
Vol.9 No.2 | Juli 2026

Editorial
Hantavirus : Zoonotic Threat as the causeof Emerging Infectious Diseases

Husnun Amalia, Gladys Kusumowidagdo, Wawan Kurniawan

Original Article
The Relationship Between Pterygium and the Incidence of Dry Eye in the 

Community of Tojo Una-Una District, Sulawesi
Anggraeni Adiwardhani, Husnun Amalia, Noviani Prasetyaningsih et al

Relation between Changes in Viral Load and Body Mass Index on HIV/AIDS 
Antiretroviral Therapy

Nurul Rahmania Aryanti, Diana Samara

Anthropometric and Hemoglobin Changes After Nutrition Education and 
Supplementary Feeding in Malnourished Children

Nugrahayu Widyawardani, Nurfitri Bustamam, Taufiq Fredrik Pasiak et al

Association of Interleukin-6 and Malondialdehyde with Multiorgan Damage Scores 
in Escherichia coli-Induced Septic Male Rats

Muhammad Adnan, Nor Hilyati, Iin Novita Nurhidayati Mahmuda et al

Case Report
Nephritis IgA Vasculitis (Henoch-Schönlein Purpura) Associated with Previous 

Streptococcal Infection and Acute Rheumatic Fever: A Case Report
Putu Evindya Vipascitadewi Nandanaya Bharata, I Made Setiadji, Putu Ayu Dewita 

Ganeswari et al

Cataract Surgery In Extreme Axial Myopia Using Ultra-Low Power Intraocular Lens 
With Capsular Tension Ring: A Case Report

Kadek Rina Agustinawati, Cokorda Agung Dalem Pemayun

Case Series: EEG Patterns and Neurological Outcomes Following Return of 
Spontaneous Circulation (ROSC)

Rima Anindita Primandari, Winda Arista Haeriyoko, Fitri Octaviana et al

Review Article
Targeting Colorectal Cancer Stem Cells with Phytopharmaceuticals – A Systematic 

Review
Martahadinan Martahadinan, Ika Silviadewi Inzaghi, Erik Prabowo et al

Apoptosis and Autophagy Crosstalk in Cervical Cancer: Roles of BAX, BCL-2, and 
Cleaved Caspase-3

Diah Komala Sari, Mgs Irsan Saleh, Subandrate Subandrate et al

Zinc as a Neuroprotective and Antioxidant Strategy in an Alzheimer-like Rat Model 
Induced by Ovariectomy and D-Galactose: A Clinicopathological and Therapeutic 

Review
Novi Dewi Tanjung

Resveratrol in Integrative Medicine: Bridging Traditional Knowledge and Modern 
Therapeutics

Raghda Al-Sayed, Atheel Alwash, Khalid Zainulabdeen et al

A Review on Calorie Restriction and Skin Aging
Gabriela Michele Rukma Juslim, Rossy Sintya Marthasari, Melisa Ayu



Dewan Redaksi

Ketua Penyunting (Editor-in-Chief)
Dr. dr. Husnun Amalia, Sp.M

Departemen Ilmu Penyakit Mata, Fakultas Kedokteran
Universitas Trisakti, Indonesia

Wakil Ketua Penyunting (Deputy Editor-in-Chief)
Nany Hairunisa

Departemen Ilmu Kedokteran Kerja, Fakultas Kedokteran 
Universitas Trisakti, Indonesia

Penyunting Ahli (Associate Editor) 
Rivo Mario Warouw Lintuuran

Departemen Ilmu Kedokteran Jiwa, Fakultas Kedokteran 
Universitas Trisakti, Indonesia

Magdalena Wartono
Departemen Ilmu Kedokteran Kerja, Fakultas Kedokteran 

Universitas Trisakti, Indonesia

Dewan Penyunting (Editorial Boards)
Prof. Dr. dr. Raditya Wratsangka, Sp.O.G, Subsp. Obginsos 

(Indonesia)
dr. Monica Dwi Hartanti, M.Biomed, PhD (Indonesia) 

Dr. Siti Sugih Hartiningsih, S.Si, M.Kes (Indonesia) 
dr. Dito Anurogo, M.Sc (Indonesia) 

Prof. Dr. Emad Yousif  (Irak)
Norsuhana Omar (Malaysia)
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ABSTRACT
 

