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Compared with conventional procedures performed via
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Abstract
Background: Ventriculoperitoneal shunting (VPS) is a common neurosurgical procedure used to treat hydrocephalus.
Catheter obstruction is one of the most common factors that in�uences patient prognosis. We therefore evaluated
the accuracy of proximal catheter placement and explored the probable relationship between ventricular catheter
obstruction and both symptom grade and postoperative Evans index between an intraoperative navigation system
for VPS and conventional surgery via the occipital horn. Methods: We performed a retrospective study of 33 patients
with VPS (the navigation surgery group) and 26 patients with VPS (the conventional surgery group) seen between
January 2012 and August 2018. The clinical data, follow-up times, catheterization accuracy, postoperative outcomes,
cumulative survival times and correlations between catheter placement and obstruction, symptom grade and the
postoperative Evans index were analyzed. Results: Thirty-one patients experienced optimal ventricular catheter
placement (grade 1), 2 experienced suboptimal placement (grade 2), and none experienced poor ventricular catheter
placement (grade 3) in the navigation surgery group, whereas 6, 14, and 6 patients, respectively, had these results in
the conventional surgery group. Greater improvement was observed in postoperative symptoms (P=0.017), including
less catheter readjustment (P<0.001), in the navigation surgery group. A Kaplan-Meier survival analysis showed that
the cumulative catheter obstruction-free survival time was longer in the navigation surgery group than in the
conventional surgery group (P=0.028). Moreover, catheter placement was signi�cantly correlated with catheter
obstruction (P<0.001). In addition, catheter obstruction was signi�cantly correlated with the symptom grade
(P=0.001) and postoperative Evans index (P<0.001). Conclusions: An intraoperative navigation system for VPS
improved patient outcomes and the accuracy of ventricular catheter placement. Catheter obstruction-free survival
times were longer in the navigation surgery group, and catheter placement was signi�cantly correlated with catheter
obstruction.

Background
Ventriculoperitoneal shunting (VPS) continues to be the most important surgical treatment for patients with
hydrocephalus; these patients typically exhibit gait disturbance, cognitive impairment and urinary incontinence and
show enlarged ventricles on computed tomography (CT) or magnetic resonance imaging (MRI). Previous studies[1-3]
have reported that in patients with hydrocephalus who require cerebrospinal �uid (CSF) diversion, treatment can cost
millions of dollars[4, 5] and therefore represents a signi�cant burden to society.

Although patients with hydrocephalus signi�cantly bene�t from VPS, complications are unavoidable and in�uence
the long-term survival of these patients. Some studies[6-9] have demonstrated that catheter obstruction may be the
most common cause of shunt failure. Even experts who perform VPS according to cranial landmarks have certain
misplacement rates. Proximal catheters with poor positioning are associated with a greater risk of catheter
blockage[10, 11], which may require another surgery for catheter adjustment, causing additional suffering in the
patient and contributing to increased �nancial and social burdens on families. Therefore, a navigation system for
VPS is necessary to decrease these complication rates.

Although previous studies[10, 12] have reported that compared with conventional surgery the use of a navigation
system in VPS achieves superior results, the relationships among clinical symptoms, ventricular catheter placement,
catheter obstruction and the postoperative Evans index have not been clearly reported. In this study, we review
patients with hydrocephalus who underwent intraoperative navigation surgery to evaluate the possibility that the
accuracy of proximal catheter placement is improved by a navigation system in VPS and explore the probable
relationships among ventricular catheter obstruction, the symptom grade and the postoperative Evans index.
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Methods

Demographic data
This study retrospectively reviewed a series of 59 patients with hydrocephalus who underwent VPS at the
neurosurgery department of the A�liated Hospital of Yangzhou University, Jiangsu, China, between January 2012
and August 2018. Thirty-three patients were included in the navigation surgery group, and 26 patients were included
in the conventional surgery group, in which surgeons were limited to taking advantage of cranial anatomical
landmarks. When allocating patients to groups, we considered factors including (1) the patient’s condition, such as
the history of frontal-temporal decompression craniectomy; (2) the morphological characteristics of the ventricle,
including the size of the ventricle and the presence or absence of displacement; and (3) the neurosurgeon’s
preference.

