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INTRODUCTION

Lumboperitoneal shunt (LPS) is an effective treatment for idiopathic normal pressure 
hydrocephalus (INPH). Intracranial hypotension (IH) caused by overdrainage through LPS 

ABSTRACT
Background: We previously found the usefulness of dural sac shrinkage signs (DSSSs), which are the anterior 
shift of the spinal cord and dura mater behind the cord, detected by magnetic resonance imaging (MRI) at the 
thoracic level for the diagnosis of spontaneous intracranial hypotension (IH). This is a retrospective survey on the 
usefulness of DSSSs for the early detection of iatrogenic IH caused by overdrainage through a lumboperitoneal 
shunt (LPS) for patients with idiopathic normal pressure hydrocephalus (INPH).

Methods: Forty-five INPH patients had an LPS using a pressure programmable valve equipped with an anti-
siphon device.

Results: Nine patients complained of orthostatic headache after the LPS, indicating IH due to overdrainage, 
which persisted for more than a week in three patients and 2–7days in six patients. The headache was transient/
nonorthostatic in ten patients and absent in 26 patients. The DSSSs and accompanying enlargement of the venous 
plexus were observed in all three patients with prolonged orthostatic headaches. Only the anterior shift of the 
dura mater was observed in 1  (4%) among 25  patients who had short-term orthostatic headache, transient/
nonorthostatic headache, or absent headache, and underwent spinal MRI. A  patient with prolonged severe 
orthostatic headache with both DSSSs eventually developed intracranial subdural effusion and underwent tandem 
valve surgery, which provided a quick improvement of symptoms. The DSSSs on thoracic MRI also disappeared 
promptly.

Conclusion: DSSSs may serve as objective signs for the diagnosis of IH due to overdrainage through an LPS for 
INPH.

Keywords: Dural sac shrinkage signs, Enlarged venous plexus, Lumboperitoneal shunt, Normal pressure 
hydrocephalus, Overdrainage
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presents with orthostatic headache, nuchal pain, vertigo, 
and nausea, which delay ambulation and prolongs hospital 
stay. A Japanese multicenter study found that approximately 
30% of patients complained of symptoms of overdrainage 
after surgery.[7,11,13] Overdrainage often has severe sequelae 
including intracranial subdural effusion or hematoma.

To prevent overdrainage, the authors routinely use a pressure 
programmable valve initially set at the highest opening 
pressure and equipped with an anti-siphon device.[2,14] In 
addition, we provide sufficient hydration to the patients after 
surgery. However, a considerable proportion of the patients 
had symptoms of overdrainage even with these preventive 
measures. In general, magnetic resonance imaging (MRI) 
fails to show classic signs of IH during the early stage of 
overdrainage.[4,16,22]

The authors previously reported highly sensitive and specific 
signs of spontaneous IH called dural sac shrinkage signs 
(DSSSs), which are the anterior shift of the spinal cord and 
dura mater behind the cord and are often accompanied by 
a prominent epidural venous plexus.[9] These signs are easily 
detectable by sagittal T2-weighted MRI at the thoracic level.

We supposed the DSSSs may also provide good clues to 
diagnose secondary IH. Thus, we recently assessed the 
thoracic MRI scans of patients with post-LPS orthostatic 
headaches for DSSSs for the early detection of secondary 
IH due to overdrainage. This is a retrospective analysis of 
thoracic MRI scans of patients who underwent LPS in a 
single center for INPH.

MATERIALS AND METHODS

Patients

We retrospectively reviewed the charts and the neuroimaging 
database of 45 consecutive INPH patients who had an LPS 
during 10 months from July 2020 to April 2021 at the NPH 
Center in Atsuchi Neurosurgical Hospital, Kagoshima, 
Japan. The patient demographics are shown in Table 1. The 
diagnosis of NPH was based on clinical symptoms, brain 
MRI,[6] and tap test.

