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Objectives: To investigate the clinical correlates of frontal intermittent rhythmic delta activity (FIRDA).
Methods: we prospectively assessed all EEG studies recorded in our center over 3 months for the pres-
ence of frontal intermittent rhythmic delta activity (FIRDA). The FIRDA group was compared with a ran-
domly selected control group from among EEGs recorded during the same period. Comparisons among
FIRDA and non-FIRDA groups were performed using uni- and multi-variate analyses.
Results: We found 36 patients with FIRDA among 559 EEG recordings (6%); the control group consisted of
80 subjects. While epilepsy was more frequent in the control group, structural brain lesions and enceph-
alopathy were independently associated with the occurrence of FIRDA, but we could not identify any spe-
cific etiology. Asymmetric FIRDA was associated with an underlying brain lesion. Occasionally, FIRDA was
recorded in otherwise healthy subjects during hyperventilation.
Conclusion: FIRDA appears more common than previously reported, and is associated with a wide range
of lesions and encephalopathic conditions.
Significance: FIRDA occurrence should prompt investigations for toxic-metabolic disturbances and for
structural lesions (particularly if asymmetric), but does not suggest an epileptic predilection.

� 2010 Published by Elsevier Ireland Ltd. on behalf of International Federation of Clinical
Neurophysiology.
1. Introduction

Rhythmic delta activity in human EEG was first extensively de-
scribed by (Cobb, 1945). Since then, studies have addressed the
nature and clinical significance of these slow, rhythmic wave forms
that often exhibit a frontal predilection and are known as frontal
intermittent rhythmic delta activity, or FIRDA (Daly et al., 1953;
Cordeau, 1959; Hooshmand, 1983). In early descriptions, many
groups correlated it with deep midline lesions, and hypothesized
a relationship with increased intracranial pressure (Leschey et al.,
1978; Cordeau, 1959). Later studies contended that such etiologic
factors comprised only a small percentage of all conditions associ-
ated with FIRDA. These included tumors of the posterior fossa and
third ventricle (Faure et al., 1951; Daly et al., 1953), sub-cortical le-
sions (Jasper and Vanburen, 1953), cerebral edema (Gastaut et al.,
1979), cerebrovascular accidents, abscesses, encephalitis, meta-
bolic encephalopathy (Fariello et al., 1982), basilar artery migraine
(Pietrini et al., 1987), Lewy body dementia (Roks et al., 2008), pro-
gressive supranuclear palsy and corticobasal degeneration (Wieser
et al., 2004), and even Creutzfeld–Jacob disease (Tashiro et al.,
2006). More than 20 years ago, two retrospective works (Fariello
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et al., 1982; Hooshmand, 1983) concluded that FIRDA could occur
in a large variety of neurological disturbances as a transient phe-
nomenon that could evolve into other types of EEG abnormalities.
In particular, FIRDA was observed with alterations in conscious-
ness and, in the absence of encephalopathic changes, FIRDA was
mostly seen with focal structural lesions. A recent study confirmed
these findings (Watemberg et al., 2002), and suggested that FIRDA
most frequently occurred with diffuse brain injury, along with mild
to moderate metabolic impairment. Strikingly, half of the patients
had renal failure, while the incidence of brain tumors was low.

Important limitations shared by previous works are the retro-
spective identification of FIRDA, the lack of complete clinical and
laboratory data, and absence of control groups, along with an un-
clear definition of FIRDA.

In this study, we sought to overcome these limitations by inves-
tigating the clinical correlations of FIRDA in our tertiary EEG center
population, using defined electroencephalographic inclusion crite-
ria, a prospective identification, and including radiological and lab-
oratory data.
2. Methods

In this cross-sectional study, nested in a hospital cohort, we
prospectively assessed all EEGs recorded in our tertiary care facility
(Lausanne University Hospital), including routine wakefulness,
ederation of Clinical Neurophysiology.
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sleep, and long-term EEG monitoring, between May 15th and Au-
gust 15th, 2009. All studies were recorded with a bipolar longitu-
dinal montage (using 21 or 23 electrodes arranged to the
international 10–20 system), and interpreted on digital machine
Fig. 1. Typical symmetrical (1a) and asymme
using bipolar and average referential montages. We included all
subjects older than 1 month of age, since EEGs in newborns and
premature infants (below 1 month) are often characterized by
physiological delta slowing, which may be semi-rhythmic or peri-
trical (1b) FIRDA (30 mm/s, 100 lV/cm).



