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Abstract

Background/Aim. Thete is an association between brain
edema and inflammation that may occur in a stroke. The
aim of the study was to determine the relationship between
the C-reactive protein-albumin-lymphocyte (CALLY) index
and cerebral edema developed as a consequence in stroke
patients. Methods. The retrospective study included pa-
tients aged 18 years and above who presented to the
emergency department from January 2021 to December
2023 and were admitted to the neurology/intensive care
unit with a diagnosis of stroke. The following hematolog-
ical parameters were included in the research: the pan-
immune-inflammation value (PIV), systemic inflammatory
response index (SIRI), systemic immune-inflammation
index (SII), and the CALLY index. These parameters
were calculated from blood samples of patients taken dur-
ing admission, and neurosurgeons assessed the develop-
ment of cerebral edema and the need for decompression.
The parameters were compared between two groups of

Apstrakt

Uvod/Cilj. Postoji povezanost izmedu edema mozga i
zapaljenja koje se moze pojaviti u mozdanom udaru.
Cilj rada bio je da se utvrdi povezanost izmedu indeksa
C-reaktivni protein-albumin-limfociti (C-reactive protein-
albumin-lymphocyte — CALLY) 1 posledi¢nim edemom
mozga kod bolesnika sa mozdanim udarom. Metode.
Retrospektivnom studijom obuhvaceni su bolesnici
stari 18 ili vise godina, koji su se javili u hitnu pomoc¢
od januara 2021. do decembra 2023. godine i bili
primljeni na neurologiju/odeljenje intenzivne nege sa
dijagnozom mozdanog udara. U istrazivanje su bili
ukljuceni  sledeéi hematoloski  parametri:  zbirni
imunsko-zapaljenski koli¢nik  (pan-immune-inflammation
value — PIV), indeks sistemskog zapaljenskog odgovora

patients: the surgical group (SG), with patients in need of
decompression, and the nonsurgical group (NSG), with
patients who do not have such a need. Results. The
study included 274 patients in total, of which 189
(68.90%) were in NSG and 85 (31.10%) in SG. It was
found that the CALLY index was significantly higher in
patients in NSG than in patients in SG (16.47 vs. 0.79;
p < 0.001). SIRI and SII levels were significantly higher in
SG patients compared to NSG (p < 0.001 and p = 0.001,
respectively). PIV level was also significantly higher in SG
than in NSG (p < 0.001). At a cut-off value of 4.006, the
CALLY index had a sensitivity of 69.40% and a specificity
of 83.00%. Conclusion. The CALLY index is an easily
accessible and calculable marker, which can be used to
predict the need for decompression that may develop in
stroke patients.

Key words:
brain edema; c-reactive protein; hematologic tests;
stroke.

(systemic inflammatory response index — SIRI), sistemski
imunsko-zapaljenski indeks (systemic immune-inflammation
index — SII) i indeks CALLY. Ovi parametri izracunati
su iz uzoraka krvi bolesnika uzetih prilikom prijema, a
neurohirurzi su procenili razvoj cerebralnog edema i
potrebu za dekompresijom. Parametri su uporedivani
izmedu dve grupe bolesnika: onih kod kojih je
postojala potreba za dekompresijom, hirurska grupa
(surgical  group — SG) 1 onih bez takve potrebe,
nehirurska grupa (nonsurgical group — NSG). Rezultati.
Istrazivanjem je obuhvaceno ukupno 274 bolesnika, od
kojih je 189 (68,90%) bilo u NSG, a 85 (31,10%) u SG.
Utvrdeno je da je indeks CALLY bio znacajno visi kod
bolesnika NSG u odnosu na SG (16,47 vs. 0,79;
» < 0,001). Nivoi SIRI i SII bili su znacajno visi kod
bolesnika SG u odnosu na NSG (p < 0,001 i p = 0,001,
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redom). Nivo PIV bio je takode znacajno visi kod
bolesnika SG u odnosu na NSG (p < 0,001). Na cuz-off
vrednosti 4,06, utvrdena je senzitivnhost 69,40% i
specificnost  83,00% CALLY indeksa Zakljucak.
Indeks CALLY je lako dostupan marker koji je
jednostavno izracunati, kojim se moze predvideti

potreba za dekompresijom koja se moze razviti kod
bolesnika sa mozdanim udarom.

Kljucne reci:
mozak, edem; c-reaktivni protein; hematoloski testovi,
mozdani udar.