Neuroradiological studies

Brain MRI was obtained before the tap test using 3-T or 1.5-T 
MR scanners in all patients. The basic imaging sequences for 
brain MRI were axial T1-weighted imaging, T2-weighted 
imaging, fluid-attenuated inversion recovery, and diffusion-
weighted imaging. T2 and T2-fat saturated spinal images 
were obtained in all to screen the spinal lesions which may be 
a possible cause of present difficulty in ambulation and could 
be aggravated by LPS.[18,25] The preoperative spinal images 
were obtained before tap test in 25 patients and after tap test 
in the remaining 20 patients.

After the LPS, 28 patients underwent spinal and brain MRI 
within 2 weeks of LPS.

Definition of DSSS

The DSSSs were judged positive when the spinal cord and 
dura mater behind the spinal cord shifted anteriorly at the 
thoracic level. Based on the previous report, the anterior shift 
of the spinal cord was considered positive when the distance 
from the vertebral body to the anterior aspect of the spinal 
cord was <2  mm.[9] Similarly, the anterior shift of the dura 
mater was considered positive when the distance from the 
posterior aspect of the spinal cord to the dura mater was 
<2 mm.

Surgical procedures

All 45 patients had an LPS under neuroleptanalgesia and local 
anesthesia with a minimally invasive technique as previously 
reported.[10,12] In this series, a pressure programmable 
valve equipped with an anti-siphon device (CERTAS Plus, 
Codman, NJ, USA) was used. The valve was initially set at 
the highest opening pressure: 40  cm H2O or more, higher 
than those set in the past randomized trial and large case 
series.[11,19] The patients were encouraged to ambulate from 
the day after surgery.

Clinical evaluation of postoperative overdrainage

In this study, IH symptoms due to overdrainage after the 
LPS were surrogated by the most frequent and specific one, 
which was orthostatic headache. The degree of headache was 
determined as follows: absent: no headache at all; transient/
nonorthostatic: transient and nonorthostatic headache that 

Table 1: Patients’ demographics.

Characteristics Variables

Total number 45
Mean age±SD 78.9±6.5
Median age 79
Sex (male/female) 23/22
Evans index (mean±SD) 

Baseline 0.342±0.035
After LPS* 0.330±0.034 
Wilcoxon P value <0.0001

Timed up and go test (seconds, mean±SD)
Baseline 19.82±15.41
After LPS* 14.12±7.02 
Wilcoxon P value 0.0069

Mini‑mental state examination (mean±SD) 
Baseline 19.49±6.28
After LPS* 21.50±6.56
Wilcoxon P value 0.0012

SD: Standard deviation. *Studied 3 to 6 months after surgery
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subsided within 2  days without special treatment; short 
orthostatic: orthostatic headache that improved within a week 
with bed resting and hydration; and prolonged orthostatic: 
severe orthostatic headache persisting for more than a week 
even with strict bed resting and sufficient hydration.

Statistical analysis

All the statistical analyses were conducted using StatFlex 
version  6.0 software (Artech Co., Ltd., Osaka, Japan). 
Depending on the characteristics of the data sets, the data 
were analyzed with Fisher’s exact test or the Wilcoxon 
signed-rank test. Statistical significance was set at P < 0.05.

Ethical consideration

This noninterventional study was approved by the Medical 
Ethics Committee of in Atsuchi Neurosurgical Hospital (R3-
2, October 2021). This study was conducted according to the 
principles of the Declaration of Helsinki, as revised in 2000, 
and the Ethical Guidelines for Medical and Health Research 
Involving Human Subjects (effective on February 9, 2015) 
promulgated by the Ministry of Health, Labour and Welfare 
of Japan.