Table 1
Systemic and central nervous system conditions previously known to be associated
with FIRDA: frequency in patients and in controls.

FIRDA (36) CONTROL
(75)

P

Age (mean ± SD) 54.8 (20.7) 41.1 (28.4) 0.01 (t test)
Gender
F (%) 13 (35%) 38 (50,6%) 0.16 (Fisher)
M (%) 24 (65%) 37 (49,3%)
Inpatient (n, %) 29 (78%) 28 (37%) <0.01

(Fisher)
Structural lesion 20 (55%) 17 (22%) <0.01

(Fisher)
Encephalopathy 23 (63%) 17 (22%) <0.01

(Fisher)
Encephalopathy and

structural
13 (50%) 3 (4%) <0.01

(Fisher)
Kidney disease 7 (19%) 4 (5%) 0.04 (Fisher)
Infectious condition 8 (22%) 12 (16%) 0.42 (Fisher)
Sedative medication 13 (36%) 16 (21%) 0.11 (Fisher)
Seizure history 15 (41%) 29 (38%) 0.84 (Fisher)
Epileptiform activity in EEG 2 (5%) 30 (40%) <0.01

(Fisher)
Sleep or coma in EEG 20 (52%) 27 (36%) 0.07 (Fisher)
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odic. We defined FIRDA (Fariello et al., 1982; Cobb, 1945) as a pre-
dominantly frontal delta activity (1–4 Hz) with no amplitude lim-
itation, lasting at least two seconds, and, when tested, with
preserved reactivity to stimulation. We also recorded occipital or
temporal predominant delta activity (commonly labeled as OIRDA,
respectively TIRDA), to be studied separately. We compared the
group of patients with FIRDA (excluding OIRDA and TIRDA) with
a randomly selected control group of subjects without FIRDA iden-
tified among EEG studies recorded in the same period.

Demographical, clinical, laboratory and radiological data were
collected, including age, gender, reason for admission, clinical
question prompting the EEG request, level of consciousness, hepa-
tic and renal function, presence of an infectious/inflammatory con-
dition, and results of brain CT or MRI scan. Laboratory and
radiological exams were performed for clinical reasons only, and
not for the present study.

For each subject, we assessed the presence of a structural lesion
(midline vs lateralized) and of encephalopathy, defined as an alter-
ation of attention or arousal (including confusional state, excessive
drowsiness and coma) and slowing of EEG background activity
(<8 Hz during wakefulness for patients older than 5 years), not ex-
plained by a transient physiological drowsiness (i.e., responding to
orders, Tatum et al., 2008). The etiology of encephalopathy was
further categorized as follows: anoxic (after cardiorespiratory ar-
rest); infectious (central nervous system or systemic infection); le-
sion-induced (brain lesion on imaging); drug-related (including
benzodiazepines, propofol, barbiturates; there were no patients
with illicit drug abuse); metabolic (renal or hepatic failure, defined
as at least double the upper limit value for creatinine or hepatic
transaminases in our laboratory); epileptic (postictal state and/or
interictal epileptic figures on EEG); and neurodegenerative (preex-
isting diagnosis). Given the reported association of FIRDA with
drowsiness, we also assessed the frequency of sleep spindles in
the EEG recording, both in the FIRDA and in the control groups.
In the FIRDA group, we assessed whether delta activity occurred
during drowsiness and sleep or during wakefulness, and if the
amplitude was asymmetric (i.e., with a difference of more than
50% on the side with higher amplitude).

Comparisons among the groups were performed using two-
sided Fisher’s exact tests for categorical, and t-test for continuous
variables having a normal distribution. Variables found to be sig-
nificant in univariate analysis were entered in a stepwise logistic
regression; the goodness of fit of the final model was assessed with
the Lemeshow test. A value of p < 0.05 was considered significant.
Calculations were performed with release 9 of the STATA software
(College Station, TX).
Table 2
Clinical conditions associated with FIRDA occurrence, and relative frequency (%).

