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Objective  To explore and determine the reorganizational changes in the cortical neural circuits associated with 
pruritis, this study was undertaken to compare the electroencephalography (EEG) changes in burn patients having 
primary symptoms of chronic itching (pruritis) and their paired healthy subjects. 
Methods  Eight subjects were recruited for this exploratory pilot study: 4 patients with pruritus after burn injury 
matched by gender and age with 4 healthy subjects. EEG recordings were analyzed for absolute alpha, low beta, 
high beta, and theta power for both groups. 
Results  The mean age of the burn patients was 41.75 years; while the mean age for the matched healthy subjects 
was 41.5 years. All subjects were male. A decreased alpha activity was observed in the occipital channels (0.82 vs. 
1.4; p=0.01) and a decreased low beta activity in the frontal area (0.22 vs. 0.4; p=0.049) in eyes closed conditions. 
An overall decreased theta trend was observed in both the eyes open and eyes closed conditions in burn patients, 
compared to healthy individuals.
Conclusion  This preliminary study presents initial evidence that chronic pruritus in burn subjects may be 
associated with brain reorganizational changes at the cortical level characterized by an EEG pattern.
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INTRODUCTION

Pain and itching are two major long-term symptoms 
that occur after burn injury, reported in as high as 70% 
of burn survivors with large burn injuries [1,2]. These 
symptoms are significant disabilities in this population, 
interfering with sleep, disrupting concentration, and 
impacting other important quality of life elements, such 
as return to work [3]. Study results have found that as 
high as 28% of burn patients are not employed at long-
term follow-up [4]. Furthermore, patients with severe 
burn injury experience multiple long-term sequelae. In 
a vast majority of cases, additional disorders, such as de-
pression, post-traumatic stress syndrome, and anxiety, 
also emerge. Pruritus also remains a major problem in 
the burn population, affecting not only adults, but also 
children [5,6]. The fact that these types of injuries result 
in long-term impairments demonstrates the need for ad-
ditional effective treatments. Through further research 
however, it is possible to address these unmet clinical 
needs. Current research on pain has begun to address 
the proper treatment for patients with burn injury [1], but 
there remains more to be investigated. 

Very little is currently known about the mechanism 
and biological effects of pruritus, thus there has been 
no effective treatment reported to date. For this reason, 
the current study aims to investigate cortical reorga-
nizational changes due to the pruritus experienced by 
some patients with burn injury. Plastic changes in the 
mammalian brain have been observed following large 
scale injuries [7]. Specifically, studies in patients with 
chronic pain have shown evident changes in cortical ac-
tivity compared to the cortical activity in healthy subjects 
[8,9]. Therefore, it was hypothesized that pruritus in burn 
patients, similarly to chronic pain, should also lead to 
maladaptive brain reorganization, that causes changes in 
cortical activity compared to healthy subjects. 

Patients more than 3 weeks from the time of their burn 
injury, with pruritus, including subacute and chronic 
pruritus, due to burn injuries were recruited for this 
study; each was gender and age matched to a healthy 
subject. Specifically, chronic pruritus was defined as 
itching persisting for more than 6 weeks [10]. 

MATERIALS AND METHODS

Subjects
Patients more than 3 weeks from the time of their burn 

injury, with pruritus, including subacute and chronic 
pruritus, due to burn injuries were recruited for this 
study; each was gender and age matched to a healthy 
subject. Specifically, chronic pruritus was defined as itch-
ing persisting for more than 6 weeks [10]. Eight subjects 
were included in the study: 4 patients with burn injury 
and 4 healthy individuals. Gender and age were matched 
between patients with burn injury and the healthy con-
trols. Participant inclusion criteria were as follows [11]: (1) 
aged between 18 and 65 years; (2) no diagnosis of neu-
rological, psychiatric or unstable medical disorders; (3) 
no personal history of stroke, traumatic brain injury, epi-
lepsy, unexplained loss of consciousness or severe and 
frequent headaches; (4) no family history of epilepsy; (5) 
no history of drug or alcohol abuse or dependence; (6) 
no current use of central nervous system-effective medi-
cations; and (7) no history of brain surgery or presence of 
metallic implants. The exclusion criteria were as follows: 
(1) any psychiatric disorders that have led to hospitaliza-
tion within the past 6 months or have indicated signs of 
suicidal behavior; (2) learning disorders that may affect 
the ability to complete assessments; (3) a history of other 
neurological conditions associated with structural ana-
tomical changes (i.e., stroke, brain injury, Parkinson’s); 
(4) or current use of any anti-epileptic medications or 
dopaminergic medications (including carbamazepine, 
oxcarbazepine, and phenytoin).

