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Abstract

Aim. Ischemic strokes are about 80-85% of the strokes, third common cause of mortality in the
world. Due to ischemia, neurons are damaged, blood brain barrier (BBB) is disrupted and
inflammation is triggered. Although the cell mediated immun response in ischemic stroke has been
showed by previous studies,there is no excessive database is available for humoral immun
response. In this study, we aim to determine presence and amount of intrathecal immunglobulins
after ischemic strokes as a result of humoral immun response in patients with the first and
recurrent ischemic stroke. Thus,we could elucidate the presence of humoral immune response
effect in long-term prognosis of ischemic stroke. Methods. In this study, 51 patient were included.
32 patients had first and 19 patients had recurrent ischemic stroke. Cerebrospinal fluid (CSF)
samples were taken within 72 hours from the symptoms onset by lomber punction. Cell count,
CSF Ig G, M, A and microalbumin levels were assessed in CSF samples, also serum Ig G, M, A
and albumin levels were measured simultaneously. Albumin and Ig G index and CSF Ig G/CSF
albumin ratios were calculated. Infarct volumes of the patients were calculated from computed
cranial tomography (CCT) and/or magnetic resonance diffusion weighted imaging (DW MRI).
Glasgow Coma Scale (GCS) and National Institutes of Health Stroke Scale (NIHSS) were used at
the admission, modified Rankin Scale (MRS),Barthel index (BI) and NIHSS were used at the time
of discharge from the hospital. Results. Albumin index was normal in the patients with their first
ischemic stroke but slightly elevated in the recurrent ischemic stroke group. The CSF Ig G levels
(p<0.001), CSF Ig G/CSF albumin ratio (0.32 + 0.04) and CSF Ig G index, (1.13 + 0.16) were
higher in the recurrent ischemic stroke group. Also unlike the first group, in the recurrent ischemic
stroke, there was a a significant positive correlation between the infarct volumes and levels of 1gG
(p<0.001). Considering to MRS and BI, MRS was higher in recurrent ischemic stroke group
(p=0.001) and Barthel index was lower (p=0.009). Conclusion. Our results showed the intrathecal
synthesis of IgG in recurrent ischemic stroke and the role of humoral immune system in the
pathophysiology of recurrent ischemic stroke. However the effect of humoral immune system on
the patients’clinic, the prognosis of stroke and disability due to stroke is contraversial.

Keywords: Ischemic stroke, cerebrospinal fluid, blood brain barrier, intrathecal immunoglobulin
synthesis, humoral immune system, inflamation

Ozet

Amag. Iskemik inme, diinya genelinde mortalitenin 3. en sik nedeni olan inmenin, yaklasik %80-
85’ini olusturur. iskemiye bagl olarak noronlarda yikim meydana gelir, kan beyin bariyeri(KBB)
bozulur ve inflamasyon tetiklenir. Iskemik inmede hiicresel immiin yanitin rolii &nceki
caligmalarda gosterilmis olup humoral immun yanitla ilgili oldukg¢a sinirh sayida veri mevcuttur.
Bu calismayla iskemik inmeli hastalarda humoral immun cevabin sonucu olarak intratekal
sentezlenen immunglobulinlerin varligim1 ve miktarin1 saptamay1 amacliyoruz. Bdylece, iskemik
inmenin uzun doénem prognozu iizerinde humoral immun cevabin etkisinin varligina 151k
tutabiliriz. Yontem. Bu caligmaya, 32 ilk ve 19 tekrarlayan iskemik inme atagi gegiren ve
sikayetlerinin basladig1 andan itibaren ilk 72 saat i¢cinde lomber ponksiyonla beyin omurilik s1vis1
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(BOS) 6rnegi alinan toplam 51 hasta dahil edildi. Alinan BOS 6rneklerinden hiicre sayist, Ig G, M,
A ve mikroalbumin diizeyleri, es zamanli alinan serumdan ise Ig G,M,A ve albumin diizeyleri
olciildii. Albumin ve Ig G indeksi ile BOS Ig G/BOS albumin oranlar1 hesaplandi. Hastalarin
cekilen bilgisayarli beyin tomografisi (BBT) ve/veya diflizyon agirlikli manyetik rezonans
goriintillemelerinden (DA MRG) infarkt hacmi hesaplandi. Hastalara servise yatisinda Glaskow
koma skalas1 (GKS), National Institutes of Health Stroke Scale (NIHSS); taburcu olurken ise
NIHSS, modifiye Rankin skalasi (MRS) ve Barthel indeksi (Bl) skalasi uygulandi. Bulgular.
Albumin indeksi; ilk iskemik inmesini gegiren hastalarda normalken tekrarlayan iskemik inmesini
geciren grupta hafif yiikselmis olarak saptandi. BOS Ig G/BOS albumin oram (0,32 + 0,04) ile
BOS Ig G indeksi(1,13 + 0,16) ve BOS Ig G diizeyleri; tekrarlayan iskemik inme gegiren
hastalarda ilk iskemik inmesini gegiren gruptakine kiyasla yiiksek bulundu. Ayrica ilk iskemik
inme grubunun aksine tekrarlayan iskemik inme gegiren grupta lezyon voliimii ile BOS Ig G
diizeyleri arasinda pozitif yonde anlamli bir iliski izlendi (p<0,001). MRS’na ve BI’ne
bakildiginda ise, MRS tekrarlayan iskemik inmesini gegiren grupta daha yiiksekken (p=0,001).
Barthel indeksi daha diisiik tespit edildi (p=0,009). Senu¢. Bu sonuglarlarla tekrarlayan iskemik
inme grubunda artmis BOS Ig G sentezi ve dolayisiyla tekrarlayan iskemik inme
fizyopatolojisinde humoral immun sistemin rolii ortaya konulmustur. Ancak bunun hastalarin
klinigindeki, inmenin prognozu ve inmeye bagh 6ziirliliikteki yeri tartismalidir.

