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1. INTRODUCTION

Vascular surgery is considered an intermediate-to-high-risk surgery as the risk
for 30-day cardiovascular mortality or myocardial infarction is estimated to be
greater than 5% in peripheral revascularisation surgery and open aortic aneurysm
repair and 1-5% in carotid endarterectomy (Boersma et al. 2005). Additionally,
vascular surgery increases the risk for renal insufficiency as postoperative acute
kidney injury (AKI) has been found to occur in 12.7-49% of patients undergoing
vascular surgery (Adalbert et al. 2013; Huber et al. 2016). Patients undergoing
vascular surgery usually have multiple comorbidities resulting from systemic
atherosclerosis. Coexisting diseases combined with major tissue trauma increase
the peri-operative risk, mainly in terms of cardiovascular events. Moreover, during
revascularisation surgery, ischaemia-reperfusion (I/R) injury and rhabdomyolysis
are inevitable, which increases the risk for kidney injury. Consequently, there
arises the need for an effective risk reduction strategy.

The protective effects of short nonlethal episodes of ischaemia on dog heart
were first described decades ago (Murry et al. 1986) and this phenomenon was
called ischaemic preconditioning (IPC). Later, the cardioprotective effects of
ischaemic precondition to distant tissues were described in terms of the discovery
that ischaemia episodes in one vascular bed offers protection also to another
vascular bed (Przyklenk et al. 1993), which was the first published evidence of
remote ischaemic preconditioning (RIPC). The effect of IPC on different organs
has been widely studied in animals and since 2006 also in humans (Cheung et al.
2006). The exact mechanisms of ischaemic conditioning are not known, but
during the last decade multiple pathways and biochemical markers involved in
achieving the effect of ischaemic conditioning have been discovered. Most
generally, humoral and neural pathways are believed to be involved (Aimo et al.
2015). Nevertheless, there are still uncertainties about the conditions under which
RIPC has a protective effect and about whether it should be performed routinely.
The metabolism of the human body and the heterogeneity between individuals
may also alter the effect of RIPC. Metabolomic profiling of RIPC, i.e. studying
the systemic effect of RIPC on low-molecular weight metabolites in humans may
therefore help to understand better the mechanisms and potential targets of
ischaemic conditioning and to find out what is essential for achieving the protective
effects of RIPC. Consequently, it is possible to select eligible patients for RIPC.

The present research was undertaken to assess the effect of RIPC on arterial
stiffness (i.e. hypertension mediated organ damage), on heart and kidneys and on
acylcarnitines’ metabolism in patients undergoing vascular surgery, as well as to
gain a better understanding of the mechanisms of RIPC and of the factors ensuring
its protective effects.
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2. REVIEW OF THE LITERATURE

2.1. Protective effects of remote ischaemic preconditioning
2.1.1. Ischaemia-reperfusion injury

In the case of prolonged ischaemia, accumulation of lactic acid and depletion of
ATP occurs, which leads to failure of Na*—K* and Ca*" pumps. This results in an
intracellular increase of Ca*" and Na™ and a decrease of K*, which can lead to cell
swelling decline in cellular integrity. Even though reperfusion of the ischaemic
tissue is necessary to prevent irreversible ischaemic damage, reperfusion itself
paradoxically also promotes further damage and dysfunction, which is called
reperfusion injury. In the event of restoring blood flow to ischaemic tissue,
oxygen is provided along with reactive oxygen species (ROS). In ischaemic
tissues, there is a lack of antioxidative agents, which causes oxidative stress. This
leads to inflammatory response, endothelial dysfunction, and to DNA and other
damage of cellular structure. The state of reperfusion damage may persist for
several days (Wu et al. 2018). The damage is not only local; there has been found
to occur also systemic stress response (Karg et al. 1997; Garcia-de-la-Asuncion
et al. 2012). It has been established that reperfusion causes microvascular
dysfunction both in local and distant tissues (Carden and Granger 2000) and
restoration of the blood flow in lower limbs leads to kidney, lung and liver
damage (Yassin et al. 2002). The target of RIPC is a situation where I/R injury is
present or there is a risk for it. In addition to preconditioning, ischaemic
conditioning has the potential for organ protection, being applied not only prior
to ischaemia, but also after ischaemia and before reperfusion (remote ischaemic
periconditioning, RIPerC) and similarly during reperfusion (remote ischaemic
postconditioning, RIPostC).

2.1.2. Study targets

The effect of RIPC on heart has been most intensively studied in heart-related
procedures like cardiac surgery and percutaneous transluminal coronary angio-
plasty (PTCA), where I/R injury is direct and often inevitable (Piper et al. 1998).
However, during cardiac surgery, secondary damage to the kidneys (Wang and
Bellomo 2017) or primary damage due to contrast dye in the case of PTCA
(Geenen et al. 2013) may occur and the nephroprotective effects of RIPC are of
great interest. Also, there is a risk for acute kidney and heart damage in other
major surgeries such as vascular surgery (Flu et al. 2010; Hobson et al. 2018).
Nowadays, the range of organs studied for the protective effects of RIPC is wide.
Increasingly more studies focus on the effects of RIPC on lungs (Weber et al.
2018), liver (Ruan et al. 2016; Koh et al. 2019), brain (Lv et al. 2020) and
intestines (Hummitzsch et al. 2019) — everywhere where I/R damage plays an
important role. One of the new directions is transplantation surgery involving
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liver (Jung et al. 2020), heart (Wang et al. 2019a) and kidney (Veighey et al.
2019). In addition to elective procedures, studies on RIPC have been shifted to
emergency situations such as myocardial infarction (Liu et al. 2016) and stroke
(Che et al. 2019). Possibly, interest in other acute ischaemic situations such as
mesenteric ischaemia or pulmonary embolism might be increasing. Also, the
effect of chronic ischaemic conditioning has been studied (Tong et al. 2019).
Nevertheless, the number of studies focusing on the effect of RIPC in vascular
surgery has been limited and the studies tend to be rather small or involving
important confounders.

2.1.3. Arteries and cardiovascular diseases

2.1.3.1. Endothelial function and arterial stiffness

Arterial stiffening is considered a characteristic of hypertension-mediated organ
damage in the latest version of the ESC/ESH guidelines for arterial hypertension
(Williams et al. 2018). Three studies have focused on the effects of RIPC on
arterial stiffness parameters. The first study (Zagidullin et al. 2016) found that
RIPC reduced MAP, augmentation index (Alx), and systolic blood pressure in
patients with stable angina pectoris and linked the effect to improvement in
endothelial function. Another study (Kuusik et al. 2019) demonstrated that RIPC
reduced significantly Alx and blood pressure in patients undergoing angiographic
procedures on the lower limb. However, the last study (Miiller et al. 2019) did
not find any effect of RIPC on arterial stiffness, blood pressure or heart rate in
young healthy adults. This can be explained by the assumption that the effect of
RIPC may be revealed only when damage, in this case, arterial stiffening, is
present, but young healthy adults presumably have normal arteries.

Multiple factors have been found to contribute to the mechanisms of RIPC,
with some being directly connected to endothelial function. It was recently shown
that RIPC reduces vasoconstriction induced by acetylcholine in patients under-
going elective coronary angiography (Corcoran et al. 2018). The positive effect
of RIPC on vasodilatation in the microvasculature has also been described (Lang
et al. 2019). In addition, several studies have demonstrated the role of nitric oxide
(NO), an endothelium-derived relaxing factor, in the mechanisms of RIPC in non-
clinical settings (Chen et al. 2005; Kang et al. 2013). Moreover, in a systematic
review, it was emphasized that RIPC promotes endothelial function and has a
long-term effect on lowering systolic and diastolic pressures and MAP (Epps et
al. 2016). Additionally, the beneficial effects of RIPC on arterial compliance can
be linked to increased numbers of endothelial progenitor cells and elevated
expression of vascular endothelial growth factor (Liu et al. 2013), but also to
activation of the parasympathetic nervous system (Donato et al. 2016).
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2.1.3.2. Peripheral artery disease and cerebrovascular disease.

Although intermittent claudication and other clinical forms of peripheral artery
diseases (PAD) can be viewed as chronic preconditioning, an additional effect of
RIPC has deserved attention. It has been found that four weeks of daily RIPC
prolongs the walking distance and relieves claudication symptoms in patients
with intermittent claudication (Balin and Kivrak 2019). Additionally, RIPC
demonstrated a positive effect on the initial claudication distance (Saes et al.
2013) and ankle-brachial index in patients with PAD (Shahvazian et al. 2017).
However, when performed only before treadmill walking test, RIPC has shown
contradictory results as Delagarde et al. did not find any effect of it on
claudication (Delagarde et al. 2015).

More studies have been published about the effect of RIPC in cerebrovascular
diseases. It has been found that RIPC offers neuroprotection in reducing infarction
size and improving neurological recovery after brain injury following hypothermic
circulatory arrest (Jensen et al. 2011) and ischaemic stroke (Ren et al. 2008; Du
et al. 2020) in animals. In addition, RIPC enhances collateral circulation (Zhang
et al. 2019). Protection from ischaemia and cell membrane preservation up to 2
days following RIPC has been described in patients with aneurysmal sub-
arachnoid haemorrhage (Gonzalez et al. 2013). Furthermore, daily RIPC has been
found to reduce the incidence of recurrent stroke from 26.9% to 7.9% during
300 days, to increase cerebral perfusion in patients with symptomatic athero-
sclerotic stenosis of the intracranial arteries (Meng et al. 2012) and to improve
neurological outcome after stroke (England et al. 2017). Also, in the case of
carotid endarterectomy, RIPC has been shown to reduce the size of brain lesions
(Zhao et al. 2017).

2.1.3.3. Heart diseases

The best studied organ regarding the effect of RIPC is possibly the heart and
relevant studies tend to be larger and to have more statistical power than those
addressing other organs. There are multiple positive results from animal studies
and from the proof of concept studies. In multiple trials on animals, RIPC has
reduced the size of infarct (Gho et al. 1996; Tang et al. 1999; Schoemaker and
van Heijningen 2000; Liem et al. 2002; Weinbrenner et al. 2002; Konstantinov et
al. 2005; Wolfrum et al. 2005; Zhang et al. 2006; Dong et al. 2018; Lieder et al.
2018; Bunte et al. 2019). However, there are other potential positive effects of
RIPC on the heart. For example, RIPC has been found to reduce reperfusion-
related arrhythmias (Dow et al. 2012; Jang et al. 2017), but also atrial fibrillation
in non-ischaemic conditions (Han et al. 2016). Also, RIPC has been found to be
useful in heart transplantation, as it reduces I/R injury in the brain-dead donor
heart (Konstantinov et al. 2005). The effect of RIPC in ischaemic heart diseases
is quite well studied. Still, besides consistent positive results from animal studies,
those from clinical studies are somewhat contradictory. Although there are some
larger RCTs that have described the cardioprotective effect of RIPC in patients
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under elective percutaneous coronary intervention (PCI) (Batker et al. 2010;
Pryds et al. 2016), three largest trials in patients undergoing coronary artery
bypass surgery found no clinically relevant cardioprotection by RIPC (Hong et
al. 2014; Hausenloy et al. 2015; Meybohm et al. 2015). The effect of RIPerC and
RIPostC has been more thoroughly studied in patients with ST-segment elevation
myocardial infarction (STEMI). Attenuation of cardiac damage has been
described in patients undergoing primary PCI (Crimi et al. 2013; Cao et al. 2018)
and higher rate of resolution of ST-segment elevation has been described in the
case of thrombolysis (Ghaffari et al. 2018). Moreover, RIPerC has appeared to be
feasible and safe in patients with STEMI and has not been found to prolong
bedside time. Patients with STEMI have even been suggested as an ideal group
for RIPC utilization (Martin-Gill et al. 2016).

The threat of cardiac damage is prevalent also in non-cardiac surgeries, espe-
cially in high risk procedures such as vascular surgery (Flu et al. 2010). RIPC has
been shown to reduce the leakage of troponin and the incidence of myocardial
infarction in patients undergoing open abdominal aortic aneurysm (AAA) repair
surgery (Ali et al. 2007). In contrast, neither of the more recent two larger trials
reported the benefit from RIPC to patients undergoing open AAA repair, carotid
endarterectomy or surgical lower limb revascularisation (Healy et al. 2015;
Garcia et al. 2016). Still, in a larger trial with patients undergoing emergency hip
fracture surgery, RIPC was found to reduce the risk of myocardial injury and
infarction (Ekeloef et al. 2019). Summing up, although many studies have dealt
with the cardioprotective effects of RIPC, it needs to be clarified who exactly will
benefit from this procedure in terms of cardioprotection.

2.1.4. Kidney injury

One of the organs of interest for application of RIPC is the kidney due to its
sensitivity to ischaemic injury. Ischaemia can occur in various surgeries; e.g. AKI
has been found to affect 12.7% of patients undergoing lower limb revascu-
larisation surgery (Adalbert et al. 2013) and even up to 30% patients requiring
cardiac surgery (Hobson et al. 2009). In addition, contrast-induced nephropathy
(CIN) is caused by medullary ischaemia and is a threat to many patients who need
an exam with contrast medium, e.g. PCI. According to a meta-analysis, RIPC was
found to reduce AKI in patients requiring cardiac surgery (Zhang et al. 2016;
Zhou et al. 2017) and in those undergoing PCI (Wang et al. 2017b). In a large
meta-analysis including studies on patients undergoing cardiac and vascular
surgery, AKI was reduced by RIPC, but the statistical heterogeneity of these
studies was high (Li et al. 2017). The nephroprotective effects of RIPC have also
been studied in patients undergoing non-cardiac vascular surgery. Although early
studies reported a nephroprotective effect (Ali et al. 2007; Walsh et al. 2009), the
last 3 large studies report no benefit (Healy et al. 2015; Garcia et al. 2016; Thomas
et al. 2016). Also, there is an increasing need for methods to reduce CIN and
RIPC has been even more studied in the light of this response. In a recent meta-
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analysis, it was concluded that RIPC is an effective procedure to reduce the risk
of CIN in patients undergoing PCI or coronary angiography, who have moderate-
to-high risk for developing CIN (Pranata et al. 2020). However, it was found
earlier that RIPC did not have any additional effect in preventing development of
CIN (Ghaemian et al. 2018). Regarding a more recently emerged area of interest,
i.e. transplantation medicine, RIPC improved long-term renal function after living-
donor kidney transplantation, when administered before the induction of anaes-
thesia (Veighey et al. 2019).

2.1.5. The most effective protocol for RIPC and its timing

No optimal RIPC protocol has been established to this date. Usually, a protocol
consisting of 3 or 4 cycles of 5-minute ischaemia is used. However, application of
such a protocol has led to both positive and negative outcomes. Some studies with
longer or shorter episodes or with a different number of cycles have had positive
outcomes. Most meta-analyses have reached the conclusion that an optimal RIPC
protocol is yet to be established. The first animal study (Murry et al. 1986) and a
human study (Cheung et al. 2006), which assessed the effect of ischaemic pre-
conditioning used a protocol of 5 min in a quadruple. It has been concluded that
4 to 6 RIPC cycles provided significant cardioprotection and that one- and two-
hind-limb preconditioning are equally protective (Johnsen et al. 2016). In a meta-
analysis, it was established that an ischaemia episode should last at least 5 minutes,
but no conclusions were drawn regarding the number of cycles (Pei et al. 2014).
In 1993, it was reported that the effect of RIPC can be observed up to 24 hours
after the preconditioning stimulus (Kuzuya et al. 1993). Two “windows” of the
effect of preconditioning have been described: the first lasting a few hours after
conditioning and the second appearing 24 hours after conditioning (Louko-
georgakis et al. 2005). The second “window” has been reported to last 24 to 72
hours after the preconditioning stimulus (Baxter et al. 1997). Daily ischaemic
preconditioning for a longer period has also been studied and the protocols are
similar to ischaemic conditioning with one or two sessions (Epps et al. 2016;
Maxwell et al. 2019). No complications of noninvasive ischemic conditioning
have been reported and it is well-tolerated by patients (Anttila et al. 2016; Guo et
al. 2019).
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2.2. Mechanisms of RIPC
2.2.1. Humoral factors of RIPC

2.2.1.1. Nitric oxide (NO)

Ischaemic conditioning performed directly or remotely has been described to
induce vasodilatation (Enko et al. 2011) and to preserve endothelial function
(Kharbanda et al. 2001, 2002; Loukogeorgakis et al. 2005). The role of NO, the
signalling molecule, which is iconic of endothelial function, has been studied in
the protective mechanisms of RIPC in different organs. RIPC was found to
increase the levels of intracoronary NO and was associated with cardiac salvage
(Arroyo-Martinez et al. 2016). Also, RIPC was reported to reduce liver (Abu-
Amara et al. 2011; Duan et al. 2017), brain (Vlasov et al. 2005) and kidney (Jung
et al. 2019) I/R injury by affecting the eNOS-NO pathway.

2.2.1.2. Anti-apoptotic and anti-inflammatory effects

I/R injury leads to cell death: during ischaemia, both necrosis and apoptosis
occur, but reperfusion enhances apoptosis even more (Eefting et al. 2004).
Ischemic conditioning has demonstrated anti-apoptotic effects by inhibition of
endogenous mitochondrial pathways (Lv et al. 2020) and reducing apoptosis by
activation of phosphoinositide 3-kinase (PI-3)/Akt signalling (Li et al. 2011).
Inflammation is the major response of the human body to tissue damage and has
an important role in I/R injury (Chen et al. 2017). As a protective mechanism, it
often helps to eliminate the cause of injury, yet it has harmful effects itself. To
avoid its unnecessary damage, inflammatory response can be modulated (Yang
et al. 2018; Zapata-Chavira et al. 2019).

One of the effects of RIPC is inducing a decrease in inflammation mediators,
among which hypoxia inducible factor-lo (HIF-1a) plays a key role in this
context (Yang et al. 2018). Ischaemic conditioning has also been found to reduce
the levels of proinflammatory cytokines (e.g. IL-1B, IL-6, TNF-a) and to increase
the levels of anti-inflammatory cytokines IL-10 (Kim et al. 2014; Xia et al. 2019)
and hence to reduce neutrophil activation. Suppression of inflammation leads to
suppression of reactive oxygen species (ROS), which ameliorates oxidative
status. In addition, the cardioprotective effects of RIPC have also been linked to
modulation of autophagy (Billah et al. 2020). The organ protective effect of RIPC
has been associated with both inducing (Rohailla et al. 2014; Wang et al. 2014)
and inhibiting (Gurusamy et al. 2009; Huang et al. 2010) autophagy. Inhibition
of the proapoptotic- and inflammatory pathways has been associated with
activation of the JAK2/STAT3 pathway (Cheng et al. 2014).
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2.2.1.3. Anti-oxidative stress

Along with inflammatory response to tissue damage caused by medical pro-
cedures and diseases, oxidative stress (OxS) is induced, which enhances total
tissue damage. There is evidence that the protective effects of RIPC are mediated
through opposing OxS (Arvola et al. 2016; Motomura et al. 2017). RIPC has been
shown to have antioxidative effects in renal I/R injury, which is linked to
preventing damage to the kidneys (Hussein et al. 2016; Dong et al. 2018; Hu et
al. 2018). In patients with STEMI undergoing PCI, RIPostC has been found to
increase the levels of powerful anti-oxidants such as glutathione peroxidase and
superoxide dismutase, as well as to increase total antioxidant capacity (Lotfollahi
et al. 2016). This probably plays an important role in the salvage of the myo-
cardium.

2.2.1.4. Mitochondria

I/R injury is associated with impairment of mitochondrial function. In addition,
inflammatory response promotes catabolic pathways, which increases the load on
mitochondria as they occupy a principal position in energy metabolism. Cardio-
protection by RIPC has been shown to occur along with improved mitochondrial
function (Gedik et al. 2017; Paez et al. 2019) in animals. Also, evidence suggests
that preservation of mitochondrial respiration is achieved by RIPC in humans
(Slagsvold et al. 2014) and that cardioprotection is related to mitochondrial
salvage (Kleinbongard et al. 2018).

2.2.1.5. Platelets

Platelets have major a role in thrombosis, haemostasis, atherogenesis and inflam-
mation, and have also been found to be important players in various types of
cardiovascular diseases (Malchow et al. 2017). Platelets also participate in the
protective mechanism of IPC. Specifically, a crucial role has been assigned to
serotonin, which is released by activated platelets and activates the VEGF/IL-
10/MMP8 pathway (Oberkofler et al. 2014). Also, platelet-derived microparticles
have been found to mediate the cardioprotective effects of RIPC (Ma et al. 2015).
The importance of platelets has been demonstrated by the finding that thrombo-
cytopenia and the lack of platelet serotonin abolishes the protective effect of
RIPC against hepatic I/R injury (Oberkofler et al. 2014). On the other hand, RIPC
had no effect on hemostasis or fibrinolysis, or on the occurrence of thromboem-
bolic complications in cancer patients who underwent surgery (Krag et al. 2019).
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2.2.1.6. Transcription - JAK-STAT pathway

The JAK-STAT signalling pathway is involved in many processes in the human
body, e.g. cell death and inflammation. Also, it has been found to be activated in
both the first and the second windows of RIPC (Hattori et al. 2001; Xuan et al.
2001). Among the STAT proteins, the one essential for achieving the effect of
RIPC is STAT3 (Oshima et al. 2005; Butler et al. 2006) and STATS (Heusch et
al. 2012; Bibli et al. 2014). STAT3 has been found to have a key role in apoptosis
(Yuan et al. 2004). In the second window, the main effect of activating STAT3 is
most probably reduction in cell apoptosis (Bolli 2000). STATS5 is believed to
induce cardioprotection in the second window by promoting angiogenesis,
releasing survival signals and inhibiting apoptosis (Chen et al. 2018). However,
the effect in the first window is not so clear. It has been suggested that the effect
in the first window may be evoked by posttranslational protein modification,
activation of supplementary intracellular kinases (Hattori et al. 2001), upregu-
lation of superoxide dismutase (S et al. 2001) and upregulation of inducible NO
synthase (Bolli 2000). RIPC has also been found to reduce the activity of Nf-kb,
and hence reduces the inflammatory response by reducing the transcription of
major pro-inflammatory cytokines (Cheng et al. 2014).

2.2.2. Neural pathways and RIPC

2.2.2.1. Sympathetic and parasympathetic nervous systems

The autonomic nervous system consists of sympathetic and parasympathetic
divisions that function in opposition to each other controlling all autonomic
functions, such as respirations, cardiac and vasomotor actions. The sympathetic
division is involved in actions requiring quick response, the so called ,,fight or
flight* response, while the parasympathetic division acts when the body is at rest
(,,rest and digest* activities). Chronic sympathetic overactivity is related to multiple
cardiovascular diseases (Fisher et al. 2009). The importance of afferent neural
pathways in cardioprotection has been proved on animal models, where sec-
tioning of peripheral limb nerves or vagus nerve abolished the protective effect
of RIPC (Donato et al. 2013). In the same study the electrical stimulation of vagus
nerve was shown to mimic the cardioprotective effect of RIPC and administration
of the antimuscarinic drug atropine was shown to reduce that effect, indicating
the involvement of vagus nerve and muscarinic receptors (parasympathetic nervous
system) in the mechanism of RIPC.

2.2.2.2. Opioid receptors

Opioid receptors are widely expressed in brain, spinal cord and multiple peripheral
organs and are known for their role in pain modulation. During RIPC procedure,
endogenous opioids such as endorphins, enkephalins and dynorphins are released
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to cause activation of opioid receptors that are found to be involved in mediating
the protective effect of RIPC (Aulakh et al. 2017). Opioids released into the
bloodstream act on myocardial opioid receptors that possibly also mediate the
cardioprotective effects (Randhawa and Jaggi 2017b).

2.2.2.3. Adenosine and bradykinin

Adenosine is a nucleoside that is found in different forms in all cells of the human
body. It is locally released during RIPC and stimulates sensory nerve endings and
activates the neural pathway, which leads to the cardioprotective effect, possibly
by activating the myocardial adenosine receptors (Dong et al. 2004). Intraarterial
infusion of adenosine has produced cardioprotection similar to RIPC, supporting
its importance in the mechanism (Liem et al. 2002).

Bradykinin is a proinflammatory peptide that acts on endothelial receptors,
causing vasodilatation. Similarly to adenosine, bradykinin is released locally
during RIPC procedure and participates in activating afferent neural pathways
that evoke the cardioprotective effect (Ng et al. 2019). Likewise, its intraarterial
infusion has been shown to induce cardioprotection (Schoemaker and van
Heijningen 2000).

2.2.2.4. TRPV1 channels

Transient receptor potential vanilloid 1 (TRPV1) channels are a part of the
transient receptor potential family of ion channels. These channels are expressed
in sensory nerve cells, innervating cardiovascular system, and are most often
associated with sensation of temperature and pain. They are also involved in
regulating calcium signalling, which makes them important in multiple cellular
processes (Aneiros et al. 2011). Activation of TRPV1 channels in RIPC is thought
to be involved in mediating the cardioprotective effect through stimulating the
release of calcitonin gene-related peptide and substance P (Randhawa and Jaggi
2017a). Activation of TRVP1 channels has also some anti-inflammatory effects:
it reduces the generation of free radicals, inhibits the production of inflammatory
cytokines and recruitment of inflammatory cells, as well as stimulates the pro-
duction of anti-inflammatory cytokines (Bujak et al. 2019). Administration of the
TRPV1 agonist capsaicin has been shown to enhance the protective effect of RIPC,
while its antagonist capsazepine seems to abolish it (Randhawa and Jaggi 2017a).
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2.3. Confounders to ischaemic conditioning
2.3.1. Age

As multiple studies have reported no effect of ischaemic conditioning, a range of
possible confounders have been highlighted, which may explain overall neutral
results. One of these confounders is age. It has been suggested that the release of
cardioprotective humoral factor(s) into the blood may be age-dependent (Heinen
et al. 2018). Although aged patients are at greater risk for many diseases and
complications and need protective measures, the effect of RIPC may be reduced
or abolished with aging. In animal studies, the cardioprotective effect of RIPC
has been found to disappear in aged rats (Behmenburg et al. 2017). Also, plasma
from aged preconditioned volunteers did not have any protective effects on rat
heart, while plasma from young preconditioned volunteers was found to initiate
cardioprotection (Heinen et al. 2018). Interestingly, plasma from the young had
also an effect on aged heart. Additionally, in a meta-analysis, the nephropro-
tective effect of RIPC was found to be more pronounced in younger patients
(Zhou et al. 2017). However, a large-scale clinical trial, which failed to show the
effectiveness of RIPC in heart surgery patients, did not suggest that age is a
confounding factor (Hausenloy et al. 2015).

2.3.2. Gender

Gender has been suggested to be a potential confounder, however human studies
assessing differences in the effect of RIPC between the genders are lacking. In
animal studies, females have been found to experience a weaker (Penna et al. 2009;
Ciocci Pardo et al. 2018) or no effect (Dow and Kloner 2007; Sachdeva et al.
2014; Heinen et al. 2018) of RIPC. Yet, a recent study on rat hearts demonstrated
no difference in cardioprotection by RIPC between the genders (Lieder et al.
2019). In addition, a retrospectively analysed human study did not reveal any
differences in the effect of IPC in cardioprotection (Kleinbongard et al. 2016).