Introduction

A cerebrovascular accident is a disorder of blood ves-
sels in the brain. The main cause of this disorder is diffi-
culty in getting oxygen and nutrients as a result of the in-
terruption of blood flow to the brain . Symptoms of a cer-
ebrovascular accident can lead to admission to the emer-
gency department with different symptoms, such as numb-
ness or weakness in the face and body, imbalance or lack
of coordination, loss of vision, or blurred vision, depend-
ing on the location of the affected area in the brain and the
damage % 3. Treatment of a cerebrovascular event may re-
quire immediate intervention and is usually carried out in
an emergency department. The aim of the treatment is to
minimize damage to brain tissue, restore blood flow, and
prevent complications. There are a number of ways to do
this, including drugs, endovascular interventions, or sur-
gery 5.

Cerebral edema (CE) is a condition caused by the
build-up of excess fluid in the brain, which can put pressure
on brain tissue and disrupt normal brain function ¢. CE can
occur for many reasons, including brain trauma, infection,
tumor, or blockage in the brain vessels. Symptoms of CE
can include headache, dizziness, nausea, vomiting, visual
problems, behavioral changes, and even loss of conscious-
ness " & Treatment may vary depending on the cause of the
edema and may include medication, surgery, or other
treatments. CE can be a serious condition, and it is im-
portant to seek medical attention immediately °. This patho-
logical increase in intracerebral hemispheric volume can
lead to a mass effect with an increase in compartment pres-
sure, accelerating subfalcine and transtentorial herni-
ation °, This type of CE is responsible for the majority of
neurological impairment and carries a mortality of approx-
imately 80% without surgical decompression. If there is a
sudden deterioration in mental status, a malignant edema
clinic should be prioritized **.

Since cerebrovascular events damage brain tissue, an
inflammatory response can occur. Inflammation increases
the activity of immune cells in the brain to eliminate dam-
aged cells in brain tissue " 1. The effects of inflammation
resulting from a cerebrovascular event can include further
damage to brain tissue, the formation of edema, and dete-
rioration in brain function * 2. In addition, inflammation
following a cerebrovascular event may contribute to long-
term damage to brain blood vessels and an increased risk
of recurrent events. Studies have shown an association be-
tween CE and the inflammation that can occur after a
stroke 12 3, Recently, the relationship between malignan-
cy, gastrointestinal disease, and pneumonia and the C-

reactive protein (CRP)-albumin-lymphocyte (CALLY) in-
dex, calculated from albumin, lymphocyte, and CRP pa-
rameters, has been reported 416, Very few studies in the
literature investigate the relationship between CE, which
can develop in stroke patients, and the CALLY index.
Therefore, the aim of this study was to determine the rela-
tionship between the CALLY index and CE developed in
stroke patients.

Methods

Patients

This retrospective study included a total of 274 pa-
tients aged 18 and above who presented to the emergency
department of a tertiary teaching and research hospital from
January 2021 to December 2023 and were admitted to the
neurology department/intensive care unit with a diagnosis
of stroke. Stroke was diagnosed using physical examina-
tion, clinical and imaging techniques, and internationally
accepted guidelines.

The study was approved by the Ethics Committee of
the Antalya Training and Research Hospital (from March
21, 2024).

Exclusion criteria included the following patients:
those transferred to another hospital for neurological fol-
low-up and treatment, those with chronic malnutrition, au-
toimmune, hematological, and renal diseases that could af-
fect the CALLY index, those with additional pathology that
could cause CE, then, patients with malignancy, patients
using steroids and the like, and patients who did not accept
medical treatment. They were defined as patients who did
not accept medical treatment.

Laboratory and clinical data

Demographic data and laboratory parameters were
collected from patients diagnosed with stroke who met the
inclusion criteria for the study. The parameters were calcu-
lated from the blood drawn from the patients on admission,
and neurosurgeons determined the development of CE and
the need for decompression in patients under 70 years of
age with a large middle cerebral artery infarct in the non-
dominant hemisphere and in other patients within the first
48 hrs. Indication for surgery was based on criteria such as
the shift of midline structures on tomography, and relevant
parameters were compared between patients with and with-
out the need for decompression.

According to the need for decompression, all patients
were divided into two groups: surgical group (SG) with
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85 patients and nonsurgical group (NSG) with 189 pa-
tients.

