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Abstract

Remote ischemic preconditioning (RIPC) is considered a method for reducing
ischemia-reperfusion injury during surgical interventions. Although large randomized
trials in non-cardiac surgery have not demonstrated convincing clinical benefits,
individual studies may suggest their potential value.

We present a case report of a female patient undergoing elective orthopedic surgery, in
whom RIPC was performed immediately after the induction of anesthesia.
Postoperatively, troponin I levels remained within normal limits on days 1, 2, and 3,
with no clinical or electrocardiographic signs of myocardial injury. A transient episode
of delirium was noted on the first postoperative day; however, after treatment, the
patient's condition quickly recovered, and she remained oriented and communicative.
Renal function remained stable.

This clinical case illustrates the clinical use of RIPC in a high-risk cardiac patient. The
observed stable troponin levels and favorable postoperative course are consistent with
the hypothesis of a possible protective effect of RIPC. However, these observations are
descriptive in nature and highlight the need for further prospective studies to evaluate
the potential effectiveness of this technique and identify patient groups that may
benefit most from it.

Keywords: remote ischemic preconditioning, non-cardiac surgery, troponin,
myocardial injury, delirium.
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1. Introduction

Coronary heart disease (CHD) and its most severe
form, myocardial infarction, remain one of the leading
causes of death and disability worldwide. According to
the World Health Organization, cardiovascular
diseases account for up to 32% of all deaths,
highlighting the need to develop effective prevention
and cardioprotection methods [1]. Despite the
development of pharmacological and interventional
approaches, a significant proportion of patients,
particularly in the geriatric group, continue to
experience complications associated with myocardial
ischemia and reperfusion injury in the perioperative
period [2]. The development of delirium often worsens
the prognosis, increasing the patient's stay in the
intensive care unit [3].

Remote ischemic preconditioning (RIPC) is a non-
invasive technique that involves inducing short-term
ischemia and subsequent reperfusion of a limb to
activate the body's systemic defense mechanisms. This
method was initially proposed for the prevention of
ischemic myocardial injury during cardiac surgery,
however, in recent years, interest in RIPC has also

2. Clinical Case Description

Patient Information

Past medical history: A 65-year-old female patient
with a significant cardiovascular history. In March 2021,
she suffered a myocardial infarction; percutaneous
coronary intervention (PCI) was not performed in the
acute phase. In June 2022, post-infarction
cardiosclerosis was diagnosed, and PCI with stenting of
the anterior interventricular artery was performed as
planned. The patient's comorbidities include ischemic
heart disease, chronic heart failure stage IIA, functional
class III according to the NYHA classification, stage III

increased significantly in non-cardiac surgery. Recent
randomized controlled trials have not revealed a clear
clinical effect [4]. However, observations of individual
cases may indicate the effectiveness of the method in
certain patient groups [5].

In recent years, attention to delirium as a common
complication in elderly patients has increased. Research
indicates that delirium is linked to endothelial
dysfunction, systemic inflammation, and
microcirculatory impairment, which are
pathogenetically similar to the mechanisms affected by
RIPC [6]. Evidence is emerging that RIPC can reduce the
incidence of postoperative delirium and improve
cerebral perfusion [7,8].

This case suggests a potential role for RIPC in the
prevention of cardiac injury and delirium in geriatric
patients. The objective of this observation was to
evaluate the potential efficacy of RIPC in preventing
cardiac injury and postoperative delirium in geriatric
patients. This case report conforms to the CARE
guidelines and the EQUATOR network.

hypertension with very high cardiovascular risk (risk
IV), and type 2 diabetes mellitus.

Recent medical history: The patient was
hospitalized for elective surgery due to chronic pain
and limited mobility in the right shoulder. Her medical
history revealed a shoulder injury in February 2020 and
surgery in March 2020. Surgeries for a non-union
fracture (pseudarthrosis) of the humerus were
performed in August 2020 and February 2021.

Her allergy and gynecological history are
unremarkable.

Medical history

Repeat Myocardial E.d"l
Trauma to the osteosynt Infarction admission for
right shoulder of the right (PCI was not Sl
shoulder performed) treatment
February 2020 August 2020 March 2021 April 2025
January 1960 March 2020 February 2021 June 2022 May 2025
Third
PCl with Rehabilitation
First osteosynthesis.
Birth of the osteosynthesis. due to non- ‘:’,’.“."' °'|"" after surgical
patient of the right union treatment
shoulder (pseudarthrosis) """_m“"“’
of the humerus

Figure 1 - Patient’s medical history
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Clinical Findings

The patient's general condition was satisfactory.
The skin and visible mucous membranes were normal
in color. The patient was oriented and ambulated
independently.