Subjects with burn injuries were selected according to 
the following criteria: provided informed consent prior to 
study participation, aged 18 or older, symptoms of mod-
erate to severe itching at the site of burn injury (at least 4 
on the visual analogue scale [VAS] during the previous 3 
weeks), injury occurred at least 3 weeks prior to enroll-
ment and had been discharged from acute inpatient care.  
Burn patients could be enrolled in either inpatient reha-
bilitation and/or outpatient care. The healthy controls 
were 4 volunteers from the Boston area recruited through 
posted study ads at universities, public areas and the 
internet. All participants provided a list of their current 
medications or drugs, prior to electroencephalography 
(EEG) assessment. All study procedures were approved 
by the Partners Human Research Committee. 
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Design
In this exploratory study we recruited 8 subjects: 4 pa-

tients with itching after burn injury and 4 healthy sub-
jects, who were matched by age and gender. In one visit, 
we used the following instruments: 5-D pruritus scale, 
VAS for itching activity, VAS for sleep (these instruments 
were used only in the itching subjects), and EEG record-
ings for all subjects.

(1) ‌�5-D Pruritus Scale: This is a valid and reliable instru-
ment for measuring itching and changes in itching 
over time. It is used to measure the 5 dimensions of 
an itch: degree, duration, direction, disability, and 
distribution.

(2) ‌�VAS for itch activity: This is a 0 to 10 scale, where 0 
indicates no itch and 10 indicates frequent itching 
activity. This scale has been previously used in a 
study investigating treatment of refractory itching in 
burn patients. For this study, it was used to assess 
the level of itching activity. 

(3) ‌�VAS for sleep: This is a 0 to 10 scale where 0 indicates 
extremely poor quality of sleep and 10 indicates ex-
cellent sleep. Chronic disorders can affect the qual-
ity of sleep, so the sleep quality in the burn subjects 
was measured using this scale.

EEG recording and analysis
EEG recording
This study was performed in the Laboratory of Neuro-

modulation, Spaulding Rehabilitation Hospital, Boston, 
MA, USA.  During the EEG recordings, subjects were 
asked to close their eyes, but remain awake, while sit-
ting still in a chair, staying relaxed in a quiet room for 5 
minutes. An EEG recording was then run under the same 
conditions, but with eyes open for 5 minutes. The EEG 
data recording was performed with a 64-channel EGI 
system with the vertex sensor (Cz) as the reference elec-
trode. The impedances of all electrodes were kept below 

40 kW and band pass filter (100–0.3 Hz).  

EEG preprocessing
The recorded EEG data was analyzed using Net Sta-

tion 4.5 software (Electrical Geodesic Inc., Eugene, OR, 
USA). First, a band pass filter of 2–30 Hz was applied. The 
artifacts sensors (such as, ocular and muscular) were 
removed after visual inspection of the raw EEG data. The 
data was recorded using 64 channels but, in this study, 
the electrodes of interest were divided into three regions:  
frontal, temporal, and occipital. 

EEG analysis
Power was calculated in 4 bands: theta (4–8 Hz), alpha 

(8–12 Hz), low beta (12–21 Hz), and high beta (21–30 Hz), 
each under two conditions: eyes closed and eyes open.  

Preliminary statistics 
Given the small sample size, only preliminary statis-

tics were run. Analysis was completed using Stata ver. 13 
(StataCorp, College Station, TX, USA). The parametric 
unpaired Student t-test was used to compare means.

RESULTS

Demographic information and itch activity are sum-
marized in Table 1. The mean age for burn patients was 
41.75 years, while the mean age for the matched healthy 
subjects was 41.5 years. All patients were male. All sub-
jects with burn injury reported experiencing symptoms 
of pruritus since the time of injury. Decreased alpha 
activity was observed in occipital channels (0.82 vs. 1.4; 
p=0.01) and a decreased low beta activity in the frontal 
area (0.22 vs. 0.4; p=0.049) under eyes closed condition. 
An overall decreased theta trend in both the eyes open 
and eyes closed conditions was observed in burn pa-
tients, compared with healthy individuals. A comparison 

Table 1. Demographic information

Patient 
no.

