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Presence of generalized periodic
discharges and hospital mortality

Presenca de descargas periédicas generalizadas e mortalidade hospitalar
Larissa MIYASHIRQ', Carolina OLIVEIRA DE PAULQ', Carlos Alexandre TWARDOWSCHY'

ABSTRACT

Background: Generalized periodic discharges (GPDs) are rare patterns that can be found in long-term electroencephalographic monitoring
incritical patients. These patterns have been correlated with non-seizure crisis and non-convulsive status epilepticus, associated with poor
prognosis. Objective: To compare the outcome between patients who developed GPDs and patients with other abnormalities in long-term
electroencephalographic monitoring. Methods: A retrospective study was performed by analyzing the medical records of 112 patients over
18 years who developed GPDs during long-term electroencephalographic monitoring (12-16 hours of monitoring) in the intensive care unit
of a general hospital, compared with a group that had only nonspecific abnormalities in the monitoring. Results: Age and cardiorespiratory
arrest (CA) were risk factors for death — OR 1.04 (95% Cl 1,02 — 1,07) and p<0.001; OR 3.00 (95% CI 1,01 - 8,92) and p=0.046, respectively.
It was not possible to evaluate if GPDs alone were associated with an unfavorable outcome or would be a bias for the development of
CA in these patients. However, of the six isolated GPDs cases, 2/3 evolved to death, showing a tendency to worse prognosis. A significant
difference (p=0.031) was observed for a worse outcome when comparing the group of 28 patients who presented GPD or CA with the other
group which did not present any of these variables; of these 28 patients, 20 (71.4%) died. Conclusions: The presence of post-CA GPDs was
associated with worse prognosis, but it was not clear whether these patterns are independent factors of an unfavorable evolution.
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RESUMO

Introducéo: As descargas periédicas generalizadas (DPG) sdo padrdes raros que podem ser encontrados durante monitorizacdo
eletroencefalografica prolongada (MEP) em pacientes criticos. Esses padroes tém sido correlacionados com crises nao convulsivas e estado
de mal epiléptico nao convulsivo, associados a um pior prognoéstico. Objetivo: Comparar o desfecho entre pacientes que desenvolveram
DPG e pacientes com anormalidades inespecificas na MEP. Métodos: Foi realizado um estudo retrospectivo através da analise dos
prontuarios de 112 pacientes acima de 18 anos que desenvolveram DPG durante MEP (de 12-16 horas de monitorizacéo) na unidade
de terapia intensiva de um hospital geral, comparando com um grupo que apresentou apenas anormalidades inespecificas na MEPR.
Resultados: As variaveis idade e parada cardiorrespiratéria (PCR) se mostraram como fatores de risco estatisticamente significativos
para 6bito — OR 1,04 (IC 95% 1,02 — 1,07) e p<0,001; OR 3,00 (IC 95% 1,01 — 8,92) e p=0,046, respectivamente. Nao foi possivel avaliar
se DPG isoladamente se associaram a um desfecho desfavoravel ou seriam um viés para o desenvolvimento de PCR nesses pacientes.
Porém, dos seis casos de DPG isoladas, 2/3 evoluiram para 6bito, o que revela uma tendéncia a pior prognéstico. Foi observada diferenca
significativa (p=0,031) para pior desfecho ao comparar o grupo de 28 pacientes que apresentou DPG ou PCR com o outro grupo que nao
apresentou nenhuma dessas variaveis, sendo que desses 28 pacientes, 20 (71,4%) foram a 6bito. Conclusdes: A presenca de DPG p6s-PCR
esta associada a pior prognoéstico, porém nao ficou claro se esses padroes sao fatores independentes de evolucao desfavoravel.

Palavras-chave: Eletroencefalografia; Unidades de Terapia Intensiva; Encefalopatias; Mortalidade hospitalar.

