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the evaluation of psychogenic non-epileptic 
seizures (PNeS) cases with saline injection 
method in video-eeG monitorization unit
Avaliação de casos de crises não epilépticas psicogênicas (CNEPs) pelo método de 
injeção de solução salina em unidade de monitoramento por vídeo-EEG

İbrahim BORA1, Aylin Bican DEMİR1, Dursun CEYLAN2

ABStrAct
Background: It has been reported that 10 to 30% of patients sent to epilepsy centers with a diagnosis of refractory epilepsy are diagnosed 
with psychogenic non-epileptic seizure (PNES). A wide variety of provocative methods are used to assist PNES diagnosis. Objective: To 
investigate the effect of seizure induction on the diagnosis and prognosis of PNES. Methods: We retrospectively examined 91 patients with 
PNES complaints in our video-EEG laboratory. Intravenous saline was administered to all patients for induction of seizures. Results: Saline 
injection was performed in 91 patients referred to our EEG lab with PNES initial diagnosis, 57 of whom were female and 34 male. Saline 
injection triggered an attack in 82 patients (90%). Conclusions: In this study we have concluded that provocative methods are practical, 
cheap and, most of all, effective for patient diagnosis. In clinical practice, explaining the diagnosis is the first and most important step of the 
treatment, and careful patient-doctor communication has a positive impact on patient prognosis. 

Keywords: Seizures; Saline Solution; Electrocorticography.

reSUMO
Antecedentes: Há relatos de que 10 a 30% dos pacientes com epilepsia refratária enviados a centros de epilepsia são diagnosticados com 
crise não epiléptica psicogênica (CNEP). Uma ampla variedade de métodos provocativos é usada para auxiliar no diagnóstico de CNEP. Objetivo: 
Investigar o efeito da indução de convulsões no diagnóstico e no prognóstico de CNEP. Métodos: Examinamos 91 pacientes com queixas de 
CNEP em nosso laboratório de vídeo-EEG. Foi administrada solução salina intravenosa a todos os pacientes para indução de convulsões. 
Resultados: A injeção de solução salina foi realizada em 91 pacientes com diagnóstico inicial de CNEP encaminhados ao nosso laboratório 
de EEG, 57 dos quais eram mulheres e 34 homens. A injeção de solução salina desencadeou um ataque em 82 pacientes (90%). Conclusões: 
Neste estudo, concluímos que os métodos provocativos são práticos, baratos e, acima de tudo, eficazes para o diagnóstico de pacientes. Na 
prática clínica, a explicação do diagnóstico é a primeira e mais importante etapa do tratamento, e a comunicação cuidadosa entre médicos 
e pacientes tem um impacto positivo em seu prognóstico.

Palavras-chave: Convulsões; Solução Salina; Eletrocorticografia.

iNtrODUctiON

The psychogenic non-epileptic seizure (PNES) is a clinical 
condition that is similar to epileptic seizure, being time-lim-
ited, sudden, paroxysmal, motor, sensory, and presents with 
autonomic and/or cognitive signs and symptoms, but is not 
accompanied by ictal epileptiform activity1. Epilepsy has been 
reported to be associated with PNES in 10.7 % of patients2. PNES 

was determined in 17-30% of patients referred to tertiary-care 
epilepsy centers due to persistent seizures. In the general popu-
lation, the prevalence of PNES varies from 1/3,000 to 1/50,0003,4. 
It has been reported that 75-85% of patients are female and the 
onset is between the 3rd and 4th decade of life5.

Many terms such as pseudoseizures, hysterical epilepsy, 
pseudoepileptic seizures, psychogenic seizures, and functional 
seizures are used to describe this condition in the literature, 
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but the term psychogenic non-epileptic seizure is still widely 
used. PNES is often misdiagnosed as epilepsy. PNES is often 
diagnosed in epilepsy centers using video-EEG Monitoring 
(VEM), although diagnosis often requires a multidisciplinary 
approach. Although the pathophysiology of PNES is not yet 
clearly understood, it is known not to have a neurobiological 
origin like epileptic seizures6. 

