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Abstract
Background: The position of the ventricular catheter (VC) is essential for a proper function of
cerebrospinal �uid diversion system. A shuntoscope-guided (SG) method might be helpful in reducing
complications.

Objective: The purpose of this study is to compare the accuracy of catheter placement and the
complication and revision rates between SG and free hand (FH) techniques.

Methods: A prospective study of patients who underwent VC placement between September 2018 and
March 2021. Accuracy of catheter placement was graded on postoperative imaging using three-point
Hayhurst grading system. Complication and revision rates were documented and compared between both
groups with an average follow up period of 19.56 months. 

Results: Fifty-�ve patients were included. SG technique was used in 29 patients (mean age was 6.3 years,
1.4 –27.7 years, 48.1% females), and FH technique was used in 26 patients (mean age was 28.6 years,
1.0 – 79.5 years, 73.1% female). The success rate for the optimal placement of the VC with a grade I on
the Hayhurst scale was signi�cantly higher in the SG group (93.1%) than in the FH group (67%), P =
0.031. The revision rate was higher in the FH group with 31.8% vs. 20.7% of in the SG group, P = 0.396.

Conclusion: VC placement using the SG technique is a safe and effective procedure, which enabled a
signi�cantly higher success rate and lower revision and complication rate. Accordingly, we recommend
using the SG technique specially in patients with morbid anatomy.

Previous Presentation
The results of this study were presented at the meeting of German Society of Neurosurgery 2021 online
(DGNC “Deutsche Gesellschaft der Neurochirurgie”; Abstract and Presentation).

Introduction
The placement of a ventricular catheter (VC) is one of the most common neurosurgical procedures [10,
14]. This is usually carried out using the free-hand (FH) technique, which is based on standard external
anatomical landmarks, and is associated with an increased complication rate of up to 45% [1, 13, 16].
Correct position of the VC is essential for proper function of the cerebral shunt system or external
ventricular drainage [8, 27, 29, 31]. Revisions are associated with high ventriculostomy-related infection
rate up to 29% and accordingly higher costs [7].

To achieve an optimal placement of the VC in the ventricle and to avoid further complications regarding
malposition or obstruction of the drainage system, many navigations and auxiliary methods have been
developed. Stereotactic, ultrasound-controlled, MRI or CT-neuronavigational system of the VC show high
success rates [6, 14, 15, 18, 26]. Currently, many promising smartphone applications have been developed
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and investigated on head models and cadavers, which utilize preoperative images to calculate the
optimal insertion angles and lengths of intracranial trajectories of the VC [9, 24, 28]. However, stereotactic
and imaging navigation are associated with considerable effort, time and expenses. In addition, the
patient must be �xed in a head �xation device in cases of, the most used, optical neuronavigation, which
leads to increased risk of pin complications [15, 17, 22, 24].

Endoscopy is a convenient and promising solution for the placement of the VC with fewer complications
and better results. This allows the tip of the VC to be placed in the cerebrospinal �uid (CSF) system under
visual control while avoiding touching the ventricular wall or the plexus. In addition, many authors
recommend the use of a narrow or wide endoscope tube in di�cult ventricular anatomy, where other
methods cannot achieve an optimal position [2, 3, 4, 5, 12, 20, 21, 25].

The shuntoscope, in comparison to the conventional endoscopic guidance for catheter placement, is
considered less invasive and less time consuming as the control is achieved through passing the
shuntoscope directly through the catheter itself, and not parallel to it, which saves more time and have
less incidence of complications associated with bigger burr hole and possible CSF leak or injury to the
cortex through insertion of the endoscope itself, whether the optic lens alone or with the endoscopic
sheath together[2, 3, 27]. To the best of our knowledge, this is the �rst comparative study that investigates
the e�cacy of the shuntoscope-guided (SG) technique using the FH technique as a reference standard. 

Materials & Methods
Study design and patient population 

This longitudinal, prospective, single-center study was approved by the institutional ethical committee.
Written informed consent was acquired from all patients or caregivers. Our study was conducted in
concordance with the Declaration of Helsinki and its amendments.

