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Abstract: Introduction: Neuroinflammation plays
a key role in various neurological conditions, includ-
ing migraine. GON block has been used for both acute
and preventive treatment in migraine sufferers. Ex-
ploring whether this localized nerve blocking therapy
for migraines affects signs of systemic inflammation
would be beneficial.

Materials and Methods: In this study, a total of 50
migraineurs (comprising high-frequency episodic and
chronic migraine) and 60 healthy control volunteers of
comparable ages and sexes were enrolled. The neutro-
phil-to-lymphocyte ratio (NLR), platelet-to-lympho-
cyte ratio (PLR), and SII levels in migraine patients,
migraine sufferers, and healthy individuals are com-
pared. This study examined hematological parameters
and SII levels used as inflammatory markers in those
diagnosed with migraine.

Results: It was determined that the mean plate-
let and PLR values of the case group’s subjects were
substantially lower than those of the patient group’s
subjects (p < 0.05). Biochemical characteristics of the
cases were examined before and after treatment with
greater occipital nerve (GON) block, revealing a sta-
tistically significant reduction in attack frequency, se-
verity, and duration (p < 0.001). No significant differ-
ences were discovered when compared to post-treat-
ment values (p > 0.05), even though the ratios were
greater prior to GON block therapy in other measures.

Conclusion: These findings, in our opinion, are
linked to the presence of a continuous inflammatory
process even in the absence of episodes, supporting
systemic inflammation in migraineurs. Thus, SII, an
affordable and easily measurable marker in peripher-
al blood, may serve as a helpful predictive marker for

Prihvacen/Accepted 13. 08. 2023. god.

migraine patients scheduled for GON block treatment.
Further extensive research is needed to determine
whether SII can be an independent prognostic factor
in migraine patients.

Keywords: migraine, neuroinflammation, system-
ic immune inflammation index.

INTRODUCTION

The pathophysiology of migraine is believed to
arise from a variety of causes. Neuroinflammation
stands as a key mechanism in migraine, other neuro-
logical disorders, and their associated conditions. In
fact, increasing research suggests that migraine, ep-
ilepsy, stroke, and COVID-19 infection might all be
influenced by parenchymal neuroinflammation. The
identification of neuroinflammation’s crucial role in
migraine has unveiled new insights into the disease’s
origins (1). Researchers reached the conclusion that
the localized extracranial pathophysiology observed
in chronic migraine sufferers (i.e., periosteal inflam-
mation) should be considered as evidence that certain
migraine attacks can initiate outside the head (2). Au-
thors of a study similarly concluded that the local-
ized extracranial pathophysiology seen in individuals
with chronic migraines (i.e., periosteal inflammation)
should be acknowledged as support for the notion that
specific migraine attacks can commence beyond the
skull.

Headache experts show a keen interest in migraine
headache treatment. Both acute and preventative treat-
ments encompass a wide array of medications with
diverse mechanisms. While triptans, acetaminophen,
and nonsteroidal anti-inflammatory drugs (NSAIDs)
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are recommended by the American Headache Soci-
ety and the American Academy of Neurology (2012)
for managing acute attacks, acupuncture is suggested
as a non-pharmacological approach alongside antie-
pileptics, antihypertensives, and antidepressants for
prophylaxis (3, 4). The demand persists for a migraine
treatment that is dependable, practical, affordable, and
effective.

The dorsal rami of the C2 and C3 segments give
rise to the greater occipital nerve (GON), which is
composed solely of sensory fibers. It extends anteri-
orly to the vertex before becoming superficial on the
inferolateral side of the occipital region. The con-
vergence of sensory information from GON and the
ophthalmic branch of the trigeminal nerve in the tri-
geminal nucleus caudalis is believed to contribute
to the infrequent coexistence of occipital neuralgia
and migraine headache symptoms (5). GON block is
thought to alleviate pain and neuronal hyperexcitabili-
ty by reducing afferent input to the trigeminal nucleus
caudalis (6). Local anesthetic and corticosteroids are
administered through a needle into the inferolateral
aspect of the GON block in the occipital projection.
Despite not being indicated in current guidelines for
migraine headache management, the effectiveness of
GON block treatment has been explored across vary-
ing degrees in studies (6, 7).

