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DERLEME/REVIEW

Systemic Effects of Methotrexate upon the Peripheral Nerve
Tissue

Metotreksatin Periferik Sinir Dokusu Uzerindeki Sistemik Etkileri

Ozan I§1k1®, Yasar Bartg Turgut2®, Stimeyra I§1k3®

!Department of Neurosurgery, Adnan Menderes University School of Medicine, Aydin, Tirkiye
2Department of Internal Medicine, Aydin State Hospital, Aydin, Ttrkiye
SDepartment of Internal Medicine, Aydin Atatiirk State Hospital, Aydin, Turkiye

ABSTRACT

Methotrexate (MTX) is a widely used oncologic drug due to its antineoplastic and anti-inflammatory effects. Although
its toxic effects on the central nervous system at high doses have long been known, its effects on the peripheral nervous
system are less studied in the literature. This review discusses the systemic effects of MTX on peripheral nerve tissue
at histopathological, biochemical, molecular, and behavioral levels. Experimental animal studies have shown that MTX
administration leads to impaired netve conduction, reduced myelin thickness, axonal degeneration, and increased glial
activity. Moreover, elevated homocysteine levels due to disrupted folate metabolism, oxidative stress, the release of
pro-inflammatory cytokines, and mitochondrial dysfunction are thought to be the main mechanisms underlying MTX-
induced neurotoxicity. MTX-related peripheral neuropathies are often irreversible in clinical practice, but early
diagnosis and appropriate pharmacological interventions may allow for recovery. This review aims to raise awareness
by compiling current data on the effects of MTX on the peripheral nervous system, both in basic science and clinical
applications.

Keywords: Drug toxicity, methotrexate, myelopathy, petipheral nerve 1njuries, neurotoxicity.

OZET

Metotreksat (MTX), hem antineoplastik hem de antiinflamatuvar etkileri nedeniyle yaygin olarak kullanilan bir
onkolojik ilactir. Yiksek dozlarda kullanildiginda merkezi sinir sistemi tzerinde toksik etkiler gosterebildigi uzun
stredir bilinmesine ragmen, periferik sinir sistemi Gzerindeki etkileri literatiirde daha az arastirtlmustir. Bu derlemede,
MTX’in periferik sinir dokusu tzerine olan sistemik etkileri histopatolojik, biyokimyasal, molekiiler ve davranissal
diizeylerde ele alinmistir. Deneysel hayvan calismalarinda, MTX uygulamasinin sinir iletiminde bozulma, miyelin
kalinliginda azalma, aksonal dejenerasyon ve glial aktivitede artiga yol agtig1 gosterilmistir. Ayrica folat metabolizmasinin
bozulmastyla artan homosistein seviyeleri, oksidatif stres, proinflamatuvar sitokinlerin saltuimi ve mitokondriyal
disfonksiyonun, MTX’e bagli nérotoksisitenin altinda yatan baslica mekanizmalar oldugu distntlmektedir. MTX ile
iliskili periferal néropatiler klinikte cogu zaman geri doniigsiiz olmakla birlikte, erken tant ve uygun farmakolojik
midahalelerle iyilesme mimkiin olabilmektedir. Bu derleme, MTX’in periferik sinir sistemi tizerindeki etkilerine dair
giincel verileri bir araya getirerek, hem temel bilim hem de klinik uygulamalar acisindan farkindalik yaratmayi
amaglamaktadir.

Anahtar kelimeler: Ilac toksisitesi, metotreksat, miyelopati, periferik sinir yaralanmalari, periferik noropatiler,
nérotoksisite.

Introduction

Methotrexate (MTX) is one of the folate antagonists, an antimetabolite that inhibits the enzyme
dihydrofolate reductase, disrupting DNA synthesis, repair, and cellular replication. It is widely used in
chemotherapy protocols for various malignancies, as well as in autoimmune diseases such as rheumatoid
arthritis (RA) and psoriasis!-2. Despite its clinical efficacy, it is known that MTX can cause various neurotoxic
side effects in the central and peripheral nervous systems!. These neurotoxic effects can present in a wide
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clinical spectrum, including acute or subacute encephalopathy, demyelinating myelopathy, cranial
neuropathies, epileptic seizures, cognitive dysfunction, and peripheral neuropathy. MTX-induced
neurotoxicity is associated with a multifactorial pathogenesis and is influenced by variables such as the route
of administration (e.g., intrathecal vs. systemic), cumulative dose, genetic polymorphisms affecting folate
metabolism, and concomitant use of other neurotoxic agents

Evidence on MTX effects in the PNS is fragmented and limited compared with the CNS36. Most studies
rely on rodent models, while clinical evidence largely consists of case teports/seties and small observational
cohorts™!!. Marked heterogeneity exists across dose (chronic low-dose rheumatologic vs. high-
dose/intrathecal oncologic), route of administration*!2, endpoints (netve conduction/electrophysiology,
histopathology, behavioral assays), and follow-up; standardized reporting is uncommon!>5, The MTX-
specific peripheral neuropathy phenotype—axonal vs. demyelinating, root vs. distal fiber predominance—
remains insufficiently defined, and reversibility as well as long-term outcomes are uncertain®’. This gap
hampers eatly recognition, risk stratification, and the development of preventive/therapeutic strategies in
clinical practice>1°.

Our review makes this gap explicit and synthesizes the scattered evidence with a dedicated PNS focus: (i)
histopathological, biochemical, and molecular effects of MTX in the PNS; (i) findings spanning
experimental models to clinical phenotypes; (iii) pathomechanisms including folate cycle disruption,
homocysteine elevation, oxidative stress, mitochondrial dysfunction, and glial responses; and (iv) diagnostic,
monitoring, and treatment implications. In doing so, we map the scope, quality, and blind spots of PNS-
focused evidence. This review comprehensively addresses the current literature on MTX-induced
neurotoxicity, considering pathophysiological mechanisms, clinical phenotypes, and experimental models.

Methotrexate and its Mechanism of Action

Methotrexate (MTX) is an antimetabolite with antifolate activity, used as both an anticancer and anti-
rheumatic drug. In 1947, it was discovered that the folic acid analogue aminopterin induced remission in
children with acute lymphoblastic leukemia (ALL), leading to its use. Later, researchers sought other folic
acid analogues, and in 1950, MTX, also known as amethopterin, was introduced for the treatment of ALL.
By 1951, it was also used for the treatment of RA and psoriasis, and in 1988, it was approved by the Food
and Drug Administration (FDA) for RA treatment. While MTX is used at high doses for solid tumors and
cancers, it is administered at low doses chronically for chronic autoimmune inflammatory diseases. MTX is
also used in osteosarcomas, non-Hodgkin lymphomas, and some types of acute myeloblastic leukemial”.

MTX competitively inhibits the enzyme dihydrofolate reductase (DHFR), thereby distupting the production
of tetrahydrofolate (THF). The decrease in THF synthesis leads to reduced purine nucleotide and
thymidylate synthesis, which in turn decreases cell replication and DNA synthesis. Through this mechanism,
MTX exerts its anticancer effects. Its anticancer efficacy is primarily cytotoxic to rapidly proliferating cells,
such as lymphocytes. However, the role of MTX in RA treatment is explained differently. MTX reduces
purine synthesis, leading to the accumulation of adenosine, which inhibits T cells, decreases the expression
of intercellular adhesion molecules by T cells, down-regulates B cells, increases CD95 sensitivity in T cells,
reduces methyltransferase activity, and decreases the binding of interleukin-1 beta to the cell surface. These
anti-cytokine effects are thought to be responsible for its effectiveness in treating the autoimmune disease
RA. It is recommended to be used once or twice weekly for RA treatment!s.

MTX has side effects including hepatotoxicity, intestinal toxicity, nephrotoxicity, cognitive impairment,
peripheral neuropathy, axonopathy, and demyelination. These side effects may be due to folate deficiency,
which disrupts purine and pyrimidine metabolism!?. Due to these adverse effects, dose adjustment and
sometimes drug discontinuation may be required. This can lead to the interruption of treatment in many
patients. Neuropathy and demyelination can persist for a long time in the patient?0. While numerous studies
have been conducted on the effects of MTX on the central nervous system (CNS)2!, there is insufficient
research in the literature regarding its effects on peripheral nerves. The neurotoxic effects of MTX are
shown in Table-1.
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Table 1. Neurotoxic Effects of MTX

Neurotoxicity Clinical presentations
Acute Drowsiness, mental confusion, exhaustion, impaired
(Within a few hours) orientation, convulsions

Chemical-induced arachnoiditis: headache, nausea,
vomiting,  elevated  temperature, back  pain,

lightheadedness
Subacute Encephalopathy: one-sided limb weakness, impaired
(Following days to weeks) coordination, speech issues, epileptic seizures,

confusion, mood swings
Myelopathy: leg pain, altered sensation, paraplegia,

bladder dysfunction
Chronic Learning disability, intellectual impairments, reduced
(Following months to years) cognitive abilities

Leucoencephalopathy: disorientation, drowsiness or
agitation, convulsions, lack of coordination, cognitive
decline, speech difficulties, full-body paralysis, vision
problems, slurred speech, coma, death

MTX:Methotrexate
Methods — Evidence Classification

We pre-specified a two-tier synthesis to avoid conflation of clinical and preclinical data. Evidence from
human participants was analyzed under Clinical Evidence, while animal/ex vivo/in vitro studies were
analyzed under Preclinical (Animal) Evidence. Mixed reports were split by tier. Within each tier, outcomes
were harmonized by domain (clinical: neurological phenotype, NCS/EMG, imaging, longitudinal recovery;
preclinical: behavioral assays, electrophysiology/netve conduction, histopathology, and molecular readouts).
Dose and route (low-dose rheumatologic vs. high-dose/intratecal oncologic;
intratecal/intravenous/intraperitoneal/subcutaneous) were extracted a priori. Translational compatisons
were restricted to a dedicated section.

Clinical Evidence (Human data)

MTX-induced neurotoxicity can occur due to idiosyncratic reactions or a lowered threshold for neuronal
damage. MTX-induced leukoencephalopathy is a chronic side effect resulting from neuronal damage.
Subacute myelopathy, another MTX side effect, progressively causes paraplegia, sensory loss, and urinary
and fecal incontinence?2.

Peripheral neuropathy is commonly observed with the use of chemotherapeutic agents. As the duration and
dose of chemotherapy increase, the severity of peripheral neuropathy may also intensify!?. In the study by
Yilmaz et al., increased GFAP immunoreactivity in response to MTX was associated with damage to
Schwann glial cells in peripheral nerves!!. Bax/Bcl2 genes play a role in the regulation of apoptosis?. The
degradation of damaged mitochondria is mediated through the PINK1 and Parkin pathways. Dysfunction
in these mitochondrial degradation pathways leads to toxicity and neuronal loss. Both apoptosis and
mitochondrial degradation pathways are essential for the healthy functioning of cells®*. A study reported
that in MTX-treated rats, the increase in the Bax/Bcl2 ratio, indicative of an apoptotic effect, activated
apoptotic pathways!!. A study conducted between 1990 and 2021 on patients receiving MTX therapy found
that 5.22% of patients developed neurotoxicity. Of those who developed neurotoxicity, 37% received
intrathecal MTX, 22.2% received intravenous MTX, and 40.7% received a combination of both. Among
neurotoxicity presentations, encephalopathy was the most common (69.2%), followed by
encephalomyelopathy (15.4%), myelopathy (11.5%), and polyradiculopathy (3.8%). Pediatric age group,
male gender, and receiving intrathecal treatment in adults and intravenous treatment in children were
identified as risk factors for neurotoxicity. Brain imaging results indicated that subcortical and deep white
matter were most frequently affected (54.55%), followed by the centrum semiovale (40.91%) and
periventricular white matter (36.36%). Spinal involvement was seen in 37.88% of neurotoxic patients, with
dorsal column lesions reported in approximately half of these cases®.
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MTX-induced neurotoxic side effects can include epileptic seizures, focal neurological deficits, stroke-like
episodes, myelopathy, radiculopathy, posterior reversible encephalopathy syndrome, leukoencephalopathy,
and diffuse encephalopathy?. MTX can damage the nervous system through astrocytosis, axon loss, and
demyelination?. It is believed that the neurotoxic effects of MTX are due to its inhibition of dihydrofolate
reductase. This inhibition raises homocysteine levels and lowers methionine levels, which in turn increases
the levels of excitatory sulfur-containing amino acids and adenosine while decreasing tetrahydrobiopterin
(BH4) levels. These changes lead to numerous alterations in neuronal pathways. A meta-analysis has
associated peripheral neuropathy with elevated homocysteine levels?. In a study of diabetic patients, an
increase in homocysteine levels was linked to diabetic neuropathy?. The increase in homocysteine and the
reduction in S-adenosylmethionine (SAM) levels, which is used in myelin sheath synthesis, are thought to
explain MTX's neurotoxic effects?.

MTX disrupts purine synthesis, leading to the accumulation of adenosine®. The breakdown of adenosine
occurs via the enzyme adenosine deaminase (ADA). Increased ADA activity has been observed in
immunoinflammatory and metabolic diseases. In conditions such as myasthenia gravis, Graves' disease, RA,
and systemic lupus erythematosus, serum ADA activity has been elevated. Inflammatory diseases like
ectopic pregnancy, preeclampsia, inflammatory bowel disease, and gestational diabetes have also shown
elevated ADA levels®!. A study in diabetic patients identified high ADA levels as a risk factor for neuropathy.
Those with high ADA levels were found to have lower nerve conduction speed32.

Acute neurotoxic symptoms related to MTX can present as stroke® or transverse myelitis3%. In pediatric
patients, epileptic seizures may occur®. MTX-induced myelopathy can present as subacute combined
degeneration (SCD), though it differs in that it does not respond to cobalamine®. In a study of 13 leukemia
patients treated with intrathecal MTX, urinary and bowel incontinence, motor weakness, sensory loss, and
dorsal column hyperintensity on MRI were observed, resembling SCD. However, normal vitamin B12 levels
in these patients confirmed the differential diagnosis. In 8 patients with available data, 7 showed elevated
serum homocysteine and low serum folate levels.

Dextromethorphan can be used for MTX-induced neurotoxicity. Dextromethorphan blocks N-methyl-D-
aspartate (NMDA) receptors non-competitively and plays a protective role against the neurotoxic effects of
homocysteine and other excitatory amino acids?2. Peripheral neuropathies associated with MTX have been
reported at the case-report level. In a patient with central nervous system lymphoma receiving high-dose
intrathecal MTX, weakness and hyporeflexia in the right leg improved after MTX discontinuation?”.

In two patients treated with intrathecal MTX, urinary retention followed by lower limb weakness and
subsequent paraplegia was observed. Electromyography (EMG) showed no F waves, and magnetic
resonance imaging (MRI) revealed spinal cord involvement. The patients were diagnosed with acute lumbar
polyradiculoneuropathy. Despite discontinuing MTX and adding methylprednisolone, there was no
improvement in their neurological condition’. MRI in MTX-induced myelopathy may show dorsal
hyperintensity?. In cerebrospinal fluid, an increase in myelin basic protein levels may be observed?.

MTX-induced transverse myelopathy is a rare condition that can arise from intrathecal MTX therapy. In
transverse myelopathy, which causes isolated spinal cord dysfunction, symptoms appear within hours or
days after MTX treatment without compressive lesions. Factors that increase the risk of MTX-induced
transverse myelopathy include high-dose intrathecal MTX therapy, systemic MTX treatment, active CNS
disease, MTX treatment intervals of less than one week, and the use of other chemotherapeutic drugs*.
Only about 3% of patients receiving intrathecal MTX develop transverse myelopathy*. MTX-induced
myelopathy can affect the lumbosacral level and proximal motor roots, typically resulting in a poor
prognosis. There are case reports suggesting that folic acid supplementation can improve symptoms of
MTX-induced myelopathy*2.

Steroid therapy can be used to reduce vasogenic edema in MTX-induced neurotoxicity®. In addition to
dextromethorphan, leucovorin® and aminophylline®> are also used for this purpose. Various drugs have
been experimentally studied to reverse MTX-induced neurotoxicity. Ketamine, with its NMDA antagonistic
effect, has been tried in patients with MTX-induced neurotoxicity who require sedation*.
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The literature also mentions the occutrrence of lymphoproliferative diseases in the spinal cord associated
with MTX. It has been suggested that high-dose MTX can activate Epstein-Barr virus, which causes
lymphoproliferative diseases through apoptotic mechanisms and B-cell transformation. Case reports have
shown that discontinuation of MTX therapy leads to regression of these lymphoproliferative diseases!247.

Intrathecal MTX is widely used to prevent CNS relapse in ALL patients. A case report described a 31-year-
old male patient with T-cell ALL who developed progressive paraplegia within days after intrathecal MTX
infusion. Pathological examinations revealed transverse necrosis and extensive macrophage infiltration in
the thoracic spinal cord, along with subpial vacuolar degeneration in the cerebellum and lumbar regions,
and loss of cerebral white matter*s. Additionally, MTX’s effects on folate metabolites, particularly 5-methyl-
THF and SAM, impair myelination and cause degeneration in both the CNS and peripheral nervous
system®. Furthermore, MTX's direct toxic effects on endothelial cells can lead to damage of the vessel walls,
allowing the drug to penetrate deeply into the CNS parenchyma, resulting in necrosis and vacuolar
degeneration™. If not treated, this toxicity can lead to rapid neurological symptoms and permanent motor
loss. In this case, a diagnosis of MTX-induced transverse myelopathy was made*s, and this side effect occurs

in approximately 3% of cases’!. High-dose steroids and folic acid analogs are recommended in the presence
of this side effect.

MTX inhibits the DHFR enzyme, lowering THF levels and disrupting the synthesis of essential compounds
for DNA and RNA synthesis, such as purines and thymidine. This reduction in THF production disrupts
the homocysteine-methionine cycle, leading to elevated homocysteine levels and decreased methionine
levels2. In healthy individuals, cerebrospinal fluid (CSF) homocysteine levels are typically <0.5 nmol/mL,
but after systemic MTX treatment, these levels can rise to 1.0 nmol/mL5. Elevated homocysteine levels
and decreased methionine activate excitatory mechanisms through NMDA receptors, which contribute to
neurotoxicity>. Another component of MTX toxicity is the dystunction of astrocytes, which leads to axonal
loss and demyelination, particularly in the dorsal columns of the spinal cord%. Clinical signs of SCD in
patients receiving high-dose systemic and intrathecal MTX therapy include progressive paraplegia, sensory
loss, and neurogenic bladder. Genetic factors, such as polymorphisms in methylenetetrahydrofolate
reductase (MTHFR), may modulate sensitivity to MTX neurotoxicity, but their role remains unclear. Despite
being considered irreversible, MTX-induced myelopathy has shown improvement with eatly intervention,
including folate supplementation, SAM, dextromethorphan, and intensive rehabilitation therapy>. These
findings highlight the complexity of MTX neurotoxicity and the need for developing optimal therapeutic
strategies to mitigate these effects through specific molecular and genetic mechanisms.

Peripheral neuropathy associated with subcutaneous MTX administration has also been reported. In a 70-
year-old female patient with RA, damage to the median nerve was observed after subcutaneous MTX
injection, which improved with pregabalin treatment®”. In a study by Zhou et al. in rats, short-term MTX
treatment led to a significant increase in calcitonin gene-related peptide (CGRP)-positive nerve fibers in the
tibial periosteum, which was parallel to the development of pain behaviors triggered by touch in the
following days. Mechanical allodynia, assessed using von Frey tests, was significantly increased in the MTX
group, suggesting that MTX lowered the pain threshold at peripheral nerve endings. These effects may be
due to MTX's distuption of folate metabolism, increasing homocysteine levels, triggering
neuroinflammation, and causing hyperexcitability in sensory neurons. Additionally, MTX may promote the
remodeling of sensory fibers in tissues such as the periosteum, increasing sensitivity to painful stimuli. These
findings suggest that MTX can cause neuropathy in the peripheral nervous system through both direct toxic
and indirect inflammatory mechanisms, and that chemotherapy-induced pain may be linked not only to
bone damage but also to increased sensory innervation!®.

Preclinical (Animal) Evidence

In a 2024 study, rats were divided into four groups: control, MTX, agmatine, and MTX+agmatine. Rats
received 37.5 mg/kg/week of intraperitoneal MTX for 3 weeks. The study found that MTX-treated rats
exhibited longer escape times in the water maze test, reduced time spent in the quadrant, fewer frames
crossed in the open field test, increased nociceptive latencies, and decreased nerve conduction speed and
sciatic function index. Histological examination of the sciatic nerve in the MTX group revealed a decrease
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in myelin thickness and axon diameter. Additionally, increased glial fibrillary acidic protein (GFAP)
immunoreactivity was observed in the sciatic nerve of the MTX-treated rats. Western blot analysis showed
increased Bax/Bcl2 protein expression, but no changes in Patrkin expression. The MTX+agmatine group
showed significant improvement in the peripheral neuropathy caused by MTX. The prolonged escape times
in the water maze test suggest that MTX also affected the rats' learning and memory abilities!!.

BH4 is essential for normal brain maturation. A study in rats with congenital heart disease showed an
association between reduced BH4 levels and delayed brain maturation®. Other studies reported that
exogenous BH4 administration cotrrected hypoxia-induced delays in myelination, improved sensotimotor
coordination, and reduced apoptosis in white matter®. BH4 is also required for the hydroxylation of
phenylalanine, tyrosine, and tryptophan, thus influencing dopamine and serotonin synthesis. Due to the
biochemical reactions induced by MTX, the reduction in dopamine and serotonin levels leads to symptoms
such as hypokinesia, body hypotonia, difficulty swallowing, oculogyric crisis, limb rigidity, and recurrent
hyperpyrexia®.

In an experimental rat study investigating the histological, immunohistochemical, and biochemical effects
of MTX, hippocampal structural damage, degeneration of pyramidal cell layers, cerebellar congestion, and
Purkinje cell degeneration were observed. Increased caspase-3 expression in the hippocampus and
cerebellum was also noted®!. Caspase-3 is known for its pro-apoptotic effect and for marking the irreversible
point of apoptosis®?. Furthermore, GFAP immunoreactivity was increased in the hippocampus and
cerebellum of MTX-treated rats*2. GFAP, a cell skeleton filament, appears in the CNS following cell damage
or cell death®3,

A study examining the effects of MTX on peripheral nerves using carvacrol and pomegranate in rats found
increased levels of total oxidants, MDA, Tumor necrosis factor (INF)-alpha, and interleukin-1-beta, while
total antioxidant levels were decreased in the sciatic nerves of MTX-treated rats®*. TNF-alpha and
intetleukin-1-beta are pro-inflammatory cytokines associated with cell death and inflammation®. It is
believed that MTX has anti-inflammatory effects at low doses, while at higher doses, it triggers the release
of pro-inflaimmatory cytokines, leading to neurotoxicity.

Previous studies have shown that MTX administration leads to oxidative stress in vatious tissues, including
the sciatic nerve, spinal cord, and brainstem¢!.6467. MTX-associated neurotoxicity is primarily linked to the
increased production of reactive oxygen species (ROS), leading to lipid peroxidation and cellular damage.
The role of oxidative stress in MTX-induced neurotoxicity has been highlighted in studies investigating
potential neuroprotective effects of antioxidants like caffeic acid phenethyl ester (CAPE). Known for its
antioxidant properties, CAPE significantly reduced levels of malondialdehyde (MDA), a marker of oxidative
stress, and improved the activity of antioxidant enzymes like superoxide dismutase (SOD) and catalase
(CAT) in neuronal tissues. These findings suggest that MTX-induced damage could be alleviated with
CAPE, making it a promising agent to reduce MTX-related peripheral nerve toxicity®’.

In a study by Pranaya et al. (2021), the effects of Passiflora incarnata and pregabalin were evaluated in MTX-
induced neuropathy. MTX was administered to rats to induce peripheral neuropathy, leading to behavioral
changes such as increased thermal hyperalgesia (sensitivity to heat) and cold allodynia (pain from non-
painful stimuli). Pain sensitivity was elevated in the MTX group. Biochemical markers of oxidative stress,
including TBARS (a marker of lipid peroxidation), GSH (reduced glutathione), and calcium levels, were
measured in the sciatic nerve tissue. MTX treatment increased TBARS and calcium levels while decreasing
GSH levels. Passiflora incarnata treatment reversed these changes, demonstrating the plant's antioxidant and
neuroprotective properties. Histopathological analysis of the sciatic nerve after MTX treatment revealed
axonal degeneration and swelling, but treatment with Passiflora incarnata significantly reduced these
pathological changes, showing a protective effect on the nerve tissueSs.

In a study by Scholz et al. (2008), it was shown that at one-fiftieth of the dose that induces neurotoxicity,
the spinal microglial activation and subsequent neuropathic pain behaviors following peripheral nerve injury
could be suppressed. In this study, rats with a spinal nerve injury model were given low-dose intrathecal
MTX, which significantly reduced microglial activity in the dorsal horn, suppressed p38 mitogen-activated
protein kinase (MAPK) phosphorylation, and reversed pain behaviors such as mechanical and cold
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allodynia. The study emphasized that this effect was observed only when treatment was initiated early and
had no significant impact on microglial activation when applied later. These findings suggest that MTX
might play a role not only in its neurotoxic effects but also in neuropathic processes due to its immune-
modulatory potential®.

Translational Bridge

We confine cross-tier interpretation to this section. Convergence: Across tiers, folate-cycle disruption
(Thomocysteine; |methylation capacity), oxidative stress, glial responses, and axonal/myelin injury recur.
Divergence: Clinical phenotypes cluster around intrathecal/high-dose exposures with variable reversibility,
whereas preclinical models emphasize reproducible molecular and glial signatures under controlled dosing.
Bridging metrics: standardized NCS/EMG endpoints, explicit reporting of dose/route and time-to-onset,
and homocysteine/S-adenosylmethionine panels may improve translation. A potential bidirectional window
exists wherein low-dose regimens modulate neuroimmune pathways (e.g., microglia), while higher doses
drive toxicity reinforcing dose timing context in clinical decision-making.

Conclusion

MTX, with its potent therapeutic effects, also draws attention due to its toxic effects on the nervous system.
As presented in this review, MTX-induced neurotoxicity is not only related to the suppression of folate
metabolism but also involves multifactorial mechanisms such as oxidative stress, pro-inflammatory
responses, mitochondrial dysfunction, glial cell activation, and apoptosis. These effects in the peripheral
nervous system can lead to significant changes both at the behavioral level as well as histopathologically and
molecularly. The findings suggesting that MTX may suppress microglial activation at low doses to prevent
the development of neuropathic pain imply that the drug's immunomodulatory effects could create a delicate
balance between toxicity and therapy, depending on the dose. Therefore, when planning MTX therapy, the
patient's neurological risk profile should be considered, and careful monitoring is essential, especially with
high doses and intrathecal administration. Future studies will contribute to a better understanding of these
mechanisms, aiding in the development of targeted therapies to prevent or reverse MTX-induced
neurotoxicity.
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ABSTRACT

The review will discuss the various etiologies that lead to a faulty measurement using exhaled carbon monoxide devices,
widely utilized in clinical settings, especially with smoking-cessation programs and the assessment of exposure to
carbon monoxide (CO). These devices, though of paramount importance in monitoring CO levels, bear errors in
measurement that may be immense in significance to clinical decisions and patient outcomes. Some of the other
common reasons for faulty readings include calibration errors, different sensor technologies, humidity and
temperature, poor breath sampling on the part of the users, and the ageing of devices. Even with an increase in the
sensitivity of sensors, their performance can be influenced by both external and internal factors. Periodic recalibration
of the devices, their proper use, and updating with advanced technologies are stressed in the review for error-free
results. This would aid in overcoming most the problems with exhaled CO measurement devices and enhance their
reliability, since continuous and accurate data would be provided for both clinical and emergency use.

Keywords: Carbon monoxide, breath tests, smoking, bias, outcome measurement errors

OZET

Klinik ortamlarda, 6zellikle sigaray1 birakma programlart ve karbon monoksit (CO) maruziyetinin degerlendirilmesinde
yaygin olarak kullanilan ekshale edilen karbon monoksit cihazlart kullanilarak yapilan hatali Slcimlere yol agan gesitli
etiyolojiler bu derlemede ele alinacaktir. Bu cihazlarda, CO seviyelerinin izlenmesinde biytk 6nem tagsisa da klinik
kararlar ve hasta sonuglart acisindan buytuk 6nem tastyabilecek 6l¢tim hatalart olabilmektedir. Hatali Slgiimlerin yaygin
nedenlerinden bazilari kalibrasyon hatalari, farkl sensor teknolojileri, nem ve sicaklik, kullanicilar tarafindan kéti nefes
orneklemesi ve cihazlarin eskimesidir. Sensoétlerin hassasiyetinde artis olsa bile, performanslart hem dis hem de i¢
faktorlerden etkilenebilir. Hatasiz sonuglar i¢in incelemede cihazlarin periyodik olarak yeniden kalibre edilmesi, uygun
sekilde kullanilmasi ve gelismis teknolojilerle giincellenmesi vurgulanmaktadir. Bu, ekshale edilen CO 6l¢tim cihazlariyla
ilgili sorunlarin ¢ogunun istesinden gelinmesine yardimet olacak ve siirekli ve dogru veriler hem klinik hem de acil
kullanim icin saglanacagindan givenilirliklerini artiracaktir.