We included 55 pediatric and adult patients, who underwent a VC implantation by the same surgeon
between September 2018 and March 2021 at our neurosurgical center. In a total of 29 patients, the
shuntoscope-guided technique (study group) was used and in 26 patients VC was inserted using
conventional free-hand-methods (control group) during that period. The average follow-up (FU) was 19.56
months (SD ±8.76, range 4–33 months). 

All patients had a CSF circulatory disorder with a veri�ed indication for placement of a ventricular
catheter. Patients were operated in 2 different hospitals but by the same surgeon. Hence, there was no
blinded patient randomization but the distribution among the 2 groups was decided according to
availability of the shuntoscope during surgery.

Surgical technique 

The same craniometric points were utilized in both techniques. The Kocher’s point was always used for
VC insertion and placement. The Kocher’s point is located 2-3 centimeters lateral to the midline and
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approximately 11-12 cm posterior to the nasion, or 10-11 cm posterior from the glabella [11, 17, 19]. After
skin incision, the burr hole was placed on the mid-pupillary line and just anterior to the coronary suture to
avoid any damage to the primary motor cortex.

In the control group, the ventricular catheter was inserted in a 90-degree angle to the cortex and �xed at
5.5 cm from the dura or 6.5 cm from the bone. Uninterrupted CSF �ow and prompt �lling after pumping
of the burr hole reservoir attached to the VC were accepted as a sign of the correct position of the
catheter.

In the study group, the incision through the cortex and placement of the ventricular catheter in the body of
the lateral ventricle, preferably just before the foramen of monro, was done with the assessment of the
camera assisted Shuntoscope (Karl Storz GmbH & Co.KG, Tuttlingen, Germany). To enable passage of
the camera through the VC, a small slit incision was applied on the tip of the catheter (Figure 1). After
ventriculostomy, the shuntoscope was advanced through the slitted VC tip for intraventricular inspection,
orientation, and control of positioning. Ideal position is achieved when the tip of the catheter is just before
choroid plexus and not touching the ventricular walls. Finally, the shuntoscope was withdrawn. The
extracranial end of the VC was �xed and connected to the drainage system (Video 1).

The utilized shuntoscope encompassed a telescope with a diameter of 1.0 mm and a length of 160.0
mm. The endoscope is semi-rigid with a remote eyepiece and light connection. Fiberoptic light
transmission is incorporated. The shuntoscope is linked to a three-chip full HD camera head (Karl Storz
GmbH & Co. KG, Tuttlingen, Germany) with a resolution of 1920 - 1080 pixels (parfocal zoom lens, focal
length f = 15–31 mm)[25]. 

Outcome parameters

Patient characteristics were documented (age, CSF drainage indication, and comorbidities). The mean
follow-up (FU) was 19.56 ±8.76 months. Intra- and postoperative complications and revision rates as well
as mortality rates were recorded over a period of at least one year after surgery. 

A routine post-operative clinical and radiological follow-up examination was performed before discharge.
Each patient underwent postoperative imaging (CT-scans in adult patients and MRI scans in pediatric
patients) to evaluate the position of the catheter (Figure 2&3). VC position was assessed by an
independent neuroradiologist.

Catheter positioning was graded on postoperative imaging using a three-point scale from Hayhurst et al.
2010 [15]. Grade I is described as the optimal position when the catheter tip is �oating in the ventricle
(Figure 3). Grade II is considered when the catheter tip is touching the choroid plexus or ventricular lining
wall. Grade III is considered when the tip is within parenchyma or when it failed to reach the
intraventricular space (Figure 4). 

Statistical analysis
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Continuous variables were given as mean and standard deviation and categorical variables were given as
frequencies and percentages The Mann-Whitney-Test was used for intergroup comparisons. Two-sided
level of signi�cance was set at .05. Statistical analysis was performed using SPSS (v26.0, IBM Corp,
Armonk, NY).

Results
Patient characteristics

A total of 55 patients underwent a VC implantation between September 2018 and March 2021, 29
patients (7.6 years old in average, range 1.4 – 27.7 years, 48.3% females), underwent surgery via
shuntoscope-guided technique. 26 patients (28.5 years old in average, range 1.0 – 79.5 years, 73.1%
females), were operated using the free-hand technique. The study group of the SG technique was
signi�cantly younger than patients control group of the free-hand-method, P = 0.000. The operation’s
duration did not differ signi�cantly between both study groups, P = 0.797 (table 1).