Neurological status: Consciousness was clear. No
focal neurological symptoms were detected. Localized
pain was noted upon palpation in the projection of the
middle third of the right humerus. No neurovascular
disorders were detected in the upper or lower
extremities.

Respiratory system: Vesicular breathing, no
wheezing. Respiratory rate was 18 per minute.
Percussion revealed clear lung sounds. SpO, was 96-
97%.

Cardiovascular system: Hemodynamics were
stable. Heart sounds were clear and rhythmic. Heart
rate was 76 per minute. Blood pressure was 125/84
mmHg.

Abdominal organs: The tongue was clean and
moist. The abdomen is soft and painless on palpation.
The liver and spleen are not enlarged. The percussion
sensation is negative on both sides.

Local status: Examination of the right shoulder
region reveals postoperative scars on the lateral surface
without signs of inflammation. Palpation reveals
tenderness over the middle third of the right humerus.
Movement in the right shoulder joint is painless and
limited: flexion 90°, extension 160°, abduction 20°.

Diagnostic Assessment

Laboratory results upon admission were within
normal limits. Blood chemistry, coagulation profile, and
urinalysis remained within normal limits before and
after surgery. Coagulation parameters were maintained
within the target normal coagulation range with
anticoagulant therapy (Nadroparin Calcium (2850 IU
anti-Xa/0.3 ml once daily).

Instrumental tests included:

ECG: Sinus rhythm with a heart rate of 74 beats per
minute. Horizontal electrical axis. Cicatricial changes in
the anteroseptal wall of the left ventricle.

Echocardiogram: Aortic root thickening. Cavity
dimensions within age-appropriate limits. No
structural heart valve pathology was detected. Left
ventricular diastolic dysfunction. Minimal mitral valve
contractility. pulmonary artery regurgitation. Global
myocardial contractility was 55-57%. At the time of the
study, hypokinesis of the interventricular septum (IVS)
at the apex of up to 4 segments was observed.

Respiratory examination and fluorography also
revealed no abnormalities.

During the examination an EGD revealed chronic
superficial gastritis.

Ultrasound of the lower extremity veins showed
normal venous patency, and no thrombosis was
detected.

Diagnosis

Based on the patient's medical history, laboratory,
and instrumental studies, the following diagnosis was
made: Primary: Fracture nonunion (pseudoarthrosis).
(Pseudarthrosis of the middle third of the right
humerus.) Associated conditions: coronary artery
disease (CAD), chronic heart failure (CHF Ila, NYHA
FC III), stage III hypertension (CVD risk IV), post-
infarction cardiosclerosis (as of June 13, 2022), condition
after stenting of the left anterior ventricular artery (as of
June 13, 2022), and type 2 diabetes mellitus.

The decision was made to perform surgery—
removal of the fixing structures and repeat
osteosynthesis with bone grafting.

Preoperative risk was assessed as ASA III, RCRI
index > 2, which corresponds to an increased risk of
developing cardiac complications.

Anesthesia and RIPC Protocol

On the second day of hospitalization, after
obtaining prior informed consent, the RIPC procedure
was performed immediately after induction of general
anesthesia and before surgery. A cuff was applied to the
left arm, creating a pressure of 200 mmHg. Three 5-
minute ischemia cycles were performed, each
alternating with 5-minute reperfusion periods.

Induction was performed with sodium thiopental
at a dose of 3.5 mg/kg, and anesthesia was maintained
with inhalational sevoflurane with a minimum alveolar
concentration (MAC) of 0.8-1.0. Perineural block was
not performed. Fentanyl was used as a systemic
analgesic intraoperatively. Muscle relaxants used were
suxamethonium chloride at a dose of 100 mg for
induction and pipecuronium bromide at a dose of 4 mg
for maintenance.

Epinephrine was infused at a rate of 0.06-0.08
mcg/kg/min to support hemodynamics. Inotropic
support was administered briefly intraoperatively to
support a downward trend in blood pressure and was
discontinued  once  hemodynamic  parameters
stabilized. Fluid therapy consisted of 1500 ml of 0.9%
sodium chloride solution.

After surgery, the patient was transferred to the
intensive care unit for observation, where she remained
for 24 hours. Further treatment was then continued
according to the underlying disease profile.