RESULTS

Efficacy of LPS

The mean baseline Evans index was 0.342 ± 0.035 (SD); it 
significantly decreased to 0.330 ± 0.034 (SD) 3–6  months 
after the LPS surgery (Wilcoxon’s P < 0.0001) [Table 1]. 
Ambulation ability was assessed using the timed up and go 
test (TUG); this assesses the time to stand up from a standard 
armchair, walk a distance of 3 m, turn, walk back to the chair, 
and sit down again.[21] The mean baseline TUG was 19.82 ± 
15.41 (SD) seconds. It significantly decreased to 14.12 ± 7.02 
(SD) 3–6 months after the surgery (Wilcoxon’s P = 0.0069). 
Cognitive function was examined with the mini-mental scale 
examination (MMSE). The mean baseline MMSE was 19.49 
± 6.28 (SD). It significantly improved to 21.50 ± 6.56 (SD) 
3–6 months after the surgery (Wilcoxon’s P = 0.0012).

Degree of headache after LPS

The number of patients with each category of headache 
was as follows; three had prolonged orthostatic, six had 
short orthostatic, ten had transient/nonorthostatic, and the 
remaining 26 patients had no headache [Table 2].

Neuroradiological findings

Before LPS, spinal MRI showed only the anterior shift of the 
dura mater in 4 (8.9%) among 45 total patients. The incidence 
was 4% (1/25) before tap test and 15% (3/20) after tap test.

Spinal and brain MRI was obtained 2–14 days after the LPS 
for 28 patients: all three patients with prolonged orthostatic 
headache, all six patients with short orthostatic headache, 
eight of the ten patients with transient/nonorthostatic 
headache, and 11 of the 26  patients without headache 
[Table 2]. Both DSSSs accompanied by enlarged epidural 
venous plexus were observed in all three patients with 
prolonged orthostatic headaches. No DSSSs were observed 
in all six patients with short orthostatic headaches and in all 
11 patients without headache. Only the anterior shift of the 
dura mater was observed in one of the eight patients with 
transient/nonorthostatic headache. The development of the 
DSSSs in patients with prolonged orthostatic headache was 
statistically significant compared with patients with transient/
nonorthostatic, short orthostatic, or absent headache (3/3 vs. 
1/25, Fisher’s P = 0.0012). All the cases with orthostatic 
headache except one (representative case) improved within 
2 weeks with bed resting and sufficient hydration.

Post-LPS brain MRI for the 29  patients showed no classic 
signs of IH except the representative case.

Representative case

A 71-year-old female visited our clinic with complaints of 
gradually aggravating gait disturbance, memory disturbance, 
and urinary incontinence for the past 3 years. The MMSE score 
was 25/30. She was diagnosed with probable INPH based on 
the symptom triad, disproportionately enlarged subarachnoid 
space hydrocephalus on MRI [Figures  1a and b],[6] and the 
result of tap test. There were no DSSSs on thoracic MRIs at the 
diagnosis of INPH [Figures 1c and d]. TUG decreased to 11.3 
s after a spinal tap from the baseline of 14.9 s. She underwent 
LPS installment using CERTAS Plus valve, whose pressure 
was set at 40 cm at H2O or more.

Postoperatively, she complained of severe orthostatic 
headache, nausea, and nuchal pain. Although brain 
MRI obtained 3  days after the surgery did not show any 
abnormality except the slight reduction of the ventricular 
size [Figure  2a], spinal MRI at the thoracic level showed 
classic DSSSs and dilatation of the epidural venous plexus 
[Figure 2b] which had not been observed before LPS. In the 
following days, she was put on bed rest and given intravenous 
1000  mL of extracellular fluid per day, which failed to 
improve the symptoms. On the 14th  day after the surgery, 
brain MRI revealed a thin subdural effusion [Figure  2c]. 
Thoracic MRI showed the exacerbation of the DSSSs; the 
spinal cord appeared to be in contact with the vertebral body 
and dura mater behind the spinal cord at Th4-Th7 levels also 
appeared to be attaching to the spinal cord [Figure 2d].