Central vestibular pathways and the inner ear
are implicated in vascular and neurogenic inflamma-
tion, both as peripheral and central migraine triggers,
as well as within central neural mechanisms. Peptide
production from axon terminations of trigeminal gan-
glion cells triggers a sterile inflammatory response in
the meningeal arteries (8, 9). According to specific
findings, different pro-inflammatory components and
cytokine levels are elevated in the peripheral blood of
migraine patients. GON block has long been employed
for treating and preventing migraines in patients. This
study compares the hematological parameters of pa-
tients who received prophylactic GON block before
and after treatment.

In clinical practice, the white blood cell count
(WBC) is a common measure of inflammation. An in-
creased “neutrophil-to-lymphocyte ratio” (NLR) may
indicate inflammation and inflammation-related diseas-
es even when WBC is within normal ranges (3). While
it is widely recognized that hematologic disorders such
as anemia and polycythemia are associated with head-
aches, there haven’t been many studies examining the
connections between headache features like frequency,
severity, or duration and hematologic parameters.

Neutrophils play a key role in acute phase reac-
tions that lead to inflammation, while lymphocytes are
important participants in cellular and humoral process-

es. Due to its connection to inflammation, NLR, which
is generated by neutrophils and lymphocytes in circula-
tion, holds great significance. A complete blood count
(CBC) can easily quantify the neutrophil/lymphocyte
ratio (NLR) and platelet/lymphocyte ratio (PLR), two
straightforward, accessible, and cost-effective markers
of inflammatory response. NLR, PLR, and the systemic
immunological inflammation index (SII) have gained
popularity as indicators of oxidative stress and system-
ic inflammation (10). Serum NLR, PLR, and SII levels
might be associated with migraine, particularly during
attacks. By identifying hematologic and biochemical
biomarkers in different migraine subtypes, it could be
possible to link increased inflammation to various clin-
ical manifestations and the severity of the condition.
In comparison to individuals with migraine or other
headache syndromes, patients with subarachnoid hem-
orrthage (SAH) had higher NLR levels, according to
research by Eryiit et al. (11). Despite earlier research
that examined NLR and PLR rates in cases of acute and
chronic migraine (12, 13), there hasn’t been a compre-
hensive investigation of SII in the literature.

The systemic immune-inflammation index (SII) is
calculated using the total peripheral platelet count (P)
and the neutrophil-to-lymphocyte ratio (N/L) (SII = P
N/L ratio) (13). This index may serve as a prognostic
indicator in various malignant diseases, as high SII has
been associated with poor outcomes in cancer patients
(14, 15, 16). Our aim is to assess the predictive value
of SII in migraineurs undergoing GON block treat-
ment. Based on hematological data, this study ana-
lyzes the concentrations of NLR, PLR, and SII, which
serve as indicators of inflammation, in patients with
high-frequency episodic and chronic migraine (during
interictal periods), as well as in healthy individuals.