2.3.3. Diabetes

There is some evidence that diabetes might decrease the effect of RIPC. Moretti
et al. found that the nephroprotective effect of RIPC is not present in diabetic
patients (Moretti et al. 2018). Additionally, RIPC showed no protection in hyper-
glycaemic endothelial cells in vitro (Schenning et al. 2015) and no cardiopro-
tection in diabetic rats compared to normoglycaemic rats (Wider et al. 2018).
Also, it has been suggested that diabetes reduces the cardioprotective effect of
RIPostC, but does not completely abolish it (Oosterlinck et al. 2013). Jensen et
al. showed that diabetes abolishes the cardioprotective effect of RIPC already at
the cost of chronic activation of cardioprotection by circulating O-linked B-N-
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acetylglucosamine (O-GIlcNAc) with no additional effect by RIPC in diabetic
patients (Jensen et al. 2013). Nevertheless, diabetic patients with concomitant PAD
have experienced positive effects of RIPC (Shahvazian et al. 2017) and improve-
ment of endothelial function (Maxwell et al. 2019). Moreover, a meta-analysis
showed that RIPC even tended to strengthen its nephroprotective effect in these
trials with a high percentage of participants with diabetes mellitus (Hu et al. 2016).

2.3.4. Anaesthesia and the role of propofol

The most widely discussed confounder to the effect of RIPC is supposedly
propofol. Two large studies with patients undergoing cardiac surgery blamed
propofol for their negative results (Hausenloy et al. 2015; Meybohm et al. 2015).
Also, a meta-analysis revealed that the protective effect of RIPC against AKI was
present only in a subgroup of the studies where propofol was not used (Pierce et
al. 2017). Loss of cardioprotection due to the use of propofol has also been
reported in animal trials (Behmenburg et al. 2018; Bunte et al. 2019). In addition
to propofol, sevofluran was also found to abolish the effect of RIPC in one study
(Cho et al. 2019). However, isoflurane anaesthesia showed cardioprotective
effects, while propofol did not (Kottenberg et al. 2012). Contrary to the above
results, RIPC offered a positive effect on leakage of TnT in patients who were
under propofol-anaesthesia compared to patients under volatile anaesthesia in a
systematic review; still, the number of patients who received volatile anaesthesia
was limited (Benstoem et al. 2018). It has been shown that propofol abolishes the
effect of RIPC only if administered before ischaemia, but not immediately after
it (Chen et al. 2020). Some possible explanations for propofol’s neutralising
effect have been suggested. As propofol has a phenolic structure similar to that
of the natural antioxidant a-tocopherol (Vasileiou et al. 2009) it has also anti-
oxidant properties (Gan et al. 2015). It has been proposed that the free radical
scavenging ability of propofol might attenuate the effects of RIPC (Kottenberg et
al. 2014). Additionally, propofol has been demonstrated to interfere with cardio-
protection by blocking the activation of the TRPV1 channel in cases of remote
preconditioning of trauma via surgical incision (Yu et al. 2019). Since RIPC has
also been found to activate TRPV1 channels (Kleinbongard et al. 2017), which
contributes to myocardial salvage from ischemia-reperfusion injury (Heymann et
al. 2017), propofol is likely to abolish the cardioprotective effect of RIPC by
blocking the activation of these channels.
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2.3.5. Regular medications

Quite few studies have assessed possible confounding medications affecting
RIPC. It has been described that beta-blockers may attenuate the cardioprotective
effect of RIPC (Zhou et al. 2013). Statins have been found to have synergistic
cardioprotective effects with RIPC through reducing the levels of pro-inflam-
matory and cardiospecific enzymes (El Desoky et al. 2016; Cho et al. 2019).

2.4. Metabolomics

Metabolites are essential for normal functioning of cells and their flux is influ-
enced by internal and external stimuli. Metabolomics (comprehensive analysis of
metabolites) is an innovative way to study the mechanism and objectives of
ischaemic conditioning. During recent years, metabolites, including those with
low-molecular weight, have been increasingly used as diagnostic and prognostic
tools in clinical science. For example, in addition to traditional risk factors for
atherosclerotic cardiovascular disease, the metabolome at large has been pro-
gressively studied. The metabolomic signatures differ between patients with
advanced atherosclerosis and clinically healthy controls (Zagura et al. 2015). In
particular, the levels of acylcarnitines (ACs) are different in patients with various
stages of PAD and in those without PAD (Ismaeel et al. 2019). There are limited
number of studies that have assessed the effect of RIPC on low-molecular weight
metabolites. The effect of RIPC on amino acids and biogenic amines that are
mainly involved in energy metabolism has been described (Chao de la Barca et
al. 2016; Olenchock et al. 2016; Wang et al. 2018). The effect of RIPC is thought
to be attained via multiple combined factors. Although there are some data about
the actions of RIPC their exact mechanisms, including the actions on the meta-
bolome, are still unknown.

2.4.1. Acylcarnitines

ACs are esters of L-carnitine and fatty acids and due to the existence of different
fatty acids (Wishart et al. 2018), a large set of ACs, generally divided into short,
medium and long chain ACs (denoted as SCACs, MCACs and LCACs), can be
produced. For the transportation of fatty acids into mitochondria for beta-
oxidation, the coenzyme A group is attached and is displaced further by carnitine
to form acylcarnitine. The latter is able to enter the mitochondrial matrix, where
it can be broken down by carnitine palmitoyl transferase II to release activated
fatty acid to enter the process of beta-oxidation (McGill et al. 2014). It is crucial
to produce LCACs as the mitochondrial inner membrane is impenetrable for long
chain fatty acids. The increase of LCACs is most commonly associated with
metabolic disorders such as mitochondrial dysfunction and genetically determined
enzyme deficiencies. Based on previous studies, decrease of the levels of ACs
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can be associated with preserved mitochondrial function (Bjerndal et al. 2018),
whereas their increase has been linked to increased mortality in patients with
chronic heart failure (Reuter and Evans 2012) and to worse prognosis in those
with IgA nephropathy (Makrecka-Kuka et al. 2017). Several carnitine esters and
members of the ACs’ family are elevated in patients with PAD (Ismaeel et al.
2019). Nevertheless, the impact of ACs in clinical practice is unknown as relevant
studies are lacking. Considering the results of the studies published on ACs, the
knowledge of the ACs profile may facilitate assessment of the patients’ general
metabolic milieu, mitochondrial functioning and prognosis.

Plasma ACs have a different origin. The main precursors of SCACs are
branched chain amino acids (BCAAs), but some SCASs are also produced by the
catabolism of glucose and some triglycerides. MCACs and LCACS are only
derived from fatty acid metabolism, whereas carnitine is required for transporting
long-chain fatty acids into mitochondria (Makrecka-Kuka et al. 2017). Plasma
SCASs have been found to be released from the liver (Schooneman et al. 2015),
MCAUC:s, from the skeletal muscles and liver (Xu et al. 2016) and LCACs from
the heart (Makrecka-Kuka et al. 2017). Summing up, although the exact origin of
plasma ACs is not clear, basing on assessment of the whole ACs spectrum,
conclusions can be drawn about whole-body acylcarnitine metabolism.

2.5. Summary of the literature review

RIPC is an experimental procedure in which short episodes of ischaemia are
induced in order to offer protection to the tissues of distant organs. Protective
effects of RIPC for heart, kidneys and other organs, as well as to tissues sensitive
to ischaemia have been described in procedures where ischaemia-reperfusion
injury occurs. Nevertheless, the results are still quite contradictory. The exact
mechanisms of RIPC are unknown, but multiple neural and humoral pathways
along with biochemical markers involved in achieving the effect of RIPC have
been discovered during recent decades. However, still little is known about the
effects of RIPC on arterial stiffness and metabolomics, and only a few studies
have assessed the impact of RIPC on vascular surgery. The most effective
protocol of RIPC has not yet been established, although protocols consisting of
3—4 cycles of 5-minute ischaemia are most commonly used. It is not clear who
and under what circumstances will benefit the most from RIPC, but some possible
confounders have been described: age, gender, concomitant diseases and certain
medications.
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3. AIMS OF THE THESIS

The general aim of this thesis was to evaluate the effect of RIPC on multiorgan
(arteries, heart, kidneys) salvage and on acylcarnitines’ metabolism in association
with vascular surgery and to find out associations between the achieved effect
and the clinical characteristics of the patients.

Specific aims:

1. To evaluate the effects of RIPC on arterial stiffness in patients undergoing
vascular surgery

2. To assess the effect of RIPC on the cardiospecific biomarkers and to establish
clinical characteristics associated with these biomarkers in patients under-
going vascular surgery

3. To estimate the effect of RIPC on kidney biomarkers in patients undergoing
lower limb revascularisation surgery

4. To measure the effect of RIPC on acylcarnitines’ metabolism in patients
undergoing vascular surgery
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4. SUBJECTS AND METHODS

4.1. Study group

Patients undergoing open surgery for repair of infra-renal AAA or surgical lower
limb revascularisation surgery (for intermittent claudication or critical limb
ischaemia, common femoral artery endarterectomy, aorto(bi)femoral or femoro-
popliteal or femorotibial or iliofemoral bypass surgery) or carotid endarterectomy
(for symptomatic or asymptomatic carotid stenosis) were enrolled non-con-
secutively. Signed informed consent was obtained from each patient. The study
was carried out at the Department of Vascular Surgery, Clinic of Surgery, Tartu
University Hospital, from January 1, 2016 to February 8, 2018.

The exclusion criteria were the following: age under 18 years, pregnancy,
known malignancy in the past 5 years, permanent atrial fibrillation or flutter,
symptomatic upper limb atherosclerosis, the need for oxygen therapy at home,
estimated preoperative glomerular filtration rate (¢GFR) < 30 ml/min/1.73 m2,
myocardial infarction in the past month, previous history of upper limb vein
thrombosis or vascular surgery in the axillary region, and inability to follow the
study regimen.

4.2. Study design and eligibility

This was a one-centre, prospective, randomised double-blinded sham-controlled
clinical trial. The study was approved by the Research Ethics Committee of the
University of Tartu (protocol nr 252/M-24), and was registered in the
ClinicalTrials.gov database (NCT02689414).

4.3. Methods
4.3.1. Intervention

The protocol of RIPC consisted of four 5-minute episodes of ischaemia, which is
one of the most commonly described protocols in previous studies (Zarbock and
Kellum 2016; Zhou et al. 2017). The intervention was performed with a blood
pressure cuff on an upper arm. Ischaemia was achieved by raising cuff pressure
to 200 mm Hg or, when the patient’s blood pressure exceeded 180 mm Hg, to a
value that was 20 mm Hg higher than the value of his/her systolic blood pressure.
Patients’ blood pressure was measured at the same time on the contralateral arm
with the blood pressure cuff or directly via a cannula needle in an artery. In the
sham group, the pressure in the cuff was equal to venous pressure (1020 mm Hg).
Between all episodes, there was a S-minute period of reperfusion. The inter-
vention was started along with preparation for anaesthesia in the operating
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theatre. Participation in the study did not influence any other aspects of treatment
(surgery, anaesthesia or medication use). The author of this academic dissertation
who was the principal investigator and was responsible for enrolment of patients,
for performing the intervention and for data storage.

4.3.2. Randomisation

Randomisation was accomplished using a block design with block size 2 or 4 and
stratification. The WINPEPI (PEPI-for-Windows) computer program was used
to generate a random allocation sequence. Patients were stratified by surgery
(aneurysm repair or other), age (under or over 65 years) and the American Society
of Anaesthesiologists’ (ASA) physical status classes 2, 3 or 4. By using these
differentia, 16 strata were created. The allocation letter was kept in an opaque
sealed envelope and opened immediately before the intervention when patients
arrived in the operating theatre. Randomisation and the opaque sealed envelopes
were arranged by a third party. Patients were randomly allocated at a ratio of 1:1
in parallel to the RIPC or the sham group.

4.3.3. Blinding

The patient, patient’s physician, surgeon, anaesthesiologist and everyone else in
the surgical team were blinded to study intervention. The principal investigator
(T.K.) was responsible for performing the intervention and while keeping the
scale of the manometer concealed throughout the intervention. In principle,
patients were able to feel pressure in the cuff, but their group affiliation and the
pressure required to achieve preconditioning was not revealed to them. The
statistician was blinded to the meaning of group affiliation.

4.3.4. Outcomes

The co-primary outcomes were augmentation index (Alx) and carotid-femoral

pulse wave velocity (PWV).

The secondary outcomes were:

o arterial elasticity indices

o central and peripheral blood pressure and heart rate

o cardiac biomarkers: high sensitivity troponin T (hs-TnT) and N-terminal pro
b-type natriuretic peptide (NT-proBNP);

o traditional biomarkers of renal function: urea and creatinine;

o novel biomarkers of renal function: neutrophil gelatinase-associated
lipocalin (NGAL), liver-type fatty acid binding protein (L-FABP), kidney
injury molecule-1 (KIM-1), cystatine C, beta-2 microglobulin;
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o markers of inflammation and oxidative stress: oxidized low-density
lipoprotein (oxLDL), interleukin-18 (IL-18), myeloperoxidase (MPO),
isoprostanes

o acylcarnitines

o complications of remote ishcaemic preconditioning: upper-extremity deep
vein thrombosis, acute upper limb ischaemia.

4.3.4.1. Biochemical analysis of blood and urine

Blood samples were collected in the morning of surgery, and at 2 hours, 8 hours
and at approximately 24 hours of surgery, and urine samples were collected in the
morning of surgery and 24 hours after surgery. The last blood and urine collection
was set as close as possible to 24 hours after surgery provided that the patient had
fasted for at least 3 hours. Analysis of hs-TnT, NT-proBNP, cholesterol, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides,
creatinine, urea, beta-2 microglobulin, cystatin C, hs-CRP and complete blood
count were analysed in the United Laboratories of Tartu University Hospital.
Serum for analysis of oxLDL, IL-18, MPO, NGAL was extracted after centri-
fugation and stored in the refrigerator at —80 °C until measurements in the
laboratory of the Department of Biochemistry, University of Tartu. Urine samples
for analysis of isoprostanes, creatinine, L-FABP and KIM-1 were also centrifuged
and stored in the refrigerator at —80 °C and analysed in the same laboratory.

4.3.4.2. Targeted serum metabolite profiling

The levels of low-molecular weight metabolites were analysed using the
AbsoluteIDQp180 kit (Biocrates Life Sciences AG, Innsbruck, Austria). The
analytical procedure was performed according to the manufacturer’s standard
protocol in the laboratory of the Department of Biochemistry, University of
Tartu. In brief, for targeted analysis of metabolites, the internal standard was
pipetted onto a 96-well extraction plate and 10 uL of serum was added to each
well. Drainage was achieved with nitrogen and derivatisation was performed with
phenyl isothiocyanate. Measurements were accomplished with QTRAP 4500
(ABSciex, USA) coupled to an Agilent 1260 series HPLC (USA) using the C18
column and flow injection analysis. The vendor’s software with internal standards’
intensities was used to calculate the concentrations of metabolites.

4.3.4.3. Parameners of arterial stiffness and peripheral and
central haemodynamics

Arterial stiffness was evaluated with measurements of carotid-femoral PWV, Alx
and small and large artery elasticity indices. PWV and Alx were measured with
Sphygmocor XCEL PWA and PWV (AtCorMedical, Sydney, Australia) pre-
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operatively and approximately 24 hours postoperatively. The measurements were
carried out in the resting state with the patient having fasted and not having
smoked for at least three preceding hours. For Alx assessment, the brachial wave-
form was captured by the machine inflating the cuff partially. The central aortic
waveform and pulse wave analysis were generated by SphygmoCor Brachial
GTF. The Alx, AIx@?75, central blood pressure, pulse pressure, and mean arterial
pressure were provided. Two or three measurements were performed. If the
difference between two measurements was greater than 2 units (%) in the case of
Alx and/or 1 unit (%) in the case of AIx@75, a third measurement was performed
and the median value of three measurements was used for final analysis. The
median value was to reduce the possible impact of one dissimilar measurement.
Otherwise, the mean value of two measurements was used. For blood pressure
and heart rate, the mean value of two or three measurements was used in the final
analysis.

For PWV assessment, femoral and carotid pulse waves were recorded simul-
taneously. The femoral waveform was captured by the machine inflating the cuff
partially over the thigh. The carotid waveform was captured by applanation tono-
metry. At least two quality PWV measurements with a maximum difference of
0.5 m/s were obtained and the mean value of these measurements was used for
the final analysis.

The elasticity indices of large (C1) and small (C2) arteries were obtained non-
invasively using the HDI/PulseWave CR-2000 research CardioVascular Profiling
System (Hypertension Diagnostics, Inc., MN, USA). At least two quality measure-
ments were required with a maximum difference of 2 in C2 and 3 in C3. The
mean value of these measurements was used for the final analysis.

4.3.5. Statistical analysis

Sample size calculation was performed based on one of the co-primary outcomes —
Alx@75. As no previous studies had dealt with the effect of RIPC on AIx@75 or
other parameters of vascular stiffness, no data required for calculation of sample
size were available. Hence, sample size was calculated based on the data of the
first 30 participants. Also, as the postulated prediction was unidirectional, one-
tailed Welch’s t test was used for calculation of sample size. The desired study
power was set at 80% and the magnitude of the effect to be obtained was 5% of
the difference in AIx@75 between the study group and the sham group. The
calculated sample size was 44 for each group.

Categorical variables were compared with Pearson’s chi-square test. The
difference of continuous variables between two groups were compared using the
two sample t-test for data with a normal distribution or with the Wilcoxon rank
sum test in the case of a data with a non-normal distribution. The significance of
change of continuous variables within one group was calculated with the paired
T-test for data with normal distribution or Wilcoxon signed rank test in the case
of a data with non-normal distribution. For statistical analysis of multiple
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repeated measures, analysis of variance (ANOVA) or multivariate analysis of
variance (MANOVA) for repeated measures was used. For assessing correlations
between cardiac enzymes and other clinical parameters, Spearman’s correlation
coefficient was employed. All tests were performed as two-way tests. Data with
a normal distribution is presented as mean and standard deviation (SD) and data
with a non-normal distribution is presented with median and interquartile range.

For correction for multiple comparisons, Benjamini-Hochberg procedure was
used to control false discovery rate. A p value of < 0.05 was considered to be
indicative of statistical significance. Kolmogorov-Smirnov test was used for
testing the normality of distribution.

Statistical analysis was performed by a qualified statistician of the University
of Tartu.
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5. RESULTS

Ninety-eight patients were recruited and randomised into study groups. After
dropouts, the data of 45 patients in the RIPC group and 48 patients in the sham
group was used in the final data analysis. The detailed patient flow is shown in
Figure 1. The reason for not measuring arterial stiffness twice was the patient’s
stay in the intensive care unit. In 42 patients (93%) of the RIPC group and in 45
(96%) patients of the sham group, blood was collected at all time points:
preoperatively and at 2 hours, 8 hours and 24 hours postoperatively. In 3 patients
of the RIPC group and in 2 patients of the sham group, blood collection was
missed either at 2 hours or 8 hours after surgery. The median time from the end
of the intervention to the beginning of surgery did not differ significantly
(p=0.057) between the RIPC (36 min, IQR 21-46 min) and the sham group
(25 min, IQR 15-38 min). The change in eGFR through all time points was
similar between the groups (p=0.369). The median change in eGFR from baseline
to 24 hours postoperatively was 2 mL/min/1.73m? (IQR —3—5 mL/min/1.73m?;

Patients randomised

Patients allocated to Patients allocated to
RIPC n=49 sham n=49
| |
DROPOUT DROPOUT
- 1 patient underwent resurgery - 1 patient underwent resurgery
before termination of the trial before termination of the trial
- 2 surgeries were cancelled

- 1 early discontinuation due to
prolonged hypotension after
induction of anaesthesia

FINAL ANALYSIS n=45 FINAL ANALYSIS n=48
- carotid endarterectomy n=9 - carotid endarterectomy n=12
- open aortic surgery n=8 - open aortic surgery n=7
- lower limb revascularisation surgery n=28 - lower limb revascularisation surgery n=29
Data exclusion for analysis based on Data exclusion for analysis based on blood
arterial stiffness parameters samples
- In 1 patient second arterial stiffness - 1 patient refused from repeat blood
assessment was not performed sampling
Data exclusion for analysis based on
arterial stiffness parameters
- In 2 patients second arterial stiffness
assessment was not performed

Figure 1. Patients’ flow chart for the remote ischaemic preconditioning (RIPC) group
and the sham group in vascular surgery
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p=0.401) in the RIPC group and 1 ml/min/1.73m? (IQR —8—5 mL/min/1.73m?;
p=0.393) in the sham group with no significant difference between the groups
(p=0.348). The baseline characteristics of the two groups were similar (Table 1)
and there were no significant differences between the groups regarding the
characteristics of surgery (Table 2). No patient experienced complications of RIPC
(upper-extremity deep vein thrombosis, acute upper limb ischaemia) nor
considered the procedure intolerable.

Table 1. Baseline characteristics of the vascular surgery patients allocated to remote

ischaemic preconditioning (RIPC) or sham procedure

Variable RIPC (n=45) | SHAM (n=47) | p-value
Age, years (SD) 67 (£9) 66 (+10) 0.577
Male, n (%) 36 (80) 32 (68) 0.288
BMI, kg/m2 (SD) 26.3 (£6.4) 26.5 (£6.7) 0.840
ASA 2,n (%) 18 (40) 19 (40) 1
ASA 3, n (%) 20 (44) 22 (47) 0.986
ASA 4, n (%) 7 (16) 6 (13) 0.933
ACEI or ARB, n (%) 21 (47) 30 (64) 0.148
Calcium channel blockers, n (%) 9 (20) 17 (37) 0.135
Beta-blockers, n (%) 11 (24) 19 (40) 0.158
Statins, n (%) 13 (29) 14 (30) 1
Diabetes, n (%) 5(11) 8 (17) 0.607
Myocardial infarction, n (%) 8 (18) 3 (6) 0.172
Stroke, n (%) 10 (22) 12 (26) 0.899
Smoker (current or ex-smoker), n (%) 40 (89) 42 (89) 1
PSBP, mm Hg (SD) 143 (£18) 141 (£16) 0.537
PDBP, mm Hg (SD) 78 (£11) 79 (£11) 0.674
CSBP, mm Hg (SD) 131 (£15) 130 (+14) 0.634
CDBB, mm Hg (SD) 79 (£11) 81 (x11) 0.522
MAP, mm Hg (SD) 99 (£12) 100 (£11) 0.678
Heart rate, bpm (SD) 66 (£9) 67 (£11) 0.754
Cholesterol 5.0 (4.2-5.7) 5.0 (3.9-5.6) 0.793
LDL 34 (8.1-10.4) | 3.3(2.5-3.8) 0.500
HDL 1.1 (0.9-1.4) 1.1 (1.0-1.3) 0.311
Triglycerides 1.6 (1.3-1.8) 1.5 (1.2-2.0) 0.787
Alx, % (SD) 36 (£11) 34 (£13) 0.467
Alx@75, % (SD) 32 (£11) 30 (£13) 0.517
PWV, m/s (IQR) 9.4 (8.1-10.4) | 8.7(7.9-9.8) 0.233

BMI — body mass index; ASA — American Society of Anaesthesiologists’ physical status score;
ACEI - angiotensin-converting-enzyme inhibitor; ARB — angiotensin II receptor blocker; PSBP —
peripheral systolic blood pressure; PDBP — peripheral diastolic blood pressure; CSBP — central
systolic blood pressure; CDBP — central diastolic blood pressure; MAP — mean arterial blood
pressure; Alx — augmentation index; AIx@75 — augmentation index corrected for a heart rate of 75
beats per minute; PWV — pulse wave velocity; SD — standard deviation; IQR — interquartile range
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Table 2. Characteristics of vascular surgery of patients allocated to remote ischaemic
preconditioning (RIPC) or sham procedure

RIPC (n=45) = SHAM (n=47) p-value

General anaesthesia, n (%) 24 (53) 28 (60) 0.6941
Spinal anaesthesia, n (%) 21 (47) 18 (38) 0.548
Intravenous anaesthesia, n (%) 0 1(2) 1
Administration of propofol, n (%) 19 (42) 26 (55) 0.295
Carotid endarterectomy, n (%) 9 (20) 12 (26) 0.701
Lower limb revascularisation, n (%) 28 (62) 28 (60) 0.963
Open aortic aneurysm repair, n (%) 8 (18) 7 (15) 0.927
Infusion during surgery, ml (IQR) 1200 1350 0.858
(1000-2100) (1000-1600)

Blood loss during surgery, n 8 (18; 1157) 13 (28; 754) 0.379
(% average ml)

Duration of surgery, min (IQR) 108 (89-135) | 112 (84-156) | 0.827
Hospitalisation to 3rd level intensive 1(2;4) 4(9;2.25) 0.384

care unit, n (%; average days)

IQR — interquartile range

5.1. Effect of RIPC on arterial stiffness (Paper I)
5.1.1. Comparison between the groups: effects of RIPC

The baseline values of arterial stiffness parameters did not differ between the
groups (Table 1). There were no significant differences between the RIPC and
sham groups, regarding changes 24 h post-operatively, in Alx (p=0.828), Alx@75
(p=0.837), PWV (p = 0.701), C1 (p=0.785), C2 (p=0.635), or mean arterial
pressure (MAP, p=0.676).

5.1.2. Post-operative changes within the RIPC and the sham group

There were significant improvements at approximately 24 h post-operatively in
Alx, AIx@75, and C2 within both groups, but changes of PWV and C1 were not
significant (Figure 2). In the RIPC group, changes of the arterial stiffness
parameters were as follows: PWV mean change —0.3 m/s, (SD 1.7); AIx median
change —5.8 %, (IQR —15-0); AlIx@75 median change —2.5%, (IQR —9.8-0.5);

C1 median change 0.5 mL/mmHg x 100, (IQR —1.6-3.7; C2 median change
0.7 mL/mmHg x 100, (IQR 0-3.4). In the sham group, the changes in the arterial
stiffness parameters were the following: mean change in PWV —-0.4 m/s,
(SD 1.4); median change in Alx —5.5%, (IQR —13.5-0.5); median change in
Alx@75 2%, (IQR —10.0-1.0); median change in Cl1 0.1 mL/mmHg x 10,
(IQR —1.7-2.5); median change in C2 0.85 mL/ mmHg x 100, (IQR 0-2.2). All
haemodynamic changes were statistically significant in both groups (Figure 3).
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*p<0.05; **p>0.05
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*
-6 W sham
*
*
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-10
Alx (%)  AIX@75 (%) PWV (m/s) c1 c2
(ml/mmHgx (ml/mmHg x
10) 100)

Figure 2. Changes in the arterial stiffness parameters in the remote ischaemic
preconditioning (RIPC) group and in the sham group in vascular surgery. Alx —
augmentation index (%); AIx@75 — augmentation index corrected for heart rate of 75
beats per minute (%); PWV —pulse wave velocity (m/s); C1 — large artery elasticity index;
C2 — small artery elasticity index.