Return of spontaneous circulation after cardiopulmonary resuscitation is often followed by hypoxic-
ischemic brain injury, which may affect neurological recovery. Electroencephalography (EEG) is 
commonly used to evaluate brain function and prognosis in these patients. EEG patterns can be 
classified into benign, malignant, and highly malignant categories, which reflect the severity of brain 
injury. Objective of this study was to evaluate the relationship between EEG patterns and clinical 
outcomes in patients after return of spontaneous circulation. This case series included six patients 
who underwent EEG examination more than 24 hours after cardiac arrest. EEG findings were classified 
according to the Westhall classification and compared with clinical outcomes using the Cerebral 
Performance Category (CPC) scaler The Results were Four patients showed highly malignant EEG 
patterns, including electrocerebral inactivity or continuous suppression, and all had poor outcomes 
(CPC 4–5). Two patients with benign EEG patterns had relatively better outcomes (CPC 3–4). No 
patient achieved good neurological recovery (CPC 1–2). Low EEG reactivity was observed in all cases, 
and amplitudes below 10 µV were mostly found in patients with CPC 5. Highly malignant EEG patterns 
were strongly associated with poor neurological outcomes after return of spontaneous circulation. 
EEG may be useful as part of a multimodal approach for prognostic evaluation in post-cardiac arrest 
patients. 
 
Keywords: CPC; EEG; Encephalopathy; ROSC. 
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ABSTRAK
 

LKembalinya sirkulasi spontan setelah resusitasi jantung paru sering diikuti oleh cedera otak hipoksik-
iskemik yang dapat memengaruhi pemulihan neurologis. Elektroensefalografi (EEG) sering digunakan 
untuk menilai fungsi otak dan prognosis pada pasien-pasien ini. Pola EEG dapat diklasifikasikan 
menjadi kategori jinak, ganas, dan sangat ganas yang mencerminkan derajat cedera otak. Tujuan 
artikel ini adalah Mengevaluasi hubungan antara pola EEG dan luaran klinis pada pasien pasca-
kembalinya sirkulasi spontan. Serial kasus ini mencakup enam pasien yang menjalani pemeriksaan EEG 
lebih dari 24 jam setelah henti jantung. Temuan EEG diklasifikasikan berdasarkan klasifikasi Westhall 
dan dibandingkan dengan luaran klinis menggunakan skala Cerebral Performance Category (CPC). 
Hasilnya adalah empat pasien menunjukkan pola EEG sangat ganas (electrocerebral inactivity atau 
supresi kontinu) dan seluruhnya memiliki luaran buruk (CPC 4–5). Dua pasien dengan pola EEG jinak 
menunjukkan luaran yang relatif lebih baik (CPC 3–4). Tidak ada pasien dengan CPC 1 atau 2. 
Reaktivitas EEG rendah ditemukan pada seluruh kasus, dan amplitudo di bawah 10 µV terutama 
ditemukan pada pasien dengan CPC Pola EEG sangat ganas berhubungan kuat dengan luaran 
neurologis buruk setelah kembalinya sirkulasi spontan. EEG dapat bermanfaat sebagai bagian dari 
pendekatan multimodal dalam evaluasi prognosis pasien pasca-henti jantung. 
 
Kata Kunci: CPC; EEG; Encephalopati ROSC. 

INTRODUCTION 

Return of spontaneous circulation (ROSC) after cardiopulmonary resuscitation (CPR) marks 

the beginning of a complex recovery process in cardiac arrest patients and is frequently followed 

by hypoxic-ischemic encephalopathy (HIE), a major cause of poor neurological outcomes. To assess 

neurological prognosis in comatose patients after ROSC, the American Heart Association (AHA) 

recommends electroencephalography (EEG) as one of the prognostic tools. EEG allows direct 

evaluation of brain activity and may help predict neurological recovery, with its prognostic value 

considered optimal around 24 hours after cardiac arrest, while serial monitoring may provide 

additional information.1-7  

The use of EEG for neurological prognostication after cardiac arrest has evolved over several 

decades. Since the introduction of standardized EEG terminology by the American Clinical 

Neurophysiology Society (ACNS), several classification systems have been developed to improve 

prognostic interpretation in post-ROSC patients. Among these, the Westhall classification 

proposed in 2016 is commonly used by categorizing EEG findings into highly malignant, malignant, 

and benign patterns based on standardized EEG features from ACNS terminology.4,8-12 

Highly malignant EEG patterns include suppressed background without discharges, 

suppressed background with continuous periodic discharges, and burst-suppression with or 

without discharges. Malignant patterns include abundant periodic discharges, electrographic 

seizures, discontinuous or low-voltage background activity, reversed anterior–posterior gradient, 

and absent EEG reactivity. The absence of malignant features defines benign EEG patterns.8-10  

 The International Liaison Committee on Resuscitation (ILCOR) recommends the modified 