Encephalopathy Infectious 22%
Drug-Induced 19%
Epileptic 13,8%
Lesional 13%
Anoxic 8.3%
Neurodegenerative 5.5%
Metabolic 2.7%

Structural lesions Cerebral tumors 13.8%
Deep cerebral hemorrhage 11.1%
Ischemic strokes 11.1%
Subdural hematomas 5.5%
Subarachnoid hemorrhage 2.7%
Arteriovenous malformations 2.7%
Progressive multifocal leukoencephalopathy 2.7%
Posterior reversible leukoencephalopathy 2.7%

Healthy subjects During hyperventilation 5.5%
3. Results

A total of 559 EEG were recorded during the study period. Inter-
mittent rhythmic delta activity could be identified in 41(7%)
recordings, including 36 (6%) frontal predominant (FIRDA), 5 occip-
ital predominant (OIRDA), and 1 temporal predominant (TIRDA). In
one patient, both FIRDA and OIRDA, occurring independently, were
observed. All subjects showing OIRDA were children (range 7–11
yo), 3 had a definite diagnosis of absence epilepsy, one of probable
absence epilepsy without typical EEG, and one had a multifocal
partial epilepsy with no lesion on his brain MRI. The only TIRDA
patient had an ipsilateral ischemic lesion after aneurysmal rupture.
We identified randomly 80 subjects in the same time frame with-
out FIRDA (control group). Of note, we did not find any major dif-
ference in terms of referrals for an EEG study among the two
groups. Fig. 1 illustrates a typical symmetrical (Fig. 1a) and asym-
metrical (Fig. 1b) FIRDA. Table 1 illustrates the occurrence of the
analyzed features according to the FIRDA group (thus not including
OIRDA and TIRDA) and controls. While gender, infections, a history
of previous seizures, sedative medication, and sleep occurring dur-
ing the recording did not differ, FIRDA subjects were older than
controls, were more often inpatients, and more frequently had
structural lesions. Of note, brain imaging studies were available
for 75% of FIRDA patients and 71% of the control group. In both,
structural brain lesions were more often lateralized than in the
midline (77% and 84%, respectively). Lesions in the FIRDA group in-
cluded 5 cerebral tumors, 4 deep cerebral hemorrhages, 4 ischemic
strokes, 2 subdural hematomas, 1 subarachnoid hemorrhage, 1
arteriovenous malformation, 1 progressive multifocal leukoen-
cephalopathy, and 1 posterior reversible leukoencephalopathy. In
the control group, 11 lesions were tumors; the remaining were
mostly of vascular origin (2 subdural hematomas, 2 old ischemic
lesions, 1 deep cerebral hemorrhage, 1 subarachnoid hemorrhage).

Encephalopathy also occurred more frequently in FIRDA sub-
jects than controls. We categorized 7 causes, all of which were
equally prevalent in both groups (anoxic, infectious/inflammatory,
lesion-induced, drug-induced, metabolic, epileptic, and neurode-
generative). Ten FIRDA patients (27%) had both encephalopathy
and structural lesions on imaging, while this was the case in only
3 control patients (4%; Fisher: p < 0.001). A comprehensive sum-
mary of all clinical conditions in which FIRDA was observed is
listed on Table 2.

Renal disease was significantly more prevalent in the FIRDA
group, while epileptiform transients on the EEG were more fre-



Table 3
Overview of data regarding FIRDA from studies since 1982 (NA = not assessed).

Number of
patients

Mean age Prevalence of FIRDA
in EEG studies (%)

Structural
lesion

Encephalopathy (%) Renal failure Epileptic
activity in EEG

Hooshmand (1983) 96 NA <1 53% 38 NA NA
Fariello et al. (1982) 80 NA <1 77.5% 21.2 10% NA
Watemberg et al. (2002) 68 56 0.6 NA 83 50% 9%
Present series 36 54.8 6 55% 63 19% 5%
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quent in the control group. FIRDA predominantly occurred during
drowsiness, sleep or coma (22/36); furthermore, this pattern was
noted during hyperventilation in 4 patients, 2 having epilepsy
(cryptogenic and idiopathic) and 2 with no neurological diagnosis.
In these two patients, the EEG was otherwise normal. Eight of 9
subjects with asymmetric FIRDA had a brain lesion, while this
was true in only 11/26 patients with symmetric alterations (Fisher:
0.02). The side of the lesion seemed to correlate with the side of the
FIRDA of higher amplitude (6 of 8 patients).

The multivariable logistic regression showed that encephalopa-
thy (OR 6.6; 95% CI: 2.5–17.0) and structural brain lesion (OR 4.9;
95% CI: 1.9–12.8) were the only two variables independently asso-
ciated with FIRDA; the model had an excellent goodness of fit
(p = 0.71, Lemeshow). A comparison of present findings with those
of previous studies is shown on Table 3.