*p<0.001; **p=0.013

5

* ok * ok * ok * ok * ok
0
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Figure 3. Changes in the haemodynamic parameters in the remote ischaemic pre-
conditioning (RIPC) group and in the sham group in vascular surgery. MAP — mean artrial
pressure; CSBP — central systolic blood pressure; CDBP — central diastolic blood pressure;
PSBP — peripheral systolic blood pressure; PDBP — peripheral diastolic blood pressure.
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5.2. Effect of RIPC on cardiac damage biomarkers (Paper Il)
5.2.1. Hs-Troponin T

The baseline hs-TnT did not differ statistically (p=0.900) between the RIPC
group (median 10.4 ng/L IQR 7.1-14.7 ng/L) and the sham group 10.5 ng/mL
(IQR 7.2-15.3 ng/L). Hs-TnT increased significantly more in the sham group
compared to the RIPC group during follow-up at 2 hours, 8 hours and 24 hours
after surgery (p<0.001, Figure 4). Also, the difference in the peak change of
hs-TnT between the RIPC group (median change 0.6 ng/L; IQR —0.7-2.1 ng/L)
and the sham group (median change 2 ng/L; IQR 0.9-6.2 ng/L) was statistically
significant (p=0.003). With regard to within-group differences, the increase of
hs-TnT from the baseline to its maximum value was statistically significant in
both groups (p<0.001).

ER -
WRIPC (n=45) -
H B RIPC (n=45) T
- n=47) | I
A sham | B § —| B sham (n=47) !
g 4 p=0.14 — I S 1
*p=0.26 - ' . : 'p=0.001 |
_ “*<0.001 i : 1 i “0<0.001 ‘ |
3w — —_ H ! ' ; 8 - "p=002 i !
£ ! - T i ! i : 5 ® ! |
= : | I i : | ! { £ | :
£ : i i | : ; : 2. |
[ i i i ! | | o 2 w
£ 1 3 ! - i | . s e T |
g i i 1 ; 1] i ;
£ : ?g 1 ‘
3 T —_ /
5 < : ‘
24 !
o |
0 ' ] Qo
: ' 1 ] : ' : : o
S S T T O S A T - ‘ :
4 L = | — " I ! N
e o i i
Pre-operatively 2 h post- 8 h post- 24 h post- Pre-operatively 24 h post-operatively
operatively operatively operatively
Time points Time points

Figure 4. Changes in cardiac biomarkers in the remote ischaemic preconditioning (RIPC)
group and in the sham group in vascular surgery A Changes in high-sensitivity troponin
T across the time points B Changes in N-terminal pro b-type natriuretic peptide
(NT-proBNP); *p-value for the change in the RIPC group; ** p-value for the change in
the sham group;***p-value for the changes between the groups

5.2.2. NT-proBNP

The baseline median NT-proBNP value was 99 pg/mL (IQR 56—232 pg/mL) in
the RIPC group and 143 pg/mL (IQR 63—312 pg/mL) in the sham group (p=0.419).
A significant increase of NT-proBNP was noted both in the RIPC (median
increase 51 pg/mL, IQR —12—-196 pg/mL) and sham groups (median increase
144 pg/mL, IQR 17-318 pg/mL, Figure 4). The difference in the increase bet-
ween the groups was statistically significant (p=0.020).
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5.2.3. Cardiac complications

Two patients were diagnosed with decompensation of heart failure and a new
onset of atrial fibrillation was diagnosed in one of them. In the other patient, a
marked increase of hs-TnT (596 ng/L) was detected, but there were no ECG
changes, nor did the patient have angina. Both of these patients were from the
sham group. No patient was diagnosed with perioperative myocardial infarction.
Four patients in the sham group and one patient in the RIPC group were
hospitalised to a 3rd level intensive care unit after surgery (p=0.384). There were
no statistically significant differences between the groups regarding the charac-
teristics of surgery (Table 2).

5.2.4. Correlations between cardiac biomarkers and
clinical parameters (Table 3)

Positive correlation between gender (male<female) and increase of hs-TnT
(p=0.36; p=0.015) and NT-proBNP (p=0.38; p=0.010) was established in the
RIPC group. There was also correlation between increase of hs-TnT and baseline
AlIx (p=0.29; p=0.051) in the RIPC group. Negative correlation (p=0.30; p=0.042)
occurred between pretreatment with statins and increase of hs-TnT in the RIPC
group. There was positive correlation (p=0.46; p=0.027) between increase of NT-
proBNP and increase of PWYV in the sham group. Positive correlation occurred
between administration of propofol and increase of NT-proBNP both in the RIPC
group (p=0.46; p=0.001) and in the sham (p=0.37; p=0.012) group. Negative
correlation was found between type of anaesthesia (general<spinal) and increase
in NT-proBNP both in the sham (p=0.34; p=0.019) and RIPC group (p=0.36;
p=0.016). Also, negative correlation occurred between hs-TnT and eGFR both in
the RIPC group (p=0.47, p=0.001) and in the sham group (p=0.37, p=0.010)
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5.3. Effect of RIPC on kidney biomarkers
in the subgroup of patients undergoing lower
limb revascularization surgery (Paper Ill)

5.3.1. The effect of RIPC on kidney biomarkers in serum and urine

Creatinine increased significantly more in the sham group than in the RIPC group
(p=0.021, Figure 5) through all time points (from baseline to 2, 8 and 24 hours
after surgery). The eGFR decreased significantly more in the sham group
(p=0.015, Figure 5). There was no significant change in urea between the groups
through all time points (p=0.067, Figure 5). The change in cystatin C and beta-2
microglobulin was significantly different between the groups (p-values 0.021 and
0.024, respectively, Figure 5). Creatinine, cystatin C, and beta-2 microglobulin
increased and eGFR decreased significantly more in the sham group than in the
RIPC group through all time points (p= 0.021, p=0.024, p=0.021, and p=0.015,
respectively, Figure 5). The change in NGAL levels did not differ between the
groups (p=0.174). When comparing the two timepoints, baseline and 24 hours
after surgery, the increase in creatinine, eGFR, urea, cystatin C and beta-2 micro-
globulin was significantly smaller in the RIPC group (p=0.003, p=0.005, p=0.041,
p=0.022, p=0.033, respectively, Table 4). In 4 patients (14%) from the sham
group and in 1 (4%) patient from the RIPC group, AKI could be diagnosed based
on the KDIGQ’s criteria, however, the difference was insignificant (p=0.604)

The level of KIM-1 in urine increased significantly both in the RIPC group
(change median 930, IQR —81-3078, p=0.001) and in the sham group (change
median 1238, IQR -124-3097, p=0.006), but there was no difference between the
groups (p=0.935). The change in urinary L-FABP level was not statistically
significant in either group, nor was there any difference between the groups in
this respect (p=0.710, Table 4).

There was a significant increase in creatinine (p=0.011), eGFR (p=0.007),
cystatin C (p=0.038) and beta-2 microglobulin (p=0.013) in the sham group
through all time points (Figure 5). There was a significant decrease in urea
(p=0.050, Figure 5) and a significant increase in NGAL (p=0.001) in the RIPC
group through all time points. The change in creatinine, urea, cystatin C and beta-
2 microglobulin was not statistically significant in the RIPC group (p>0.05) and
the change in urea and NGAL was not statistically significant in the sham group
(p>0.05) (Table 4).
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Figure 5. Statistically significant changes between the sham group and the remote
ischaemic preconditioning (RIPC) group in creatinine, estimated glomerular filtration rate
(eGFR), urea, cystatin C, beta-2 microglobulin and in the ratio of urinary isoprostanes to
creatinine in patients undergoing lower limb revascularisation surgery. *p-value for the
change in the RIPC group; ** p-value for the change in the sham group; ***p-value for
the changes between the groups
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5.4. Effect of RIPC on the levels of acylcarnitines (Paper IV)

5.4.1. Changes in the levels of ACs in the RIPC and
sham groups (Table 5)

A significant decrease (p<0.05) was detected both in the sham and the RIPC
group in the levels of the following ACs: C2, C8, C10,C10:1, C12,C12:1, C14:1,
C14:2,C16,C16:1,C18, C18:1, C18:2. In the sham group, there was a significant
increase (p<0.05) in the levels of CO (carnitine) and a significant decrease in the
level of C18:1-OH. In the RIPC group, a significant decrease (p<0.05) was noted
in the levels of C3-OH, C3-DC (C4-OH), C6:1, C9, C10:2. There was a signi-
ficant difference between the groups regarding the changes in C3-OH (p=0.023):
there was a significant decrease (—0.007 pumol/L, SD 0.020 pmol/L, p=0.023) in
the RIPC group and an insignificant increase (0.002 umol/L, SD 0.015 pmol/L,
p=0.481) in the sham group.

Table 5. Changes in the levels of acylcarnitine esters from baseline to 24 hours after
vascular surgery in the remote ischaemic preconditioning (RIPC) group and in the sham
group. Data are shown as mean change + standard deviation.

SHAM RIPC RIPC vs

Change p- Change p- SHAM

(nmol/L) value (umol/L) value || p-value

Co0 5.094 (£14.137)| 0.017| 4.211 (£14.795)| 0.063 0.706
C2 —1.137 (£3.082)| 0.015] —1.258 (+2.862)| 0.005 0.791
C3 0.011 (+0.313) | <0.001| —0.078 (+0.385)| <0.001 0.243
C3-DC —0.003 (£0.026)| 0.394| —0.008 (+£0.027)| 0.049 0.723
C3-OH 0.002 (+0.015)| 0.481] —0.007 (+0.02)0| 0.023 0.023
C3:1 —0.000 (£0.015)| 0.956] —0.002 (+0.017)| 0.458 0.608
C4 0.017 (0.111) | <0.001| —0.013 (+0.117)| <0.001 0.204
C4:1 0.002 (+0.015)| 0.268] —0.003 (+0.018)| 0.223 0.098
C5s 0.004 (+0.116) | <0.001| —0.037 (+0.153)| <0.001 0.055
C5-DC (C6-OH) 0.001 (+0.030)| 0.847] 0.003 (+0.024)| 0.427 0.724
C5-M-DC 0.011 (£0.036)| 0.050] 0.008 (+0.039)| 0.187 0.399
C5-OH (C3-DC-M) | —0.002 (£0.016)| 0.468] —0.003 (£0.018)| 0.350 0.677
C5:1 0.001 (+0.014)| 0.782] —0.004 (+0.022)| 0.244 0.058
C5:1-DC 0.003 (+0.014)| 0.093] —0.002 (+0.016)| 0.530 0.182
C6 (C4:1-DC) —0.007 (+0.040)| 0.242] —0.008 (+0.042)| 0.203 0.764
Cé:1 —0.000 (£0.001)| 0.871] —0.001 (+0.002)| 0.048 0.107
C7-DC —0.002 (+0.012)| 0.183] —0.002 (+0.011)| 0.215 0.903
C8 —0.053 (+0.109)| 0.002] —0.052 (+0.085)| <0.001 0.966
C9 0.000 (+0.019)| 0.864] —0.008 (+0.021)| 0.023 0.059
C10 —0.103 (£0.166) | <0.001| —0.115 (+£0.183)| <0.001 0.935
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SHAM RIPC RIPC vs
Change p- Change p- SHAM
(nmol/L) value (umol/L) value || p-value

C10:1 —0.030 (£0.054) | <0.001] —0.033 (+0.043)| <0.001 0.686
C10:2 20002 (0.021)|  0.442| —0.009 z0.021)| 0.007|[ 0.145
C12 —0.026 (£0.062) | <0.001] —0.026 (+0.048)| <0.001 0.840
C12-DC —0.007 (+0.026)| 0.070] 0.000 (+0.027)| 0.914 0.180
C12:1 —0.024 (£0.050)| 0.002| —0.033 (+0.034)| <0.001 0.216
C14 —0.005 (+£0.023)| <0.001] —0.002 (+0.032)| <0.001 0.904
C14:1 —0.026 (£0.046) | <0.001] —0.022 (+0.027)| <0.001 0.938
C14:1-OH 0.000 (+0.010)| 0.826] —0.001 (+0.011)| 0.510 0.518
Cl4:2 Z0.011 (£0.015)| <0.001| —0.007 z0.014)| 0.002|[ 0.153
C14:2-OH —0.000 (+0.022)| 0.938] 0.002 (+0.013)| 0.254 0.972
C16 —0.036 (+0.040) | <0.001| —0.029 (+0.035)| <0.001 0.367
C16-OH —0.002 (£0.012)| 0.325] —0.003 (+0.017)| 0.289 0.760
C16:1 —0.012 (+0.018)| <0.001] —0.010 (+0.017)| <0.001 0.648
C16:1-OH —0.003 (£0.009)| 0.054| —0.003 (+0.011)| 0.072 0.826
C16:2 —0.003 (+0.018)| 0.310] —0.002 (£0.017)| 0.412 0.935
C16:2-OH —0.001 (+0.008)| 0.435] —0.000 (+0.009)| 0.876 0.891
C18 —0.494 (£0.787) | <0.001| —0.619 (£0.990)| <0.001 0.803
C18:1 —0.057 (£0.051)| <0.001| —0.050 (+0.043)| <0.001 0.453
C18:1-OH —0.006 (+0.014)| 0.005] —0.000 (+0.016)| 0.924 0.098
C18:2 —0.015 (£0.015) | <0.001| —0.018 (+0.016)| <0.001 0.454

5.4.2. Correlations between change in hs-TnT and
changes in the levels of ACs (Table 6)

In the RIPC group, there were significant positive correlations between change
in hs-TnT and change in C4 (p=0.38, p=0.01), C10 (p=0.38, p=0.010), C10:1
(p=0.38, p=0.010), C12:1 (p=0.31, p=0.037), C18:1 (p=0.32, p=0.030) and
C18-OH (p=0.35, p=0.019). In the sham group, there was a significant negative
correlation between change in hs-TnT and change in C5-OH (p=-0.34, p=0.021).
No other significant correlations were observed between changes in the levels of
hs-TnT and ACs in the sham group.

5.4.3. Correlations between change in NT-proBNP and
changes in the levels of ACs (Table 6)

In the RIPC group, a significant positive correlation occurred between change in
NT-proBNP and change in C16:2 (p=0.34, p=0.021). In the sham group, a signi-
ficant positive correlation occurred between change in NT-proBNP and change
in C18 (p=0.31, p=0.031) and a significant negative correlation occured between
change in NT-proBNP and change in C16:1 (p=-0.35, p=0.016)
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Table 6. Correlations between cardiac biomarkers (i.e.high sensitivity troponin T and
NT-proBNP) and acylcarnitines for vascular surgery patients who were allocated to the
remote ischaemic preconditioning (RIPC) or sham procedure

Hs-TnT NT-proBNP
RIPC p* | SHAM RIPC | p* |SHAM| p*
(n=45) m=47) | p* || (n=45) (n=47)

Co —0.08 0.608 | —0.13 | 0.360 0.10 | 0.516 0.01 | 0.928
C2 0.20 0.190 | —0.07 | 0.638 0.03 | 0.855 0.18 | 0.236
C3 0.202 | 0.184 0.20 | 0.18 —0.08 | 0.608 | —0.04 | 0.765
C3-DC 0.08 0.613 | —0.01 | 0.935 0.13 ] 0.411 0.06 | 0.748
C3-OH 0.11 0.467 | <0.01 | 0.983 || —0.06 | 0.705 | —0.01 | 0.958
C3:1 0.06 0.706 0.05 | 0.730 0.18 | 0.246 | —0.16 | 0.283
C4 0.377 | 0.01 —0.05 |0.734 0.10 | 0.532 | —0.26 | 0.081
C4:1 0.15 0322 | -0.04 | 0.764 0.18 |1 0.230 | —0.03 | 0.844
Cs 0.207 | 0.172 | —0.07 | 0.630 0.04 | 0.770 0.07 | 0.621
C5-DC 0.18 0.230 | -0.29 | 0.050 0.15 1 0.320 | -0.16 | 0.276
C5-M-DC —0.08 0.588 | —0.10 | 0.489 || <0.01 | 0.976 | —0.05 | 0.739
C5-OH 0.13 0.379 | —0.34 | 0.021 || —0.06 | 0.719 0.14 | 0.359
Cs:1 —0.14 0.356 | —0.02 | 0.874 0.13 1 0.403 | —0.13 | 0.402
C5:1-DC 0.07 0.647 | -0.14 | 0.352 0.15 1 0.318 | —0.19 | 0.208
Ceo 0.24 0.119 0.04 | 0.788 || —0.05 | 0.725 | —0.01 | 0.960
Ceé:1 0.19 0.206 0.08 | 0.581 0.16 | 0.309 | —0.02 | 0.909
C7-DC 0.07 0.639 | —0.08 | 0.580 0.18 | 0.241 0.28 | 0.055
C8 0.26 0.087 | —0.15 | 0.323 0.24 | 0.112 0.05 | 0.754
C9 0.26 0.086 | —0.01 | 0.964 0.09 | 0.575 | -0.02 | 0.904
C10 0.38 0.010 | —0.12 | 0.416 0.30 |1 0.049 | —0.10 | 0.519
C10:1 0.38 0.010 | -0.12 | 0.404 0.18 1 0.225 | —0.12 | 0.405
C10:2 0.04 0.795 | —0.08 | 0.595 0.08 | 0.587 0.06 | 0.667
C12 0.17 0.272 0.05 | 0.754 0.02 | 0.888 0.08 | 0.603
12-DC —0.07 0.644 | —0.10 | 0.50 —0.06 | 0.719 | -0.17 | 0.251
C12:1 0.31 0.037 | —0.06 | 0.672 0.18 | 0.232 | -0.04 | 0.797
C14 0.06 0.691 | -0.02 | 0.915 0.25 | 0.100 0.03 | 0.824
C14:1 0.14 0349 | —0.11 | 0.444 0.15 1 0.311 | —0.05 | 0.741
C14:1-OH 0.10 0.531 | -0.19 | 0.207 0.25 | 0.100 | —0.208| 0.160
C14:2 0.22 0.140 | —0.07 | 0.656 0.13 |1 0.405 | —0.23 | 0.120
C14:2-OH —0.15 0.327 | —0.09 | 0.559 || —0.09 | 0.552 | —0.05 | 0.757
C16 —0.11 0.478 | —0.08 | 0.584 0.06 | 0.691 | —0.03 | 0.855
C16-OH —0.22 0.147 0.10 | 0.516 0.09 | 0.554 0.08 | 0.587
C16:1 —0.15 0.341 | —0.25 | 0.090 0.10 | 0.500 | —0.35 | 0.016
C16:1-OH —0.10 0.521 0.24 | 0.112 0.19 | 0.217 0.14 | 0.364
C16:2-OH 0.12 0.451 | -0.13 | 0.370 0.13 1 0.396 | —0.02 | 0.909
C18 0.05 0.745 | —0.11 | 0.476 0.17 | 0.268 0.315| 0.031
C18:1 0.32 0.030 | —0.15 | 0.300 0.15 [ 0.329 | -0.13 | 0.389
C18-OH 0.35 0.019 | —0.07 | 0.628 0.12 |1 0.431 | —0.27 | 0.07

C18:2 0.16 0.297 | <0.01 | 0.995 0.14 |1 0.359 | —0.04 | 0.785
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6. DISCUSSION

6.1. Effect of RIPC on arterial stiffness during
vascular surgery

Studies that have assessed the effect of RIPC on arterial stiffness are limited while
no study has assessed the effect of vascular surgery on arterial stiffness. As RIPC
has been proven to have positive effects on endothelial function and on Alx
(Zagidullin et al. 2016; Kuusik et al. 2019), its positive effect on arterial stiffness
could be expected.

Until today, evidence about the clinical significance of RIPC is lacking as most
studies have either not had clinically relevant outcomes or have not presented
positive results regarding clinical measures. PWV, the “gold standard” parameter
of measuring arterial stiffness, has been shown to predict cardiovascular events
and all-cause mortality (Vlachopoulos et al. 2010). If RIPC alters positively
PWYV, its clinical value would be evident. However, as PWYV is a relatively constant
parameter, it may need daily preconditioning for a longer period to reveal the true
effect of RIPC. As RIPC has produced a positive effect on Alx (Zagidullin et al.
2016; Kuusik et al. 2019), which is more labile parameter of arterial stiffness,
then its effect on PWV is even more likely. Considering that our study (Paper I)
demonstrated no effect of RIPC on any parameter of arterial stiffness, its true
effect on arterial stiffness is hard to evaluate based on the present study. This can
be due to a number of confounders that originate primarily from surgery and
anaesthesia. Vascular surgery as a high-risk procedure is in needs protective
measures. Until our study was performed, it was completely unknown how
vascular surgery affects arterial stiffness and whether its change is related to
cardiovascular events. Based on our study (Paper I), vascular surgery has a positive
impact on decreasing arterial stiffness parameters measured approximately 24
hours after surgery. However, the decline in arterial stiffness 24 hours after
surgery reflects not only the effects of vascular manipulation, but also the impact
of anaesthesia and perioperative medication, as well as the impact of acute stress
from the trauma caused by surgery itself. Yet the results from the Paper I, indi-
cating that surgery and anaesthesia with medication may affect arterial stiffness
and haemodynamics, have some clinical relevance. Perioperative monitoring of
arterial stiffness, an independent predictor of cardiovascular events and mortality,
may facilitate guided treatment and prevention of the cardiovascular risks of
patients undergoing vascular surgery. Perioperative increase of central haemo-
dynamics and arterial stiffness may result in elevated cardiac afterload and
reduced coronary perfusion, which presumably leads to a greater risk of
cardiovascular events (myocardial infarction, heart failure, stroke, etc.).

Perioperative leakage of cardiac enzymes may be associated with cardio-
vascular events as it has been linked to increased risk for 30-day mortality (Redfern
et al. 2011; Vascular Events In Noncardiac Surgery Patients Cohort Evaluation
(VISION) Study Investigators et al. 2012). Nevertheless, there was no correlation

43



between leakage of cardiac enzymes and change in the parameters of arterial
stiffness in our study (Paper I1). Although our study may have been too small to
evaluate correlations between clinical outcomes and changes in the parameters of
arterial stiffness, it is still possible to draw some conclusions. Notably, changes
in the parameters of arterial stiffness are not associated with cardiac damage
(Paper II). However, there was positive correlation between baseline Alx and
increase of hs-TnT in the RIPC group, which indicates that the protective effect
of RIPC is more pronounced in patients with lower baseline Alx (Paper II). This
finding may imply a stronger effect of RIPC in young participants, as younger
people principally have better arterial compliance and hence lower Alx. Although
in our study there were no correlations between leakage of cardiac enzymes and
age, the weight of person’s vascular age on the effect of RIPC may be more
substantial than that of his/her biological age.

In longer term, the material and location of vascular graft may have a crucial
impact on arterial stiffness, in particular, on PWV. Finally, the long-term effect
of vascular surgery on arterial stiffness may be completely different from the
immediate effect, which needs additional studies.

6.2. Impact of RIPC in cardioprotection:
from clinically non-substantial changes
to clinically relevant effects

Cardioprotective effects of ischaemic conditioning is the most widely studied
(Annachhatre and Annachhatre 2019) issue in this field. There are multiple
animal studies, which have demonstrated that RIPC reduces the size of myocardial
infarction(Gho et al. 1996; Tang et al. 1999; Schoemaker and van Heijningen
2000; Liem et al. 2002; Weinbrenner et al. 2002; Konstantinov et al. 2005;
Wolfrum et al. 2005; Zhang et al. 2006; Dong et al. 2018; Lieder et al. 2018;
Bunte et al. 2019). These data, when translated to humans, may help to maintain
physical capability and also quality of life. Unfortunately, human studies showing
a positive effect of RIPC on cardiac enzymes or size of myocardial infarction,
with simultaneous assessment of quality of life, are missing. A large study reported
no clinical effect (including quality of life) in patients undergoing cardiac surgery
(Hausenloy et al. 2015). However, the above trial found no effect of RIPC on
enzymatic cardiac damage. There are several “proof of concept” studies on
humans that have obtained positive results (Hausenloy et al. 2007; Venugopal et al.
2009; Wang et al. 2019b). Many studies on RIPC, including our study, have used
cardiospecific biomarkers as primary or secondary outcome. In recent years,
more studies have concentrated on the clinical benefit of RIPC (Hausenloy et al.
2015; Meybohm et al. 2015). Studies focusing on clinical outcomes have mostly
obtained neutral results (Hausenloy et al. 2015; Meybohm et al. 2015). Similarly,
a number of meta-analyses showed no effect of RIPC on all-cause mortality,
myocardial infarction, renal failure, stroke or length of ICU or hospital stay in
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patients undergoing cardiovascular surgery (Haji Mohd Yasin et al. 2014;
Remote Preconditioning Trialists’ Group et al. 2014; Pierce et al. 2017). Also,
one meta-analysis has presented positive effects on cardiospecific biomarkers, but
not on clinical outcomes (Xie et al. 2018). Despite the fact that according to some
meta-analyses, RIPC reduces the incidence of myocardial infarction (Pei et al.
2014; Wang et al. 2017a), definite final conclusions about its clinical benefit
regarding cardioprotection cannot be drawn.

Postoperative leakage has also some clinical value in predicting vascular and
non-vascular 30-day mortality. It has been reported that the higher is post-
operative leakage of TnT, the higher is mortality (Redfern et al. 2011; Vascular
Events In Noncardiac Surgery Patients Cohort Evaluation (VISION) Study
Investigators et al. 2012). Likewise, micro-leakage of TnT predicts mortality and
subsequent myocardial infarction in patients undergoing elective PCI (Milani et
al. 2009). Also, postoperative elevation of BNP or NT-proBNP has been
associated with increased risk for mortality, myocardial infarction and cardiac
failure (Rodseth et al. 2013). Based on the above findings, we can assume that
the effect of RIPC in reducing cardiospecific biomarkers may have some clinical
value. Still, there is no proof that reducing perioperative or -procedural leakage
of cardiospecific biomarkers leads to better long-term outcomes. Leakage of
cardiac biomarkers may merely have a predictive value without affecting the
clinical result.

In our study (Paper 1), RIPC displayed its cardioprotective effects by reducing
the leakage of hs-TnT and NT-proBNP in association with vascular surgery.
However, our study was probably too small to detect any significant differences in
clinical outcomes in the acute postoperative period. Still, as the increase of NT-
proBNP was significantly higher in the sham group, RIPC might have an effect
in lowering the rate of perioperative acute heart failure. This is supported by the
fact that two cases of acute heart failure occurred in the sham group but none in
the RIPC group (Paper II). Still, a larger study is needed to evaluate the relevance
of this observation, as well as the overall effect of RIPC on the cardiovascular
system. A negative correlation between change in hs-TnT and change in eGFR
occurred in both groups while the correlation was stronger in the RIPC group
(Paper II). Therefore, the increase of hs-TnT may have been more likely
connected with the decrease in kidney function in the RIPC group than in the
sham group.