Age (yr) Sex
Time since 
injury (yr)

Duration of 
itching (yr)

VAS of itch 
activity

VAS of  
sleep

5-D pruritus 
scale

Medications

1 54 M 50 50 8 2 13 Fluoxetine 

2 35 M 1 1 6 3 12 None

3 54 M 2 2 5 4 10 None

4 24 M 3 3 6 6 13 None

VAS, visual analog scale.
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of the absolute power of each bandwidth for healthy con-
trols compared to burn subjects in the eyes closed condi-
tion is detailed in Table 2. Table 3 details similar data but 
in the eyes open condition. Results for each condition 
are further divided into frontal, temporal, and occipital 
regions of the brain. A topographic map comparing the 
EEG brain wave changes of a burn subject with pruritus 
and a healthy subject is included in Fig. 1 (patient #3 and 
the matched healthy control).

In particular, as the time since injury for patient #1 is 
significantly greater than that for other patients, the pre-
liminary EEG analysis was also run excluding patient #1 
to determine whether the time since the burn may have 
an effect, as seen in Tables 4 and 5; however, no signifi-
cant differences were found in this analysis. 

DISCUSSION

Chronic pruritus and pain are related to damage or 
pathological changes in the peripheral nervous system, 
though its relation to the long-term changes in central 
nervous system transmission is not well understood [12]. 
Given the current lack of existing literature addressing 
this condition, this exploratory study demonstrates the 

need to conduct research concerning pruritus. Previous 
studies have provided evidence of maladaptive brain 
reorganization in pain by using transcranial magnetic 
stimulation to assess motor cortex excitability [13]. How-
ever, in this current study, focus was placed instead on 
the changes in the brain waves and assessed by using the 

Table 2. Absolute power of each bandwidth activity in the eyes closed condition

Brain wave
Region of brain

Frontal Temporal Occipital
Burn Healthy p-value Burn Healthy p-value Burn Healthy p-value

Theta (4–8 Hz) 0.37 0.79 0.06 0.29 0.64 0.10 0.59 0.99 0.10

Alpha (8–12 Hz) 0.47 0.71 0.12 0.40 0.61 0.08 0.82 1.40 0.01*

Low beta (12–21 Hz) 0.22 0.40 0.05* 0.21 0.36 0.08 0.36 0.58 0.045*

High beta (21–30 Hz) 0.20 0.21 0.87 1.66 1.67 0.92 0.26 0.26 1.00

Similar results were found when patient #1 was removed from the analysis, as shown in Table 4.  
*p<0.05.
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Fig. 1. A topographic map comparing the EEG brain wave 
changes of the burn subject #3 and his matched healthy 
subject.

Table 3. Absolute power of each bandwidth activity in the eyes open condition

Brain wave
Region of brain

Frontal Temporal Occipital
Burn Healthy p-value Burn Healthy p-value Burn Healthy p-value

Theta (4–8 Hz) 0.36 0.72 0.09 0.27 0.58 0.10 0.46 0.88 0.07

Alpha (8–12 Hz) 0.37 0.52 0.20 0.36 0.47 0.31 0.54 0.84 0.19

Low beta (12–21 Hz) 0.26 0.37 0.18 0.21 0.30 0.22 0.32 0.49 0.11

High beta (21–30 Hz) 0.26 0.19 0.27 0.18 0.14 0.27 0.23 0.20 0.46

Similar results were found when patient #1 was removed from the analysis, as shown in Table 5. 
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EEG.
 This study employed the use of quantitative electroen-

cephalography (qEEG) to analyze the changes in brain-
wave power. In particular, focus was placed on the alpha, 
beta and theta brainwave powers. Alpha brainwaves 
emerge in the awake condition with eyes closed, when 
the subject is relaxed and processing minimal informa-
tion. Alpha activity has also been associated with mem-
ory recall, lessened discomfort and pain, and reductions 
in stress and anxiety. Beta brainwaves, on the other hand, 
signal alertness and attentiveness. A subtype of beta 
brainwaves, known as low beta or sensorimotor rhythm 
(SMR) brainwaves, has been associated with mental and 
emotional disorders, such as depression and insomnia 
[14]. Finally, theta brainwaves have been found to usually 
increase during states of deep relaxation and medita-
tion [15]. By comparing the measured cortical activity of 
patients with pruritus with those of the matched healthy 
subjects, the study sought to determine the effect of itch 
at the cortical level. 

