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HEADACHES are common in children with shunt-treat-
ed hydrocephalus,18,26 and some of these children 
may have very small ventricles. The so-called “slit-

ventricle syndrome” describes this clinical condition.12,16,22 
Shunt siphoning, over-shunting, and intracranial hypoten-
sion are presumed to be the underlying causes of symp-
toms.18,26 Over-shunting is reported to occur in 0.9%–34% 
of cases in children.1,6,15,17 Fouyas et al.13 described a group 
of 23 symptomatic shunt-treated children, most presenting 

with headache, who did not have obvious shunt failure. 
Intracranial pressure monitoring suggested the diagnosis 
of overdrainage in 56.5%.

Symptoms from over-shunting can occur at any age, 
although they are unusual in children younger than 3 
years old. Perhaps younger children do not have the lan-
guage skills to express their discomfort. Over-shunting 
symptoms can occur spontaneously in a child who has 
had a shunt for years, or symptoms may present soon after 
a shunt is placed or revised.10,15,25

Headache is the hallmark symptom of over-shunting 
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 Object. Headaches are common in children with shunts. Headaches associated with over-shunting are typically 
intermittent and tend to occur later in the day. Lying down frequently makes the headaches better. This paper exam-
ines the efficacy of using abdominal binders to treat over-shunting headaches.

Methods. Over an 18-year period, the senior author monitored 1027 children with shunts. Office charts of 483 
active patients were retrospectively reviewed to identify those children with headaches and, in particular, those chil-
dren who were thought to have headaches as a result of over-shunting. Abdominal binders were frequently used to 
treat children with presumed over-shunting headaches, and these data were analyzed.

Results. Of the 483 patients undergoing chart review, 258 (53.4%) had headache. A clinical diagnosis of over-
shunting was made in 103 patients (21.3% overall; 39.9% of patients with headache). In 14 patients, the headaches 
were very mild (1–2 on a 5-point scale) and infrequent (1 or 2 per month), and treatment with an abdominal binder 
was not thought indicated. Eighty-nine patients were treated with a binder, but 19 were excluded from this retrospec-
tive study for noncompliance, interruption of the binder trial, or lack of follow-up.

The remaining 70 pediatric patients, who were diagnosed with over-shunting headaches and were treated with 
abdominal binders, were the subjects of a more detailed retrospective study. Significant headache improvement was 
observed in 85.8% of patients. On average, the patients wore the binders for approximately 1 month, and headache 
relief usually persisted even after the binders were discontinued. However, the headaches eventually did recur in 
many of the patients more than a year later. In these patients, reuse of the abdominal binder was successful in reliev-
ing headaches in 78.9%.

Conclusions. The abdominal binder is an effective, noninvasive therapy to control over-shunting headaches in 
most children. This treatment should be tried before any surgery is considered. It is suggested that the abdominal 
binder may modulate abnormally increased intracranial pulse pressures associated with over-shunting. Interactions 
with the cerebrovascular bed are suspected to account for persistent headache relief after the binder is discontinued.
(http://thejns.org/doi/abs/10.3171/2012.2.PEDS11146)

KEY WORDS      •      cerebrospinal fluid shunt      •      over-shunting headache      •       
abdominal binder      •      intracranial hypotension      •      intracranial pulse pressure      •       
hydrocephalus

615

Abbreviation used in this paper: ICP = intracranial pressure.
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and tends to occur as the day goes on (late morning, after-
noon, or evening). This is presumably a function of shunt 
siphoning, which occurs when the child is upright.26 There 
is frequently a postural component to the headache; ly-
ing down makes the headache better.3,23 Other symptoms 
occur with much less frequency, including nausea, vom-
iting, lethargy, dizziness, and diplopia. Strabismus and 
paresis of upward gaze have been reported.3,12,15 In fact, 
the clinical presentation of a child with over-shunting can 
be identical to that of a child with shunt failure.16,20,24 On 
rare occasions, there may be an alteration of the level of 
consciousness.6,12,26

Various authors have speculated on the apparent sim-
ilarities between over-shunting headache and common 
migraine, and an abnormality of vascular reactivity has 
been suggested.7,26 Czosnyka et al.5 reported that intra-
cranial hypotension appears to augment the intracranial 
pulse pressure amplitude and that this somehow relates to 
an abnormality of vascular reactivity. Foltz and Blanks11 
showed that reducing ICP below the normal range by 
withdrawing CSF causes the intracranial pulse pressure 
to increase. We suggest that this observation is likely im-
portant to our understanding the pathophysiology of over-
shunting symptoms.

