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Abstract 

Background Despite the high‑frequency rate of cerebrospinal fluid shunt malfunction, radiological evaluation of CSF 
shunts has remained deficient, focusing mainly on demonstrating secondary signs of shunt failure rather than evalu‑
ating the shunt tube itself. We aimed to study the utility of different MR pulse sequences in evaluating the cranial 
and abdominal ends of CSF shunts in order to identify the potential cause of shunt failure and its impact on patient 
management.

Results Twenty‑five patients (18 males, 7 females, median age 2.5 years, IQR 0.75–15) were enrolled in the study, 
having 28 ventriculo‑peritoneal shunts and single ventriculo‑gallbladder shunt. The catheter lumen and fine intraven‑
tricular septae were only demonstrated in 3D‑DRIVE sequences (p < 0.001). Except for three patients (having cranial 
end‑related complications), all patients with cranial and/or abdominal end‑related complications received surgery 
(p < 0.001, positive likelihood and negative likelihood ratios = 7.27, 0.3, respectively, sensitivity = 0.7 and specific‑
ity = 0.9). MRI findings (luminal occlusion, disconnection, CSF collection, or migration) were consistent with opera‑
tive data. There is no significant difference between patients who underwent surgery and those with conservative 
management, or symptomatic and asymptomatic patients in terms of the prevalence of ventricular dilatation or white 
matter signal abnormality. The results of the abdomino‑pelvic fat‑suppressed T2‑WI showed excellent agreement with 
ultrasound findings (Cohen’s Kappa 0.9). Quantitative PC could give insights into CSF dynamics, which depend on the 
site and cause of shunt malfunction.

Conclusions MRI could be a one‑stop destination for evaluating patients with suspected non‑acute shunt malfunc‑
tion. It was found to have clinical relevance in terms of accurately locating the exact site and possible cause of shunt‑
related complications.

Keywords CSF shunt malfunction, Hydrocephalus, Ventriculo‑peritoneal shunts, Ventriculo‑gallbladder shunts

Background
Cerebrospinal fluid (CSF) shunting is the standard treat-
ment of hydrocephalus [1–3]. Ventriculo-peritoneal 
shunt (VP) is the mainstay for CSF diversion [4–6]. 
However, despite the progress in management and the 
advances in shunt hardware design, malfunction rates 
continue to be disappointingly high [7, 8]. CSF shunt 
malfunction is a potential life-threatening condition if 
goes unrecognized and thus it requires instantaneous 
diagnosis and prompt management [9, 10].

Unenhanced CT has been used for the evaluation of 
CSF shunts in the emergency setting [8, 10–12]. Rapid 
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MRI brain protocols using single-shot fast T2 sequences 
have been employed for shunt assessment without risk of 
sedation or radiation exposure. Both CT and rapid MRI 
protocols have been focusing mainly on demonstration 
of ventricular system dilatation, visualization of ventricu-
lar configuration, transependymal CSF permeation, and 
catheter localization. However, visualization of the cath-
eter lumen remained problematic [13–15].

Newly developed high-resolution heavily T2-weighted 
volumetric sequences (e.g., three-dimensional driven 
equilibrium 3D-DRIVE) have been recently added to the 
MR protocol for imaging of hydrocephalus [16–18]. The 
high-resolution sequences are superior to conventional 
MR protocol in the assessment of subarachnoid space 
and demonstration of thin obstructive membranes [17, 
18].

Correct recognition of shunt failure is challenging. 
Moreover, the exact malfunctioning shunt part is difficult 
to identify. To the best of our knowledge, there is no con-
sensus imaging approach for standardizing the evaluation 
of CSF shunts [8, 19, 20]. Moreover, the importance of 
3D-DRIVE in shunt assessment was investigated in only 
one study [3], and the significance of phase contrast (PC) 
MR sequence in the evaluation of CSF shunts was dis-
cussed in a few papers in the literature [11, 21]. In addi-
tion, the value of MRI in the assessment of the abdominal 
end of the shunt was not thoroughly investigated. Our 
aim is to study the utility of different MR pulse sequences 
in evaluating the cranial and abdominal ends of CSF 
shunts in order to identify the potential cause of shunt 
failure and its impact on patient management.