Rankin Scale (mRS) for neurological prognostication after ROSC; however, the Cerebral 

Performance Category (CPC) scale is more commonly used in post-ROSC studies. CPC classifies 

outcomes into five categories: CPC 1 indicates full recovery or no significant neurological deficit; 

CPC 2 indicates moderate disability with preserved limited independence; CPC 3 indicates severe 



Primandari et. al 

 

Jurnal Biomedika dan Kesehatan     181 

 

disability requiring assistance with daily activities; CPC 4 indicates a persistent vegetative state or 

severe disability requiring full support; and CPC 5 indicates death.6,13  

Given the high risk of HIE in post-ROSC patients, understanding specific EEG patterns is 

important for clinical decision-making. Meanwhile, the use of EEG for prognostication in critically ill 

patients, including those after ROSC, remains limited in Indonesia. Through this case series, the 

authors aim to provide clinical insight into the importance of neurological prognostication in post-

ROSC patients using EEG recordings. 

CASE REPORT 

Case 1 

A 68-year-old man presented with decreased consciousness after severe dyspnea, which led 

to oxygen desaturation (43%), respiratory arrest, and subsequent cardiac arrest. 

Cardiopulmonary resuscitation was performed for 15 minutes until ROSC was achieved. His 

medical history included an ischemic stroke in 2019 with residual left-sided weakness and 

tracheostomy dependence. After ROSC, the patient developed seizures characterized by upward 

eye deviation and subtle left facial twitching. Additional comorbidities included hypertension for 

more than 10 years, recurrent strokes (brainstem hemorrhagic stroke in April 2023 and ischemic 

stroke in April 2024), and bilateral renal angiomyolipomas treated with embolization. Since April 

2023, the patient had been bedridden and fully dependent on home care assistance. EEG was 

performed on the seventh day after ROSC. The EEG findings are presented in Figure 1 and Table 

1. 

Following the latest hospitalization, the patient continued to have subtle seizures consisting 

of twitching at the right corner of the mouth without generalized convulsions. The patient’s level 

of interaction after treatment was relatively preserved. Current antiseizure medications included 

diazepam 30 mg once daily, clonazepam 1 mg nightly, and levetiracetam 500–750 mg daily. 

Follow-up EEGs were performed three times, with the latest showing abnormal background 

slowing, low-voltage activity (attenuation and suppression), and bilateral frontal focal slowing. 
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Figure 1. (a) EEG showing background suppression with an amplitude of 2 µV. (b) No brain-

origin background reactivity was observed during painful stimulation. Timebase: 10 sec/page; 

low-frequency filter: 1 Hz; high-frequency filter: 70 Hz; notch filter: 50 Hz; sensitivity: 2 µV/mm. 

Case 2 

A 44-year-old man with a history of recurrent ROSC was referred after experiencing 11 

episodes of cardiac arrest within 24 hours during hospitalization at a previous hospital. The 

patient had initially been admitted with a diagnosis of unstable angina pectoris and had 

undergone 26 days of ICU treatment. After discharge, he was brought to RSCM because his 

nasogastric tube became dislodged and he developed agitation. No seizures were observed 

before or after ROSC. During hospitalization, the patient’s consciousness gradually improved, 

and he became able to respond to the examiner. EEG was performed approximately 1 month 
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after ROSC (Table 1). The EEG findings are presented in Figure 2. The patient was not receiving 

any antiseizure medication. 

 

 

Figure 2. (a) Generalized slowing was observed. (b) Photic driving response was present 

during photic stimulation. Paper speed: 30 mm/sec; high-cut filter: 70 Hz; low-cut filter: 1 Hz; 

notch filter: on; sensitivity: 3 µV/mm. 

Case 3 

A 59-year-old woman experienced cardiac arrest on the second day of hospitalization at 

RSCM. She had initially presented with dyspnea for 2 days before admission and a 3-month 

history of abdominal pain. A retroperitoneal tumor suspicious for renal malignancy was 
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suspected. During cardiac arrest, resuscitation was performed, and ROSC was achieved. Four 

days after ROSC, the patient developed episodes of upward eye deviation, lower limb stiffening, 

and subtle lip movements. These episodes partially improved after administration of 2 mg 

midazolam, although her level of consciousness remained unchanged. Antiseizure treatment 

included valproic acid at 30 mg/kgBW, which was later switched to topiramate because of 

elevated transaminase levels. EEG was performed on day 12 after ROSC, with findings shown in 

Table 1. The patient did not survive due to worsening complications after one month of 

hospitalization. The EEG findings are shown in Figure 3. 