MATERIAL AND METHODS

Between May 1, 2021, and May 1, 2022, our in-
stitution received applications from 114 patients in ac-
cordance with the cross-sectional study design. This
investigation included a total of 50 migraine sufferers
and 64 healthy control volunteers with matched ages
and sexes. The age and sex of the control group were
matched. Rheumatoid arthritis, diabetes mellitus, in-
flammatory bowel disease, asthma, dermatitis, hepa-
titis, AIDS, and other inflammatory disorders were
also excluded from the control group. Patients were
recruited from an outpatient headache clinic. Exclu-
sion criteria encompassed conditions other than reg-
ulated hypertension, medication overuse headache,
chronic inflammatory processes, hematologic disor-
ders, recent history of infectious disease, renal failure,
hypoparathyroidism, ischemic heart disease, history of
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corticosteroid use, alcohol consumption, or smoking.
Thorough examinations of neurological systems were
conducted for both the patient and control groups.
Hematological parameters (neutrophil, lympho-
cyte, platelet, NLR, PLR, SII), demographic infor-
mation, family history, chronic diseases, visual ana-
log scale (VAS) scores, number of migraine attacks,
attack duration, and hematological parameters were
obtained from medical records before and after GON
block treatment (15 days before and 15 days after the
intervention). The ICHD-3 diagnostic criteria were
employed for migraine diagnosis and categorization.
All study calculations were based on patients’ com-
plete blood counts (CBCs). The initial CBC findings
for each patient determined each value by dividing
the total number of neutrophils by the total number of
lymphocytes. For this purpose, regular electronic CBC
equipment (XN-CBC, Sysmex, Bornbarch 1, 22848
Norderstedt, Germany) was used. Blood samples (2
cc) were collected in EDTA tubes and gently invert-
ed 6-7 times for mixing. Samples were stored in the
refrigerator (2-8 °C); delays in transferring blood to
the tube could result in clotting and inaccurate results.
Diagnosis was made through clinical evaluation by
a neurologist and blood tests were requested. A hema-
tology specialist was consulted for hematological evalu-
ation. Anamnesis and medications were used to exclude
potential causes of systemic inflammation. While CRP
was not examined to exclude participants with under-
lying inflammatory conditions that could affect study
results, healthy subjects were included in the screening
for exclusion criteria. No research in the literature ex-
ploring the relationship between migraine and SII was
located. Therefore, the purpose of this study was to un-
cover any potential diagnostic correlations between mi-
graine and a novel index called SII. The study focused

on the hematological parameters and SII levels used as
inflammatory markers in diagnosed migraine patients.

Statistics

Parametric tests were applied without conducting
the normality test, as they are compatible with the Cen-
tral Limit Theorem. The data’s conformity to the nor-
mal distribution was assessed using the Shapiro-Wilk
test. Student’s t-test was utilized to compare normally
distributed features between the patient and control
groups, and the comparison of pre-and post-treatment
measurements was conducted using the Paired t-test.
Chi-square test statistics were employed to assess rela-
tionships between categorical variables. The relation-
ships between quantitative variables were examined
using the Pearson correlation coefficient. Descriptive
statistics provide mean =+ standard deviation for nu-
merical variables and number and percentage values
for categorical variables. Statistical analyses were car-
ried out using the SPSS (Statistical Package for the So-
cial Sciences, SPSS Inc., Chicago, IL, USA) version
24.0 software, with a significance level of P < 0.05
considered as statistically significant.

RESULTS

In our investigation, it was found that the case and
control groups’ subject populations’ gender distribu-
tion and mean ages were comparable (p > 0.05). While
84% were female patients, 16% were male patients;
93.8% of female patients were included in the control
group. The mean age of the patients was 36.58 +9.67,
and the mean age of the control group was 34.23 +
9.35 (p>0.05).

The average number of migraines per patient was
13.56 + 8.10 years (Table 1). The findings of compar-

Table 1. Evaluation of socio-demographic and clinical characteristics according to migraine status

Patient (n = 50) Control (n = 64) Total (n=114) p
Female n (%) 42 (84) 60 (93.8) 102 (89.5) 0.092
Male n (%) 8 (16) 4 (6.3) 12 (10.5)
Age (mean = sd) 36.58 £9.67 34.23 £9.35 35.26+9.52 0.193
Migraine duration (mean =+ sd) 13.56 £8.10

Table 2. Comparison of pretreatment biochemical parameters between groups

Parameters Patient Control .
mean =+ sd mean + sd
WBC 7.44 £1.75 7.11+£1.73 0.323
MPV 9.64 +1.85 9.92 +0.94 0.319
NLR 226+1.41 2.29+1.25 0.915
PLR 154.18 £53.97 126.64 £ 46.61 0.005
SII 761.88 £1539.28 650.61 +350.11 0.576

P value obtained from Student t test sd: standard deviation
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ing the pre-treatment biochemical parameters between
the patient and control groups are shown in Table 2. It
was determined that the subjects in the patient group’s
mean platelet and PLR values were considerably
greater than those of the patients in the control group
(p < 0.05). The patient and control groups were found
to share other parameters (p > 0.05). Pre-treatment
values refer to the parameters checked just before the
GON block.