Anahtar kelimeler: Karbon monoksit, nefes testleri, sigara icme, 6nyargl, sonug Slciim hatalart

Introduction

The Exhalation Breath Test provides a non-invasive and practical method of assessing human health. This
test is based on the principle of analyzing various gaseous and dissolved substances present in the breath,
which vary according to the physical environment, dietary habits and health status of the individual. The
study of these components in the breath can be used to diagnose diseases of the lungs and other organs or
to monitor the effectiveness of drug treatments. Carbon monoxide (CO) is a common gas produced by
organic combustion and is also produced naturally in the body as a by-product of metabolism. At high
concentrations it can bind to hemoglobin and inhibit oxygen transport, while at low levels it may play a role
in cellular homeostasis and vascular function. Exhaled CO (eCO) has been studied as a biomarker for several
inflammatory conditions, including smoking and lung disease!.
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Many devices called exhaled carbon monoxide meters atre available for the detection of smoking and carbon
monoxide exposure. These devices play a critical role in smoking cessation programs, with an emphasis on
the assessment of people-smoking or not-based on their carbon monoxide (CO) levels. They are also used
in emergent situations such as fire exposures and carbon monoxide poisoning. Inaccurate measurements
may adversely affect clinical decisions leading to inaccurate assessment of patients 25.

There are many factors that contribute to the incorrect results from CO measuring devices. These include
calibration errors, the use of different technologies within the devices, conditions of the setting of exposure,
user etrors, and aging of devices 23. Appropriately accurate calibration of the devices, their use under
appropriate conditions, and updating them in accordance with new technologies are vital in obtaining
accurate results +°.

While sensing has improved with the advent of technology, there are many causes externally and internally
which affect the measurement accuracy of such devices. Therefore, this review will completely address the
causes of inaccurate measurements in carbon monoxide measuring devices and will reveal how these errors
can be prevented.

Unlike previous reports that have primarily focused on isolated technical aspects or device-specific
performance, this systematic review provides an integrated perspective by synthesizing technological,
environmental, user-related, and clinical factors together. In doing so, it offers a comprehensive framework
that clarifies how these multiple sources of error interact and presents practical recommendations that go
beyond the scope of earlier studies.

Materials and Methods

The review was done in relation to the determination of causes of inaccurate measurements by exhaled
carbon monoxide meters. A full description of data sources and methods used is provided below.

Data Sources

Information was sourced from scientific databases: PubMed, Google Scholar, Cochrane, Web of Science,
and ResearchGate®!0. These databases have the most updated and reliable sources on research concerning
the accuracy and reliability of medical devices. Studies reviewed ranged from technological development in
carbon monoxide measuring devices to user errors, environmental factors, device calibration problems, and
sensor error effects.

e  Google Scholar: A search for comprehensive studies on the factors affecting exhaled CO meters'
performance.

e PubMed was used to identify reliable articles and reports regarding clinical application of the devices.

e Cochrane: Systematic reviews and meta-analyses of studies that investigated the accuracy and reliability
of devices.

e The literature review related to sensor technologies, calibration requirements, and user experiences have
been done by conducting both general and academic searches in Web of Science and ResearchGate.

These would include terms like "exhaled carbon monoxide measurement”, "CO measurement errors",

"calibration errors in CO devices", "environmental factors affecting CO measurement”, and "exhaled CO

sensor technology”. These keywords were used to search for studies between 2010 and 2024.
Selection Criteria

The following were the selection criteria for the reviewed studies:

1. Language: The language was limited to English.

2. Year of Publication: A comprehensive search of the entire literature was conducted, and all relevant
studies were systematically reviewed. The eatliest publication on this topic was identified in 1994,
marking the beginning of the scientific discourse in this field.
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3. Type of Study: The types of studies included experimental and observational studies, systematic reviews,
meta-analyses and case studies.

4. Inclusion Criteria: We focused on those studies that discussed the factors affecting device performance
and described, from that perspective, the various challenges they faced.

(Searching with Keywords )
Selection of Data Sources : m::;nr%?rr]z(r)\? monoxide Selection Criteria
*PubMed « English articles
* CO measurement errors «2010-2024
* Google Scholar « calibration errors in CO devices ‘
« Cohrane . - + Experimental and
) « environmental factors affecting observational studies
* Web of Science CO measurement systematic reviews, meta-
: ResearchGate - exhaled CO sensor technology \__analyses and case studies  J
L J
rData Analysis and Validation A
Assessment of Results * Calibration Errors Data Collection and
Dat lidati * Device Types Review
« Data validation, CEnyi .
comparisons and : LEJnV|rIc:_)nmentaI Factors 2,020,000 articles have
recommendations se_r : rrors eliminated that matched the
« Individual factors keywords.
* Device Age and Technological
Innovations )

Figure 1. Flowchart of the methodology.

Study Selection and PRISMA Flow

The study selection process was carried out according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. A total of 312 records were identified through electronic
database searching (PubMed, Google Scholar, Cochrane Library, Web of Science, ResearchGate) and
manual reference screening. After removing 54 duplicates, 258 records remained for title and abstract
screening. Of these, 210 were excluded for not meeting the eligibility criteria. The full texts of 48 articles
were assessed for eligibility, and 28 were excluded due to insufficient data or methodological limitations.
Finally, 20 studies met the inclusion criteria and were included in the systematic review. The PRISMA flow
diagram depicting this process is provided in Figure 2.

Results
Data Analysis

The retrieved studies were assessed for the following aspects:

1. Calibration Errors: Calibration errors, which atise because most of the CO measurement devices are
not calibrated on a routine basis and performance degradation of sensors over time, were considered
for analysis from 23.

2. Variations in the Types of Devices and Technologies: Performance variations between devices
depending on device technologies (electrochemical sensors, infra-red sensors) were assessed from .

3. Ambient Environment: A review of how some environmental factors such as ambient temperature,
humidity, and air pressure influence the accuracy of the devices has been done >11.
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4. User Errors: Those made when users do not apply appropriate breathing techniques or fail to use the
device in accordance with its instructions were analyzed 12

5. Individual factors: In addition to acute and chronic diseases, medication can also affect carbon
monoxide measurements 131520,

6. Device Age and Technological Innovations: The aforementioned factors include lower performance
from older devices compared with improvements provided by new technologies 1314, The major factors
contributing to errors in exhaled carbon monoxide meters and some suggested solutions to reduce the
errors are identified within Table 1.

Data Validation

The results were analyzed using cross-validation from different database studies. Results showed consistency
in findings. Comparison of data between systematic reviews and meta-analysis to the results obtained in
individual studies showed general trend findings, which pointed out several points that would go on to be
considered in the use of the devices.

In the end, the review assessed causes of inaccurate measurements encountered in the exhaled CO meters
from different angles and gave recommendations to minimize those errors.

Records identified through
database searching (n=312)

Records after duplicates

Duplicates removed (n=54) removed (n=258)

Records screened
(title/abstract) (n=258)

Full-text articles accessed for

eligibility (n=48) Records excluded (n=210)

Full-text articles excluded, Studies included in
with reasons (n=28) qualitative synthesis (n=20)

Figure 2. PRISMA flow diagram of study selection process
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Table 1. Exhaled carbon monoxide measurement devices: key factors contributing to erroneous

measurements
Study Sample size Methodology | Key Findings | Device Type | Recommendations
Reference (Error Type)
Vreman et | 108 Neonates | Experimental Calibration of | Electrochemical Regular calibration
al.2 study on | CO meters has | (Calibration Errors) | is  essential  to
1994 semiportable a  significant maintain accuracy
electrochemical | impact on
instruments measurement
accuracy
Bailey et al.* | 23 (precision), | Evaluation of | Significant Spectrophotometric, | Prefer infrared
1997 12 (Oz sat.), 28 | different differences cuvette-based sensors for higher
(Hb linearity) | sensor found between | (Sensor Technology) | accuracy,  though
Post-op ICU | technologies infrared  and costly
and  cardiac electrochemical
catheterization sensors in
patients) accuracy
Olson et al.5 | 16 Study on | High humidity | Diametrics Medical | Perform tests in
2010 Postmortem environmental | and CO-oximeter; UV | controlled
heart  blood | impact on CO | temperature spectrophotometer | environments to
samples measurements | negatively (Environmental minimize errors
affect  sensor | Factors)
accuracy
Sato et al.2 | Outpatients User behavior | Incortrect Electrochemical Training users in
2003 with  asthma | analysis during | breathing sensor-based proper  breathing
(n=161) and | CO techniques lead | portable CO | techniques is
COPD measurement to  inaccurate | monitor essential
(n=170) results (User Errors)
Montuschi | 10 healthy | Study on CO | Exhaled CO | Electrochemical CO | CO levels should be
et al.1 nonsmokers, levels in COPD | levels increase | monitor integrated | interpreted
2015 12 healthy | patients in respiratory | with cautiously in patients
smokers, 15 infections, chemiluminescence | with respiratory
ex-smoker leading to | analyzer infections
COPD, 15 misleading
current results
smoker
COPD (n=52)
Discussion

In contrast to earlier publications that addressed individual sources of error separately, the present review
advances the field by systematically integrating evidence across calibration, technology, environmental, and
user-related domains, thereby offering a broader and more clinically applicable perspective.

Calibration Errors

Calibration is an important aspect of the instruments in making correct measurements. Unless the
instruments are regularly calibrated, the sensors lose sensitivity, thus reflecting incorrect results after some
period. In the study done by Vreman et al., it was shown that the calibration of the meters of CO has a great
impact on their accuracy 2. Any lack of calibration might result in the delivery of incorrect results during
clinical use. This can prove hazardous during treatments and follow-up with patients. Periodic calibration
of instruments should therefore be ensured according to the instructions of the manufacturer and through
regular maintenance (Figure 3)3.
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Figure 3. Effect of Calibration Errors on Measurement Accuracy

Variations in the Types of Devices and Technologies: The sensors within CO meters will also differ in type-
for example, electrochemical or infra-red-and there are differences in performance between instruments.
Generally, the most common sensor type used, the sensitivity and accuracy decrease over time. Infra-red
sensors could potentially be less vulnerable to certain environmental factors but may be more costly. While
Bailey et al. have cleatly illustrated, through their experiments, the performance difference of devices
employing different technologies, there is a loss in the sensitivity of electrochemical sensors over their
lifetime, which has a negative impact on measurement accuracy 3.

Infrared and electrochemical exhaled carbon monoxide meters differ in several technical specifications: the
infrared method is very sensitive-in many cases, enabling ppm (parts per million) level measurements-with
a response time in milliseconds. However, this usually involves larger instruments and requires regular
calibration processes that are rather complex. The response time is generally of the order of seconds with a
comparable measurement accuracy and moderate precision from the electrochemical method. In general,
electrochemical instruments are smaller and portable, require less regular calibration, and can be easier to

use. Hach one of these technical features certainly influences the range of applications and user preferences
significantly (Table 2) (Figure 4) 2>11.12,

Table 2. Comparison of infrared and electrochemical methods for measuring exhaled carbon monoxide

Feature Infrared (IR) Electrochemical (EC)

Measurement High, usually at the ppm level Medium, usually at the ppm level

Sensitivity

Response Time Usually fast, milliseconds Usually slower, seconds

Device Size Often large, difficult to transport Usually small, portable

Calibration Requires regular and complex calibration Requires less regular and simpler

Requirements calibration

Possibility of | It can be affected by environmental conditions | Measurement errors can occur due to

Inaccurate (e.g. humidity and temperature changes); the | sensor life and contamination; generally,

Measurement accuracy of the instrument requires regular | less  affected by  environmental
calibration and maintenance. conditions.

* Details regarding sample size, study population, and device type corresponding to the studies compared in this table are provided
in Table 1.
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Figure 4. Comparison Of Different Sensor Technologies.

Various technical problems during the measurement of exhaled carbon monoxide with the help of
measuring devices can yield incorrect results. A frequent malfunction includes sensor degradation due to
time elapsed since, for example, electrochemical and infrared sensors lose their sensitivity with age. Cleatly,
the regular replacement of sensors or the upgrade to more resistant technologies will do much to alleviate
this problem. Moreover, an older edition of firmware or software could also include calculation mistakes;
therefore, periodic updating of those with the latest patches is recommended. Other possible problems
could be instability in either batteries or power supplies, yielding variable readings, and faulty displays or
interfaces could potentially deceive users into interpreting results incorrectly 4511,

Devices are also susceptible to external factors, including electromagnetic interference from other nearby
electronics, which can affect sensor performance. Such risks can be minimized by proper shielding and
isolation of the device. Besides, defective seals or gaskets may develop air leaks that could interfere with
internal pressure and take its toll on the accuracy of sensors. These need to be replaced and inspected
routinely to avoid any failure. Finally, blockages in the flow path due to dust, debris, or condensation may
interfere with the air reaching the sensor, therefore making the measurement quality poor. Regular

maintenance of the device, such as cleaning the device, is very important in the device's proper functioning
4-5,11

There is no consensus on the appropriate period of smoking abstinence before exhaled CO measurement.
Recommendations range from 12 to 24 hours, although some suggest a shorter period such as 20 minutes
to 1 hour. This discrepancy in results arises because the period required to be measured would depend on
individual metabolism and pattern of smoking, also considering that sometimes the sensitivity of devices
may vary. More research needs to be undertaken to make the protocols uniform and enhance test procedures
to obtain more clinically valid results >11.12,

Ambient Environment

The performance of exhaled CO meters will be influenced directly by the environmental conditions. More
precisely, ambient temperature, humidity, and air pressure interfere with correct sensor function. Olson et
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al. investigated the effect of environmental conditions on the results of CO measurement and concluded
that high humidity had especially affected the accuracy of the devices negatively 4 It is consequently
approptiate to pay attention to the conditions surrounding the devices in use and, if possible, carry out
measures in standardized environments. Other environmental factors that may affect the accuracy of CO
meters are ambient temperature and moisture. High levels of humidity interfere with the internal
mechanisms and give false results from the instrument. On the other hand, intensely hot or cold air can lead
to the failure of sensors to respond appropriately. Sensors may also undermeasure carbon monoxide in
conditions of high humidity .12,

User Errors

Another significant factor contributing to the accuracy of the results by the exhaled CO meters involves
user-created errors. Amongst the major reasons behind faulty results is that individuals operating the device
do not apply appropriate breathing techniques or are not following instructions for the use of the device.
Inadequate breathing leads to the sensors not making correct measurements. Sato et al. demonstrated that
users who did not apply correct breathing techniques obtained incorrect results '2. It is, therefore, of utmost
importance that the users are enlightened on the use of the device and taught the proper techniques. Failure
to breathe or use the device in line with instructions could also lead to incorrect measurements. Failure to
breathe profoundly might result in a situation where the levels of CO measured by the device may be lower
than it is. It is, therefore, essential that the users use the device right and conduct the test accordingly 3.

The incorrect measurement of carbon monoxide of smokers is either because of errors in usage or varies
according to personal factors. Conditions such as inflammatory processes (respiratory tract infections) could
interfere with levels of exhaled CO and further damage the accuracy of measurement. Respiratory tract
infection, particularly lower respiratory tract infection, may cause transient inflammation that increases the
level of exhaled CO. This may interfere with proper results by combining with CO levels related to
smoking!8.19,

During an infection of the respiratory tract, inflaimmation may lead to epithelium destruction and oxidative
stress, which increases CO production. This may complicate the evaluation of smoking in patients due to a
transient rise in the exhaled CO level. In a study conducted by Montuschi et al., it was stated that in patients
with COPD (Chronic Obstructive Pulmonary Disease), the exhaled CO levels increased, and this is
representative of the inflammatory response. The situation becomes more complicated in cases of
respiratory tract infections since the increase in CO can be independent of smoking as reflected in
measurements's,

All CO exhaled measurements done in the presence of infection should, therefore, be interpreted with a lot
of caution. Particularly in inflammatory diseases and acute respiratory tract infections, the levels of CO in
exhaled air may mislead one from the facts. Pellegrino et al. identified infection and inflammation as some
of the factors that surround the interpretation of pulmonary function tests. According to them, this
increased inflaimmation due to infection might affect the lung function to cause a deviation from the real
value of CO measurements (Figure 4)'°.

Individual factors

Most commonly, smoking is evaluated by measuring exhaled CO. However, the measurements may be
misleading in patients with chronic diseases and/or using medications. These are conditions of diseases that
chronically affect the lungs-particularly COPD and asthma, which might increase endogenous production
of CO and give rise to increases. Indeed, in the study performed by Montuschi et al. COPD patients had
higher exhaled CO compared to healthy subjects due to increased production of CO because of
inflammation in the airways. Similarly, more severe inflammation in asthma may result in increased levels of
exhaled CO. However, metabolic diseases including diabetes mellitus may also affect CO through increased
systemic inflammation. Increased inflammation and oxidative stress in uncontrolled diabetic patients may
raise CO production and make the exhaled CO measurements misleading. For this reason, health
professionals assessing smoking should consider this, based on chronic diseases of patients 18-20,
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Besides chronic diseases, some medicines applied can change the level of exhaled CO. Anti-inflammatory
medication, like corticosteroids, suppresses inflaimmation in the airways and hence decreases the levels of
exhaled CO. These medications, widely used in diseases such as COPD and asthma, might have a direct
influence on measurement results by reducing the inflammation. On the other hand, statins have a systemic
inflammation-reducing impact that also decreases the levels of exhaled CO. Such drugs can suppress the
inflaimmatory response and result in lower levels of CO. To interpret correctly the results of exhaled CO
measurement, the current pharmaceutical treatment of a person must be paid attention to too. In case these
effects of drugs and diseases on CO levels are ignored, a wrong result may be obtained, and the process of
evaluating smoking can be misleading. It is in this regard that the characteristics of diseases and drugs in the
exhaled CO measurements bear serious importance to be considered while making correct clinical
decisions!7-20,

Measurement errors in exhaled carbon monoxide (eCO) assessment have consequences that extend beyond
technical issues and may directly influence both clinical practice and public health. Clinically,
misclassification of smoking status due to inaccurate CO readings can lead to inappropriate counselling and
failure to provide timely cessation interventions, thereby reducing the effectiveness of treatment programs
and follow-up care!2!7. In patients with chronic respiratory conditions, such as COPD or asthma, misleading
CO values may obscure disease activity and interfere with therapeutic decision-making 2. On a broader
scale, inaccurate eCO data can distort smoking prevalence estimates, undermine surveillance of tobacco
control measures, and misguide allocation of healthcare resources at the population level 1819, Therefore,
improving the accuracy of CO measurement is essential not only for ensuring reliable patient care but also
for safeguarding the validity of public health initiatives targeting tobacco use.
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Figure 4. Impact of Environmental Factors on Measurement Errot.

Device Age and Technological Innovations

It includes those operating on very outdated technology and the failure to upgrade to new sensor
technologies resulting in faulty measurements. It has been observed that older devices remain behind in
performance compared to those possessing the latest technological advancements. Wigfield and Hollebone's
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studies mentioned that with increased age, the performance of the sensors deteriorates, hence providing an
adverse impact on the accuracy of measurement 8. Regular renewal of the devices by updating them with
the latest technologies is thus essential to obtain more reliable results. Generally, sensors lose their accuracy
as time passes. Regular checking of the devices and replacing of the sensors should be made when required.
Especially in the devices used for a long time, reduced sensitivity of sensors may result in erroneous
measurement (Figure 5) 14,
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Figure 5. Effect of Device Aging on Sensor Accuracy: Comparison Between Electrochemical and Infrared
Sensots.

Conclusion

CO meters play an important role in smoking cessation and in the assessment of acute CO exposure.
Usually, the accuracy of a measurement is compromised for several reasons: poorly calibrated devices,
outdated sensor technologies, and temperature or humidity environmental influences being only a few.
Besides, incorrect breathing by users adds to the inaccuracy of the reading. These, through regular
calibration, routine maintenance of devices, and education of users on proper handling, will improve the
clinical reliability of the CO meters.

Apparently, in the clinically practical application of exhaled CO measurement assessing smoking status,
there is no consensus on what period of abstinence from smoking is advisable before testing. Current
recommendations cover very different time periods. This variation owes to individual metabolism, pattern
of smoking, and sensitivity of devices which may measure the CO level. Further studies are required to
arrive at uniformity in protocols and improvement in testing procedures for more clinically helpful results.

Soon, the development of more advanced CO meters using enhanced sensor technology, which has a much
smaller susceptibility to environmental conditions, is likely to result in better diagnostic precision. It would,
on the one hand, provide more reliability in the detection of active status, but also acute CO exposure would
benefit from it. If this integration into practice by clinicians is done, this would indeed help them to make
better judgments for better patient management and sensible smoking cessation programs.
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The Psychiatric Dimensions of Impulsivity
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ABSTRACT

This review explores the multifaceted psychiatric dimensions of impulsivity. Defined by patterns of unplanned, rapid
actions, risk-taking, and reward-seeking behavior, impulsivity is a key feature in many psychiatric disorders. Impulsive
behavior patterns are observed at a clinical level in approximately 11% of individuals. Impulsivity is seen in more than
70% of attention deficit and hyperactivity disorder (ADHD) cases and significantly affects academic and social
functioning in these individuals. Neurobiologically, regions such as the prefrontal and orbitofrontal cortex, along with
neurotransmitter systems like serotonin, dopamine, and norepinephrine, play a critical role in impulsive behavior.
Gender differences and hormonal influences also shape how impulsivity is expressed. Impulsivity is notably associated
with disorders such as ADHD, personality disorders, mood disorders, and substance use disorders. Assessment
methods include self-report questionnaires, behavioral laboratory tasks, and biological measurements. In conclusion,
impulsivity is a complex and multidimensional behavioral pattern that plays a significant role in understanding
psychiatric disorders. Future research in this field is essential to better understand the biological underpinnings of
impulsivity and its role in mental illness, which will be crucial for improving therapeutic approaches.

Keywords: Impulsivity, psychiatric disorders, neurobiology, gender differences, substance use disorders,
neurodevelopmental disorders

OZET

Bu detleme, dirtisellik kavraminin psikiyatrik boyutlarint ¢cok yénlii olarak incelemektedir. Dirttsellik; plansiz ve hizl
hareket etme, risk alma, 6dil arayisi gibi davranis Sriintileriyle tanimlanir ve birgok psikiyatrik bozuklugun temel
belirtileri arasinda yer almaktadir. Bireylerin yaklagitk %171’inde dirtiisel davranis Oriintileri klinik dizeyde
gozlenmektedir. Dirtisellik, dikkat eksikligi ve hiperaktivite bozuklugu (DEHB) olgularinin %70’inden fazlasinda
gorilmekte ve bu bireylerde akademik ve sosyal islevselligi 6nemli Slgiide etkilemektedir. Norobiyolojik duzeyde
prefrontal ve orbitofrontal korteks gibi beyin bélgeleri ile serotonin, dopamin ve noradrenalin sistemlerinin
durtisellikte belirleyici oldugu gosterilmistir. Cinsiyet farkliliklar1 ve hormonal etkiler diirtiisel davranislarin ortaya
ctkisinda 6nemli bir role sahiptir. Dirtisellik; DEHB, kisilik bozukluklari, duygudurum bozukluklari ve madde
kullantim bozukluklart gibi bircok psikiyatrik bozuklukta 6nemli bir belirti olarak 6n plana ¢tkmaktadir.
Degerlendirmelerde 6z bildirim 6lcekleri, davranigsal testler ve biyolojik Slciimler birlikte kullanimaktadir. Sonug
olarak, dirtisellik cok boyutlu ve kompleks bir davranis 6riintiisti olup, psikiyatrik bozukluklarin anlasilmasinda 6nemli
bir yere sahiptir. Bu alanda yapilacak ileri arastirmalar, dirtiselligin biyolojik temellerinin ve psikiyatrik bozukluklardaki
rolintin daha iyi anlagilmasina katki1 saglayacak, tedavi yaklagimlarinin iyilestirilmesi agisindan bitytik 6nem tastyacaktir.
Anahtar kelimeler: Dirtasellik, psikiyatrik bozukluklar, nérobiyoloji, cinsiyet farkliliklar;, madde kullanim
bozukluklari, nérogelisimsel hastaliklar

Giris

Darttsellik, bireyin c¢evresel kosullara yeterince uyum saglamadan, disiinmeden hareket etmesiyle
karakterize edilen ve siklikla istenmeyen sonuglara yol acan, ani ve cogu zaman riskli davraniglarda bulunma
egilimi olarak tanimlanmaktadir. Diirtiisellik; dikkatsizlik, sabirsizlik, yenilik arayisi, risk alma, heyecan ve

zevk arayisi, zarar gérme riskini distik gérme, disa doniiklik gibi 6zelliklerle karsimiza cikar!. Psikiyatrik
hastaliklarin uluslararasi kabul gérmis siniflandirma sistemlerinde dogrudan ifade edilmekte ve diirtiisel
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davranislar 6rneklendirilmektedir?. Bircok psikiyatrik bozuklugun temel belirtileri arasinda durtisellik yer
almaktadir. Ancak psikiyatrik bozukluklarda dirtisellik rolini arastiran smurh  sayida  calisma
bulunmaktadir3.

Durtisellik farkli arasurmacilar tarafindan farkli sekillerde tanimlanmisur. Eysenck'e gore durtusellik, risk
alma, plan yapma eksikligi ve hizli disiinememe ile iligkilidir*. Patton ve digerleri ise diirtisellik kavramini
hazirliksiz aniden hareket etme, dikkati odaklayamama ve plan yapmadan, yeterince distinmeden hareket
etme seklinde ti¢ ayr1 boyutta degerlendirmistir®. Deneysel acidan biyiik ve ertelenmis 6diillere degil, kiigtik
ve dogrudan Sdillere yonelme olarak tanimlanmaktadir®. Dirtiisellik yeterince planlanmamus, asirt riskli ya
da duruma uygun olmayan, genellikle olumsuz sonuglara yol acan davranslar kiimesidir”. Dirttsellik yalniz
bir eylem degil bir davranig Sriintiisidur. Siklikla sonuglarint degerlendiremeden yapilan davranslar olarak
gorilmektedir®. Stahl ise i¢ veya dis uyaranlar veya tepki egilimleri tarafindan tetiklenen ve uzun vadeli
hedeflerle bagdasmayan spontan davranslar olarak tanimlamustir®. Dirtisellik kisaca kendiliginden ve
distinmeden hareket etme egilimi olarak tanimlamistir. Ancak bu durum plan yapamama, azim eksikligi,
maceraperestlik, zayif 6z disiplin, yenilik arayis1 boyutlart olan komplike bir durumdur!?. Genis katilimeilt
glincel bir ¢calismada ise, diirtiiselligin bireyler arasinda farklilik gosteren, kalict bir kisilik 6zelligi olabilecegi
ortaya konmustur!!.

Dartisellik genellikle istenmeyen sonuglara ve uygunsuz durumlara yol acan, zamanlama acisindan ifade
edilmis ve risk tastyan yaygin bir eylem olarak da tanimlanabilir. Dirtiisel bireyler hem kendileri hem de
baskalart igin zararli olabilmektedir. Bu nedenle dirtusellik; ic ve dis uyaranlara karsi, kendisi ve baskalart
icin olumsuz sonuglart disinmeden hizli ve planlanmamis davranslart seklinde de tanimlanmistir!2
Dartisellik, tek bir eylemden ziyade bir davranig Sruntiisind ifade eder. Bilingli bir sekilde hareketin
sonuglarini diisiinme firsatt vermeden hizli ve planlanmamus harekettir. Bu 6zellik, diirtiisellik ile planlayarak
gerceklestirilen kompulsif davranislar ve bozulmus yargilama arasinda ayirt edicidir®. Bu tanimlamalara
ragmen, dirtiiselligin hala anlagilir ve kapsaml bir agiklamast olmadigt ve normal ile hastalik arasindaki
stnirlarin kesin olmadigr belirtilmelidir.

Bu detlemede, dirtiisellik kavramint psikiyatrik acidan butiinctl bir perspektifle ele almak, nérobiyolojik
temelleri, degerlendirme yontemleri ve klinik yansimalari 1siginda alandaki giincel bilgi birikimini ortaya
koymak amaclanmistir. Ayrica durtiselligin gesitli psikiyatrik bozukluklarla nasil etkilesime girdigi
tartisilarak, tani ve tedavi stireclerinde dikkate alinmasi gereken yonlerine vurgu yapilmast hedeflenmektedir.
Bu sayede, diirtiselligin psikopatolojiyle iliskisine dair ¢ok boyutlu bir cerceve sunulmasi ve klinik
uygulamalara katki saglayacak bir literatiir temeli olusturulmasi amaglanmaktadir.

Diirtiiselligin Alt Tiirleri

Motor Diirtiisellik

Motor durtisellik, bireyin ani bir sekilde ve 6nceden disiinmeksizin davranis baslatma egilimini ifade
etmektedir. Genellikle yanit baskilama mekanizmalarindaki yetersizlik ile iliskilendirilmekte ve Go/No-Go
veya Stop-Signal gorevleri ile degerlendirilmektedir!¢. Dikkat eksikligi ve hiperaktivite bozuklugu (DEHB),
borderline kisilik bozuklugu (BKB) ve madde kullanim bozukluklarinda yaygin olarak gézlemlenmektedirs.

Biligsel Diirtiisellik

Biligsel duirttsellik, disiince siireclerindeki acelecilik, dikkat eksikligi ve planlamada glgliik ile karakterizedir.
Bu alt tiir, bireyin karar verirken olasiliklart yeterince degerlendirememesi ve sonuglart ngérmeden hizlt
cikarimlarda bulunmastyla kendini géstermektedir. Ozellikle ergenlerde ve manik dénemlerde stk goriiliirS.