4. Discussion

The main findings of our cross-sectional study are that FIRDA
occurs in 6% of prospectively-assessed EEG recordings, and that it
is independently associated with structural brain lesions and
encephalopathy. To the best of our knowledge, this study repre-
sents the first prospective investigation of FIRDA with a control
population. A limitation is that laboratory and radiologic exams
were inhomogeneous, as they were performed for clinical reasons
only. Moreover, all EEG studies were requested for medical reasons
(i.e., we did not include ‘‘normal subjects”), and therefore we did
not have strictu sensu an unselected population. Nevertheless, the
cross sectional design aimed at reducing previous studies selection
biases (mainly related to the retrospective method). We intention-
ally did not match our controls for age and gender because these
might have been different as regards the associated FIRDA
occurrence.

OIRDA was only found in children, mainly with a diagnosis of
absence epilepsy, and mainly during hyperventilation, as described
in previous literature (Gullapalli, 2003); the only TIRDA patient
had an associated underlying lesion, but with no clear clinical fea-
ture suggestive of an epileptic seizure (Normand et al., 1995).

We found the prevalence of FIRDA to be much higher (6%) than
expected from previous studies (less than 1%), all of whom had
identified FIRDA retrospectively (Hooshmand, 1983; Fariello
et al., 1982; Watemberg et al., 2002). This strongly suggests a pos-
sible selection bias besides some differences in the definition of
FIRDA among prior reports, which were all conducted, as ours, in
a tertiary university EEG center.

Univariate analysis showed that our FIRDA patients were older,
more often inpatients, and had a higher rate of comorbidity than
controls, in line with previous descriptions (Watemberg et al.,
2002; Hooshmand, 1983; Fariello et al., 1982). Conversely, epilepsy
and EEG epileptiform features were more frequent in our control
group.

Two conditions were independently related to FIRDA: encepha-
lopathy and structural brain lesions.

Encephalopathy was the most frequent condition observed in
our patients, as noted in previous studies (Hooshmand, 1983;
Fariello et al., 1982; Watemberg et al., 2002). Prior studies showed
background slowing in about 20–83% with FIRDA (Hooshmand,
1983); we found it in 63% of FIRDA patients. There was no specific
etiology of encephalopathy associated with FIRDA. Among the var-
ious conditions (anoxia, systemic infection, metabolic distur-
bances, presence of sedating drugs, known neurodegenerative
disease), only renal failure was found more frequently (19% vs
5%) in the FIRDA group than in controls, as also noted recently
(up to 50%, Watemberg et al., 2002). However, renal insufficiency
was not significantly more prevalent than other causes of enceph-
alopathy among FIRDA patients. Also the finding of an association
with radiological brain lesions partially reflects prior observations
(Fariello et al., 1982).

The original description of FIRDA in patients with deep midline
brain lesions or hydrocephalus was not confirmed by our observa-
tions, where most lesions were of tumoral or ischemic nature. No
difference in lesion type was found with the control group. Two
previous studies (Watemberg and Towne, 1997; Watemberg
et al., 2002) reported a particular association between FIRDA and
white matter diffuse abnormalities, and highlighted the absence
of brain tumors or hemispheric strokes in FIRDA patients; this
was not corroborated by our study and other observations (Fariello
et al., 1982). We observed FIRDA with cortical or deep tumors,
strokes, and other focal brain disorders, suggesting no specificity
as regards the type or cerebral location. FIRDA asymmetry seems
to be an indicator of underlying brain pathology. The higher ampli-
tude FIRDA was not significantly correlated with the side of the le-
sion, but we noticed a trend towards this association (6 out of 8
patients). This could be a chance observation. It is alternatively
possible that the presence of a cortical lesion might facilitate the
appearance of FIRDA, and that, due to the existence of the lesion,
slow activity is more easily recorded from the affected side. Finally,
it should be remembered that FIRDA may be occasionally seen in
otherwise normal subjects: this pattern should nevertheless be
limited to hyperventilation only (Takahashi, 1993). FIRDA in this
context may reflect functional changes induced by hypocapnia
and visualized on fMRI (Mäkiranta et al., 2004).

Conflict of interest statement

None declared.

References

Cobb WA. Rhythmic slow discharges in the electroencephalogram. J Neurol
Neurosurg Psychiatr 1945;8:65–78.

Cordeau JP. Monorhythmic frontal delta activity in the human electroence-
phalogram: a study of 100 cases. Electroencephalogr Clin Neurophysiol
1959;11:733–46.