The senior author (F.H.S.) has used the abdominal 
binder for many years to treat headaches attributed to 
over-shunting with good results. This report evaluates the 
effectiveness of using an abdominal binder in this clinical 
setting. A possible mechanism of action is discussed.

Methods
The clinical diagnosis of over-shunting typically in-

cluded headaches occurring later in the day, headache 
improvement on lying down, and small ventricles on CT 
scanning. All patients underwent funduscopic examina-
tion to exclude papilledema. In addition, some patients 
underwent a shunt tap procedure to confirm that the shunt 
was working, and some underwent ICP monitoring. Oc-
casionally, the binder was tried in patients with headaches 
who did not have a typical clinical picture for over-shunt-
ing.

Latex-free Dale Abdominal Binders (Dale Medical 
Products, Inc.) were used to treat the patients with pre-
sumed over-shunting headaches of significant severity 
(more than 2 on a 5-point scale) and frequency (more than 
1–2 times/month). The binders are available in widths of 
6, 9, and 12 in. In practice, they were sized to extend from 
approximately 1 in below the groin up to the bottom of the 
rib cage at the anterior axillary line. It was advised that 
the binder be placed on the patient by a parent or adult 
so that it could be very snug. It was recommended that 
this be accomplished when the patient was lying down. 
These binders have Velcro strips to facilitate application. 
The abdominal binder can be used over or under clothing. 
Figure 1 shows an adolescent boy in an abdominal binder.

In the early years of this retrospective study, the pa-
tients were instructed to wear an abdominal binder only 
when they were upright. Subsequently, the patients were 
asked to wear the binder 24 hours a day, taking it off only 
to shower or bathe. Many of the clinical records did not 

provide information that would allow retrospective de-
termination of whether the binder was used around the 
clock. The binder was worn for approximately 1 month 
and was usually discontinued once the headaches were no 
longer present. With institutional review board approval, 
data were collected to determine the number of patients 
treated with an abdominal binder for the relief of head-
aches related to over-shunting between January 1, 1990, 
and January 31, 2009. Patients were identified through 
a clinical practice database as being those with shunt-
treated hydrocephalus who were being monitored by the 
senior author (F.H.S.). Patient charts held in storage were 
not retrieved for data extraction.

Collected data included patient sex, age at initial 
shunt surgery, whether the patient had headaches during 
follow-up, headache characteristics, whether headaches 
were thought by the neurosurgeon to be related to over-
shunting on the basis of the clinical evaluation, whether 
an abdominal binder was tried, and the results of such 
trials.

Additional data were collected on recurrence of 
headaches after binder usage and the efficacy of repeat 

Fig. 1. Photograph of an adolescent boy in a 12-in abdominal binder. 
The binder should extend over the costal margin and below the groin.
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usage of the abdominal binder. Binder efficacy was en-
tirely subjective and was determined from chart notations 
of office follow-up visits, recording verbal feedback of the 
patients and families as to the incidence, frequency, and 
severity of the headaches. Patients were excluded if their 
medical records indicated that they were noncompliant in 
the use of the binder.

Data were analyzed using SPSS (version 15.0, SPSS, 
Inc.). Data analysis was limited to descriptive statistics 
as no comparison groups were identified with this study.

Results
In this study, 1027 patients were identified through 

the clinical practice database. Of these, 483 patient charts 
were available onsite and were reviewed for data extrac-
tion. Nearly all of these patients had undergone shunt 
treatment by the senior author, using a medium-pressure 
Pudenz valve (Integra LifeSciences) and an open-ended 
peritoneal catheter. Of these 483 patients, 258 (53.4%) 
were found to have had headaches based on informa-
tion in their medical charts. One hundred three patients 
were thought to have over-shunting (21.3% overall; 39.9% 
of patients with headaches); however, only 89 patients 
(18.4% overall; 34.5% of patients with headaches) were 
treated using an abdominal binder. Fourteen patients with 
very mild and infrequent headaches were not treated. In 
practice, this represented patients with headaches of 1 or 
2 severity on a 5-point scale and 1 or 2 episodes/month. 
Of the 89 patients treated with an abdominal binder for 
presumed over-shunting headaches, 9 were lost to follow-
up, 7 were excluded for noncompliance, and 3 were ad-
mitted to the hospital before efficacy of the binder could 
be determined. The remaining 70 patients were the sub-
jects of more detailed study.