The findings of comparing the biochemical pa-

also rise as a result of the rise in neutrophil values. Be-
tween the cases’ SII values and their lymphocyte val-
ues, there was a weakly significant negative association
(r=-0.489; P=10.001) discovered. A drop in SII values

is brought on by an increase in lymphocyte values.
The connection between the cases’ SII values and
platelet values was found to be moderately significant

Table 3. Comparison of biochemical parameters
pre/post-treatment in cases

rameters of the subjects before and after the GON Pre-treatment Post-treatment
bLock trsatmiﬁt tartehsh(()lwn in Taple 3tt Tllilsfled to the mean+ sd mean + sd p
observation fhat the decrease i attack equency, -y T44£175 720515 | 0309
severity, and length was statistically significant (p <
N, . . MPV 9.64+1.85 9.66+1.97 0.832
0.001). No significant differences were discovered
NLR 227+142 1.94+0.83 0.121

when compared to post-treatment values (p > 0.05),

. . . PLR 126.64+46.61 | 118384793 | 0.252
despite the fact that the ratios were greater prior to

. Sl 761.88+1539.28 | 506.32+237.9 | 0.239
GON block therapy in other measures.
. . D attack frequency 11.62+38.8 2.78+£32 <0.001

Table 4 provides an evaluation of the patients’ re-

. . . Vas 836+ 148 4984246 | <0.001
lationships after treatment. The connection between the ttack durati 17349435 149822258 | <0.001
cases’ SII value and neutrophil values was found to be aftack duration - : : : :
moderately significant (r=0.536; P=0.001). Sll values P value obtained from paired t-test.

Table 4. The relationship of post-treatment biochemical parameters in cases

Wee [neurophil| "™ | Pl | Mpv | NR | pg | oo | Ak | Atk Ak Mighet

cyte frequency | severity | duration | Duration
Age r| 0053 | 0055 | 0117 | 0042 | -0035 | -0052 | 0031 | -0073 | -0012 | 0175 | 0113 | 0512
2 p| 0715 | 0282 | 0420 | 0770 | 0809 | 0722 | 0832 | 0616 | 0936 | 0223 | 0435 | 0.001
WRC r| 1 0857 | 0607 | 0238 | 008 | 0.081 2831 0200 | -0223 | -333 | -0226 | -386
p 0.0 | 0001 | 0.09% | 0553 | 0578 | 0.047 | 0.Ie4 | 0.119 | 0018 | 0.114 | 0.006
seutronhil r 1 0170 | 0.149 | 0091 | 0492 | -0.006 | 053% | 0220 | -288 | -0.190 | -303
P p 0236 | 0300 | 0531 | 0001 | 0968 | 0000 | 0125 | 0043 | 0187 | 0032
wmohoevte | ! 1 0243 | 0097 | 0643 | -0.609 | -0489 | -0.109 | -0.122 | 0206 | -0.232
ymphocyt p 0.089 | 0504 | 0001 | 0000 | 0000 | 0453 | 0399 | 0.50 | 0.105
Pltele r 1 0162 | 0061 | 0458 | 0429 | 0.047 | 0213 | 0270 | 0.006
p 0262 | 0676 | 0001 | 0002 | 0746 | 0137 | 0058 | 0969
MPY r 1 0124 | -0.014 | 0.039 | -650 -478 323 | 0162
p 0391 | 0922 | 0788 | 0000 | 0001 | 002 | 026l
NIR r | 0623 | 0850 | -0.144 | -0.130 | -0.009 | -0.050
p 0.001 | 0001 | 0319 | 0366 | 0949 | 0728
PR r 1 0.793 | 0061 | 0.201 340 | 0132
p 0.001 | 0673 | 0163 | 0016 | 0361
1 r | 0107 | 0003 | 0178 | -0.034
p 0460 | 0982 | 0217 | 0813
attack r 1 -A2 430 | 0.090
frequency p 0.002 | 0002 | 0534
attack 1 1 -441 =328
severity p 0.001 0.020
attack r 0.185
duration | p 0.198

r: Pearson correlation coefficient (n=50)
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(r=10.458; P=0.001). An increase in SII values is an-
ticipated as platelet values rise.