According to Cochrane systematic review RIPC reduces leakage of TnT but
does not have any impact on clinical outcomes assessed as the composite endpoint
(including all-cause mortality, myocardial infarction, or stroke) in cardiac surgery
(Benstoem et al. 2018). Negative results from studies may be explained with
presence of important confounders (e.g propofol anaesthesia) and the hetero-
geneous nature of patient groups. Furthermore, the heterogeneity of individual
studies is a major drawback in meta-analysis. In addition, the majority of studies
assessing cardioprotection have been conducted on patients undergoing cardiac
surgery or elective PCI, while only some studies have focused on patients with
acute diseases. For example, remote ischaemic conditoning has been found to
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reduce leakage of cardiospecific biomarkers and to preserve left ventricular
contractility (Cao et al. 2018), as well as to reduce cardiac mortality and hospital-
ization for heart failure (Gaspar et al. 2018) in patients with STEMI. This suggests
that the effect of RIPC may be more pronounced in specific circumstances, e.g.
in type I acute myocardial infarction. Moreover, animal studies are usually per-
formed in the case of acute occlusion of coronary artery and many of them have
shown that IPC reduces infarction size (Gho et al. 1996; Tang et al. 1999;
Schoemaker and van Heijningen 2000; Liem et al. 2002; Weinbrenner et al. 2002;
Konstantinov et al. 2005; Wolfrum et al. 2005; Zhang et al. 2006; Dong et al.
2018; Lieder et al. 2018; Bunte et al. 2019). However, additional, preferably
homogeneous, large studies are needed to verify these assumptions. It should be
clarified which patients would experience a strong protective effect of RIPC. The
results of Paper Il suggest that the effect of RIPC is stronger in those vascular
surgery patients who are treated with statins, but also in patients with lower aug-
mentation index, and hence with better arterial compliance, and in male patients.
There is also similar proof from previous studies (El Desoky et al. 2016; Cho et
al. 2019).

In conclusion, the clinical benefit of RIPC regarding heart is yet to be estab-
lished. Future research should be more concentrated on patient-related outcomes
as the protective concept of ischaemic conditioning has been quite well proved.

6.3. Role of RIPC in nephroprotection:
a strategy to reduce acute kidney injury
in lower limb revascularisation surgery?

AKI is a possible complication of many acute diseases and medical procedures.
Vascular surgery is high-risk surgery in which postoperative AKI has been found
to occur in 12.7-49% of patients (Adalbert et al. 2013; Huber et al. 2016). In
revascularisation, serious I/R injury and clinically insignificant rhabdomyolysis
are inevitable and increase the risk for kidney injury. Perioperative AKI is related
to higher cardiovascular morbidity, mortality, risk for chronic kidney injury and
longer hospitalisation. Moreover, elevation of creatinine level even below the
AKI criteria has been linked to adverse outcome both in cardiac (Lassnigg et al.
2008) and non-cardiac surgery (Kork et al. 2015). Nonetheless, AKI has still
remained an underdiagnosed and undertreated problem and effective strategies to
avoid or reduce AKI are lacking. In this light, RIPC has emerged as a possible
strategy to reduce AKI. A relatively large study whose primary outcome was
postoperative renal function showed that RIPC reduces the rate of AKI within the
first 72 h after surgery, the need for kidney replacement therapy and the intensive
care unit stay in patients requiring cardiac surgery (Zarbock et al. 2015). Addi-
tionally, long-term kidney protection and improved renal recovery in the case of
AKI were reported in a follow-up analysis (Zarbock et al. 2017). Two large
studies, RIPHeart (Meybohm et al. 2015) and ERICCA (Hausenloy et al. 2015),
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where postoperative kidney function was a secondary outcome and propofol
anaesthesia was used, no benefit of RIPC on kidney function was reported in
patients undergoing elective coronary artery bypass grafting surgery with or
without valve surgery. However, in a meta-analysis, RIPC reduced the incidence
of AKI in studies where propofol was not administrated (Pierce et al. 2017).
Hence, it seems that propofol may be an important confounder to nephroprotection
by RIPC. In our study, RIPC showed a nephroprotective effect by lowering kidney
injury biomarkers in a subgroup analysis of patients undergoing lower limb
revascularisation surgery (Paper III). However, in the whole study group, no
significant effect of RIPC was observed however. This may have been due to the
administration of propofol, as carotid endarterectomy and abdominal aortic
aneurysm repair were both performed under general anaesthesia, propofol being
the most common anaesthetic. Also, propofol was administered to 25% of
patients undergoing lower limb revascularisation surgery in the RIPC group.
Because of this, the true effect of RIPC might have been underestimated. It was
not possible to accurately evaluate the presence of AKI according to the KDIGO’s
criteria (Khwaja 2012) that require AKI to be diagnosed on the basis of creatinine
and urine output changes within 7 days. Our trial, however, lasted only 24 hours
after surgery (Paper III). Still, in a subgroup analysis of patients undergoing lower
limb revascularisation surgery AKI was present in 4 patients (14%) in the sham
group and in 1 patient (4%) in the RIPC group during the follow-up period, yet
the difference was not statistically significant (Paper III). However, it is likely
that more patients developed AKI in the post-trial period. Moreover, we excluded
patients with eGFR <30 mL/min/1.73m? who were at greater risk for AKI. In the
earlier studies, one of the exclusion criteria was also ¢GFR <30 mL/min/1.73m?
(Hausenloy etal. 2015; Meybohm et al. 2015). At the same time, studies assessing
the nephroprotective effect of RIPC in patients with more severe chronic kidney
disease are missing.

Taken together, RIPC might be a clinically valuable option for vascular surgery
patients to reduce the incidence of AKI, especially as well-established procedures
for decreasing perioperative AKI are lacking. Reduction in perioperative AKI
could shorten hospital stay and improve prognosis. Furthermore, RIPC is a low-
cost procedure and, according to our findings, it is easily applicable and well
tolerated by patients, facilitating its usage in clinical practice.

6.4. Shifts in acylcarnitines’ metabolism after RIPC:
a novel insight into potential mechanisms/targets of RIPC?

Unfortunately, no studies have evaluated the effect of RIPC on carnitine (CO)
level and on the profile of all acylcarnitines (C2-C18). Still, relevant conclusions
can be drawn based on our study I'V). Paper IV reports the positive effect of RIPC
in lowering the levels of several ACs in patients undergoing vascular surgery,
which is also an evidence of its effect on the ACs’ profile in plasma. According
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to previous studies, decrease of the levels of ACs can be associated with preserved
mitochondrial function (Bjerndal et al. 2018). The knowledge of the ACs profile
may facilitate assessment of patients’ general metabolic milieu, mitochondrial
functioning and prognosis. As ACs have a different origin in plasma, plasma ACs
does not directly reflect whole-body acylcarnitine metabolism (Schooneman et
al. 2015), but it allows to make some conclusions about its metabolism in certain
organs. Plasma SCASs have been found to be released from liver (Schooneman
et al. 2015), while plasma MCACs are released from skeletal muscles and liver
(Xu et al. 2016) and LCACs, from heart (Makrecka-Kuka et al. 2017). It should
be noted that the hepatoprotective effect of RIPC has been reported previously
(Kanoria et al. 2017; Wu et al. 2019). In our study, there occurred an increase of
some SCACs levels in the sham group and no increase of ACs in the RIPC group
(Paper IV).

Evidently, the stress caused by surgery enhances the catabolism of BCCA in
liver in order to produce additional metabolic energy, which is accompanied by
an increase of plasma SCACs. RIPC has been found to intensify hepatic oxy-
genation and hepatic microcirculation via the activation of eNOS (Abu-Amara et
al. 2011), as well as to increase the expression of protector proteins including heme
oxygenase 1 (Cornide-Petronio et al. 2019), which preserves mitochondrial func-
tionality. Hence, by using RIPC, the produced SCACs can be spent more effi-
ciently. Considering the above findings, it can be supposed that RIPC might have
a protective effect on liver.

In addition, we currently found a significant difference in the levels of C3-OH
between the RIPC and the sham group (Paper V). Surgery increases the demand
for metabolic energy and may also cause elevated level of ketone bodies leading
to production of C3-OH. The above significant difference could be explained by
a more effective elimination of this SCAC or by a lesser need for ketone bodies
in case RIPC is applied. Moreover, Paper IV describes positive correlations
between decrease of cardiac biomarkers (NT-proBNP and hsTnT) and decrease
of several ACs in the RIPC group. This allows to suggest cardioprotective effects
based on shifts in the levels of ACs. However, further studies are needed to
corroborate these assumptions.

Summing up, according to our study, it can be concluded that RIPC has an
effect on the levels of ACs and can therefore have protective effects on mito-
chondria in patients undergoing vascular surgery. Further research is needed to
make more definite conclusions about the effect of RIPC on the levels of ACs.

6.5. Possible causes of contradictory results
from human studies

While animal studies have consistently reported positive effects of RIPC, studies

on humans have shown more contradictory results. Animal studies are easier to
perform in a uniform manner while human studies involve many confounders
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which are difficult to avoid; also, human study populations tend to be more hetero-
geneous. The present study was faced with similar issues. Long-term research of
the effects of ischaemic conditioning with varying results allows to suggest that
ischaemic conditioning has beneficial effects only under certain conditions and
in certain patients. Various factors have been found to mitigate or abolish the effect
of ischaemic conditioning (e.g. propofol, gender, age, diabetes etc.) (Penna et al.
2009; Oosterlinck et al. 2013; Pierce et al. 2017; Zhou et al. 2017; Behmenburg
et al. 2018; Heinen et al. 2018; Moretti et al. 2018; Wider et al. 2018; Bunte et al.
2019). Also, as the effect of RIPC may vary in high and low risk patients, this
may explain in part the contradictory results. All these confounders may have
played a certain role in the results of our study: propofol usage, inclusion of diabetic
patients and absence of limitations regarding gender and age. Most human studies
have failed to avoid these possible confounders, first and foremost usage of pro-
pofol for anaesthesia (Hausenloy et al. 2015; Meybohm et al. 2015). Yet as pro-
pofol is a standard drug for sedation worldwide, it would be complicated to apply
propofol-free sedation in clinical practise. Hopefully more homogenous or larger
studies will be conducted in future. This would help to clarify the true effect of
RIPC, as well as the issue of suitability of patients to be selected for RIPC.

At the same time, there is a possible cause of negative results which could be
easier to modified. Only a few papers have evaluated different protocols of RIPC
(Pei et al. 2014; Johnsen et al. 2016). Usually, protocols consisting of 2—8 cycles
of'ischaemia lasting 2—10 minutes have been applied to one or two limbs (Johnsen
et al. 2016). However, an early RIPC study reported positive results with only
one 15-minute cycle of RIPC (Gho et al. 1996). The delayed effect of RIPC (Kim
et al. 2017) is relatively less studied than the acute effect. The delayed phase and
the acute phase of RIPC have been compared with contradictory results (Dow et
al. 2012; Rohailla et al. 2014; Varga et al. 2019). Unfortunately, not all protocols
of RIPC may be equally favourable. The timing of conditioning and the protocol
of the current study may have had an impact on the results. Once the most bene-
ficial protocol is developed, it will be possible to evaluate the true effect of RIPC.

6.6. Limitations

There are several limitations associated with this series of studies. First, the main
limitation is the small size of the study group, which made assessment of the
clinical outcomes very difficult. Power calculation was based on AIx@75 and an
effect size of 5 units (%) was chosen as possible meaningful change and only
post-hoc power calculations were carried out basis of the other outcomes. Un-
fortunately, there is no solid proof or recommendations regarding what change in
Alx@?75 is relevant. It may be that a smaller change than 5 units (%) of AlIx@75
is clinically important and, to reach statistical significance, a larger study group
would have been necessary. Also, power calculation did not take account the
possible confounders, that were present in this study, which can impact the
results. Second, negative results of primary outcomes may lessen the importance
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of secondary outcomes. Yet as the secondary outcomes may not have been clini-
cally or pathophysiologically connected with primary outcomes, the positive
results of the secondary outcomes may be relevant and the effect of RIPC on the
biomarkers’ level may have some clinical value as discussed above.

Third, there are multiple possible confounders in this study. The main con-
founder to the effect of RIPC is the use of propofol anaesthesia (Behmenburg et
al. 2017; Bunte et al. 2019), which probably weakened the effect of RIPC. Also,
the true effect of RIPC may have been attenuated by recruiting diabetic patients
as diabetes has also been described as an important confounder to its effect (Jensen
et al. 2013; Oosterlinck et al. 2013). Moreover, there was considerable hetero-
geneity among the study population, with one group of patients, having occlusive
arterial disease and the others having aneurysmal disease. This may have led to
different impacts due to clamping and reperfusion in the recruited patients. In the
case of lower limb occlusive disease, the effect of clamping and reperfusion is
weaker than it is during aortic aneurysm repair surgery where arteries are unob-
structed. So a more systemic effect can be achieved in the case of aortic aneurysm.
Also, patients with claudication are believed to have chronic ischaemic con-
ditioning, which may have reduced the effect of RIPC intervention. Additionally,
the involved surgeries were different in other aspects, such as duration and pre-
paration for anaesthesia and surgery. This resulted in different periods from
intervention to I/R, as the intervention was performed after the patient had arrived
in the operating theatre. It is possible that the patient experienced a different effect
of RIPC namely due to these temporal variations. Still, as the “first window” of
the effect of RIPC is known to last approximately a few hours, one can not expect
significant differences here. Also, clamping time and location varied among
surgeries and I/R injuries and so the patients may have experienced different
severities of ischaemia-reperfusion injury. In addition, the material of vascular
graft may also have an impact, in particular, on pulse wave travelling. Yet, it is
not clear how large the impact of a few-dozens-centimetre graft is among other
contributing factors. Moreover, it is even unknown how different grafts affect the
pulse wave. Finally, the peripheral graft type could potentially also influence the
parameters of arterial stiffness.

6.7. Concluding remarks and future perspectives

RIPC is a promising method to be used in clinical practise in order to ameliorate
clinical outcome. The present thesis provides proof that RIPC reduces cardiac
and kidney damage in vascular surgery, and that its effects are achieved through
changes in the metabolism of ACs. Considering perspectives, long-term follow-
up of the same cohort could describe the effect of RIPC on total mortality, cardio-
vascular morbidity and mortality, and major adverse limb events. Analysis of
changes in other metabolites, in addition to ACs, could offer knowledge about
the exact mechanisms of RIPC. A new larger study that presupposes international
collaboration could enlighten the clinical benefits of RIPC and would specify who

50



can benefit the most from RIPC. Additionally, it should be clarified if it is
possible to enhance the effect of RIPC by using some medications, supplements
or other strategies.

6.8. Conclusions

1. There were no significant differences between the RIPC group and the sham
group in terms of the postoperative changes in augmentation indices, pulse
wave velocity and indices of arterial elasticity. Hence, RIPC had no effect on
arterial stiffness in patients undergoing vascular surgery. Significant post-
operative improvements in the augmentation indices and small artery elasticity
within both groups indicate that the surgical procedure itself may acutely
ameliorate arterial stiffness, while these changes may be related to the systemic
stress response to surgery, anaesthesia and perioperative medications.

2. There was significantly higher leakage of high hs-TnT and NT-proBNP in the
sham group compared to the RIPC group. Accordingly, RIPC offers cardio-
protection by significant reduction in leakage of cardiac biomarkers hs-TnT
and NT-proBNP in patients undergoing vascular surgery. Additionally, since
negative correlation between increase of cardiac biomarkers and pretreatment
with statins and positive correlations of increase of cardiac biomarkers with
gender (male<female) and baseline augmentation index were observed in the
RIPC group, it can be concluded that the effect of RIPC may be stronger in
patients, who receive statins, particularly in those with lower arterial stiffness,
and in males. RIPC may thus serve as a protective measure against peri-
operative cardiac damage.

3. In patients undergoing surgical revascularisation of lower limb, serum
creatinine, cystatin C and beta-2 microglobulin increased and eGFR decreased
across all time points significantly more in the sham group than in the RIPC
group. Hence, RIPC reduces leakage of the biomarkers indicative of kidney
injury and renal function in these patients and could be a protective measure
against acute kidney injury.

4. The pattern of acylcarnitines differed between the RIPC group and the sham
group, yet there was no statistically significant difference in the changes of
most acylcarnitines. RIPC, but not sham, application decreased the levels of
certain short and medium chain acylcarnitines in the RIPC group, which was
not noted in the sham group. There was a statistically significant difference
between the groups regarding changes in C3-OH: a decrease in the RIPC
group and an increase in the sham group. Thus, RIPC has an effect on the
levels of ACs and may therefore have protective effects on mitochondria in
vascular surgery patients.
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SUMMARY IN ESTONIAN

Kaugisheemilise eelkohastamise m6ju elundikahjustusele ja
atsuulkarnitiinide ainevahetusele veresoontekirurgias

Veresoontekirurgia on korge riskiga kirurgia, kuna patsiendid on siisteemsest
ateroskleroosist tulenevalt mitmete kaasuvate haigustega. See suurendab haigetel
operatsiooniaegsete ja -jargsete tiisistuste esinemise tdendosust. Veresoonte-
kirurgias olulist rolli méngiva isheemia-reperfusioonikahjustuse vihendamise
voimalusena on viimase 30 aasta jooksul uuritud isheemilist eelkohastamist.
Viimase erivorm, kaugisheemiline eelkohastamine (KIE), seisneb liihiajalistes
eemal paikneva koe (nt. iilajiseme) isheemia episoodide tekitamises, mille ees-
mirgiks on kaitse loomine sihtelundile. Enim uuritud sihtelundid on siida ja
neerud, kuid pShimotteliselt voib selleks olla {ikskdik milline isheemiatundlik
kude. Mitmetes senistes uuringutes on ilmnenud KIE kaitsev toime siidame- ja
neerukahjustusele, kuid on leitud ka KIE mittetoimimist. Enamik KIE uuringuid
on 1abi viidud patsientidel, kellel on teostatud kas lahtine siidameoperatsioon voi
perkutaanne pérgarterite angioplastika. Veresoontekirurgias on KIE efekti vihem
uuritud. Kuigi on tuvastatud mitmeid KIE efektis osalevaid tegureid, siis tdpsed
KIE toimemehhanismid ei ole teada. Avastatud on ka KIE toimet vihendavaid
mojureid, sealhulgas niiteks vanus, suhkruhaigus ja anesteetikum propofool.

Kéesolev doktoritdo kirjeldab KIE mdju arterite jdikusele, siidame- ja neeru-
kahjustusele ning atsiililkarnitiinide ainevahetusele veresoontekirurgia patisenti-
del. Juhuslikustatud topeltpimendatud kontrollitud kliinilisse uuringusse kaasati
98 uuritavat. Peale viljalangemist jdi KIE gruppi 45 ja kontrollgruppi (sham ehk
imitatsioon) 48 patsienti. Menetluseks oli operatsioonieelselt vererohu mansetiga
tehtud 4 tsiiklit S-minutilist iilajdseme isheemiat (mansetis rOhk vdhemalt
200 mmHg) 5-minutiliste reperfusiooni pausidega ning kontrollrithmas rakendati
iilajasemele isheemia asemel mansetis venoosset rohku (10-20 mmHg).

Arterite jaikusele KIE-1 m&ju ei leitud, kiill aga paranesid operatsioonijargselt
mdlemas uuringugrupis mérgatavalt arterite jdikuse parameetrid. Need akuutsed
muutused arterite jdikuses on tingitud nii operatsioonitraumast, anesteesiast kui
ka manustatud ravimitest. Uuringu tulemusena esines oluline gruppide vaheline
erinevus postoperatiivselt siidamekahjustuse markerite (kdrgtundlik troponiin T
ja NT-proBNP) muutustes — KIE grupis oli markerite tdus vdiksem. Lisaks oli
KIE grupis negatiivne seos siidamekahjustuse markerite taseme tdusu ja eelneva
statiinravi vahel ning positiivne seos siidamekahjustuse marketite tdusu ja soo
(mees<naine) ning algtaseme augmentatsiooni indeksi vahel. Sellest vdib jarel-
dada, et KIE vdhendab perioperatiivset siidamekahjustust veresoontekirurgilistel
operatsioonidel ning KIE toime on tugevam statiinravil ning meessoost ja
elastsemate arteritega haigetel. Tédiendavalt oli KIE grupis véiksem neerukahjus-
tuse markerite tous alajiseme revaskulariseerival operatsioonil kdinud pat-
sientidel, mis niditab KIE neerukahjustustust vihendavat toimet. Lisaks oli KIE-I
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positiivne toime atsiiiilkarnitiinide tasemele, mis viitab mitokondrite kaitsele ja
avardab teadmisi ka KIE toimemehhanismidest ja sihtmérkidest.

Kokkuvétvalt on KIE potentsiaalseks menetluseks neeru- ja siidamekahjus-
tuse vihendamiseks veresoontekirurgias. KIE toime on seotud mitme kliinilise
teguriga ja ka positiivsete muutustega atstiiilkarnitiinide ainevahetuses. Kliinilise
kasutuse tohususe tdpsustamiseks on vajalikud suuremad ja homogeensema
uuringugrupiga uuringud.

53



ACKNOWLEDGEMENTS

This research was financially supported by grants from the Estonian Research
Council (PUT No. 1169, PUT PRG68S, IUT No. 20-42, IUT No. 2-7, PRG435),
and by the European Union through the European Regional Development Fund
(Project No. 2014-2020.4.01.15-0012).

This dissertation could not have been completed without a diverse network of
people, who generously provided me with their time, help and support throughout
its course. I would like to express my deepest thanks to the team of academic and
medical advisors and supervisors.

I am enormously grateful to Prof. Jaak Kals, my principal supervisor, for his
everlasting enthusiasm and encouragement. Special thanks are due for his
openmind and constructive critiques in helping me to formulate the material as
well as, for his warmth and kindness and for his catching optimism and for being
always there for me.

With my greatest pleasure, I would like to express my gratitude also to

— Prof. Mihkel Zilmer, for generous support, for his willingness to share his
knowledge, and for his expertise and unwavering optimism;

— Prof. Joel Starkopf, for responsive and understanding support and
encouragement, and for his invaluable critical remarks and delicate guidance;

— Prof. Urmas Lepner, for his kindness and for willingness to help and find
solutions to any difficulties;

— Prof. Jaan Eha, for his support and for sharing useful ideas;

— Prof. Kiilli Kingo and Prof. Alan Altraja, for reviewing this thesis;

— Mrs. Mare Vahi, for statistical assistance;

— Mrs. Ester Jaigma, for the thorough linguistic revision of my manuscripts;

— Mrs. Sille Tamm, for her sympathy and care and for always finding perfect
solutions to all possible daily issues;

— Staff from the Department of Biochemistry, for their kind support;

— With great delight [ express my gratitude to Dr. Karl Kuusik, my fellow PhD
student and co-author, for his superb sense of humour and vigorous energy,
and for being the most trustworthy colleague who was present early in the
morning and late at night.

— My deepest thanks belong to my parents, Ragne and Kalle, and to my close
friend Liisi Anette, for their wholehearted support throughout my medical
studies.

— Ido owe huge thanks to all people who agreed to participate in these studies,
thus making the conduct of this research possible;

— And, last but not least, I would like to thank Kristo, my husband and dear friend
who has been my greatest supporter and source of inspiration throughout these
long weeks and months.

54



REFERENCES

Abu-Amara M, Yang SY, Quaglia A, Rowley P, Fuller B, Seifalian A, et al. Role of
endothelial nitric oxide synthase in remote ischemic preconditioning of the mouse
liver. Liver Transplant Off Publ Am Assoc Study Liver Dis Int Liver Transplant Soc.
2011;17(5):610-9.

Adalbert S, Adelina M, Romulus T, Flaviu Raul B, Bogdan T, Raluca B, et al. Acute kidney
injury in peripheral arterial surgery patients: a cohort study. Ren Fail. 2013;35(9):
1236-9.

Ali ZA, Callaghan CJ, Lim E, Ali AA, Nouraei SAR, Akthar AM, et al. Remote ischemic
preconditioning reduces myocardial and renal injury after elective abdominal aortic
aneurysm repair: a randomized controlled trial. Circulation. 2007;116(11 Suppl):198-
105.

Aneiros E, Cao L, Papakosta M, Stevens EB, Phillips S, Grimm C. The biophysical and
molecular basis of TRPV1 proton gating. EMBO J. 2011;30(6):994—1002.

Annachhatre AS, Annachhatre SR. Preconditioning in Cardiac Anesthesia...... Where are
we? Ann Card Anaesth. 2019;22(4):412-21.

Anttila V, Haapanen H, Yannopoulos F, Herajirvi J, Anttila T, Juvonen T. Review of
remote ischemic preconditioning: from laboratory studies to clinical trials. Scand
Cardiovasc J SCJ. 2016;50(5-6):355-61.

Arroyo-Martinez EA, Meaney A, Gutiérrez-Salmean G, Rivera-Capello JM, Gonzalez-
Coronado V, Alcocer-Chauvet A, et al. Is Local Nitric Oxide Availability Responsible
for Myocardial Salvage after Remote Preconditioning? Arq Bras Cardiol. 2016;
107(2):154-62.

Arvola O, Haapanen H, Herajérvi J, Anttila T, Puistola U, Karihtala P, et al. Remote
Ischemic Preconditioning Attenuates Oxidative Stress during Cardiopulmonary
Bypass. Heart Surg Forum. 2016;19(4):E192—-197.

Aulakh AS, Randhawa PK, Singh N, Jaggi AS. Neurogenic pathways in remote ischemic
preconditioning induced cardioprotection: Evidences and possible mechanisms.
Korean J Physiol Pharmacol Off J Korean Physiol Soc Korean Soc Pharmacol.
2017;21(2):145-52.

Balin M, Kivrak T. Effect of Repeated Remote Ischemic Preconditioning on Peripheral
Arterial Disease in Patients Suffering from Intermittent Claudication. Cardiovasc
Ther. 2019;2019:9592378.

Baxter GF, Goma FM, Yellon DM. Characterisation of the infarct-limiting effect of
delayed preconditioning: timecourse and dose-dependency studies in rabbit myo-
cardium. Basic Res Cardiol. 1997;92(3):159-67.

Behmenburg F, van Caster P, Bunte S, Brandenburger T, Heinen A, Hollmann MW, et
al. Impact of Anesthetic Regimen on Remote Ischemic Preconditioning in the Rat
Heart In Vivo. Anesth Analg. 2018;126(4):1377-80.

Behmenburg F, Heinen A, Bruch LV, Hollmann MW, Huhn R. Cardioprotection by
Remote Ischemic Preconditioning is Blocked in the Aged Rat Heart in Vivo. J
Cardiothorac Vasc Anesth. 2017;31(4):1223-6.

Benstoem C, Goetzenich A, Autschbach R, Marx G, Stoppe C, Breuer T. Volatile
anesthetics versus propofol in the cardiac surgical setting of remote ischemic pre-
conditioning: a secondary analysis of a Cochrane Systematic Review. Minerva
Anestesiol. 2018;84(11):1298-306.