Anahtar sozciikler: Iskemik inme, beyin omurilik sivisi, kan beyin bariyeri, intratekal immun
globulin sentezi, humoral immun sistem, inflamasyon
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Introduction

Strokes are the third most frequent cause of death worldwide [1, 2]. Ischemic strokes
constitute 80-85% of all strokes. However, there is limited knowledge concerning the
physiopathology of ischemic strokes. Damage in neurons is encountered in ischemic
strokes due to ischemia. As cells start to die signals on the cell surface start to change,
necrotic neuron fragments appear and “danger signals” are emitted. Those danger signals
cause necrotic tissue fragments’ phagocytizing by mast cells (MC) and perivascular
macrophages that are present in the brain tissue as well as increased leukocyte transfer to
the region. The innate immune elements as microglia, which arrive at the ischemia area,
perivascular macrophages, MC’s, blood monocytes, dendritic cells (DC) and monocytes
cause post-ischemic inflammation by secreting various pro and anti-inflammatory
cytokines and chemokine causing infiltration of inflammatory cells [6-12]. Those pro-
inflammatory mediators increase the blood brain barrier (BBB) disorder, which causes
infiltration of leukocytes and expression of endothelial adhesion molecules [13]. MC’s
and DC’s also contribute to the adaptive immunity by presenting antigens [12, 14, 15].
Through the blood-brain barrier, which has been disturbed by those pro-inflammatory
mediators and chemokine, come T cells. Those T cells transform into cytotoxic T cells or
T helper cells according to the cytokine content of the area. Tissue antigens that have
been produced as a result of disintegration of cell membrane and previously had been
suppressed by BBB are recognized by the newly arrived B cells. Later a response
independent of T cells or dependent on T cells that are sensitive to central nervous system
(CNS) agents as myelin basic protein or related peptides might develop [16, 17]. By
activation of T cell dependent B cells, B cells transform into short living plasma cells and
a little amount of immunoglobulin (lg) synthesizes antibodies of M isotope [18, 19].
Some B cells, on the other hand, transform into memory B cells and long living plasma
cells. Those B cells are capable of producing Ig G, A, M [17]. Some of those memory B
cells are located in peripheral blood while some move into the lymphoid tissue and some
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into the ectopic lymphoid structure in CNS (neolymphogenesis) [20]. Those memory B
cells produce a quick antibody response in case they encounter the same antigen for a
second time [17, 21].

Hence, antibodies for CNS antigens are developed following an ischemic stroke. This
adaptive immune response has an autoimmune potential against the organ in which cell
death has occurred [22]. Inflammation starts right after ischemia, cell mediated immune
response peaks in about 24 hours and humoral immune response is produced within 7-10
days [23, 24]. In case of a second stroke attack, in which necrotic neuron fragments are
released, these antigens might get recognized by memory B cells present in the peripheral
blood and ectopic lymphoid structure, due to the disturbed BBB. In such a case a quick
and big Ig synthesis response might be developed against those antigens.