Surgical Treatment

The surgery lasted 3 hours and 20 minutes.
Intraoperative blood loss was 300 ml. Prophylactic
antibacterial therapy consisted of cefazolin 1000 mg
intravenously.
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Postoperative Period

The hemoglobin level was 95 g/L on the first
postoperative day, 85.5 g/L on the second day, and 89.6
g/L at discharge. No decrease in hemoglobin below 80
g/L was observed. There were no indications for blood
transfusion.

Antibacterial therapy with cefazolin 1000 mg
intravenously twice daily was continued. On the first
postoperative day, the patient also received
postoperative analgesia in the form of narcotic
analgesics: promedol 20 mg intramuscularly three times
daily. Subsequently, pain relief was maintained with
NSAIDs: ketoprofen 100 mg intramuscularly twice
daily, metamizole sodium 1000 mg intramuscularly
once daily.

To prevent thromboembolic complications
postoperatively, the patient was prescribed low-
molecular-weight heparin (Nadroparin Calcium 2850
IU anti-Xa/0.3 ml) once daily for 10 days. To prevent
stress ulcers, the patient took the proton pump inhibitor
omeprazole 40 mg once daily for 7 days. As part of her
rehabilitation, she underwent active kinesitherapy of
the upper limb once daily for 3 days.

Follow-Up and Outcomes

High-sensitivity troponin I levels show a gradual
decline and stability, with all values within the normal
range. No signs of acute or ongoing myocardial injury
were detected.

055

050

0,45

hs-Troponin I (ng/L)

0.40

0.35

Dayv2 Cav3

Postoperativedays

Figure 2 - Dynamics of troponin levels within 3 days after surgery.

Postoperative ECG: Sinus rhythm with a heart rate
of 82 beats per minute. Horizontal electrical axis.
Cicatricial changes in the anteroseptal wall of the left
ventricle.

No signs of myocardial damage were detected
during the three-day postoperative period.

Table 1 - Dynamics of neurocognitive status

Renal function: creatinine level preoperatively was
100 umol/L; on the second postoperative day, it was 67
umol/L. No signs of acute kidney injury were detected.
Urine output remained within normal limits. Diuretic
therapy was not administered.

Mini-Mental Confusion Richmond
.. Assessment Method .. .
Day State Examination for Intensive Care Agitation-Sedation Result
(MMSE) Unit (CAM-ICU) Scale (RASS)
Preoperative 30 Delirium absent 0 negative
Postoperative day 1 25 Delirium present +2 positive
Postoperative day 2 29 Delirium absent 0 negative
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According to a dynamic clinical and psychometric
assessment in the preoperative period, the patient
maintained an intact cognitive status, with scores on
the scales consistent with the absence of delirium.

On the first day after surgery, a transient
development of postoperative delirium was detected,
confirmed by a decrease in total scores on the cognitive
scales and positive delirium screening results on all
assessment tools used. The clinical picture included
manifestations meeting diagnostic criteria for delirium,
including psychomotor agitation and attention deficits.
To manage delirium, sedation with dexmedetomidine
was administered as a continuous infusion at a dose of
0.2-0.7 mcg/kg/h without a loading dose. No other
antipsychotic medications were administered prior to
the administration of dexmedetomidine. The initial
clinical effects (reduction in agitation and anxiety)
were observed within the first two hours of treatment
initiation. A significant reduction in the severity of
postoperative delirium occurred after 8 hours. With
the therapy administered, a significant improvement
in the patient's condition was noted as early as the
following day.

4. Discussion

RIPC is a promising organ protection method
based on the phenomenon of tissue cross-adaptation to
ischemic stress. In the presented clinical situation, the
use of RIPC was accompanied by favorable dynamics
of biochemical markers of myocardial injury and a
stable clinical course without signs of complications.

According to the literature, the effect of
preconditioning depends on a number of factors:

1. Protocol — 3-4 cycles of 5 minutes of
ischemia/reperfusion at a pressure > 200 mmHg are
considered optimal [9].

2. Patient age and comorbidities — elderly patients
and those with baseline endothelial dysfunction
benefit the most [10].

3. Anesthetics — inhalational agents such as
sevoflurane potentiate the effect of RIPC, unlike
propofol, which neutralizes it [11].

In the present case, postoperative troponin I levels
were not accompanied by clinical signs of myocardial
injury. However, the patient experienced a transient
episode of postoperative delirium on the first
postoperative day, which completely resolved within
24 hours and was not accompanied by persistent
neurocognitive impairment. No signs of renal
impairment were observed during the follow-up
period.