55



Bibli S-I, Andreadou I, Lazaris E, Zoga A, Varnavas V, Andreou CC, et al. Myocardial
protection provided by chronic skeletal muscle ischemia is not further enhanced by
ischemic pre- or postconditioning: comparative effects on intracellular signaling. J
Cardiovasc Pharmacol Ther. 2014;19(2):220-7.

Billah M, Ridiandries A, Allahwala UK, Mudaliar H, Dona A, Hunyor S, et al. Remote
Ischemic Preconditioning Induces Cardioprotective Autophagy and Signals through
the IL-6-Dependent JAK-STAT Pathway. Int J Mol Sci [Internet]. 2020;21(5).

Bjerndal B, Alteras EK, Lindquist C, Svardal A, Skorve J, Berge RK. Associations bet-
ween fatty acid oxidation, hepatic mitochondrial function, and plasma acylcarnitine
levels in mice. Nutr Metab [Internet]. 2018;15.

Boersma E, Kertai MD, Schouten O, Bax JJ, Noordzij P, Steyerberg EW, et al.
Perioperative cardiovascular mortality in noncardiac surgery: validation of the Lee
cardiac risk index. Am J Med. 2005;118(10):1134-41.

Bolli R. The late phase of preconditioning. Circ Res. 2000;87(11):972—83.

Botker HE, Kharbanda R, Schmidt MR, Bettcher M, Kaltoft AK, Terkelsen CJ, et al.
Remote ischaemic conditioning before hospital admission, as a complement to
angioplasty, and effect on myocardial salvage in patients with acute myocardial
infarction: a randomised trial. Lancet Lond Engl. 2010;375(9716):727-34.

Bujak JK, Kosmala D, Szopa IM, Majchrzak K, Bednarczyk P. Inflammation, Cancer and
Immunity—Implication of TRPV1 Channel. Front Oncol [Internet]. 2019;9.

Bunte S, Behmenburg F, Eckelskemper F, Mohr F, Stroethoff M, Raupach A, et al.
Cardioprotection by Humoral Factors Released After Remote Ischemic Pre-
conditioning Depends on Anesthetic Regimen. Crit Care Med. 2019;47(3):e250-5.

Butler KL, Huffman LC, Koch SE, Hahn HS, Gwathmey JK. STAT-3 activation is
necessary for ischemic preconditioning in hypertrophied myocardium. Am J Physiol-
Heart Circ Physiol. 2006;291(2):H797-803.

Cao B, Wang H, Zhang C, Xia M, Yang X. Remote Ischemic Postconditioning (RIPC) of
the Upper Arm Results in Protection from Cardiac Ischemia-Reperfusion Injury
Following Primary Percutaneous Coronary Intervention (PCI) for Acute ST-Segment
Elevation Myocardial Infarction (STEMI). Med Sci Monit Int Med J Exp Clin Res.
2018;24:1017-26.

Carden DL, Granger DN. Pathophysiology of ischaemia-reperfusion injury. J Pathol.
2000;190(3):255-66.

Chao de la Barca JM, Bakhta O, Kalakech H, Simard G, Tamareille S, Catros V, et al.
Metabolic Signature of Remote Ischemic Preconditioning Involving a Cocktail of
Amino Acids and Biogenic Amines. J] Am Heart Assoc Cardiovasc Cerebrovasc Dis
[Internet]. 2016;5(9).

Che R, Zhao W, Ma Q, Jiang F, Wu L, Yu Z, et al. rt-PA with remote ischemic post-
conditioning for acute ischemic stroke. Ann Clin Transl Neurol. 2019;6(2):364-72.

Chen H, Jing X-Y, Shen Y-J, Wang T-L, Ou C, Lu S-F, et al. Stat5-dependent cardio-
protection in late remote ischaemia preconditioning. Cardiovasc Res. 2018;
114(5):679-89.

Chen K, Yu J, Wang Q, Wu L, Liu X, Wong GTC, et al. The timing of propofol
administration affects the effectiveness of remote ischemic preconditioning induced
cardioprotection in rats. J] Cell Biochem [Internet]. 2020.

Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, et al. Inflammatory responses and
inflammation-associated diseases in organs. Oncotarget. 2017;9(6):7204—18.

56



Chen X-G, Wu B-Y, Wang J-K, Bai T. [Mechanism of the protective effects of
noninvasive limbs preconditioning on myocardial ischemia-reperfusion injury]. Chin
Med J (Engl). 2005;118(20):1723-7.

Cheng Z, Li L, Mo X, Zhang L, Xie Y, Guo Q, et al. Non-invasive remote limb ischemic
postconditioning protects rats against focal cerebral ischemia by upregulating STAT3
and reducing apoptosis. Int ] Mol Med. 2014;34(4):957—66.

Cheung MMH, Kharbanda RK, Konstantinov IE, Shimizu M, Frndova H, Li J, et al.
Randomized controlled trial of the effects of remote ischemic preconditioning on
children undergoing cardiac surgery: first clinical application in humans. J] Am Coll
Cardiol. 2006;47(11):2277-82.

Cho YJ, Nam K, Kim TK, Choi SW, Kim SJ, Hausenloy DJ, et al. Sevoflurane, Propofol
and Carvedilol Block Myocardial Protection by Limb Remote Ischemic Pre-
conditioning. Int J Mol Sci [Internet]. 2019;20(2).

Ciocci Pardo A, Scuri S, Gonzalez Arbelaez LF, Caldiz C, Fantinelli J, Mosca SM.
Survival kinase-dependent pathways contribute to gender difference in the response
to myocardial ischemia-reperfusion and ischemic post-conditioning. Cardiovasc
Pathol Off'J Soc Cardiovasc Pathol. 2018;33:19-26.

Corcoran D, Young R, Cialdella P, McCartney P, Bajrangee A, Hennigan B, et al. The
effects of remote ischaemic preconditioning on coronary artery function in patients
with stable coronary artery disease. Int J Cardiol. 2018;252:24-30.

Cornide-Petronio ME, Jiménez-Castro MB, Gracia-Sancho J, Peralta C. Ischemic Pre-
conditioning Directly or Remotely Applied on the Liver to Reduce Ischemia-Reper-
fusion Injury in Resections and Transplantation. Liver Dis Surg [Internet]. 2019.

Crimi G, Pica S, Raineri C, Bramucci E, De Ferrari GM, Klersy C, et al. Remote ischemic
post-conditioning of the lower limb during primary percutaneous coronary
intervention safely reduces enzymatic infarct size in anterior myocardial infarction: a
randomized controlled trial. JACC Cardiovasc Interv. 2013;6(10):1055-63.

Delagarde H, Ouadraougo N, Grall S, Macchi L, Roy P-M, Abraham P, et al. Remote
ischaemic preconditioning in intermittent claudication. Arch Cardiovasc Dis.
2015;108(10):472-9.

Donato M, Buchholz B, Rodriguez M, Pérez V, Inserte J, Garcia-Dorado D, et al. Role of
the parasympathetic nervous system in cardioprotection by remote hindlimb ischaemic
preconditioning. Exp Physiol. 2013;98(2):425-34.

Donato M, Goyeneche MA, Garces M, Marchini T, Pérez V, Del Mauro J, et al.
Myocardial triggers involved in activation of remote ischaemic preconditioning. Exp
Physiol. 2016;101(6):708-16.

Dong J-H, Liu Y-X, Ji E-S, He R-R. [Limb ischemic preconditioning reduces infarct size
following myocardial ischemia-reperfusion in rats]. Sheng Li Xue Bao. 2004;
56(1):41-6.

Dong W, Yu P, Zhang T, Zhu C, Qi J, Liang J. Adrenomedullin serves a role in the
humoral pathway of delayed remote ischemic preconditioning via a hypoxia-inducible
factor-1a-associated mechanism. Mol Med Rep. 2018;17(3):4547-53.

Dow J, Bhandari A, Simkhovich BZ, Hale SL, Kloner RA. The effect of acute versus
delayed remote ischemic preconditioning on reperfusion induced ventricular
arrhythmias. J Cardiovasc Electrophysiol. 2012;23(12):1374-83.

Dow J, Kloner RA. Postconditioning does not reduce myocardial infarct size in an in vivo
regional ischemia rodent model. J Cardiovasc Pharmacol Ther. 2007;12(2):153—63.

57



Du X, Yang J, Liu C, Wang S, Zhang C, Zhao H, et al. Hypoxia-Inducible Factor 1a and
20 Have Beneficial Effects in Remote Ischemic Preconditioning Against Stroke by
Modulating Inflammatory Responses in Aged Rats. Front Aging Neurosci. 2020; 12:54.

Duan Y-F, AnY, Zhu F, Jiang Y. Remote ischemic preconditioning protects liver ischemia-
reperfusion injury by regulating eNOS-NO pathway and liver microRNA expressions
in fatty liver rats. Hepatobiliary Pancreat Dis Int HBPD INT. 2017; 16(4):387-94.

Eefting F, Rensing B, Wigman J, Pannekoek WJ, Liu WM, Cramer MJ, et al. Role of
apoptosis in reperfusion injury. Cardiovasc Res. 2004;61(3):414-26.

Ekeloef S, Homilius M, Stilling M, Ekeloef P, Koyuncu S, Miinster A-MB, et al. The
effect of remote ischaemic preconditioning on myocardial injury in emergency hip
fracture surgery (PIXIE trial): phase II randomised clinical trial. The BMJ [Internet].
2019;367.

El Desoky ES, Hassan AKM, Salem SY, Fadil SA, Taha AF. Cardioprotective effect of
atorvastatin alone or in combination with remote ischemic preconditioning on the
biochemical changes induced by ischemic/reperfusion injury in a mutual prospective
study with a clinical and experimental animal arm. Int J Cardiol. 2016;222:866—73.

England TJ, Hedstrom A, O’Sullivan S, Donnelly R, Barrett DA, Sarmad S, et al.
RECAST (Remote Ischemic Conditioning After Stroke Trial): A Pilot Randomized
Placebo Controlled Phase II Trial in Acute Ischemic Stroke. Stroke. 2017;48(5):1412-5.

Enko K, Nakamura K, Yunoki K, Miyoshi T, Akagi S, Yoshida M, et al. Intermittent arm
ischemia induces vasodilatation of the contralateral upper limb. J Physiol Sci JPS.
2011;61(6):507—-13.

Epps J, Dieberg G, Smart NA. Repeat remote ischaemic pre-conditioning for improved
cardiovascular function in humans: A systematic review. Int J Cardiol Heart Vasc.
2016;11:55-8.

Fisher JP, Young CN, Fadel PJ. Central Sympathetic Overactivity: Maladies and
Mechanisms. Auton Neurosci Basic Clin. 2009;148(1-2):5-15.

Flu W-J, Schouten O, van Kuijk J-P, Poldermans D. Perioperative Cardiac Damage in
Vascular Surgery Patients. Eur J Vasc Endovasc Surg. 2010;40(1):1-8.

Gan X, Xing D, Su G, Li S, Luo C, Irwin MG, et al. Propofol Attenuates Small Intestinal
Ischemia Reperfusion Injury through Inhibiting NADPH Oxidase Mediated Mast Cell
Activation. Oxid Med Cell Longev. 2015;2015:167014.

Garcia S, Rector TS, Zakharova M, Herrmann RR, Adabag S, Bertog S, et al. Cardiac
Remote Ischemic Preconditioning Prior to Elective Vascular Surgery (CRIPES): A
Prospective, Randomized, Sham-Controlled Phase II Clinical Trial. ] Am Heart
Assoc. 2016;5(10).

Garcia-de-la-Asuncion J, Perez-Solaz A, Carrau M, Belda FJ, Perez-Griera J, Garriges B.
Different oxidative stress marker levels in blood from the operated knee or the
antecubital vein in patients undergoing knee surgery: a tourniquet-induced ischemia-
reperfusion model. Redox Rep Commun Free Radic Res. 2012;17(5):194-9.

Gaspar A, Lourenco AP, Pereira MA, Azevedo P, Roncon-Albuquerque R, Marques J, et
al. Randomized controlled trial of remote ischaemic conditioning in ST-elevation
myocardial infarction as adjuvant to primary angioplasty (RIC-STEMI). Basic Res
Cardiol. 2018;113(3):14.

Gedik N, Maciel L, Schulte C, Skyschally A, Heusch G, Kleinbongard P. Cardiomyocyte
mitochondria as targets of humoral factors released by remote ischemic pre-
conditioning. Arch Med Sci AMS. 2017;13(2):448-58.

Geenen RWF, Kingma HJ, Molen AJ van der. Contrast-induced nephropathy: pharma-
cology, pathophysiology and prevention. Insights Imaging. 2013;4(6):811.

58



Ghaemian A, Yazdani J, Azizi S, Farsavian AA, Nabati M, Malekrah A, et al. Remote
ischemic preconditioning to reduce contrast-induced acute kidney injury in chronic
kidney disease: a randomized controlled trial. BMC Nephrol. 2018;19(1):373.

Ghaffari S, Pourafkari L, Manzouri S, Nader ND. Effect of remote ischemic post-
conditioning during thrombolysis in STEMI. Herz. 2018;43(2):161-8.

Gho BC, Schoemaker RG, van den Doel MA, Duncker DJ, Verdouw PD. Myocardial
protection by brief ischemia in noncardiac tissue. Circulation. 1996;94(9):2193-200.

Gonzalez NR, Hamilton R, Bilgin-Freiert A, Dusick J, Vespa P, Hu X, et al. Cerebral
hemodynamic and metabolic effects of remote ischemic preconditioning in patients
with subarachnoid hemorrhage. Acta Neurochir Suppl. 2013;115:193-8.

Guo S, Jian L, Cheng D, Pan L, Liu S, Lu C. Early Renal-Protective Effects of Remote
Ischemic Preconditioning in Elderly Patients with Non-ST-Elevation Myocardial
Infarction (NSTEMI). Med Sci Monit Int Med J Exp Clin Res. 2019;25:8602-9.

Gurusamy N, Lekli I, Gorbunov NV, Gherghiceanu M, Popescu LM, Das DK. Cardio-
protection by adaptation to ischaemia augments autophagy in association with
BAG-1 protein. J Cell Mol Med. 2009;13(2):373-87.

Haji Mohd Yasin NAB, Herbison P, Saxena P, Praporski S, Konstantinov IE. The role of
remote ischemic preconditioning in organ protection after cardiac surgery: a meta-
analysis. J Surg Res. 2014;186(1):207-16.

Han R, Liu X, Yin X, Zheng M, Sun K, Liu X, et al. Effect of remote ischemic pre-
conditioning on myocardial injury and inflammatory response induced by ablation for
atrial fibrillation: A randomized controlled trial. Int J Cardiol. 2016;222:396—400.

Hattori R, Maulik N, Otani H, Zhu L, Cordis G, Engelman RM, et al. Role of STAT3 in
ischemic preconditioning. J Mol Cell Cardiol. 2001;33(11):1929-36.

Hausenloy DJ, Candilio L, Evans R, Ariti C, Jenkins DP, Kolvekar S, et al. Remote
Ischemic Preconditioning and Outcomes of Cardiac Surgery. N Engl J Med. 2015;
373(15):1408-17.

Hausenloy DJ, Mwamure PK, Venugopal V, Harris J, Barnard M, Grundy E, et al. Effect
of remote ischaemic preconditioning on myocardial injury in patients undergoing
coronary artery bypass graft surgery: a randomised controlled trial. The Lancet. 2007,
370(9587):575-9.

Healy DA, Boyle E, McCartan D, Bourke M, Medani M, Ferguson J, et al. A MultiCenter
Pilot Randomized Controlled Trial of Remote Ischemic Preconditioning in Major
Vascular Surgery. Vasc Endovascular Surg. 2015;49(8):220-7.

Heinen A, Behmenburg F, Aytulun A, Dierkes M, Zerbin L, Kaisers W, et al. The release
of cardioprotective humoral factors after remote ischemic preconditioning in humans
is age- and sex-dependent. J Transl Med. 2018;16(1):112.

Heusch G, Musiolik J, Kottenberg E, Peters J, Jakob H, Thielmann M. STATS activation
and cardioprotection by remote ischemic preconditioning in humans: short com-
munication. Circ Res. 2012;110(1):111-5.

Heymann HM, Wu Y, Lu Y, Qvit N, Gross GJ, Gross ER. Transient receptor potential
vanilloid 1 inhibitors block laparotomy- and opioid-induced infarct size reduction in
rats. Br J Pharmacol. 2017;174(24):4826-35.

Hobson C, Lysak N, Huber M, Scali S, Bihorac A. Epidemiology, Outcomes and Manage-
ment of Acute Kidney Injury in the Vascular Surgery Patient. J Vasc Surg. 2018;
68(3):916.

Hobson CE, Yavas S, Segal MS, Schold JD, Tribble CG, Layon AJ, et al. Acute kidney
injury is associated with increased long-term mortality after cardiothoracic surgery.
Circulation. 2009;119(18):2444-53.

59



Hong DM, Lee E-H, Kim HJ, Min JJ, Chin J-H, Choi D-K, et al. Does remote ischaemic
preconditioning with postconditioning improve clinical outcomes of patients under-
going cardiac surgery? Remote Ischaemic Preconditioning with Postconditioning
Outcome Trial. Eur Heart J. 2014;35(3):176-83.

Hu J, Liu S, Jia P, Xu X, Song N, Zhang T, et al. Protection of remote ischemic
preconditioning against acute kidney injury: a systematic review and meta-analysis.
Crit Care. 2016;20(1):111.

Hu J, Wang Y, Zhao S, Chen J, Jin S, Jia P, et al. Remote Ischemic Preconditioning
Ameliorates Acute Kidney Injury due to Contrast Exposure in Rats through
Augmented O-GlcNAcylation. Oxid Med Cell Longev. 2018;2018.

Huang C, Yitzhaki S, Perry CN, Liu W, Giricz Z, Mentzer RM, et al. Autophagy induced
by ischemic preconditioning is essential for cardioprotection. J Cardiovasc Transl
Res. 2010;3(4):365-73.

Huber M, Ozrazgat-Baslanti T, Thottakkara P, Efron PA, Feezor R, Hobson C, et al.
Mortality and cost of acute and chronic kidney disease after vascular surgery. Ann
Vasc Surg. 2016;30:72—-81.e2.

Hummitzsch L, Zitta K, Berndt R, Wong YL, Rusch R, Hess K, et al. Remote ischemic
preconditioning attenuates intestinal mucosal damage: insight from a rat model of
ischemia—reperfusion injury. J Transl Med. 2019;17(1):136.

Hussein AM, Harraz AM, Awadalla A, Barakat N, Khater S, Shokeir AA. Remote limb
ischemic preconditioning (rIPC) activates antioxidant and antiapoptotic genes and
inhibits proinflammatory cytokine genes in renal ischemia/reperfusion injury. Gen
Physiol Biophys. 2016;35(1):77-86.

Ismaeel A, Franco ME, Lavado R, Papoutsi E, Casale GP, Fuglestad M, et al. Altered
Metabolomic Profile in Patients with Peripheral Artery Disease. J Clin Med. 2019; 8(9).

Jang Y-H, Kim J-H, Lee Y-C. Mitochondrial ATP-Sensitive Potassium Channels Play a
Role in Reducing Both Myocardial Infarction and Reperfusion Arrhythmia in Remote
Ischemic Preconditioned Hearts. Anesthesiol Pain Med. 2017;7(1):e42505.

Jensen HA, Loukogeorgakis S, Yannopoulos F, Rimpildinen E, Petzold A, Tuominen H,
et al. Remote ischemic preconditioning protects the brain against injury after hypo-
thermic circulatory arrest. Circulation. 2011;123(7):714-21.

Jensen RV, Zachara NE, Nielsen PH, Kimose HH, Kristiansen SB, Batker HE. Impact of
O-GlcNAc on cardioprotection by remote ischaemic preconditioning in non-diabetic
and diabetic patients. Cardiovasc Res. 2013;97(2):369-78.

Johnsen J, Pryds K, Salman R, Lefgren B, Kristiansen SB, Betker HE. The remote
ischemic preconditioning algorithm: effect of number of cycles, cycle duration and
effector organ mass on efficacy of protection. Basic Res Cardiol. 2016;111(2):10.

Jung H, Choi EK, Baek SI, Cho C, Jin Y, Kwak KH, et al. The Effect of Nitric Oxide on
Remote Ischemic Preconditioning in Renal Ischemia Reperfusion Injury in Rats.
Dose-Response [Internet]. 2019;17(2).

Jung K-W, Kang J, Kwon H-M, Moon Y-J, Jun I-G, Song J-G, et al. Effect of Remote
Ischemic Preconditioning Conducted in Living Liver Donors on Postoperative Liver
Function in Donors and Recipients Following Liver Transplantation: A Randomized
Clinical Trial. Ann Surg. 2020;271(4):646-53.

Kang SW, Kim OK, Seo B, Lee SH, Quan FS, Shin JH, et al. Simultaneous, real-time
measurement of nitric oxide and oxygen dynamics during cardiac ischemia-
reperfusion of the rat utilizing sol-gel-derived electrochemical microsensors. Anal
Chim Acta. 2013;802:74-81.

60



Kanoria S, Robertson FP, Mehta NN, Fusai G, Sharma D, Davidson BR. Effect of Remote
Ischaemic Preconditioning on Liver Injury in Patients Undergoing Major Hepatec-
tomy for Colorectal Liver Metastasis: A Pilot Randomised Controlled Feasibility
Trial. World J Surg. 2017;41(5):1322-30.

Karg E, Németh I, Virag G, Mészaros T, Boda D, Pintér S. Oxidative stress induced by
bloodless limb surgery on humans. Eur J Clin Invest. 1997;27(12):984-91.

Kharbanda RK, Mortensen UM, White PA, Kristiansen SB, Schmidt MR, Hoschtitzky
JA, et al. Transient limb ischemia induces remote ischemic preconditioning in vivo.
Circulation. 2002;106(23):2881-3.

Kharbanda RK, Peters M, Walton B, Kattenhorn M, Mullen M, Klein N, et al. Ischemic
preconditioning prevents endothelial injury and systemic neutrophil activation during
ischemia-reperfusion in humans in vivo. Circulation. 2001;103(12):1624-30.

Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin
Pract. 2012;120(4):c179-184.

Kim TK, Min JJ, Cho YJ, Hausenloy DJ, Ahn H, Kim K-H, et al. Effects of delayed remote
ischemic preconditioning on peri-operative myocardial injury in patients undergoing
cardiac surgery — A randomized controlled trial. Int J Cardiol. 2017;227:511-5.

Kim Y-H, Yoon D-W, Kim J-H, Lee J-H, Lim C-H. Effect of remote ischemic post-con-
ditioning on systemic inflammatory response and survival rate in lipopolysaccharide-
induced systemic inflammation model. J Inflamm Lond Engl. 2014;11:16.

Kleinbongard P, Gedik N, Kirca M, Stoian L, Frey U, Zandi A, et al. Mitochondrial and
Contractile Function of Human Right Atrial Tissue in Response to Remote Ischemic
Conditioning. J] Am Heart Assoc. 2018;7(15):¢009540.

Kleinbongard P, Neuhduser M, Thielmann M, Kottenberg E, Peters J, Jakob H, et al.
Confounders of Cardioprotection by Remote Ischemic Preconditioning in Patients
Undergoing Coronary Artery Bypass Grafting. Cardiology. 2016;133(2):128-33.

Kleinbongard P, Skyschally A, Heusch G. Cardioprotection by remote ischemic con-
ditioning and its signal transduction. Pfliig Arch — Eur J Physiol. 2017;469(2):159-81.

Koh WU, Kim J, Lee J, Song G-W, Hwang GS, Tak E, et al. Remote Ischemic Pre-
conditioning and Diazoxide Protect from Hepatic Ischemic Reperfusion Injury by
Inhibiting HMGB1-Induced TLR4/MyD88/NF-«kB Signaling. Int J Mol Sci [Internet].
2019;20(23).

Konstantinov IE, Li J, Cheung MM, Shimizu M, Stokoe J, Kharbanda RK, et al. Remote
ischemic preconditioning of the recipient reduces myocardial ischemia-reperfusion
injury of the denervated donor heart via a Katp channel-dependent mechanism.
Transplantation. 2005;79(12):1691-5.

Kork F, Balzer F, Spies CD, Wernecke K-D, Ginde AA, Jankowski J, et al. Minor Post-
operative Increases of Creatinine Are Associated with Higher Mortality and Longer
Hospital Length of Stay in Surgical Patients. Anesthesiology. 2015;123(6):1301-11.

Kottenberg E, Musiolik J, Thielmann M, Jakob H, Peters J, Heusch G. Interference of
propofol with signal transducer and activator of transcription 5 activation and cardio-
protection by remote ischemic preconditioning during coronary artery bypass
grafting. J Thorac Cardiovasc Surg. 2014;147(1):376-82.

Kottenberg E, Thielmann M, Bergmann L, Heine T, Jakob H, Heusch G, et al. Protection
by remote ischemic preconditioning during coronary artery bypass graft surgery with iso-
flurane but not propofol — a clinical trial. Acta Anaesthesiol Scand. 2012;56(1):30-8.

Krag AE, Kiil BJ, Hvas CL, Hvas A-M. Effect of remote ischemic preconditioning on
hemostasis and fibrinolysis in head and neck cancer surgery: A randomized controlled
trial. PloS One. 2019;14(7):¢0219496.

61



Kuusik K, Kepler T, Zilmer M, Eha J, Vdhi M, Kals J. Effects of Remote Ischaemic
Preconditioning on Arterial Stiffness in Patients Undergoing Lower Limb Angio-
graphic Procedures: A Randomised Clinical Trial. Eur J Vasc Endovasc Surg Off J
Eur Soc Vasc Surg. 2019;58(6):875-82.

Kuzuya T, Hoshida S, Yamashita N, Fuji H, Oe H, Hori M, et al. Delayed effects of
sublethal ischemia on the acquisition of tolerance to ischemia. Circ Res. 1993;
72(6):1293-9.

Lang JA, Kim J, Franke WD, Vianna LC. Seven consecutive days of remote ischaemic
preconditioning improves cutaneous vasodilatory capacity in young adults. J Physiol.
2019;597(3):757-65.

Lassnigg A, Schmid ER, Hiesmayr M, Falk C, Druml W, Bauer P, et al. Impact of
minimal increases in serum creatinine on outcome in patients after cardiothoracic
surgery: do we have to revise current definitions of acute renal failure? Crit Care Med.
2008;36(4):1129-37.

Li B, Lang X, Cao L, Wang Y, Lu Y, Feng S, et al. Effect of remote ischemic pre-
conditioning on postoperative acute kidney injury among patients undergoing cardiac
and vascular interventions: a meta-analysis. J Nephrol. 2017;30(1):19-33.

LiJ, Xuan W, Yan R, Tropak MB, Jean-St-Michel E, Liang W, et al. Remote precondi-
tioning provides potent cardioprotection via PI3K/Akt activation and is associated with
nuclear accumulation of B-catenin. Clin Sci Lond Engl 1979. 2011;120(10):451-62.