She was judged to suffer severe overdrainage. On the 16th day 
after the LPS, tandem valve surgery involving the vertical 
insertion of an additional valve (SHUNTASSISTANT, Aesculap, 
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PA, USA) downstream to the previously installed valve was 
performed.[1,19]

After the surgery, the postural headache quickly disappeared. 
Brain and spinal MRIs 6 days after the tandem valve surgery 
revealed the disappearance of the overdrainage signs; 
subdural effusion, DSSSs, and dilatation of the epidural 
venous plexus [Figures  2e and f]. Her TUG decreased to 
10.04 s 3 months after the LPS surgery, but the MMSE score 
did not change, 26/30, at the moment.

DISCUSSION

The authors previously reported that the DSSSs on thoracic 
MRI are sensitive and specific markers of spontaneous 
IH.[9] This retrospective analysis showed that the DSSSs are 
common in patients with prolonged orthostatic headache 
after LPS but very rarely seen in patients without it. The 
results suggest that DSSSs may also be conducive to early 
detection of iatrogenic IH due to overdrainage through the 
LPS for INPH patients. The signs seemed to appear before 
the emergence of intracranial signs of overdrainage on MRI 
according to the representative case.

One-third of the patients who received LPS for the INPH 
were reported to suffer from the symptoms related to 
IH due to overdrainage including orthostatic headache.
[7,11,13] Eventually, 3.5% of the patients had LPS and had 
received surgical intervention for the overdrainage such as 
replacement of the valve and ligation of shunt-tube.[20]

Several measures were proposed to prevent this complication, 
such as the use of a pressure controllable valve, anti-siphon 
device, tandem valve, and sufficient intravenous hydration 
for the patients after surgery. We currently use the pressure 
programmable valve equipped with an anti-siphon device 
initially set at the highest opening pressure of 40  cm H2O 
or more.[26] Commonly, the valve opening pressure is 
decreased gradually from one to 2 weeks after surgery unless 

the overdrainage symptoms emerge. However, orthostatic 
headaches, including the transient cases, which are almost 
the pathognomonic symptoms of overdrainage, have been 
observed in 20–30% of patients who had LPS in our NPH 
center (data are not shown).

Brain MRI during the early stage usually fails to show the 
classic signs of IH, such as downward displacement of the 
brain, subdural fluid collection, and pituitary enlargement. 
We found no classic signs of IH on brain MRI in nine patients 
with orthostatic headache, while thoracic MRI showed DSSSs 
and a dilated epidural venous plexus in all three patients with 
prolonged headaches out of these nine patients.

Our proposed mechanism underlying DSSSs in patients who 
had an LPS is as follows [Figure  3]. Severe overdrainage, 
and a profound decrease of intrathecal cerebrospinal fluid, 
results in the shrinking of the spinal dural sac, leading to 
the anterior shift of dura mater posterior to the spinal cord 
on MRI, as the dura mater is not strongly attached to the 
spinal column posteriorly.[23] This decrease in cerebrospinal 
fluid leads to a straightening of the sac that otherwise 
follows the natural curvature of the spinal canal. The 
straightening of the spinal dural sac is most prominent at 
the thoracic level as this section of the spine has the longest 
physiological kyphotic curve; therefore, straightening of the 
sac in this region results in the anterior shift of the spinal 
cord. Furthermore, as observed in the representative case, 
thoracic MRI may show extreme forms of DSSSs; the spinal 
cord appeared to touch the vertebral body, and the dura 
mater behind the spinal cord also appeared to attach to the 
spinal cord.

The collapse of the dural sac is compensated for by the 
enlargement of the surrounding venous plexus, as explained 
by the extended idea of the Monro-Kellie doctrine to the 
spinal column.[17] This compensation mechanism in the 
spinal column may act as “a shock absorber” for intracranial 
pressure, which may prevent intracranial complications 

Table 2: Types and degrees of headache and radiological features after LPS (n=45).