Overall, the entire group of 483 patients first under-
went shunt treatment at a mean age of 1.11 years. The 258 
children with headaches initially underwent shunt treat-
ment at a mean age of 1.44 years. The initial group of 
103 children with presumed over-shunting headaches first 
underwent shunt treatment at a mean age of 0.98 years, 
and the 70 patients with over-shunting headaches who un-
derwent detailed study underwent initial shunt treatment 
at a mean age of 1.21 years. On the other hand, patients 
without headaches underwent shunt treatment at a mean 
age of 0.76 years, and comparing these data with those of 
patients with headache barely reaches statistical signifi-
cance (p < 0.05).

Of the 70 patients treated with an abdominal binder 
for presumed over-shunting headaches, the headaches 
started at a mean age of 9.5 years. In 14 children, the 
headaches tended to occur late in the day. Generally, 
there was a note in the chart that lying down helped the 
headache. The frequency of headaches was reported in 39 
patients: 4 patients had several headaches daily, 17 had 1 
headache daily, 9 had headaches every other day, 1 had 2 
headaches per week, 6 had 1 per week, and 2 had a head-
ache every other week.

The average age at the time of the first trial of an 
abdominal binder was 11.5 years. The children were kept 
in a binder for a mean of 4.7 weeks. Of the 70 patients 

treated with an abdominal binder, the headaches greatly 
improved or went away in 60 patients (85.7%). The binder 
was probably effective in 1 additional patient (1.4%) and 
ineffective in 9 patients (12.9%). These results are sum-
marized in Fig. 2.

Although some patients reported improvement in 
their headache only hours after the application of an ab-
dominal binder, most patients experienced improvement 
in the frequency and severity of the headache within sev-
eral days. It sometimes required a week or more for the 
headaches to go away entirely.

Of the 61 patients who had a favorable or prob-
ably favorable response to using the abdominal binder, 
36 started having headaches again, usually after a year 
or so (mean interval 1.54 years). In 1 patient, headache 
recurred 14.1 years after discontinuing the binder. The 
binder was tried a second time in 29 patients, of whom 
26 had had a successful first trial of using the binder and 
3 did not. Ten of these 29 patients were subsequently lost 
to follow-up, leaving 19 patients with known efficacy on 
second binder usage. Reuse of the abdominal binder was 
effective in 15 (78.9% of those patients with follow-up 
information). Moreover, it is likely that some of the 10 
patients lost to follow-up also had favorable responses to 
reusing the binder, discontinuing its use on their own, and 
not keeping follow-up appointments because the head-
aches went away. These results are summarized in Figs. 
3 and 4.

Shunt taps were performed as part of the clinical as-
sessment in 17 patients. According to the notations in the 
medical records, the shunt appeared to be “normal” or 
“working” in 9 patients. In 6 patients, the notes described 
low pressure or spontaneous flow with low pressure. In 1 

Fig. 2. Pie chart showing the effect of abdominal binders in patients 
with over-shunting headache (n = 70).
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patient, very little fluid could be aspirated. Overall, these 
comments indicate that spontaneous flow of CSF was pres-
ent in 16 of the 17 patients who underwent a shunt tap.

Eight patients underwent ICP monitoring as part of 
the headache workup, and the ICP data were believed 
to show normal or low ICP in all patients. On the other 
hand, 15 patients underwent 18 procedures to monitor 
ICP after a trial of wearing an abdominal binder. In 3 of 
these 15 patients, the monitoring was done shortly after 
the binder trial because of persistent headache, and the 
ICP was interpreted to be low or normal. The others were 
studied because of the recurrence of headache despite a 
good original response to wearing the abdominal binder.

Lack of Symptom Subjectivity and Observer Bias
It can be argued that the data of this retrospective 

study are of limited worth because objective measures of 
outcome, such as headache scales, were not always re-
ported in the medical records. To address this problem 
of symptom subjectivity and observer bias, an attempt 
was made to reevaluate the office charts to identify those 
patients with over-shunting headaches who had complete 
relief of their headaches with the use of an abdominal 
binder. Unfortunately, a comprehensive re-review was not 
entirely possible because of a hardware failure of the neu-
rosurgery primary server. Although practice data were 
retrieved from tape backups, the research drive was lost, 
and usable data could not be salvaged. A not-so-current 
offsite backup of this research project provided a partial 
patient list. Accordingly, only 58 of the 89 patients with 
presumed over-shunting headaches and binders could be 
identified for this repeat chart review.