Nevertheless, VC implantation was performed initially as a revision operation in 20 (69%) patients in the
shuntoscope group compared to 8 patients (30.8%) in FH group, P = 0.005. The most common initial
indication for the implantation of a CSF drainage system was post-hemorrhagic hydrocephalus in the
shuntoscope patients with 48.3% (n=14) and tumor related hydrocephalus in free-hand patients with
53.8% (n=14). Initial indications for a CSF drainage system for both study groups are given in �gure 1.
 (Fig. 5).

Postoperative location of the VC in the lateral ventricle 

Almost 90% of patients (n=26) in the SG group showed a perfect location of the VC in the lateral ventricle
with grade I. The remaining 10% (n=3) showed a suboptimal position of the VC with grade II. On the other
hand, only 65.4% of patients (n=17) in FH group showed an optimal catheter position with grade I, P =
0.031. Distribution of patients in terms of catheter tip position for both study groups is given in �gure 6.   

Postoperative complication und revision rate

Six patients (20.7%) in the shuntoscope-group and on the contrary 8 patients (30.8%) in the free-hand
group had postoperative complications and had to be re-operated, P = 0.396. In both groups two patients
developed a shunt infection and one patient developed an impaired wound healing. One patient in the
free-hand group was re-operated by malposition of the catheter tip completely in parenchyma outside of
the contralateral lateral ventricle after cross-over (�gure 6). The other complications were valve-
dysfunction (table 2) which we assume that it is related to the malposition of the VC. There was no
statistical signi�cance between both groups in terms of postoperative complications (P = 0.396). We
observed one mortality in the SG group and 3 mortalities in the FH group due to progression of the
primary oncological disease. The 4 mortalities were not related to their shunt surgeries.
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Discussion
This longitudinal study compared the accuracy of ventricular catheter placement, postoperative
complication and revision rates between the shuntoscope-guided and free-hand technique. Our �ndings
show that the SG technique enabled better intraventricular placement and led to fewer complications. 

Position of the ventricular catheter tip is one of the most important factors for shunt function [8, 31]to the
extent that early shunt revision was recommended whenever the catheter tip contacts the ventricle wall or
the septum pellucidum [31].On the contrary, other multicentric study [30]compared the results of 858
pediatric patients, who received their �rst-time shunt insertions, failed to identify an ideal target within the
ventricle for the catheter tip, but only an anterior versus posterior catheter entry site was important in
determining shunt survival[30]. Hence, we adopted in our patients always an anterior catheter entry
guarded with an optimal tip position de�ned as to be not in contact with ventricular wall nor septum
pellucidum to avoid further shunt or valve dysfunctions.

Conventional VC placement using the FH technique is heavily dependent on the surgical experience of the
surgeon and depending upon the anatomical condition, which might explain the accompanying high
complication rate of up to 45% [1, 16]. Hence, multiple approaches and alternative solutions were
developed and investigated. Leu et al. compared the success rate of VC placement using ultrasound-
guidance compared to the FH technique. The authors showed, that  the rates of optimally placed VC was
 higher in the ultrasound cohort with 67% in comparison the FH technique (49%)[18]. In comparison to our
results, we had a proper placement in 90% in SG group compared to 65% in FH group. Several studies
reported good success rates, especially with di�cult ventricular con�gurations. [2, 3, 5, 20, 25]. However,
these studies did not include a control group. For example, in the retrospective study by Senger et al., VC
was inserted in 27 pediatric patients (mean age 6.9±5.7 years old) using shuntoscope guidance. There
was only one patient with a malposition of the VC who required revision. It is worth mentioning that
another patient had to be reoperated due to impaired wound healing. In this series, morbidity and
mortality rate was 0% over a follow-up period ranged from two months to four years [25]. In another
retrospective study by the same neurosurgical team, the shuntoscope was used in 71 procedures
including �rst insertion, catheter revision and stenting procedures. A VC was placed in the lateral ventricle
as �rst insertion in 38 of the patients. In the postoperative images, an optimal VC positioning (grade I
location) was achieved in 64.7% (44/68). Grade II and grade III suboptimal locations (comparable with
Grade II in the Hayhurst-Scale) were seen in 24 cases (35.3%). A total misplacement (grade IV) could not
be found. The complication rate due to VC placement was 13.2%. CSF or delayed shunt infections were
determined in 7 patients and a wound-healing disorder in one patient [3]. In our study, we had better
catheter placement rate using SG technique (90%) and comparable complication and revision rates.