Variables Headache
Absent Transient and 

non‑orthostatic
Short 

orthostatic
Prolonged 
orthostatic

Total number of patients 26 10 6 3
Number of patients who had thoracic MRI after LPS# 11 8 6 3
DSSSs on MRI at thoracic level

Anterior shift of spinal cord 0 0 0 3 (100%)
Anterior shift of dura mater 0 1 (12.5%) 0 3 (100%)

Enlarged epidural venous plexus 0 0 0 3 (100%)
Number of patients who underwent cranial MRI after LPS# 11 8 6 3
Signs indicating intracranial hypotension 0 0 0 1 (33.3%)*
#Studied within 2 weeks after LPS. Short: persisted for less than a week. Prolonged: persisted for more than a week. *Appeared 2 weeks after LPS. 
LPS: Lumboperitoneal shunt, DSSS: Dural sac shrinkage sign, MRI: magnetic resonance imaging



Figure 2: MRIs after lumboperitoneal shunt (LPS) in a 71-year-old 
female complaining of a severe orthostatic headache after surgery. 
Upper column (a, c, e): Brain axial fluid-attenuated inversion 
recovery images. Lower column (b, d, f): T2-W sagittal images 
at the thoracic level. 3  days after LPS, brain MRI (a) showed no 
signs of intracranial hypotension IH. Thoracic MRI (b) revealed 
DSSSs, which are the anterior shift of spinal cord and dura mater 
(arrowheads), and enlarged epidural venous plexus (arrows). 
Two weeks after LPS, thoracic MRI (d) showed aggravation of the 
DSSSs. The spinal cord appeared to touch the vertebral body, and 
the dura mater (arrowheads) became inseparable from the spinal 
cord at the Th4-Th7 levels (red arrowheads). The epidural venous 
plexus was now engorged (arrows). Brain MRI (c) revealed a thin 
subdural effusion in the left convexity (white arrows). Six days after 
the tandem valve surgery, brain MRI showed the disappearance of 
subdural effusion (e). Spinal MRI (f) showed a normally positioned 
spinal cord and dura mater (arrowheads).
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Figure  1: Preoperative magnetic resonance imaging (MRI) for a 
71-year-old female with idiopathic normal pressure hydrocephalus. 
(a) Brain axial fluid-attenuated inversion recovery (FLAIR) image. 
(b) Brain coronal FLAIR image. (c) T2-weighted (T2-W) sagittal 
image at the thoracic level. (d) T2 fat-saturated sagittal image at 
the thoracic level. Brain MRIs showed enlarged lateral ventricles, 
unilateral dilatation of the right Sylvian fissure, and tight high-
convexity sulci (a and b). T2-W sagittal imaging at the thoracic 
level showed normal positioning of the spinal cord and dura mater 
(arrowheads in [c]). Asterisks indicate epidural fat tissue (c and d). 
The Th4 vertebral body was involved by a hemangioma in this case.

dc
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during the early stage of overdrainage. Our representative 
case showed extreme DSSSs and further enlargement of 
the epidural venous plexus 2 weeks after the LPS. Subdural 
effusion began to appear at this moment. As we have 
already reported for cases with spontaneous IH treated 
with an epidural blood patch, the removal of the cause 
of the iatrogenic IH through tandem valve surgery in the 
representative case led to the rapid disappearance of these 
signs.[9]

Finding the DSSSs and enlargement of the epidural venous 
plexus after LPS are particularly important in patients who 
have difficulty in speech communication due to aphasia 
or severe cognitive decline. The absence of complaints of 

orthostatic headache in these patients underscores the value 
of DSSSs as objective indicators for the early detection of 
overdrainage.