DISCUSSION

Previous research has indicated that individuals
suffering from migraines often exhibit elevated levels
of platelet activation and interactions between plate-
lets and leukocytes. This interaction is believed to con-
tribute to the inflammatory vascular process underly-
ing migraines, facilitating the spread of infection and
inflammation (17, 18). Our study also supports this no-
tion, revealing significantly higher levels of platelets
and platelet-to-lymphocyte ratio (PLR) in individuals
with migraines compared to the control group. Nota-
bly, mean platelet volume (MPV) serves as a highly
accurate predictor of platelet activation and has shown
promise as a predictive and therapeutic measure for
conditions involving thrombosis and inflammation
(19). Recent research has even explored its potential
in gauging prothrombotic and proinflammatory po-
tentials (19). Similarly, Celikbilek et al (20) found
elevated platelet values in individuals with migraines
compared to the control group, with no significant dif-
ference in MPV values. Our study similarly detected
no significant difference in MPV values, despite nota-
ble variation in platelet counts between the pre-treat-
ment migraine patient group and the control group.
Additionally, like the findings from Bas et al (21),
we observed no statistically significant difference in
either platelet count or MPV between adult migraine
and control groups. Comparing platelet levels among
female migraine sufferers and controls, Peatfield et
al. (22) discovered slightly higher levels in females,
though the difference was not statistically significant.
The MPV values were slightly elevated in the migraine
group compared to the control group.

Elevated neutrophil-to-lymphocyte ratio (NLR)
values have been shown to independently predict the
risk of cardiovascular diseases, cancer, and stroke
(23,24). Karabulut et al’s 2016 study (13) found higher
NLR values during migraine episodes in 92 migraine
patients compared to 67 healthy controls. Saricam
et al (25) observed significantly elevated values for
C-reactive protein (CRP), platelet-to-lymphocyte ra-
tio (PLR), and neutrophil-to-monocyte ratio (NMR)
in migraine without aura, and an even greater NMR
in migraine with aura, compared to the control group.
Our study found no statistically significant differenc-
es compared to the control group. Importantly, Eryigit
et al (11) demonstrated higher NLR levels in patients
with subarachnoid hemorrhage compared to those
with migraines or other headache types. The authors
concluded that these findings suggest systemic inflam-

mation in migraine sufferers, indicating the presence
of a persistent inflammatory process even between mi-
graine attacks. Inan et al’s study in 2015 (26) revealed
a statistically significant decrease in headache severity,
duration, and monthly frequency in 84 patients treat-
ed with greater occipital nerve (GON) block therapy,
which was deemed a safe and effective treatment. Oth-
er observational studies also indicate the potential ben-
efits of GON block therapy in reducing migraine attack
frequency, duration, and severity (27, 28). In our study,
the reduction in the number of attacks, visual analog
scale (VAS) scores, and attack duration post-GON
block treatment was statistically significant, confirm-
ing the efficacy of this treatment. Despite the small
number of patients in our prospective investigation,
other inflammatory markers exhibited higher values
without a statistically significant difference. Notably,
high levels of the systemic immune-inflammation in-
dex (SII), combining inflammatory cells (neutrophils
and platelets) and thrombotic factors (platelets), have
been linked to recurrence and mortality in pancreat-
ic cancer and gastroesophageal adenocarcinoma (29,
30). A connection has also been established between
high SII levels and postoperative adverse cardiovas-
cular events in individuals with coronary heart disease
(31). While research has explored neutrophil-to-lym-
phocyte ratio (NLR) and platelet-to-lymphocyte ra-
tio (PLR) in various headache types (12), our study
found a higher albeit not statistically significant rate
of SII in migraine patients, both before and after GON
treatment, compared to control patients. This suggests
a potential link between neuroinflammation develop-
ment and migraines.