Emosyonel Diirtiisellik

Emosyonel dirtiisellik, bireyin duygusal uyarilara karst asir1 ve kontrolstiz tepkiler vermesi ile tanimlanir. Bu
durum ani 6fke patlamalar, duygu regilasyonunda bozulma ve catisma davranslant seklinde ortaya
ctkabilir'2. BKB, travma sonrast stres bozuklugu ve bazi affektif bozukluklarda 6n plandadir58.
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Norobiyolojik Acidan Diirtiisellik

Dirtisel saldirganlik sergileyen bireylerin benzer eylemleri gdstermeyenlere gére daha biiyiik uyatilmis beyin
potansiyel amplitidleri oldugu ve beyin omurilik sivisinda serotonin metabolit seviyelerinin daha yiiksek
oldugu gosterilmistir!®!14. Agresyon gosteren durtlsel bireyler ile tasarlanmis davranan bireylerin ilacla
tedaviye yanitlart farkli oldugu ayni zamanda elektroensefelogram dalgalarinin da anlamli farkliligi oldugu
saptanmustir!>13

Karar verme, yanit secme, davranigsal baskilama streclerinde prefrontal korteks (PFK) ve orbitofrontal
korteks (OFK) 6nemli rol almaktadir. OFK, kisinin eylemlerinin sonuglariyla ilgili mevcut bilgilere dayanarak
davranigt yonlendirmede 6ne ¢tkmaktadir. Frontal lob hasart olan bireylerde dirtiiselligin gorillmesi bunu
desteklemektedir. Karar verme, planlama ve tepki verme siire¢leri frontal korteks tarafindan yonetilmektedir.
Uyarana tepkinin belirlenmesinde baglica roliit OFK almaktadir. Calismalar, ventromedial PFK ve OFK gibi
bélgelerin dirttsel davraniglart diizenlemede merkezi rol oynadigini gostermistir’®.  Striatum gibi 6dil
sistemi ile iligkili bolgelerle, PFK gibi biligsel kontrol sistemleriyle iligkili bélgeleri bitlestiren kortiko-striatal
devreler durtisellikte 6nemli bir rol oynamaktadir!®!7. Hiipen ve ark. dinlenme halinde beyin baglantilarin
inceledigi bir calismada, durtisellikle iliskili agin serebellum, beyin sap: ve temporal lob gibi bolgeleri de
icerdigini ortaya konulmusgtur!”.

Serotonin, noéradrenalin, dopamin, glutamat ve GABA durtlsellik Uzerinde etkili olan temel
nérotransmiterlerdir (NT). Bu NT’ler arasinda serotonin ve dopamin 6n plana ¢itkmaktadir. Serotonin
seviyelerindeki azalmanin davranisin baskilanmasini azalttigr belirtilmistir’®. Beyinde serotonin dizeyinin
azalmasi ile davramslarin baskilanmast giiclesmektedir. Serotonin diizeylerinin azalmasi dirtiiselligi
artturirken, dopamin ve serotonin dengesizligi orbito-ventromedial kortekste islevsel bozukluklara neden
olabilmektedir'®, Intihar eden bireylerde ve siddet suclularinda serotonin metabolitlerinin azaldig1
gorilmustiir!®-21. Serotonin eksikligi 6zellikle intihar dustincesi ve saldirganlik gibi dirtiisel davransslar ile
iliskilendirilmektedir??. Raji ve ark. diisiik serotonerjik iletimin orbito-ventromediyal PFK’de dopaminerjik
diizensizlige yol acarak agresif davranmiglart ve durtiselligi artirdigini bildirmistir’. Ancak DEHB tanili
hastalarda metilfenidat gibi psikostimulanlar diirtisellik tizerine daha etkili olmustur??. Noradrenalin sistemi,
Ozellikle durtt kontrolinde 6nemli bir role sahiptir?42. Atomoksetin ve modafinil de noradrenetjik veya
dopaminerjik iletim tzerinde etkili olmustur?627. Tim bunlar ¢ercevesinde serotoninin yanit inhibisyonunda
sinirlt bir rol oynadigt ve diger nérokimyasal sistemlerin de yanit inhibisyonunu diizenlemede etkili bir roli
oldugu distntlebilir.

Stres hormonlari ve diger biyokimyasal faktorlerde nérobiyolojik agidan dikkat cekmektedir. Ornegin artmis
kortizol ve adrenalin diizeyleri dirtiisellik ile iliskilendirilmistir!'¢. Ergenlik ddneminde ise beyin yapisindaki
degisiklikler etkili olmaktadir. Azalmis gri madde hacmi ve beyaz cevher bitinligi, artmis dirtisellikle
iligkili bulunmugtur?s. Bu bulgular 1s181nda durtiselligin bircok nérobiyolojik mekanizmayla iliskili oldugu
duistnilebilir.

Stres yanit1, organizmanin cevresel tehditlere verdigi evrimsel olarak sekillenmis bir adaptif mekanizmadir.
Bu strecte hipotalamo-hipofiz-adrenal (HPA) akst temel rol oynar. Stres algilandiginda hipotalamustan
kortikotropin salgilatict hormon salinir; bu da hipofiz bezinden adrenokortikotropik hormonun
salgilanmasini uyarir ve nihayetinde adrenal korteksten kortizol salinir. Kortizol, enetji mobilizasyonunu
artirarak kisa vadede organizmanin stres etkeniyle basa ¢itkmasini saglar. Ancak kronik stres, HPA aksinin
surekli uyarilmastyla nérobiyolojik yapilar tizerinde olumsuz etkiler olusturabilir; 6zellikle de prefrontal
korteks, amigdala ve hipokampus gibi dirti kontroliinde krittk rol oynayan beyin bdlgelerinde
gorillmektedir!.

Yiiksek kortizol dizeyleri, prefrontal korteksin inhibisyon islevini baskilayabilirken, amigdaladaki reaktiviteyi
artirarak duygusal yanitlarin regiilasyonunu bozar. Bu da bireylerde diirtiisel karar verme, ani 6fke patlamalari
ve riskli davranislara egilimi artirabilir. Hiipen ve arkadaslarinin ¢alismasinda dirtiisellik ile iliskili fonksiyonel
beyin aglarinin HPA aksi aktivasyonu ile dogrudan etkilesim icinde oldugu bildirilmistir'”. Ayrica Green ve
arkadaglari, ergenlik déneminde HPA akst aktivitesinin artmasinin, gri madde hacminde azalma ve beyaz
cevher butinliginde bozulma ile iliskili oldugunu ve bu yapisal degisikliklerin durtisellikle baglantili
oldugunu ortaya koymustur?s,
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Ozetle, stres yanitinin biyolojik aractst olan HPA akst, diirtii kontroliinii yéneten kortikal ve limbik yapilarda
islevsel degisiklikler olusturarak dirtiisellik diizeylerini etkileyebilir. Bu etkilesim, 6zellikle travma Sykiist
olan bireylerde, sinirda kisilik bozuklugu, DEHB ve madde kullanim bozuklugu (MKB) gibi psikiyatrik
hastaliklarda daha belirgin olabilir.

Dirtisellikte rol oynayan ana kortikal ve subkortikal yapilar Sekil 1’de gésterilmektedir.

Durtusellikte Rol Oynayan Ana Kortikal
ve Subkortikal Yapilar

Dorsolateratal{
prefrontal korteks

Ventromedial
prefrontal korteks /

Anterior
singulat
korteks

Striatum

Talamus

.

Sekil 1. Diirtiisellikte Rol Oynayan Ana Kortikal ve Subkortikal Yapilar.

Diirtiisellik ve Tepki Bastirmada Bozulma

Dirtiselligin cogunlukla frontostriatal devrelerdeki inhibisyon bozukluguna bagli olarak ortaya ¢iktigt ve bu
nedenle bireylerin davraniglarini planh bicimde bastirmakta gliclik yasadigi vurgulanmustir’e. Bu tir
inhibisyon kusurlarini  6lgmek i¢in  Stop-Sinyal ve Go/No-Go gibi laboratuvar gorevleri stkca
kullanilmaktadir’. Durtl kontroliinde bozulma, DEHB, Obsesif Kompulsif Bozukluk (OKB) ve bagka
hastaliklarda ortak gorilir.

Noéropsikiyatrik hastaliklardaki tepki bastirma sorunlariyla iliskili néropsikiyatrik durumlarda  yanit
inhibisyonu islevi yetersizdir. DEHB, bircok kisi tarafindan durtisellikle iliskili bir bozukluk olarak kabul
edilir. DEHB tanililarda ¢ocuk yasta ve yetiskinlikte durttsel eylemler farklilik gésterse de belirtiler devam
etmektedir. DEHB tanili cocuklarda ve yetiskinlerde olan tepki bastirma-yanit inhibisyonu yasam boyu siiren
néropsikolojik bulgulardan biridir33-34.

OKB hastalarinda inhibitér kontrol eksiklikleri fronto-striatal devrelerin islevselligine yansimaktadir3s. Uhre
ve ark. yaptiklart giincel bir meta-analizde, OKB hastalarinda inhibisyon gérevleri esnasinda, fonksiyonel
manyetik rezonans gorintilemede (fMRI) fronto-striatal bolgelerde anormal aktivasyonlar oldugu
bildirilmistir3. Trikotillomani, tekrarlayan bir sekilde sa¢ yolma ve bunun sonucunda rahatsiz edici ve fark
edilebilir sa¢ kaybt ile gortlen bir hastaliktir?2. Chamberlain ve ark. trikotillomani hastalarinda yanit
inhibisyonunda bozulma bildirmislerdir ve bu bozulmanin biytkligi, sa¢ ¢ekme siddetine iliskin 6znel
degerlendirmeletle iliskilidir®. Penades ve meslektaglart OKB hastalart icin benzer bozulmalari belirtmistit3”.

MKB belirtileri arasinda kendini tehlikeye atma, tekrarlayan hukuki sorunlar ve kétilesen davraniglara
ragmen madde kullaniminin devam etmesi bulunur. Monterosso ve meslektaslart kronik metamfetamin
kullanicilarinda kontrol grubuna kiyasla yanit inhibisyonu eksiklikleri tespit etmistit38. Bu eksikliklerin madde
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kotiye kullanimdan 6nce mi ortaya ¢iktigint yoksa kimyasal kottye kullanimin kortikosubkortikal devreler
tzerindeki zararli etkisi sonucunda mi ortaya ¢tktigi belirlenememistir.

Cinsiyet ve Durtusellik

Cinsiyetler arasinda, durtisellikte farkhiliklar bildirilmistir. Yapilan calismalarda erkeklerde somut 6duller
kargisinda kadinlarda ise hayali/varsayimsal oduller karsiliginda daha yiksek durtiisellik egilimi oldugu
gosterilmistir'®. Erkeklerde testosteron seviyesi ile frontostriatal baglant: biitiinligl arasinda pozitif bir iliski
saptanmis, bu durumun erkeklerde somut ddillere yonelik dirtiiselligi arttirabilecegi 6ne stirilmustiir!S.
Erkekler kadinlardan daha sik diirtiisel davranislarda bulunmaktadir?30. Erkeklerin aracla kaza yapma,
disme, bogulma, elektrik carpmasi, atesli silah kazalari ve yanginlar nedeniyle 6lim oranlart kadinlardan
o6nemli 6lcide yuksektir. Adli olaylar, 6ftke kontrol sorunlari, davranim bozukluklari yine erkeklerde
kadinlardan daha ytksektir ve durtisellik bu durumlar icin bagimsiz bir risk faktorii olarak saptanmustir.
Odiil ve motivasyon alaninda rol alan dopaminerjik sistemin erkeklerde daha reaktif olmast cinsiyetler arast
fark: aciklayan neden olarak 6ne strtilmektedir3.

Cinsiyetler arast dirtiisellik farkinin evrimsel teorisine gére erkekler tireme bagarisint arttirmak icin erkekler
arasinda hakimiyet kurmaya isteklidir. Rekabete neden olan bu durum dirtiisel saldirganlik ve artan sug
oranlari ile iligkilidir®. Ayrica testosteron seviyeleri heyecan arayist, kisa vadeli hedeflere egilim, dirtiisellik,
baskinlik, rekabet¢i tutum ve cinsel uyarilma ile iligkilidir. Wilson ve Daly tarafindan ise erkeklerin daha stk
riskli karar almasi, kumar oynamasi, tehlikeli araba kullanmast ve uyusturucu kullanmasinin, riskten daha
fazla zevk almalar ile ortaya ciktigr 6ne strilmistir’!. Bu teoriler erkeklerin durtiisellik Slgtimlerinde
heyecan arayist ve risk alma degetlerinin ylksek olmasi ile 6rtiismektedir. Kadinlarin iireme basarisi, yasami1
devam ettirmeye baglidir. Bu durum bebeklerin anneye daha fazla bagimli olmasindan, kadinin yasami
boyunca tastyabilecegi sinirlt sayida bebek olmasindan kaynaklanmaktadir. Bu nedenle, kadinlar erkeklere
gore dirtiisel davranslara ve tehlikelere karst daha duyarlidir ve daha fazla kacinmaktadir.

Ote yandan deney hayvanlarinda disi bireyler, erkeklere gére motor diirtiisellik testlerinde daha yiiksek
skotlar almistir. Hayvan calisgmalarinda ve bazi insan 6rneklemlerinde kadinlarda erkeklere gére daha ytiksek
motor dirtisellik skorlart elde edilmesi, cinsiyete 6zgii dirtiisellik Sriintiilerine iliskin klasik beklentilere ters
dismektedir®?. Bu durum, Ozellikle Ostrojen ve progesteron dizeylerindeki fizyolojik dalgalanmalarin,
diirtiisellik tizerindeki etkilerinin evrensel ve sabit olmadigint géstermektedir. Ostrojenin dopaminerjik
sistem tzerindeki iki yonlii etkisi, bu ¢eliskinin temel nedenlerinden biri olabilir: bazi durumlarda dopamin
salinimini artirarak 6dul arayisint giclendirirken, diger durumlarda reseptdr duyarliligini azaltarak inhibisyon
mekanizmalarint zayiflatabilir®e.

Ozellikle menstriiel déngiiniin folikiiler fazinda, kadinlarda artmis yanit baslatma egilimi (motor diirtiisellik)
gozlemlenmistir. Bu fizyolojik durum, davranigsal olarak tepkiselligin artmasiyla sonuglanabilir?®. Buna
karsin, luteal fazdaki ylksek progesteron diizeylerinin davranigsal inhibisyonu artirdigt ve dirtiselligi
baskiladigi 6ne strtlmektedir. Bu dongiisel degisim, bazi bireylerde dirtiisellik diizeyinde gézlenen
dalgalanmalara ve farkli calismalarda elde edilen sonuglar arasindaki tutarsizliklara yol acabilir. Ayrica, bilissel
kontrol aglarinin (prefrontal korteks, singulat korteks) islevselliginde kadinlarin daha fazla durumsal
degiskenlige sahip oldugu, bu nedenle motor dirtiisellik testlerindeki performansin daha biytk birey-i¢i
varyans gosterdigi bildirilmistir'”. Dolayistyla, cinsiyet farkliliklari yalnizca sabit biyolojik farkliliklatla degil,
hormonal ¢evrim, néroplastisite ve bilissel yiik gibi dinamik faktérlerle de sekillenmektedir. Cinsiyete 6zgi
farkhiliklarin Ostrojen ve progesteron dizeylerindeki dalgalanmalara bagli oldugu distntlmektedir32.
Ornegin kadinlarda yiiksek 6strojen diizeylerinin diirtiisellikte artisla iliskili oldugu, kadin {ireme
dongusinin bazi dénemlerinde kadinlarin  durtiisel risk alma egilimlerinin  degiskenlik gosterdigi
bildirilmistir’®. Bu veriler, erkeklerde goriilen risk alma egilimi ve kadinlarda hormonal dongiilere bagl
durtiisel degiskenlik gibi pratik davranis farklidiklarinin cinsiyete 6zgl nérobiyolojik ve evrimsel temelleri
oldugunu gostermektedit.

Hormonal Déngii ve Diirtiisellik

Kadinlarda hormon diizeylerindeki dénemsel dalgalanmalar, 6zellikle menstriiel déngii evrelerine bagh
olarak durtisellikte belirgin degiskenliklere yol acabilmektedir. Menstriiel dongt tipik olarak dort faza ayrilir:
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menstruasyon, folikiler faz, ovulasyon ve luteal faz. Bu evrelerdeki hormonal dalgalanmalar, 6zellikle
Ostrojen ve progesteron diizeylerindeki degisimlere baglt olarak biligsel kontrol, duygusal regiilasyon ve yanit
inhibisyonunu etkileyebilir’c.

Foliktler fazda, 6strojen dizeyi artar ve bu dénemde dopaminerjik sistem aktivitesi de artis gosterir. Bu
artty, 6dil duyarhligini ve yaklasim davranglarini giiclendirerek motor durtiselligi tetikleyebilir?s. Ayrica
prefrontal kortekste artan dopamin diizeyi, karar alma siireclerinde daha hizli ama potansiyel olarak daha az
kontrollii yanutlarin verilmesine neden olabilir®2. Ovulasyon déneminde, Gstrojen pik yapar ve bu fazda
durtisellik artist bazt calismalarda belirginlesmistir, 6zellikle riskli karar verme ve ani davranis baglatma
egilimlerinde artis gbzlenmistir!”.

Buna karsilik, luteal fazda, progesteron diizeyinin yitkselmesiyle bitlikte davranissal inhibisyonun arttig1, yani
durtiisel davranslarin azaldigr bildirilmistir. Progesteronun GABA-A reseptorleri tizerindeki etkileriyle
anksiyolitik ve inhibitif yanitlarin kolaylastigi, bu nedenle bu dénemde kadinlarin yanit bastirma becerilerinin
daha giicli oldugu 6ne stirtilmektedir!s. Ancak luteal fazda gérilen duygusal degiskenlikler (6rnegin sinirlilik,
duygudurum dalgalanmalarr), bazi bireylerde diirtiisel emosyonel tepkileri artirabilir ve bu da klinik
yansimalari daha karmastk hale getirir?8.

Bu néroendokrin degisikliklerin bireyler arasinda farklt diizeylerde gézlemlenmesi, kadin 6rneklemlerinde
durtisellik Uzerine yapilan calismalarda yiksek birey-i¢i varyans olusmasina ve bulgular arasinda
tutarsizliklara neden olabilmektedir. Dolayisiyla, hormonal déngii faktorii dikkate alinmadan yapilan
dirtisellik degetlendirmeleri, sonuglarin gecerliligini sinitlayabilir. Klinik ¢alismalarda kadin katithimecilarin
degerlendirilmesinde menstriel déngii evresinin kontrol degiskeni olarak hesaba katilmasi, durtisellik
calismalarinda metodolojik olarak biiyiik 6nem tagimaktadir!”.

Diirtiisellik Olgiimleri Degerlendirmeleri

Dirtisellik degerlendirmesi ¢ok boyutludur. Durtiisellik siklikla 6z bildirim degerlendirmeleri, davranis
laboratuvart degetrlendirmeleti ve olaya iligkin potansiyellerin degetlendirmeleri ile 6l¢tilmektedir. Geleneksel
olarak Barratt Dirtiisellik Olgegi (BIS-11) gibi 6z bildirim 6lgekleri kullanilmistir. Ancak modern
calismalarda biyolojik 6lciimler de 6nem arz etmektedir.

Oz Bildirim Olgekleri

BIS-11> ve Eysenck Dirtiisellik Anketi® gibi 6z bildirim 6lgekleri, diirtiisel davranislarin olup olmadigini ve
bu davransslarin uzun vadeli kaliplar olusturup olusturmadigini degerlendirmektedir. Oz bildirim
Olceklerinde kullanilan bazi 6rnekler sunlardir: "Dirtiisel davramrim” ve "Gorevleri dikkatlice planlarim".
Oz bildirim &lgeklerinin - dezavantajlari, anketi dolduran bireyin dogruluguna giivenmek zorunda
olunmasidir. Ayrica, bu 6lcekler tekrarlanan kullanima uygun olmadigindan, tedavi calismalarinda
kullanimlart sinirhidir.

Davranig Laboratuvar:t Degerlendirmeleri

Davranigsal degetlendirme araclari dirtiiselligin motor ve bilissel bilesenlerini daha nesnel bi¢cimde lgmeyi
hedefler. Go/No-Go ve Stop-Signal gorevleri, zellikle yanit baskilama becerilerini degetlendirmek icin
kullanilmaktadir’¢. Stop-Signal gbrevi, bireyin baslatilmis bir davranist ne l¢iide durdurabildigini test ederek
inhibisyon kontrolint 6lcetken; Go/No-Go gorevi uygun ve uygunsuz tepkileri ayirt edebilme yetisini
yansitirl®, Diger taraftan, 6dil-gecikme tercih gorevleri (Delay Discounting Task), bireylerin kisa vadeli
odller karsisinda sabir gésterme kapasitelerini Slgerek, karar verme siireglerindeki diirtiiselligi ortaya koyar®.

Bu gorevler tekrarlanabilirlik ve nesnellik agisindan degerlidir. Ancak laboratuvar ortaminin dogalliktan uzak
olmasi1 ve sosyal baglami icermemesi nedeniyle ekolojik gecerlikleri sinirh kalabilmektedir#3:44.

Olaya Iligkin Beyin Potansiyelleri

Dirtiselligin  beyin diizeyindeki yansimalari, 6zellikle olaya iliskin beyin potansiyelleri (ERP) gibi
elektrofizyolojik yontemlerle degerlendirilmistir. Bu dl¢timlerde siklikla analiz edilen P300 bileseni, dikkat,
karar verme ve inhibisyon sirecleriyle iligkilidir. Moeller ve arkadaslari (2001), dirtiisel bireylerde P300
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amplitidinin azaldigini ve bu bulgunun dirti kontrol bozukluklariyla iliskili olabilecegini gdstermistir®.
Ancak bu biyobelirtegler diirtiisellige 6zgii degildir; benzer degisiklikler diger néropsikiyatrik durumlarda da
gozlenmektedi.

Olgme Araglarinin Sinirliliklars

Dirtiselligi degerlendirmede kullanilan 6l¢me araclart her biri kendi icinde degerli bilgiler sunsa da, belirgin
sturliliklar  barindirmaktadir. Oz bildirim  &lgekleri, bireyin kendi davranislart hakkindaki subjektif
degerlendirmesine dayanir; bu da sosyal istenirlik yanhligi, icgdrii eksikligi veya durumluk degiskenlerin
yanutlar etkilemesi gibi faktotlerle gegerliligi sinirlayabilir®. Ayrica bu tiir 6lgeklerin tedaviye duyarliligs dustik,
tekrarlanan 6l¢timlerde stabilite sorunlart dogurabilecegi bilinmektedir3.

Davranissal gorevler (6rnegin Go/No-Go, Stop-Signal), dirtii kontroliint nesnel bicimde degetlendirse de,
ekolojik gecerliligi dustktir; ¢unki bireylerin giinlik yasamlarindaki diirtiisel davranislart tam olarak
yansitmaz®. Ayrica test ortaminda verilen motivasyon, dikkat diizeyi ve anlik duygusal durum gibi faktorler
performanst etkileyebilir, bu da sonugclarin genellenebilirligini sinirlamaktadir#4.

Biyolojik 6lctimler (6rnegin ERP bilesenleri, fMRI baglantilart) dirtiselligin néral temelini anlamada ileri
teknikler sunsa da, yitksek maliyet, teknik uzmanlik gerekliligi ve yorumlayict 6znellik gibi faktorlerle klinik
pratikte sinirlt kullanilabilitlige sahiptir®. Ayrica bu él¢timler genellikle dirtisellige 6zgii degildir; dikkat,
emosyonel regiilasyon veya baska biligsel siirecletle de iligkili olabilit®.

Tim bu nedenlerle, tek bir 6l¢tim araci ile dirtiiselligi eksiksiz sekilde degerlendirmek miimkiin degildir.
Cok boyutlu, ¢ok yontemli yaklagimlar, bu sturliliklarin etkisini azaltarak daha giivenilir ve bitiincil
degerlendirmelere olanak saglayabilir®.

Cok Boyutlu Yaklagimlar

Lamichhane ve ark. davranigsal testler, kalp hizt degiskenligi ve fMRI baglanti Slctimlerini bir arada
kullanarak yaptiklari calismada, 6zellikle duygudurum bozuklugu tanils hastalarda diirtiisellik boyutlarint %73
oraninda agtklayan ¢oklu modlu modeller gelistirmistir*. Bu tir ¢cok boyutlu yaklagimlar, diirtiiselligi tek bir
Olgekten ziyade cok boyutlu olarak degerlendirme imkant saglamaktadir.

Genel olarak durtisellik Slctimlerinin, 6z bilditim 6lgekleri ile laboratuvar gorevleri ve/veya biyolojik
Slgtimlerin kombine edilerek daha glivenilir hale getirilecegi disiiniilebilir.

Diirtiisellik ve Psikiyatrik Hastaliklarin Siniflama Sistemlerindeki Yeri

Darttsel davranislar bircok psikiyatrik hastalikta baskilama mekanizmasinin zayiflamasi ile ortaya
ctkmaktadir. Tek basina tani koydurucu bir durum olmamakla birlikte klinik duruma eslik eden semptomlara
gore tant belirlenmektedir. Bipolar duygulanim bozuklugu, B kiimesi kisilik bozukluklar, DEHB, OKB,
posttravmatik stres bozuklugu, MKB ve dirtii kontrol bozukluklart dirtiselligin goriildigi baslica
psikiyatrik hastaliklardir#o.

Dirtt kontrol sorunlar, bir kisinin kendisine veya bagkalarina zarar verebilecek eylemlere karst koyma istek
ve arzularina tekrar tekrar direnememe durumuyla iligkilidir. Yikict davranis bozukluklari ise agresyon ve
kurallara karst gelme gibi davranis sorunlariyla belirginlesir. Her iki durum da Amerikan Psikiyatri Birligi'nin
stiflandirma sistemlerinde énemli degisikliklere ugramistir. DSM-IV'te "baska bir yerde stniflandirlmamis
diirti kontrol bozukluklar" bashg: altinda siniflandirilan kleptomani, aralikli patlayict bozukluk, patolojik
kumar oynama, piromani ve trikotillomani gibi hastaliklar, kars1 konulamayan eylem 6ncesinde artan bir
gerginlik ve uyarilma hissinin olusumu ve eylem sirasinda haz, tatmin ve rahatlama saglayan durumlar olarak
tanimlanmugtir. Davranis bozuklugu ise cocukluk ve ergenlik ddnemlerinde baglayan davranis sorunlari, 6fke
sorunlari, kurallara uymama, yetiskinlerle sik tartismalara girme gibi durumlar olarak ifade edilmistir. DSM-
IV'te "genellikle bebeklik, cocukluk veya ergenlik dénemlerinde tani konan bozukluklar" ve "dikkat eksikligi
ve yikict davranis bozukluklar" olarak siniflandirilan hastaliklar DSM-5'te "yikict bozukluklar, diirtii kontrol
ve davranis bozukluklan" bashgt alunda bitlestirildi. Trikotillomani "obsesif kompulsif spektrum
bozukluklart" baglig1 altina; patolojik kumar oynama "madde iligkili bozukluklar ve bagimlilik bozukluklart"
baslig1 alttna; DEHB ise "norogelisimsel bozukluklar" basligt altnda tanimlandi. Yine DSM-IV'te kisilik
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bozukluklart icinde yer alan antisosyal kisilik bozuklugu (ASKB), DSM-5'te "yikict bozukluklar, durti
kontrol ve davrants bozukluklart" kategorisinde ismen yer aldi ancak tani Slgtitleri hala "kisilik bozukluklar:"
altinda devam etmektedir?’.

Giincel yaklagimlar ise durtiselligi boyutsal bir 6zellik olarak vurgulamaktadir. Yapilan genis 6lgekli bir
calismada Huang ve ark. dirtiselligi bireyler arasinda tutarlt bir farklilik olarak tanimlamus, bu faktoriin
dirtisel davraniglart dngérmede belirgin oldugunu gostermistir!!. Cuthbert ve Insel de dirtiiselligi 6dil
isleme, karar verme gibi noérobiyolojik diizeyde temel siirecler baglaminda inceleyerek kategorik bakis
acisinin Gtesine gecirmeyi 6nermektedirs.

Psikiyatrik Hastaliklar ve Diirtiisellik

Psikiyatri rutinin de sik kullanilan BIS-11’in analizinde daha fazla motor aktivasyon, daha az dikkat ve azalan
planlama faktérleri lgegin belitleyici unsurlart olarak saptanmustir®. Psikiyatrik hastaligi olmayan bireylerde
de durtisellik gézlenebilmektedir. Kisilik bozukluklari, manik epizodlar ve madde kullanim bozukluklar,
durtiselligin 6zellikle stk ve yogun bicimde gbzlendigi baslica psikiyatrik tanilar arasindadir. Bu bozukluklarla
durtiisellik arasindaki iligki, bu bozukluklarin timiinde davranigsal engelleme eksikligi olmasi nedeniyle
tamamen ya da kismen ortaya ctkar®50. Frontal lob hasarinda kisilik bozuklugu belirtileri, dikkat ve
planlamada bozulma gériilmektedir>!8. Manik atak déneminde diirtiisellik ile 6rtiisen motor aktivasyonda
artma ve planlamadan davranislarda bulunma gérilmektedir. Dirtiisellik tek basina tant koydurmamakla
birlikte eslik eden diger bulgulart da degerlendirerek psikiyatrik tani belitlenmektedir?.  Dirtiisellik, bu
hastalarda yalnizca tanusal bir 6zellik degil; ayn1 zamanda erken niiks, diisiik tedavi stiresi tamamlama orant
ve tekrarlayan kriz basvurulart ile de iliskilidir*.

Antisosyal Kisilik Bozuklugu

ASKB, diirttsel ve durtiisel olmayan toplum normallerine aykirt davraniglarin belirgin géraldigi psikiyatrik
bir tanidir. ASKB’de diirtiisel saldirganlik ve yasa dist davranislar 6ne ¢ikar53.