This abbreviated list identified 47 of the 70 patients 
with over-shunting headaches who were treated with an 
abdominal binder and were subjected to retrospective 
study. These results are summarized in Table 1. In sum-
mary, 27 patients (57.4% of the 47 patients treated with a 

binder; 69.2% of the 39 patients who had a favorable re-
sponse to a binder) had complete relief of their headaches. 
It is suggested that these results are objective and free 
of observer bias. The results from the remaining 30.8% 
of binder responders may include inaccuracies due to the 
lack of objective outcome measures and observer bias. In 
other words, most patients (69.2%) who had a favorable 
response to using an abdominal binder experienced com-
plete relief of headache.

Discussion
Our data suggest that approximately 86% of patients 

with headache attributed to over-shunting will experience 

Fig. 3. Pie chart showing recurrence of headache in original re-
sponders to use of abdominal binder (n = 61).

Fig. 4. Pie chart showing results of a repeat trial of the abdominal 
binder for recurrent or continued headache (n = 29). Of these patients, 
26 had originally responded to abdominal binder treatment and 3 had 
not.

TABLE 1: Re-review of patients with headaches who were treated 
with an abdominal binder to identify patients with complete relief 
of headaches*

No. of Patients (%)
Effect of Abdominal Binder Results of Re-Review Original Review

total no. of patients 47 70
substantial improvement 38 (80.9) 60 (85.7)
 HA gone 27 (57.4) 
  HA gone w/ qualifications† 4 (8.5)
 HA much improved 7 (14.9)
HA slightly improved 1 (2.1) 1 (1.4)
no effect on HA 8 (17.0) 9 (12.9)

* HA = headache.
†  Two patients had rare headaches (< 1/month) that were not severe, 
2 patients experienced headache recurrence after discontinued use of 
the binder, and 1 patient was also taking migraine medication.
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improvement in the headache with an abdominal binder. 
This study has several limitations. First, the data collect-
ed are retrospective and subjective. In the office records 
reviewed for this retrospective study, the severity and 
frequency of the headaches were not always quantified. 
The clinician frequently wrote what the patient and/or 
the family said regarding severity and frequency of head-
aches. However, headache scales were not consistently 
documented. Nonetheless, 60 of the 70 patients treated 
with abdominal binders had dramatic improvement in 
their headache. Statistical analysis of headache scale data 
would have been desirable, but such data were not con-
sistently available. Therefore, these data cannot show the 
precise efficacy of the abdominal binder. On the other 
hand, a re-review of the charts of 47 of the 70 patients 
with over-shunting and binders indicated that nearly 70% 
of patients who responded favorably to using an abdomi-
nal binder had complete relief of headache.

Second, it is unlikely that all of the patients with pre-
sumed over-shunting had headaches as a direct result of 
intracranial hypotension. Some patients who were fitted 
with the binder did not have a typical clinical picture of 
over-shunting. Nonetheless, despite these limitations, this 
noninvasive therapeutic measure appears to have amaz-
ing efficacy in many patients with presumed over-shunt-
ing headaches. Moreover, there appears to be a lasting 
effect, and headache relief may persist more than a year. 
Reusing the binder is effective in the majority of cases.

Intracranial pulse pressures increase with the level of 
ICP.5,11,27 This is a feature of physiology. In hydrocepha-
lus, this pulse pressure–ICP relationship is exaggerated, 
and the intracranial pulse pressure is abnormally in-
creased.8,9,21 Using CSF withdrawals, Foltz and Blanks11 

showed that reducing pressures below the physiological 
baseline will result in marked augmentation of the intra-
cranial pulse pressure, not unlike the pulse pressure in-
crease that is seen at high pressures.