Methods
After ethical committee approval, a prospective cohort 
study was conducted at our institution. The patients 
included in the study were either referred for routine 
follow-up or having symptoms suggestive of subacute 
or chronic shunt malfunction. The latter group included 
patients with headache, decline in their visual abilities 
or eye motility, unsteady gait, mood changes, decreased 
school performance, psychomotor retardation, new onset 
or increased frequency of seizures, vomiting, abdomi-
nal pain or increased abdominal girth, swelling, or CSF 
leakage along the shunt track. Younger infants could pre-
sent with increasing occipitofrontal circumference, bulg-
ing fontanelle, poor feeding, somnolence, or decreased 
activity. Patients with rapidly decreasing conscious level, 
apneic spells, bradycardia, or pupillary alterations were 
excluded from the study, as these signs indicate brain her-
niation and require emergent management [22]. As we 
aimed to assess the abdominal end of the shunt, patients 
with ventriculoatrial and ventriculopleural shunts were 
also excluded. Finally, 25 patients were enrolled in the 

study. An informed consent was provided by the patients 
or their guardians.

All patients were subjected to history taking and full 
neurological examination at presentation. After the 
acquisition of images, patients were followed, and surgi-
cal details were documented if they underwent surgery. 
At surgery, shunts were visually inspected and tested 
for patency of the proximal and distal catheter ends via 
reservoir injection and detection of distal runoff, respec-
tively. Patients were further categorized based on the 
location of the shunt malfunction (as having abnormali-
ties related to the cranial end, abdominal end, or both).

Abdomino‑pelvic ultrasound
Abdomino-pelvic ultrasound scan was performed on 
all patients in the supine position using both linear 
and convex ultrasound transducers (7.5–11  MHz and 
2.5–7.5  MHz, respectively, GE LOGIQ P9 ultrasound 
machine, USA) by the same radiologist (7 years of experi-
ence) who later participated in the MRI imaging analysis. 
All abdominal quadrants were scanned. The abdominal 
end of the shunt was traced, and the related fluid was 
assessed (either free, localized, or absent).

MRI examination
Pediatric patients younger than 5  years of age were 
sedated prior to the MRI scan using chloral hydrate 
(100 mg/ml); the dose was calculated according to body 
weight (100  mg/kg, maximum dose for infants ≤ 1  year 
1 gm/dose and for pediatric > 1 year 2 gm/dose) accord-
ing to our Radiology and Anaesthesia departments’ 
guidelines.

All patients were scanned in a supine position by using 
a 3 T machine (Achieva dStream, Philips medical system, 
Eindhoven, The Netherlands) using an eight-channel 
SENSE head coil (SENSE acceleration factor of 16) for 
brain scan and appropriate Torso coil (SENSE accelera-
tion factor of 32) for the acquisition of abdominal images.

For assessment of the cranial end of the shunt, high-
resolution 3D-DRIVE was acquired in the coronal plane. 
Other conventional brain sequences (diffusion-weighted 
imaging (DWI), fluid attenuation inversion recovery 
(FLAIR), T1-WI, T2-WI, and susceptibility-weighted 
imaging (SWI) in axial planes) were also obtained. 
ECG-gated quantitative PC sequence was acquired per-
pendicular to the long axis of the shunt catheter at the 
suboccipital region distal to its valve, the location where 
it was settled and unaffected by breath movement. A cir-
cular region of interest (ROI) was adjusted over the inner 
diameter of the shunt in the resultant axial re-phased 
image by the same radiologist (7 years of experience), 
and then QF processing software was applied to esti-
mate CSF flow curve and velocity parameters (Fig. 1). For 
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assessment of the abdominal end of the shunt, abdom-
ino-pelvic T2 spectral presaturation with inversion 
recovery (T2 SPIR) was acquired in axial, coronal, and 
sagittal planes. (Detailed MRI sequences’ parameters are 
listed in Table 1.)

Image analysis
MRI images were analyzed by two radiologists having 
7 and 20  years of experience. The utility of each pulse 
sequence was assessed according to its ability to precisely 
locate the cranial portion of the shunt, visualization of 
its lumen, as well as evaluating the ventricular system, 
periventricular white matter and the presence of collec-
tions or blood products. The shunt reservoir and valve 
were also assessed regarding the presence of related col-
lection or catheter disconnection. The shunt catheter was 

considered patent if it had fluid signal within its lumen, 
whereas the presence of intraluminal low T2 signal 
intensity could suggest luminal occlusion [3]. Abdomi-
nal sequences were assessed according to their ability to 
localize the abdominal end of the shunt and assess the 
related fluid collections.