ASKB tanilt bireylerde beyindeki diisik serotonin diizeyleri ve orbito-frontal korteks bozukluklarinin,
durtisel saldirganlikla iliskili oldugu bildirilmektedir3. Beyindeki serotonin eksikliginin orbito-ventromedial
kortekste dopaminerjik diizensizlige neden oldugu ve bunun ASKB’deki dirtiisel agresyonu artirdigt
bildirilmistir'®. Linnoila ve ark. ASKB tanili 36 kisiyi degerlendirmis, diirtiisel siddet eylemi olan bireylerin
beyin omurilik stvisinda serotonin metaboliti 5-hidroksiindol asetik asit diizeylerinin, planlanmis siddet
eylemi olan bireylerden daha distk oldugunu belirtmistir?. Bu bulgular, ASKB’de tedavi stratejileri
gelistirirken serotonerjik yolaklarin hedeflenebilecegini gbstermektedir.

Barrat ve ark. ASKB tani Slgiitlerini kargilayan hiikiimli bireylerde saldirganligi degerlendirmistir>*. ASKB
tant kriterlerini karsilayan hikimliler arasinda saldirganlik disince ve davraniglarini degerlendirmistir.
Klinik gérisme ile hitktimliileri, diirtiisel saldirgan eylemlerde bulunanlar ve planlanmis saldirgan eylemlerde
bulunanlar olarak iki gruba ayirmustir. 132 hitkimladen, 27'si (%20) 6ncelikle dirtisel saldirgan eylemler
islemisken, 30'u (%23) durttsel olmayan saldirgan eylemler islemisti. Geri kalanlar ise hem dirtiisel hem de
onceden planlanmis saldirgan eylemlerde bulunanlar olarak ayrildi. ASKB tanili dirtisel saldirganligt olan
hikimlilerin sézel becerileri daha zayif, zirve P300 uyarilmis potansiyel amplitiidleri 6nemli 6lgtide daha
distk saptanmistir. Bu grupta antikonviilsan fenitoinin kullanimu ile saldirgan davranista 6nemli bir azalma
tespit edilmistir®.

ASKB’de dirtisellik yaygin bir bulgudur, ancak dirtisellik siddeti bu bozukluga sahip bireyler arasinda
degisebilir. ASKB olup dirtiisel saldirgan eylemlerde bulunanlar, bulunmayanlardan biyolojik olarak
farkhdir. Ayrica iki grup farmakolojik miidahaleye farklt yanit verir. Coccaro ve ark. kisilik bozukluklari olan
bireylerde serotonin saliimint artiran fenfluramine prolaktin yanitinin bu bireylerde diirtisellik siddeti ile
anlaml iliskisi oldugunu gostermistir®. ASKB ve durtisellik iliskisini aciklamak icin genis capl farkl
calismalara ihtiya¢ duyulmaktadir.

Borderline (sinirda) kisilik bozuklugu

Dartisellik, BKB tanisinin belitlenmesi icin DSM-5 6lciitlerinden biridir. Hastalarda kontrolsiiz harcama,
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astr1 yeme veya tehlikeli cinsel davranus gibi durtiisel eylemler duygusal stresle tetiklenir’. Links ve ark., BKB
tanil bireylerde uzun streli bir izlem ¢alismast ylritmis ve bu siirecte 'dirtiisel eylem' alt Slgegi skorlarinin
zaman icinde anlamli bir degisim gOstermedigini ortaya koymustutr. Bu bulgu, dirtiselligin BKB’nin kalic
ve yapisal bir 6zelligi oldugunu, hastalifin psikopatolojik ¢ekirdeginde yer aldigini distindirmektedir®s.

BKB tanili hastalarda intthar egilimi ve durtiselligin degerlendirildigi ¢alismalar mevcuttur. Soloff ve ark.
bipolar depresyon tamili ve unipolar depresyon tanili olgulart depresif ruh hali, umutsuzluk, dirtiisel
saldirganlik ve intihar davranigi 6l¢timleri degerlendirdiginde depresyon, diirtiisel saldirganlik ve umutsuzluk
Slgimleri yiiksek olan bireylerde daha fazla sayida intihar girisimi oldugunu belirtmigtir®.

Benzer sekilde, intthar girisimi 6ykiisti olan BKB tanili olgularin, intihar girisimi 6ykisii olmayanlara kiyasla
daha fazla dirtiisel davraniglart oldugunu géstermistir®. Mann ve ark. duygudurum bozukluklari, psikotik
bozukluklar ve kaygi bozuklugu tanili hastalarda hastalik tanisinin intihar girisimleri tzerindeki etkisini
arastirmus diirtiisel saldirganlik ve genel dirtiisellik 6l¢timleri yiiksek olan hastalarda intihar girisiminin daha
stk oldugunu bildirmistir®'. Psikiyatrik hastaligin siddeti ile intihar girisimleri arasinda anlamli iligki
gosterilmemistir. BKB tanili hastalarda durtiisellik intihar agisindan 6nemli bir risk faktord olarak
gorilmektedir.

Dougherty ve ark. BKB tansiyla yatarak tedavi géren 14 kadin ve 17 karsilastirma 6rnegi icin diirtiisel
davrants Sl¢timleri yapmustir®2. BKB tanilt hastalarin BIS-11 toplam puanlatinin kontrol grubundan yiksek
oldugu ve verilen gbrevlerde daha diirtiisel davranislar sergilediklerini tespit etmistir.

Ozetle BKB’de dirtiisellik ve self-mutilatif davranislar stk olarak gézlemlenir. Ayrica BKB’de diirtiisellik,
duygudurum diizensizliginin bir parcasidir®”. Tedavi olarak da duygudurumu diizenlemeye yénelik Diyalektik
Davranis Terapisi gibi terapotik yaklasimlar 6n plana ¢itkmaktadir>’.

Duygudurum Bozukluklar:

Dartisellik Bipolar Bozukluk (BB) manik atagin DSM-5 tan1 kriterlerinden biridir. BB atak dénemlerinde
gorilmesi siddetle beklenen bir bulgudur®. BB manik dénemlerinde oldugu gibi depresif donemlerinde
goriilen intihar girisimleri de kisinin diirtiselligi ile iliskili gbralmiigtiirs+.

BB manik atak dénemlerinde dikkat ¢ekmekle birlikte hastaligin 6timik dénemlerinde de saglikli kontrollere
kiyasla dirtisellik ve 6fke Sl¢timleri daha yiiksektiré. Ayrica dirtisellik Sl¢timleri daha yiksek olan BB tanili
hastalarda olmayanlara gére daha fazla sayida manik ve karma atak goriilmektedir. Bu durum her ikisinin
etiyolojisinde ndroadrenerjik aktivitenin rol almast ile actklanmigtir®4.

Chan ve ark. yaptiklart bir giincel bir sistematik derlemede, BB’de diirtiisellikte rol oynayan bazi beyin
bélgelerindeki islevsel bozukluklarin, duygudurumdan bagimsiz oldugunu ve kalict olabilecegini ortaya
koymustur®. Bu calismada, BB tanili hastalarda hizli tepki inhibisyon gérevlerinde frontal, singulat ve
parietal bélgelerde azalmis aktivasyon goriliirken, duygusal uyarana dayali gorevlerde ayni alanlarda agirt
aktivasyon saptanmistit. Bu veriler, BB’de durtiselligin daha kompleks bir yapida oldugunu
distindirmektedir.

Madde Kullanim Bozuklugu

Madde kullanimi, tamamen dirtisellik ile actklanamayacak karmagik bir davranistir. Madde kullanimi sonrast
duyulan istek ve yoksunluk bagimliliga yol acabildigi bilinmektedir ancak madde kullanimi olan kisiler
sonuglarint umursamadan hizli ve plansiz bir sekilde madde kullanmaktadir®. Diurtiisellik kesin olarak madde
kullanimina neden olmasa da, dirtiisel davranslarla sug isleyenlerde madde bagimliligi genel ntfustan daha
yiksektir®. Anket calismalari ile madde bagimlligi olan bireylerde diirtiisellik Slgtimlerinin saghklt
kontrollerden anlamli sekilde yiiksek oldugu tekrar eden kez gosterilmistir-%8. Ayrica birden fazla maddeye
bagimliligt olan bireylerin tek bir maddeye bagimliligi olanlara kiyasla diirtisellik 6l¢timleri daha ytiksektir6%70,
Odiil-secim yéntemini kullanan laboratuvar davranis calismalarinda madde bagimlilig: 6ykiisii olan bireylerin
hizlica 6duli se¢me egiliminde olduklarint ve daha dirtiisel davrandiklart ortaya konmustur.72,

Madde bagimliligi gelisiminde durtiisellik hem risk faktSrii hem de bagimlilik sonucu artan bir 6zellik olarak
gorulurle. MKB’deki durtisellik ¢ faktorle acgtklanmistir: Zayif bilissel/inhibitér kontrol, madde
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kullaniminin beyin yapisina etkisi ve genetik/cevresel etkilesimler. Bu modele gore, durtusellik ve bagimlilik
arasinda 6zellikle frontostriatal devre bozuklugu gibi ortak nérobiyolojik mekanizmalar bulunmaktadir?®,
Bagimlilik tedavisinde diirtiiselligi hedef alan farmakolojik ve davranigsal miidahaleler tzerinde yogun
arastirmalar stirmektedir.

Dikkat Eksikligi ve Hiperaktivite Bozuklugu

DSM-5 DEHByi dikkatsizlik, diirtiisellik ve hiperaktivite semptomlarini ayirarak tanimlamistur. DEHB’de
dirtiisellik temel semptomlardan biridir™. Dirtiisellik ve hiperaktivite alt tiplerinde bireylerde davranim
bozuklugunun sik gérildiugi bildirilmistir®3. Cocuk yasta diirtiisellik ve davranim bozuklugu olanlarin 18 yas
sonrasi daha fazla suca karistig belirtilmigtir’™.

Davranig laboratuvarinda strekli performans testlerinde "dirtiisel" hata yapma sayisinin DEHB tanihilarda
kontrol grubuna gére yitksek saptanmistir?76. Marx ve arkadaslari yaptiklart bir meta-analizde DEHB’li
bireylerin biyiik-gecikmeli odiller yerine daha kigtk-anlik odilleri tercih etme egilimlerinin belirgin
oldugunu bildirmistir”. Ayrica, DEHB tanili eriskinlerde yapilan bir meta-analizde, stop-sinyal testi
performansinda belirgin inhibitér kontrol eksiklikleri saptanmis ve bu durumun bozuklugun karakteristik
bir 6zelligi olabilecegi belirtilmigtir”.

DEHB tedavisinde kullanilan metilfenidat, atomoksetin gibi ilaclarin durtiselligi azaltict etkileri
bilinmektedir ve yeni ¢aligmalar beyindeki glutamaterjik sistemin roline odaklanmistir”. Dopaminerjik
sisteme etki eden tedaviler ile dirtusellik ve DEHB diger bulgularinin dtizelmesi dirtisellik, hiperaktivite ve
dikkat sorunlarinin dopaminerjik sistemle yakindan iliskili oldugunu géstermektedir.

Yeme Bozukluklari

Yeme bozukluklarinda yeme davranist denetiminde sorun gorillmektedir. Bulimia nervoza vakalarinda yeme
davranist tizerinde kontrol etme giicliigi gbzlenirken, anoreksiya nervoza hastalarinda asirt kontrol s6z
konusudut.

Dirtisellik, yeme bozukluklarinin seyrini olumsuz yonde etkilemektedir. Yeme bozukluklarinda dirtisellik
genellikle tikinircasina yeme ve bulimia nervozada 6ne ¢ikan bir 6zelliktir. Olumsuz duygular karsisinda
dirtisel davranma egilimi, O6zellikle bulimia ve tikinircasina yeme bozuklugu ile kuvvetli iligkili
bulunmustur®. Bu bozukluklarda dirtiisellik, kontrolsiiz yeme ataklari veya kendine zarar verme seklinde
ortaya ctkabilir.

Yeme bozuklugu olanlarda dirtisellik, diger dirtii denetimi saglanamayan durumlar birlikte gorilebilir.
Bulimia nervozaya ek alkol kétiye kullanimy, ilag kétiye kullanimi, 6zkiyim girisimi ve tekratlayan kendine
zarar verme davranislart ortaya c¢tkmaktadir84, Hem bulimia nervoza hem de anoreksiya nervoza
vakalarinda ve ailelerinde MKB, 6zkiyim  girisimi  gibi  durtisellikle iliskili durumlar daha sik
gorillmektedirs! 4o,

Tan1 Karmagasi ve Tedaviye Etkiler

Darttselligin farkli psikiyatrik bozukluklarda ortak ancak degisken sekillerde ortaya ¢ikmast, tant siirecinde
ayirt edici degil, karistirict bir 6zellik haline gelmesine yol agmaktadir. Ornegin DEHB, BKB ve ASKB gibi
bozukluklarin timi diirtisellik barindirsa da, dirtiisel davranslarin ortaya ctkis baglami, i¢sel motivasyonu
ve strekliligi farklilik géstermektedit’. Bu durum, 6zellikle es tant olasiligi ylksek bireylerde tant koyma
stirecini karmasiklastirmakta, zaman zaman yanls tant ve yetersiz miidahale riskini artirmaktadir®.

Tedaviye yansimalar agisindan dirtisellik, ila¢c uyumu, terapiye katilim, kriz anlarinda riskli davranis olasiligt
gibi bircok kritik klinik parametreyi etkilemektedir. Ornegin DEHB’de diirtiisellik azaltildiginda yalnizca
dikkat diizeyi degil, toplumsal uyum ve riskli davranis sikligi da iyilesmektedir””. BKB tanili bireylerde
dirtiiselligin yitksek olmast, intihar riski ve self-mutilatif davranislari artirarak tedavide daha yogun izlem ve
yapilandirilmig psikoegitim gereksinimine isaret eders.

MKB tanili bireylerde dirtiisellik hem bagimlilik gelisiminde bir risk fakt6rii, hem de yoksunluk déneminde
kontrolstiz madde arayisint siirdiiren bir etken olabilir®. Bu durum, sadece farmakoterapi degil aynt zamanda
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dirti kontroliini hedefleyen bilissel davranisct miiddahaleleri zorunlu hale getirmektedir. ASKB bireylerinde
durtisellik, saldirganlik davranislarinin 6ngérilmesinde kritik bir biyobelirteg olabilir ve farmakolojik olarak
serotonetjik ajanlara yanit farklihgr dikkatle izlenmelidir®.

Yeme bozukluklart séz konusu oldugunda, 6zellikle bulimia nervoza ve tikinircasina yeme bozuklugunda
durtiisellik, yalnizca yeme davranisint degil, komorbid 6zkiyim, madde kullanimi ve riskli cinsel davranislar
da beraberinde getirebilir®?. Bu klinik tablo, yalnizca yeme davranisina odaklanan terapilerin degil, duygusal

regiilasyon ve dirtisellik hedefli biitiinciil miidahalelerin gerekli oldugunu géstermektedir.

Dartiselligin psikiyatrik hastaliklarda gérilme 6rtntileri Tablo 1°de gosterilmektedir.

Tablo 1. Diirtiiselligin Psikiyatrik Hastaliklarda Goriilme Oriintiileri

Psikiyatrik Baskin Ortaya Cikig | Tanisal Zorluk Tedaviye
Hastalik Dirtiisellik Turtn | Bigimi Yansima
Dikkat Eksikligi Motor + Biligsel Hizlt karar alma, Dikkatsizlikle Tlag uyumunu
Hiperaktivite acelecilik, karigabilir artirmak icin
Bozuklugu sabirsizlik durtisellik
hedeflenir
Borderline Kisilik Emosyonel + Duygusal Mani ile karisabilir, | Diyalektik davranig
Bozuklugu Motor tetiklenme sonrast | intihar riski terapisi gibi
kendine zarar Ortusebilir yapilandirilmig
verme veya 6fke terapi gerekir
patlamalari
Antisosyal Kisilik Motor + Planlama eksikligi, | Planli siddetten Serotonin hedefli
Bozuklugu Saldirganlik temelli | ani saldirgan ayrimi zor ilaglara degisken
davranislar yanit
Madde Kullanim Motor + Odiil Anlik zevk arayist, | Bagimlilik streciyle | Bilissel davranisct
Bozuklugu yonelimli maddeye yonelim i¢ ice gecmis terapi ve
farmakoterapi
birlikte gerekir
Bulimia Nervoza Emosyonel + Olumsuz duygular | Normal agirt yeme | Emosyon
Kontrolstiz yeme sonrast ile ayirt zor regtilasyon temelli
ttkinircasina yeme miidahale gerekir

Sonug

Dirtisellik, beyin yapilars, NT sistemleri ve genetik faktorlerle etkilesim halindedir. PFK ve OFK gibi beyin
bélgeleri, dopamin, serotonin ve noradrenalin gibi N'T’lerin rolt bu baglamda 6énemlidir. Cinsiyet farkliliklart
da durtiselligin gosterilme biciminde etkili olup, erkekler somut odiller karsisinda daha fazla durtusellik
sergileyebilirken, kadinlarda hormon seviyeleri ve evrimsel biyolojik faktérler bu durumu sekillendirir.

Dirtisellik, psikiyatrik hastaliklarin siniflandirilmasinda 6nemli bir yere sahiptir. BB, DEHB, OKB ve MKB
gibi gesitli psikiyatrik bozukluklar, dirtiselligin belirgin sekilde gorildigt durumlardir. Ancak dirtisellik,
tek basina bir tani kriteri olmamakta ve eslik eden diger belirtilerle birlikte degerlendirilerek klinik tani
konulmaktadir. Bununla birlikte, durtisellik, ASKB ve BKB gibi kisilik bozukluklariyla da
iliskilendirilebilmektedir. Bu nedenle dirtiselligin dogru ve ¢ok boyutlu degerlendirilmesi, yalnizca tanisal
stregleri degil; aynt zamanda tedavi planlamasini, olast niikslerin dnlenmesini ve bireysellestirilmis mtidahale
stratejilerinin olusturulmasint da dogrudan etkilemektedir.

Sonug olarak dirtiisellik cok boyutlu ve kompleks bir davranis 6rintiisi olup, psikiyatrik bozukluklarin
anlasilmasinda 6nemli bir yer tutmaktadir. Bu alanda yapilacak ileri arastirmalar, dirtiselligin biyolojik
temellerinin ve psikiyatrik bozukluklardaki roliiniin daha iyi anlagilmasina katki saglayacaktir ve tedavi
yaklasimlarinin iyilestirilmesi acisindan biytik 6nem tasimaktadir.
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Farmakovijilans Onemi: Kozmetovijilans

Importance of Pharmacovigilance: Cosmetovigilance
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ABSTRACT

Pharmacovigilance is defined as a scientific discipline that involves the monitoring, detection, assessment, and
prevention of adverse effects associated with drug use, as well as the investigation of whether these effects are causally
related to the administered drug. Cosmetovigilance encompasses the scientific and regulatory processes aimed at
monitoring, evaluating, and preventing undesirable effects arising from the normal or reasonably foreseeable use of
cosmetic products. Reports of adverse effects associated with cosmetic use have become increasingly prominent in
recent years. However, due to factors such as underreporting, system deficiencies, and low user awareness, the
effectiveness of current cosmetovigilance systems remains limited. The growing prevalence of dermocosmetic practices
further underscores the need for more stringent oversight in this field. Cosmetovigilance represents a critical discipline
for the protection of public health. Strengthening healthcare systems with the support of competent authorities,
improving the training of healthcare professionals, and developing effective feedback mechanisms will contribute to
enhancing cosmetic safety.

Keywords: Pharmacovigilance, cosmetovigilance, adverse drug reactions, public health, product safety

OZET

Farmakovijilans, ila¢ kullanimiyla ortaya ¢ikabilen advers etkilerin izlenmesi, tespit edilmesi, degetlendirilmesi,
6nlenmesi ve bu etkilerin gergekten ilacin alinmast ile nedensel iliskisinin olup olmadigini arastiran bir bilim dal olarak
tanimlanmaktadir. Kozmetovijilans, kozmetik triinlerin normal ya da 6ngorilebilir kullamim kogullart altinda ortaya
ctkan istenmeyen etkilerinin izlenmesi, degetlendirilmesi ve 6nlenmesine yonelik bilimsel ve duzenleyici siiregleri
kapsar. Kozmetik trtinlerin kullanimina baglt advers etkiler 6zellikle son yillarda artan bildirimlerle dikkat cekmektedir.
Ancak bildirimin azligy, sistem eksiklikleri ve kullanict farkindaliginin disiikligi gibi nedenlerle meveut kozmetovijilans
sistemlerinin etkinligi sinirlt kalmistir. Dermokozmetik uygulamalarin yayginlasmasi da bu alandaki denetim ihtiyacin
artirmaktadir. Kozmetovijilans, halk sagligini korumaya yonelik 6nemli bir disiplindir. Yetkili kuruluglarin destegi ile
saglik sistemlerin gii¢lendirilmesi, saglik profesyonellerinin egitimi ve geri bildirim mekanizmalarinin gelistirilmesi,
kozmetik giivenliginin artirilmasina katk: saglayacaktir.

Anahtar kelimeler: Farmakovijilans, kozmetovijilans, advers ilag reaksiyonu, halk saglhg, driin giivenligi

Giris

Farmakovijilans, ila¢ kullanimiyla ortaya c¢ikabilen advers etkilerin izlenmesi, tespit edilmesi,
degerlendirilmesi, 6nlenmesi ve bu etkilerin gercekten ilacin alinmast ile nedensel iliskisinin olup olmadigini
aragtiran bir disiplin olarak tanimlanmaktadir. Farmakovijilansin kapsami son yillarda 6nemli Sl¢lde
genislemistir!: Diinya Saglik Orgiiti (DSO), farmakovijilanst "hasta giivenligini artirmak icin yan etkilerin
veya diger olasi ilacla ilgili sorunlarin tespiti, degerlendirilmesi, anlasilmast ve 6nlenmesiyle ilgili bilim ve
faaliyetler" olarak tanimlamaktadir. Bu faaliyetler, hem bireysel hasta seviyesinde hem de toplumsal dizeyde
rasyonel tedavi uygulamalarini destekler?. Kiresel diizeyde, ilag kullaniminin neden olabilecegi sonuglarin ve
advers etkilerin kontrol altina alinmasi icin farmakovijilans sistemleri her gecen gin daha da
gelistirilmektedir. Ancak, son yillarda sadece ilaclar degil, ayn1 zamanda yaygin olarak kullanilan kozmetik
triinlerin de yan etkilere neden olabilecegi fark edilmistir. Bu durum, farmakovijilans kavraminin ardindan
“kozmetovijilans” kavramini ortaya cikarmus; kozmetik Uriinlerin giivenligini ele almak icin istenmeyen
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etkilerin bildirilmesi ve izlenmesiyle ilgili faaliyetleri yonetmek amactyla bir disiplin olusturma ihtiyacint da
beraberinde getirmistir’. Kozmetik triinler, glinlik yasamda estetik amacglarla yaygin sekilde kullanilan; cilt,
sag, tirnak gibi viicudun dis ylizeylerine uygulanan trtinlerdir. Ancak bu trtinlerin icerdigi kimyasallar bazen
cilt yapisina zararl etkiler (irritasyon), alerjik reaksiyonlar ve nadir de olsa sistemik toksisiteler gibi 6nemli
advers etkilere yol acabilmektedir. Bu nedenle, kozmetik trtinlerin glivenligi de en az ilaclar kadar dikkatle
izlenmelidir2. Bu calismada, farmakovijilansin bir dali olan kozmetovijilansin halk sagligi bakimindan tasidig:
o6nemi hakkinda bilgi verilmesi, kozmetik advers etkiler sonrast davranis ve tutumlar hakkinda farkindalik
olusturulmast amaclanmistir.

Farmakovijilans Tanimi ve Fonksiyonlari

Farmakovijilans, tibbi tirtinlerin giivenlik profilini izlemeye yonelik sistematik bir yaklagimdir ve ¢ok boyutlu
bir yapiya sahiptir. Klinik ¢alismalardan pazarlama sonrast kullanima kadar uzanan siiregte, advers ilag
reaksiyonlarinin (ATR) ve diger ilagla ilgili problemlerin tanimlanmasi, izlenmesi, analiz edilmesi ve
6nlenmesi hedeflenmektedir. Bu kapsamda farmakovijilans; tiriin giivenliginin izlenmesi, risk-fayda oraninin
degerlendirilmesi, yeni risklerin tantmlanmasi, uygun risk yonetimi stratejilerinin uygulanmast ve bu bilgilerin
saglik profesyonelleri ve kamu ile etkin bir sekilde paylagilmast gibi temel fonksiyonlara sahiptir.
Farmakovijilans faaliyetleri, yalnizca ila¢ endiistrisini degil; ayrica klinik uygulamalari ve halk saglhg
politikalarini da dogrudan etkiler. WHO-Uppsala Monitoring Centre tarafindan yiriitilen VigiBase gibi
uluslararast veri tabanlari, farkli tlkelerden bildirilen AIR vakalarint toplayarak diinyadaki genel giivenlik
durumunu analiz etmeye olanak tanimaktadir. Bu sistemler sayesinde ¢ok nadir ama ciddi advers reaksiyonlar
dahi tespit edilebilir hale gelmistir®. Farmakovijilans, hastanin tedaviye verdigi cevabin sadece etkinlik
boyutuyla degil, ayn1 zamanda givenlilik boyutuyla da degerlendirilmesini saglamaktadir. Bu nedenle akilct
ila¢ kullantminin temel taslarindan biri olup, hasta givenligini 6n planda tutan modern saglik sistemlerinde
vazgecilmez bir yere sahiptirS.

Kozmetovijilansin Kapsami1 ve Geligimi

DSO’niin tanimina gore; Kozmetovijilans, kozmetik {iriinlerin kullanimina bagli olarak ortaya cikan
istenmeyen etkilerin (advers etkilerin) tespiti, degerlendirilmesi, izlenmesi ve 6nlenmesi ile ilgilenen halk
saglgt temelli bir gézetim sistemidir. DSO ve Avrupa Bitligi diizenlemeleri dogrultusunda, kozmetik
triinlerin givenligi artik sadece tiretim agamasiyla sinirlt gérillmemekte; ayni zamanda tiiketici Grinlerinin
gtivenligi ve kozmetik riinlerin halk sagligina etkileri konularinda ¢alismalar yiriitmekte, kozmetovijilans
uygulamalarint pazarlama sonrast gézetim strecleriyle desteklemektedir>. Kozmetovijilans kavrami ilk kez
2000’i yillarin basinda Fransa’da uygulamaya gecirilmis ve kisa siirede Avrupa’da birgok iilke tarafindan
benimsenmistir. Avrupa Bitligi’nin 1223/2009 sayili Kozmetik Regiilasyonu, kozmetik triinlerin giivenlik
degerlendirmesini zorunlu kilmakta ve ciddi istenmeyen etkilerin raporlanmasini kozmetik tiriin Greticilerine
ve yetkili kuruluglara yikumltlik olarak getirmektedir. Turkiye'de ise kozmetovijilans faaliyetleri, Turkiye
Ilag ve Tibbi Cihaz Kurumu (TITCK) tarafindan yiiriitilmektedir®. TITCK, kozmetik iiriinlerin giivenli
sekilde kullanimlarinin saglanmasi i¢in advers etkilerin izlenmesi ve kozmetik trinlerin yol agabilecegi
zararin en az diizeye indirilmesi icin gerekli tedbirlerin alinmast amaciyla calismalar ylritmektedir. Piyasada
yer alan kozmetik Grinlerin, giivenlilik ¢alismalari dahil, kozmetovijilans etkinlikleri ile ilgili olarak ulasan
advers etki bildirimleri, bilgiler ve raporlar TITCK tarafindan degerlendirilmekte, gerekli hallerde Bilimsel
Danisma Komisyona sunularak goriis alinmaktadir. Ciddi istenmeyen yan etkiler ve alinan tedbirler TITCK
resmi internet sayfasindan duyurulmaktadir”.

Kozmetik Uriinlere Bagli Gelisen Advers Reaksiyonlar ve Bildirimi

TITCK 5324 sayili Kozmetik Kanunu’nun 4. maddesinin (d) bendi ve Kozmetik Yonetmeligi’nin 6. maddesi
geregince; Plyasaya arz edilen bir kozmetik trlin, normal ve Uretici tarafindan 6éngorilebilen sartlar altinda
uygulandiginda veya tirtinin sunumu, etiketlenmesi, kullanimina dair agiklamalara veya tretici tarafindan
saglanan bilgiler dikkate alinarak 6nerilen kullanim sartlarina gére uygulandiginda, insan sagligi acisindan
giivenli olmalidir®. Bu reaksiyonlar genellikle gecici ve hafif olsa da, bazit durumlarda sistemik etkiler ya da
kalict hasarlar s6z konusu olabilir®!? Kozmetovijilans sistemlerinin etkinligi, dogru ve zamaninda
bildirimlere bagldir. Ancak mevcut sistemlerde kullanict farkindaliginin diigitk olmasi, bildirimlerin
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yetersizligine yol agmaktadir!!. Ayrica, Uretici firmalarin seffaf bildirim yapma sorumluluklarint yeterince
yerine getirmemesi ve yetkili kuruluslar arasindaki iletisim eksiklikleri, sistemin zayif islemesine neden
olmaktadir?. Dermokozmetik urGnler ve uygulamalar, kozmetovijilans sistemlerinde 6zel olarak
degerlendirilmesi gereken alanlardir. Botoks, dolgu, mezoterapi gibi uygulamalar sonrasinda da advers etkiler
meydana gelebilmekte ve bu etkiler zaman zaman ciddi komplikasyonlara sebep olabilmektedir. Bu nedenle,
bu uygulamalara iligkin 6zel izleme ve raporlama sistemleri gelistirilmelidir®12.