Normally, the pressure pulsations of the arteries at 
the base of the brain displace the CSF of the basal cisterns 
down the clivus into the spine with each cardiac systole. 
This can be appreciated on gated CSF studies with MRI 
technique.14,29 Studying patients undergoing myelography, 
Martins and colleagues22 showed that breathing 5% CO2 
causes the spinal sac to enlarge. On the other hand, hy-
perventilation causes the brain volume to decrease, and 
the spinal sac gets smaller as CSF moves back into the 
head. The spinal epidural veins are in free communica-
tion with the large veins of the chest and abdomen, and 
these epidural veins likely enlarge or constrict to accom-
modate CSF movement into and out of the spine during 
systole and diastole, respectively.22 In other words, the 
spinal epidural veins may serve as a shock absorber, since 
epidural blood can be displaced during systole into the 
great veins of the chest and abdomen with each bolus of 
CSF displaced from the head into the spine. In diastole, 
CSF flow changes direction and moves out of the spine 
back toward the Circle of Willis. This is a physiological 
process.14,29

However, with over-shunting, the volume of CSF is re-
duced, not only in the ventricles, but also in the cisterns at 
the base of the brain. It is suggested that the reduced vol-

ume of CSF in the basal cisterns cannot effectively trans-
mit the arterial pressure pulsations into the spine where 
reciprocal pulsatile changes in epidural venous blood can 
dampen these arterial pulsations.14 The intracranial pulse 
pressures become augmented, and the patient may experi-
ence adverse symptoms (headache) or signs (cranial nerve 
VI palsy).2,12

It is suggested that an abdominal binder possibly 
functions to compress the pelvic veins, which are in free 
communication with the epidural venous plexus. It is hy-
pothesized that the abdominal binder distends the epidur-
al venous plexus so that it can function better as a shock 
absorber; more venous blood can be transiently displaced 
out of the spine with each systole. The result is a reduc-
tion in intracranial pulsations and improvement in signs 
and symptoms.4,22

Years ago, the senior author originally attempted to 
examine the efficacy of using an abdominal binder for 
the treatment of over-shunting headaches in a prospective 
study that was designed to show that the headaches recur 
when the binder is removed. The plan was to then reap-
ply the binder to see if the headaches respond a second 
time. However, in nearly all of the patients who showed 
a favorable response to the binder, the headaches did not 
recur when the binder was discontinued. Recurrence after 
many months was not uncommon. The proposed mecha-
nism of action must account for the observed lasting ef-
fect of the binder, and this issue is considered below.

When ICP has been monitored in patients with sup-
posed over-shunting, the following 3 patterns have been 
observed in our institution (personal observation, senior 
author): 1) intracranial hypotension, 2) intracranial hy-
potension with intermittent plateau waves of very high 
ICP, and 3) intracranial hypertension. In our institution, 
those with consistently high ICP (Pattern 3) are thought 
to have shunt malfunction, and their shunts are revised. 
Most of the remaining patients tend to have Pattern 1 
(intracranial hypotension), and these patients are treated 
with a binder. If the binder fails to control symptoms, an 
antisiphon device can be added to the shunt.7,15,16,18,19,28 
If this surgery is not successful, a cranial morcellation 
procedure as described by Epstein et al.10 can be consid-
ered, if the symptoms are severe enough to warrant ma-
jor surgery. This procedure is also done in patients with 
plateau waves superimposed on low ICP (Pattern 2). It is 
suggested that patients with this ICP pattern likely have 
an unstable cerebrovascular bed in which plateau waves 
are triggered from pathological augmentation of the in-
tracranial pulse pressure. Moreover, many have suggested 
a vascular component contributing to the pathophysiol-
ogy of this disease. Migraine medications are occasion-
ally helpful in the control of symptoms.24

One possibility to explain the lasting efficacy of an 
abdominal binder to ameliorate symptoms long after the 
discontinuation of the binder is that the abdominal binder 
tends to correct the abnormally increased intracranial 
pulse pressure. This pulse pressure reduction soothes a 
hyperreactive cerebrovascular bed, and this serves to re-
set the threshold of vascular hyperactivity to a more nor-
mal level; even though pulse pressure augmentation likely 
recurs when the binder is removed, the cerebrovascular 
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hyperactivity does not recur—at least for a while. Clearly, 
this needs further study.

Conclusions
This study shows that headaches resulting from over-

shunting will respond to the use of an abdominal binder 
86% of the time, and that headache relief usually persists 
even after the binder is discontinued. Headaches can recur 
many months later, and reusing the abdominal binder is 
effective in the majority of cases. This nonsurgical man-
agement of over-shunting headaches can be an invaluable 
therapeutic tool in a pediatric neurosurgical practice. It is 
suggested that the mechanism of action of the abdominal 
binder involves the indirect modulation of intracranial 
pulse pressure abnormalities. This hypothesis requires 
further study.
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