 

 

Figure 3. (a) Suppressed background rhythm with an amplitude up to 6 µV. (b) During 

painful stimulation, no brain-origin EEG reactivity was observed; however, prominent muscle 
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contraction artifacts were seen over the bilateral frontocentral regions. Timebase: 10 sec/page; 

low-frequency filter: 1 Hz; high-frequency filter: 70 Hz; notch filter: 50 Hz; sensitivity: 3 µV/mm. 

Case 4 

A 30-year-old woman experienced cardiac arrest following massive hemorrhage during 

cesarean section surgery at an outside hospital. Cardiopulmonary resuscitation (CPR) was 

performed, although the duration was unknown. ROSC was achieved, and the patient was 

treated in the ICU before being referred to RSCM for further management because bleeding 

persisted until the fourth day after ROSC. No seizures were observed during the clinical course. 

EEG was performed approximately 3 weeks after ROSC, with findings shown in Table 1. During 

EEG recording, the patient was unresponsive and exhibited gasping respiration. No antiseizure 

medication was administered. The patient did not survive after 21 days of ICU hospitalization. 
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Figure 4. (a) Background activity showed low-amplitude delta slowing at 3–4 Hz (12 µV). (b) 

No EEG changes were observed during painful stimulation. Paper speed: 30 mm/sec; high-cut 

filter: 70 Hz; low-cut filter: 1 Hz; notch filter: on; sensitivity: 3 µV/mm. 

Case 5 

A 69-year-old woman was referred from an outside hospital after desaturation followed by 

cardiac arrest, requiring 45 minutes of resuscitation before ROSC was achieved. After ROSC, the 

patient was treated in the ICU for approximately 3 weeks before transfer to RSCM. Following 

referral, EEG was performed because of intermittent shivering-like movements associated with 

EEG waveform changes, which resolved after administration of midazolam. EEG was performed 

on day 20 after ROSC, with findings summarized and shown in Figure 5 and Table 1. The patient 

had been treated with levetiracetam at the previous hospital and continued on 1000 mg twice 

daily due to suspected seizure activity. Levetiracetam was later tapered off after nonconvulsive 

status epilepticus (NCSE) was excluded. The patient was subsequently designated do-not-

resuscitate (DNR) and did not survive after a total hospitalization of 1.5 months, entirely in the 

ICU. 
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Figure 5. (a) Suppressed background rhythm with an amplitude of 2.36 µV. (b) No brain-

origin EEG response was observed during painful stimulation. Timebase: 10 sec/page; high-

frequency filter: 70 Hz; low-frequency filter: 1 Hz; notch filter: 50 Hz; sensitivity: 7 µV/mm. 

Case 6 

A 55-year-old woman underwent EEG after previously experiencing cardiac arrest and ROSC 

at an outside hospital. She had been hospitalized there for approximately 2.5 months before 

being transferred to RSCM. ROSC was achieved after 23 minutes of resuscitation. EEG was 

performed for prognostic evaluation because the patient remained inadequately responsive 

despite relatively normal metabolic parameters. The patient was eventually discharged with a 

tracheostomy. At discharge, she exhibited spontaneous eye opening and awareness of her 
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surroundings. However, responses were minimal, limited to eye contact with the examiner 

during stimulation testing performed as part of the EEG examination (details shown in Table 1). 

No. antiseizure medication was administered. The EEG findings are presented in Figure 6. 

 

 

Figure 6. (a) Background activity consisted of symmetric bilateral alpha waves at 10–11 Hz 

with an amplitude of 21 µV. Eye-opening and eye-closing reactivity was difficult to assess. (b) 

During painful stimulation, no EEG changes indicative of brain activity were observed; however, 

the patient responded clinically with slight flexion of both arms. Timebase: 10 sec/page; low-

frequency filter: 1 Hz; high-frequency filter: 70 Hz; notch filter: 50 Hz; sensitivity: 7 µV/mm. 
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DISCUSSION 

To our knowledge, reports regarding EEG-based prognostication post-ROSC remain limited in 

Indonesia. Most published studies on post-ROSC EEG prognostication are large-cohort studies from 

Europe and North America, while detailed case-based reports from Southeast Asia remain scarce. 

This case series highlights the practical role of EEG in predicting neurological outcomes among 

critically ill post-ROSC patients.7,13 This case series also demonstrates a broad spectrum of EEG 

abnormalities, ranging from benign to highly malignant patterns, including electroclinical inactivity 

(ECI), continuous suppression, generalized slowing, and alpha coma.  