Kozmetovijilansin Halk Saglig1 Acisindan Onemi

Kozmetovijilans, yalnizca bireysel giivenligi degil, ayni zamanda halk sagligini korumaya yonelik stratejik bir
aractir. Toplumun her kesiminin maruz kaldigi kozmetik triinlerin denetimi ve giivenliginin saglanmasi,
6nlenebilir saglik sorunlarinin azaltilmasinda 6nemli rol oynar. Bu nedenle kozmetovijilans, saghk
politikalarinin ayrilmaz bir parcast olarak degerlendirilmelidir®!3. Diinya genelinde artan kozmetik tiiketimi,
bu drinlerin givenliligine yonelik diizenleyici sistemlerin 6nemini her gecen gin artirmaktadir.
Kozmetovijilans, kozmetik trunlere bagl istenmeyen / ciddi istenmeyen etkilerin spontan bildirimlerinin
toplanmasini, degerlendirilmesini ve izlenmesini kapsayan bilimsel bir stirectir. Kozmetik trtnlerin olast
advers etkilerinin test edilmesine ve izlenmesine yonelik komzetovijilans ¢alismalari giinden giine daha fazla
onem kazanmaktadir. Yapilan calismalar, kozmetik Griinlerde bulunan gesitli kimyasal maddelere maruz
kalmanin saglik acisindan risk olusturabilecegini ortaya koymustur!3,

Avrupa Bitligi'nde yurirluge giren 1223/2009 sayili Kozmetik Uranler Yonetmeligi, kozmetovijilans
sistemlerini zorunlu hale getirerek reticilerin advers etkileri Ulusal Yetkili Mercilere bildirmesini sart
kosmustur. Bu diizenleme, ciddi advers etkilerin merkezi bir veri tabaninda toplanmasini ve halk sagliginin
korunmast icin gerekli diizenleyici miidahalelerin zamaninda yapilabilmesini saglamaktadir (European
Commission, 2013). ABD’de ise FDA, kozmetik driinlere iliskin istenmeyen etkilerin MedWatch sistemi
tzerinden bildirilmesini tesvik etmektedir; ancak bu sistem halen génillilige dayalidir ve bu durum yetersiz
bildirim sorununu beraberinde getirmektedir'¥. Kozmetovijilans sistemlerinin etkinligi, yalnizca yasal
cercevelerin varligiyla sinirlt degildir; ayni zamanda saglik profesyonellerinin ve kullanicilarin farkindaligy,
bildirimin tesvik edilmesi ve verilerin analitik olarak degerlendirilmesi gibi cok boyutlu bir yaklasimi gerekli
kilar. Bildirim eksikligi, potansiyel halk sagligi tehditlerinin ge¢ tanimlanmasina veya hic fark edilmemesine
neden olabilmektedir!>. Bu durum, 6zellikle kozmetik trinlerin yaygin kullanddigi giintimtzde daha da
6nemli hale gelmektedir. Saglik sistemlerinin giiclendirilmesi, sorumlu kuruluglarin aktif destegi, saghk
profesyonellerinin egitimi ve kullanici farkindaliginin artirtlmasi gibi ¢ok yénli gelisimlerle desteklenen bir
kozmetovijilans yaklagimi, toplum genelinde kozmetik Griinlerin gtivenli kullanimint tesvik edecek ve halk
sagliginin stirdurilebilirligine katk: saglayacaktir!2.

Sonug ve Oneriler

Kozmetik Grtnlerin glivenligine iliskin farkindaligin artmasi ve bu trtnlerle iligkili advers etkilerin sistematik
bicimde izlenmesi, farmakovijilansin bir disiplini olan kozmetovijilansin 6nemini her gecen giin daha da
artrmaktadir. Bu baglamda, kozmetovijilans sistemlerinin etkin bir sekilde isletilmesi, kamu sagligini
korumak agisindan temel bir gereklilik haline gelmistir!>.

Saglik profesyonellerinin ve tiiketicilerin advers reaksiyonlari bildirme konusunda egitilmesi, bildirim
sistemlerinin dijital teknolojilerle desteklenerek erisilebilirliginin artirilmast ve Uretici firmalarin yasal
yukimliliklerinin denetlenmesi 6nem kazanmaktadir. Ayrica, dermokozmetik uygulamalarin da bu
sistemlere dahil edilmesi gerekmektedir!S.

Sonug olarak, kozmetovijilans yalnizca advers etki bildiriminden ibaret bir mekanizma degil; tiriin glivenligi,
hasta haklari, saglik sistemlerinin strdiiriilebilitligi ve toplum sagliginin korunmast agisindan bitincil bir
yaklastmi temsil etmektedir. Bu nedenle, kozmetovijilans uygulamalarinin  glclendirilmesi ve
yayginlastirilmasi, hem ulusal hem de kiiresel Glgekte halk saghgmni giivence altina almanin anahtar
unsurlarindan biri olmahdir!”.
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DERLEME/REVIEW
Pediatric Intraoperative Fluid Therapy in Anesthesiology

Anesteziyolojide Pediatrik 1ntraoperatif Stvi Tedavisti

Ersel Gﬁle§1®

!Cukurova University Faculty of Medicine, Department of Anesthesiology and Reanimation, Adana, Turkiye

ABSTRACT

Pediatric anesthesia requires careful consideration of fluid and electrolyte management due to the distinct physiological
properties of children. Knowledge of postnatal adaptations is critical in avoiding complications from dehydration or
overhydration. Children have a higher percentage of total body water, which makes them more vulnerable to
imbalances in fluids. Insensible losses depend on respiratory rates and environmental conditions; otherwise, loss would
result in dehydration if not corrected promptly. The neonatal renal physiology affects the filtration of fluids and the
management of electrolytes, thus requiring individualized fluid therapy for neonates. Hormonal control, crossed
capillary hydrodynamics, metabolic factors, and electrolyte equilibrium complicate pediatric fluid therapy further.
Clinical evaluation measures aided by high-tech monitoring and multimodal methods will help assess children’s fluid
status. Isotonic solutions with adequate electrolyte composition are to be used as pediatric intravenous fluid therapy
according to the recent guidelines. Crystalloids are preferred over colloids in the initial management of most pediatric
patients. Recent evidence supports the use of isotonic balanced crystalloids to minimize iatrogenic complications such
as hyponatremia and hyperchloremic acidosis, with ongoing monitoring tailored to individual patient needs.
Keywords: Anesthesia, fluid therapy, intravenous infusions, pediatrics, perioperative care.

OZET

Pediatrik anestezi, cocuklarin farkli fizyolojik Ozellikleri nedeniyle sivi ve elektrolit yonetiminin dikkatle
degerlendirilmesini  gerektirir. Dogum sonrasi adaptasyonlarin bilinmesi, dehidrasyon veya agsiri hidrasyondan
kaynaklanan komplikasyonlarin 6nlenmesinde kritik 6neme sahiptir. Cocuklarin toplam viicut suyu ylzdesi daha
yuksektir, bu da onlar1 stvi dengesizliklerine karst daha savunmasiz hale getirir. Hissedilmeyen kayiplar solunum hizina
ve cevresel kosullara baglidir; aksi takdirde, kayip derhal duzeltiimezse dehidrasyona neden olur. Yenidogan bobrek
fizyolojisi stvilarin filtrasyonunu ve elektrolitlerin yénetimini etkiler, bu nedenle yenidoganlar icin bireysellestirilmis sivi
tedavisi gerektirir. Hormonal kontrol, kapiller hidrodinamik, metabolik faktérler ve elektrolit dengesi pediatrik sivi
tedavisini daha da karmagik hale getirir. Yiksek teknolojili monitorizasyon ve multimodal yontemlerle desteklenen
klinik degerlendirme Olgiitleri, cocuklarin sivi durumunun degerlendirilmesine yardimet olacaktr. Son kilavuzlara gére
pediatrik intravendz sivi tedavisi olarak yeterli elektrolit bilesimine sahip izotonik solisyonlar kullanilmalidir. Cogu
pediatrik hastanin baslangic yonetiminde kristalloidler kolloidlere tercih edilir, ancak stvt yonetimi her bir hasta
faktoriine gbre uyarlanmali ve perioperatif dénem boyunca siirekli izlenmelidir.

Anahtar kelimeler: Anestezi, stvi tedavisi, intravendz infiizyonlar, pediatri, perioperatif bakim.

Introduction

Perioperative fluid and electrolyte management is an essential component of pediatric anesthesia. The
unique features of children's physiology, patticularly their low reserve capacity and vulnerability to
electrolyte imbalances, underscore the relevance of these issues to anesthesiologists. This article presents a
review of the principles, problems, and evidence-based approaches to fluid and electrolyte management in
pediatric surgical patients.

Pediatric intraoperative fluid management faces specific challenges due to their physiological traits, which
are different from those of adults. which are high metabolic rates, high surface area to weight ratio, and
immature renal function wherein all these factors significantly influence the fluid and electrolyte balance
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during a surgical procedure. Such differences in physiology are key to the success of anesthesiologists in
administering fluids and maintaining electrolyte balance in pediatric patients. Postnatal physiology changes
dynamically and greatly impact the clinical strategy of managing fluid in newborns. These changes include
adaptations of the total body water (TBW) shift and an evolving kidney function. It is of prime importance
that these postnatal adaptations be understood, because from that understanding comes the opportunity to
apply the most adequate therapy in avoiding either dehydration or fluid overload complications. The next
sections will describe these physiological changes and their practice-based implications.

Total Body Water Dynamics

The dynamics of TBW are core to neonatal fluid therapy. TBW serves as a key indicator of hydration status
in neonates, directly influencing their fluid requirements. Preterm neonates have increased TBW because
their skin barriers are not fully developed and their renal systems are too immature; they are more in the
range of 80-90% of their body weight versus 75% for term neonates!. This higher TBW makes them very
labile concerning fluids, which necessitates very slow and careful titration of fluid intake to avoid either
overload or dehydration. The extracellular (ECF) and intracellular fluid (ICF) distribution changes markedly
with age. Preterm infants may have up to almost 80% of the TBW as extracellular, decreasing to about 60%
by six months of age? The fall in fluid as the child grows predominantly falls within the extracellular
compartment and thus leads to the gradual hike of the ECF to ICF ratio until it approaches the adult ratio
of 1:2 between the ages of about one and three years'. Younger children, with a higher proportion of ECF,
pose greater challenges for anesthesiologists due to their altered responses to fluid administration and loss.
On average, a 9-year-old child weighing 30 kg possesses about 60% of their body weight as TBW with ICF
and ECF accounting for roughly 50% each. On the other hand, a neonate aged one month and weighing
4.5 kg possesses around 70% of their body weight as TBW with ICF constituting two-thirds and ECF one-
third of TBW!. The TBW distribution by age is summarized in Figure 1. Such variations are important for
fluid management, as they affect the volumes of fluids that need to be administered and the ease of
redistribution of fluids between compartments throughout the perioperative period. Adults and children
may use similar electrolyte-rich fluids if the renal function is adequate because the composition of ECF
(plasma inclusive) is relatively constant across age groups!. The higher percentage of ECF to total body
weight in younger children makes them much more vulnerable to dehydration and fluid imbalance than
adults. Elevated vulnerability must be taken into account when evaluating fluid requirements and the
probable effects of starvation as well as surgical stress on fluid balance in young children.
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Figure 1. Age-related total body water distribution.
Insensible Water Losses

Compared to adults, children have a relatively larger body surface area in relation to weight, heightened
insensible water loss mainly due to the respiratory system and the skin, and hence have increased fluid
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requirements with a higher tendency for dehydration. The greater part of insensible water losses is through
the lungs and skin in infants and younger children?. Neonates and particularly preterm neonates have very
high insensible losses, which can account for a considerable percentage of their total water needs and, if not
rapidly corrected, may lead to dehydration. The respiratory rate in children is also higher; therefore, there is
an increase in insensible water loss by the respiratory route. These can become very high, particularly during
mechanical ventilation with dry gases in the operating room. While present-day anesthesia machines are
now available with humidification capabilities, the contribution of respiratory water loss should still be
considered, especially in prolonged procedures or in pediatric patients with respiratory pathology that
warrant elevated minute ventilation. Environmental factors in the operating room, such as temperature,
humidity, and active warming devices, significantly affect insensible water loss in pediatric patients. High
ambient temperatures and adequate levels of humidity can decrease these losses, and unreasonably dry or
cooler conditions require the fluid to reach an even higher level. All these factors are to be taken into
consideration by an anesthesiologist in developing a fluid management plan for pediatric patients,
particularly neonates and infants because of the incomplete mechanism for temperature regulation at their

age.
Renal Physiology and Development

The development of renal function is very important during infancy and early childhood because it plays a
role in the regulation of fluid and electrolytes. The glomerular filtration rate (GFR) in full-term newborns is
substantially less than adult levels and does not reach adult values until approximately one year of age3. The
reduced filtrate delivery is related to the smaller surface area of capillaries for filtration, low systemic arterial
pressure, and high resistance of the renal vasculature. Therefore, there is a low ultrafiltration pressure. The
kidneys at birth have limited capacity to reabsorb water, with maximal urinary dilution being only 600
mOsm/kgH>O as against 1200 mOsm/kgH>O in adults. The decreased ability to concentrate urine is due
to the hypotonic environment of the renal medulla and decreased response to antidiuretic hormone (ADH).
Consequently, in neonates and young children, the ability to preserve water in states of deprivation or when
there is increased loss of fluids is diminished. This makes them particularly at risk to the development of
dehydration during the period of preoperative fasting. Tubular function develops slowly in early life. The
reduced GFR in neonates not only impacts their filtration capacity but also has implications for electrolyte
management, notably sodium. Newborns can have a high sodium excretion in the urine because the
proximal tubule does not have a sufficient capacity to reabsorb sodium. Postnatally enhanced activity of the
renin-angiotensin-aldosterone system increases distal tubular sodium reabsorption, which may decrease or
not allow the excretion of substantial or rapid sodium loads. In this contradictory interplay between
potential sodium loss and retention, the choice of maintenance fluid formulation should be taken with
caution.

After surgery, the ability of newborns and young infants to balance acid and base in the body, which is
crucial for their overall health, is influenced by how fluids are managed and the stress of surgery. The
deficiency of hydrogen ion excretion and bicarbonate-generating capabilities place these patients at high risk
of metabolic acidosis, particularly when there is inadequate tissue perfusion or increased metabolic
needs and if large volumes of chloride-rich fluid are given, this may result in hyperchloremic metabolic
acidosis of a severity that cannot be well-tolerated by infants due to their limited compensatory mechanisms.

Preterm neonates are structurally immature in terms of renal function. Postnatal diuresis, a normal
phenomenon in newborns though very frequent in preterm neonates, is the outflow of excessive ECF and
does not represent pathological fluid loss.

Recognition of such physiological processes is important to avoid unnecessary fluid input which can cause
fluid overload with attendant consequences.

Hormonal Regulation of Fluid Balance

The important consequences of variations in hormonal control of fluid balance between children and adult
populations are related to fluid management in the perioperative environment. More susceptible to several
perioperative stresses in children, arginine vasopressin (AVP), another name for ADH, is essential for fluid
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balance control. Following birth, serum ADH concentrations elevate and may rise significantly due to
stressors such as surgical interventions, pain, nausea, and hypovolemia.

Increased ADH response in children during surgery can lead to temporary challenges in excreting free water,
raising the risk of fluid retention and dilutional hyponatremia. This is quite important while evaluating
perioperative fluid maintenance. Although hypotonic fluids were formerly used depending on metabolic
demands, the awareness of non-osmotic ADH triggers in the perioperative phase has resulted in a
movement towards isotonic solutions.

During the first week of newborn life, the renin-angiotensin-aldosterone system shows notable activity
which raises aldosterone levels and causes more vascular tone*. These raised aldosterone levels improve the
reabsorption of sodium in the distal tubules, therefore perhaps compromising the capacity to excrete
significant or acute sodium loads. While it affects the responsiveness to fluid and electrolyte therapies, this
higher aldosterone activity helps newborns to preserve blood pressure and vascular tone.

Atrial natriuretic peptide (ANP) is involved in the regulation of fluid balance in children, especially during
instances of volume expansion. ANP facilitates natriuresis and diuresis, which helps to mitigate the sodium-
retaining actions of the renin-angiotensin-aldosterone system® Nonetheless, the functionality of this system
may be underdeveloped in neonates and young infants, which could restrict their capacity to effectively
manage volume expansion.

Exchanged Transcapillary Fluid

The Starling hypothesis describes transcapillary fluid exchange for both children and adults, with the
equation detailing how pressure gradients affect fluid flow across capillary walls. Typically, fluid filtration at
capillary arterial ends balances with reabsorption at venous ends. In children, increased capillary permeability
in neonates and infants can lead to more fluid and protein moving into the interstitial space. Increased
permeability can contribute to edema, especially in inflaimmatory diseases or with high-volume fluid
infusion. Neonates and sick children often have low plasma oncotic pressure, primarily dependent on
plasma proteins such as albumin®. Hypoalbuminemia is common in sick neonates, leading to fluid
redistribution and edema formation. Diminished albumin synthesis due to hepatic immaturity further
exacerbates oncotic pressure changes and fluid redistribution’.

The glycocalyx is crucial for regulating blood vessel permeability and is a carbohydrate layer covering the
vascular endothelium. Its development and changes over time due to human growth have been detailed.
Although studies on the growth of the child's glycocalyx are scatce, it is assumed that its functional maturity
enhances liquid transport, especially during stress from surgery or severe illness, evident by increased
crystalloid solutions over 40-60 mL/kgs 9. This could hinder isotonic fluid resuscitation in maintaining
plasma volume and correcting fluid deficits. In children, lower thresholds may arise due to their unique
physiologies, requiring more cautious resuscitation. Guidelines suggest colloid solutions as a second-line
therapy after crystalloids, but the evidence is insufficient for definitive guidance!®. Benefits should be
considered alongside risks like allergic reactions, coagulopathy, and renal dysfunction with older
hydroxyethyl starch (HES) solutions!!.

Acid-Base Assessment

Acid-base homeostasis is difficult to sustain in children owing to the fact that their metabolic rate is high
but compensatory abilities are very low. The neonatal bicarbonate buffering system has a baseline
concentration much lower at 20-22 mEq/L while in adults that level is more in the range of 24-26 mEq/L!2.
Thus, the low buffering capacity of neonates for metabolic acids decreases. Another factor that further
lowers the low ability to buffer metabolic acids of neonates is the immature renal mechanism for the
excretion of acids, which makes neonates much more susceptible to metabolic acidosis beyond stress
conditions like surgery and critical illness.

1V fluid administration greatly affects acid-base balance. A major player in such a situation is Normal Saline
(0.9% NaCl). As the most typical crystalloid solution, it carries 154 mmol/L chloride where the normal
plasma level might average about 100-110 mmol/L!3. Large normal saline loads may result in
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hyperchloremic metabolic acidosis and dramatically worsen pre-existing acidosis in critically ill pediatric
patients or patients involved in major surgical management requiring massive fluid input®.

Some balanced crystalloids (BCS) that do not generate hyperchloremic acidosis and contain electrolyte
composition like plasma, plus buffers such as lactate, acetate, or gluconate which are converted to
bicarbonate in the body include Ringer's lactate and Plasma-Lyte?. These types of solutions are low potential
mediators of iatrogenic acid-base disturbances and are gradually becoming the standard practice for
intraoperative fluid therapy in the pediatric population to whom large volumes of fluids need to be
administered!?. Conditions that influence the relationship between perioperative fluid choice and acid-base
balance are stronger in those with established renal or metabolic conditions. States of chronic kidney disease
are associated with an acidosis, hyperkalemia, hypocalcemia, and hyperphosphatemia in a pediatric patient.
Thus, during the intraoperative period fluids have to be chosen relative to any baseline electrolyte
abnormality or acid-base abnormality to prevent further deviation during the time of surgery.

Glucose Homeostasis

Metabolic differences between children and adults are important in the regulatory control and pertinence of
glucose to the regulation of the management of fluids during surgery. Neonates, particularly preterm
neonates, have limited stores of glycogen and utilization of glucose accelerated, making them more prone
to hypoglycemia in the fasted state!’. The condition is even more deteriorated in a neonate who is
inappropriate for gestational age, or intrauterine exposure to processes of maternal diabetes or beta-
blockers!+16,

Historically, many pediatricians have used glucose solutions as maintenance fluid therapy for pediatric
patients due to a general feeling of hypoglycemia risk!”. Surgical physiological stress leads to hyperglycemia
because during any surgery, there is increased catecholamine stress with insulin resistance!s. Osmotic
diuresis can be expected resulting from hyperglycemia, leading to dehydration and adverse neurological
outcomes due to electrolyte imbalances, especially in the settings of cerebral ischemial®.

Modern strategies of glucose management have come to explicitly consider age, fasting duration, and the
specific type of surgery. As patients are mostly children, undergoing elective surgeries that require only a
short fasting period, routine glucose is usually not necessary at all. The neonates, infants <1 year, and
children with a greater inherent risk of hypoglycemia would ideally benefit from treatment with 1-2%
glucose in isotonic solutions, diabetic hyperglycemia being prevented very firmly while relatively safely
removing the significant hyperglycemia risk.

Perioperative blood glucose monitoring remains relatively critical, more so when working with neonates,
long surgical procedures, and high-risk patients who, if not carefully managed, may develop problems of
glucose imbalance. Early diagnosis of derangements in glucose levels helps in timely intervention and
modifications to fluid therapy. Although much debate continues on the optimal upper limit for safe blood
glucose levels in children undergoing surgery, it is widely accepted that levels between 70 and 180 mg/dL
would be appropriate?!.

The relationship of glucose to electrolyte balance should be appropriately recognized. Until quite recently,
glucose used to be the standard maintenance fluid in a pediatric patient conjugated with hypotonic saline
solutions i.e. 5% dextrose in either 0.2% NaClI or 0.45% NaCl. The realization that iatrogenic hyponatremia
is a major complication of this practice has led to a recommendation that glucose be used only with isotonic
solutions when absolutely necessary, and not with hypotonic fluids?2.

Electrolytes

Maintenance of electrolytes in children, inappropriate regulation, and relatively higher metabolic
requirements presents some distinct challenges; since the regulatory mechanism is immature and metabolic
requirements are high during this period of life.

Sodium is the major determinant of plasma osmolarity and, therefore, the control of the movement of fluid
between the different compartments. Increased risk of hyponatremic brain edema in prepubescent children
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results from a large brain-to-cranial-vault ratio, low Na-K ATPase activity, and high levels of ADH,
especially under stress?3-25. This relative increase in susceptibility mandates an increased surveillance role for
the sodium solutions in IV fluids given in the context of pediatric anesthesia. This rising susceptibility
suggests increased vigilance for sodium solutions within IV fluids in pediatric anesthesia management.
Current evidence highly recommends isotonic solutions for maintenance therapy during the most common
pediatric surgical conditions. Previous studies have additionally pointed to the possible association between
hypotonic fluids and hyponatremia among the pediatric population?. In 2018, the American Academy of
Pediatrics released a Key Action Statement recommending isotonic solutions with appropriate potassium
chloride (KCI) and dextrose to be administered to pediatric patients 28 days to 18 years of age who require
maintenance intravenous fluids?.

The management of potassium levels in children is critically important, especially in the immediate
postoperative period. Potassium chloride should be added to maintenance fluids unless nutritional fluid is
contraindicated for the child because of hyperkalemia or deteriorating renal function?”. There may be
differences in opinions about the amount of potassium to be supplemented. However, in practice, most
clinicians give 20 mEq/L of KCl to all patients irrespective of weight. Others suggest 10 mEq/L for patients
under 10 kg ?7. Supplementation of potassium would be preferred in long procedures, to avoid hypokalemia,
which can cause cardiac arrhythmia and neuromuscular weakness.

Clinical Assessment of Fluid Status

Current clinical and monitoring indicators impose limitations on the accurate assessment of fluid status and
responsiveness in pediatric patients.

Traditional clinical markers of dehydration, such as skin turgor, mucous membrane moisture, and capillary
refill, provide meaningful but sometimes slightly imprecise approximations to the state of hydration. The
dependencies on these parameters are falling even lower in the conditions of anesthesia, that being driven
by an influence on peripheral circulation, the effect of anesthetic agents on vascular tone, and external
conditions regarding the ambient temperature and use of vasopressors.

Body weight changes remain faitly sensitive to relatively rapid changes in the fluid status of children. A
reduction in weight specifically by at least 5% might point towards mild dehydration, 10% to moderate
dehydration, and for 15% loss or higher, it would be severe dehydration- at risk of circulatory compromise.
In emergent situations, however, practical application is often restricted due to the lack of available pre-
illness weight.

Hemodynamic parameters include heart rate and blood pressure, pulse pressure but are of limited value in
assessing volume status. Age and temperature, emotion, pain, anxiety, and age physiological variability in
heart rate make it a relatively insensitive indicator of eatly hypovolemia in children?. Relatively late blood
pressure is often maintained within normal ranges until relatively late in the progression of hypovolemia due
to the compensatory increase in peripheral vascular resistance, particularly in healthy children with robust
compensatory mechanisms.

Since there is limited information about responsiveness to fluids, Central Venous Pressure (CVP)
monitoring is not used. The static values for CVP were also poorly correlated with intravascular volume and
preload responsiveness. This complicates its interpretation due to shifts in venous compliance, intrathoracic
pressure during mechanical ventilation, and cardiac function. In similar situations, it often creates a
misleading perception of its actual presence?’-3!.

Most parameters reflecting preload dependence are inspired by the functional interaction between the heart
and lungs in mechanically ventilated patients—pulse pressure variation, stroke volume vatiation, and inferior
vena caval respiratory variations. In adults, they have been studied extensively as predictors of fluid
responsiveness®> 3. Evidence of their applicability in pediatric patients is poor and sometimes contradictory.
This reduces the possibility of applying these dynamic indices clinically. Increased chest wall compliance
and higher basal heart rate with smaller tidal volumes in children may further contribute to limited reliability
of these dynamic parameters.
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Technological advances, including esophageal Doppler monitoring, transpulmonary thermodilution, and
non-invasive cardiac output monitoring, offer potential advantages in assessing fluid status and
responsiveness in pediatrics. Table 2 summarizes various monitoring methods that can be used to assess
fluid status in pediatric patients during the perioperative period. However, it tends to face challenges in
terms of technological complexity as implementation factors, requiting expertise and, in general, insufficient
validation in diverse cohorts of pediatrics studies.

The limitations of single assessment methods call for the need to undertake a multimodal approach to assess
fluid status. Integrating clinical signs, basic hemodynamic data, laboratory parameters (lactate, base deficit,
and urine output), and, if available, advanced monitoring tools enable one to achieve the most complete
assessment of fluid status in a child and therefore guide proper management.

Table 2. Monitoring methods for body fluid status in pediatric perioperative care.

Monitoring Method l Key Characteristics Advantages Limitations
CLINICAL ASSESSMENT METHODS
Clinical Signs Heart rate, blood pressure, | Readily available Late indicators
capillary refill time, mucous | Non-invasive Poor correlation with
membrane moisture, skin | First-line mild/moderate dehydration
turgor, assessment tool Subjective assessment
mental status
Body Weight 1 kg  weight  change | Gold standard for | Baseline weights often
approximates 1L fluid | acute fluid changes | unavailable in acute settings
loss/gain Objective Affected by factors other than
measurement fluid (e.g., food intake)
Standardized Structured tools based on % | Categorizes Relies on symptoms that may not
Dehydration weight loss and  clinical | dehydration severity | always be present
Assessment symptoms Systematic Variable interpretation between
approach clinicians
INVASIVE HEMODYNAMIC MONITORING
Central Venous | Direct measurement of right | Continuous Poor correlation with actual
Pressure atrial pressure monitoring volume status
Direct pressure | Invasive with risks of central line
measurement Limited value in children
Arterial Pressure | Continuous arterial pressure | Continuous Limited predictive value in
Monitoring waveform analysis hemodynamic data | children
Enables  dynamic | Pulse pressure variation utility is
parameter variable
assessment Age/ventilation dependent
Esophageal Doppler | EDM calculates SV, CO, FTc, | Minimally invasive | Technical limitations such as age
Monitoring and peak velocity. FTc serves | Clinically accurate | and size restrictions, probe
as a preload indicator. across all pediatric | positioning  difficulties, and
ages operator dependency
Continuous Esophageal  stricture, recent
monitoring esophageal  surgery,  severe
coagulopathy, and esophageal
varices are absolute
contraindications for EDM.
Transpulmonary Combines thermodilution with | Comprehensive Requires arterial and central
Thermodilution pulse contour analysis; | hemodynamic data | venous access
(PiCCO) measures CO, GEDV, | Useful in complex | Not suitable for routine cases
EVLWI surgeries Invasive
Validated in
pediatric liver
transplantation

NON-INVASIVE MONITORING TECHNOLOGIES
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Echocardiography & | Transthoracic  echo, IVC | Non-invasive Operator-dependent
Ultrasound ultrasound, lung ultrasound Bedside evaluation | Requires specialized training
Comprehensive Intermittent measurement
cardiac assessment | Equipment availability
IVC  collapsibility
predicts fluid
responsiveness
Electrical Measures total body water, | Non-invasive Electromagnetic interference in
Bioimpedance extracellular and intracellular | Validated in | OR
fluid volumes children Limited intraoperative
Pre/post-op utility | monitoring
Good  correlation | Requires specific equipment
with reference
methods
Electrical Non-invasive cardiac output | Non-invasive Evidence still emerging
Cardiometry / | monitoring based on changes | Continuous Device-dependent results
USCOM in thoracic electrical | monitoring Variable accuracy in specific
conductivity /  ultrasonic | Predicts fluid | populations
Doppler technology responsiveness
Validated in
children
Pleth Variability | Calculates respiratory | Non-invasive Limited value in spontaneously
Index variations in pulse oximetry | Can be automated breathing children
waveforms Uses existing | Variable evidence in children <2
monitoring years
equipment Requires mechanical ventilation

for optimal use

EMERGING TECHNOLOGIES

Near-Infrared

Continuous  monitoring  of

Non-invasive

Limited to specialized settings

Spectroscopy regional tissue oxygenation Continuous Primarily research application
monitoring Requires interpretation expertise
Valued in cardiac
surgery
Reflects tissue
perfusion
Advanced Multi-organ  protocols, left | Comprehensive Not standardized
Ultrasound brachiocephalic vein | assessment Requires operator skill
Techniques assessment Non-invasive Developing evidence base
Point-of-care
evaluation
Machine  Learning | Integrates multiple | Multi-parameter Experimental
Applications physiological variables for fluid | integration Not in routine clinical use
responsiveness prediction Potential for | Requires validation
improved accuracy
Automated
interpretation

Abbreviations: CO, Cardiac Output; EDM, Esophageal Doppler Monitoring; EVLWI, Extravascular Lung Water Index; FTc,
Corrected Flow Time; GEDV, Global End-Diastolic Volume; IVC, Inferior Vena Cava; SV, Stroke Volume; USCOM, Ultrasonic

Cardiac Output Monitor.