Our study has several notable limitations, includ-
ing its retrospective nature and the lack of compari-
son with other migraine subgroups. Additionally, we
didn’t explore the association between these biomark-
ers and migraine intensity or their impact on quality of
life. Further research with larger patient groups is war-
ranted to examine inflammatory parameters across all
migraine subgroups. We believe our findings support
the concept of systemic inflammation in migraines and
its association with a persistent inflammatory process,
even in the absence of episodes. To understand the de-
tailed pathophysiological components of migraines,
comprehensive and controlled investigations are es-
sential.

CONCLUSION

These findings, in our opinion, are related to the
occurrence of a continuous inflammatory process even
in the absence of episodes and support systemic in-
flammation in migraineurs. SII is a cheap and simple
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to assess marker in peripheral blood, and it may be a
helpful prediction marker for migraine patients who
are scheduled for GON treatment even though our
results are not conclusively significant. SII may be
a standalone prognostic factor in migraine patients.
Our findings demonstrate the clinical significance of
inflammatory markers in migraine sufferers. More ex-
tensive clinical research is required to define the func-
tion of SII in patients receiving GON block therapy
and to enhance our understanding of it.
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VREDNOST INDEKSA SISTEMSKOG IMUNOG INFLAMATORNOG
ODGOVORA (SII) KOD PACIJENATA SA MIGRENOM TRETIRANIH
TERAPIJOM VECEG OKCIPITALNOG BLOKA

Sadri Sevil,' Ulfer Gozde,? Polat Burcu?

' Ministarstvo zdravlja, Gradska bolnica Bursa, Medicinski fakultet, Interno odeljenje, Sluzba za hematologiju, Bursa, Turska
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Uvod: Neuroinflamacija ima klju¢nu ulogu u ra-
zli¢itim neuroloskim stanjima, ukljucujuci i migrenu.
Blokada veceg okcipitalnog nerva (GON) se koristi
kako za akutno, tako i za preventivno leCenje osoba
koje boluju od migrene. Istrazivanje da li ova lokalna
terapija blokadom nerva uti¢e na znakove sistemskog
zapaljenja moglo bi biti korisno.

Materijali i metode: U studiju je ukljuceno
ukupno 50 osoba koje boluju od migrene (ukljucujuéi
osobe sa visokofrekventnom epizodnom i hronicnom
migrenom) i 60 zdravih kontrolnih volontera istog uz-
rasta i pola. Uporedivani su odnos neutrofila i limfoci-
ta (NLR), odnos trombocita i limfocita (PLR) i nivoi
SII kod osoba koje boluju od migrene i zdravih pojedi-
naca. Ova studija je analizirala hematoloske parametre
i nivoe SII koji se koriste kao inflamatorni markeri kod
osoba sa dijagnostikovanom migrenom.

Rezultati: Utvrdeno je da su prosecne vrednosti
trombocita i PLR vrednosti kod ispitanika slucajne
grupe znatno nize od vrednosti kod ispitanika grupe
pacijenata (p < 0.05). Biohemijske karakteristike slu-

Cajeva su ispitane pre i posle tretmana ve¢om bloka-
dom okcipitalnog nerva (GON), §to je otkrilo statisti¢-
ki znacajno smanjenje u ucestalosti napada, ozbiljnosti
1 trajanju (p < 0.001). Nisu otkrivene znacajne razlike
u poredenju sa vrednostima nakon tretmana (p > 0.05),
iako su odnosi bili veci pre primene terapije GON blo-
kadom kod drugih mera.

Zakljucak: NaSa misljenja su da su ovi rezulta-
ti povezani sa prisustvom kontinuiranog inflamator-
nog procesa ¢ak i u odsustvu epizoda, podrzavajuéi
sistemsku inflamaciju kod osoba sa migrenom. Stoga,
SII, pristupacan i lako merljiv marker u perifernoj kr-
vi, moze posluziti kao koristan prediktivni marker za
pacijente sa migrenom koji su zakazani za tretman blo-
kadom veceg okcipitalnog nerva (GON). Dalja opsez-
na istrazivanja su neophodna kako bi se utvrdilo da li
SII mozZe biti nezavisan prognosticki faktor kod paci-
jenata sa migrenom.

Kljucéne reci: migrena, neuroinflamacija, sistem-
ski indeks imunog zapaljenja.
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