Given the relatively stable course and favorable
outcome, the use of RIPC in this case can be considered

By the second postoperative day, complete
regression of delirium symptoms was observed:
cognitive test scores returned to baseline values,
delirium screening results became negative, and no
clinical signs of disorientation, fluctuations in
consciousness,  attention  deficits, = perceptual
disturbances, or behavioral abnormalities were
detected. No recurrences of delirium were observed
during follow-up.

Thus, the early postoperative period was
characterized by a brief episode of postoperative
delirium followed by full recovery of cognitive
function and the absence of residual neurocognitive
impairment. Furthermore, the patient's follow-up
showed no signs of myocardial damage or purulent-
septic complications, as confirmed by stable clinical
and laboratory parameters.

The patient was discharged on the 13th
postoperative day in satisfactory condition, indicating
a favorable clinical outcome.

Written informed consent for publication of this
case report was obtained from the patient.

a clinical trial requiring further evaluation in
controlled trials. This case does not allow conclusions
to be drawn regarding the effectiveness of the
technique or its recommendation as a component of
standard preoperative preparation.

Several factors could have potentially influenced
the observed clinical results. First, given publications
indicating a possible inhibitory effect of propofol on
RIPC signaling pathways, a decision was made to use
sodium thiopental instead of propofol for induction
[12]. There is also evidence that delayed RIPC
protocols may improve outcomes in other organs, such
as the kidneys [13]. Finally, RIPC is associated with
improved postoperative cognitive function, suggesting
possible  neuroprotective  effects beyond its
cardioprotective action [14]. However, in our clinical
case, we observed a transient episode of postoperative
delirium, which provides impetus for further research
in this area.

The results are consistent with recent
publications, which have noted a decrease in cardiac
complication rates in patients who underwent RIPC
before undergoing non-cardiac surgery [15].

However, several limitations should be noted.
The lack of preoperative troponin I testing significantly
limits the interpretation of postoperative dynamics, as
it is impossible to determine the direction of changes
relative to baseline. The patient's age (65 years), which
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falls within the lower end of the elderly patient
category, may have contributed to an underestimation
of the risk of postoperative delirium and should be
considered a limitation. Furthermore, the results are

5. Conclusions

This clinical case illustrates the use of RIPC in the
perioperative management of a high-risk cardiac
patient undergoing orthopedic surgery. The observed
clinical results, including the absence of a significant
increase in troponin, are consistent with previously
expressed hypotheses regarding the potential
cardioprotective effect of this technique. However, this
isolated case does not allow conclusions to be drawn
regarding the effectiveness of RIPC or to establish a
causal relationship between the intervention and
clinical outcomes.

Despite the potential neuroprotective effects of
RIPC discussed in the literature, a transient episode of
postoperative delirium was observed in this case,
further highlighting the complexity of interpreting
neurocognitive outcomes and the need for further
controlled studies.

Therefore, this case should be considered a
descriptive clinical observation that generates a
hypothesis, but not proof of the technique's
effectiveness. Further research is needed to
standardize protocols and identify patient categories
that benefit most from this technique.
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azalTy a4ici petiHae sepTreayse. KXypek XuMpypIriscbIHaH THIC KepAepae KYPTidiareH yAKeH paHAOMU3aIus1aHFaH
3epTTeylep CeHiMAl KAMHMKAABIK MalijacklH KepceTiiece Ae, JKeKe e3re >Kafjaiilap OHBIH KYHABLABIFBIH KepceTyi
MYMKiH.

bis >xocmap b1 opTOneANAABIK OTajaH ©TKEH >KoHe aHeCTe3NsI MHAYKIVICHIHAH Keltin Oipaen KNI sxacaaran
HayKaCThIH KAMHUKAABIK XKafaalibIH ychiHaMbI3. Haykacra otagas keitin TporionnH I genreiii 1, 2 xaHe 3-111i KyHAepi
KAABIINITH IIeKTepde KaAAbl XKoHe MMOKap/ 3aKbIMJAAHYBIHBIH KAMHMKAABIK HeMece ®AeKTpoKapAuorpadusiablk,
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Oearizepi Oailikaamagpr. OtagaH KeiiHri OipiHm KyHi ageAupuiidiH eTmeai »HM30Abl OalikaaAsl. /ereHMeH,
eM/JeyJeH KelliH OHBIH >KaFAalibl Te3 KaAIlblHa KeAAl, HayKaclleH KapbIM-KaTbIHAC TOABIKTAl CaKTaAbII, OafgapAasl
0oabI Kaa4sl. byiipex KbI3MeTi TypaKThl OOABII caKTaaAbl. IpiHAi-cenTiKaAbIK acKbIHy Aap OaliKaaMagsl.

bya kamHuMKaabK >Kardail >kofapbl KayinTi Haykactapda KUII kapAMOOpOTeKTOpABIK >KoHe JayAbl
HePOIIPOTEKTOPABIK, 9CePAEPiHiH BIKTMMAaAABIFEIH KOpCeTeAl JKoHe OCHI d4iCKe eH ce3iMTaa HayKacTapAblH Kimri
TOIITapbIH aHBIKTay YILiH KOCBIMIIIA 3epTTeyaep KYPTi3y KaXKeTTiAiriH kepceTteai.