Preliminary results suggest changes in EEG brainwave 
patterns related to pruritus. Results indicated a decrease 
in alpha activity in the occipital area and a decrease in 
low beta activity in the frontal area during the eyes closed 
condition in burn patients compared to healthy controls. 
In addition, an overall decrease in theta activity was ob-
served in both the eyes closed and eyes open conditions 

in burn patients. These brainwave pattern changes are 
thus evidence of the maladaptive brain reorganization 
that occurs in the brains of burn patients after pruritus 
and/or peripheral damage. 

Although alpha activity is widely distributed in the cor-
tex, its function is not clear [16]. However, alpha waves 
have been found to be associated with meditation and 
a sense of inner peacefulness created by the release of 
acetylcholine [17]. In healthy individuals, an increase in 
alpha is usually observed during the eyes closed condi-
tions, mainly in the posterior occipital-temporal and 
parietal regions. Conversely, one study, conducted by 
Jensen et al. [8], demonstrated a decrease in alpha activ-
ity and an increase in theta activity in the frontal areas in 
patients with chronic pain after spinal cord lesion in the 
eyes closed condition. In this study, results also demon-
strated a decrease in alpha activity during the eyes closed 
condition, but, in contrast, in the occipital region. These 
study results thus replicate the type of alpha activity seen 
in chronic pain, but in different areas of the brain. 

In this study, a trend, though non significant, was ob-
served in the theta bandwidth. Burn patients with itch-
ing recorded a lower theta brainwave power compared 
to the healthy individuals. Theta brainwaves have been 
correlated to the reward pathway, especially in the fron-
tal components of the pathway as these frontal regions 
provide executive control over decisions and reward 

Table 5. Absolute power of each bandwidth activity in the eyes open condition (patient #1 removed from analysis)

Brain wave
Region of brain

Frontal Temporal Occipital
Burn Healthy p-value Burn Healthy p-value Burn Healthy p-value

Theta (4–8 Hz) 0.34 0.67 0.2086 0.26 0.54 0.2495 0.48 0.82 0.2722

Alpha (8–12 Hz) 0.33 0.49 0.4172 0.31 0.46 0.4685 0.47 0.85 0.2971

Low beta (12–21 Hz) 0.23 0.34 0.3741 0.19 0.29 0.3940 0.33 0.49 0.3540

High beta (21–30 Hz) 0.23 0.15 0.5337 0.16 0.12 0.6045 0.24 0.20 0.6316

Table 4. Absolute power of each bandwidth activity in the eyes closed condition (patient #1 removed from analysis)

Brain wave
Region of brain

Frontal Temporal Occipital
Burn Healthy p-value Burn Healthy p-value Burn Healthy p-value

Theta (4–8 Hz) 0.33 0.72 0.1663 0.26 0.56 0.2314 0.48 0.86 0.1607

Alpha (8–12 Hz) 0.42 0.62 0.4067 0.37 0.56 0.3337 0.73 1.34 0.0665

Low beta (12–21 Hz) 0.22 0.36 0.2584 0.21 0.33 0.3174 0.37 0.57 0.2492

High beta (21–30 Hz) 0.18 0.18 0.9321 0.16 0.15 0.8191 0.25 0.24 0.9656
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seeking behaviors. The trend of decreased theta activ-
ity may be due to the fact that burn patients with itches 
focus on the itching, thereby causing disruption and 
distress in their daily activities. Theta waves instigate the 
release of GABA, a neurotransmitter required to induce 
relaxation and reduce stress and anxiety, which balances 
the brain by inhibiting over-excitement [18]. A decrease 
in theta waves would thus, in turn, decrease the amount 
of GABA released. The decreased alpha and theta activ-
ity may therefore appear as a result of a lack of relaxation 
[12,14,19-21]. However, it is also important to note that 
one burn participant was taking fluoxetine, an antide-
pressant. Due to the small sample size, the use of this an-
tidepressant may also account for the decreased trend in 
the theta oscillations [22].  