The inclusion criteria for surgery were as follows: (1) The patient exhibited clinical symptoms, including gait
disturbance, cognitive impairment or urinary incontinence; (2) The imaging examinations demonstrated that the
ventricle was enlarged and showed edema along its wall; (3) A lumbar puncture (LP) tap test was positive; (4) The
characteristics of CSF were normal. Patients with previous shunt failures caused by dysfunction or distal failure,
those with obstructive hydrocephalus, and those who had previously undergone neuroendoscopic surgery were
excluded.

All patients were evaluated at admission for symptom severity according to symptom grading[13] criteria and
underwent thin-slice CT (Siemens, Germany) or MRI (Siemens, 3.0T) examinations (scans ranged from the upper lip,
including the apex nasi region, to the parietal region; slice thickness: 1 mm) before surgery. LP was performed in all
patients using the tap test to measure intracranial pressure (ICP) and CSF parameters, including the protein
concentration and red blood cell counts. VPS equipment, including a ventricular catheter, a peritoneal catheter and a
programmable antisiphon valve (Strata  Valve, Regular, Medtronic, USA), was used.

Preoperative planning and operative procedure
In the navigation surgery group, imaging data obtained in preoperative CT or MR scans of patients were stored on
CD-ROMs and uploaded from there into the navigation system (StealthStation S7 Fusion, Medtronic, USA). Then, the
target point, entry point, trajectory and depth of insertion were preoperatively planned using the navigation software
(Fig. 1). The navigation reference antenna was �xed to a May�eld holder that was used to �x the patient’s head. After
successful registration via the trace approach, calibration according to maxillofacial surface landmarks was
performed to examine the accuracy error, and the accuracy error was controlled to within 2 mm. Navigation was then
performed in advance to �nd the entry point according to the preoperative routine. Furthermore, the entry point was
veri�ed again via intraoperative navigation before a portion of the skull was removed with a milling cutter (Medtronic,
USA). After the dura was cut, the ventricle catheter with the navigation tracker was adjusted to the expected position
in accordance with preoperative planning for connection to the programmable valve. Next, a 4- to 5-cm middle
incision in the upper abdomen was made to divide the subcutaneous tissue, and the sheath of the rectus abdominis
and the peritoneum was cut to access the peritoneal cavity. Before the peritoneal catheter was placed in the superior
region of the liver, the CSF �ow was con�rmed with smoothing from the proximal catheter tip.

In the conventional group, Frazier’s point on the right side was usually selected as the entry point. The insertion length
was generally 8-10 cm through the occipital horn. The rest of the operative procedure was the same as that described
for the navigation group. All operations were performed by senior neurosurgeons.
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Outcome measurements
In the present study, the severity of symptoms were evaluated according to a grading system[13] before (at
admission) and after surgery (at 6 months after surgery). The etiology of hydrocephalus, CSF parameters,
catheterization accuracy, operation time, complications, follow-up time and catheter obstruction-free survival time
after surgery were also evaluated. Ventricular catheter placement was also assessed based on a grading system[12].
The correlation between ventricular catheter placement and catheter obstruction was analyzed as were the
correlations between catheter obstruction and the symptom grade and postoperative Evans index. All patients
underwent CT scans on the 1st day after surgery to determine the position of the ventricular catheter and to rule out
bleeding. The �rst follow-up was performed within 1 month of discharge, and subsequent follow-ups were performed
within 3, 6, 12, 24 and 48 months. The follow-up evaluations included the patient’s symptoms and imaging
examinations according to the variation in the patient’s symptoms.