TyitiH ce3aep: KaIIBIKTHIKTaH WIMEMISIABIK MTPEKOHAUINAAAY, KYPEeKTeH ThIC XUPYPIV, TPOIIOHUH,
MMOKap/4 3aKbIMAaAYbl, AeAUPUIL.

Kanmamaeckoe BaustHIIE AVCTAaHIIVMIOHHOTO NINeMmn4eCKOoro
IIPpEeKOHAVIIIMMOHNPOBAHMS Ha MMOKapAalabHOeE ITIOBpe’Xa4eHye 1 nocaeonepaumonﬂmﬂ
Zl,eilI/IpI/Iﬁ y repuaTpm4ieckoro mnaneHTa ¢ BbICOKMM KapdnalabHbIM PMICKOM,
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Pesrome

JVCTaHIIMOHHOe MIlleMIdecKoe IpeKkoHAunmonnposanne (AVII) paccmaTpuBaeTcst KaK MeTOJ, CHUKEHMS
UIIEeMIYECKI-perepPpy3MOHHOTO MOBPEXAEHUs BO BpeMs XUPYpPIMIecKMX BMellateaAbcTB. HecMoTps Ha 1O, 4TO
KpyIIHble paHAOMM3MpPOBaHHBIE HCCAeAOBaHUs B HeKapAMaAbHON XMPYpIUMM He ToKazaau yOeAUTeAbHBIX
KAVMHUYECKNX IIPEMMYILIECTB, OTA€AbHBIE CAydal MOTYT yKa3blBaTh Ha €r0 ITOTeHIVAAbHYIO LIEHHOCTb.

Mpbl mpeacraBasgeM KAMHMYECKMII cAydall € HalMEHTKOM, IepeHeclIeil I1AaHOBYIO OpTOIeANYecKylO
onepaiinio, Koropoii AVI1 66110 BEIIIOAHEHO Cpa3y IocJe MHAYKINY aHecTe3uu. B mocaeonepanmonHoM nepuose
yposenp TponoHmuHa I ma 1, 2 m 3 cyTku ocraBaacs B Ilepeiedax HOPMBI U ITOCAeJOBaTeAbHO CHIDKAACs, Oe3
KAVHUYECKUX U DAEKTpOKapAMorpadmyeckux IIPU3HAKOB IIOBPeXKAEHMS MUOKapAa. B mepBble cyTKu Iocae
ornepanuy OblA OTMeYeH TPaH3UTOPHBIN SMN304 Aeaupud. OAHako IOCAe IPOBeJeHHON Tepamnmuy COCTOSHUE
OBICTPO BOCCTAaHOBIAOCH, MaIjieHTKa OCTaBaJach OPMEHTHpPOBaHA, KOHTAKT C Hell coxpaHaAcsa. QPYHKIN ITOYeK
ocraBaJach ctabmapHo. He HabA104a40Ch THOMHO-CEIITUYECKUX OCAOKHEHIIA.

DTOT KAMHMYECKUII cAy4yail AeMOHCTPUPYeT BO3MOXHBIN  KapAMOIIPOTEKTMBHBINI U CIIOPHBIN
HeriponiporekTusHBbIT 9dpPexT ANIT y manmeHToB BLICOKOTO pucKa U ITO0AYEPKIUBaeT HEOOXOAMMOCTD AaAbHENIIIIIX
1ccAeA0BaHMI A4S BBIABAEHIA ITOATPYIIT ODOABHBIX, Ha0O0.Aee YyBCTBUTEABHBIX K JaHHOM MeTOANKe.

Kaiouesble ca0Ba: AMCTaHIMIOHHOE MIIEMMYECKOe ITPeKOHAUIIVMOHMPOBaHME, HeKapAuaAbHas XUPYPTus,
TPOIOHMH, MIOKapAaAabHOE OBPEeXACHNe, A AVIPUIA.
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