Types of Fluids Used in Pediatric Intraoperative Management

Optimal intraoperative fluid treatments in pediatrics are performed using an IV route. Many IV fluids are
available with major differences in properties, indications, and contraindications (see, Table 1). A detailed
choice of fluid will assure patient-tailored administration that fits the needs of the patient, complies with the
intricacies of the surgery performed on the patient, and complies with various physiological factors. The
management of fluids in pediatrics has undergone considerable changes over the last decade. There is a
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growing body of evidence to support these changes because it decreases iatrogenic complication risks as an
evidence-based practice.

Table 1. Comparison of perioperative fluids in pediatric patients.

Fluid Type Composition Tonicity Key Indications Potential Adverse Effects &
(per 100 mL) Considerations
CRYSTALLOIDS
0.9% Sodium | Na* 15.4 mEq, | Isotonic (308 | Initial resuscitation for | Large volumes may cause
Chloride CI" 15.4 mEq mOsm/L) hypovolemia, replace | transient hyperchloremic
gastric losses, correct | metabolic  acidosis  and
hyponatremia and | decreased glomerular
hypochloremia. filtration rate.
Lactated Ringer's | Na" 13 mEq, K* | Isotonic (273 | Maintenance fluid. Lactate converts to
Solution 0.4 mEq, Ca> mOsm/L) Replacement of fluid | bicarbonate; use cautiously in
0.3 mEq, CI deficits and ongoing | liver failure. Avoid with
10.9 mEq, losses. blood products due to
Lactate 2.8 mEq Balanced composition | calcium (clotting risk).
mimics plasma.
Plasma-Lyte A Na* 14 mEq, K* | Isotonic (294 | Maintenance fluid. Contains magnesium,
0.5 mEq, Mg* mOsm/L) Replacement of fluid | important for patients with
0.3 mEq, CI" 9.8 deficits and ongoing | renal failure. Acetate,
mEq,  Acetate losses. metabolized by muscle, is
2.7 mEq, A balanced, buffered | suitable for liver dysfunction.
Gluconate 2.3 solution.
mEq
D5W Dextrose 5g Isotonic in the | Correction of free water | Not suitable for resuscitation
bag (252 | deficit. or maintenance as it spreads
mOsm/L), but | Vehicle for medication | throughout body  watet
physiologically | administration. compartments,  providing
hypotonic minimal ~ blood  volume
increase. Rapid  dextrose
metabolism leaves free water,
raising the risk of
hyponatremia and cerebral
edema.
D5 %2 NS Dextrose 5g, | Hypertonic in | Historically used for | Poses a high risk of
Na* 7.7 mEq, | the bag (406 | maintenance, but now | hyponatremia post-surgery
CI" 7.7 mEq mOsm/L), but | less favored due to | due to elevated ADH levels;
physiologically | hypotonicity. not advised for routine
hypotonic maintenance by  current
guidelines.
D5 "4 NS Dextrose 5g, | Isotonic in the | Previously wused for | High risk of iatrogenic
Na® 3.4 mHEq, | bag (280 | maintenance in | hyponatremia; isotonic
Cl" 3.4 mEq mOsm/L), but | neonates and young | solutions are preferred.
physiologically | infants.
hypotonic
COLLOIDS
5% Albumin Albumin 5g Isotonic Volume expansion in | Expensive.

severe hypovolemia or
hypoalbuminemia.
Cases with significant
capillary leak.

Risk of allergic reactions.

No proven mortality benefit
over crystalloids in most
situations.
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HES Varies by | Isotonic to | Previously wused for | Avoided in critically ill adults
product hypertonic volume resuscitation. due to risks of kidney injury,
coagulopathy, and increased
mortality. Restricted and not
recommended for children.
Considered for surgeries with
major bleeding risk, but
evidence is lacking.

Gelatins Varies by | Isotonic Volume expansion. More anaphylactoid
product reactions than other colloids;
shorter intravascular half-life

than HES.

Abbreviations: ADH, Antidiuretic hormone; D5W, 5% Dextrose in Water; D5 2 NS, 5% Dextrose+0.45% Sodium Chloride; D5 Y4 NS, 5%
Dextrose+ 0.2% Sodium Chloride; HES, Hydroxyethyl Starches.

Crystalloid Solutions

Crystalloids play a rudimentary role in pediatric intraoperative fluid management, with major strides in their
preparation and application over the years. Solutions consist primarily of a solvent with some electrolytes,
which is notable for the lack of larger macromolecules of protein or starch. Tonicity classification desctibes
isotonic and hypotonic solutions, whereas electrolyte composition may be categorized as balanced or
unbalanced. Each type has its advantages and aspects to be taken into consideration, which are applied to
pediatric patients based on the proper clinical setting.

Isotonic versus Hypotonic Solutions

Given the vulnerability of pediatric patients to electrolyte imbalances, isotonic solutions are preferred
because they closely mimic the osmolarity of the child's plasma, reducing the risk of exacerbating
imbalances. A major shift has occurred in pediatric fluid management, specifically in the fluid's tonicity for
maintenance purposes. Traditionally, besides 5% glucose, hypotonic solutions were widely used, such as
0.2% NaCl (30 mmol/L sodium) and 0.45% NaCl (77 mmol/L. sodium)3. Based on the historical
framework established by Holliday and Segar, the metabolic needs of children are prescribed?. This
methodology has been around since the 1950s and was really based on a wrong assumption, that relatively
immature renal function of children would limit their ability to excrete sodium effectively. Moreover,
contemporary research has proved that using hypotonic solutions radically increases potential risks for
iatrogenic hyponatremia, especially in a perioperative setting?0.

The risks of hypotonic solutions have been extensively reported by several randomized controlled trials
about the risks associated with the administration of hypotonic fluids to surgical patients. An interesting
Cochrane review proved that there was a decrease in the incidence of hyponatremia by 52% when isotonic
fluids were used as compared to hypotonic fluids?”. The finding is of substantive relevance since in the
prepubertal child, a very high degree of vulnerability to the cerebral edema phenomenon associated with
hyponatremia is expressed, which includes increased brain-to-cranial-volume ratio, Na-K ATPase pump
activity, and levels of ADH responsive to surgical stress. Hyponatremia can be a very significant clinical
entity with restlessness, headache, seizures, and even sudden death in its severe form in this populations. 3.

In its revised guidelines, the American Academy of Pediatrics now defines that isotonic solutions with
proper concentrations of potassium chloride and dextrose be used for children aged from twenty-eight days
to eighteen years for maintenance intravenous fluid therapy?2. This dramatic reversal of advice marks a major
deviation from customary practice, supported by newly available strong evidence towards the same end,
which is the improvement of patient safety.

Balanced versus Unbalanced Solutions

In the field of isotonic solutions, one major comparison that can be formed is BCS against their unbalanced
siblings, with the main characteristic being the widely used "normal saline' or 0.9% sodium chloride.
Although it is very common in clinical practice, that solution does not meet the physiological standard
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because the chloride level (154 mmol/L) is way over the level found in plasma, which is around at about
100-110 mmol/L.

The infusion of large amounts of 0.9% NaCl is associated with a diversity of adverse physiological effects.
Such include hyperchloremic metabolic acidosis, fluid retention, renal vasoconstriction, and a fall in the
GFR that have been seen both in adults and in pediatrics®.

These formulations, indeed like BCS, have an electrolyte composition closer to that of human plasma and
have buffering agents like lactate, acetate, or gluconate that are metabolized to bicarbonate. Such buffers
decrease the appearance of hyperchloremic as well as dilutional metabolic acidosis, which can develop after
infusion with normal saline. Some of the frequently used balanced solutions are Ringet's lactate (also known
as Hartmann's solution) and Plasma-Lyte as well as other acetate buffered isotonic preparations.

A recent meta-analysis of three randomized controlled trials on 162 critically ill pediatric patients showed
that hydration with balanced crystalloids improved metabolic acidosis and bicarbonate levels as compared
with 0.9% NaCl at 4-12 hours#. In its recommendation, the Society of Pediatric and Neonatal Intensive
Care also strongly prefers balanced crystalloid solutions as maintenance fluids in acutely and critically ill
children*?. In fact, in the European Consensus Statement from 2011 and the guidelines of the Association
of the Scientific Medical Societies in Germany from 2016, preferential use of balanced crystalloid solutions
for pediatric intraoperative maintenance fluid therapy is strongly advised?’. 43,

Solutions Containing Glucose

The shift from conventional fluid regimens to the use of glucose marks a radical change in the field of
medicine. Pediatric patients, especially neonates and young infants, maintain pronounced biochemical
differences in glucose metabolism compared with adults. With lower glycogen storage and higher basal
glucose consumption rates, these individuals are prone to hypoglycemia in fasting states. Generally, 5%
dextrose solutions previously served as maintenance infusions in pediatric care.

The surgical stimulation of the stress response also generally increases blood glucose levels by eliciting an
increase in catecholamine secretion and developing insulin resistance*+46. Either condition can further
worsen hyperglycemia admitted with high-concentration glucose solutions. This then makes the healthcare
provider face a somewhat intense task in which they must mitigate the neurological hazards posed by both
hyper- and hypoglycemia, the latter whose adverse effects might impend onto pediatric patients.

The current evidence suggests that in most pediatric patients, it is preferable to use isotonic balanced
solutions with 1%-2.5% glucose than the previously used 5% glucose concentration*- 43,

A 2-4% glucose solution administered at 10 ml/kg/h was found to be more effective in the prevention of
intraoperative catabolism, insulin resistance, rebound hyperglycemia, and acidosis when compared with a
1% solution in low-birth-weight neonates®. This underlines the need for the right person and situation
regarding the concentration of glucose. In the absence of other concerns, healthy children undergoing brief
procedures for which they have been minimally fasted probably do not require provision of glucose™.
Routine blood glucose measurements are, however, imperative for neonates, individuals undergoing
prolonged procedures, and those with imbalances risk factors.

Colloid Solutions

Colloids comprise relatively large molecules, mostly proteins and starches. Logically, these substances
should be kept inside the intravascular compartment for a longer time than crystalloids. Therefore,
theoretically, colloids should be more effective in expanding volume. However, the debate concerning the
use of colloids in pediatrics still continues because relatively low-quality evidence does not yet provide an
answer that would be sufficiently satisfactory for guiding patient management>. Colloids can be primarily
structured as natural proteins and synthetic colloids.
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Natural Protein Colloids

Albumin has usually been taken as the gold standard colloid for pediatric patients. However, new evidence
has complicated that old perspective. In the year 2023, a quality improvement initiative implemented a
systematic change program intervention to reduce the use of 5% human albumin solution in the Pediatric
Intensive Care Unit32, Human albumin comes in concentrations from 5% to 20%, with 5%, the osmotic
equivalent to plasma’3. More than 50% of total plasma protein, and in fact, 80% of intravascular oncotic
pressure, is due to this protein.

Although the empirical promise of albumin may appear optimistic, the evidence that is currently available
does not support its clinical superiority over crystalloids. The use of albumin has been extensively researched
among critically ill adult populations, and no study has shown a significant reduction in mortality® >,
Furthermore, high-quality studies involving pediatric populations are few. Although it is known to be the
least allergenic colloidal solution, the disadvantage of albumin is that it is the most expensive treatment with
the potential to leave the blood vessels for the extra-vascular space, especially with high vascular permeability
due to inflammation and critical illness conditions. Other natural protein colloids include stable human
serum and lyophilized plasma; however, their use is uncommon, and evidence to support their use in
pediatric perioperative settings is lacking.

Synthetic Colloids

Synthetic colloids have emerged because of their high cost and limited availability of albumin. The major
classes are HES, gelatin, and dextran, which differ in their properties and safety considerations.
Development in the third-generation HES solutions such as tetrastarch (HES 130/0.4) is the definitive
response to the prolonged evolution observed. This is inspired mainly by the goal to rectify security issues
attached to the former mixture Contemporary starches with a low molecular mass of 130,000 Da makes
them safer. Hence, the risk of associated adverse events, such as renal failure, itching, and changes in
hemostasis, is lower, while their volumetric effects are about the same5’.

A meta-analysis of nine randomized controlled trials showed that third-generation HES administration did
not affect renal output or blood loss in pediatric consented patients to surgery. There is reason to believe
that HES in balanced electrolyte solutions may have less effect on acid-base and electrolyte balance
compared to HES in saline.

With reference to their influence on coagulation and renal function, the questions about the synthetic
colloids remain to be debated® 61, Different studies have proposed increased blood loss potential after
pediatric cardiopulmonary bypass procedures when HES solutions are used, though this is not constantly
associated with higher transfusion needs? 3. Some data is available on the "tipping of the balance" of
thromboelastographic alterations in pediatric samples towards HES.

Gelatin solutions have high potential for eliciting anaphylactoid reactions and little positive volume effects,
almost no hemostasis impact> 6. Dextrans, being less used today, impede coagulation and pose imminent
risks of anaphylaxis®’. 68,

Regulatory issues have played a major role in the availability of synthetic colloids, with HES products having
been placed under regulatory suspension for patients of all ages in both Europe and the United States. This
situation is further constraining the selection available to pediatric anesthesiologists.

Clinical Application and Limitations

The function of colloids in pediatric patient fluid balance management continues to evolve. However,
current recommendations support the preference for crystalloids as the initial therapy®. However, there are
situations where colloids may be quite appropriate, when, first of all, crystalloids are not effective. Some
guidelines suggest starting colloids after 30-50 ml/kg of crystalloids have been given without achieving
successful volume restoration. Most institutions have limited the routine use of colloids because they atre
more expensive than crystalloids and have scarce supporting evidence of improved outcomes.
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A pragmatic approach, therefore, is that balanced crystalloid solutions should be used first, and colloids
should be reserved for specific indications. Blood products should only be used when Hb levels or
coagulation parameters indicate need. In scenarios where colloids are thought necessary, third-generation
HES solutions might provide such a compromise amongst efficacy and safety in children with normal renal
function and coagulation, although this remains controversial. There remains even more specific caution
about synthetic colloids in neonates (due to immature coagulation systems) and post-cardiopulmonary

bypass procedures.
Conclusion

Fluid management in pediatric surgery requires attention to total body fluid physiology, individual
circumstances, and current evidence. The use of isotonic balanced crystalloid solutions with glucose (1% to
2.5%) is strongly advocated, moving away from previous hypotonic solutions with higher glucose levels.
Evidence is limited in more controversial areas such as the use of colloids or advanced monitoring
techniques. Colloids have limited roles, and crystalloids are preferred as first-line therapy. Colloid therapy
may be beneficial in high blood loss surgeries (e.g., cardiac surgery, major tumor surgeries, major trauma)
where crystalloid administration exceeds 30-50 mL/kg without hemodynamic stability. Caution is advised
in neonates and preterm infants due to risks of adverse effects. Colloids should be avoided in patients with
renal dysfunction or coagulopathy. While HES solution has mixed safety profiles, natural colloids like
albumin may be considered in specific cases, despite limited evidence for improved outcomes.

Pediatric fluid management must be age-appropriate. Neonates require tailored approaches, whereas school-
age children typically tolerate standard isotonic protocols, with adolescents needing more adult-like
strategies. Crucial gaps in pediatric fluid therapy include validating dynamic fluid responsiveness monitors
in children and developing pediatric-specific assessment protocols for point-of-care ultrasound. The
application of artificial intelligence in fluid management, including predictive algorithms for fluid
responsiveness, is an emerging area of interest. Comparative effectiveness research is needed for optimal
fluid strategies in subpopulations with conditions such as congenital heart disease and chronic kidney
disease. Advancements in pediatric fluid monitoring should prioritize non-invasive, continuous tools
tailored for children. Wearable devices for real-time fluid status assessment and automated decision support
systems could enhance fluid management. Additionally, integrating telemedicine for remote monitoring in
varied healthcare settings may improve pediatric outcomes.

In summary, while crystalloid solutions are central to pediatric intraoperative fluid therapy, individual
treatment strategies based on age and surgical complexity are crucial. Future research should focus on
pediatric-specific technologies, validating fluid parameters, and refining evidence-based protocols.
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ABSTRACT

Purpose: The eponym “Miiller’s muscle” has been used in various textbooks and academic articles to refer collectively
to three different smooth muscles: orbital muscle, superior tarsal muscle and the circular fibers of the ciliary muscle.
The aim of this review is to highlight the terminological confusion created in the literature by the use of the Miiller’s
muscle eponym as a common name for three different muscles associated with the eye and orbit.

Methods: A comprehensive literature review was conducted in academic databases such as PubMed, Google Scholar,
Scopus, and Web of Science to clarify clarify the appropriate usage of the term “Miiller’s muscle”. Additionally, the
descriptions of these muscles in leading medical school sources, atlases, and textbooks were examined. The detailed
topographical locations, anatomical and morphological characteristics, histological structures, innervation and
vascularisation, and clinical syndromes of the muscles were presented in a comparative manner.

Conclusion: We believe that our study will contribute to preventing naming confusion regarding these muscles,
collectively referred to as ‘Miillet's muscle,” in future anatomy atlases, clinical guidebooks, and scientific studies.
Keywords: Miillet's muscle, orbit, anatomy, eye

OZET

Amag: "Miiller kast" eponimi, ¢esitli ders kitaplarinda ve akademik makalelerde t¢ farklt diz kast (m. orbitalis, m.
tarsalis superior ve m. ciliaris'in dairesel lifleti) ifade etmek i¢cin kullanilmistir. Bu detlemenin amacy, literatirde Muller
kast eponiminin g6z ve orbita ile iliskili G¢ farkli kas icin ortak bir isim olarak kullanidlmasiyla olusan terminolojik
karisikliga dikkat cekmektir.

Yontem: "Miller kast" teriminin uygun kullanimini netlestirmek icin PubMed, Google Akademik, Scopus ve Web of
Science gibi akademik veri tabanlarinda kapsamli bir literatlir taramast yapildi. Ayrica, 6nde gelen tp fakiltesi
kaynaklari, atlaslar ve ders kitaplarindaki bu kaslarin tanimlart incelendi. Kaslarin ayrinth topografik konumlar,
anatomik ve morfolojik 6zellikleri, histolojik yapilari, innervasyon ve vaskilarizasyonu ve klinik sendromlart
karsilastirmali olarak sunuldu.

Sonug: Calismamizin, gelecekte anatomi atlaslarinda, klinik rehbetlerde ve bilimsel ¢alismalarda topluca ‘Miiller kast’
olarak adlandirilan bu kaslara iliskin isimlendirme karisikliginin 6nlenmesine katkida bulunacagina inantyoruz.
Anahtar kelimeler: Miller kasi, orbita, anatomi, g6z

Introduction

The eponymous names of the three smooth muscles located in the orbit are attributed to the German
anatomist Heinrich Miller. These muscles are: orbital muscle, superior tarsal muscle, and the ciliary muscle
which ate characterized by their circular fibers. The use of the term "Millet’s muscle” to refer to all three
muscles in the literature can lead to confusion. Therefore, a literature review was conducted using academic
databases such as PubMed, Google Scholar, Scopus, and Web of Science in order to clarify the use of the
term 'Miiller’s muscle'.
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This review will provide literature on these three muscles, all referred to as "Muller's muscles," and will
discuss the use of the term "Muller's muscle."

Orbital Muscle

The orbital muscle of Miiller is a small extraocular smooth muscle embedded in the periorbital. It is located
posteriorly in the orbit and fills the inferior orbital fissure. It separates the periorbital fat from the buccal fat
pad?. It extends from the sphenoid bone to the zygomatic and maxillary bones and is closely related to the
Zinn's ring (Common tendinous ring; Common anular tendon)? (Figure 1).

Levator palpebrae

Figure 1. Muscles located in the tig;ht orbit, eye removed.

The superior surface of the muscle is adjacent to the rectus inferior muscle, the inferior branch of the
oculomotor nerve, and the inferior ophthalmic vein. The inferior surface of the muscle is in proximity to
the pterygopalatine fossa and the maxillary, zygomatic, and infraorbital nerves passing through this fossa*.

The body of the muscle is wider than the inferior orbital fissure. The orbital muscle attaches laterally to the
inferior orbital fissure on the ventral side and medially to the inferior orbital fissure on the dorsal side. The
average weight of the muscle is 0.22 £ 0.19 g, with an average width of 4 £ 1 mm at its widest point and an
average length of 22 + 5 mm?.

Sappey defined the orbital muscle as the "lower orbital muscle," while Whitnall referred to it as the
"periorbital muscle"s.

The orbital muscle is composed of smooth muscle cells. The muscle fibers extend from the craniomedial to
the caudolateral direction in a slightly oblique plane towards the apex of the orbit. The muscle is largely
made up of bundles of fibers that run parallel to each other. The dorsomedial portion of these parallel fibers
is complemented and reinforced by vertically oriented muscle fibers. Blood vessels and netves, including
the inferior ophthalmic vein, infraorbital artery, infraorbital nerve, and zygomatic nerve, pass between the
muscle fibers3. Sympathetic innervation is provided by the superior cervical ganglion via the internal carotid
plexus’.

Its function in humans is not well understood. During embryonic development, it forms approximately 50%
of the orbital base® and is thought to isolate the orbital contents from surrounding tissues®. Additionally,
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since it is pierced by veins connecting the ophthalmic veins to the pterygoid plexus, it is believed to play a
role in regulating venous blood flow!’. In adults, contraction of this muscle may cause a slight protrusion
of the eye globe”. Furthermore, it serves as a septum for structures within the orbit, which is crucial for the
normal development of extraocular structures®.

Due to its location covering the inferior orbital fissure, this muscle has clinical and surgical significance as
it provides a medical intervention to the orbit*. If sympathetic innervation to the orbital muscle is impaired,
the muscle cannot function properly. This may lead to collapse of the eye contents and the development of
enophthalmos!®.

Superior Tarsal Muscle

Superior tarsal muscle (STM) is another muscle known as Muller's muscle, which was first described by
Miiller in 1858. STM consists of smooth muscle fibres and is located in the upper eyelid. It originates from
the inferior portion of the levator palpebrae superioris muscle (LPSM) and extends alongside it. The muscle
inserts into the superior edge of the tarsus via a 1 mm tendon'! (Figure 2).

’ Levator palpebrae superioris muscie

~» Supetior tarsal muscle

Superior tarsus<

Figure 2. Schematization of the upper eyelid from the
lateral view.

The LPSM aponeurosis is located in front of the muscle and the conjunctiva is located behind it. Superior
tarsal muscle is approximately 15 mm wide, 10 mm long and 0.1-0.5 mm thick!2 There is a transition area
of loose connective tissue between the LPSM and STM fibres'3.

In some sources, smooth muscle fibres located deep in the LPSM are named as STM’. Thin smooth muscle
fibres of the STM have differences that distinguish it from other smooth muscles. One of these differences
is that STM contains not only smooth muscle fibres but also connective tissue and adipose tissue.
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Furthermore, the smooth muscle cells of the muscle are sporadically spread out and not connected to each
other'4,

HEsperidido et al. classified the muscle into 4 patterns according to the attachment points to the supetior
tarsus.In Pattern 1, the muscle is observed to attach solely to the central portion of the upper tarsal margin.
In Pattern 2M, the muscle is seen to attach to both the central and medial parts of the upper tarsal margin.
In Pattern 2L, the muscle is observed to attach to both the central and lateral parts of the upper tarsal
margin. In Pattern 3, the muscle is seen to attach to the entire extension of the upper tarsal border, spanning
from the medial palpebral ligament to the lateral palpebral ligament. According to the results of the study,
63.27% of the cases were classified as P3, 24.49% as P2M, 8.16% as P21. and 4.08% as P113,

The upper eyelid is mainly raised by the LPSM. On the other hand, STM provides an extra 2 mm eyelid
elevation in the upper eyelid in case of sympathetic system dominance!!-'5. Furthermore, it plays an active
role in maintaining the tone of the elevated eyelid and ensuring the size of the palpebral fissure remains
constant!®,

STM is arterial supplied by the lateral muscular branch of the ophthalmic artery. This branch also provides
arterial supply to the lateral rectus, superior rectus, superior oblique and levator palpebrae superior muscles.
The medial muscular branch of the ophthalmic artery supplies the other extraocular muscles. The venous
blood drains into the vorticose veins and superior ophthalmic vein, and finally into the cavernous sinus’!”.

The muscle is innervated by the sympathetic system. The postganglionic sympathetic fibres, which originate
from the superior cervical ganglion, form a plexus around the internal carotid artery. The nerve fibres that
leave the plexus enter the cranium and reach the cavernous sinus. The nerve fibres ultimately reach the orbit
and then this muscle as a tightly wrapped nerve plexus encircling the ophthalmic artery, a branch of the
internal carotid artery”1".

In the study reported by Yuzuriha et al., the STM was found to function as a mechanoreceptor via the
stimulation of proprioceptive fibres. It also responds to the stimulation of sympathetic fibres!s.
Furthermore, Landau-Prat et al. have indicated that the Miiller’s muscle contains substantial myelinated
sensory fibres that facilitate proprioceptive innervation!®.

Skeletal muscle fibres in the LPSM are intertwined with smooth muscle fibres in the STM. The opening of
the upper eyelid with micro-movements or voluntary contractions of fast-twitch fibres in the LPSM stretch
the mechanoreceptors in the STM. The resulting stimulus is conveyed to the mesencephalic trigeminal
nucleus via the ophthalmic branch of the trigeminal nerve. Activation of the mesencephalic trigeminal
nucleus results in the stimulation of the rostral locus coeruleus. The rostral locus coeruleus plays a role in
regulating physiological arousal, which increases the microsaccade rate. Stretching of mechanoreceptors in
the STM initiates reflex contractions of slow contractile fibres in the ipsilateral LPSM and frontalis muscle
via the mesencephalic trigeminal nucleus?. It also initiates prolonged reflex contractions of slow-twitch
fibres in the bilateral frontalis muscles and orbicularis oculi muscles for coordinated eye-eyelid-brow
movements via the rostral locus coeruleus?!.

This muscle plays an active role in the opening of the eyelid and in clinical conditions in which it is affected,
partial ptosis (drooping of the upper eyelid) is observed. Horner's syndrome, one of these clinical conditions,
is usually caused by trauma to the neck and shoulder regions and consequent damage to the cervical
sympathetic ganglia. As a consequence of this lesion, a ptosis of the upper eyelid of 2 to 3 mm is observed,
resulting from paralysis of the STM, which has sympathetic innervation!'-22. Conversely, exophthalmos
(protrusion of the eyes forward) is observed in pathologies associated with hyperthyroidism, wherein the
upper tarsal muscle displays hyperactivity'3.

Leshno et al. suggested the presence of eyelid-light reflex mediated by STM that occurs with sympathetic
stimulation in the transition from light to dark conditions?. In their study, an average 8.3% retraction of
the upper eyelid was observed with pupil dilation in the transition to the dark environment. Consequently,
it has been reported that the STM expands the palpebral opening by adapting to the increase in pupil
diameter to allow more light to enter the eye. This response may be referred to as the eyelid-light reflex?3.
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In cases with a ptosis of less than 3 mm and a good function of the superior levator palpebrae muscle, a
resection of the superior tarsal muscle is performed. Due to the high variability of the superior tarsal muscle,
attention should be paid to its morphology in eyelid surgery?*.

Circular Fibers of the Ciliary Muscle

A section of the smooth muscle fibers located in the ciliary body of the eye also has the eponym Miiller’s
muscle?.

The ciliary body is a ring-shaped structure located in the vascular layer of the eye, between the iris and the
choroidea. The width of the ring is approximately 5.9 mm on the nasal side and 6.7 mm on the temporal
side?. In sagittal section, it has a triangular shape and the base of the triangle faces the anterior chamber.
The apex of the triangle is located posteriorly in the ora serrata. While it is attached to the sclera externally,
it occupies the posterior chamber and a small part of the vitreous cavity internally. The postetior part of the
ciliary body, terminating at the ora serrata, is smooth, while its inner side contains numerous folds or
projections extending into the posterior chamber. Lens zonules starting from the inner part connect the
ciliary body to the lens (Figure 3). The ciliary body has two main functions: Aqueous humour production
and accomodation?.