It is considered that in terms of damage during the acute phase of ischemic strokes cell
mediated immune response is relatively more important although the role of humoral
immune response is not exactly clarified [23]. Long term effects of humoral immune
responses related to strokes as well as their roles in ischemic processes as brain atrophy
and dementia are little known [25, 26]. Similarly, there is no data on whether the immune
system develops memory against antigens and autoimmune responses in case of a
reappearance of the same antigens, as it might be the case in repeated strokes [26].

This study targets to determine the existence and the amount of immunoglobulin
synthesized intrathecally as a result of the immune response following a primary or
repeated ischemic stroke. This way the humoral response’s effect on the long term
prognosis of ischemic strokes might be clarified.

Material and methods

In this study data collected from 51 patients of 18-90 years of age who came to Ankara
Atatiirk Training and Research Hospital within the period December 2012-August 2013.
The patients had complaints as mental fog, agitation and disorientation. Their lumbar
punctures were ordered for differential diagnosis concerning encephalitis/meningitis and
diagnosed with ischemic stroke during their long term follow-up.

Cranial tomography’s (CCT) or cranial magnetic resonance imaging’s (MRI) were taken
within the first 24 hours of each patient’s complaints. Those who had hemorrhagic
components in their images were not included in the study. Lumber puncture was not
applied to those who exhibited intracranial pressure increase during cranial imaging
and/or neurological examinations, who had high risk of bleeding or who had
infections/inflammations in lumber puncture region.

A high level of intrathecal Ig synthesis was not expected in the group with the primary
strokes since there was no sensitization in their case yet. On the other hand, a relatively
bigger and quicker Ig synthesis was expected in the group with recurrent strokes. Even
without sensitization a non-specific Ig synthesis occurs in CSF in the 7-10 days following
the first ischemic stroke [23]. In order to avoid the confusion likely to have resulted from
those patients who went under lumber puncture within the 72 hours following appearance
of their complaints were included from the study. Patients with autoimmune history were
excluded on the basis that their condition might increase Ig G, A, M synthesis.

Permissions from patients’ themselves or their relatives (legal guardians etc.) were
gathered prior to the application of lumber puncture processes.

For encephalitis/meningitis differential diagnosis cells in CSF samples were counted by
dripping on thoma lames. The said evaluation was also used for determination of
disorders of blood brain barrier BBB in the study.

BOS Ig levels of the patients were evaluated tubulometrically while blood Ig levels,
which were taken concurrently, were evaluated nephelometrically. Serum and CSF
samples were preserved at -80 degrees centigrade until the kits are acquired.
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Microalbumin values in CSF and albumin values in blood were measured concurrently
for albumin index, used for evaluation of BBB’s integrity, CSF Ig G index used for
determination of intrathecal 1g G synthesis and for CSF Ig G/albumin ratio calculation.

In determination of repetition of stroke the patient’s history and/or detection of chronic
ischemic lesions in cranial MRI’s or CCT’s were used as basis.

In order to measure the volume of ischemic area a region of interest (ROI) was first
decided. Sides of lesion areas in each section were drawn by hand and area of the drawn
regions were measured automatically by PACS (Picture Archiving and Communication
System Software) in mm?’s. The measured area values were, then, multiplied by the
section thickness (5 mm for DAG sections, 2 mm for BBT sections) and then divided by
1000 in order to get volumes measured in cm®’s.

For the clinical evaluation of the patients upon admission Glasgow Coma Scale (GCS),
National Institute of Health Stroke Scale (NIHSS); upon discharge NIHSS, for
determination of impairment Modified Rankin Scale (MRS) and Barthel Index (BI) were
applied. In this way relations among Ig levels with NIHSS scores at admission and
discharge, MRS and (BI) scores were observed. 3 points or more increases in NIHSS
scores were regarded as progression.

Research data were processed by SPSS 15.0 statistical software. Descriptive statistics
were presented in terms of (£) standard deviation, frequency distribution and percentiles.
In addition to those descriptive statistics, compliance with normal distribution was tested
to determine differences between the groups. Following the evaluation of the results
nonparametric test as Kruskal-Wallis Tests, Spearman Correlation Test and Mann-
Whitney U Test were employed as statistical methods. Statistical level of significance
was set at p<0.05.