Statistical analysis
In patients with multiple inserted shunts, the findings 
of the most recently inserted shunt were used in sta-
tistical analysis. The importance of each sequence was 
determined by its ability to detect additional informa-
tion that other sequences did not provide, or whether it 
provided clinically valuable data when compared to other 
sequences.

Fig. 1 (A, reconstructed 3D‑DRIVE in sagittal plane) ECG‑gated quantitative PC was acquired perpendicular to the long axis of the shunt catheter at 
the suboccipital region distal to its valve. B A ROI was drawn over the inner diameter of the shunt tube in axial re‑phased image. C CSF flow curve 
and velocity parameters were calculated by CSF‑QF software

Table 1 Detailed MRI sequences’ parameters

DWI diffusion-weighted imaging, T1-WI T1-weighted image, T2-WI T2-weighted image, FLAIR fluid attenuation inversion recovery, SWI susceptibility-weighted 
imaging, 3D-DRIVE three-dimensional driven equilibrium, QF quantitative flow, T2 SPIR T2 spectral presaturation with inversion recovery. TRrepetition time, TE echo 
time, NEX number of excitations

FOV field of view and Matrix (vary according to patients’ head and abdominal size)

TR/TE (ms) FOV
(mm)

Matrix NEX Flip angle Section 
thickness 
(mm)

Gap (mm) Duration (in min)

Brain (localizer) 15/5.3 250 × 250 256 × 126 1 20 ˚ 3 10 0.3

DWI 2867/76 230 × 200 124 × 98 2 90˚ 5 1 1.2 ± 0.2

T1‑WI 713/2.3 230 × 200 224 × 179 1 80˚ 5 1 1.4 ± 0.4

T2‑WI 7440/110 230 × 200 224 × 179 1 90˚ 5 1 1.4 ± 0.6

FLAIR 1100/130 230 × 200 208 × 132 2 90˚ 5 1 2.7 ± 0.4

SWI 31/7.2 230 × 200 333 × 332 1 17 ˚ 2 1 3.2 ± 0.5

3D‑DRIVE 2000/240 220 × 190 476 × 380 1 90˚ 1 ‑0.5 8.8 ± 1.2

QF 12/7.5 105 × 105 180 × 126 1 15 ˚ 4 0 2.8 ± 0.6

Abdomino‑pelvic localizer 8/2.3 450 × 450 256 × 128 1 15 ˚ 5 10 0.25

Abdomino‑pelvic T2 SPIR 1100/70 300 × 260 188 × 166 1 90 ˚ 4 1 1 ± 0.6 (axial)
0.7 ± 0.4 (coronal)
0.9 ± 0.5 (sagittal)
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The relation between ventricular catheter location and 
its proximity to the surrounding structures with its lumi-
nal patency was studied and statistically tested using the 
Fisher’s exact test.

The catheter luminal flow distal to the valve was quan-
titatively analyzed on the quantitative PC sequence. The 
estimated results (flux and mean velocity values) for 
patent shunts were statistically compared to those with 
complications. Asymptomatic patients and patients with 
suspected shunt malfunction were compared regarding 
the presence of dilated ventricles and abnormal perive-
ntricular white matter signal intensity. Patients who 
underwent surgery and those who underwent conserva-
tive management were compared regarding the presence 
of shunt-related abnormalities as well with the  estima-
tion of the positive and negative likelihood ratios.

Results
Twenty-five patients (18 males, 7 females, median age 
2.5 years, IQR 0.75–15) were enrolled in the study. There 
were eight asymptomatic patients who were referred for 
routine follow-up, and 17 patients (having 21 shunts) 
who experienced symptoms suggestive of shunt malfunc-
tion. Three patients had more than one inserted shunt. 
Finally, there were 28 VP shunts and single ventriculo-
gallbladder (VGB) shunt; all had first-generation type 
valves (fixed differential pressure valves with no related 
motion or metallic artifacts). An average of 15 min was 
required for the sedation of children under the age of 5 
prior to the MRI scan.