Longitudinal Circular Ciliary process
tibers fibers
! —

j Zonules

T
Ciliary muscle

Figure 3. Visual modeling of eye cross-section

The ciliary body consists of the ciliary epithelium, ciliary body stroma, and ciliary muscle layer. The ciliary
muscles consist of three bundles of smooth muscle fibers (longitudinal, radial, and circular) located in the
anterior two-thirds of the ciliary body. They adjust the tension of the lens zonules to accommodate neat
and far vision. The fiber bundles embedded in the vascular connective tissue stroma ate intertwined. These
muscle fibers are named after scientists who described the anatomy of the ciliary body, such as Briicke,
Muller and Ivanoff. Briicke described longitudinal muscle fibers; Ivanoff described radial/oblique muscle
fibers; Muller described circular smooth muscle fibers?7.

The longitudinal fibers described by Briicke are the outermost layer of the ciliary muscle and run parallel to
the sclera in the anterior third of the choroid. It starts from the scleral spur and adjacent corneoscleral
trabeculae and attaches posteriorly to the anterior part of the choroid. The fibers are on average 3.4 mm
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long?”. The length of the Briicke’s muscle increases with increasing axial length of the eye, whereas its cross-
sectional area is independent of axial length?7-28,

The middle layer contains radial/oblique fibers, also called Ivanoff’s muscle. This layer is the transition from
longitudinal fibers to circular fibers?”.

The circular muscle fibers on the inside of the ciliary muscle are another muscle in the orbit called Miillet’s
muscle. It is located in the connective tissue at the base of the ciliary processes. Circular fibers act as a
sphincter for the ciliary body?. Both Miller’s and Ivanoff’s muscle fibers are fixed to the muscle elastic
tissue to which the iris dilator muscle attaches®.

Mao et al. measured the maximum thickness of Miiller’s and Iwanoff’s muscles as 245 + 125 um and cross-
sectional area as 0.19 = 0.11 mm?. The cross-sectional area of Miller’s and Ivanoff’s muscles decreases with
increasing axial length?’.

The ciliary muscles are innervated by the autonomic nervous system. Parasympathetic stimulation provides
contraction, while sympathetic stimulation produces an inhibitory effect. The cell bodies of the nerve fibers
providing parasympathetic innervation are located in the parasympathetic nucleus (Edinger-Westphal) of
the oculomotor nerve. Presynaptic fibers travel through the oculomotor nerve and synapse with
postsynaptic cell bodies in the ciliary ganglion. Postsynaptic parasympathetic fibers reach the ciliary muscles
via the short ciliary nerves. Contraction of Briicke’s muscle pulls the choroid forward. Contraction of the
Miiller’s muscle relaxes the lens zonules that lie between the ciliary processes and the lens. The tension of
the lens decreases and the lens becomes thicker and more refractive. This allows the eye to focus on nearby
objects (accommodation). In addition, contraction of the Briicke’s muscle pulls the scleral spur backward,
expanding the trabecular meshwork and thus facilitating drainage of the humor aquosus?5.26.3,

Presynaptic sympathetic neuron cell bodies are located in the lateral gray horn of the first thoracic segment
of the spinal cord. After synapsing in the superior cervical ganglion, the postsynaptic fibers travel in the
plexus around the internal carotid artery. These fibers join branches from the internal carotid plexus or the
nasociliary nerve and reach the orbit. Fibers passing through the ciliary ganglion without synapsing reach
the muscles. With sympathetic effect, ciliary muscle fibers relax and the eye goes into a resting state and is
used for distance vision?>.

While the amount of connective tissue between the ciliary muscle fibers increases over time, the contractile
strength of the ciliary muscle does not decrease over time3!.

Problems with the drainage of aqueous humor cause an increase in intraocular pressure and may result in
glaucoma. In the presence of glaucoma, the cross-sectional area of the Muller’s and Ivanoff’s muscles
decreases, while the dimensions of the Briicke’s muscle are not affected by glaucoma?’.

Conclusion

The eponym "Mullet’s muscle" has been used in vatious textbooks, anatomy atlases, and articles across
medical and health fields. In Snell’s work, the term 'Mtller’s muscle' refers exclusively to the orbital muscle,
while in Sobotta, it refers to the ciliary muscle. The atlases of Netter, Lippincott, and Prometheus use the
term solely for the tarsalis supetior muscle. Grays' Anatomy uses the term for both the orbital muscle and
the tarsalis superior muscle. Additionally, some articles discussing "Miiller’s muscle” do not specify which
muscle is being referred to.

This study provides topographic, clinical, and functional anatomical information about the orbital muscle,
tarsalis superior muscle, and circular fibers of the ciliaty muscle, all of which are referred to as "Miillet’s
muscle" (Table 1). We believe that the fact that the term '™illet’s muscle' is used for different anatomical
structures in the literature is an issue that requires attention from a terminological perspective. Consequently,
we believe this study can help prevent confusion regarding the definition of these muscles, collectively
known as "Miiller’s muscle."
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Table 1. Comparison of Su

perior Tarsal Muscle, Orbital Muscle and Circular Fibers of the Ciliary Muscle

structural tone.

millimetets.

Orbital Muscle Superior Tarsal Muscle Circular Fibers of the
Ciliary Muscle

Location Located in the lower part | Located on the deep | Located in the anterior
of the orbit, in the | surface of the levator | two-thirds of the ciliare
infraorbital fissure. palpebrae superioris | body

muscle in the upper eyelid.

Function Maintains orbital content | Assists in elevating the | Provides near  vision

position and provides | upper eyelid by a few | (accommodation) by

changing the tension of
the ciliary zonule.

Clinical significance Enophthalmos may occur | Partial ptosis occurs in | Accommodation
due to loss of sympathetic | case ~ of  sympathetic | disorders and age-related
innervation. denervation (Hotner’s | conditions such as
syndrome). presbyopia
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Riskli Bebek Rehabilitasyonu

Tuba Tilay Koca1®
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ABSTRACT

When we look at the definition of risky babies, the first to come to mind is preterm babies born before the 32nd week
of pregnancy, but also postterm newborns, term low birth weight babies (<2500 gr), and babies with congenital
anomalies are included in this class. With developing technology, it is possible to keep more risky babies alive. It is
known that premature babies, compared to term babies, show suboptimal motor development behavior and self-
regulation problems in all subsystems (mental, developmental, neurobehavioral, motor) in the 3rd and 6th months of
their follow-up.

Early neurodevelopmental assessments of high-risk newborns should be performed, deficiencies should be
determined, and physiotherapeutic intervention and family-centered rehabilitation programs should be initiated early
in the needed areas. Although premature babies are thought to have problems only in the motor area, they now have
difficulties in many neurodevelopmental stages, such as social, behavioral, life skills, sleep, language, nutrition, mental
health, toilet habits, and communication. Some premature babies are diagnosed with autism and attention deficit, and
hyperactivity disorder over time. This group of children with special needs should be closely monitored at every stage
of their lives.

10% of preterm babies are diagnosed with cerebral palsy later in life. Cerebral palsy presents with non-progressive
damage to the central nervous system as well as progressive problems in the musculoskeletal system. Parents, who
were left out of treatment processes in the past, are now at the center of the rehabilitation team. It should be kept in
mind that healthy babies will become healthy adults in the future.

Keywords: risky baby, rehabilitation, neurodevelopmental assessment, prematurity, cerebral palsy

OZET

Riskli bebek tanimina baktigimizda ilk olarak 32. gebelik haftasinda 6nce dinyaya gelen preterm bebekler gelmekle
birlikte postterm yenidoganlar, term dogan diisik dogum agitlikli bebekler (<2500 gr), konjenital anomalili bebekler
de bu smnifta yer almaktadir. Gelisen teknolojiyle birlikte daha ¢ok riskli bebekleri hayatta tutunabilmektedir. Prematiire
bebeklerin, term bebeklere goére takiplerinin 3. ve 6. aylarinda optimal olmayan motor gelisim davranist ve tim alt
sistemlerde (zihinsel, gelisimsel, nérodavranissal, motor) 6zdiizenleme sorunlari gésterdigi bilinmektedir.

Yiiksek riskli yenidoganlarin nérogelisimsel degerlendirmelerinin erken yapilmasi, eksikliklerinin belirlenmesi ve ihtiya¢
duyulan bélgede fizyoterapotik miidahale ve aile merkezli rehabilitasyon programlarinin  erken baglatilmast
gerekmektedir. Prematiire bebekler sadece motor alanda sorun yasadigt disinilse de artik sosyal, davranis, yasam
becerileri, uyku, dil, beslenme, ruh sagligs, tuvalet aliskanliklari ve iletisim gibi pek ¢ok nérogelisimsel asamada zorluk
yasamaktadir. Erken dogan bazi bebeklere zamanla otizm ve dikkat eksikligi ve hiperaktivite bozuklugu tanist konur.
Bu 6zel ihtiyaglari olan ¢ocuk gruplart hayatlarinin her déneminde yakindan takip edilmelidir.

Preterm bebeklerin %10'a hayatlatinin ilerleyen dénemlerinde serebral palsi tanist almaktadir. Serebral palsi santral sinir
sistemindeki non-progresif hasarin yaninda muskiloskeletal sistemde progresif problemler ile karsimiza ¢tkmaktadir.
Gegmis yillarda tedavi streclerinde disarida birakilan ebeveynler arttk rehabilitasyon ekibinin merkezinde yer
almaktadirlar. Saglikli bebeklerin gelecekte sagliklt yetiskinler olacagt akilda tutulmalidir.

Anahtar kelimeler: Riskli bebek, rehabilitasyon, nérogelisimsel degerlendirme, prematurite, serebral palsi
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Introduction

With the developing technologies in the field of health, we can now keep more risky babies alive.
Teratogenicity is also increasing due to reasons such as increasing environmental pollution, ionizing
radiation, infections, and exposure to chemical and toxic substances in air, water, or nutrition. For this
reason, health services now encounter a higher number of risky babies, and these babies cause high health
expenses due to their needs. Prematurity seems to be particulatly related to the mothet's socioeconomic
level and lifestyle, and its incidence is reported to be approximately 11% of all live births. While the preterm
birth rate in Tirkiye is reported as 12.9% in 2022, this rate is reported as 10-11% in the world after 2020.
This rate may vary depending on the development level of the countries1,2. Preterm birth continues to pose
a serious burden on healthcare systems around the world. In this review, high-risk newborns will be defined,
and neurodevelopmental evaluation and eatly physiotherapeutic intervention programs will be summarized
in light of current literature.

Definition of a Risky Baby

When we look at the definition of risky baby, babies born before the 37th gestational week come first, but
babies weighing less than 2500 g (low birth weight), post-term babies, large babies, babies born with
congenital cardiac, central nervous system or orthopedic defects are also included in the risky baby category.

High Risk Newborn;
1. Low birth weight:

*  Term and low birth weight (<2500 g), LBW

*  Very low birth weight (<1500 g), VLBW

*  Very very low birth weight (<1000 g), VVLBW

II.  Low weight for gestational age (SGA = small gestational age)
III.  Large for gestational age (LGA): large baby
IV.  Postterm

V.  Premature and preterm baby

In premature newborns, hemodynamic and vital problems are first addressed in the intensive care unit.
Corticosteroid administration for lung maturation, Vitamin K, especially for intracranial bleeding
prevention, protection against eye infections and other systemic infections, and thermoregulation problems
(Kangaroo mother care, protective wrapping, and dyspnea can be given as examples.

Neurorehabilitation begins in intensive care; It includes multisensory positive experiences that include
vocals, smell, and touch, and motor training that includes massage and physical therapy. Especially preterm
newborns need to be evaluated in terms of congenital anomalies such as the central nervous system,
musculoskeletal system, and cardiopulmonary system.

Babies born before the 32nd week of gestation, have a significantly increased risk of audiovisual, cognitive,
social, and motor disorders. Some term babies may develop hypoxic-ischemic encephalopathy due to
hypoxia in the neonatal period. Cerebral palsy may also develop in up to 10% of premature babies. Many
more babies are diagnosed with milder disorders later in life, including autistic spectrum disorder, mild
cognitive and motor impairment, and attention-deficit/hyperactivity disorder. Today, we know that
neurodevelopmental problems occur in the long term (adolescent and adult) in prematurity 3.

Risky Baby Rehabilitation

It aims to support the development of babies, improve their physical and cognitive skills, ensure their
nutrition, and prevent possible complications. Risky baby rehabilitation is an important process for babies
and often requires a transdisciplinary approach and is customized according to the baby's needs. While
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physiotherapy focuses on improving babies' muscle tone and motor skills, speech therapy supports babies'
communication skills, and nutritionists create a nutrition plan tailored to babies' needs.

Premature babies may experience weakness in body muscles in the early period, delay in movements such
as turning, sitting, crawling, and walking, lack of sucking and swallowing skills, and delay in speech in the
later period. High-risk babies may have difficulty calming themselves down, ctry frequently, and avoid
movement. They may experience sensory issues such as hyperactivity or needing too much stimulation. The
prevalence of these problems increases with lower gestational age and birth weight. Additionally, learning
disabilities, clumsiness, developmental coordination problems, social-emotional difficulties, and other minor
dysfunctions are also reported. Even at term age, the central nervous system is not mature enough to show
pathological findings associated with corticospinal lesions. Therefore, because the motor pathways of
preterm babies have not yet matured, the emergence of eatly atypical neuromotor patterns may not be
associated with neurodevelopmental outcomes at later ages. Clinicians aim to ensure eatly diagnosis of
developmental disorders and identification of preventive programs through neurodevelopmental
assessments (NFA)-4,

Neurodevelopmental Assessments (INFA)

What steps should be taken to improve outcomes in premature babies? NFA focuses on the development
of normal functions and is based on studies on stimulated and spontaneous motility, postural adaptation,
variability in motor patterns, neurosensory function, and neuromotor and behavioral skills>.

The neurocognitive outcomes of preterm babies are poorer than those of term babies for many reasons,
including brain damage and altered brain development. However, poor outcomes appear to be more closely
related to the mothet's socioeconomic status than to problems the baby may expetience after birth.
Additionally, prematurity is increasing in developing societies. Early intervention programs start in the first
24 months and continue until the school year. The main goal of these programs is to make the child as
functionally independent as possible by using brain plasticity. Intervention programs conducted by many
different centers are conceptually attractive but have not been consistently successful, and we do not have
sufficient data on long-term outcomes®.

Diagnosis of Cerebral Palsy in Early Period

The definition of cerebral palsy is characterized by progressive problems in the musculoskeletal system due
to non-progressive damage to the central nervous system due to prenatal, natal, or postnatal reasons, as well
as problems in cognition, perception, behavior, social, and communication. Eatly detection is important for
the success of the rehabilitation process. So, it is important to diagnose a child with cerebral palsy in eatly
period.

Prechtl's general movements (GMs) assessment can be used by clinicians as a diagnostic tool to recognize
cerebral palsy in the early months. In healthy newborns, GMs can be observed until the end of the first 6
months and are based on the presence of complexity, homogeneity, and rhythmicity in all body extremity
movements. In children with cerebral palsy, this movement is more monotonous and weak. Loss of fidgety
movements is a guide for the prognosis of the newborn baby’.

Neurodevelopmental Assessment Scales

These scales play a role in recognizing organic central nervous system problems in the early period and
determining the deficiency in which neurodevelopmental steps are present, and thus provide guidance
in determining the rehabilitation of at-risk babies and children.

Wechsler Scales, Behavior Assessment System for Children (BASC), Wechsler Memory Scale, Minnesota
Multiphasic Personality Inventory (MMPI), Beck Depression Inventory (BDI), Boston Naming Test,
Halstead-Reitan Neuropsychological Battery (HRNB), Tactual Performance Test and Sensory Perceptual
Examination), Hand Grip Strength, Alberta Baby Motor Scale (AIMS), Peabody Developmental Motor
Scale, Bayley Developmental Scale, Gesell Developmental test, Denver Developmental Screening test are
some of them. These scales help plan early intervention and rehabilitation programs by evaluating babies'
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motor, language, social, and personality skills. These scales have strengths and weaknesses towards each
other®,

Family-Centered Physiotherapeutic Rehabilitation in the Early Period

Many factors can affect fetal growth and development, so these children should be included in early
rehabilitation programs to stimulate brain plasticity. An educated parent plays a key role in the rehabilitation
team °.

Various early physiotherapeutic intervention programs should be developed for preterm children with
motor impairment. Unfortunately, no evidence is available on whether physiotherapeutic intervention
programs for babies have a positive effect on long-term motor outcomes. Until about twenty years ago,
traditional physiotherapeutic approaches focused only on the child's motor development. Since then,
problems in cognitive, sensory, and social skill components, as well as motor development, have been
recognized and a dynamic treatment process has been focused on that makes families the center of
treatment.

Family-centered care, which recognizes the importance of involving family members as active and equal
partners in the child's care, has become the preferred practice. The treatment goals of these centers are; to
bring the relationship between mother-baby, and baby-environment to the most optimal level and to create
a dynamic, developing treatment process. Parents should aim to support the baby's subsystem functioning,
self-regulation strategies, competencies, attention and development, brain organization, development,
increasing learning opportunities, improving communicative perceptions, and facilitating the desire to
participate in the outside world. Current family-centered communication-focused intervention programs
should be continued!’.

Bobath neurodevelopmental therapy is a widely used method around the wotld to support the baby's
sensoty and motor development especially in hemiplegic cerebral palsy. Its goal is to ensure the child's
functional independence and it includes sub-techniques such as environmental adaptations, providing
parental communication, facilitation techniques, and assessment of tasks!!.

Coping with and Caring for Babies with Special Needs (COPCA), developed approximately 15 years ago. It
is a family-centered early physiotherapeutic intervention program. It includes a family and education
component and a neurodevelopmental component. It has been observed that premature children born
before 32 weeks without significant organic central nervous system damage showed better motor recovery
with the family-centered COPCA program than with standard physiotherapy programs!2.

It is known that preterm babies show non-optimal motor development behavior and self-regulation
problems in all subsystems (mental, developmental, neurobehavioral, motor) at the 3rd and 6th months of
follow-up compared to term babies!3. Preterm babies are at high risk for motor developmental delays,
learning difficulties, and behavioral problems. For these reasons, neurodevelopmental evaluation is essential.
The risk of neurodevelopmental delay is especially high in children who develop sepsis and necrotizing
enterocolitis (INEC)4.

Neonatal behavioral characteristics such as hypersensitivity and poor state regulation are associated with
high levels of crying. Frequent crying behavior, especially in premature babies, indicates that these babies
are hypersensitive, need high sensory input, and have poor adaptation abilities in disturbing situations.
Clinical evaluations based on the newborn behavior assessment scale may help patents to clarify their babies'
tolerance level to stimuli and to develop awareness of this issue!>. Studies Show that eatly combined
rehabilitation interventions (auditory, visual stimulation, oral motor function, respiratory functions, and
neurodevelopmental training) improve short-term clinical outcomes in premature babies!®.

In the study of Danks M et al. which investigated whether behavioral problems were related to motor
abilities in pre-adolescent children with a history of very low birth weight, no relationship was observed, but
it was observed that supporting motor competence in 11-13-year-old preteen children with low birth weight
provided improvements in social behavior and attention. As a result, mild motor impairment was
associated with poor attention and low social behavior, independent of low birth weight!7.
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Drawing is a graphomotor skill used early in assessing visual-motor coordination. In a retrospective study
of 50 children aged 12-36 months to determine the frequency of graphomotor difficulties in children with
perinatal central nervous system disorders and premature birth, only 13 children had graphical abilities below
those expected for their age. One child couldn’t used a pencil. The remaining 72% was found normal. As a
result, it was concluded that there is a risk of developing difficulties in learning, attention, and fine motor
skills in preterm children during the preschool period's.

High-risk babies may experience neurodevelopmental delays and problems in many areas later in life. These
babies reflect these disorders into adolescence, youth, and adulthood (autism, attention deficit hyperactivity
disorder, and other neurodevelopmental disorders). Healthcare expenses for risky babies are also high. This
group with special needs should be closely monitored at every stage of their lives.

Conclusion

All children born under the 32nd week of gestation should have neurodevelopmental evaluations in terms
of developmental outcomes and need for therapeutic support; their needs should be determined, and they
should be included in family-centered physiotherapeutic intervention programs in the early period in
cooperation with parents. Not every child may have needs in all areas. Infants at risk may have needs in
different areas such as behavior, communication, language, sensory, nutrition, toilet habits, mental health,
life skills, sleep, learning, and developmental needs. Parents should be equipped to determine their children's
needs through neurodevelopmental evaluations, and the rehabilitation process should begin.
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Gonartroz Agrisinda Alternatif Tip Tedavileri
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ABSTRACT

Osteoarthritis is the most common joint disorder characterized by the gradual deterioration of articular cartilage, in
osteoarthritis, not only the joint cartilage, but also all surrounding tissues, including the synovium, subchondral bone,
joint capsule, ligaments, periarticular muscles, and nerves are affected and contribute to the pain. The knee is the most
common location for this disease, known as gonarthrosis. In the late stages of the disease surgery is the definitive
treatment; however before that stage patients seek pain relieving methods for years resulting in repeated visits to
physicians. Eventually, they may run out of treatment options and feel desperate.

This review investigates the methods of alternative-medicine for alleviating pain in gonarthrosis patients. Alternative
treatments, including prolotherapy with intra-tissue substance injection, radiotherapy, and ozone therapy for modifying
chemical balances, are explored for their plausibility and safe side effect profiles. However, the review discourages wet-
cupping and leech therapy due to potential infection risks. Ancient practices like acupuncture and reflexology, lacking
scientific backing for their mechanisms of action, are criticized. Homeopathy is categorically dismissed as quackery,
and caution is advised against cure-all drugs with extravagant promises.

Navigating the intricate interplay of facts and lies, the article underscores the ethical responsibility of physicians,
emphasizing the application of scientific truths and the art of medicine which also consist of addressing the patients
concerns, reassuring and satisfying them. The review concludes that alternative-medicine should be considered within
the medical realm solely for those specific soothing purposes, urging a cautious and evidence-based approach.
Keywords: gonarthrosis, prolotherapy, mesotherapy, hijamat, homeopathy, apitherapy, hirudotherapy, acupuncture,
reflexology, cupping, phytotherapy, aromatherapy, herbalism, radiotherapy, ozone

OZET

Osteoartrit, eklem kikirdaginin peyderpey bozulmasiyla karakterize en yaygin bir eklem hastaligidir; osteoartritte
yalnizca eklem kikirdagi degil aynt zamanda sinoviyum, subkondral kemik, eklem kapsuli, baglar, periartikiler kaslar
ve sinitler de dahil olmak tzere eklem ¢evresindeki tim dokular da etkilenir ve agriya katkida bulunur. Dizde
gortldiglinde gonartroz olarak adlandirilir. Hastaligin ileri evrelerinde nihai tedavi cerrahidir ancak bu evreden 6nce
hastalar tekrar tekrar hekimlere basvurur ve yillarca cesitli agrt giderici yontemleri denetler. Sonug olarak tibbi tedavi
secenekleri tikkenebilir ve bazen caresizce alternatif yontemlere bagvururlar.

Bu derlemede gonartroz hastalarinda agrinin azaltilmasina yonelik alternatif tip yontemleri gézden gegcirilmistir. Doku
ici madde enjeksiyonu ile proloterapi, kimyasal dengeleri degistirme potansiyeli olan radyoterapi ve ozon uygulamalari
etki mekanizmalarinin mantik dahilinde olmasi ve giivenli yan etki profilleri agisindan makul bulunmugtur. Ancak,
potansiyel enfeksiyon riskleri nedeniyle 1slak hacamat ve stlitk tedavisi uygun goriilmemistir. Akupunktur ve refleksoloji
gibi etki mekanizmalari mantiktan uzak ve bilimsel olarak desteklenemeyen kadim uygulamalar elegtirilmigtir.
Homeopati bir nevi sarlatanlik olarak ele alinmus, abartili vaatlerle her seyi tedavi ettigini iddia eden ilaglara kars: dikkatli
olunmast tavsiye edilmistit.

Gergekler ve yalanlarin i¢ ice girmesini elestiten makale, hekimlerin etik sorumlulugunun bilimsel gerceklere gbre
hareket etmenin yanisira, hastalarin endiselerini gidermeyi, onlart rahatlatmay1 ve tatmin etmeyi de icerdigine vurgu
yapmaktadir. Derleme, alternatif tibbin yalnizca bu gibi teskin edici bazit amaclar icin degerlendirilmesi gerektigi
sonucuna varmakta aslen ihtiyatli ve kanita dayali yaklasimlari 6nermektedir.

Anahtar kelimeler: gonartroz, proloterapi, mezoterapi, hacamat, kupa, homeopati, apiterapi, hirudoterapi, silik,
akupunktur, refleksoloji, fitoterapi, aromaterapi, herbalizm, radyoterapi, ozon.
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Introduction

Knee osteoarthritis (gonarthrosis) is a chronic, progressive condition prevalent in the general population
that significantly impairs quality of life due to pain and restricted mobility. In advanced stages, surgical
intervention is often the definitive treatment. However, in an effort to manage symptoms such as pain and
joint stiffness, patients frequently turn to alternative medicine practices. This patient behavior places
physicians in a position where they are routinely asked to comment on, or even recommend, such therapies.
Accordingly, physicians need reliable, evidence-based information on these modalities.

This review aims to provide clinicians with an up-to-date synthesis of the available evidence primarily drawn
from systematic reviews regarding the efficacy of selected alternative medicine approaches in managing knee
osteoarthritis symptoms. The alternative methods discussed were specifically chosen because they are widely
used in Ttrkiye and are formally included under the Traditional and Complementary Medicine Practices Regulation,
which was established by the Ministry of Health in 2011. This regulation authorizes only licensed physicians
and healthcare professionals under physician supervision to perform such practices.

The definition of alternative medicine has evolved into different names such as complementary medicine,
integrative medicine, and holistic medicine primarily in response to criticism of the term "alternative". In
fact, all these definitions point to the same pseudo-science phenomenon; they are no different from each
other!. In certain countries, traditional medicine holds a significant cultural value and retains importance
within societal practices. These nations often endorse ancient medical traditions as an integral component
of health tourism. However, these endorsements are primarily driven by political considerations rather than
scientific ones, given the substantial economic market, which exceeds hundreds of billions of dollars?2.

In the Turkish context, although the regulation attempts to impose clinical oversight, ethical guidelines
remain paramount. Article 20 of the medical deontology regulation advises the physician not to give the
patient a medicine that he knows is useless and not to incur unnecessary expenses. However, in cases where
a real treatment is not possible, it is suggested that certain medications may be recommended for
consolation, with a caveat that expensive palliative drugs should not be recommended to patients who
cannot afford them?. It is the physician's foremost ethical responsibility to uphold these principles when
recommending such treatment modalities.

Pain is the primary complaint in gonarthrosis, and pain reduction is the main goal of most alternative
therapies. Given the well-established analgesic effect of the placebo response, recommending harmless
alternative interventions may be ethically permissible. However, it is essential that such interventions are
not misrepresented as curative, and patients should be advised to adhere to evidence-based medical care
whenever possible.

There is a growing body of literature on alternative medicine approaches, but the quality and consistency of
evidence vary widely. This review contributes to the field by offering a focused synthesis of methods that
are both officially regulated in Ttirkiye and commonly used in practice. We conducted a thorough review of
the current literature, focusing primarily on systematic reviews where available. Our aim was to provide
concise insights into these methods that are gaining popularity, despite the ongoing uncertainty surrounding
their effects.

Radiotherapy

Especially in Germany and Central European countries, low-dose radiotherapy has been used for a long
time in painful diseases of the musculoskeletal system including gonarthrosis. In Germany over one-third
of all radiotherapy treatments are for benign diseases, including over 15,000 patients with osteoarthritis
however in the USA the use of radiotherapy for such an indication is almost nonexistent*. Although its
mechanism of action is not fully known, but it is believed to act through multiple mechanisms: it is effective
on mononuclear and polynuclear leukocytes, endothelial cells, and macrophages, in addition, it reduces the
release of cytokines and proteolytic enzymes by increasing the permeability of the vascular endothelium,
killing inflammatory cells such as lymphocytes, modulates the autonomic nervous system, and alters tissue
pH. Side effects are negligible>7. Typically, a dose of 0.5 to 1Gy is repeated 3 to 6 times at 2—3-week intervals.
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Its analgesic effect is not acute, it appears in the late period, and some studies say that this effect lasts up to
two years, so it is ideal in chronic painful conditions such as gonarthrosisé. Although there were some
studies in the 70s showing that it had no different effects than placebo, it has become popular again
nowadays especially in benign diseases'0. However, its effectiveness remains a subject of debate and is not
universally accepted or consistently validated. Several meticulously conducted randomized controlled trials
have demonstrated no significant benefit from its use 12,

Many of the studies demonstrating the benefits of low-dose radiotherapy for osteoarthritis are often
criticized for their weak design and methodology, as highlighted in systematic reviews'3. Even those who
advocate for the use of low-dose radiotherapy critique the current literature for its predominantly
retrospective and non-standardized nature. Furthermore, there is a general acknowledgment of the absence
of large randomized controlled studies, which could offer more conclusive evidence!.

Systematic reviews revealed that most of the studies regarding low-dose radiotherapy are weakly designed
and the probable cause of the positive results are due to regression to the mean effect and response to
placebo!?15, There is even a randomized prospective sham-controlled blinded study supporting this
assertion. In this study, standard doses were compared to a sham treatment (one-tenth of the effective dose)
and no significant difference was observed in terms of pain relief and functional improvement!.