INTRODUCTION similar morphology with quantifiable, almost regular inter-

vals between them®. These patterns have been associated

Generalized periodic discharges (GPDs) are rare patterns  with significant functional impairment and adverse clinical

that can be found during long-term electroencephalographic =~ outcomes, resultingin a high mortality rate, which may range
monitoring, but relatively common in comatose patients  from 30 to 64%"*".

after cardiorespiratory arrest (CA)"****. They are defined as GPDs were highly related to non-convulsive seizures and

synchronous, bihemispheric, and repetitive discharges of = non-convulsive status epilepticus (NCSE), which have been
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strongly associated with a worse prognosis**®. NCSE consists
of electrographic seizures lasting at least 30 minutes that,
in addition to non-convulsive seizures, can be detected on
the electroencephalogram (EEG) of comatose patients. It is
believed that the presence of these findings may worsen the
patient’s recovery or cause clinical deterioration, even with
the appropriate treatment of the primary cause of coma®".
In the study performed by Ruijter et al., patients with good
results showed early improvement to a continuous EEG back-
ground pattern before the development of NCSE?®. This seems
to be the key to recovery from post-anoxic encephalopathy,
also observed in other studies'"". The outcome was unfa-
vorable when NCSE developed within the first 36 hours
after CA (period when temperature management and asso-
ciated sedative medication occurs) and when preceded by
surge suppression®,

Patients with GPDs tend to have epileptic seizures later,
with the first seizure occurring within 24 hours of EEG onset?,
and within 48 hours of discharge detection®. Factors of poor
prognosis are prolonged duration and use of more than two
antiepileptic drugs to suppress the seizure, association with
myoclonus, more suppression, lower discharge frequency,
and higher periodicity of discharges®.

Regarding the bad prognosis to which the presence of
GPDs could be associated, some studies have observed death
of most patients within the first month after visualization
of these patterns in the EEG, with cerebral hypoxic-isch-
emic injury being the major cause of morbidity and mortal-
ity"*131, For surviving patients, studies revealed a high degree
of impaired sequelae of consciousness and unfavorable clini-
cal conditions in all patients with GPDs*, and only a 12-14%
probability of independent recovery®. One study showed that
GPDs were the only EEG factors related to the NCSE out-
come and are associated with worse outcome regardless of
etiology". However, although these studies indicate a worse
outcome for patients with GPDs, Foreman et al. research
finding was that independent factors associated with poor
prognosis are coma, cardiac arrest, sepsis, cancer, and NCSE®.

The aim of this study was to investigate the outcome of
patients who already developed GPDs in the intensive care
unit of a university hospital in Brazil, and comparing with
a group of patients with nonspecific abnormalities in long-
term electroencephalographic monitoring,

METHODS

The research was conducted in the intensive care unit
at Cajuru University Hospital of Curitiba, Parand, Brazil.
This was a retrospective study that analyzed the medi-
cal records of patients aged over 18 years who were sub-
mitted to long-term electroencephalographic monitor-
ing (12-16 hours) at some time in the intensive care unit,
between October 2017 and December 2018. Among these

patients, we separated those who developed GPD, accord-
ing to the criteria of the American Clinical Neurophysiology
Society’s Standardized Critical Care EEG Terminology: 2012
version®, and compared with the other patients that pre-
sented any other abnormality in the long-term electroen-
cephalographic monitoring (non-GPDs abnormalities group).
The non-GPDs group included patients with: polyspikes,
spikes, LPDs (lateralized periodic discharges), GRDA (gener-
alized rhythmic delta activity), nearly continuous with atten-
uation, nearly continuous with suppression, burst suppres-
sion, and suppression. The following data were collected: age,
gender, category of presenting illness, outcome (discharge or
death), NCSE (yes / no), post-arrest (yes / no). Incomplete
medical records and patients transferred to another hospital
due to loss of outcome were excluded. The patients submit-
ted to this procedure were not approached for this project,
being exclusively an analysis of medical records, valuing the
anonymity and confidentiality of the collected information.
The project was approved by the institution ethics commit-
tee. Data were stored in Microsoft Word and Microsoft Excel
programs for statistical analysis. The results were presented
by Epi-Info 7 and correlated with the literature.

The results of quantitative variables were described by
means, standard deviations, and minimum and maximum
values. For categorical variables, frequencies and percent-
ages were presented. Univariate analysis of factors associ-
ated with outcome (favorable or dead) was performed using
Student’s t-test for independent samples (age) or Fishers
exact test (categorical variables). For the multivariate analy-
sis, a logistic regression model was adjusted. The Wald test
was considered for decision making regarding the signifi-
cance of the variables and the estimated association measure
was the odds ratio. Values of p<0.05 indicated statistical sig-
nificance. Data were analyzed using the computer program
Stata / SE v.14.1. StataCorpLP, USA.