PNES is more predominant in the female sex. Although the 
reason for this is not yet fully known, evidence suggests that 
there may be intrinsic functional connectivity differences in 
brain regions responsible for emotional and cognitive func-
tions7. PNES is commonly confused with epilepsy, resulting in a 
diagnostic delay of 7 to 10 years8. Misdiagnosed PNES patients 
are unnecessarily prescribed multiple high-dose antiepileptic 
drugs (AEDs) with potential adverse effects and teratogenicity, 
and patients with prolonged seizures are unnecessarily intu-
bated for pharmacologic sedation9,10. Moreover, these patients 
undergo unnecessary diagnostic tests and hospital admissions. 
Considering status epilepticus, even unnecessary IV treatment 
is performed in intensive care units. It is of great importance 
that differential diagnosis is done at the right time and in the 
right manner11. The golden standard in the differential diagno-
sis of PNES is to observe patients’ seizures with a video-EEG 
monitoring unit12. 

Although the ethical aspect is debated, various induction 
techniques are used to aid an early diagnosis of PNES, espe-
cially when long-term VEM cannot be applied. Although, the 
frequency of seizures varies in each patient, it may sometimes 
be necessary to provoke seizures using induction methods. 
There are many induction techniques. Routine sleep depriva-
tion, hyperventilation and photic stimulation can be cited as an 
examples. Other methods such as massage application to the 
temporal region, verbal suggestion, hypnosis, diapason vibra-
tion, and saline injection are also used13. These provocation 
tests have facilitated making the correct diagnosis in patients 
who have few seizures, in whom a definite diagnosis cannot 
be made by interictal EEG, and in whom there is a psychiatric 
history that may indicate PNES14. Therefore, the length of hos-
pital stay and the cost of diagnosis and treatment have been 
significantly reduced with these simple methods of obtaining 
the correct diagnosis. Of course as with all tests, there can be 
false-positives and false-negatives.

Subjecting patients to unnecessary drugs and stigmatiza-
tion by society for a long time jeopardizes social bonds, which 
can have serious consequences. Therefore, performing seizure 
induction tests has been beneficial for patients15,16. However, 
the best type of induction method and its effectiveness is not 
known17.

MetHODS

In this study, we investigated the results of saline intrave-
nous (IV) injection (IV) after consent by the patient or their 
relatives. Patients who were admitted in the VEM Unit at the 

Neurology Clinics in Uludag University and who were thought to 
have had PNES were included. In the VEM room, patients were 
connected to a 10-20 electrode system. Patients who had a sei-
zure during simultaneous video recording were asked questions 
during the seizure and were told keywords to be asked later. 
Saline injection was carried out by an experienced doctor who 
followed all patients. In patients who were hospitalized in the 
VEM unit and did not have spontaneous seizures for 2-3 days, 
seizures were induced with 2 cc saline injection. The patients 
and their relatives were appropriately informed that this pro-
cedure would be performed to establish a definite diagnosis.

After the seizure episode, the EEG of the patient was evalu-
ated by the epileptologist and the relatives of the patient were 
shown the seizure episode and asked whether it resembled pre-
vious seizure episodes. Patients were questioned whether they 
remembered the given key words after the episode. The same 
keywords were told to all patients. All seizures were evaluated 
by the same epileptologist based on seizure semiology together 
with the video scan and EEG.

Patients who had seizures after induction and in whom no 
ictal epileptiform activity or postictal changes were observed 
in EEG during the seizure period were defined as PNES. These 
patients were informed that no electrical changes were observed 
in the brain during the seizure, thus ruling out diagnosis of 
epilepsy (Figure 1A, B and C). They were told that the cause 
of the seizure could be sub-conscious or underlying mental 
disorders, and psychiatric consultation was strongly recom-
mended. The study was approved by Bursa Uludag University 
Medical Research Ethics Committee.

reSUltS

Saline injection was applied to 91 patients (52 females) 
who were referred to the VEM unit with suspicion of PNES. 
After saline injection, seizures were observed in 82 patients 
(90%). The mean time of saline injection was 52 hours (48 to 
92). Patients were divided into three sub-groups after injection: 
group 1, 66 patients who had only PNES; group 2, 16 patients 
who had both PNES and real seizures, and group 3, 9 patients 
who had no seizure after saline injection.