3D-DRIVE (in coronal plane supplemented by axial, 
sagittal, and various obliquities reformations) was able to 
precisely assess the cranial portion of all evaluated shunts 
regarding their location, integrity, luminal patency, and 

periventricular white matter signal alteration (Fig. 2). In 
addition, ventricular system and extra-axial spaces ana-
tomical details were well demonstrated in all patients. 
Although axial FLAIR and T2-WI were able to assess 
the ventricular size and periventricular white matter 
signal intensity, they failed to precisely demonstrate the 
catheter lumen. In addition, ventricular loculations were 
demonstrated similarly on T2-WI and 3D-DRIVE in four 
patients; however, the fine internal ventricular septae 
related to the shunt were only perceived in 3D-DRIVE in 
three patients (p < 0.001) (Fig. 3).

Extra-axial hematoma was detected in four patients. 
Determination of signal intensity on T1-WI, and T2-WI, 
or 3D-DRIVE was valuable in the determination of the 
age of the subdural collection (Fig.  4). Three patients 
had a subacute hematoma and one had a chronic col-
lection. Variable diffusion restriction was seen only 
in two patients. SWI demonstrated old hemosiderin 
foci (in 14 patients). Both DWI and SWI were found to 
have less considerable clinical value in terms of patients’ 
management.

Abdomino-pelvic T2 SPIR was able to evaluate the 
abdominal end of the shunt in all patients and to detect 
related complications (either loculated intraperitoneal 
collection (CSF pseudocyst), extraperitoneal migration, 
CSF ascites, or absent intraperitoneal fluid). However, 
only two planes could be sufficient for three-dimensional 
assessment for cases with the loculated collection. The 
findings of abdomino-pelvic MRI scan were in excellent 
agreement with ultrasound findings (Cohen’s Kappa 0.9). 
However, compared to ultrasound, MRI was unable to 
detect a small gallbladder wall defect in the only patient 
with a VGB shunt who developed CSF pseudocyst 
(Fig. 5).

Fig. 2 Reconstructed 3D‑DRIVE in axial oblique plane (A) and coronal oblique plane (B) demonstrates luminal CSF signal throughout a patent 
cranial portion of shunt
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Fig. 3 A 2‑month‑old boy presented with fever and poor feeding. A, B Reconstructed 3D‑DRIVE in axial and sagittal oblique planes, respectively, 
shows multiple fine ventricular septae surrounding proximal catheter that shows intraluminal faint low signal, which may represent intraluminal 
extension of these septae along with luminal debris. C Axial T2‑WI for the same patient does not show any intraventricular septae or shunt catheter 
lumen

Fig. 4 A 7‑month‑old boy was referred for routine follow‑up. Left parieto‑occipital early subacute subdural hematoma that displays similar 
hypointense signal in both 3D‑DRIVE and T2‑WI and hyperintense signal in T1‑WI, related foci of blooming artifact in SWI (D, E magnitude and 
phase images, respectively) with no related diffusion restriction (not shown). The proximal catheter and reservoir of the shunt are patent, both 
demonstrating luminal CSF signal (seen in A)
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The luminal patency of the shunt proximal catheter 
was found to be correlated with the exact location of 
its terminal portion and the nature of the surrounding 
structures (p: 0.002). An altered intraluminal signal was 
demonstrated in 8 shunts; all were located either in close 
proximity to the choroid plexus, or surrounded by intra-
ventricular septae. And, of the seventeen totally patent 
proximal catheters, eleven were found to be freely located 
within the lateral ventricle away from the choroid plexus.

Quantitative PC sequence was evaluated in only 19 
shunts: patent shunts (8), cranial end complications (7), 
and abdominal end complications (5), the remaining 
shunts were excluded from the analysis due to motion 
artifact. The flux and mean velocity of patent shunts 
were found to be 0.03 ml/s and 0.3 cm/s, respectively. All 
shunts with cranial end complications had weak flux and 
lower mean velocity values (0.008 ml/s and 0.16 cm/sec, 
respectively), except for one patient who had a CSF col-
lection surrounding shunt reservoir, she had accelerated 
flow (flux: 0.1 ml/sec, mean velocity: 2.2 cm/sec). Shunts 
with abdominal end complications had relatively higher 
flux and mean velocity values (0.057 ml/sec and 1.1 cm/
sec, respectively). However, there was no statistically 
significant difference regarding flux and velocity values 
between patients with complicated shunts and those with 
patent shunts (p: 0.5 and 0.3, respectively).