Results

Among the 51 the number of patients who had their first strokes was 32, while there were
19 patients with recurrent strokes. Age averages for the groups were 64.75 + 1.95 and
69.61 + 2.56 respectively.

Among the 32 with first time strokes 14 were female and 18 were male while 8 of the 19
patients with recurrent strokes were female and 11 were male.

Data concerning average age, GCS, admission/discharge NIHSS scores, MRS and Bl of
the two groups are presented in Table 1.

Table 1. Data for average age, GCS, admission/discharge NIHSS scores, MRS and Bl scores
for patient groups with first time vs. recurrent strokes.

Variant First ischemic stroke (n=32) Recurrent ischemic stroke (n=19) P-Value
Age (mean year) 64.75+1.95 69.61+2.56 0.08
Sex Female count: 14; male count: 18 Female count: 8, male count: 11 0.91
Mean GCS 13.5+0.65 14.44+0.38 0.40
Mean admission NIHSS  3.25+0.36 4.33+0.89 0.41
Mean discharge NIHSS  2.53+0.40 3.724+0.90 0.31
Mean MRS 1.34+0.19 2.38+0.24 0.001
Mean Barthel index 84.84+2.95 69.16+5.25 0.009

When the two groups are compared in terms of aforementioned parameters Bl was
recorded to be lower in the group with recurrent strokes (p=0.009) while MRS was seen
to be higher (p=0.001). Other differences between the two groups were not statistically
significant.

When lesion volumes are taken into consideration, the average was seen to be 19.48 +
7.25 cm® with the group with first-time strokes while that of the second group was
recorded as 11.2 + 3.32 cm®. Serum albumin, serum Ig G, serum Ig M and serum Ig A
values within the group with first-time strokes were realized as 3.97 + 0.06 g/dL,
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1045.09 + 43.08 mg/dL, 85.27 + 7.57 mg/dL, 256.35 + 21.54 mg/dL respectively with the
group with first-time strokes. Those of the other group were measured as 3.76 + 0.11
g/dL, 55 + 102.11 mg/dL, 80 + 11.89 mg/dL, 260.72 + 31.94 mg/dL respectively.

Data concerning lesion volume, serum albumin, Ig G, Ig M and Ig A average, and CSF
albumin, protein, cell count, Ig G, Ig M and Ig A average collected from CSF material
acquired from the patients are presented in Table 2.

Table 2. Data for lesion volume, serum albumin, Ig G, Ig M and Ig A average, and CSF
albumin, protein, cell count, Ig G, Ig M and Ig A average collected from CSF material
acquired from the patients for patient groups with first time vs. recurrent strokes.

Variant First ischemic Recurrent P-Value
stroke ischemic stroke

Lesion volume (cm®) 19.48+7.25 11.3243.32 0.96
Mean serum albumin (g/dL) 3.97+0.06 3.76+0.11 0.14
Mean serum Ig G (mg/dL) 1045.09+43.08 1186.55+£102.11 0.41
Mean serum Ig M (mg/dL)  85.27+7.57 99.80+11.89 0.40
Mean serum Ig A (mg/dL) 256.35£21.54  260.72+31.94 0.89
Mean CSF albumin (mg/dL) 34.77+4.86 34.64+6.92 0.74
Mean CSF protein (mg/dL)  48.72+3.71 48.55+6.79 0.74
CSF cell count (n) 2.18+1.32 2.10+1.63 0.84
Mean CSF Ig G (mg/dL) 2.28+0.33 7.34+0.23 <0.001
Mean CSF Ig M (mg/dL) 0.020.00 0.030.00 0.41
Mean CSF Ig A (mg/dL) 0.010.00 0.02+0.01 0.82

When the two groups are compared in terms of the above parameters, it is seen that CSF
Ig G levels were higher with the group with recurrent strokes at a statistically significant
extent (Figure 1). Differences in other parameters were not statistically significant.
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Figure 1. Comparison of CSF Ig G levels with patients with first time vs. recurrent strokes.

When the two groups are evaluated in terms of CSF Ig M and Ig A levels; patients with
first time strokes had an average level of CSF Ig M at 0.02 mg/dL and an average level of
CSF Ig A M at 0.01 mg/dL. Those parameters actualized at 0.03 mg/dL and 0.02 mg/dL,
respectively, with the other group. Differences between the two groups in terms of CSF
Ig M and Ig A levels were not found to be statistically significant (p=0.41; p=0.82).

