dimer rose further after surgery. The hip fracture trauma

occurring hours before surgery may explain the elevated

baseline values of D-dimer in our data.

Inhibition of tPA by a rapid release of PAI-1 has been

associated with the fibrinolytic shutdown caused by surgery

[21–23]. In our results, tPA and PAI-1 increased after surgery

and the increase in PAI-1 was negatively correlated to lysis

after surgery. This is consistent with findings of the postop-

erative shutdown in fibrinolysis being more prominent on

postoperative day one, correlating to the maximum increase

in PAI-1, than that observed later in the postoperative period

[43]. The results of other studies investigating the short-term

effect of RIPC on fibrinolysis in both healthy men [44] and

patients undergoing cancer surgery [17] are similar to ours as

they show that RIPC has no evident impact on fibrinolysis.

However, a trial demonstrating the positive effect of long-

term remote ischemic conditioning found tPA to be

increased and PAI-1 to be reduced after 15 days of bilateral

remote ischemic conditioning twice daily [20]. Hence, it has

been suggested that long-term administration of remote

ischemic conditioning may be required to increase fibrino-

lysis [17]. This is supported by studies on both healthy

individuals undergoing RIPC daily for 7 days improving

microcirculation [45] and surgical patients exposed to RIPC

twice daily for 2 weeks before carotid artery stenting with

positive result on the incidence and volume of new ischemic

lesions in the brain after surgery [46].

Changes in the properties of the fibrin structure might be

another way for RIPC to impair fibrinolysis [24]. Our study

is the first to investigate the fibrin fibre properties in

relation to RIPC and surgery. We did not find any differ-

ence between the patient groups. Notably, a recent study

on elective orthognathic surgery opposes these findings

[36]. This study revealed clear and unidirectional results of

decreased fibrin clot lysis, decreased fibrin fibre mass-

length ratio and diameter as well as increased density,

Vmax and D-dimer after surgery [36]. These properties are

consistent with impaired breakdown of fibrin, and thus, a
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haemostatic system tipped in the prothrombotic direction

after surgery. However, there are several differences in the

patient populations of the study on orthognathic surgery

and our study. These differences may contribute to the

dissimilar findings: our patients were subjected to sub-

acute repair of hip fractures and not elective procedures

and suffered a trauma prior to surgery, which might have

activated part of the haemostatic and fibrinolytic system

long before the surgical trauma. Furthermore, our patients

were considerably older, and all of them had pronounced

cardiovascular risk factors.

As RIPC seems to protect the heart through induced

cytoprotective effects [3–5], we found it interesting, from

a clinical perspective, to investigate subgroups of patients

receiving either no anticoagulant therapy or daily medi-

cation with warfarin or DOACs. However, none of the

subgroup analyses showed any significant differences

between patients receiving RIPC or controls receiving

standard care.

A limitation to our study is the lack of sample size

calculation as this was a sub-study and thus there is a

risk of type II errors, but the study is the largest so far

focusing on the effect of RIPC on coagulation and fibri-

nolysis. No other studies have investigated both throm-

bin and fibrin turnover as well as fibrin fibre structure

measurements in the same surgical setting or investigated

the effect of RIPC prior to subacute surgery on fibrin fibre

structure after surgery. The patients were admitted at all

hours, and we assume that their daily anticoagulant

medication induces a significant effect at the time of

intervention and blood sampling. Whether Multiplate or

ROTEM/TEG platelet aggregometry was performed

was up to the anaesthetist or surgeon in charge. However,

neither Multiplate nor ROTEM/TEG platelet aggrego-

metry were performed in any of the patients. It has been

concluded in other studies that platelets may play a role

in the mechanism behind RIPC [17]. Our focus was

specifically on fibrin formation and metabolism, and

the influence of platelets was not part of our analyses.

A general limitation to clinical studies on this subject is

that we cannot mimic the on-site haemostasis including

all the components involved. Shear stress and glycocalyx

are important components in coagulation, and recently,

RIPC has been observed to offer protection against

glycocalyx degradation after surgery [47].

The study is part of a data-assessor blinded randomized

controlled trial design, data were prospectively collected

and our population had numerous cardiovascular risk

factors and cardiovascular comorbidity, which may affect

our outcomes, compared with the studies involving

healthier or younger population.

In conclusion, RIPC induced no significant changes in

thrombin generation, fibrinogen/fibrin turnover, tPA,

PAI-1 or fibrin structure when determined prior to sur-

gery and 2 h after hip fracture surgery compared with

controls receiving standard care only. Subgroup analysis

of patients receiving either no anticoagulant therapy or

those receiving daily warfarin or DOAC therapy showed

no differences between patients exposed to RIPC or

controls. Having the limitations of our study in mind,

our results do not support that the RIPC-mediated car-

diac protection in relation to hip fracture surgery is a

result of changes in thrombin generation, fibrinogen/

fibrin turnover, tPA, PAI-1 or fibrin structure properties

within the first two postoperative hours.
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