The age of patients at seizure onset was 14-44 (mean 26.4) 
in group 1, 6-51 (mean 28.8) in group 2, and 16-46 (mean 24.1) 
in group 3. Patients’ age, sex distributions, age of seizure onset, 
AED use, duration of AED use and whether they had psychiat-
ric diagnosis are shown in Table 1. There were risk factors in 25 
(38%) patients of group 1 and in 8 (50%) of group 2. The most 
common risk factor in group 1 was fall and head trauma and 
in group 2 was febrile convulsion. In group 1, 52 (79%) of the 66 
patients were receiving (AED) treatment (39 monotherapy, 13 
polytherapy). After diagnosis, drugs were reduced and ceased.

Follow up showed that 45 of the 66 patients in group 1 
received psychiatric counseling and treatment, and 12 of 16 
patients in group 2 and 5 of nine patients in group 3 received 
a psychiatric diagnosis and took appropriate medications.
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Table 1. Patient subgroups, demographic data, medical histories.

Patients Group 1 Group 2 Group 3

Sex
Female 43 9 5

Male 23 7 4

Age 18-64 (mean 36.3) 18-66 (mean 39.8) 18-52 (mean 31.3)

Seizure onset age 14-44 (mean 26.4) 6-51 (mean 28.8) 16-46 (mean 24.1)

Use of AED

Total 52 16 6

Monotherapy 39 6 5

Polytherapy 13 10 1

AED use duration 6 - 180 month
(mean 112 months)

6 - 200 month
(mean 132 months)

6 - 150 month
(mean 80 months)

Psychiatry diagnoses
Yes 45 12 5

No 21 4 4

Total 66 16 9

Figure 1. A: Physician giving saline to the patient and explaining the procedure; B: The patient has a psychogenic seizure after the 
procedure; C: Normal EEG of the patient during psychogenic seizure.

DiScUSSiON

The most important step in diagnosing PNES is the clini-
cal suspicion. A good history obtained from an adult who has 
seen a seizure, the timing of the seizures, the relationship with 

psychogenic conditions, the duration and especially the charac-
teristics are important in raising this suspicion. In patients with 
PNES, the delay in diagnosis is reported to be 7.2 years after the 
onset of symptoms18. The indication of aura, no specific symp-
toms, history of urinary incontinence, EEG misinterpretation, 
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history of ictal injury, age of onset of seizure, and history of 
head trauma play an important role in delayed diagnosis. It 
was reported that preservation of awareness, frequent eye 
movements, and level of motor phenomena are the most sig-
nificant semiological findings in favor of PNES, and opening 
and dilatation of pupils at seizure onset, postictal confusion/ 
sleep are characteristics of epileptic seizures8.

PNES is more frequent in females, and in 75-85%, it occurs in 
the 3rd and 4th decades of life5. In our study, it affected women 
in the 2nd decade of life in 62.6%, in groups 1, 2, and 3, which 
is in agreement with literature.

A previous study reported that patients with PNES had sei-
zures within 48 hours in 90% of cases and if no attack occurred 
after this period, induction could be performed19. In our study, 
induction was performed after an average of 52 hours in patients 
in whom no spontaneous seizure was observed.

In another study with patients with a possible pre-diagnosis 
of PNES induced with verbal suggestion and saline, 52 (72.2%) 
of 72 patients had non-epileptic seizures20.

In our study, an attack occurred in 82 of 90 patients to whom 
induction was performed. The eyes of 21 patients were closed 
during the seizure, 15 patients were unresponsive during sei-
zure, and responsiveness was protected in 14 patients. Thirty 
patients showed various motor symptoms (spasms in single or 
two or all extremities), two patients had only emotional symp-
toms, pelvic thrusting was observed in nine patients, and ictal 
and postictal crying in five patients.

In a study carried out by Bora et al, spontaneous seizures 
were recorded in 67 patients with PNES and catatonic and 
major motor movements were recorded in 27 patients (40%), 
minor movement in 21 patients (31%), and subjective symp-
toms in 19 patients (29%)21. PNES was determined in 17 of 30 
patients referred to tertiary care epilepsy centers due to resis-
tant epilepsy4.

In a case series of PNES including nine cases, six patients 
were intubated with status epilepticus and followed up. The 
patients had repeated intravenous antiepileptic treatment 
since their seizures lasted a long time and there was a delay 
in seeing an epileptologist22.