Statistical analysis
Statistical analyses were performed using SPSS v.23.0 (Armonk, New York, United States). Independent t tests were
used to compare continuous variables, which are expressed as the mean±standard deviation. In the navigation
surgery group, differences in the depth and grade of ventricular catheter placement were analyzed between the
preoperative plan and postoperative results by paired t test. Categorical variables in these 2 groups were compared
by the Mann-Whitney test. The correlations between catheter obstruction and the postoperative Evans index and
symptom grade as well as the relationship between proximal catheter placement and catheter obstruction were
evaluated by Pearson correlation analysis. Cumulative catheter obstruction-free survival was calculated by Kaplan-
Meier survival statistics.

Results

Comparison of clinical characteristics in the navigation and conventional
surgery groups
The mean age of the patients in the navigation surgery group was 56.18 years old (range, 21 to 78 years), while the
mean age of the patients in the conventional surgery group was 58.73 years old (range, 23 to 73 years). In this study,
the most common causes of hydrocephalus in the navigation surgery group were cerebrovascular diseases (48.48%)
followed by head trauma (27.27%), and these were also the most common causes of hydrocephalus in the
conventional surgery group, in which they affected 46.15% and 38.46% of the patients, respectively (Table 2). No
signi�cant differences were observed between these 2 groups in the preoperative �ndings, including in the
preoperative Evans index and CSF characteristics (Table 2).

Accuracy and precision of ventricular catheterization in the navigation
surgery group
For the preoperative plans used in the navigation group, the mean depth of the ventricular catheter and the grade of
catheter placement determined by the navigation system were not signi�cantly different from those determined
based on postoperative CT (Table 3).
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Postoperative outcomes of the 2 groups
In the navigation surgery group, in contrast with the preoperative symptoms, the postsurgical symptoms observed
after VPS (Table 4) were signi�cantly better (P<0.001) at six months after surgery, whereas no signi�cant difference
was seen in the conventional surgery group (P=0.096). In addition, at six months after surgery, the clinical symptoms
were substantially better in the navigation group than in the conventional surgery group (P=0.017). During
preoperative planning (Fig. 1), postoperative CT was used to determine the optimal ventricular catheter placement for
the VPS (Fig. 2). The total number of patients in whom each grade of ventricular catheter placement was used in the
2 groups is presented in Fig. 3.

Nine patients (34.62%) in the conventional surgery group and 3 patients (9.09%) in the navigation surgery group
developed ventricular catheter obstruction (P<0.001, Table 5). According to the correlation analysis, catheter
obstruction was signi�cantly correlated with symptom grade and the postoperative Evans index (Fig. 4). In addition,
ventricular catheter placement was signi�cantly correlated with catheter obstruction (P<0.001, Table 6). The detailed
characteristics of the cases in which ventricular catheter obstruction occurred are described in Table 7.

Additionally, the average total operative time (from skin incision to skin closure) was 64.00 minutes (range, 55-75
minutes) in the navigation surgery group and 77.77 minutes (range, 65-89 minutes) in the conventional surgery group
(P<0.001). The postoperative Evans index and the rate of ventricular catheter obstruction were also signi�cantly
different between the two groups (P<0.001), although the incidences of postoperative infection (P=0.264) and
bleeding (P=0.264) were not signi�cantly different between the groups (Table 5).

Catheter obstruction-free survival after VPS
The mean follow-up time was 19.15 months (range, 1-36 months) in the navigation surgery group and 18.46 months
(range, 1-38 months) in the conventional surgery group (Fig. 5), and these times were not signi�cantly different
(P=0.760, Table 5). Furthermore, the Kaplan-Meier survival analysis of post-VPS catheter obstruction-free survival
within the follow-up time period is presented in Fig. 6. The Kaplan-Meier survival analysis indicated that the
cumulative catheter obstruction-free survival time was longer in the navigation surgery group than in the
conventional surgery group. The initial slope was much steeper in the conventional surgery group than in the
navigation surgery group, which indicates that catheter obstruction occurred earlier in the conventional surgery group
(P=0.028, Table 8).