The enlargement of the epidural venous plexus has been 
reported to occur in patients with overdrainage after the 
ventriculoperitoneal (VP) shunt, not the LP shunt. In these 
reports, an enlarged epidural venous plexus mainly observed 
at the cervical level with compression of the spinal cord caused 
myelopathy and occasional radiculopathy. It was designated as 
overshunting-associated myelopathy (OSAM) syndrome.[15] 
The past cases of OSAM were generally accompanied by a slit 
ventricle and classic cranial signs of IH on brain MRI. The 
OSAM developed after long lapses following the VP shunt, 
with a mean of 12 years.[3,15,24,27] Thus, OSAM seems to be the 
ultimate stage of slowly progressing overdrainage. However, 
findings of dural sac shrinkage at the thoracic level were 
not mentioned in these reports. Meticulous observation 
of thoracic MRI scans in patients with OSAM may reveal 
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DSSSs, which have been present in some figures of the past 
reports.[24,27] The assessment of the differences in DSSSs and 
enlargement of the epidural venous plexus between the LP 
and VP shunts may be a future research project.

Limitation of this study

This is the first study to investigate thoracic MRI in patients 
who had LPS for INPH, which showed that DSSSs were 
good indicators of overdrainage. However, the study had 
several limitations. First, 44.4% of the preoperative thoracic 
MRI scans were performed after tap rest. The transient in IH 
caused by the tapping could be a factor for the relatively high 
frequency (15%) of the anterior shift of dura mater in this 
group. Second, due to the retrospective nature of the study, 
we were able to analyze the postoperative spinal MRI of 
62.2% (28/45) of the total participants. However, the DSSSs 
were observed only in 1  patient (4%) from the 25  patients 
with short orthostatic, transient/nonorthostatic, or absent 
headache. Compared with these groups, the DSSSs in patients 
with prolonged orthostatic headache were significantly 
frequent, 100% (3/3). The difference should be confirmed 
with a prospective study necessitating routine pretapping and 
postoperative thoracic MRIs for all study participants.

Third, only three patients complained of prolonged 
orthostatic headache in this series. The use of the pressure 
programmable valve set at the highest opening pressure, 

40 cm H2O or more, which is equipped with an anti-siphon 
device in our center led to the scarcity of severe overdrainage 
symptoms. A  multi-institutional study involving a larger 
sample of patients with prolonged overdrainage symptoms is 
needed to validate our discovery.

Fourth, we assumed entangled fascicular objects behind the 
dura mater, low intensity on T2-W thoracic MRI, and to 
be flow-void of enlarged epidural venous plexus in this and 
the previous study.[9] They are believed to be prominent for 
compensation of the shrinkage of the dural sac. The future 
studies should be performed to confirm our assumption using 
enhanced MR studies or susceptibility-weighted imaging.[5,8]

Fifth, investigating the possible cause of the difference in the 
emergence of IH after the same procedure for LPS seems 
beyond the aim of this study. However, finding the factor 
causing the difference may confer the better management of 
patients after LPS surgery. At present, we are investigating 
the body habitus and size of spinal canal and intervertebral 
foramen in patients who underwent the LPS. We hope that 
we can reveal the possible anatomical background which 
leads to IH in the near future.

CONCLUSION

Based on a previous report that DSSSs and the enlargement 
of the epidural venous plexus at the thoracic level were 
sensitive and specific signs of IH, we performed this 
retrospective survey on the significance of these signs among 
45  patients who received an LPS in our NPH center. We 
found these signs as good indicators for the early detection 
of overdrainage or iatrogenic IH after receiving an LPS. 
A  multicenter prospective study is required to validate our 
findings. A comparison of the signs associated with LP and 
VP shunts is also warranted.
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Figure 3: Illustrative mechanism underlying the DSSSs and classic 
intracranial signs of IH after LPS. (a) Preoperative condition. (b) For 
the cases with overdrainage, the DSSSs, which are the anterior 
shift of the spinal cord and dura mater due to severe reduction of 
cerebrospinal fluid in the dural sac, develop. And the epidural 
venous plexus (red dots) is enlarged in low-pressure epidural space 
(#). Intracranial signs of IH are not seen at this stage. (c) When 
the overdrainage is prolonged, the classic intracranial signs of IH 
appear. S: Subdural effusion, P: Enlargement of the pituitary gland, 
and T: Herniation of cerebellar tonsil.
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