It should be taken into consideration that PNES seizures can 
be accompanied by epileptic seizures. In this circumstance, it 
is extremely difficult and important to define PNES. The most 
important sign is unexpected unresponsiveness to proper drug 
treatment, as PNES may be the cause of this pseudo-resistance. 
Hence, seizure recordings must be held in patients under con-
trol follow up and each seizure should be redefined to prevent 
unnecessary AED dosage and combinations. In our study, epi-
leptic seizures was accompanied by PNES in 16 of 91 patients. 

The epileptic seizures of 16 patients were focal in 9 patients, 
focal+bilateral tonic clonic in 4 patients, and bilateral tonic 
clonic in 3 patients. The ictal EEG of these patients were eval-
uated as focal sharp wave, focal slow wave and generalized 
spike-slow wave activity, respectively.

The gold standard for diagnosing PNES seizures is the exami-
nation of long term VEM23,24. However, its routine application 
is limited due to the cost of examination and the duration of 
appointments that sometimes take months or years. Therefore, 
several epilepsy centers (39 to 73%) use provocative methods 
to help diagnose PNES25.

The main purpose of induction tests is to support the diag-
nosis of PNES, decrease cost, and decrease the waiting time in 
VEM units26. Intravenous saline application, hyperventilation, 
photic stimulation, hypnosis or seizure provocation with sug-
gestion methods have been used in many centers27-30.

Placebo infusions are occasionally used to induce psycho-
genic episodes. The saline provocation test is very useful in diag-
nosing PNES, particularly when the diagnosis remains uncertain 
or spontaneous episodes do not occur during monitoring31. 
However, the induction of seizures in still controversial25,27-29.

Those in favor of induction defend that this simple and 
cheap method can establish the correct diagnosis and avoid 
the use of incorrect treatments for years, which are armful to 
patients25. Given that long term video EEG assessment is lim-
ited in many countries, patients can remain with an incorrect 
diagnosis, and the evaluation of candidates for epilepsy surgery 
in these centers can be delayed.

Those against the application of provocative tests defend 
that such tests can also provoke epileptic seizures. In addition, 
there is suspicion about the tests’ reliability and the patient-
physician relationship may be affected. Primary generalized 
epilepsies can be provoke by intermittent photic stimulation, 
but it is extremely easy to define these seizures by typical EEG 
finding. Since there is no consensus on the ethics of using 
induction techniques in the diagnosis of PNES, it is not easy 
to decide whether to do it or not. However, the most contro-
versial method of induction is saline injection32.

In respect of the test reliability, observing a seizure with 
induction is not sufficient to diagnose a patient with PNES. 
Epilepsy and PNES coexistence is reported to be between 5% 
and 40% in different studies30,33-35. In addition, the fact that 
induction is negative does not rule out PNES diagnosis. It was 
reported in different studies that no seizure is observed by in 
9.4-22.6% of patients with PNES23-25. In our study, epileptic sei-
zures were accompanied by PNES in 16 of 91 (24.2%) patients. 

In our study, no seizure by induction was observed in 9 
patients whose follow-up diagnosis was PNES. It was hypoth-
esized that patients might have PNES because of other fac-
tors such as home videos, or the definition of patients and 
their relatives and attack-triggering elements were not formed 
in video-EEG setting. We are of the opinion that a positive 
patients-physician relationship may have positive impact on 
the patient’s psychogenic seizure.

As a result, induction methods are negative due to ethi-
cal concerns, clearly deceptive methods, deterioration of the 
patient-physician relationship, and violation of trust. On the 
other hand, it is beneficial in terms of helping the diagnosis 
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and avoiding AED side effects, unnecessary hospitalizations 

and high costs.

In the study by Chan et al., saline induction was com-

pared with placebo. The induction success rate was 79.4% 

and for placebo 73.5%, showing no statistical difference36. In 

the study conducted by Hoepner et al., photic stimulation and 

hyperventilation increased the number of seizures before EEG. 

Consequently, simply providing accurate and clear information 
about provocation methods increased PNES37.

In conclusion, provocative methods are practical, cheap, and 
most of all, effective for patients to accept a diagnosis. It should 
be remembered that explaining the diagnosis is the first and 
most important step of the treatment in clinical practice, and 
careful patient-doctor communication has a positive impact 
on patient’s prognosis.
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