Discussion
In this report, we demonstrate that performing VPS for hydrocephalus via the occipital horn with a navigation system
is superior to the conventional surgical procedure in terms of clinical outcomes, the accuracy and precision of
ventricular catheterization, and occurrence of complications. We report the detailed characteristics of the cases that
experienced ventricular catheter obstruction, and we found that catheter placement was signi�cantly correlated with
catheter obstruction. In addition, catheter obstruction was signi�cantly correlated with symptom grade and
postoperative Evans index. Finally, we also found that the cumulative catheter obstruction-free survival time was
longer in the navigation surgery group than in the conventional surgery group.

Catheter placement into the lateral ventricle at a location remote from other structures is common in VPS, and
accurate placement of the ventricular catheter is very important for long-term catheter obstruction-free survival.
Accurate catheter placement may be more easily achieved when intraoperative navigation is used during VPS.
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Previous studies[11, 14-19] have reported the use of ultrasound, frameless stereotaxy, neuroendoscopy and
navigation to increase the accuracy of ventricular catheter placement and improve long-term outcomes in patients
with hydrocephalus. A systematic review by Flannery[20] showed that there was insu�cient evidence to recommend
the use of neuroendoscopy for routine VPS. Additionally, a meta-analysis by Nesvick et al.[16] revealed that
ultrasound and stereotaxy did not increase catheter placement accuracy and provided only a weak bene�t for
patients with hydrocephalus. Yamada et al.[21] reported that 48 patients who underwent navigation surgery for VPS
did not need shunt revision, but the effective rate was not reported due to loss of patients to follow-up. In this study,
we report the results obtained over an approximately 36-month follow-up period in patients with hydrocephalus who
underwent VPS with either intraoperative navigation or a conventional approach.

Conventional VPS, which is based only on cranial anatomic landmarks and personal experience, is a relatively easy
procedure, although misplaced proximal catheters are associated with negative side effects and those patients may
be at greater risk for eventual blockage, which makes another shunt revision necessary. Yoon et al.[11] found that
31.7% of patients with suboptimal catheter placement experienced catheter obstruction. Janson et al.[10] showed
that when intraoperative �uoroscopic imaging was used, 43.9% of patients received optimal catheter placement,
while 56.1% of patients received suboptimal or poor shunt placement and had a 57% higher risk of shunt failure.

In this study, in the conventional VPS group, 14 patients (53.84%) had suboptimal catheter placement, and 6 patients
(23.08%) had poor placement mainly because the direction of ventricular catheterization was skewed. Ultimately, 9
(34.62%) patients experienced ventricular catheter obstruction over a mean follow-up time of 18.46 months and
subsequently required catheter readjustment. Moreover, all patients with grade 3 catheter placement experienced
catheter obstruction during the �rst year after surgery; only one patient required 3 punctures (Table 7).

Intraoperative navigation for VPS has advantages, including high accuracy and the ability to perform reliable
preoperative planning using navigational software. Intraoperative navigation can also increase the accuracy and
precision of ventricular catheter placement. In this study, a programmable valve was selected for all patients, and the
parameter of the programmable valve was initially set to 1.0-1.5 to avoid drainage based on the ICP obtained by LP.
To determine the insertion trajectory during preoperative planning, the target point was required to be located far from
the choroid plexus and the foramen. Additionally, in all cases, successful ventricular catheter insertion was achieved
with an accurate target point, a reliable trajectory, and real-time monitoring. In the navigation group, only 2 patients
(6.06%) received suboptimal placement because too much CSF drained during the operation, which caused the brain
to shift. Nimsky et al.[22] demonstrated that accuracy may be signi�cantly compromised when brain shift occurs
secondary to CSF drainage during surgery. However, the accuracy error was less than 2 mm according to a
comparison of the depth of the inserted ventricular catheter on postoperative CT and the depth determined by the
navigational software used during preoperative planning.