When CSF Ig M and CSF Ig A levels with serum Ig M and serum Ig A levels were
compared; CSF Ig M level was found to be at 0.02 mg/dL and serum Ig M level was
found to be at 85.27 + 7.57 mg/dL with the group with first time strokes and no
statistically significant relation was found (p=0.70).
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CSF Ig A level was found to be at 0.01 mg/dL and serum Ig A level was found to be at
256.35 + 21.54 mg/dL, again, with the group with first time strokes and no statistically
significant relation was found (p=0.21). CSF Ig M level was found to be at 0.03 mg/dL
and serum Ig M level was found to be at 99.50 + 11.89 mg/dL with the group with
recurrent strokes and no statistically significant relation was found (p=0.21).

CSF Ig A level was found to be at 0.02 + 0.01 mg/dL and serum Ig A level was found to
be at 260.72 £ 31.94 mg/dL, again, with the group with recurrent strokes and a
statistically significant relation was found (p=0.03).

Albumin indices of patients were calculated by dividing serum albumin levels by CSF
albumin levels. Albumin index was recorded as 8.77 + 1.25 with the first-time group and
as 9.46 = 1.97 with the recurrent group. The difference was not found to be statistically
significant (p=0.90).

CSF Ig G indices were calculated by dividing CSF Ig G level - serum albumin level ratio
by CSF albumin level-serum albumin level ratio. CSF Ig G index was recorded as  0.37
+ 0.10 with the first-time group and as 1.13 + 0.16 with the recurrent group. The
difference was found to be statistically significant (p<0.001).

When CSF Ig G/CSF albumin ratios are compared this value actualized as 0.09 + 0.02
with the first-time group while the value 0.32 + 0.04 with the recurrent stroke group. CSF
Ig G/CSF albumin ratio was significantly larger with the recurent stroke group (p<0.001).
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Figure 2. Comparison of first-time vs. Recurrent stroke groups in terms of CSF Ig G/CSF
albumin ratio.

When lesion volumes and CSF Ig G values are compared lesion volume was found to be
19.48 + 7.25 mm® and average CSF Ig G level as 2.28 + 0.33 mg/dL with the first-time
group. No statistically significant difference was noted (p=0.89). Lesion volume was
found to be 11.32 + 3.32 mm® and average CSF Ig G level as 7.34 + 0.23 mg/dL with the
recurrent stroke group. A statistically significant and positive correlation between when
lesion volumes and CSF Ig G values was noted with this group (p<0.001).

Discussion

Cerebral ischemia triggers many cellular and molecular events as cell death and tissue
infarct. Hence, pharmacologic treatments for acute stroke developed in later years
fundamentally depend on inflammation [27, 28]

51 patients with acute stroke attacks, of 18-90 years old were admitted into our study in
two groups as first-time strokes vs. recurrent strokes. When the two groups were
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compared in terms of base characteristics (age, sex etc.), GCS and NIHSS scores no
significant differences were noted. MRS was recorded to be higher with the recurrent
stroke group (p=0.001) and BI was found to be larger with the first-time group (p=0.09).
Since MRS is a scoring system used for determination of impairment after a stroke and a
higher score signifies a higher level of impairment, the recurrent stroke group is expected
to have a higher MRS value. Since Bl is also a measure of prognosis and impairment
following a stroke, it is expected to be lower with the recurrent stroke group. GCS is a
scale used in emergency services to measure consciousness. Patients with low GCS
values were excluded in our study due to poor cooperation and difficulty of application of
lumbar puncture. Hence, the two groups did not exhibit any significant difference in GCS
values. Lower GCS values among the patients included in our study were due to sensorial
or sensorimotor aphasia.

Albumin indices were calculated in order to compare BBB functions in the two groups.
No statistically significant difference in albumin index values was encountered. However,
since an albumin index value of 9 or lower signifies healthy BBB and values of 9-14
mean slight damage it is reasonable to assert that BBB is healthy within the first-time
group, while it is slightly damaged within the recurrent stroke group. This result
contradicts with Costantino et al. [13] and Priiss et al. [29], whose studies asserted that
there is damage in BBB secondary to a stroke, whether it is a first-time or a recurrent
stroke. However, in Strand et al. [30] study albumin levels for transient ischemic attack
(TIA) and infarct groups were within the normal interval and close to the upper limit,
hence albumin index values were small as they are in our study.