Prolotherapy, Mesotherapy

Prolotherapy is the repeated injection of a sclerosing agent, often such as hypertonic dextrose at
concentrations of 12.5% to 25%, into chronically painful areas. The mechanisms of action are not entirely
clear. With this method, local tissue irritation is created, and inflammatory pathways are activated. As a
result, it is thought that the release of growth factors increases, fibroblasts are activated, and thus tissue
healing is accelerated. In vitro studies have shown that prolotherapy with hypertonic dextrose favors the
deposition of collagen and metabolic activity of chondrocytes!¢-!7. Multiple injections of up to 0.5 mL are
made into the structures around the joint that are the source of pain. Generally, 4 to 6 sessions are
recommended!®!7. However, there are in vitro studies that did not find a significant increase in cell
proliferation or inflammatory response with prolotherapy!s.

There is a scarcity of well-designed studies available on the topic. However, the limited research available
suggests that the effects of prolotherapy may exceed those of a placebo, rendering it a potential option for
patients who do not respond to conventional treatments. Positive outcomes lasting up to three months have
been reported!?.

For gonarthrosis, both intra-articular and peri-articular injections have been investigated. Hypertonic
dextrose injections are suggested to be more effective than serum physiologique, with peri-articular
applications showing slightly superior results compared to intra-articular injections?-2!, Its effectiveness was
compared with other substances like corticosteroids, hyaluronic acid, ozone, and PRP, and mixed results
have been reported?>24,

In a comparative study between ozone and prolotherapy, no significant difference was observed 2.
Numerous studies have shown its short-term superiority over a placebo. However, most systematic reviews
in the literature caution about the poor quality and high risk of bias present in the published clinical studies
21,23.24.2627 Until now, it is not considered a standard treatment for osteoarthritis in guidelines. Since no long-
term side effects have been reported, it can be considered safe and can be recommended in selected patients.

Mesotherapy is an alternative medicine method originating from France. Despite the similarity of its name,
it is unrelated to mesoderm in histogenesis. It is based on the belief that injection of various enzymes,
vitamins, hormones, and local anesthetics into the middle of the skin layer or just below it is beneficial.
Originally intended to alleviate pain, it is now predominantly employed for addressing dermatological
problems?.

For musculoskeletal pain, this therapy involves injecting NSAIDs, sterile water, or local anesthetic into the
subcutaneous tissue at 5 to 20 different points in the affected area, typically without the use of steroids.
FEach injection point receives 0.1 to 0.2 mL. It has been reported that it can be applied from a single session
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to 9 sessions?”30, While systematic reviews highlight the lack of standardization and heterogeneity in studies
concerning its use, it is generally considered safe, well-tolerated, and effective3!.

The efficacy of subcutaneous injections in alleviating pain originating from deep tissues is a matter of
question. Sterile water is unlikely to yield a discernible effect, and local anesthetics may only offer temporary
skin anesthesia lasting a few hours. While subcutaneous NSAID application may offer relief comparable to
topical analgesic ointments, the rationale for utilizing injections for this purpose warrants scrutiny.

Ozone

Ozone (O3) is a molecule containing three oxygen atoms, formed in nature as a result of exposure of oxygen
to high-energy electric current and ultraviolet rays. It exists as a gas at room temperature. It is colorless and
has a characteristic odor, and its name comes from the Latin word ozein, which means odorous, reflecting
its characteristic smell. Ozone is an extremely unstable molecule and quickly turns into oxygen. It has strong
oxidative potential and may secondarily induce antioxidant responses. It was previously used as a
disinfectant in industry, and then it was tried locally on infected wounds to benefit from this effect. In some
level 5 studies, it is claimed that ozone primarily increases oxygen radicals in the body due to its strong
oxidative effect, and in turn activates antioxidant enzymes, thus creating an antioxidative effect and reducing
the release of cytokines and free radicals 3. Animal studies have found that injecting ozone directly into the
joint reduces levels of TNF-a, IL-1B, and IL-6 without causing cartilage damage. It also lowers the
expression of matrix metalloproteinase and bone morphogenetic protein 33. There are studies showing that
4 to 8 sessions of ozone application into the knee in gonarthrosis significantly reduces pain at the end of
the session, but its effect is short-lived and decreases within a few months 3233, In a study comparing ozone,
PRP and hyaluronic acid, it was shown that the pain-relieving effect of ozone disappeared by the 6th month
and PRP was superior in this regard 34. It is important to note that inhalation of this substance can be toxic,
and its use is contraindicated in certain conditions such as pregnancy, alcoholism, and hyperthyroidism.
Despite these precautions, no serious side effects have been reported following its use. Due to its
affordability and safety profile, it may be considered for patients upon request. While its effects have been
reported in a few well-planned studies, it is crucial to acknowledge that systematic reviews indicate a majority
of the studies were of poor quality and subject to bias 3.

Apitherapy, Hirudotherapy

Bees and Leeches are used in these treatments, which come from the names Apis and Hirudo. Apitherapy
typically entails stinging the painful area one or more times, while hirudotherapy involves attaching a leech
to the relevant area.

The hirudin substance, produced by leeches, possesses anticoagulant, thrombolytic, and somewhat anti-
inflammatory properties, potentially generating both local and systemic effects by enhancing tissue
perfusion. Advocates suggest that these effects could be advantageous in relieving joint pain. However,
systematic reviews indicate that while osteoarthritis patients may experience benefits from leech therapy,
caution is advised due to concerns regarding publication bias and the inherent limitations of the studies
available 36, Medical leeches, not cultivated in public pools and specifically bred for therapeutic purposes,
appear to be safe when used once for each patient. However, the risk of infection should be kept in mind.
Also, hemarthrosis after a leech therapy has been reported?”.

Bee venom is believed to influence healing by initiating certain neuro-inflammatory processes in the
surrounding tissues, thereby reducing pain perception. It is suggested that the effects of bee venom largely
occur through the activation of opioid and adrenergic receptors. While its primary applications are in
circulatory disorders and inflammatory diseases, it has also been reported to be used for joint pain.
Individuals with bee allergy should be identified carefully; anaphylactic side effects that may result in death
have been reported?.

The use of bee venom via bee sting is not considered the optimal therapeutic approach due to its association
with severe adverse reactions, including soft tissue infection or renal failure. Therefore, the preferred
method is administering adjusted doses through acupuncture®. There are studies indicating that bee venom

Arsiv Kaynak Tarama Dergisi . Archives Medical Review Journal



Issin 247

acupuncture significantly reduces pain and stiffness in patients with knee osteoarthritis. However, it's
important to note that the majority of studies included in the analysis were evaluated as having a high risk
of bias methodologically*.

Acupuncture, Reflexology, Hijamat, Cupping

Acupuncture, a component of traditional Chinese medicine, is based on the concept of an energy flow
within an individual. It posits that this flow is disrupted by illness, and the practitioner traditionally corrects
it by inserting needles or by stimulating specific points on the body with laser or electric current. In certain
Far Eastern countries, acupuncture treatment is covered by health insurance. It is claimed to have various
effects, including pain relief, sedation, mood enhancement, immune system strengthening, regulation of
homeostasis, regeneration enhancement, improvement in digestion, and immunomodulation.

Reflexology is also a method within traditional Chinese medicine whete the body's energy flow is mapped
onto the feet. It is believed that when energy flow is obstructed, manual intervention is required to open it.
Practitioners assert that by applying pressure and massage to specific energy points on the feet, they can
influence the functioning of internal organs. The points on the sole of the foot, representing various organs
such as the thyroid, pancreas, kidney, and esophagus, are manipulated through squeezing, caressing, and
stroking in diverse ways to promote healing.

Hijamat is an ancient type of treatment performed with or without cupping, with the aim of cleansing
excessive blood, increasing blood flow and relieving pain in the relevant area. There are studies showing
that cupping is especially effective in spasm-related muscle pain*!-#?

These practices belong to the empirical realm of traditional medicine. Rational levels of scientific evidence
are absent or very weak#3#. Most of the studies that report positive results have poor methodological quality
45, A small analgesic effect of acupuncture was found, which seems to lack clinical relevance and cannot be
clearly distinguished from bias#. Six reviews, which included randomized, double-blind studies, have yielded
substantial evidence indicating no discernible benefit. Studies advocating for the effectiveness of
acupuncture frequently display bias and lack robust evidence to support its efficacy for any indication 4.
Placebo effects might be more pronounced in individuals who believe in them 7. When proper hygiene
standards are maintained, these treatments usually pose no harm.

Phytotherapy, Aromatherapy, Herbalism

Plants have been used for therapeutic purposes in every culture throughout history. In Turkiye, herbalists
(Aktar) are indispensable pharmacies of traditional medicine.

The herbalist is familiar with the therapeutic properties of raw plants based on local teachings that are
grounded in observations and utilizes this knowledge to craft medicines from the plants. Examples of the
herbalist doctrine in traditional Turkish medicine include the belief that mint, and lemon are beneficial for
the flu, while senna is effective for constipation*.

In Turkiye phytotherapy is the most common method of alleviating pain in osteoarthritis patients#.

With the development of modern pharmacy, the promising ones of these empirical treatments were
scientifically examined and substances such as morphine, quinine, atropine, digoxin, and vincristine, which
revolutionized medicine, were discovered. Pharmacognosy, a branch of science forming the foundation of
modern pharmacy, delves into the examination of natural pharmaceutical raw materials and their chemical
properties. Phytotherapy, within this scientific discipline, focuses on studying the therapeutic properties of
plants. Aromatherapy, a subset of Phytotherapy, aims to harness the therapeutic benefits of vatious oil
extracts obtained from plants through local application.

Winter cherty, willow, chrysanthemum oil, devil's claw, turmeric, currant seed, sesame oil, ginger, horsetail,
nettle, rosehip, oxwort, comfrey and sanqi are commonly recommended by phytotherapists for alleviating
joint pain3%31,
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Phytotherapists assert themselves as scientific herbalists; however, in practice, distinguishing them from
traditional herbalists, who also lay claim to being phytotherapists, is not straightforward. Instances of
quackery are also prevalent in the published literature (Figure 1), emphasizing the need for caution’2. It's
important to be aware that many phytotherapy products may not contain the claimed substance, some could
have excessive toxic effects, and certain plants might induce drug interactions.

;\go: 55 Years | Sex: Female ’

Patient - 3

Figure 1. An example cited in a so-called scientific
study ridiculously claims that phytotherapy led to an
expansion of the joint space in a patient with a
prolapsed knee prosthesis. However, the alleged
“reduction in gaps” presented as evidence is simply a
result of knee flexion.

For managing gonarthrosis pain, aromatherapy methods, which prioritize local effects over systemic effects
and likely benefit from their application not from the oil itself but through massage, may be considered
more suitable.

Homeopathy, Snake Oils

Homeopathy is an esoteric treatment method based on the belief that a disease can be treated by giving the
patient very low doses of substances that would cause the symptoms of the disease in a healthy person 54
Unlike classical medicine, which seeks to alleviate symptoms such as cough, fever, and pain, homeopathy
embraces these symptoms as they are and avoids attempting to suppress them. It argues that the disease
exists in another dimension. It claims to render certain disease-causing substances extremely diluted through
the "potentialization" process, expose them to mechanical energies like shaking or jiggling, and assert that
the resultant product is a form of medicine®. These substances are diluted to an extent that can be compared
to throwing a sugar cube into the vastness of the Atlantic Ocean. The underlying claim is that the greater
the dilution, the more potent the therapeutic effect becomes (Figure 2). Despite their significant dilution,
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homeopathic drugs are often disproportionately more expensive than pharmacologically effective
counterparts®®. Proponents contend that shaking, representing a form of mechanical energy, impacts the
outcome. The claim is that a sustained effect in homeopathy is typically attained with a single dose of
medicine, proving beneficial for diverse physical problems, severe chronic diseases, and mental
disorders57.58,

Figure 2.Example of homeopathic remedies:
a) Arnica remedy b) Calcarea phosphorica remedy c) Rhus toxicodendron remedy
The photo has been resized by a ratio of 1/10,000 for better visibility.

Undoubtedly, these claims bear no relation to scientific reality. Nevertheless, in Turkiye, homeopathy has
been introduced as a course in certain pharmacy faculties, and even promoted through conferences within
universities —an academic misstep comparable to offering astrology in an astronomy department. In very
rare cases, if the patient's personality type is suitable for believing in such esoteric powers, it may be offered
as a placebo. Ultimately, homeopathic medicines can have no effect, nor can they have side effects; As
systematic reviews conclude that any given homeopathic remedy that leads to any effects more than placebo
is not supported by any robust evidence>®. Significant evidence of publication bias in favor of homeopathy
has been well documented, and it is consistently shown that homeopathic medicine cannot be distinguished
from the use of a placebo?.

"Patent-Medicine" or "snake oil" are terms for non-drug commercial products extensively promoted with
the claim that they cure various diseases. This phenomenon became prevalent in the last centuty, patticularly
in the United States. These products can take the form of potions, pills, ointments, jewelry, etc., and are
frequently named after their inventor or marketer. They are heavily advertised as remedies for a range of
related or unrelated diseases like kidney stones, erectile dysfunction, liver problems, clogged veins, etc.
Despite having diverse contents, they typically lack an actual active ingredient for the claimed indications®.
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In conditions that cause chronic pain, such as gonarthrosis, patients may desperately seek help from these
products. If present, active ingredient rates are generally low and do not cause any harm. However, it should
be kept in mind that in cases where more than one drug is used in the elderly or individuals with other
systemic diseases, serious side effects of the ingredients may occur.

These types of products are also available in Tirkiye. Advertisements are typically broadcast on internet,
satellite TV channels and marketed by telephone. Article 32 of Law No. 28886 dated 01.2014 and Article
19 of Law No. 1262 prohibit the sale and advertising of these products.

Conclusion

In Ttrkiye, the rate of people with chronic diseases applying alternative medicine methods is approximately
60% 4962, Patients often prefer these methods to relieve their pain. Nonsurgical treatment for gonarthrosis-
related knee pain includes painkillers and life modifications. Weight loss, maintenance of muscle flexibility
and strength through exercises, avoiding activities that strain the knee in daily life such as squatting, cross-
legged, climbing stairs, and personalized painkillers are the basis of the treatment. In addition, massage and
bandaging help reduce pain. A few days of spa vacation with plenty of hydration and heat can be beneficial
for joint health®. If the patient is not satisfied after all those scientifically proven methods and requests
more there is no harm in giving personalized recommendations. It's important to remember that the placebo
effect can be a powerful painkiller, especially when its expensive or accompanied by a certain ritual 66, The
effectiveness of alternative treatments probably depends on this. Prolotherapy, which is based on intra-
tissue substance injections, radiotherapy, and ozone therapy, which can modify the chemical balances within
the body, stand out in terms of plausibility and their favorable safety profiles. Wet-Cupping and leech
therapy around the joint will not be suitable due to the possibility of infection. Aromatherapy, combined
with massage, can be beneficial for joint pain.

Acupuncture and reflexology are ancient Chinese medical practices; their teachings and alleged mechanisms
of action have no basis in reality. Likewise, homeopathy stands out as a ridiculous example of quackery.
One should stay away from cure-all drugs that are marketed with excessive advertising and make extravagant
promises.

When recommending methods to patients in a realm where truth and lies intertwine, physicians must first
consult their own conscience. Alongside the application of scientific knowledge with the most appropriate
techniques, the practice of medicine also demands human skills like reassuring the patient, protecting their
peace of mind, and easing their concerns. Alternative medicine may have a place only within these narrow
functions of medical art, and always in conjunction with authentic, evidence-based treatments.

References

1. Alternative medicine. Wikipedia. February 20 2024.
https://en.wikipedia.org/wiki/Alternative_medicine.

2. Wang WY, Zhou H, Wang YF, Sang BS, Liu L. Current policies and measures on the development of traditional chinese
medicine in china. Pharmacological Research. 2021;163:105187.

3. Tibbi Deontoloji Nizamnamesi (1960, 19 Subat). Resmi Gazete (Karar No: 12578, Sayr: 10430).
https:/ /www.resmigazete.gov.tr/arsiv/10436.pdf.

4. Dove APH, Cmelak A, Darrow K et al. The use of low-dose radiation therapy in osteoarthritis: a review. International Journal
of Radiation Oncology*Biology*Physics. 2022;114(2):203-20.

5. Hautmann MG, Rechner P, Neumaier U et al. Radiotherapy for osteoarthritis—an analysis of 295 joints treated with a linear
accelerator. Strahlenther Onkol. 2020;196:715-24.

6. Alvarez B, Montero A, Aramburu F et al. Radiotherapy for ostheoarticular degenerative disorders: When nothing else works.
Osteoarthritis and Cartilage Open. 2020;1:3-4.

7. Miicke R, Seegenschmiedt MH, Heyd R et al. [Radiotherapy in painful gonarthrosis. Results of a national patterns-of-care
study]. Strahlenther Onkol. 2010;186:7-17.

8. Keller S, Miiller K, Kortmann RD et al. Efficacy of low-dose radiotherapy in painful gonarthritis: experiences from a
retrospective East German bicenter study. Radiat Oncol. 2013;8:29.

9. Micke O, Ugrak E, Bartmann S et al. Radiotherapy for calcaneodynia, achillodynia, painful gonarthrosis, bursitis trochanterica,
and painful shoulder syndrome - Early and late results of a prospective clinical quality assessment. Radiat Oncol. 2018;13:71.

10. Montero A, Sabater S, Rédel F, et al. Is it time to redefine the role of low-dose radiotherapy for benign disease? Ann Rheum
Dis. 2020;79:e34-¢34.

5 2024, Accessed March 6

>

Arsiv Kaynak Tarama Dergisi . Archives Medical Review Journal


https://www.resmigazete.gov.tr/arsiv/10436.pdf

Issin 251

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

Mahler EAM, Minten M]J, Leseman-Hoogenboom MM et al. Effectiveness of low-dose radiation therapy on symptoms in
patients with knee osteoarthritis: a randomised, double-blinded, sham-controlled trial. Ann Rheum Dis. Published online
October 26, 2018:annrheumdis. 2018-214104.

van den Ende CHM, Minten MJM, Leseman-Hoogenboom MM et al. Long-term efficacy of low-dose radiation therapy on
symptoms in patients with knee and hand osteoarthritis: follow-up results of two parallel randomised, sham-controlled trials.
The Lancet Rheumatology. 2020;2:¢42-¢49.

Minten MJM, Mahler E, den Broeder AA, Leer JWH, van den Ende CH. The efficacy and safety of low-dose radiotherapy on
pain and functioning in patients with osteoarthritis: a systematic review. Rheumatol Int. 2016;36:133-42.

Weissmann T, Riickert M, Putz F, et al. Low-dose radiotherapy of osteoarthritis: from biological findings to clinical effects—
challenges for future studies. Strahlenther Onkol. 2023;199:1164-72.

Niewald M, Moumeniahangar S, Miiller LN et al. ArthroRad trial: randomized multicenter single-blinded trial on the effect of
low-dose radiotherapy for painful osteoarthritis final results after 12-month follow-up. Strahlenther Onkol. 2024;200:134-42.

Arias-Véazquez PI. Intra-articular injections for treating knee osteoarthritis: a classification according to their mechanism of
action. ] Clin Rheumatol. Published online April 10, 2024.

Rabago D, Slattengren A, Zgierska A. Prolotherapy in primary care practice. Prim Care. 2010;37:65-80.

Sells P, Vayster A, Hinkelman A et al. The efficacy of phenol-glucose-glycerin mixtures as a prolotherapy proliferative
substance on fibroblast tissue culture. The Journal of Pain. 2024;25:22.

Vomer RP, Larick RS, Milon R, York E. The effect of intra-articular hypertonic dextrose prolotherapy on pain, quality of life,
and functional outcomes scores in patients with knee osteoarthritis. Cureus. Published online November 1, 2023.

Avsar MT, Okudan RN, Gumis ZZ, Samanci R. Efficacy of prolotherapy with periarticular 5% dextrose in the treatment of
knee joint osteoarthritis. International Journal of Traditional and Complementary Medicine Research. 2021;2:162-66.

Sit RW, Chung VCh, Reeves KD, et al. Hypertonic dextrose injections (prolotherapy) in the treatment of symptomatic knee
osteoarthritis: A systematic review and meta-analysis. Sci Rep. 2016;6:252-47.

Bae G, Kim S, Lee S, Lee WY, Lim Y. Prolotherapy for the patients with chronic musculoskeletal pain: systematic review and
meta-analysis. Anesth Pain Med. 2021;16:81-95.

Hassan F, Trebinjac S, Murrell WD, Maffulli N. The effectiveness of prolotherapy in treating knee osteoarthritis in adults: a
systematic review. Br Med Bull. 2017;122:91-108.

Wee TC, Neo EJR, Tan YL. Dextrose prolotherapy in knee osteoarthritis: A systematic review and meta-analysis. Journal of
Clinical Orthopaedics and Trauma. 2021;19:108-117.

Hashemi M, Jalili P, Mennati S et al. The Effects of Prolotherapy With Hypertonic Dextrose Versus Prolozone (Intraarticular
Oone) in Patients With Knee Osteoarthritis. Anesth Pain Med. 2015;5(5).

Waluyo Y, Artika SR, Insani Nanda Wahyuni, Gunawan AMAK, Zainal ATF. Efficacy of prolotherapy for osteoarthritis: a
systematic review. JRM. 2023;55:rm00372.

Chen Y-W, Lin Y-N, Chen H-C, Liou T-H, Liao C-D, Huang S-W. Effectiveness, Compliance, and Safety of Dextrose
Prolotherapy for Knee Osteoarthritis: A Meta-Analysis and Metaregression of Randomized Controlled Trials. Clinical
Rehabilitation. 2022;36:740-52.

Hassan F, Murrell WD, Refalo A, Maffulli N. Alternatives to biologics in management of knee osteoarthritis: a systematic
review. Sports Medicine and Arthroscopy Review. 2018;26:79-85.

Chen L, Li D, Zhong J, Qiu B, Wu X. Erratum to "Therapeutic Effectiveness and Safety of Mesotherapy in Patients with
Osteoarthritis of the Knee". Evid Based Complement Alternat Med. 2018.

Mammucari M, Gatti A, Maggiori S, Sabato AF. Role of mesotherapy in musculoskeletal pain: opinions from the italian society
of mesotherapy. Evid Based Complement Alternat Med. 2012;:43-69.

Faetani L, Ghizzoni D, Ammendolia A, Costantino C. Safety and efficacy of mesotherapy in musculoskeletal disorders: A
systematic review of randomized controlled trials with meta-analysis. ] Rehabil Med. 2021;53:jrm00182.

Lopes de jesus CC, Dos santos FC, De jesus LMOB, Monteiro I, Sant'ana MSSC, Trevisani VEM. Compatison between intra-
articular ozone and placebo in the treatment of knee osteoarthritis: A randomized, double-blinded, placebo-controlled study.
PLoS ONE. 2017;12(7).

Akcali, D., Inan, N., Vurall, D., Dayanir, H., & Babacan, A. Gonartroz Hastalarinda Intraartikiiler Ozon Enjeksiyonunun
Agriya Etkisi. Gazi Medical Journal, 2016;27(3).

Duymus TM, Mutlu S, Dernek B, Komur B, Aydogmus S, Kesiktas FN. Choice of intra-articular injection in treatment of knee
osteoarthritis: platelet-rich plasma, hyaluronic acid or ozone options. Knee Surg Sports Traumatol Arthrosc. 2017;25:485-92.

Sconza C, Respizzi S, Virelli L, et al. Oxygen—ozone therapy for the treatment of knee osteoarthritis: a systematic review of
randomized controlled trials. Arthroscopy: The Journal of Arthroscopic & Related Surgery. 2020;36:277-86.

Wang H, Zhang J, Chen L. The efficacy and safety of medical leech therapy for osteoarthritis of the knee: A meta-analysis of
randomized controlled trials. International Journal of Surgery. 2018;54:53-61.

Curcio J, Lloyd CM. Leech me alone! Atraumatic hemarthrosis after hirudotherapy. Cureus. Published online February 7, 2020.
Park JH, Yim BK, Lee JH, Lee S, Kim TH. Risk associated with bee venom therapy: a systematic review and meta-analysis.
PLoS ONE. 2015;10(5)

Jagua-Gualdréon A, Pefa-Latorre JA, Fernadez-Bernal RE. Apitherapy for osteoarthritis: perspectives from basic research.
Complement Med Res. 2020;27:184-92.

Gu JH, Kim E, Park YC, Jung IC, Lee EJ. A systematic review of bee venom acupuncture for knee osteoarthritis. ] Korean
Med Rehabil. 2017;27:47-60.

Mohamed AA, Zhang X, Jan YK. Evidence-based and adverse-effects analyses of cupping therapy in musculoskeletal and
sports rehabilitation: A systematic and evidence-based review. BMR. 2023;36:3-19.

Arsiv Kaynak Tarama Dergisi . Archives Medical Review Journal



252

Alternative Medicine for Gonarthrosis

42.

43.

44,

45.

46.

47.
48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

Azizkhani M, Ghorat F, Soroushzadeh SMA, Karimi M, Yekaninejad S. The effect of cupping therapy on non-specific neck
pain: a systematic review and meta-analysis. Iran Red Crescent Med J. 2017;20(7).

Derry C, Derry S, McQuay H, Moore R. Systematic review of systematic reviews of acupuncture published 1996-2005. Clin
Med. 2006;6:381-86.

Araya-Quintanilla F, Cuyul-Vasquez I, Gutiérrez-Espinoza H. Does acupuncture provide pain relief in patients with
osteoarthritis knee? An overview of systematic reviews. Journal of Bodywork and Movement Therapies. 2022;29:117-26.
Ezzo ], Berman B, Hadhazy VA, Jadad AR, Lao L, Singh BB. Is acupuncture effective for the treatment of chronic pain? A
systematic review. Pain. 2000;86:217-25.

Madsen MV, Gotzsche PC, Hrobjartsson A. Acupuncture treatment for pain: systematic review of randomised clinical trials
with acupuncture, placebo acupuncture, and no acupuncture groups. BMJ. 2009;338:a3115-a3115.

Kaptchuk TJ. Placebo effects in acupuncture. Medical Acupuncture. 2020;32:352-56.

Faydaoglu, E., & Siiriiciioglu, M. S. Gegmisten Giiniimiize Tibbi ve Aromatik Bitkilerin Kullanilmast ve Ekonomik Onemi.
Kastamonu University Journal of Forestry Faculty. 2011;11:52-67.

Kilekg¢ioglu S. Traditional and complementary medicine use for knee osteoarthritis. The European Research Journal.
2022;8:619-28.

Long L, Socken K, Ernst E. Herbal medicines for the treatment of osteoarthritis: a systematic review. Rheumatology.
2001;40:779-93.

Dragos D, Gilca M, Gaman L et al. Phytomedicine in joint disorders. Nutrients. 2017;9:70.

Ganguly A. Topical Phytotherapy is the Nobel Approach for Revision of Total Knee Replacement: A Unique Case Study ]
Orthopedics Rheumatol. 2018;5:6.

Terzi A, Gebressalesie HT, Yildirim Y. Aromatherapy interventions in elderly person: a systematic review. ] Tradit Complem
Med. 2020;3:293-303.

Borkens Y, Endruscheit U, Libbers CW. Homeopathy-A lively relic of the prescientific era. Wien Klin Wochenschr.
2024;136:177-84.

Smith K. Against homeopathy — a utilitarian perspective. Bioethics. 2012;26:398-409.

Leemhuis H, Seifert R. Prescriptions of homeopathic remedies at the expense of the German statutory health insurance from
1985 to 2021: scientific, legal and pharmacoeconomic analysis. Naunyn-Schmiedeberg’s Arch Pharmacol. Published online
Matrch 2, 2024.

Shaw DM. Homeopathy is where the harm is: five unethical effects of funding unscientific 'remedies'. ] Med Ethics.
2010;36:130-1.

Ernst E. A systematic review of systematic reviews of homeopathy. British Journal of Clinical Pharmacology. 2002;54:577-82.
Ernst E. Homeopathy: what does the “best” evidence tell us? Medical Journal of Australia. 2010;192:458-60.

Mathie RT, Ramparsad N, Legg LA, et al. Randomised, double-blind, placebo-controlled trials of non-individualised
homeopathic treatment: systematic review and meta-analysis. Syst Rev. 2017;6:63.

Wikipedia the free encyclopedia. Patent medicine. Available at:
https://en.wikipedia.org/wiki/Patent_medicine#Ingredients_and_their_uses. Accessed March 4, 2024.

Nural N, Cakmak S. Status of using complementary and alternative treatments of individuals with chronic disease. | Tradit
Complem Med. 2018;1:1-9.

Forestier R, Erol Forestier FB, Francon A. Spa therapy and knee osteoarthritis: A systematic review. Annals of Physical and
Rehabilitation Medicine. 2016;59:216-26.

Lee YS, Jung WM, Bingel U, Chae Y. The context of values in pain control: understanding the price effect in placebo analgesia.
The Journal of Pain. 2020;21:781-89.

Kaptchuk TJ, Miller FG. Placebo effects in medicine. N Engl ] Med. 2015;373:8-9.

Colloca L. The placebo effect in pain therapies. Annu Rev Pharmacol Toxicol. 2019;59:191-211.

Arsiv Kaynak Tarama Dergisi . Archives Medical Review Journal



	KAPAK  2025-3. SAYI ARŞİV
	ARŞİV_DANIŞMA KURULU-2025-3
	İÇİNDEKİLER-2025-3. SAYI
	01_ OZAN IŞIK
	02_ İZZET FİDANCI
	03_ TUNAHAN SUN
	04_ YUSUF KARATAŞ
	05_ ERSEL GÜLEÇ
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