Although many neurosurgeons typically utilize the frontal horn approach and the occipital horn approach for VPS, the
optimal surgical approach remains controversial[10]. Previous studies have reported[10, 21, 23] that the success rate
of the frontal approach via a freehand procedure ranges from 43.9-64%. In addition, some studies[24, 25] have
demonstrated that performing VPS via the frontal horn approach may increase the incidence of epilepsy in patients
with hydrocephalus, especially among children. The catheter can be advanced via the occipital horn to reach the
frontal horn far away from the choroid plexus. In addition, the occipital horn approach may be selected as the entry
point in patients with hydrocephalus who undergo frontal-temporal decompression craniectomy regardless of how
di�cult it is to palpate the external occipital protuberance. All these factors make intraoperative navigation essential
for an occipital approach in VPS.
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The e�cacy of VPS has been extensively studied by evaluating multiple factors, which mainly include clinical
symptoms and radiological outcomes. Karimy et al.[26] mentioned that the mechanism of posthemorrhagic
hydrocephalus may involve CSF hypersecretion. Benveniste et al.[27] reported that 80% of patients showed objective
improvement in hydrocephalus symptoms after VPS, although 49% of patients developed delayed deterioration of
symptoms, most likely due to shunt failure or underdrainage. In this study, in the navigation surgery group, the clinical
symptoms of most patients substantially improved after VPS. Additionally, we found that ventricular catheter
obstruction was signi�cantly correlated with symptom grade (P=0.001) and the postoperative Evans index (P<0.001,
Fig. 4). A probable explanation may be that su�cient CSF drainage, when combined with accurate catheter
placement, results in symptomatic improvements and decreased ventricular size. However, due to attrition during
clinical follow-up, a larger population with appropriate follow-up durations may be necessary to determine the
effectiveness of VPS.

Whether the use of navigation increases operation times remains controversial. Although installation and registration
require time, an experienced user can complete all these operations quickly while intravenous anesthesia is
administered. Additionally, previous studies[12, 28] have demonstrated that the additional time spent preparing for
navigation did not exceed 15 minutes. Therefore, the extra time needed would not increase the overall procedure time.
In this study, the operation time (from skin incision to skin closure) was shorter in the navigation surgery group than
in the conventional surgery group because skilled neurosurgeons performed the procedures based on the
individualized design of surgical approaches obtained using the navigation system.

The most common complications of VPS are infection and shunt failure, which lead to many hospital readmissions.
In a review by Paf et al.[29], the infection rate was approximately 8-15% among patients who underwent VPS
placement. In this study, no infections were observed among the patients in the navigation group, and only one
patient (3.85%) in the conventional group who underwent 3 punctures during the operation developed an infection.
Hayhurst[12] showed that 78% of standard shunts fail during the early stage, mainly due to proximal obstruction.
Deckerman et al.[30] demonstrated that catheters placed farther from the choroid plexus were correlated with a lower
rate of shunt failure at six months. In this study, 3 patients (9.09%) in the navigation surgery group developed
catheter obstruction, while 34.62% of patients in the conventional surgery group developed catheter obstruction. In
one case in which the occipital approach was used in the conventional surgery group, due to location inaccuracy, the
burr hole was made too close to the midline and caused slight damage to the superior sagittal sinus and a
subsequent subdural hematoma.

A study presented by Jeremiah et al.[6] showed that according to a Kaplan-Meier survival analysis, a poor catheter
position was substantially more likely to require subsequent shunt revision. Reddy[9] demonstrated that adult
patients had signi�cantly higher revision-free survival times than pediatric patients after their �rst shunt surgery and
that most shunt revisions occurred early (within six months). In this study, catheter obstruction-free survival times
were longer in the navigation surgery group than in the conventional surgery group (P=0.028). A Kaplan-Meier
survival curve (Fig. 6) presumably indicated that catheter obstruction-free survival was related to intraoperative
navigation during VPS. The initial slope was much steeper for the conventional surgery group than for the navigation
surgery group, which demonstrates that catheter obstruction occurred earlier in the conventional surgery group.