Detailed MRI findings for patients are summarized 
in Tables  2 and 3. Among asymptomatic patients, total 
luminal patency of the cranial portions of the shunts 

was demonstrated in all but one patient. Abdominal 
sequences revealed minimal free intraperitoneal fluid in 
all but one patient (Patient 8; Table 2); his MRI showed 
appreciable amount of free intraperitoneal fluid (CSF 
ascites) (Fig. 6).

Despite clinical suspicion of shunt malfunction, total 
luminal patency of the cranial portions of the shunts 
was demonstrated in four shunts, with related mini-
mal free intraperitoneal fluid around their abdominal 
ends (Patients 1–4; Table  3). However, shunt malfunc-
tion attributed to cranial end complications was dem-
onstrated in eight symptomatic patients (Patients 5–12; 
Table 3) in the form of intraluminal faint or dark signal 
signifying luminal occlusion (Fig.  3, 7), catheter discon-
nection from the reservoir/valve (Fig.  8), extraventricu-
lar course of the proximal catheter (Fig. 9), isolated fluid 
collection surrounding shunt reservoir (Fig.  10), or slit 
ventricle with possible overshunting. Shunt malfunction 
attributed to abdominal end complications was demon-
strated in three patients (Patients 15–17; Table  3). Two 
patients were found to have loculated intraperitoneal 
fluid collections (CSF pseudocysts) (Fig.  5), while the 
abdominal scans of the third patient did not show the 
expected minimal free intraperitoneal fluid. Combined 
cranial and abdominal end complications were demon-
strated in two other patients (Patients 13, 14; Table 3).

Among patients having cranial end-related com-
plications (11 patients, two of them had additional 

Fig. 5 A 2‑year‑old boy with ventriculo‑gallbladder shunt presented with increasing abdominal girth. A Coronal abdomino‑pelvic T2 SPIR and B 
corresponding ultrasound show a large abdomino‑pelvic loculated fluid (CSF pseudocyst) with gallbladder mural defect (arrow) demonstrated in 
ultrasound image
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abdominal end complications), eight underwent sur-
gery. The remaining three patients underwent con-
servative management despite the apparent shunt 
complication (Patient 7; Table  2 and Patients 9, 12; 
Table  3); two of them could be independent of the 
occluded shunt, as one had no obstructing lesions at 
the time of the MRI scan and the other had metastatic 
brain lesions on treatment. The third patient had over-
shunting. However, among the ten patients with no 
shunt-related abnormalities, only one patient (Patient 
1; Table 3) underwent surgery (as additional shunt was 
inserted in an entrapped CSF pocket) (p < 0.001), posi-
tive likelihood and negative likelihood ratios = 7.27, 
0.3, respectively, sensitivity = 0.7, specificity = 0.9). All 
patients with abdominal end-related complications (4 
patients) underwent shunt revision (p < 0.001). There is 
no significant difference between patients who under-
went surgery and those with conservative management, 
or symptomatic and asymptomatic patients in terms of 
the prevalence of ventricular dilatation or white matter 
signal abnormality (p: 0.6 and 0.3, respectively).

Discussion
The diagnosis of CFS shunt malfunction could be clini-
cally challenging [2, 20]. Moreover, there is no standard-
ized diagnostic imaging protocol to evaluate CSF shunts 
[8, 20]. We aimed to demonstrate the value of different 
MR pulse sequences in evaluating both the cranial and 
abdominal ends of CSF shunts in order to guide patient 
management. Guided by the patients’ clinical scenarios 
and presenting symptoms, each institution determines 
its imaging protocol in accordance with its available 
resources [15].

Fast MRI brain sequences (single-shot T2 sequences, 
e.g., HASTE) could be adopted in the setting of acute 
patient presentation [13–15]. Alternatively, low-dose 
pediatric unenhanced CT protocols could be used if MRI 
is not available [15]. CT and fast MRI sequences depend 
on the assessment of the ventricular size and configura-
tion, localization of the shunt, and detection of perive-
ntricular white matter signal alteration [15]. However, 
shunt may fail without ventricular dilatation [23, 24] and, 
white matter signal alteration could be not only second-
ary to transependymal CSF permeation but also due to 