Lieder HR, Irmert A, Kamler M, Heusch G, Kleinbongard P. Sex is no determinant of
cardioprotection by ischemic preconditioning in rats, but ischemic/reperfused tissue
mass is for remote ischemic preconditioning. Physiol Rep [Internet]. 2019;7(12).

Lieder HR, Kleinbongard P, Skyschally A, Hagelschuer H, Chilian WM, Heusch G.
Vago-Splenic Axis in Signal Transduction of Remote Ischemic Preconditioning in
Pigs and Rats. Circ Res. 2018;123(10):1152—-63.

Liem DA, Verdouw PD, Ploeg H, Kazim S, Duncker DJ. Sites of action of adenosine in
interorgan preconditioning of the heart. Am J Physiol Heart Circ Physiol. 2002;
283(1):H29-37.

Liu H, WuR, Jia R-P, Zhong B, Zhu J-G, Yu P, et al. Ischemic Preconditioning Increases
Endothelial Progenitor Cell Number to Attenuate Partial Nephrectomy-Induced
Ischemia/Reperfusion Injury. PLoS ONE [Internet]. 2013;8(1).

Liu Z, Zhao L, Hong D, Gao J. Remote ischaemic preconditioning reduces myocardial
ischaemic reperfusion injury in patients with ST-elevation myocardial infarction
undergoing primary percutaneous coronary intervention. Acta Cardiol. 2016;
71(5):596-603.

Lotfollahi H, Mohammadi M, Ghaffari S, Badalzadeh R, Sohrabi B, Aslanabadi N, et al.
Effect of remote ischemic post-conditioning on oxidative stress in blood of STEMI
patients treated with primary angioplasty. J Cardiovasc Thorac Res. 2016;8(3):113-8.

Loukogeorgakis SP, Panagiotidou AT, Broadhead MW, Donald A, Deanfield JE,
MacAllister RJ. Remote ischemic preconditioning provides early and late protection
against endothelial ischemia-reperfusion injury in humans: role of the autonomic
nervous system. J] Am Coll Cardiol. 2005;46(3):450-6.

Lv J, Guan W, You Q, Deng L, Zhu Y, Guo K, et al. RIPC provides neuroprotection
against ischemic stroke by suppressing apoptosis via the mitochondrial pathway. Sci
Rep. 2020;10(1):5361.

Ma F, Liu H, Shen Y, Zhang Y, Pan S. Platelet-derived microvesicles are involved in
cardio-protective effects of remote preconditioning. Int J Clin Exp Pathol. 2015;
8(9):10832-9.

62



Makrecka-Kuka M, Sevostjanovs E, Vilks K, Volska K, Antone U, Kuka J, et al. Plasma
acylcarnitine concentrations reflect the acylcarnitine profile in cardiac tissues. Sci
Rep. 2017;7(1):1-11.

Malchow S, Loosse C, Sickmann A, Lorenz C. Quantification of Cardiovascular Disease
Biomarkers in Human Platelets by Targeted Mass Spectrometry. Proteomes [Inter-
net]. 2017;5(4).

Martin-Gill C, Wayne M, Guyette FX, Olafiranye O, Toma C. Feasibility of Remote
Ischemic Peri-conditioning during Air Medical Transport of STEMI Patients. Pre-
hospital Emerg Care Off J Natl Assoc EMS Physicians Natl Assoc State EMS Dir.
2016;20(1):82-9.

Maxwell JD, Carter HH, Hellsten Y, Miller GD, Sprung VS, Cuthbertson DJ, et al. Seven-
day remote ischaemic preconditioning improves endothelial function in patients with
type 2 diabetes mellitus: a randomised pilot study. Eur J Endocrinol. 2019;181(6):
659-69.

McGill MR, Li F, Sharpe MR, Williams CD, Curry SC, Ma X, et al. Circulating
Acylcarnitines as Biomarkers of Mitochondrial Dysfunction after Acetaminophen
Overdose in Mice and Humans. Arch Toxicol. 2014;88(2):391-401.

Meng R, Asmaro K, Meng L, Liu Y, Ma C, Xi C, et al. Upper limb ischemic precon-
ditioning prevents recurrent stroke in intracranial arterial stenosis. Neurology. 2012;
79(18):1853-61.

Meybohm P, Bein B, Brosteanu O, Cremer J, Gruenewald M, Stoppe C, et al. A
Multicenter Trial of Remote Ischemic Preconditioning for Heart Surgery. N Engl J
Med. 2015;373(15):1397-407.

Milani RV, Fitzgerald R, Milani JN, Lavie CJ. The impact of micro troponin leak on long-
term outcomes following elective percutaneous coronary intervention. Catheter
Cardiovasc Interv. 2009;74(6):819-22.

Moretti C, Cerrato E, Cavallero E, Lin S, Rossi ML, Picchi A, et al. The EUROpean and
Chinese cardiac and renal Remote Ischemic Preconditioning Study (EURO-CRIPS
CardioGroup I): A randomized controlled trial. Int J Cardiol. 2018;257:1-6.

Motomura A, Shimizu M, Kato A, Motomura K, Yamamichi A, Koyama H, et al. Remote
ischemic preconditioning protects human neural stem cells from oxidative stress.
Apoptosis Int J Program Cell Death. 2017;22(11):1353-61.

Miiller J, Taebling M, Oberhoffer R. Remote Ischemic Preconditioning Has No Short
Term Effect on Blood Pressure, Heart Rate, and Arterial Stiffness in Healthy Young
Adults. Front Physiol. 2019;10:1094.

Murry CE, Jennings RB, Reimer KA. Preconditioning with ischemia: a delay of lethal
cell injury in ischemic myocardium. Circulation. 1986;74(5):1124-36.

Ng MW, Angerosa J, Konstantinov IE, Cheung MM, Pepe S. Remote ischaemic pre-
conditioning modifies serum apolipoprotein D, met-enkephalin, adenosine, and nitric
oxide in healthy young adults. Clin Exp Pharmacol Physiol. 2019;46(11):995-1000.

Oberkofler CE, Limani P, Jang J-H, Rickenbacher A, Lehmann K, Raptis DA, et al.
Systemic protection through remote ischemic preconditioning is spread by platelet-
dependent signaling in mice. Hepatol Baltim Md. 2014;60(4):1409—-17.

Olenchock BA, Moslehi J, Baik AH, Davidson SM, Williams J, Gibson WJ, et al. EGLN1
Inhibition and Rerouting of a-Ketoglutarate Suffice for Remote Ischemic Protection.
Cell. 2016;164(5):884-95.

Oosterlinck W, Dresselaers T, Geldhof V, Nevelsteen I, Janssens S, Himmelreich U, et
al. Diabetes mellitus and the metabolic syndrome do not abolish, but might reduce,

63



the cardioprotective effect of ischemic postconditioning. J Thorac Cardiovasc Surg.
2013;145(6):1595-602.

Oshima Y, Fujio Y, Nakanishi T, Itoh N, Yamamoto Y, Negoro S, et al. STAT3 mediates
cardioprotection against ischemia/reperfusion injury through metallothionein
induction in the heart. Cardiovasc Res. 2005;65(2):428-35.

Paez DT, Garces M, Calabr6 V, Bin EP, D’ Annunzio V, Del Mauro J, et al. Adenosine
Al receptors and mitochondria: targets of remote ischemic preconditioning. Am J
Physiol Heart Circ Physiol. 2019;316(3):H743-50.

Pei H, Wu Y, Wei Y, Yang Y, Teng S, Zhang H. Remote Ischemic Preconditioning
Reduces Perioperative Cardiac and Renal Events in Patients Undergoing Elective
Coronary Intervention: A Meta-Analysis of 11 Randomized Trials. PLOS ONE.
2014;9(12):e115500.

Penna C, Tullio F, Merlino A, Moro F, Raimondo S, Rastaldo R, et al. Postconditioning
cardioprotection against infarct size and post-ischemic systolic dysfunction is
influenced by gender. Basic Res Cardiol. 2009;104(4):390-402.

Pierce B, Bole I, Patel V, Brown DL. Clinical Outcomes of Remote Ischemic Pre-
conditioning Prior to Cardiac Surgery: A Meta-Analysis of Randomized Controlled
Trials. ] Am Heart Assoc. 2017;6(2).

Piper HM, Garciia-Dorado D, Ovize M. A fresh look at reperfusion injury. Cardiovasc
Res. 1998;38(2):291-300.

Pranata R, Tondas AE, Vania R, Toruan MPL, Lukito AA, Siswanto BB. Remote
ischemic preconditioning reduces the incidence of contrast-induced nephropathy in
patients undergoing coronary angiography/intervention: Systematic review and meta-
analysis of randomized controlled trials. Catheter Cardiovasc Interv Off J Soc Card
Angiogr Interv. 2020;

Pryds K, Bettcher M, Sloth AD, Munk K, Rahbek Schmidt M, Betker HE. Influence of
preinfarction angina and coronary collateral blood flow on the efficacy of remote
ischaemic conditioning in patients with ST segment elevation myocardial infarction:
post hoc subgroup analysis of a randomised controlled trial. BMJ Open [Internet].
2016;6(11).

Przyklenk K, Bauer B, Ovize M, Kloner RA, Whittaker P. Regional ischemic “precon-
ditioning” protects remote virgin myocardium from subsequent sustained coronary
occlusion. Circulation. 1993;87(3):893-9.

Randhawa PK, Jaggi AS. Investigating the involvement of TRPV1 ion channels in remote
hind limb preconditioning-induced cardioprotection in rats. Naunyn Schmiedebergs
Arch Pharmacol. 2017;390(2):117-26.

Randhawa PK, Jaggi AS. Opioids in Remote Ischemic Preconditioning-Induced Cardio-
protection. J Cardiovasc Pharmacol Ther. 2017;22(2):112-21.

Redfern G, Rodseth RN, Biccard BM. Outcomes in vascular surgical patients with
isolated postoperative troponin leak: a meta-analysis. Anaesthesia. 2011;66(7):604—10.

Remote Preconditioning Trialists” Group, Healy DA, Khan WA, Wong CS, Moloney MC,
Grace PA, et al. Remote preconditioning and major clinical complications following
adult cardiovascular surgery: systematic review and meta-analysis. Int J Cardiol.
2014;176(1):20-31.

Ren C, Gao X, Steinberg GK, Zhao H. Limb remote-preconditioning protects against
focal ischemia in rats and contradicts the dogma of therapeutic time windows for
preconditioning. Neuroscience. 2008;151(4):1099-103.

Reuter SE, Evans AM. Carnitine and acylcarnitines: pharmacokinetic, pharmacological
and clinical aspects. Clin Pharmacokinet. 2012;51(9):553-72.

64



Rodseth RN, Biccard BM, Chu R, Lurati Buse GA, Thabane L, Bakhai A, et al. Post-
operative B-type natriuretic peptide for prediction of major cardiac events in patients
undergoing noncardiac surgery: systematic review and individual patient meta-
analysis. Anesthesiology. 2013;119(2):270-83.

Rohailla S, Clarizia N, Sourour M, Sourour W, Gelber N, Wei C, et al. Acute, delayed
and chronic remote ischemic conditioning is associated with downregulation of
mTOR and enhanced autophagy signaling. PloS One. 2014;9(10):e111291.

Ruan W, Liu Q, Chen C, Li S, Xu J. [Limb remote ischemic preconditioning attenuates
liver ischemia reperfusion injury by activating autophagy via modulating PPAR-y
pathway]. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2016;41(9):918-28.

SN,KK,YF,MF, MiD,DIE, et al. Activation of Signal Transducer and Activator of
Transcription 3 Protects Cardiomyocytes From Hypoxia/Reoxygenation-Induced
Oxidative Stress Through the Upregulation of Manganese Superoxide Dismutase
[Internet]. Vol. 104, Circulation. Circulation; 2001.

Sachdeva J, Dai W, Gerczuk PZ, Kloner RA. Combined remote perconditioning and post-
conditioning failed to attenuate infarct size and contractile dysfunction in a rat model
of coronary artery occlusion. J Cardiovasc Pharmacol Ther. 2014;19(6):567-73.

Saes GF, Zerati AE, Wolosker N, Ragazzo L, Rosoky RMA, Ritti-Dias RM, et al. Remote
ischemic preconditioning in patients with intermittent claudication. Clin Sao Paulo
Braz. 2013;68(4):495-9.

Schenning KJ, Anderson S, Alkayed NJ, Hutchens MP. Hyperglycemia abolishes the
protective effect of ischemic preconditioning in glomerular endothelial cells in vitro.
Physiol Rep. 2015;3(3):e12346.

Schoemaker RG, van Heijningen CL. Bradykinin mediates cardiac preconditioning at a
distance. Am J Physiol Heart Circ Physiol. 2000;278(5):H1571-1576.

Schooneman MG, Ten Have GAM, van Vlies N, Houten SM, Deutz NEP, Soeters MR.
Transorgan fluxes in a porcine model reveal a central role for liver in acylcarnitine
metabolism. Am J Physiol-Endocrinol Metab. 2015;309(3):E256—64.

Shahvazian N, Rafiee M, Rahmanian M, Razavi-Ratki SK, Farahzadi MH. Repeated
Remote Ischemic Conditioning Effect on Ankle-brachial Index in Diabetic Patients —
A Randomized Control Trial. Adv Biomed Res. 2017;6:28.

Slagsvold KH, Moreira JBN, Rognmo @, Heydal M, Bye A, Wisleff U, et al. Remote
ischemic preconditioning preserves mitochondrial function and activates pro-survival
protein kinase Akt in the left ventricle during cardiac surgery: A randomized trial. Int
J Cardiol. 2014;177(2):409-17.

Tang ZL, Dai W, Li YJ, Deng HW. Involvement of capsaicin-sensitive sensory nerves in
early and delayed cardioprotection induced by a brief ischaemia of the small intestine.
Naunyn Schmiedebergs Arch Pharmacol. 1999;359(3):243-7.

Thomas KN, Cotter JD, Williams MJA, van Rij AM. Repeated Episodes of Remote
Ischemic Preconditioning for the Prevention of Myocardial Injury in Vascular
Surgery. Vasc Endovascular Surg. 2016;50(3):140-6.

Tong X, Cui W, Li Y, Su C, Shao Y, Liang J, et al. Chronic remote ischemic pre-
conditioning-induced increase of circulating hSDF-1a level and its relation with
reduction of blood pressure and protection endothelial function in hypertension. J
Hum Hypertens. 2019;33(12):856—-62.

Varga G, Ghanem S, Szabo B, Nagy K, Pal N, Tanczos B, et al. Renal ischemia-
reperfusion-induced metabolic and micro-rheological alterations and their modulation
by remote organ ischemic preconditioning protocols in the rat. Clin Hemorheol
Microcirc. 2019;71(2):225-36.

65



Vascular Events In Noncardiac Surgery Patients Cohort Evaluation (VISION) Study
Investigators, Devereaux PJ, Chan MTV, Alonso-Coello P, Walsh M, Berwanger O,
et al. Association between postoperative troponin levels and 30-day mortality among
patients undergoing noncardiac surgery. JAMA. 2012;307(21):2295-304.

Vasileiou I, Xanthos T, Koudouna E, Perrea D, Klonaris C, Katsargyris A, et al. Propofol:
a review of its non-anaesthetic effects. Eur J Pharmacol. 2009;605(1-3):1-8.

Veighey KV, Nicholas JM, Clayton T, Knight R, Robertson S, Dalton N, et al. Early
remote ischaemic preconditioning leads to sustained improvement in allograft function
after live donor kidney transplantation: long-term outcomes in the Renal Protection
Against Ischaemia-Reperfusion in transplantation (REPAIR) randomised trial. Br J
Anaesth. 2019;123(5):584-91.

Venugopal V, Hausenloy DJ, Ludman A, Salvo CD, Kolvekar S, Yap J, et al. Remote
ischaemic preconditioning reduces myocardial injury in patients undergoing cardiac
surgery with cold-blood cardioplegia: a randomised controlled trial. Heart. 2009;
95(19):1567-71.

Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of cardiovascular events and
all-cause mortality with arterial stiffness: a systematic review and meta-analysis. J
Am Coll Cardiol. 2010;55(13):1318-27.

Vlasov TD, Korzhevskii DE, Polyakova EA. Ischemic preconditioning of the rat brain as
a method of endothelial protection from ischemic/repercussion injury. Neurosci
Behav Physiol. 2005;35(6):567-72.

Walsh SR, Boyle JR, Tang TY, Sadat U, Cooper DG, Lapsley M, et al. Remote ischemic
preconditioning for renal and cardiac protection during endovascular aneurysm repair:
a randomized controlled trial. J Endovasc Ther. 2009;16(6):680-9.

Wang G, Zhang Y, Yang L, Chen Y, Fang Z, Zhou H, et al. Cardioprotective effect of
remote ischemic preconditioning with postconditioning on donor hearts in patients
undergoing heart transplantation: a single-center, double-blind, randomized con-
trolled trial. BMC Anesthesiol. 2019;19(1):48.

Wang H, He Z, Zhang Y, Zhang J. 1H NMR metabolic signature of cerebrospinal fluid
following repetitive lower-limb remote ischemia preconditioning. Neurochem Int.
2018;116:95-103.

Wang H, Lyu Y, Liao Q, Jin L, Xu L, Hu Y, et al. Effects of Remote Ischemic Pre-
conditioning in Patients Undergoing Off-Pump Coronary Artery Bypass Graft
Surgery. Front Physiol. 2019;10:495.

Wang S, Li H, He N, Sun Y, Guo S, Liao W, et al. Impact of remote ischaemic pre-
conditioning on major clinical outcomes in patients undergoing cardiovascular
surgery: A meta-analysis with trial sequential analysis of 32 randomised controlled
trials. Int J Cardiol. 2017;227:882-91.

Wang X, Kong N, Zhou C, Mungun D, Iyan Z, Guo Y, et al. Effect of Remote Ischemic
Preconditioning on Perioperative Cardiac Events in Patients Undergoing Elective
Percutaneous Coronary Intervention: A Meta-Analysis of 16 Randomized Trials.
Cardiol Res Pract. 2017;2017:6907167.

Wang Y, Bellomo R. Cardiac surgery-associated acute kidney injury: risk factors, patho-
physiology and treatment. Nat Rev Nephrol. 2017;13(11):697-711.

Wang Y, Shen J, Xiong X, Xu Y, Zhang H, Huang C, et al. Remote ischemic pre-
conditioning protects against liver ischemia-reperfusion injury via heme oxygenase-
1-induced autophagy. PloS One. 2014;9(6):¢98834.

Weber NC, Zuurbier CJ, Hollmann MW. Remote ischaemic preconditioning of the lung:
from bench to bedside—are we there yet? J Thorac Dis. 2018;10(1):98.

66



Weinbrenner C, Nelles M, Herzog N, Sarvary L, Strasser RH. Remote preconditioning
by infrarenal occlusion of the aorta protects the heart from infarction: a newly identified
non-neuronal but PKC-dependent pathway. Cardiovasc Res. 2002;55(3):590-601.

Wider J, Undyala VVR, Whittaker P, Woods J, Chen X, Przyklenk K. Remote ischemic
preconditioning fails to reduce infarct size in the Zucker fatty rat model of type-2
diabetes: role of defective humoral communication. Basic Res Cardiol. 2018;

113(3):16.

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018
ESC/ESH Guidelines for the management of arterial hypertensionThe Task Force for
the management of arterial hypertension of the European Society of Cardiology (ESC)
and the European Society of Hypertension (ESH). Eur Heart J. 2018;39(33):3021—
104.

Wishart DS, Feunang YD, Marcu A, Guo AC, Liang K, Vazquez-Fresno R, et al. HMDB
4.0: the human metabolome database for 2018. Nucleic Acids Res. 2018;46(D1):
D608-17.

Wolfrum S, Nienstedt J, Heidbreder M, Schneider K, Dominiak P, Dendorfer A.
Calcitonin gene related peptide mediates cardioprotection by remote preconditioning.
Regul Pept. 2005;127(1-3):217-24.

Wu G, Chen M, Wang X, Kong E, Yu W, Sun Y, et al. Effect of remote ischemic
preconditioning on hepatic ischemia-reperfusion injury in patients undergoing liver
resection: a randomized controlled trial. Minerva Anestesiol. 2019;

Wu M-Y, Yiang G-T, Liao W-T, Tsai AP-Y, Cheng Y-L, Cheng P-W, et al. Current
Mechanistic Concepts in Ischemia and Reperfusion Injury. Cell Physiol Biochem.
2018;46(4):1650-67.

Xia F-Y, Zhu L, Xu C, Wu Q-Q, Chen W-J, Zeng R, et al. Plasma acylcarnitines could
predict prognosis and evaluate treatment of IgA nephropathy. Nutr Metab. 2019;16:2.

Xie J, Zhang X, Xu J, Zhang Z, Klingensmith NJ, Liu S, et al. Effect of Remote Ischemic
Preconditioning on Outcomes in Adult Cardiac Surgery: A Systematic Review and
Meta-analysis of Randomized Controlled Studies. Anesth Analg. 2018;127(1):30-8.

Xu G, Hansen JS, Zhao XJ, Chen S, Hoene M, Wang XL, et al. Liver and Muscle
Contribute Differently to the Plasma Acylcarnitine Pool During Fasting and Exercise
in Humans. J Clin Endocrinol Metab. 2016;101(12):5044-52.

Xuan YT, Guo Y, Han H, Zhu Y, Bolli R. An essential role of the JAK-STAT pathway
in ischemic preconditioning. Proc Natl Acad Sci U S A. 2001;98(16):9050-5.

Yang J, Liu C, Du X, Liu M, Ji X, Du H, et al. Hypoxia Inducible Factor 1a Plays a Key
Role in Remote Ischemic Preconditioning Against Stroke by Modulating Inflam-
matory Responses in Rats. ] Am Heart Assoc. 2018;7(5).

Yassin MMI, Harkin DW, Barros D’Sa AAB, Halliday MI, Rowlands BJ. Lower limb
ischemia-reperfusion injury triggers a systemic inflammatory response and multiple
organ dysfunction. World J Surg. 2002;26(1):115-21.

Yu J, Chen K, Wu L, Liu X, Lu Y. Anesthetic propofol blunts remote preconditioning of
trauma-induced cardioprotection via the TRPV1 receptor. Biomed Pharmacother.
2019;118:109308.

Yuan Z, Guan Y, Wang L, Wei W, Kane AB, Chin YE. Central Role of the Threonine
Residue within the p+1 Loop of Receptor Tyrosine Kinase in STAT3 Constitutive
Phosphorylation in Metastatic Cancer Cells. Mol Cell Biol. 2004;24(21):9390—400.

Zagidullin N, Scherbakova E, Safina Y, Zulkarneev R, Zagidullin S. The Impact of
Remote Ischemic Preconditioning on Arterial Stiffness and Heart Rate Variability in
Patients with Angina Pectoris. J Clin Med. 2016;5(7).

67



Zagura M, Kals J, Kilk K, Serg M, Kampus P, Eha J, et al. Metabolomic signature of
arterial stiffness in male patients with peripheral arterial disease. Hypertens Res Off J
Jpn Soc Hypertens. 2015;38(12):840-6.

Zapata-Chavira H, Hernandez-Guedea M, Jiménez-Pérez JC, Pérez-Rodriguez E, Mufioz-
Espinosa L, Mufioz-Maldonado G, et al. Modulation of Remote Ischemic Pre-
conditioning by Proinflammatory Cytokines in Renal Transplant Recipients. J
Investig Surg Off J Acad Surg Res. 2019;32(1):63-71.

Zarbock A, Kellum J. Remote ischemic preconditioning and protection of the kidney — a
novel therapeutic option. Crit Care Med. 2016;44(3):607-16.

Zarbock A, Kellum JA, Van Aken H, Schmidt C, Kiillmar M, Rosenberger P, et al. Long-
term Effects of Remote Ischemic Preconditioning on Kidney Function in High-risk
Cardiac Surgery Patients: Follow-up Results from the RenalRIP Trial. Anes-
thesiology. 2017;126(5):787-98.

Zarbock A, Schmidt C, Van Aken H, Wempe C, Martens S, Zahn PK, et al. Effect of
remote ischemic preconditioning on kidney injury among high-risk patients under-
going cardiac surgery: a randomized clinical trial. JAMA. 2015;313(21):2133-41.

Zhang S, Wang N, Xu J, Gao Q, Lin G, Bruce IC, et al. Kappa-opioid receptors mediate
cardioprotection by remote preconditioning. Anesthesiology. 2006;105(3):550—6.

Zhang Y, Ma L, Ren C, Liu K, Tian X, Wu D, et al. Immediate remote ischemic post-
conditioning reduces cerebral damage in ischemic stroke mice by enhancing
leptomeningeal collateral circulation. J Cell Physiol. 2019;234(8):12637-45.

Zhang Y, Zhang X, Chi D, Wang S, Wei H, Yu H, et al. Remote Ischemic Preconditioning
for Prevention of Acute Kidney Injury in Patients Undergoing On-Pump Cardiac
Surgery: A Systematic Review and Meta-Analysis. Medicine (Baltimore). 2016;
95(37):e3465.

Zhao W, Meng R, Ma C, Hou B, Jiao L, Zhu F, et al. Safety and Efficacy of Remote
Ischemic Preconditioning in Patients With Severe Carotid Artery Stenosis Before
Carotid Artery Stenting: A Proof-of-Concept, Randomized Controlled Trial. Circu-
lation. 2017;135(14):1325-35.

Zhou C, Bulluck H, Fang N, Li L, Hausenloy DJ. Age and Surgical Complexity impact
on Renoprotection by Remote Ischemic Preconditioning during Adult Cardiac
Surgery: A Meta analysis. Sci Rep. 2017;7(1):215.

ZhouC,LiuY, Yao Y, Zhou S, Fang N, Wang W, et al. B-blockers and volatile anesthetics
may attenuate cardioprotection by remote preconditioning in adult cardiac surgery: a
meta-analysis of 15 randomized trials. J Cardiothorac Vasc Anesth. 2013;27(2):305-11.

68



PUBLICATIONS



CURRICULUM VITAE

I General information

Name: Teele Kasepalu (maiden name Kepler)
Birth date: 17.04.1990

Citizenship: Estonia

E-mail: Teele.Kasepalu@kliinikum.ee

Education: level of education (Institution, study years):

Cardiology residency (University of Tartu, 2019—...)

Doctoral studies (University of Tartu, Institute of Clinical Medicine, 2015-...)

Bachelor’s and Master’s Integrated degree (University of Tartu, Medicine,
2009-2015)

Secondary education (Hugo Treffner Gymnasium, 2006—2009)

Primary education (Tartu Kivilinna School, 1997-2006)

Languages: Estonian, English, Russian

Professional experience:

2017-2019  University of Tartu, Institute of Clinical medicine, Department of
Surgery, junior research fellow

2017-... Hospital of Parnu, Emergency Department, general practitioner

2018-... Hospital of Viljandi, Emergency Department and Department of
Internal medicine, general practitioner

2015-2018 Hospital of Pdlva, Department of Internal medicine, general
practitioner

IT Research

Main fields of research:
Remote ischaemic preconditioning in patients undergoing vascular surgery

A list of publications:

Kepler T., Kuusik K., Lepner U., Starkopf J., Zilmer M., Eha J., Lieberg J.,
Vihi M., Kals J. The Effect of Remote Ischaemic Preconditioning on Arterial
Stiffness in Patients Undergoing Vascular Surgery: A Randomised Clinical
Trial. Eur J Vasc Endovasc Surg. 2019;57:868—875.