The pan-immune-inflammation value (PIV), one of
the hematological parameters, was calculated using the fol-
lowing formula: neutrophil count (10%L) x platelet
count (10%L) x monocyte count (10%L)/lymphocyte
count (10%L). The systemic inflammatory response in-
dex (SIRI), an inflammatory marker that has been increas-
ingly used in recent years, is calculated using the formula:
neutrophil ~ count  (10%L) x  monocyte  count
(10%/L)/lymphocyte count (10%L). The systemic immune-
inflammation index (SI1) was calculated using the formula:
neutrophil  count (10%L) x  platelet count  (10%L)
/lymphocyte count (10%L). The CALLY index was calcu-
lated using the formula: albumin value (g/dL) x lymphocyte
count (/uL)/CRP value (mg/dL) x 10% Parameters were
compared between patients in these two groups.

Statistical analysis

For statistical analysis of the data in our study, the
SPSS 25.0 was used. In the analysis of demographic and
laboratory data of patients who underwent decompression,
frequency for categori-cal data is expressed with numbers
(percentages). For the analysis of continuous variables, the
mean * standard deviation (SD) was used, while for cate-
gorical data, Pearson Chi-square and Fisher’s exact test
were used. The Student t-test and Mann-Whitney U test
showed the effects of hematological parameters on the need
for decompression. Receiver operating characteris-
tic (ROC) curve analysis was used to determine the optimal
values of these markers for the need for decompression.

Table 1

The value of p < 0.05 was considered statistically signifi-
cant.

Results

A total of 274 patients who met the inclusion criteria
were included in our study, of which 189 (68.90%) were in
NSG and 85 (31.10%) in SG. When both groups were com-
pared in terms of gender, the percentage of females was
higher in SG than in NSG (44.70 vs. 31.20; p = 0.022).
Hemoglobin and albumin levels were significantly higher
in NSG patients compared to SG patients. Mean neutrophil
count, monocyte count, and CRP levels were significantly
higher in SG patients compared to NSG patients. A com-
parison of demographics and laboratory values between
groups is shown in Table 1.

The CALLY index, one of the parameters obtained
from the combination of blood parameters, was significant-
ly higher in NSG patients than in SG (16.47 vs. 0.79;
p <0.001). SIRI and SlI levels were significantly higher in
patients in SG than in NSG (p < 0.001 and p = 0.001, re-
spectively). PIV level was also significantly higher in SG
patients than in NSG (p < 0.001). The values obtained from
the combination of hemogram parameters are compared in
Table 1. These values were calculated by drawing ROC
curves to determine the need for decompression in stroke
patients (Figure 1).

The effectiveness of the CALLY index, SIRI, SllI, and
PIV parameters in predicting the need for decompression
was statistically significant. At a cut-off value of 4.06, the
CALLY index had a sensitivity of 69.40% and a specificity
of 83.00% (Table 2).

Demographic and laboratory findings for examined patients with acute ischemic stroke

Parameters Non-Surgery Group Surgery Group p-value
(n=189) (n=185)
Female 59 (31.20) 38 (44.70) 0.022
Age, years 64.05+13.91 60.25 + 18.01 0.092
White blood cells 8.00 +2.57 12.30 £+ 6.52 <0.001
Hemoglobin 12.94 +1.65 11.38 £2.55 <0.001
Platelets 238.91 £ 80.17 240.21 £99.34 0.167
Neutrophils 489+221 9.94 +£6.49 <0.001
Lymphocytes 217+0.77 1.44 £0.92 0.498
Monocytes 0.68 £0.22 0.77 £0.47 <0.001
CRP 4.0 (6.93) 41.60 (111.68) <0.001
Albumin 36.78 £ 6.45 30.12£7.43 0.006
CALLY 16.47 (28.59) 0.79 (9.39) <0.001
Sll 499.35 (327.40) 1,645.75 (2,120.34) 0.001
SIRI 1.39 (1.17) 4.73 (8.89) <0.001
PIV 320.96 (315.21) 955.44 (2,029.67) <0.001
CRP - C-reactive protein; CALLY - CRP-albumin-lymphocyte; SII - systemic
immune-inflammation; — systemic  response inflammatory  index;

PIV - pan-immune-inflammation value.
All values are given as mean + standard deviation or median (interquartile range), except
for Female parameter, which is expressed as number (percentage).
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Fig. 1 — Receiver operating characteristic (ROC) curve analysis — C-reactive protein
albumin-lymphocyte (CALLY) index of acute ischemic stroke patients
predict cerebral edema.
Table 2
Receiver operating characteristic curves for hematologic parameters
Parameters AUC p-value Cut-off Sensitivity (%) Specificity (%)
CALLY 0.795 0.001 4.06 69.40 83.00
Sl 0.824 0.001 956.38 67.10 89.90
SIRI 0.775 0.001 2.96 63.50 88.40
PIV 0.765 0.001 709.68 57.60 89.40

AUC - area under the curve.