This study has certain limitations. First, this was a nonrandomized, single-center retrospective study of a small
number of cases that did not include pediatric patients with hydrocephalus because only a few pediatric patients
with hydrocephalus underwent VPS, and some of these patients had a negative CSF tap test or inadequate follow-up
data. In addition, this study included only patients who underwent catheter insertion via the occipital horn; therefore,
the possibility of selection bias due to this methodology cannot be ignored. Second, we did not have a way to
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randomize the choice of navigation for VPS. Third, the sample size was too small to perform a multivariate analysis
of all risk factors to predict the prognosis of patients with hydrocephalus and long-term catheter obstruction-free
survival, and this should be further evaluated in a randomized controlled clinical trial. Therefore, a multicenter,
prospective clinical trial based on a large population with appropriate follow-up durations may be necessary to
determine the effectiveness of VPS, which could provide clear bene�ts to patients with hydrocephalus.

Conclusions
Our �ndings suggest that the use of intraoperative navigation in VPS resulted in accurate and precise proximal
catheter placement and improved symptoms in patients with hydrocephalus. We found that catheter obstruction was
signi�cantly correlated with symptom grade and the postoperative Evans index. Additionally, ventricular catheter
placement was signi�cantly correlated with catheter obstruction and the longevity of catheter obstruction-free
survival, which were better in the navigation surgery group than in the conventional surgery group.
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Tables
Table 1 Outcome evaluation system
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Outcome evaluation system

Grading system for the
severity of hydrocephalus
symptoms 

Grade Gait disturbance Urinary incontinence Cognitive impairment 

0 Normal  Normal  Normal 

1 Cautious gait or impaired
tandem gait 

Sporadic
incontinence or urge
phenomenon 

Minimal attentional or
memory de�cits 

2 Considerable unstable gait  Frequent
incontinence 

Considerable de�cits, but
oriented to situational
context 

3 Unaided gait not possible  No or only minimal
control 

Not or only marginally
oriented 

Grading system for
placement of the ventricular
catheter

Grade

1 Optimal position free-�oating
in CSF

2 Touching choroid or
ventricular wall or not in the
target ventricle

3 Catheter tip terminates in
parenchyma

CSF: cerebrospinal �uid

Table 2 Comparison of the clinical data between the navigation and conventional surgery groups
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Variables Navigation surgery group
(n=33)

Conventional surgery
group

(n=26)

P-
value

Age (M±SD) 56.18±14.42 58.73±13.74 0.494

Gender, N (%) 0.993

Male 19 (57.58) 15 (57.69)

Female 14 (42.42) 11 (42.31)

Etiology, N (%) 0.817

Cerebrovascular diseases 16 (48.48) 12 (46.15)

Head trauma 9 (27.27) 10 (38.46)

iNPH 5 (15.15) 2 (7.69)

Brain tumors 3 (9.09) 2 (7.69)

Preoperative Evans Index (M±SD) 0.34±0.02 0.35±0.02 0.126

Protein concentration in CSF (mg/L) 464.70±82.80 493.65±84.11 0.809

The total amount of CSF in tap test
(ml)

36.42±4.09 35.62±3.78 0.439

M±SD: mean±standard deviation, iNPH: idiopathic normal pressure hydrocephalus

Table 3 Evaluation of the depth and placement of the ventricular catheter in the navigation group

The accuracy of ventricular
catheter

P-
value

Preoperative planning After
surgery

The depth of ventricular catheter via the occipital
horn (cm)

9.18±0.34 9.32±0.36 0.231

The grade of catheter placement 0.162

1 33 31

2 0 2

3 0 0

Table 4 Comparison of the preoperative and postoperative symptom grade in each group
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Navigation
surgery
group