Table 2 Clinical and MRI findings of asymptomatic patients

# on follow-up, this patient experienced increasing occipitofrontal circumference and he underwent an alternative CSF diversion (ventriculoatrial, VA shunt insertion)

Patient Age Indications for 
shunting

Location of 
the shunt 
complication

Management Cranial end Abdominal 
end

Ventricular 
dilatation

White matter 
abnormal 
signal

Phase 
contrast 
(Flux/
mean 
velocity)
(ml/sec 
and cm/
sec)

1 2.5 Y Congenital 
hydrocephalus

No shunt‑
related abnor‑
mality

Conservative Patent Minimal free 
fluid

Dilated Absent 0.01/0.04

2 11 M Congenital 
hydrocephalus

No shunt‑
related abnor‑
mality

Conservative Patent Minimal free 
fluid

Dilated Absent 0.01/0.12

3 4 Y Congenital 
hydrocephalus

No shunt‑
related abnor‑
mality

Conservative Patent Minimal free 
fluid

Dilated Absent 0.05/0.46

4
(Fig. 4)

7 M Congenital 
hydrocephalus

No shunt‑
related abnor‑
mality

Conservative Patent Minimal free 
fluid

Dilated Absent 0.01/0.28

5 8 M post‑menin‑
goencephalitis

No shunt‑
related abnor‑
mality

Conservative Patent Minimal free 
fluid

Dilated with 
internal locula‑
tions

Present 0.03/0.09

6 11.5 M post‑menin‑
goencephalitis

No shunt‑
related abnor‑
mality

Conservative Patent Minimal free 
fluid

Dilated with 
internal locula‑
tions

Present 0.09/0.63

7 9 Y Operated 
posterior fossa 
tumour

Cranial end Conservative Intraluminal 
low signal

Minimal free 
fluid

Not dilated Absent 0.004/0.1

8#

(Fig. 6)
6 M Congenital 

hydrocephalus
Abdominal end Insertion of VA 

shunt
Patent CSF ascites Dilated Absent 0.02/0.39
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defective myelination [18]. Moreover, our results did 
not reveal any statistically significant difference between 
symptomatic and asymptomatic patients regarding the 
presence of ventricular dilatation or periventricular white 
matter signal alteration. This could decrease the reliabil-
ity of both signs, and hence CT and rapid MRI sequences, 
in the diagnosis of shunt malfunction.

The most frequent cause of shunt malfunction is shunt 
catheter blockage, which may be caused by debris or 
blood clots early postoperatively, or secondary to cho-
roid plexus ingrowth in long-term shunts [12, 25]. Addi-
tionally, intraventricular adhesions/septae, which can 
develop as a complication of neonatal meningitis or 
intraventricular hemorrhage, can surround and embed 

Fig. 6 A 6‑month‑old boy was referred for routine follow‑up. A, B Abdomino‑pelvic T2 SPIR in coronal and axial planes, respectively, shows large 
volume of free ascites (CSF ascites). The cranial portion of this shunt is patent (not shown). This patient experienced increasing occipitofrontal 
circumference during regular follow‑up visits (1.5 months after imaging), and he underwent an alternative CSF diversion (VA shunt insertion)

Fig. 7 Reconstructed 3D‑DRIVE in axial oblique planes. A A 15‑year‑old male patient presented with unsteady gait and convergent squint, B 
A 24‑year‑old male patient presented with headache and attacks of vomiting. Both show proximal catheter intraluminal dark signal occluding 
segment where side holes are located, closely adjacent to left lateral ventricular choroid plexus (could suggest choroid plexus ingrowth). In addition 
to transependymal permeation and adhesion between proximal catheter terminal part and related ventricular ependymal lining (arrow) in (B)
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ventricular catheters resulting in shunt malfunction [26]. 
Both CT and fast MRI sequences have low sensitivity in 
the assessment of the shunt catheter lumen. Our study 
revealed that PHILIPS-developed 3D-DRIVE sequence 
had significant advantages over other sequences. Similar 
sequences were developed by GE and Siemens manu-
facturers (Fat Imaging Employing Steady-State Acquisi-
tion FIESTA, Constructive Interference In Steady State 
CISS, respectively). 3D-DRIVE can clearly demonstrate 
the ventricular catheter lumen as previously documented 
[3]; in addition, fine intraventricular adhesions/septae 
and its relation to the catheter were adequately visualized 
[3, 17]. We have found that the location of the proximal 

catheters’ terminal part and its relation to the surround-
ing structures, especially choroid plexus, significantly 
affect the proximal catheter patency and could indicate 
the cause of obstruction as previously documented [27, 
28].