Analysis of data from the VAS for sleep and quality of 
sleep items included in the 5-D pruritus scale indicated 
that most burn patients recruited in this study reported 
poor quality of sleep, which may affect their brain reor-
ganization. Specifically, a decrease in theta brainwave 
activity has been observed in insomniac patients. Many 
pain studies have suggested changes in alpha and theta 
activity with disruption to the thalamic-cortical loop 
[8,23,24]. This disruption, also known as thalamo-corti-
cal dysrhythmia, refers to the abnormal, internally origi-
nated low frequency oscillations in the thalamo-cortical 
network, which disrupts normal connection and com-
munication between these areas. Patients with unsyn-
chronized loops are therefore prone to mental disorders, 
such as ADD, depression and insomnia. Disruption of 
the thalamic-cortical loop may thus explain the observed 
trend of decreased theta brainwaves in burn patients re-
porting a poor quality of sleep.

Another finding of note is that burn injury patients 
with pruritus exhibited a significant decrease in low beta 
brainwaves (12–21 Hz). Low beta brainwaves, also known 
as SMR brainwaves, allow individuals to feel more pres-
ent and in the moment. As shown in Egner et al. [14], 
training of the low beta brainwave band led to significant 
attention-enhancing effects in healthy subjects. Low 
SMR, on the other hand, has been correlated with a lack 
of focused attention, such as that seen in attention defi-
cit disorder. These low beta brainwaves are inhibited by 
motion, an issue for burn patients who experience the 
automatic response to relieve their itching sensation [11]. 
Studies have shown that people who lack sufficient beta 

activity exhibit signs of depression or insomnia, disorders 
observed in many burn patients as a result of the negative 
effects of their injury on their lifestyle.

In the eyes open condition, no differences were ob-
served between the two groups, with the exception of a 
decrease in the overall theta trend. However, results from 
the eyes open condition were not the study focus, due to 
the susceptibility to artifacts. 

Many other studies have also abstained from including 
the eyes open condition in their analysis, given that they 
had not found any significant changes.

These study results provide early findings that itching 
is processed differently than pain. The reward circuit 
that emerges after itching, which may create a different 
network as shown by a different EEG pattern, can also af-
fect the central processing of pruritus. Itching is also as-
sociated with conscious and voluntary control motor re-
sponses, and the reward process that ensues is associated 
with the ventral tegmental area (VTA), nucleus accum-
bens (NAc), and prefrontal cortex (PFC).  Another differ-
ence identified between pain and itching is the specified 
pathway in the anterolateral spinothalamic tract fiber by 
the wide dynamic range (WDR) neurons. These neurons 
are mechanically insensitive, have very low conduction 
velocity, and have a high electrical threshold that does 
not show spontaneous activity [14]. These differences 
between the central processing of pain and itching thus 
demonstrating the need for different forms of treatment 
to best facilitate efficient recovery of patients with pru-
ritus. Although this study recruited only 4 burn patients, 
along with their respectively matched healthy controls, 
significant results were obtained. Further research should 
still recruit a larger sample size of patients with pruritus 
post burn injury in order to obtain more accurate results. 
In addition, the correlation between measures of sleep 
quality, drowsiness, and emotional states with EEG activ-
ity, may also be examined. Furthermore, as the human 
brain has the capability of reorganization, it is difficult to 
ascertain whether pruritus occurs as a result of reorga-
nization or peripheral healing [25]. Therefore, a similar 
study may be run in the future using burn patients with-
out pruritus as a control group. 

The results of this study demonstrate a different EEG 
pattern in patients with pruritus than that observed in 
patients with pain. Such results thus add further evidence 
that pruritus may also cause some maladaptive reorga-
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nization and encourage future studies to utilize other 
forms of recording and brain activity modulation in order 
to gain insight into the specific mechanism of pruritus at 
the cortical level. Such research will aim to provide effec-
tive treatment plans to improve quality of life outcomes 
for burn patients experiencing pruritus. 
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