(n=33)

Conventional
surgery
group

(n=26)

P-
value

Symptom
grade

0 1 2 3 0 1 2 3

Before
surgery

N (%)

0 4

(12.12)

24

(72.73)

5

(15.15)

0 3

(11.54)

20

(76.92)

3

(11.54)

0.818

After
surgery

N (%)

4

(12.12)

18

(54.55)

8

(24.24)

3

(9.09)

1

(3.85)

8

(30.77)

12

(46.15)

5

(19.23)

0.017

P-value <0.001 0.096

Table 5 Postoperative outcome concerning VPS between the navigation and conventional surgery groups

Variables Navigation surgery group (n=33) Conventional surgery group

(n=26)

P-value

Operative time (min), (M±SD) 64.00±5.86 77.77±7.38 <0.001

Postoperative Evans Index (M±SD) 0.26±0.04 0.29±0.03 <0.001

Blockage of the catheter, N (%) 3 (9.09) 9 (34.62) <0.001

Infection 0 1 0.264

Catheter adjusted,

N (%)

3 (9.09) 9 (34.62) <0.001

Bleeding 0 1 0.264

Follow-up time (months), (M±SD) 19.15±8.41 18.46±8.78 0.760

Table 6 Correlation analysis between catheter placement and catheter obstruction

Variables Pearson Coe�cients P-value

Catheter placement

Catheter obstruction

0.740 <0.001

Table 7 Detailed characteristics of the cases in which ventricular catheter obstruction occurred in the groups



Page 15/20

Case Gender Age Etiology Symptom
grade

Grade of
ventricular
catheter
placement

Puncture

frequency

Time to
shunt
failure
(months)

Navigation
surgery group

1 M 68 Head trauma 2 2 1 26

2 M 61 Cerebrovascular
diseases

3 1 1 35

3 F 53 Cerebrovascular
diseases

3 2 1 32

Conventional
surgery group

1 F 45 Head trauma 3 3 1 5

2 M 73 Cerebrovascular
diseases

3 2 1 18

3 M 68 Cerebrovascular
diseases

3 2 1 17

4 F 57 Head trauma 2 1 1 22

5 M 72 Cerebrovascular
diseases

2 3 1 4

6 M 49 Head trauma 2 3 1 6

7 F 57 Cerebrovascular
diseases

2 3 3 1

8 M 61 Cerebrovascular
diseases

2 3 1 8

9 M 54 Head trauma 2 3 2 9

Table 8 Survival distribution between navigation and conventional surgery groups

Overall comparisons

χ2 Degree of freedom P-value

Log Rank(Mantel-Cox) 4.828 1 0.028

Breslow(Generalized Wilcoxon) 8.640 1 0.003

Tarone-Ware 8.051 1 0.005

Figures
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Figure 1

This was a preoparative planning picture for one patient with hydrocephalus in navigation system This was the
coronal, sagittal, axial and 3D imaging. The green circle in ventricle was the target point, while another green circle in
picture c was the entry point. The blue line was trajectory.
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Figure 2

CT scan was for one patient with VPS during the 1st day after surgery It showed the ventricular catheter tip was in the
target zone (grade 1).
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Figure 3

The total patients in each grade for catheter placement after VPS between these 2 groups.

Figure 4

The correlations of catheter obstruction with symptom grade and postoperative Evans index. *: Pearson coe�cient
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Figure 5

The Box-plot of follow-up time for these 2 groups.



Page 20/20

Figure 6

The Kaplan-Meier curve of the cumulative survival time between navigation and conventional surgery groups. A
Kaplan-Meier survival curve presumably indicated that catheter obstruction-free survival was related to intraoperative
navigation during VPS. The initial slope was much steeper for the conventional surgery group than for the navigation
surgery group, demonstrating that catheter obstruction occurred earlier in the conventional surgery group.