Highly malignant EEG patterns include suppressed background without discharges, 

suppressed background with continuous periodic discharges, and burst-suppression with or 

without discharges. Malignant patterns include abundant periodic discharges, electrographic 

seizures, discontinuous or low-voltage background activity, reversed anterior–posterior gradient, 

and absent EEG reactivity. The absence of malignant features defines benign EEG patterns.8,10 

Among the six patients, four showed low-voltage background activity in the form of 

suppression (Cases 1, 3, and 5) or attenuation (Case 4). Suppressed background activity (<10 µV) is 

recognized as an indicator of poor neurological outcome. However, it is important to note that EEG 

may become isoelectric or suppressed within 10–40 seconds after cardiac arrest and can persist 

during the first 24 hours; therefore, suppression should not be used alone to predict poor 

prognosis.6,9,11  

Current guidelines from the European Resuscitation Council (ERC) and the European Society 

of Intensive Care Medicine (ESICM) recommend a multimodal approach for neurological 

prognostication at 72 hours after ROSC, incorporating clinical examination, electrophysiological 

studies, biomarkers such as neuron-specific enolase (NSE), and neuroimaging.6,14,15  

In this series, all EEG recordings were obtained more than 24 hours after ROSC, and none were 

obtained within the recommended 24–72-hour prognostic window. Therefore, findings such as 

suppression or electroclinical inactivity (ECI) in these patients may more reliably indicate poor 

neurological outcomes. Previous studies have shown that absence of EEG improvement within the 

first 24 hours is strongly associated with poor prognosis. In contrast, recovery toward continuous 

physiological rhythms within the first 12 hours is generally associated with more favorable 

neurological outcomes.7,9,10  

None of the six patients demonstrated burst-suppression or discontinuous background 

activity. Continuous EEG background activity is generally considered a favorable prognostic sign 

after ROSC. According to the American Clinical Neurophysiology Society (ACNS), discontinuity 

refers to alternating periods of attenuation or suppression with higher-voltage activity. 

Nevertheless, discontinuity alone cannot fully predict the extent of brain injury.11  

Assessment of EEG reactivity can be performed using auditory, visual, and tactile stimulation 

by evaluating changes in EEG amplitude or frequency. In all six cases, no clinically significant EEG 

reactivity was observed. Previous large studies reported that the absence of EEG reactivity has a 

specificity of approximately 82% and a sensitivity of 73% for predicting poor neurological outcomes. 

5,6,11,16-18 
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In our series, EEG findings ranged from benign to highly malignant patterns according to the 

Westhall classification. Highly malignant patterns, in the form of ECI and continuous suppression, 

consistently correlated with poor neurological outcomes (CPC 4–5). Similarly, previous cohort 

studies have demonstrated that highly malignant EEG patterns are strongly associated with poor 

outcomes after cardiac arrest. Nolan et al. (2021) reported that highly malignant EEG patterns 

demonstrated approximately 42% sensitivity and nearly 100% specificity for predicting poor 

neurological outcomes (CPC 3–5). Several other studies have also shown that the absence of EEG 

reactivity, suppressed background activity, and persistent discontinuity are associated with poor 

prognosis. 5,11,13,16-18 

In contrast, benign EEG patterns in our patients were still associated with relatively 

unfavorable outcomes (CPC 3–5), which differs somewhat from larger cohort studies, where 

benign EEG patterns are more commonly associated with favorable neurological recovery (CPC 1–

2). This discrepancy may reflect differences in the severity of systemic illness, prolonged ICU 

treatment, delayed EEG acquisition, and other confounding clinical factors within our patient 

population. 

Limitations 

An important limitation of this series is the delayed timing of EEG recordings, as all EEG 

examinations were performed more than 3 days after ROSC. Other confounding factors, including 

preexisting neurological disease, metabolic abnormalities, structural lesions, duration of ICU care, 

and delayed EEG acquisition, may also have affected the results. However, interpretation of EEG 

reactivity still shows considerable interobserver variability, limiting its consistency in clinical 

practice. Furthermore, this report represents a small case series and therefore cannot fully 

represent the broader post-ROSC population 

CONCLUSION 

In summary, this case series supports prior findings that highly malignant EEG patterns, 

particularly ECI and continuous suppression, are strongly associated with poor neurological 

outcomes after ROSC. Although benign EEG patterns may indicate a relatively better prognosis, 

neurological outcomes remain influenced by systemic conditions and overall disease severity. 

These findings support EEG as a valuable bedside tool for assessing recovery potential and guiding 

clinical management in post-cardiac arrest patients, particularly when integrated into a multimodal 

prognostic approach. Further studies with larger sample sizes and standardized EEG timing are 

needed to better clarify the prognostic value of EEG in post-ROSC patients. 
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