Cell counts from CSF were performed for all patients included in our study in order to
evaluate integrity of Bl. The results have shown that there were no pleocytosis for either
group. When cell counts were compared no statistically significant difference was noted
(p=0.84). This result contradicts with albumin index values, which reflected that BI was
slightly damaged in the recurrent stroke group. Furthermore, these findings are do not
comply with Sérnas et al. [31] study, which asserted that CSF leukocyte counts increase
after 2-3 days following an ischemic stroke, Akopov et al. [32] study, which state that a
perfused brain houses a big number of marked polymorphonuclear leukocytes within the
first 6-12 hours following an ischemic stroke and Chuaqui et al. [33] study, which
suggests there is a dense leukocyte infiltration in brain parenchyma 2-3 days later after a
stroke.

In case necrotic CNS antigens produced as a result of brain tissue disintegration during a
first-time ischemic stroke does a B cell activation through T cells, memory B cells against
these antigens will develop [21]. Hence, synthesis of Ig G, which is a long lasting
antibody and which reaches high levels in especially secondary immune response, is
expected to have happened within the group that had a stroke secondary to such
sensitization. Essentially, CSF Ig G levels within the recurrent stroke group were
significantly higher (p<0.001) than those of the first-time group in our study. However,
CSF Ig M levels reflected no such significant difference (p=0.41). This is due to the fact
that Ig M is the first synthesized Ig and short-living. Ig M appears 7-10 days after the first
sensitization and no significant increase in its levels is encountered in secondary
immunity. Since, in our study, lumbar puncture was applied to the patients within 72
hours of their complaints’ start no significant differences between Ig M values were
noted. No significant difference in Ig A levels were noted (p=0.83) since brain tissues are
not secretory, levels of Ig A, which is present in respiratory, digestive and genital system
secretions and tear, saliva, colostrum and milk and which is synthesized in secretory
tissues; sub-mucosa plasma cells.

Priiss et al. [29] study produced similar results to our own concerning higher CSF Ig G
levels when compared with the general population. The same study mentions oligoclonal
lg G band, high Ig A and Ig M antibody levels with 24.8% of ischemic stroke patients.
Oligoclonal Ig G level is considered to be related to focal cerebral ischemia and CSF-
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specific Ig synthesis. Intrathecal 1g synthesis related to strokes is considered to appear as
a result of an unnoted inflammatory condition, previous neuronal tissue’s repetitive CNS
antibody presentation to the immune system due to its silent ischemic degeneration, or
polyclonal non-specific B cell activation secondary to brain damage. The second
alternative appears to be more likely for the first-time stroke patients in our study. High
oligoclonal band findings in GIA group supports this hypothesis and helps to identify
steps prior to the stroke.

Strand et al. [30] study takes Ig G levels taken from a healthy group of same sex and age.
The patients went under lumbar punctures twice (on the first and the fifth days of their
strokes). They were divided into 3 as GIA, infarct and hemorrhage groups. Ig G levels
were found to be in the normal interval and close to the upper limit for the GIA group,
while this value were found to be higher than normal for both ischemia and hemorrhage
groups (p<0.001). Furthermore, Ig G levels were reported to be significantly higher in the
second lumber puncture for all three groups. However, No clear relation between this
increase and lesion volume or prognosis [30].

Reiber et al. [34] compared blood and CSF Ig G, Ig A and Ig M levels in order to evaluate
BBB. They observed that ischemic stroke patients with albumin indices higher than 9,
signifying a disorder in BBB, as blood Ig A and Ig M levels increase BOS Ig A and M
levels increase as well. However between CSF Ig G levels there is no such linear
relationship even in cases with BBB disorder due to presence of intrathecal synthesis. In
our study, when blood Ig G, Ig M and Ig A levels were taken into consideration no
significant differences between the two groups were encountered (p=0.41; p=0.40;
p=0.89). Furthermore, within the first-time group no significant relation was found
between serum Ig A and Ig M levels with CSF Ig A and M levels (p=0.21; p=0.70). This
is considered to be a result of the fact that albumin index is lower than 9, reflecting a
healthy BBB, within the first-time group. Within the recurrent stroke group no significant
relation between serum Ig M levels and CSF Ig M levels (p=0.21). This might be due to
the fact that the slight damages in BBB in the recurrent stroke group are not as severe as
to allow Ig M, which is a large molecule, through the barrier. However, a significant
correlation between serum Ig A levels and CSF Ig A levels was recorded (p=0.03) within
the recurrent stroke group. This, on the other hand might be related to slight damages in
the BBB that let Ig A, a relatively small molecule, through.