Daly D, Whelan JL, Bickford RG, Maccarty CS. The electroencephalogram in cases of
tumors of posterior fossa and third ventricle. Electroencephalogr Clin
Neurophysiol 1953;5:203–16.

Fariello RG, Orrison W, Blanco G, Reyes PF. Neuroradiological correlates of frontally
predominant intermittent rhythmic delta activity (FIRDA). Electroencephalogr
Clin Neurophysiol 1982;54(2):194–202.

Faure J, Droogleever-Fortuyn J, Gastaut H, Larramendi L, Martin P, Passouant P, et al.
Genesis and significance of rhythms recorded at a distance in cases of cerebral
tumors. Electroencephalogr Clin Neurophysiol 1951;3(4):429–34.

Gastaut JL, Michel B, Sabet-Hassans R, Cerda M, Bianchi L, Gastaut H.
Electroencephalography in brain edema (127 cases if brain tumor by cranial
computerized tomography). Electroenceph Clin Neurophysiol 1979;46:239–55.



E.A. Accolla et al. / Clinical Neurophysiology 122 (2011) 27–31 31
Gullapalli D, Fountain NB. Clinical correlation of occipital intermittent rhythmic
delta activity. J Clin Neurophysiol 2003;20(1):35–41.

Hooshmand H. The clinical significance of frontal intermittent rhythmic delta
activity (FIRDA). Clin Electroencephalogr 1983;14(3):135–7.

Jasperand H, Vanburen J. Interrelationship between cortex and subcortical
structures: clinical electroencephalographic studies. Electroenceph Clin
Neurophysiol 1953;4:168–88.

Leschey WL, Briggs RC, Altemus LR. Frontal intermittent rhythmic delta activity
(FIRDA), periventricular edema and normal pressure hydrocephalus. Clin
Electroenceph 1978;9:110–7.

Mäkiranta MJ, Ruohonen J, Suominen K, Sonkajärvi E, Salomäki T, Kiviniemi V, et al.
BOLD-contrast functional MRI signal changes related to intermittent rhythmic
delta activity in EEG during voluntary hyperventilation – simultaneous EEG and
fMRI study. Neuroimage 2004;22(1):222–31.

Normand MM, Wszolek ZK, Klass DW. Temporal intermittent rhythmic
delta activity in electroencephalograms. J Clin Neurophysiol 1995;12(3):
280–4.

Pietrini V, Terzano MG, D’Andrea G, Parrino L, Cananzi AR, Ferro-Milone F. Acute
confusional migraine: clinical and electroencephalographic aspects. Cephalalgia
1987;7(1):29–37.
Roks G, Korf ES, Van der Flier WM, Scheltens P, Stam CJ. The use of EEG in the
diagnosis of dementia with Lewy bodies. J Neurol Neurosurg Psychiatry
2008;79(4):377–80.

Takahashi T. Activation methods: hyperventilation. In: Niedermeyer E, Lopes Da
Silva F, editors. Electroencephalography: basic principles, clinical applications,
and related fields. Baltimore (MD): Williams and Wilkins; 1993. p. 241–2.

Tashiro K, Ogata K, Goto Y, Taniwaki T, Okayama A, Kira J, Tobimatsu S. EEG findings
in early-stage corticobasal degeneration and progressive supranuclear palsy: a
retrospective study and literature review. Clin Neurophysiol 2006;117:
2236–42.

Tatum WO, Husain AM, Benbadis SR, Kaplan PW. Handbook of EEG inter-
pretation. New York: Demos Medical Publishing; 2008.

Watemberg N, Alehan F, Dabby R, Lerman-Sagie T, Pavot P, Towne A. Clinical and
radiological correlates of frontal intermittent rhythmic delta activity. J Clin
Neurophysiol 2002;19(6):535–9.

Watemberg N, Towne AR. Radiological correlates of frontal intermittent rhythmic
delta activity. Epilepsia 1997;38(Suppl. 4):119–21.

Wieser HG, Schwarz U, Blattler T, Bernoulli C, Sitzler M, Stoeck K, Glatzel M. Serial
EEG findings in sporadic and iatrogenic Creutzfeldt–Jakob disease. Clin
Neurophysiol 2004;115:2467–78.


	Clinical correlates of frontal intermittent rhythmic delta activity (FIRDA)
	Introduction
	Methods
	Results
	Discussion
	Conflict of interest statement
	References