T2-WI and FLAIR sequences did not add additional 
diagnostic information other than those found in the 
3D-DRIVE sequence. In addition, they failed to demon-
strate the shunt catheter lumen and the fine intraven-
tricular septations related to the shunt. T1-WI was found 
to be of value in aging determination of the hematomas 
in combination with T2-based DRIVE [29]. DWI and 
SWI could be considered as non-essential sequences in 

Fig. 8 A 27‑year‑old male patient presented with headache and blurring of vision. Reconstructed 3D‑DRIVE for the same patient who had 3 shunts, 
(A, B) in axial plane, showing collapsed reservoir (circle) with separated its proximal catheter (black arrow), (C) in coronal oblique, showing separated 
distal catheter from its valve with related fluid (white arrow); he had another right frontal shunt (non‑complicated, not shown)

Fig. 9 Reconstructed 3D‑DRIVE in coronal oblique planes, A A 9‑month‑old asymptomatic boy, yet the clinical examination of his shunt showed 
poor filling of the reservoir, shows extraventricular migration of the proximal catheter. B A 36‑year‑old female patient presented with fluctuating 
conscious level, shows embedded proximal catheter (terminal 2 cm) within septum pellucidum and shows intraluminal dark signal
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the setting of suspected shunt malfunction, despite their 
known role in the standard neuroimaging protocol.

It was reported that enhanced sequences following 
intravenous contrast administration could be added to 
distinguish choroid plexus ingrowth from other causes of 
luminal occlusion, as fatal intraventricular hemorrhage 
may occur during attempts to remove these retained 
ventricular catheters [3, 30, 31]. Nevertheless, contrast-
enhanced sequences were not added to our protocol. 
Contrast injection is time-consuming. In addition, it 
might be contraindicated in some circumstances or for 
some individuals with renal impairment. Moreover, any 
ventricular catheters that revealed luminal blockage 
should be handled properly, taking the risk of hemor-
rhage into account [26, 31]. However, when shunt-related 
infections are clinically suspected, contrast could be used 
to demonstrate abnormal enhancement pattern of lep-
tomeningeal and ventricular ependymal lining that are 
typical with meningitis and ventriculitis, respectively [12, 
32].

Shunt catheter fractures or disconnection accounts 
for 4.5–13.6% of shunt failure [33]. Catheter disconnec-
tion usually occurs in the neck as it is the most mobile 
part of the body [33, 34]. DRIVE sequence with its three-
dimensional capabilities was able to demonstrate cathe-
ter disconnection either proximal or distal catheter from 
reservoir or valve, respectively. Catheter fractures along 
the subcutaneous tunneled distal catheter could be diag-
nosed by radiographic shunt series [35, 36]. However, the 
diagnostic yield and sensitivity of the radiographic shunt 

series are very low; it can detect the cause of malfunction 
in less than 10% of pediatric patients and even fewer adult 
shunts [3, 35, 36]. It was documented that patients with 
suspected shunt malfunction should proceed with more 
reliable images, and the use of shunt series should be 
restricted to patients with clinical suspicion of mechani-
cal cause of shunt malfunction, and non-diagnostic other 
tests [35, 36]. None of our patients required radiographic 
shunt series for their diagnosis.

Few reports have described the role of cross-sectional 
imaging in identifying shunt malfunction attributed to 
abdominal end complications [2, 12, 32, 37, 38]. In our 
dataset, MRI showed excellent agreement with ultra-
sound and operative findings, making MRI a good 
one-stop destination for assessment of patients with 
suspected shunt malfunction. The presence of minimal 
free fluid within the peritoneal cavity could be consid-
ered an indicator of healthy peritoneal membrane [39]. 
The presence of CSF collections or absence of perito-
neal fluid despite patent cranial end are signs of abdomi-
nal end-related complications [2, 40]. The latter finding 
could be explained by omental plugging within the side 
holes of the shunt. Tiny omental projections insinuate 
through the catheter side holes causing luminal blockage. 
It has an estimated incidence between 7 and 18% [11, 40]. 
On the contrary, sterile CSF ascites is considered a rare 
abdominal complication of the VP shunt that can occur 
secondary to defective peritoneal CSF absorptive capac-
ity or secondary to choroid plexus CSF overproduction, 
and in this instance, it is necessary to use an alternative 