To our knowledge, we conducted the �rst comparative study with prospective data collection between the
SG placement of the VC and the FH technique. In the shuntoscope-group, an optimal position of the VC,
grade I in the Hayhurst-Scale, was achieved in 89.7% of the patients. This was signi�cantly higher than in
the free-hand group (65.4%) and in comparison, to the current literature, these results still show an
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exceedingly high success rate of the shuntoscope in placement of the VC. The complication rate in the
shuntoscope group was lower than in the free-hand group (20.7 vs. 30.7%), but without statistical
signi�cance. The infection rate of the CSF or the shunt system did not differ signi�cantly between the
study groups and the current literature and contradicts the idea of some authors that endoscopy or
shuntoscope-guidance may be associated with an increased infection rate [23]. The duration of the
operation did not differ signi�cantly between the study groups, which promotes the application and
integration of shuntoscope as standard in shunt surgery rather than other guidance tools such as the
neuronavigation in favor of time. The duration of the operation was not considered in the data analysis
of the previous studies, but it is an important aspect and shows that the shuntoscope is a suitable aid in
an emergency.

Our study has some limitations. The validity of our �ndings is limited by being a single-center and single-
surgeon study. Multi-center studies with multiple surgeons and with a larger patient population should be
performed. Furthermore, a blinded randomization of the patients among the study groups would have
been more bene�cial for the validity of the results and to achieve more homogeneity of the 2 cohorts but
was unfortunately not possible due to logistic problem. Nevertheless, this is the �rst comparative study
between shuntoscope guidance and free hand technique in ventricular catheter placement. 

Conclusion
Ventricular catheter placement using the shuntoscope-guided technique is a safe and effective procedure,
which enabled a signi�cantly higher success rate and lower revision and complication rate than the free
hand technique. These �ndings set the stage for broader clinical application of the SG technique.
Nonetheless, further prospective clinical randomized cohort studies need to be conducted to validate the
e�cacy of this technique in relation to patient-related outcomes. In our opinion, we recommend using the
shuntoscope guided technique as standard in shunt surgery, especially in di�cult patients with morbid
anatomy.
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Tables
Table 1. Patient characteristics and surgery duration in both study group

  SG Group (n=29) FH Group (n=26) Signi�cance

Age in Years 7.6 ± 8.6 28.5 ± 25.4 p<0.01

Sex (%) 15 (51.7%) males

14 (48.3%) females

7 (26.9%) males

19 (73.1%) females

 

Surgery-Duration in minutes 59.1 ± 23.9 53.9 ± 26.7 P= 0.97

Data is given as mean ± standard deviation. Bold denotes statistical signi�cance

 

Table 2. Postoperative Complications

  SG Group (n=29) FH Group (n=26)

Wound-Healing-Disorder 1 (3.45%) 1 (3.85%)

Drainage-System-Infection 2 (6.9%) 2 (7.69%)

VC-Malposition 0 1 (3.85%)

AC-Malposition 0 1 (3.45%)

VP-Shunt-Ventil-Dysfunction 3 (10.34%) 3 (11.54%)

Sum of patients 6 (20.7%) 8 (30.8%)
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Figures

Figure 1

A view from inside the catheter using shuntoscope, the slit in the tip of catheter can be seen as well as the
side holes at the tip.
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Figure 2

A coronal MR image with CISS showing the very narrow ventricle and the marginal position of the tip of
the VC.

Figure 3

Postoperative axial T2 MR image showing the grade I according to Hayhurst scale catheter position. The
catheter tip is seen just before the foramen of Monro and not touching the ventricular walls.
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Figure 4

Coronal CT scan showing the tip of the catheter is lying intraparenchymal on the contralateral side after
cross over, grade III according to Hayhurst scale.

Figure 5

Comparison between both techniques in terms of initial indications for a CSF drainage system.
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Figure 6

Comparison between the shuntoscope guided technique (blue bars) and the free-hand technique group
(red bars) in terms of catheter tip position as documented on postoperative cross-sectional scans.
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