Kepler T., Kuusik K., Lepner U., Starkopf J., Zilmer M., Eha J., Vihi M., Kals J.
Remote ischaemic preconditioning attenuates cardiac biomarkers during
vascular surgery: a randomised clinical trial. Eur J Vasc Endovasc Surg.
2020;59:301-308.

Kasepalu T., Kuusik K., Lepner U., Starkopf J., Zilmer M., Eha J., Vdhi M.,
Kals J. Remote Ischaemic Preconditioning Reduces Kidney Injury Bio-
markers in Patients Undergoing Open Surgical Lower Limb Revascu-
larisation: A Randomised Trial. Oxid Med Cell Longev. 2020:7098505.

111



Kasepalu T., Kuusik K., Lepner U., Starkopf J., Zilmer M., Eha J., Vdhi M.,
Kals J. Remote ischaemic preconditioning influences the levels of acyl-
carnitines in vascular surgery: a randomised clinical trial. Nutr Metab (Lond).
2020;17:76.

Kuusik K., Kepler T., Zilmer M., Eha J., Vdhi M., Kals J. Effects of Remote
Ischaemic Preconditioning on Arterial Stiffness in Patients Undergoing Lower
Limb Angiographic Procedures: A Randomised Clinical Trial. Eur J Vasc
Endovasc Surg. 2019;58(6):875-882.

III Teaching work
Conducting seminars and practical trainings in biochemistry for the second year
medical students

IV Professional development

Participation in conferences:
2016 ,Arterial Hemodynamics: past, present and future” London, England
2016 Spring workshop of Estonian Society of Cardiology, Tallinn, Estonia
2017 Workshop of Estonian Society of Cardiology, lectures for residents, Tartu,
Estonia
2017 ,,Clinic 2017¢ Tartu, Estonia
o oral presentation ,,Remote ischaemic preconditioning in vascular
surgery
2018 ,,Clinic 2018 Tartu, Estonia
2018 Scientific conference of the Faculty of Medicine
o oral presentation ,,Remote ischaemic preconditioning reduces peri-
operative kidney damage in vascular surgery*
2018 ,,ARTERY 2018 Guimaraes, Portugal
o poster presentation ,,Remote ischaemic preconditioning attenuates
kidney injury perioperatively in patients undergoing surgical lower
[imb revascularisation®
2018 ,Arterial Siffness and Vascular Aging*, Vilnius, Lithuania
2019 ,,ARTERY 2019" Budapest, Hungary
o poster presentation ,,Remote ischaemic preconditioning attenuates
cardiac biomarkers during vascular surgery: a randomised clinical
trial“
2019 European Society of Hypertension Summer School, Vravrona, Greece
o oral presentation ,,The effect of remote i schaemic preconditioning on
arterial stiffnessin vascular surgery”
2020 25th Anniversary conference of Estonian Society of Hypertension,
Tallinn, Estonia
o oral presentation ,,Renal denervation‘

112



ELULOOKIRJELDUS

I Uldinformatsioon

Nimi: Teele Kasepalu (end. Kepler)
Siinniaeg: 17.04.1990

Kodakondsus: Eesti

E-mail: Teele.Kepler@gmail.com

Haridus: haridustase (institutsioon, 6ppeaastad):

Doktoridpe (Tartu Ulikool, kliinilise meditsiini instituut, 2015—...)

Integreeritud bakalaureuse ja magistridpe (Tartu Ulikool, arstiteaduskond,
2009-2015)

Keskharidus (Hugo Treffneri Giimnaasium, 2006—2009)

Pd&hiharidus (Tartu Kivilinna Kool, 1997-2006)

Keeled: cesti, inglise, vene

Erialane tookogemus:
2017-2019 Tartu Ulikool, kliinilise meditsiini instituut, kirurgiakliinik,

nooremteadur
2015-... SA Péarnu Haigla, erakorralise meditsiini osakond, tildarst
2018-... SA Viljandi Haigla, erakorralise meditsiini osakond ja

sisehaiguste osakond, tildarst
2015-2018 AS Polva Haigla, sisehaiguste osakond, tildarst

II Teadustoo

Publikatsioonid:

Kepler, T., Kuusik, K., Lepner, U., Starkopf, J., Zilmer, M., Eha, J., Lieberg, J.,
Vihi, M., Kals, J. The Effect of Remote Ischaemic Preconditioning on Arterial
Stiffness in Patients Undergoing Vascular Surgery: A Randomised Clinical
Trial. Eur J Vasc Endovasc Surg. 2019;57:868—875.

Kepler, T., Kuusik, K., Lepner, U., Starkopf, J., Zilmer, M., Eha, J., Vdhi, M.,
Kals, J. Remote ischaemic preconditioning attenuates cardiac biomarkers
during vascular surgery: a randomised clinical trial. Eur J Vasc Endovasc Surg.
2020; 59:301-308.

Kasepalu, T., Kuusik, K., Lepner, U., Starkopf, J., Zilmer, M., Eha, J., Vdhi, M.,
Kals, J. Remote Ischaemic Preconditioning Reduces Kidney Injury Bio-
markers in Patients Undergoing Open Surgical Lower Limb Revascu-
larisation: A Randomised Trial. Oxid Med Cell Longev. 2020:7098505.

113



Kasepalu, T., Kuusik, K., Lepner, U., Starkopf, J., Zilmer, M., Eha, J., Vdhi, M.,
Kals, J. Remote ischaemic preconditioning influences the levels of acyl-
carnitines in vascular surgery: a randomised clinical trial. Nutr Metab (Lond).
2020;17:76.

Kuusik, K., Kepler, T., Zilmer, M., Eha, J., Vdhi, M., Kals, J. Effects of Remote
Ischaemic Preconditioning on Arterial Stiffness in Patients Undergoing Lower
Limb Angiographic Procedures: A Randomised Clinical Trial. Eur J Vasc
Endovasc Surg. 2019;58(6):875-882.

IIT Oppetood
2. aasta arstiteaduskonna {ilidpilastele biokeemia seminaride ja praktikumide
labiviimine

III Erialaline tiiendus

Osalemine konverentsidel:
2016 ,,Arterial Hemodynamics: past, present and future® London, Inglismaa
2016 Eesti Kardioloogide Seltsi kevadine koosolek, Tallinn, Eesti
2017 Kardioloogia loengud residentidele, Tartu, Eesti
2017 ,,KLIINIK 2017 Tartu, Eesti
o suuline ettekanne ,,Kaugisheemiline eelkohastamine
veresoontekirurgias'
2018 ,,KLIINIK 2018 Tartu, Eesti
2018 Arstiteaduskonna aastapédeva teaduskonverents
o suuline ettekanne “ Kaugisheemiline eelkohastamine vahendab
veresoontekirurgias perioperatiivset neerukahjustust®
2018 ,,ARTERY 2018 Guimaraes, Portugal
o posterettekanne ,,Kaugisheemiline eelkohastamine véhendab
perioperatiivset neerukahjustust alajaseme revaskulariseerivatel
operatsioonidel
2018 ,Arterial Siffnessand Vascular Aging*, Vilnius, Leedu
2019 ,,ARTERY 2019 Budapest, Ungari
o posterettekanne ,,Kaugisheemiline eelkohastamine vahendab
kardiomarkerite leket veresoonteoperatsioonidel: randomiseeritud
Kliiniline uuring‘
2019 Euroopa Hiipertensiooniiihingu Suvekool, Vravrona, Kreeka,
o suuline ettekanne ,,Kaugisheemilise eelkohastamise mdju arterite
jaikusele veresoontekirurgias”
2020 Eesti Hiipertensiooniiihingu juubelikonverents, Tallinn, Eesti
o suuline ettekanne ,,Neeruarterite denervatsioon

114



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DISSERTATIONES MEDICINAE
UNIVERSITATIS TARTUENSIS

. Heidi-Ingrid Maaroos. The natural course of gastric ulcer in connection

with chronic gastritis and Helicobacter pylori. Tartu, 1991.

Mihkel Zilmer. Na-pump in normal and tumorous brain tissues: Structural,
functional and tumorigenesis aspects. Tartu, 1991.

Eero Vasar. Role of cholecystokinin receptors in the regulation of beha-
viour and in the action of haloperidol and diazepam. Tartu, 1992.

Tiina Talvik. Hypoxic-ischaemic brain damage in neonates (clinical,
biochemical and brain computed tomographical investigation). Tartu, 1992.

. Ants Peetsalu. Vagotomy in duodenal ulcer disease: A study of gastric

acidity, serum pepsinogen I, gastric mucosal histology and Helicobacter
pylori. Tartu, 1992.

Marika Mikelsaar. Evaluation of the gastrointestinal microbial ecosystem
in health and disease. Tartu, 1992.

Hele Everaus. Immuno-hormonal interactions in chronic lymphocytic leu-
kaemia and multiple myeloma. Tartu, 1993.

Ruth Mikelsaar. Etiological factors of diseases in genetically consulted
children and newborn screening: dissertation for the commencement of the
degree of doctor of medical sciences. Tartu, 1993.

Agu Tamm. On metabolic action of intestinal microflora: clinical aspects.
Tartu, 1993.

Katrin Gross. Multiple sclerosis in South-Estonia (epidemiological and
computed tomographical investigations). Tartu, 1993.

Oivi Uibo. Childhood coeliac disease in Estonia: occurrence, screening,
diagnosis and clinical characterization. Tartu, 1994.

Viiu Tuulik. The functional disorders of central nervous system of che-
mistry workers. Tartu, 1994.

Margus Viigimaa. Primary haemostasis, antiaggregative and anticoagulant
treatment of acute myocardial infarction. Tartu, 1994.

Rein Kolk. Atrial versus ventricular pacing in patients with sick sinus
syndrome. Tartu, 1994.

Toomas Podar. Incidence of childhood onset type 1 diabetes mellitus in
Estonia. Tartu, 1994.

Kiira Subi. The laboratory surveillance of the acute respiratory viral
infections in Estonia. Tartu, 1995.

Irja Lutsar. Infections of the central nervous system in children (epidemi-
ologic, diagnostic and therapeutic aspects, long term outcome). Tartu, 1995.
Aavo Lang. The role of dopamine, 5-hydroxytryptamine, sigma and NMDA
receptors in the action of antipsychotic drugs. Tartu, 1995.

Andrus Arak. Factors influencing the survival of patients after radical
surgery for gastric cancer. Tartu, 1996.

115



20.

21.

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

Tonis Karki. Quantitative composition of the human lactoflora and method
for its examination. Tartu, 1996.

Reet Mindar. Vaginal microflora during pregnancy and its transmission to
newborn. Tartu, 1996.

Triin Remmel. Primary biliary cirrhosis in Estonia: epidemiology, clinical
characterization and prognostication of the course of the disease. Tartu,
1996.

Toomas Kivastik. Mechanisms of drug addiction: focus on positive rein-
forcing properties of morphine. Tartu, 1996.

Paavo Pokk. Stress due to sleep deprivation: focus on GABAA receptor-
chloride ionophore complex. Tartu, 1996.

Kristina Allikmets. Renin system activity in essential hypertension. As-
sociations with atherothrombogenic cardiovascular risk factors and with the
efficacy of calcium antagonist treatment. Tartu, 1996.

Triin Parik. Oxidative stress in essential hypertension: Associations with
metabolic disturbances and the effects of calcium antagonist treatment.
Tartu, 1996.

Svetlana Pii. Factors promoting heterogeneity of the course of rheumatoid
arthritis. Tartu, 1997.

Maarike Sallo. Studies on habitual physical activity and aerobic fitness in
4 to 10 years old children. Tartu, 1997.

Paul Naaber. Clostridium difficile infection and intestinal microbial eco-
logy. Tartu, 1997.

Rein Pihkla. Studies in pinoline pharmacology. Tartu, 1997.

Andrus Juhan Voitk. Outpatient laparoscopic cholecystectomy. Tartu, 1997.
Joel Starkopf. Oxidative stress and ischaemia-reperfusion of the heart.
Tartu, 1997.

Janika Korv. Incidence, case-fatality and outcome of stroke. Tartu, 1998.
Ulla Linnamiigi. Changes in local cerebral blood flow and lipid peroxida-
tion following lead exposure in experiment. Tartu, 1998.

Ave Minajeva. Sarcoplasmic reticulum function: comparison of atrial and
ventricular myocardium. Tartu, 1998.

Oleg Milenin. Reconstruction of cervical part of esophagus by revascular-
ised ileal autografts in dogs. A new complex multistage method. Tartu, 1998.
Sergei Pakriev. Prevalence of depression, harmful use of alcohol and
alcohol dependence among rural population in Udmurtia. Tartu, 1998.
Allen Kaasik. Thyroid hormone control over B-adrenergic signalling system
in rat atria. Tartu, 1998.

Vallo Matto. Pharmacological studies on anxiogenic and antiaggressive
properties of antidepressants. Tartu, 1998.

Maire Vasar. Allergic diseases and bronchial hyperreactivity in Estonian
children in relation to environmental influences. Tartu, 1998.

Kaja Julge. Humoral immune responses to allergens in early childhood.
Tartu, 1998.

116



42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Heli Griinberg. The cardiovascular risk of Estonian schoolchildren.
A cross-sectional study of 9-, 12- and 15-year-old children. Tartu, 1998.
Epp Sepp. Formation of intestinal microbial ecosystem in children. Tartu,
1998.

Mai Ots. Characteristics of the progression of human and experimental
glomerulopathies. Tartu, 1998.

Tiina Ristimfe. Heart rate variability in patients with coronary artery
disease. Tartu, 1998.

Leho Koiv. Reaction of the sympatho-adrenal and hypothalamo-pituitary-
adrenocortical system in the acute stage of head injury. Tartu, 1998.

Bela Adojaan. Immune and genetic factors of childhood onset IDDM in
Estonia. An epidemiological study. Tartu, 1999.

Jakov Shlik. Psychophysiological effects of cholecystokinin in humans.
Tartu, 1999.

Kai Kisand. Autoantibodies against dehydrogenases of a-ketoacids. Tartu,
1999.

Toomas Marandi. Drug treatment of depression in Estonia. Tartu, 1999.
Ants Kask. Behavioural studies on neuropeptide Y. Tartu, 1999.
Ello-Rahel Karelson. Modulation of adenylate cyclase activity in the rat hip-
pocampus by neuropeptide galanin and its chimeric analogs. Tartu, 1999.
Tanel Laisaar. Treatment of pleural empyema — special reference to intra-
pleural therapy with streptokinase and surgical treatment modalities. Tartu,
1999.

Eve Pihl. Cardiovascular risk factors in middle-aged former athletes. Tartu,
1999.

Katrin Ounap. Phenylketonuria in Estonia: incidence, newborn screening,
diagnosis, clinical characterization and genotype/phenotype correlation.
Tartu, 1999.

Siiri Koljalg. Acinetobacter — an important nosocomial pathogen. Tartu,
1999.

Helle Karro. Reproductive health and pregnancy outcome in Estonia:
association with different factors. Tartu, 1999.

Heili Varendi. Behavioral effects observed in human newborns during
exposure to naturally occurring odors. Tartu, 1999.

Anneli Beilmann. Epidemiology of epilepsy in children and adolescents in
Estonia. Prevalence, incidence, and clinical characteristics. Tartu, 1999.
Vallo Volke. Pharmacological and biochemical studies on nitric oxide in the
regulation of behaviour. Tartu, 1999.

Pilvi Ilves. Hypoxic-ischaemic encephalopathy in asphyxiated term infants.
A prospective clinical, biochemical, ultrasonographical study. Tartu, 1999.
Anti Kalda. Oxygen-glucose deprivation-induced neuronal death and its
pharmacological prevention in cerebellar granule cells. Tartu, 1999.
Eve-Irene Lepist. Oral peptide prodrugs — studies on stability and
absorption. Tartu, 2000.

117



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

8l1.

82.

Jana Kivastik. Lung function in Estonian schoolchildren: relationship with
anthropometric indices and respiratory symptomas, reference values for
dynamic spirometry. Tartu, 2000.

Karin Kull. Inflammatory bowel disease: an immunogenetic study. Tartu,
2000.

Kaire Innos. Epidemiological resources in Estonia: data sources, their
quality and feasibility of cohort studies. Tartu, 2000.

Tamara Vorobjova. Immune response to Helicobacter pylori and its
association with dynamics of chronic gastritis and epithelial cell turnover in
antrum and corpus. Tartu, 2001.

Ruth Kalda. Structure and outcome of family practice quality in the
changing health care system of Estonia. Tartu, 2001.

Annika Kriiiiner. Mycobacterium tuber culosis— spread and drug resistance
in Estonia. Tartu, 2001.

Marlit Veldi. Obstructive Sleep Apnoea: Computerized Endopharyngeal
Myotonometry of the Soft Palate and Lingual Musculature. Tartu, 2001.
Anneli Uuskiila. Epidemiology of sexually transmitted diseases in Estonia
in 1990-2000. Tartu, 2001.

Ade Kallas. Characterization of antibodies to coagulation factor VIII. Tartu,
2002.

Heidi Annuk. Selection of medicinal plants and intestinal lactobacilli as
antimicrobil components for functional foods. Tartu, 2002.

Aet Lukmann. Early rehabilitation of patients with ischaemic heart disease
after surgical revascularization of the myocardium: assessment of health-
related quality of life, cardiopulmonary reserve and oxidative stress. A
clinical study. Tartu, 2002.

Maigi Eisen. Pathogenesis of Contact Dermatitis: participation of Oxidative
Stress. A clinical — biochemical study. Tartu, 2002.

Piret Hussar. Histology of the post-traumatic bone repair in rats. Elabora-
tion and use of a new standardized experimental model — bicortical perfora-
tion of tibia compared to internal fracture and resection osteotomy. Tartu,
2002.

Tonu Rétsep. Aneurysmal subarachnoid haemorrhage: Noninvasive moni-
toring of cerebral haemodynamics. Tartu, 2002.

Marju Herodes. Quality of life of people with epilepsy in Estonia. Tartu,
2003.

Katre Maasalu. Changes in bone quality due to age and genetic disorders
and their clinical expressions in Estonia. Tartu, 2003.

Toomas Sillakivi. Perforated peptic ulcer in Estonia: epidemiology, risk
factors and relations with Helicobacter pylori. Tartu, 2003.

Leena Puksa. Late responses in motor nerve conduction studies. F and A
waves in normal subjects and patients with neuropathies. Tartu, 2003.
Krista Loivukene. Helicobacter pylori in gastric microbial ecology and its
antimicrobial susceptibility pattern. Tartu, 2003.

118



83.

84.

85.

86.

87.

88.

9.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

Helgi Kolk. Dyspepsia and Helicobacter pylori infection: the diagnostic
value of symptoms, treatment and follow-up of patients referred for upper
gastrointestinal endoscopy by family physicians. Tartu, 2003.

Helena Soomer. Validation of identification and age estimation methods in
forensic odontology. Tartu, 2003.

Kersti Oselin. Studies on the human MDR1, MRP1, and MRP2 ABC trans-
porters: functional relevance of the genetic polymorphisms in the MDR1 and
MRP1 gene. Tartu, 2003.

Jaan Soplepmann. Peptic ulcer haemorrhage in Estonia: epidemiology,
prognostic factors, treatment and outcome. Tartu, 2003.

Margot Peetsalu. Long-term follow-up after vagotomy in duodenal ulcer
disease: recurrent ulcer, changes in the function, morphology and Helico-
bacter pylori colonisation of the gastric mucosa. Tartu, 2003.

Kersti Klaamas. Humoral immune response to Helicobacter pylori a study
of host-dependent and microbial factors. Tartu, 2003.

Pille Taba. Epidemiology of Parkinson’s disease in Tartu, Estonia. Pre-
valence, incidence, clinical characteristics, and pharmacoepidemiology.
Tartu, 2003.

Alar Veraksit$. Characterization of behavioural and biochemical phenotype
of cholecystokinin-2 receptor deficient mice: changes in the function of the
dopamine and endopioidergic system. Tartu, 2003.

Ingrid Kalev. CC-chemokine receptor 5 (CCRS) gene polymorphism in
Estonians and in patients with Type I and Type II diabetes mellitus. Tartu,
2003.

Lumme Kadaja. Molecular approach to the regulation of mitochondrial
function in oxidative muscle cells. Tartu, 2003.

Aive Liigant. Epidemiology of primary central nervous system tumours in
Estonia from 1986 to 1996. Clinical characteristics, incidence, survival and
prognostic factors. Tartu, 2004.

Andres, Kulla. Molecular characteristics of mesenchymal stroma in human
astrocytic gliomas. Tartu, 2004.

Mari Jarvelaid. Health damaging risk behaviours in adolescence. Tartu,
2004.

Ulle Pechter. Progression prevention strategies in chronic renal failure and
hypertension. An experimental and clinical study. Tartu, 2004.

Gunnar Tasa. Polymorphic glutathione S-transferases — biology and role in
modifying genetic susceptibility to senile cataract and primary open angle
glaucoma. Tartu, 2004.

Tuuli Kéiddmbre. Intracellular energetic unit: structural and functional
aspects. Tartu, 2004.

Vitali Vassiljev. Influence of nitric oxide syntase inhibitors on the effects
of ethanol after acute and chronic ethanol administration and withdrawal.
Tartu, 2004.

119



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Aune Rehema. Assessment of nonhaem ferrous iron and glutathione redox
ratio as markers of pathogeneticity of oxidative stress in different clinical
groups. Tartu, 2004.

Evelin Seppet. Interaction of mitochondria and ATPases in oxidative
muscle cells in normal and pathological conditions. Tartu, 2004.

Eduard Maron. Serotonin function in panic disorder: from clinical expe-
riments to brain imaging and genetics. Tartu, 2004.

Marje Oona. Helicobacter pylori infection in children: epidemiological
and therapeutic aspects. Tartu, 2004.

Kersti Kokk. Regulation of active and passive molecular transport in the
testis. Tartu, 2005.

Vladimir Jirv. Cross-sectional imaging for pretreatment evaluation and
follow-up of pelvic malignant tumours. Tartu, 2005.

Andre Oun. Epidemiology of adult epilepsy in Tartu, Estonia. Incidence,
prevalence and medical treatment. Tartu, 2005.

Piibe Muda. Homocysteine and hypertension: associations between homo-
cysteine and essential hypertension in treated and untreated hypertensive
patients with and without coronary artery disease. Tartu, 2005.

Kiilli Kingo. The interleukin-10 family cytokines gene polymorphisms in
plaque psoriasis. Tartu, 2005.

Mati Merila. Anatomy and clinical relevance of the glenohumeral joint
capsule and ligaments. Tartu, 2005.

Epp Songisepp. Evaluation of technological and functional properties of
the new probiotic Lactobacillus fermentum ME-3. Tartu, 2005.

Tiia Ainla. Acute myocardial infarction in Estonia: clinical characteristics,
management and outcome. Tartu, 2005.

Andres Sell. Determining the minimum local anaesthetic requirements for
hip replacement surgery under spinal anaesthesia — a study employing a
spinal catheter. Tartu, 2005.

Tiia Tamme. Epidemiology of odontogenic tumours in Estonia. Patho-
genesis and clinical behaviour of ameloblastoma. Tartu, 2005.

Triine Annus. Allergy in Estonian schoolchildren: time trends and charac-
teristics. Tartu, 2005.

Tiia Voor. Microorganisms in infancy and development of allergy: com-
parison of Estonian and Swedish children. Tartu, 2005.

Priit Kasenomm. Indicators for tonsillectomy in adults with recurrent
tonsillitis — clinical, microbiological and pathomorphological investi-
gations. Tartu, 2005.

Eva Zusinaite. Hepatitis C virus: genotype identification and interactions
between viral proteases. Tartu, 2005.

Piret K6ll. Oral lactoflora in chronic periodontitis and periodontal health.
Tartu, 2006.

Tiina Stelmach. Epidemiology of cerebral palsy and unfavourable neuro-
developmental outcome in child population of Tartu city and county,
Estonia Prevalence, clinical features and risk factors. Tartu, 2006.

120



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.
131.

132.

133.

134.

135.

136.
137.

138.

139.
140.

Katrin Pudersell. Tropane alkaloid production and riboflavine excretion
in the field and tissue cultures of henbane (Hyoscyamus niger L.). Tartu,
2006.

Kiilli Jaako. Studies on the role of neurogenesis in brain plasticity. Tartu,
2006.

Aare Mirtson. Lower limb lengthening: experimental studies of bone
regeneration and long-term clinical results. Tartu, 2006.

Heli Tidhepdld. Patient consultation in family medicine. Tartu, 2006.
Stanislav Liskmann. Peri-implant disease: pathogenesis, diagnosis and
treatment in view of both inflammation and oxidative stress profiling.
Tartu, 2006.

Ruth Rudissaar. Neuropharmacology of atypical antipsychotics and an
animal model of psychosis. Tartu, 2006.

Helena Andreson. Diversity of Helicobacter pylori genotypes in Estonian
patients with chronic inflammatory gastric diseases. Tartu, 2006.

Katrin Pruus. Mechanism of action of antidepressants: aspects of sero-
toninergic system and its interaction with glutamate. Tartu, 2006.

Priit Péder. Clinical and experimental investigation: relationship of
ischaemia/reperfusion injury with oxidative stress in abdominal aortic
aneurysm repair and in extracranial brain artery endarterectomy and possi-
bilities of protection against ischaemia using a glutathione analogue in a rat
model of global brain ischaemia. Tartu, 2006.

Marika Tammaru. Patient-reported outcome measurement in rheumatoid
arthritis. Tartu, 2006.

Tiia Reimand. Down syndrome in Estonia. Tartu, 2006.

Diva Eensoo. Risk-taking in traffic and Markers of Risk-Taking Behaviour
in Schoolchildren and Car Drivers. Tartu, 2007.

Riina Vibo. The third stroke registry in Tartu, Estonia from 2001 to 2003:
incidence, case-fatality, risk factors and long-term outcome. Tartu, 2007.
Chris Pruunsild. Juvenile idiopathic arthritis in children in Estonia. Tartu,
2007.

Eve Oiglane-Slik. Angelman and Prader-Willi syndromes in Estonia.
Tartu, 2007.

Kadri Haller. Antibodies to follicle stimulating hormone. Significance in
female infertility. Tartu, 2007.

Pille O6pik. Management of depression in family medicine. Tartu, 2007.
Jaak Kals. Endothelial function and arterial stiffness in patients with
atherosclerosis and in healthy subjects. Tartu, 2007.

Priit Kampus. Impact of inflammation, oxidative stress and age on arterial
stiffness and carotid artery intima-media thickness. Tartu, 2007.