RESULTS

The following analysis was performed based on data from
112 patients. The comparison between the different variables
and their respective outcomes was performed (Table 1).
The category of presenting illness is illustrated in Figure 1.
The NCSE variable was strongly associated with the presence
of GPDs, since all patients with GPDs had NCSE at some
point of the long-term electroencephalographic monitoring,

Of the 112 patients, 71 were men and 41 women, with
death occurring in 49.3 and 61.0% respectively. The average
age of patients with favorable outcomes was 47.3 years, while
patients who died had a mean age of 60.6 years. The most
common etiology for GPDs was hypoxic encephalopathy, fol-
lowed by trauma and intracranial hemorrhage.

Analyzing only the GPD variable, nine cases were
observed, whereas seven (77.8%) died and two (22.2%) had a
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favorable outcome (p=0.172). Seventeen patients had NCSE,
ofwhom 13(76.5%) died. For patients who did not develop this
variable, a balance was found between favorable (50.5%) and
unfavorable (49.5%) outcomes (p=0.063). Similarly, patients
without CA had a balanced outcome between favorable
(51.1%) and death (48.9%), while the 22 patients with CA had
a more expressive percentage of deaths (72.7%) than favor-
able outcomes (27.3%) (p=0.057).
Besides the trends, there was a significant difference
(p=0.031) when comparing the group of patients who pre-
sented GPD or CA with the other group that did not present
any of these variables. Of the 28 patients who presented one  rigorq 1. Category of presenting illness.
of the two variables, 20 (71.4%) died, while of the 84 patients
who did not have GPD or CA, 40 (47.6%) died.
Analyzing the GPD and post-CA variables in all their
possible combinations, of the six patients who presented
GPD alone, four (66.7%) died. Likewise, 13 (68.4%) out of the Table 2. Association between age, post cardiorespiratory
] . ) . arrest and probability of death.
19 patients who had isolated CA died. Only three patients

had concomitant GPD and CA, and all of them had unfavor- Valalols vz OR (95%Cl)
able outcomes. Age (years) <0.001 1.04(1.02-1.07)

In Table 2, when analyzing only the variables age and Post-cardiac arrest 0.046 3.00(1.01-8.92)

post-CA, both were associated with the increased probability =~ OR:0dds Ratio; 95%Cl: 95% confidence interval.

Table 1. Comparison between variables and its outcomes.

Outcome
Variable Classification n p-value*
Favorable (n=52) Death (n=60)
Age (years) 47.3+19.6 (18-86) 60.6+16.0 (22-90) <0.001
Male 71 36 (50.7) 35(49.3)
Sex
Female 41 16 (39.0) 25 (61.0) 0.246
No 1083 50 (48.5) 53 (51.5)
GPD
Yes 9 2(22.2) 7(77.8) 0172
No 95 48 (50.5) 47 (49.5)
Status epilepticus
Yes 17 4(23.5) 13(76.5) 0.063
No 90 46 (51.1) 44 (48.9)
Post-arrest
Yes 22 6(27.3) 16(72.7) 0.057
No and No 95 48 (50.5) 47 (49.5)
Yes and No 0 - -
GPD and status epilepticus
No and Yes 8 2 (25.0) 6 (75.0)
Yes and Yes 9 2(22.2) 7 (77.8) =
Others 95 48 (50.5) 47 (49.5)
GPD and status epilepticus
Yes and Yes 17 4 (23.5) 13(76.5) 0.063
No and No 84 44 (52.4) 40 (47.6)
Yes and No 6 2(33.3) 4 (66.7)
GPD and Post-cardiac arrest
No and Yes 19 6(31.6) 13 (68.4)
Yes and Yes 3 0(0) 3(100) =
Others 84 44 (52.4) 40 (47.6)
GPD and Post-cardiac arrest
GPD and/or Cardiac Arrest 28 8(28.6) 20(71.4) 0.031

*Student’s t-test (age); Fisher’s exact test (categorical variables); p<0.05.
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of death. The odds ratio for age was 1.04 (95% confidence
interval [95%CI] 1.02-1.07; p<0.001); for the post-arrest vari-
able the odds ratio was 3.00 (95%CI 1.01-8.92; p=0.046).

DISCUSSION

In the present study, only nine cases of GPDs were identi-
fied, whereas seven (77.8%) died. The sample size limited the
statistical analysis of this variable; however, it is still possible
to perceive a tendency (p=0.172) that these electroencepha-
lographic patterns are factors for an unfavorable outcome.