For other abbreviations, see Table 1.

Discussion

Although CE occurs approximately two to five days af-
ter stroke, the biological process that causes CE begins with-
in hours of stroke onset 1’. A combination of cytotoxic, ionic,
and vasogenic edema contributes to increased brain volume
and can lead to increased pressure in this region 8. Studies
have shown that CE is associated with stroke size, National
Institutes of Health Stroke Scale (NIHSS) score, and admis-
sion glucose levels with poor prognosis 8. Studies have
shown the prognostic efficacy of lymphocyte count as an in-
dicator of immune competence, especially in patients with
malignancies 2716, Acute phase reactants such as CRP and
albumin are also used effectively in many diseases, especial-
ly in malignancy patients °. In our study, we investigated the
relationship between the CALLY index and CE, which can
develop in stroke patients.

The CALLY index was first shown to be prognostic in
patients with malignancies and has been used effectively in
the diagnosis and prognosis of many bowel diseases. In a
study of oral cancer, preoperative CALLY was reported to be

a simple and inexpensive prognostic marker 2. Similarly, in
another study on colorectal malignancies, the CALLY index
appeared as an independently associated prognostic mark-
er 5, In a study of hepatocellular carcinoma patients with
hepatitis C infection, the prognostic efficacy of the CALLY
index was demonstrated at the optimal value of 5 . A study
by Yang et al. > demonstrated the long-term prognostic effi-
cacy after surgery in 1,260 colorectal cancer patients and the
importance of early assessment of the immuno-inflammatory
response. In a study of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infected patients, the CALLY
index was reported to predict in-hospital mortality with a
sensitivity of 76.15% and a specificity of 62.50% %, Another
study demonstrated the utility of a high CALLY index, with
an optimal cut-off value of 3.0, as a new prognostic bi-
omarker and reported its effectiveness in patients suitable for
postoperative adjuvant treatment with poor prognosis °. Re-
cently, while conducting a study concerning the CALLY in-
dex, we found in the literature that the CALLY index can be
considered an easily applicable indicator for the mortality of
glioblastoma patients 22, In a study by Gurbiizer and To-
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zoglu 2, it was found that new inflammatory, immunonutri-
tive, and cardiovascular biomarkers SllI, SIRI, atherogenic
index of plasma (AIP), and CALLY index could be promis-
ing clinical tools for evaluating the severity, potential com-
plications, and treatment response of alcohol use disorder. In
a study by Fukushima et al. 24, the preoperative CALLY in-
dex < 2 was independently associated with a poor prognosis
for patients after gastrectomy for gastric cancer. In our study,
we found that the CALLY index could indicate the need for
decompression with high sensitivity and specificity (69.40%
and 83.00%), with the optimal value for the CALLY index
being 4.06.

Limitations of the study

Our study has some limitations. First of all, this is a ret-
rospective, single-center study. It is known that the parame-
ters and the inflammatory process used for the CALLY index
represent a dynamic situation, and the inability to follow the
process and the changes in these parameters during the fol-
low-up of these patients is an important limitation. In addi-
tion, the inability to compare inflammatory parameters such

as CRP, interleukins (e.g., tumor necrosis factor), or white
blood cells is another limitation. Although parameters such
as the inflammation-related CALLY index are asso-ciated
with many diseases, it may not be correct to make a surgical
decision and associate mortality entirely with this parameter,
representing yet another limitation. Finally, the extent to
which the parameters are useful for the clinical fol-low-up of
the disease is also a limitation, including the fact that the dis-
ease onset time cannot be clearly determined. A prospective
multicenter study is needed so that the data in our study can
be analyzed.

Conclusion

Based on the results of our study, the C-reactive pro-
tein-albumin-lymphocyte index is an easily accessible and
calculable marker that can predict the need for decompres-
sion in stroke patients.
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