Fig. 10 A 9‑month‑old girl presented with scalp swelling. A Reconstructed 3D‑DRIVE in coronal oblique plane shows fluid collection surrounding 
shunt reservoir near skull burr hole; the proximal catheter and reservoir are seen patent with no evidence of disconnection. Turbulent CSF 
flow‑related artifact is noted within the ventricular system and fluid collection as well (appreciated in FLAIR sequence, not shown). B CSF flow curve 
shows high flow rate values (flux: 0.1 ml/sec)
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CSF diverting technique (such as a ventriculoatrial or 
VGB approach) or choroid plexus cauterization, respec-
tively [41, 42]. Other causes of abdominal end complica-
tions include extraperitoneal catheter migration that was 
documented in obese patients with raised intraabdomi-
nal pressure that can impair CSF drainage or lead to cath-
eter migration [2, 43–45].

Failure of adequate control of hydrocephalus implies 
shunt failure which is clinically indicated by shunt 
removal, revision, or replacement [33]. Shunt malfunc-
tion was confirmed at surgery in all operated patients. 
Apart from three patients, all patients with cranial and/or 
abdominal end complications underwent surgery (either 
shunt revision or an additional shunt was inserted, which 
confirms shunt failure). All apart from one patient with 
no catheter-related abnormality underwent conserva-
tive management. MRI results were found to have a high 
diagnostic performance for the assessment of patients 
with suspected shunt malfunction.

Quantitative PC assessment of patent shunts showed 
sluggish flux and low mean velocity values, as the patients 
were scanned while supine, where the hydrostatic pres-
sure difference between the abdominal cavity and the 
ventricular system is almost zero. This could be explained 
by the normalized intracranial pressure and subsequent 
lack of driving force for CSF flow inside the shunt system 
[46].

Prior studies revealed low-velocity values in malfunc-
tioned shunts, irrespective of the site and type of shunt 
malfunction [11, 21]. However, we have found that 
quantitative PC assessment varied depending on the 
location and type of shunt-related complication. Shunts 
with proximal catheter intraluminal signal alteration 
and those with overshunting were found to have slug-
gish flux and lower mean velocity values. The perceived 
sluggish flow in occluded shunts could be explained by 
partial rather than total occlusion of shunt side holes. 
It was documented that, CSF can flow within a normal 
range of flow rates even while the ICP is dangerously 
elevated due to the buildup of CSF and the ensuing 
increase in ICP [46–48]. In the setting of shunt fracture 
or disconnection, CSF flow could be dependent on the 
presence of fibrous tract at the site of the shunt dis-
continuity [48]. On the contrary, the patent shunt with 
CSF collection surrounding the reservoir and those 
with abdominal end-related complications were found 
to have relatively higher flux and mean velocity values 
than those with patent shunts. Similarly, brisk CSF flow 
was found during CSF shunt scintigraphy, which could 
be indicative of valve malfunction or complications 
in the drainage compartment or distal catheter. [48]. 
Although PC assessment did not show statistically sig-
nificant differences between patients with complicated 

and patent shunts, the analyzed findings could give 
insights into CSF dynamics through CSF shunts in 
patients with different causes of shunt malfunction.

The limitations of our study included a relatively small 
sample size and a small number of asymptomatic patients 
with patent shunts. Different commercial shunt types 
were not taken into consideration. Also, this detailed 
MRI protocol for shunt assessment could be unsuitable 
for patients with signs of acute shunt malfunction and 
possible brainstem herniation in whom timely manage-
ment is of utmost importance. However, it was found to 
be clinically relevant in a substantial number of sympto-
matic patients having subacute or chronic symptoms.

Conclusions
MRI could be a one-stop destination for CSF shunt 
assessment in patients with suspected non-acute shunt 
malfunction; 3D-DRIVE and T1-WI of the brain, 
together with T2 SPIR of the abdomen and pelvis, were 
found to be essential sequences for evaluation of the 
cranial and abdominal ends of the CSF shunts, respec-
tively. These sequences were found to have clinical rel-
evance in terms of accurately locating the exact site and 
possible cause of shunt-related complications.
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