Foreman et al. conducted a retrospective study with
200 critically ill patients with GPDs, in which 27% had non-
epileptic seizures and 22% developed NCSE. The authors’
initial hypothesis was that GPDs would be associated with
crisis, mainly non-seizures, and related to a bad prognosis.
The strong relationship between non-convulsive seizures and
NCSE seizure with GPDs was consistent with their hypoth-
esis, but came to the conclusion that only the disease state
was an independent factor of an unfavorable outcome, but
not GPDs. Nevertheless, they believe that a small association
is still possible®. In our study, we observed that patients with
CA or NCSE had a higher death rate, characterizing possible
risk factors for a worse outcome. Due to the small sample
size, we observed only unfavorable outcome trends (p=0.057
for CA and 0.063 for NCSE). When these variables were not
present, patients were almost as likely to progress to a favor-
able as unfavorable outcome.

With an incidence of approximately 1-5% in most stud-
ies, GPDs may be present in about 20% of patients with
hypoxic or anoxic injury following CA**'%*!3, Previous stud-
ies shows that GPDs may occur in many disease states, such
as hypoxic-ischemic encephalopathy, metabolic and infec-
tious disease, medication toxicity, non-convulsive status epi-
lepticus®*®. In our sample, the most common etiology for
GPDs was hypoxic encephalopathy, followed by trauma and
intracranial hemorrhage.

As it has been observed in several studies that CA is a
poor prognostic factor*!, we attempted to perform a statis-
tical calculation by analyzing CA and GPDs alone, together
and absence of both, to assess whether isolated GPDs are
considered risk factors for poor prognosis or would be a bias
(CA increasing mortality in patients with GPDs) in those
patients with both conditions. Unfortunately, due to the large
number of variables and the small number of patients, it was
not possible to perform a statistical analysis. However, it is
possible to observe that of the six cases of isolated GPDs in
this study, 2/3 died. If the sample number were increased, we
could enlighten if the presence of isolated GPDs could trans-
late into an unfavorable evolution or if it is a merely marker.
The study by Li and colleagues identified some clinical fea-
tures that may be associated with GPDs and contribute to
the increased risk of an unfavorable outcome. These factors

include age > 65 years, systemic disease, anoxic encephalopa-
thy, NCSE, and some drug toxicities, such as the antibiotics
cefepime and meropenem. This could explain why, although
most GPD patients have a poor prognosis, some may still
have a positive outcome?. Table 2 of this study only analyzed
the variables age and post-CA, and both proved to be statis-
tically significant risk factors for death. No other variables
were added, as the small number of patients could invalidate
the evaluation.

When the patients with GPDs or CA were divided into
4 categories, there was too many variables and not enough
patients to lead to statistical significance. Therefore, we
divided these patients into two groups: one with GPDs or
post-CA and another without these conditions. This allowed
us to obtain one statistically significant result (p=0.031),
which showed a worse outcome when patients had GPDs or
CA compared to other patients. Besides that, we can suggest
that the presence of GPDs and / or CA is a major risk fac-
tor for worse outcome, because even in a limited sample size,
we had a statistically significant result. The detection of these
electroencephalographic patterns and the knowledge of their
significance in relation to the prognosis is important so that
the proper management of the patients is possible and so we
acquire the ability to evaluate in what circumstances and
with what intensity we should interfere. To Foreman et al.,
treating the underlying etiology and NCSE, as well as pro-
moting careful monitoring, are the most important consid-
erations in the care of patients with GPDs. Patients should
undergo long-term electroencephalographic monitoring to
identify the presence of a NCSE, which according to them
is independently associated with a bad outcome in patients
with and without GPDs. In addition, they believe that aggres-
sive treatment of GPDs should be reserved for cases where
there is evidence of ongoing neuronal injury or when there is
a presence of NCSE defined based on EEG patterns or clini-
cal features (3). Some authors use antiepileptic drugs to treat
GPDs, but only a minority of epilepsy specialists treat GPD
patients equally aggressively to those with clinically man-
ifest NCSE. Other studies also reveal that the treatment of
GPDs with antiepileptic drugs does not improve patient
outcomes's!

We suggest that the presence of GPDs after cardiorespira-
tory arrest can be related to an unfavorable outcome, but it
was not clear whether these patterns during long-term elec-
troencephalographic monitoring are independent factors of
poor prognosis. It will be necessary to follow up the project in
order to increase the sample number and to obtain significant
results in comparisons where this was not possible. Besides
the reduced sample, another limitation of this study was the
short period of EEG monitoring (12-16h), which might lead
to under-recognition of ictal-interictal activity. In addition,
we could not be able to evaluate SOFA/APACHE scores or
systemic derangements of the patients, as this information
was not included in the medical records.
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