No significant relation was noted in our study concerning CSF Ig G levels, MRS and Bl
between the two groups (p=0.28; p=0.53) (p=0.22; p=0.22). These results comply with
the study stating that mice that lack T lymphocytes without B cells or whose B cells are
preserved are safe from ischemic damage [35, 36]. Hence, protection from damage was
attributed to T cells in that study. Therefore, T cells are considered to have the primary
role in inflammation related damage seen in ischemic strokes. The role of B lymphocytes
and Ig produced by them in acute inflammation, patients’ clinic, prognosis of strokes and
impairment due to strokes is debatable. However, humoral immune response related to
strokes might be effective in the long-term,roles of factors such as brain atrophy and
dementia are little known [13].

In our study we employed CSF Ig G to albumin ratio and CSF Ig G index to evaluate
intrathecal Ig G synthesis. Values exceeding 0.27 indicate an increased level of
intrathecal Ig G synthesis [37] so it can be asserted that intrathecal Ig G levels in the first
stroke group are within normal limits while those in the recurrent stroke group are
elevated. Furthermore, CSF Ig G/CSF albumin ratio was found to be significantly higher
in the recurrent stroke group (p<0.001). CSF Ig G index is expected to have values
between 0.28-0.70. A value higher than 0.70 indicates elevated Ig G synthesis [37].
Therefore, CSF Ig G index values were within the normal interval for the first stroke
group while they were found to be elevated in the recurrent stroke group. This situation is
consistent with the elevated CSF Ig G/CSF albumin ratio values indicating intrathecal 1g
G synthesis in the recurrent stroke group. Similarly, when the two groups were compared
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in terms of CSF Ig G indices, average CSF Ig G index values were found to be
significantly higher in the recurrent stroke group (p<0.001), which confirmed our
hypothesis indicating that intrathecal lIg G synthesis is increased secondary to
sensitization in the recurrent stroke group.

When lesion volumes in the patients included in our study are considered, no significant
relation was noted between lesion volumes and CSF Ig G levels in the first stroke group
(p=0.89). This result complies with our finding of no intrathecal 1g G synthesis following
the first stroke. When the recurrent stroke group is analyzed, on the other hand, a
meaningful relation between lesion volumes and CSF Ig G levels was observed
(p<0.001), which supports the hypothesis that as lesion volumes increase more necrotic
tissue disintegration material are produced and those products of disintegration are prone
to elevate intrathecal Ig G synthesis in the previously sensitized humoral immune system.

In conclusion, our study has shown that the humoral immune system has a role in the
physiopathology of repeated ischemic strokes. However, how important this role is in
acute inflammation, patients’ clinic, prognosis of strokes and impairment due to strokes is
a still a matter of discussion.

Nevertheless, the said humoral immune response might be important in the long-term
development of the stroke condition. The risk of developing dementia in patients who
have an episode of stroke is significantly higher within the first year following the
episode, which continually decreases each year and reduces to 2% at the end of the 10th
year [38]. Frequency of dementia among stroke patients is 30%. The risk increases with
age and magnitude of the stroke. Furthermore, some studies [39-42] have shown a
positive correlation between stroke repetition and development of dementia. A similar
relation involving the number and magnitude of silent infarcts is also noted [39].

Dementia secondary to strokes is often related to brain atrophy. Cerebral atrophy is
regarded a predictor in development of dementia after strokes. The rooting cause of
cerebral atrophy is not exactly known, however immunological mechanisms triggered by
strokes cannot be excluded. Pathology studies have shown inflammatory infiltrations
lasting years after strokes [13].

Treatment options for ischemic strokes, which is an entity that causes substantial
healthcare expenses and loss of workforce for patients and their relatives alike, are
currently very limited. We are able to suggest that use of humoral immune modulatory
agents in the future is a promising alternative for treatment of ischemic strokes, which
could prove beneficial for both patients and their relatives.
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