Margus Punab. Male fertility and its risk factors in Estonia. Tartu, 2007.
Alar Toom. Heterotopic ossification after total hip arthroplasty: clinical
and pathogenetic investigation. Tartu, 2007.

121



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.
160.

Lea Pehme. Epidemiology of tuberculosis in Estonia 1991-2003 with
special regard to extrapulmonary tuberculosis and delay in diagnosis of
pulmonary tuberculosis. Tartu, 2007.

Juri Karjagin. The pharmacokinetics of metronidazole and meropenem in
septic shock. Tartu, 2007.

Inga Talvik. Inflicted traumatic brain injury shaken baby syndrome in
Estonia — epidemiology and outcome. Tartu, 2007.

Tarvo Rajasalu. Autoimmune diabetes: an immunological study of type 1
diabetes in humans and in a model of experimental diabetes (in RIP-B7.1
mice). Tartu, 2007.

Inga Karu. Ischaemia-reperfusion injury of the heart during coronary
surgery: a clinical study investigating the effect of hyperoxia. Tartu, 2007.
Peeter Padrik. Renal cell carcinoma: Changes in natural history and treat-
ment of metastatic disease. Tartu, 2007.

Neve Vendt. Iron deficiency and iron deficiency anaemia in infants aged 9
to 12 months in Estonia. Tartu, 2008.

Lenne-Triin Heidmets. The effects of neurotoxins on brain plasticity:
focus on neural Cell Adhesion Molecule. Tartu, 2008.

Paul Korrovits. Asymptomatic inflammatory prostatitis: prevalence, etio-
logical factors, diagnostic tools. Tartu, 2008.

Annika Reintam. Gastrointestinal failure in intensive care patients. Tartu,
2008.

Kristiina Roots. Cationic regulation of Na-pump in the normal, Alzhei-
mer’s and CCK, receptor-deficient brain. Tartu, 2008.

Helen Puusepp. The genetic causes of mental retardation in Estonia:
fragile X syndrome and creatine transporter defect. Tartu, 2009.

Kristiina Rull. Human chorionic gonadotropin beta genes and recurrent
miscarriage: expression and variation study. Tartu, 2009.

Margus Eimre. Organization of energy transfer and feedback regulation in
oxidative muscle cells. Tartu, 2009.

Maire Link. Transcription factors FoxP3 and AIRE: autoantibody
associations. Tartu, 2009.

Kai Haldre. Sexual health and behaviour of young women in Estonia.
Tartu, 2009.

Kaur Liivak. Classical form of congenital adrenal hyperplasia due to
21-hydroxylase deficiency in Estonia: incidence, genotype and phenotype
with special attention to short-term growth and 24-hour blood pressure.
Tartu, 2009.

Kersti Ehrlich. Antioxidative glutathione analogues (UPF peptides) —
molecular design, structure-activity relationships and testing the protective
properties. Tartu, 2009.

Anneli Rétsep. Type 2 diabetes care in family medicine. Tartu, 2009.
Silver Tiirk. Etiopathogenetic aspects of chronic prostatitis: role of myco-
plasmas, coryneform bacteria and oxidative stress. Tartu, 2009.

122



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.
181.

182.

Kaire Heilman. Risk markers for cardiovascular disease and low bone
mineral density in children with type 1 diabetes. Tartu, 2009.

Kristi Riiiitel. HIV-epidemic in Estonia: injecting drug use and quality of
life of people living with HIV. Tartu, 2009.

Triin Eller. Immune markers in major depression and in antidepressive
treatment. Tartu, 2009.

Siim Suutre. The role of TGF-B isoforms and osteoprogenitor cells in the
pathogenesis of heterotopic ossification. An experimental and clinical study
of hip arthroplasty. Tartu, 2010.

Kai Kliiman. Highly drug-resistant tuberculosis in Estonia: Risk factors
and predictors of poor treatment outcome. Tartu, 2010.

Inga Villa. Cardiovascular health-related nutrition, physical activity and
fitness in Estonia. Tartu, 2010.

Tonis Org. Molecular function of the first PHD finger domain of Auto-
immune Regulator protein. Tartu, 2010.

Tuuli Metsvaht. Optimal antibacterial therapy of neonates at risk of early
onset sepsis. Tartu, 2010.

Jaanus Kahu. Kidney transplantation: Studies on donor risk factors and
mycophenolate mofetil. Tartu, 2010.

Koit Reimand. Autoimmunity in reproductive failure: A study on as-
sociated autoantibodies and autoantigens. Tartu, 2010.

Mart Kull. Impact of vitamin D and hypolactasia on bone mineral density:
a population based study in Estonia. Tartu, 2010.

Rael Laugesaar. Stroke in children — epidemiology and risk factors. Tartu,
2010.

Mark Braschinsky. Epidemiology and quality of life issues of hereditary
spastic paraplegia in Estonia and implemention of genetic analysis in
everyday neurologic practice. Tartu, 2010.

Kadri Suija. Major depression in family medicine: associated factors,
recurrence and possible intervention. Tartu, 2010.

Jarno Habicht. Health care utilisation in Estonia: socioeconomic determi-
nants and financial burden of out-of-pocket payments. Tartu, 2010.

Kristi Abram. The prevalence and risk factors of rosacea. Subjective
disease perception of rosacea patients. Tartu, 2010.

Malle Kuum. Mitochondrial and endoplasmic reticulum cation fluxes:
Novel roles in cellular physiology. Tartu, 2010.

Rita Teek. The genetic causes of early onset hearing loss in Estonian
children. Tartu, 2010.

Daisy Volmer. The development of community pharmacy services in
Estonia — public and professional perceptions 1993-2006. Tartu, 2010.
Jelena Lissitsina. Cytogenetic causes in male infertility. Tartu, 2011.
Delia Lepik. Comparison of gunshot injuries caused from Tokarev,
Makarov and Glock 19 pistols at different firing distances. Tartu, 2011.
Ene-Renate Pidhkla. Factors related to the efficiency of treatment of
advanced periodontitis. Tartu, 2011.

123



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200

201.

202.

Maarja Krass. L-Arginine pathways and antidepressant action. Tartu,
2011.

Taavi Lai. Population health measures to support evidence-based
health policy in Estonia. Tartu, 2011.

Tiit Salum. Similarity and difference of temperature-dependence of the
brain sodium pump in normal, different neuropathological, and aberrant
conditions and its possible reasons. Tartu, 2011.

Tonu Vooder. Molecular differences and similarities between histological
subtypes of non-small cell lung cancer. Tartu, 2011.

Jelena St¥epetova. The characterisation of intestinal lactic acid bacteria
using bacteriological, biochemical and molecular approaches. Tartu, 2011.
Radko Avi. Natural polymorphisms and transmitted drug resistance in
Estonian HIV-1 CRF06_cpx and its recombinant viruses. Tartu, 2011, 116 p.
Edward Laane. Multiparameter flow cytometry in haematological malig-
nancies. Tartu, 2011, 152 p.

Triin Jagomaégi. A study of the genetic etiology of nonsyndromic cleft lip
and palate. Tartu, 2011, 158 p.

Ivo Laidmaie. Fibrin glue of fish (Salmo salar) origin: immunological
study and development of new pharmaceutical preparation. Tartu, 2012,
150 p.

Ulle Parm. Early mucosal colonisation and its role in prediction of invasive
infection in neonates at risk of early onset sepsis. Tartu, 2012, 168 p.
Kaupo Teesalu. Autoantibodies against desmin and transglutaminase 2 in
celiac disease: diagnostic and functional significance. Tartu, 2012, 142 p.
Maksim Zagura. Biochemical, functional and structural profiling of
arterial damage in atherosclerosis. Tartu, 2012, 162 p.

Vivian Kont. Autoimmune regulator: characterization of thymic gene
regulation and promoter methylation. Tartu, 2012, 134 p.

Pirje Hiitt. Functional properties, persistence, safety and efficacy of
potential probiotic lactobacilli. Tartu, 2012, 246 p.

Innar Toéru. Serotonergic modulation of CCK-4- induced panic. Tartu,
2012, 132 p.

Sigrid Vorobjov. Drug use, related risk behaviour and harm reduction
interventions utilization among injecting drug users in Estonia: impli-
cations for drug policy. Tartu, 2012, 120 p.

Martin Serg. Therapeutic aspects of central haemodynamics, arterial stiff-
ness and oxidative stress in hypertension. Tartu, 2012, 156 p.

. Jaanika Kumm. Molecular markers of articular tissues in early knee osteo-

arthritis: a population-based longitudinal study in middle-aged subjects.
Tartu, 2012, 159 p.

Kertu Riinkorg. Functional changes of dopamine, endopioid and endo-
cannabinoid systems in CCK2 receptor deficient mice. Tartu, 2012, 125 p.
Mai Blondal. Changes in the baseline characteristics, management and
outcomes of acute myocardial infarction in Estonia. Tartu, 2012, 127 p.

124



203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

Jana Lass. Epidemiological and clinical aspects of medicines use in
children in Estonia. Tartu, 2012, 170 p.

Kai Truusalu. Probiotic lactobacilli in experimental persistent Salmonella
infection. Tartu, 2013, 139 p.

Oksana Jagur. Temporomandibular joint diagnostic imaging in relation
to pain and bone characteristics. Long-term results of arthroscopic treat-
ment. Tartu, 2013, 126 p.

Katrin Sikk. Manganese-ephedrone intoxication — pathogenesis of neuro-
logical damage and clinical symptomatology. Tartu, 2013, 125 p.

Kai Blondal. Tuberculosis in Estonia with special emphasis on drug-
resistant tuberculosis: Notification rate, disease recurrence and mortality.
Tartu, 2013, 151 p.

Marju Puurand. Oxidative phosphorylation in different diseases of gastric
mucosa. Tartu, 2013, 123 p.

Aili Tagoma. Immune activation in female infertility: Significance of auto-
antibodies and inflammatory mediators. Tartu, 2013, 135 p.

Liis Sabre. Epidemiology of traumatic spinal cord injury in Estonia. Brain
activation in the acute phase of traumatic spinal cord injury. Tartu, 2013,
135 p.

Merit Lamp. Genetic susceptibility factors in endometriosis. Tartu, 2013,
125 p.

Erik Salum. Beneficial effects of vitamin D and angiotensin II receptor
blocker on arterial damage. Tartu, 2013, 167 p.

Maire Karelson. Vitiligo: clinical aspects, quality of life and the role of
melanocortin system in pathogenesis. Tartu, 2013, 153 p.

Kuldar Kaljurand. Prevalence of exfoliation syndrome in Estonia and its
clinical significance. Tartu, 2013, 113 p.

Raido Paasma. Clinical study of methanol poisoning: handling large out-
breaks, treatment with antidotes, and long-term outcomes. Tartu, 2013,
96 p.

Anne Kleinberg. Major depression in Estonia: prevalence, associated
factors, and use of health services. Tartu, 2013, 129 p.

Triin Eglit. Obesity, impaired glucose regulation, metabolic syndrome and
their associations with high-molecular-weight adiponectin levels. Tartu,
2014, 115 p.

Kristo Ausmees. Reproductive function in middle-aged males: Asso-
ciations with prostate, lifestyle and couple infertility status. Tartu, 2014,
125 p.

Kristi Huik. The influence of host genetic factors on the susceptibility to
HIV and HCV infections among intravenous drug users. Tartu, 2014,
144 p.

Liina Tserel. Epigenetic profiles of monocytes, monocyte-derived macro-
phages and dendritic cells. Tartu, 2014, 143 p.

221. Irina Kerna. The contribution of ADAM12 and CILP genes to the develop-

ment of knee osteoarthritis. Tartu, 2014, 152 p.

125



222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

Ingrid Liiv. Autoimmune regulator protein interaction with DNA-depen-
dent protein kinase and its role in apoptosis. Tartu, 2014, 143 p.

Liivi Maddison. Tissue perfusion and metabolism during intra-abdominal
hypertension. Tartu, 2014, 103 p.

Krista Ress. Childhood coeliac disease in Estonia, prevalence in atopic
dermatitis and immunological characterisation of coexistence. Tartu, 2014,
124 p.

Kai Muru. Prenatal screening strategies, long-term outcome of children
with marked changes in maternal screening tests and the most common
syndromic heart anomalies in Estonia. Tartu, 2014, 189 p.

Kaja Rahu. Morbidity and mortality among Baltic Chernobyl cleanup
workers: a register-based cohort study. Tartu, 2014, 155 p.

Klari Noormets. The development of diabetes mellitus, fertility and
energy metabolism disturbances in a Wfsl-deficient mouse model of
Wolfram syndrome. Tartu, 2014, 132 p.

Liis Toome. Very low gestational age infants in Estonia. Tartu, 2014,
183 p.

Ceith Nikkolo. Impact of different mesh parameters on chronic pain and
foreign body feeling after open inguinal hernia repair. Tartu, 2014, 132 p.
Vadim Brjalin. Chronic hepatitis C: predictors of treatment response in
Estonian patients. Tartu, 2014, 122 p.

Vahur Metsna. Anterior knee pain in patients following total knee arthro-
plasty: the prevalence, correlation with patellar cartilage impairment and
aspects of patellofemoral congruence. Tartu, 2014, 130 p.

Marju Kase. Glioblastoma multiforme: possibilities to improve treatment
efficacy. Tartu, 2015, 137 p.

Riina Runnel. Oral health among elementary school children and the
effects of polyol candies on the prevention of dental caries. Tartu, 2015,
112 p.

Made Laanpere. Factors influencing women’s sexual health and re-
productive choices in Estonia. Tartu, 2015, 176 p.

Andres Lust. Water mediated solid state transformations of a polymorphic
drug — effect on pharmaceutical product performance. Tartu, 2015, 134 p.
Anna Klugman. Functionality related characterization of pretreated wood
lignin, cellulose and polyvinylpyrrolidone for pharmaceutical applications.
Tartu, 2015, 156 p.

Triin Laisk-Podar. Genetic variation as a modulator of susceptibility to
female infertility and a source for potential biomarkers. Tartu, 2015, 155 p.
Mailis Tonisson. Clinical picture and biochemical changes in blood in
children with acute alcohol intoxication. Tartu, 2015, 100 p.

Kadri Tamme. High volume haemodiafiltration in treatment of severe
sepsis — impact on pharmacokinetics of antibiotics and inflammatory
response. Tartu, 2015, 133 p.

126



240.

241.

242.

243,

244.

245.

246.

247.

248.

249,

250.

251.

252.

253.

254.

255.

256.
257.

258.

259.

Kai Part. Sexual health of young people in Estonia in a social context: the
role of school-based sexuality education and youth-friendly counseling
services. Tartu, 2015, 203 p.

Urve Paaver. New perspectives for the amorphization and physical
stabilization of poorly water-soluble drugs and understanding their dis-
solution behavior. Tartu, 2015, 139 p.

Aleksandr Peet. Intrauterine and postnatal growth in children with HLA-
conferred susceptibility to type 1 diabetes. Tartu. 2015, 146 p.

Piret Mitt. Healthcare-associated infections in Estonia — epidemiology and
surveillance of bloodstream and surgical site infections. Tartu, 2015, 145 p.
Merli Saare. Molecular Profiling of Endometriotic Lesions and Endo-
metria of Endometriosis Patients. Tartu, 2016, 129 p.

Kaja-Triin Laisaar. People living with HIV in Estonia: Engagement in
medical care and methods of increasing adherence to antiretroviral therapy
and safe sexual behavior. Tartu, 2016, 132 p.

Eero Merilind. Primary health care performance: impact of payment and
practice-based characteristics. Tartu, 2016, 120 p.

Jaanika Kéarner. Cytokine-specific autoantibodies in AIRE deficiency.
Tartu, 2016, 182 p.

Kaido Paapstel. Metabolomic profile of arterial stiffness and early bio-
markers of renal damage in atherosclerosis. Tartu, 2016, 173 p.

Liidia Kiisk. Long-term nutritional study: anthropometrical and clinico-
laboratory assessments in renal replacement therapy patients after intensive
nutritional counselling. Tartu, 2016, 207 p.

Georgi Nellis. The use of excipients in medicines administered to neonates
in Europe. Tartu, 2017, 159 p.

Aleksei Rakitin. Metabolic effects of acute and chronic treatment with
valproic acid in people with epilepsy. Tartu, 2017, 125 p.

Eveli Kallas. The influence of immunological markers to susceptibility to
HIV, HBV, and HCV infections among persons who inject drugs. Tartu,
2017, 138 p.

Tiina Freimann. Musculoskeletal pain among nurses: prevalence, risk
factors, and intervention. Tartu, 2017, 125 p.

Evelyn Aaviksoo. Sickness absence in Estonia: determinants and influence
of the sick-pay cut reform. Tartu, 2017, 121 p.

Kalev Noupuu. Autosomal-recessive Stargardt disease: phenotypic hetero-
geneity and genotype-phenotype associations. Tartu, 2017, 131 p.

Ho Duy Binh. Osteogenesis imperfecta in Vietnam. Tartu, 2017, 125 p.
Uku Haljasorg. Transcriptional mechanisms in thymic central tolerance.
Tartu, 2017, 147 p.

Zivile Riispere. IgA Nephropathy study according to the Oxford Classi-
fication: IgA Nephropathy clinical-morphological correlations, disease
progression and the effect of renoprotective therapy. Tartu, 2017, 129 p.
Hiie Soeorg. Coagulase-negative staphylococci in gut of preterm neonates
and in breast milk of their mothers. Tartu, 2017, 216 p.

127



260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

Anne-Mari Anton Willmore. Silver nanoparticles for cancer research.
Tartu, 2017, 132 p.

Ott Laius. Utilization of osteoporosis medicines, medication adherence
and the trend in osteoporosis related hip fractures in Estonia. Tartu, 2017,
134 p.

Alar Aab. Insights into molecular mechanisms of asthma and atopic
dermatitis. Tartu, 2017, 164 p.

Sander Pajusalu. Genome-wide diagnostics of Mendelian disorders: from
chromosomal microarrays to next-generation sequencing. Tartu, 2017,
146 p.

Mikk Jiirisson. Health and economic impact of hip fracture in Estonia.
Tartu, 2017, 164 p.

Kaspar Tootsi. Cardiovascular and metabolomic profiling of osteoarthritis.
Tartu, 2017, 150 p.

Mario Saare. The influence of AIRE on gene expression — studies of
transcriptional regulatory mechanisms in cell culture systems. Tartu, 2017,
172 p.

Piia Jogi. Epidemiological and clinical characteristics of pertussis in
Estonia. Tartu, 2018, 168 p.

Elle Pdldoja. Structure and blood supply of the superior part of the shoulder
joint capsule. Tartu, 2018, 116 p.

Minh Son Nguyen. Oral health status and prevalence of temporo-
mandibular disorders in 65—74-year-olds in Vietnam. Tartu, 2018, 182 p.
Kristian Semjonov. Development of pharmaceutical quench-cooled
molten and melt-electrospun solid dispersions for poorly water-soluble
indomethacin. Tartu, 2018, 125 p.

Janne Tiigimde-Saar. Botulinum neurotoxin type A treatment for
sialorrhea in central nervous system diseases. Tartu, 2018, 109 p.

Veiko Vengerfeldt. Apical periodontitis: prevalence and etiopathogenetic
aspects. Tartu, 2018, 150 p.

Rudolf Bichele. TNF superfamily and AIRE at the crossroads of thymic
differentiation and host protection against Candida albicans infection.
Tartu, 2018, 153 p.

Olga TSuiko. Unravelling Chromosomal Instability in Mammalian Pre-
implantation Embryos Using Single-Cell Genomics. Tartu, 2018, 169 p.
Kirt Kriisa. Profile of acylcarnitines, inflammation and oxidative stress in
first-episode psychosis before and after antipsychotic treatment. Tartu,
2018, 145 p.

Xuan Dung Ho. Characterization of the genomic profile of osteosarcoma.
Tartu, 2018, 144 p.

Karit Reinson. New Diagnostic Methods for Early Detection of Inborn
Errors of Metabolism in Estonia. Tartu, 2018, 201 p.

Mari-Anne Vals. Congenital N-glycosylation Disorders in Estonia. Tartu,
2019, 148 p.

128



279.

280.

281.

282.

283.

284.

285.

286.

287.
288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

Liis Kadastik-Eerme. Parkinson’s disease in Estonia: epidemiology,
quality of life, clinical characteristics and pharmacotherapy. Tartu, 2019,
202 p.

Hedi Hunt. Precision targeting of intraperitoneal tumors with peptide-
guided nanocarriers. Tartu, 2019, 179 p.

Rando Porosk. The role of oxidative stress in Wolfram syndrome 1 and
hypothermia. Tartu, 2019, 123 p.

Ene-Ly Jogeda. The influence of coinfections and host genetic factor on
the susceptibility to HIV infection among people who inject drugs. Tartu,
2019, 126 p.

Kristel Ehala-Aleksejev. The associations between body composition,
obesity and obesity-related health and lifestyle conditions with male repro-
ductive function. Tartu, 2019, 138 p.

Aigar Ottas. The metabolomic profiling of psoriasis, atopic dermatitis and
atherosclerosis. Tartu, 2019, 136 p.

Elmira Gurbanova. Specific characteristics of tuberculosis in low default,
but high multidrug—resistance prison setting. Tartu, 2019, 129 p.

Van Thai Nguyeni. The first study of the treatment outcomes of patients
with cleft lip and palate in Central Vietnam. Tartu, 2019, 144 p.

Maria Yakoreva. Imprinting Disorders in Estonia. Tartu, 2019, 187 p.
Kadri Rekker. The putative role of microRNAs in endometriosis patho-
genesis and potential in diagnostics. Tartu, 2019, 140 p.

Ulle Vohma. Association between personality traits, clinical characteristics
and pharmacological treatment response in panic disorder. Tartu, 2019,
121 p.

Aet Saar. Acute myocardial infarction in Estonia 2001-2014: towards risk-
based prevention and management. Tartu, 2019, 124 p.

Toomas Toomsoo. Transcranial brain sonography in the Estonian cohort
of Parkinson’s disease. Tartu, 2019, 114 p.

Lidiia Zhytnik. Inter- and intrafamilial diversity based on genotype and
phenotype correlations of Osteogenesis Imperfecta. Tartu, 2019, 224 p.
Pilleriin Soodla. Newly HIV-infected people in Estonia: estimation of
incidence and transmitted drug resistance. Tartu, 2019, 194 p.

Kristiina Ojamaa. Epidemiology of gynecological cancer in Estonia. Tartu,
2020, 133 p.

Marianne Saard. Modern Cognitive and Social Intervention Techniques
in Paediatric Neurorehabilitation for Children with Acquired Brain Injury.
Tartu, 2020, 168 p.

Julia Maslovskaja. The importance of DNA binding and DNA breaks for
AIRE-mediated transcriptional activation. Tartu, 2020, 162 p.

Natalia Lobanovskaya. The role of PSA-NCAM in the survival of retinal
ganglion cells. Tartu, 2020, 105 p.

Madis Rahu. Structure and blood supply of the postero-superior part of the
shoulder joint capsule with implementation of surgical treatment after
anterior traumatic dislocation. Tartu, 2020, 104 p.

129



299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

Helen Zirnask. Luteinizing hormone (LH) receptor expression in the penis
and its possible role in pathogenesis of erectile disturbances. Tartu, 2020,
87 p.

Kadri Toome. Homing peptides for targeting of brain diseases. Tartu,
2020, 152 p.

Maarja Hallik. Pharmacokinetics and pharmacodynamics of inotropic
drugs in neonates. Tartu, 2020, 172 p.

Raili Miiller. Cardiometabolic risk profile and body composition in early
rheumatoid arthritis. Tartu, 2020, 133 p.

Sergo Kasvandik. The role of proteomic changes in endometrial cells —
from the perspective of fertility and endometriosis. Tartu, 2020, 191 p.
Epp Kaleviste. Genetic variants revealing the role of STAT1/STAT3
signaling cytokines in immune protection and pathology. Tartu, 2020,
189 p.

Sten Saar. Epidemiology of severe injuries in Estonia. Tartu, 2020, 104 p.
Kati Braschinsky. Epidemiology of primary headaches in Estonia and
applicability of web-based solutions in headache epidemiology research.
Tartu, 2020, 129 p.

Helen Vaher. MicroRNAs in the regulation of keratinocyte responses in
psoriasis vulgaris and atopic dermatitis. Tartu, 2020, 242 p.

Liisi Raam. Molecular Alterations in the Pathogenesis of Two Chronic
Dermatoses — Vitiligo and Psoriasis. Tartu, 2020, 164 p.

Artur Vetkas. Long-term quality of life, emotional health, and associated
factors in patients after aneurysmal subarachnoid haemorrhage. Tartu,
2020, 127 p.



	1. artikkel.pdf
	The Effect of Remote Ischaemic Preconditioning on Arterial Stiffness in Patients Undergoing Vascular Surgery: A Randomised  ...
	Introduction
	Methods
	Study group and eligibility
	Randomisation
	Intervention
	Blinding
	Primary outcomes
	Secondary outcomes
	Statistical analysis

	Results
	Characteristics of the study groups
	Comparison between the groups: effects of RIPC
	Post-operative changes
	Subgroup analysis

	Discussion
	Acknowledgements
	Funding
	Conflict of interest
	References

	Iliocaval Fistula After Microdiscectomy

	2. artikkel.pdf
	Remote Ischaemic Preconditioning Attenuates Cardiac Biomarkers During Vascular Surgery: A Randomised Clinical Trial
	Introduction
	Materials and methods
	Study groups and eligibility
	Randomisation
	Intervention
	Blinding
	Outcomes
	Cardiac complications
	Statistical analysis

	Results
	Hs-TnT
	NT-proBNP
	Cardiac complications
	Correlations

	Discussion
	Conflicts of interest
	Funding
	Acknowledgements
	References


	3. artikkel.pdf
	3. artikkel.pdf
	Remote Ischaemic Preconditioning Reduces Kidney Injury Biomarkers in Patients Undergoing Open Surgical Lower Limb Revascularisation: A Randomised Trial
	1. Introduction
	2. Methods
	2.1. Study Groups and Eligibility
	2.2. Randomisation
	2.3. Intervention
	2.4. Blinding
	2.5. Outcomes
	2.6. Statistical Analysis

	3. Results
	3.1. Serum Kidney Function Markers
	3.2. Urinary Kidney Injury Markers
	3.3. Oxidative Stress and Inflammation Markers

	4. Discussion
	Data Availability
	Conflicts of Interest
	Acknowledgments


	4. artikkel.pdf
	Remote ischaemic preconditioning influences the levels of acylcarnitines in vascular surgery: a randomised clinical trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study groups and eligibility
	Intervention
	Blinding
	Outcomes
	Statistical analysis

	Results
	Changes in the levels of ACs in the RIPC and in the sham group (Table 2)
	Correlations between change in hs-TnT and changes in the levels of ACs (Table 3)
	Correlations between change in NT-proBNP and changes in the levels of ACs (Table 3)

	Discussion
	Conclusions
	Acknowledgements
	References





