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Abstract 
Background: Between 2005 and 2010, we treated patients with hydrocephalus 
related to cerebral metastases, who were not good candidates for surgical resection 
by either endoscopic third ventriculostomy (ETV) or ventriculoperitoneal shunting 
(VPS). Patients were excluded from ETV if they had a clinical history suggestive 
of non-obstructive hydrocephalus, including: (1) history of infection or ventricular 
hemorrhage and (2) leptomeningeal carcinomatosis. The rest of the patients were 
treated with VPS. 
Methods: We analyzed the clinical outcome of these patient cohorts, to determine 
whether the efficacy of VPS was compromised due to a history of infection, 
ventricular hemorrhage, or leptomeningeal carcinomatosis, and compared these 
results to those patients who underwent ETV. 
Results: Sixteen patients were treated with ETV and 36 patients were treated with 
VPS. The overall efficacy of symptomatic palliation was comparable in the ETV 
and VPS patients (ETV = 69%, VPS = 75%). In both groups, patients with more 
severe hydrocephalic symptoms such as nausea, vomiting, and lethargy were 
more likely to benefit from the procedure. The overall complication rate for the two 
groups was comparable (ETV = 12.6%, VPS = 19.4%), although the spectrum of 
complications differed. The overall survival, initial Karnofsky performance status 
(KPS), and three-month KPS, were similarly comparable (median survival: ETV 
3 months, VPS 5.5 months; initial KPS: ETV = 66 ± 7, VPS = 69 ± 12; 3 months 
KPS: ETV = 86 ± 7, KPS = 84 ± 12). 
Conclusion: VPS remains a reasonable option for poor RPA grade metastasis 
patients with hydrocephalus, even in the setting of a previous infection, hemorrhage, 
or in those with leptomeningeal disease. Optimal treatment of this population will 
involve the judicious consideration of the relative merits of VPS and ETV. 
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INTRODUCTION

Estimates suggest that 1 – 5% of the patients with 
cerebral metastasis suffer from either obstructive or 
communicating hydrocephalus.[3,20] Relative to patients 
with other forms of hydrocephalus, patients who develop 
hydrocephalus related to cerebral metastases exhibit 
an extremely poor prognosis. In most series,[15,20,21] 
approximately 50% of the patient will expire three 
months after treatment, with only 10% surviving for one 
year. Systemic disease progression remains the major 
cause of demise in this population.

In terms of treatment options, good surgical candidates, 
with reasonable remaining life expectancy, who present 
with obstructive hydrocephalus, may be treated with 
surgical resection of the offending lesion. Poor surgical 
candidates, including patients with poor survival 
expectations, or lesions not amenable to surgical resection 
without excess surgical morbidity, have been historically 
treated with ventriculoperitoneal shunting.

The Recursive Partitioning Analysis (RPA) classification 
is a scale for patients with cerebral metastasis commonly 
used to prognosticate survival expectations, and is 
often used as a guide to therapeutic intervention. This 
classification was developed by the Radiation Therapy 
Oncology Group (RTOG), who integrated the variables 
of age, KPS, and systemic oncological disease status into 
an ordinal scale.[8,12,19,25] RPA class I is defined by age < 
65 and absence of significant neurocognitive dysfunction 
(KPS > 70), controlled systemic disease, and no 
extracerebral metastasis; RPA class III is defined by KPS 
< 70; all other patients are defined as RPA class II. The 
respective median survival for RPA class I, II, and III are 
7.1, 4.2, and 2.3 months, respectively.[7]

We set out to determine whether ETV is advantageous 
in treating patients with obstructive hydrocephalus from 
cerebral metastases. The use of ETV is attractive because, 
relative to VPS, it offers an effective means of palliation, 
with theoretically fewer associated complications, as 
no mechanical device is implanted. Between 2005 and 
2010, we treated poor RPA grade patients with ETV for 
obstructive hydrocephalus if they showed the following 
characteristics: (1) No history of infection or ventricular 
hemorrhage, and (2) no leptomeningeal carcinomatosis. 
These criteria were set forth to exclude patients with 
hydrocephalus that was potentially attributable to non-
obstructive causes, as the efficacy of ETV in these 
settings remained controversial. The remaining patients 
were treated with VPS. We previously reported the 
efficacy of ETV in terms of palliating symptoms related to 
hydrocephalus.[3] Here we analyzed the clinical outcomes 
of the patients treated with VPS and compared them to 
those treated with ETV.

MATERIALS AND METHODS

Patient selection and outcome evaluation
Clinical information was obtained after Institutional 
Review Board approval. We reviewed the records of 
surgical cases performed at our institution between the 
years of 2005 and 2010, and identified 52 patients with 
brain metastasis not amenable to surgical resection, who 
suffered from hydrocephalus, and who subsequently 
underwent a cerebrospinal fluid (CSF) diversion 
procedure. This constituted approximately 8% of the 
Beth Israel Deaconess Medical Center (BIDMC) cancer 
patients, who underwent surgery for symptoms related to 
cerebral metastasis during the five-year period. Patients 
were first screened to determine whether they met 
the criteria for the ETV procedure. Patients with (1) a 
history of infection or ventricular hemorrhage and (2) 
leptomeningeal carcinomatosis were excluded from ETV, 
as the efficacy of ETV in the setting of non-obstructive 
hydrocephalus remained controversial. Patients fulfilling 
these criteria and whose anatomy was favorable for ETV, 
underwent this procedure. Patients not meeting these 
criteria underwent VPS placement.

Assessment of the outcome was determined by a review 
of medical records documenting the neurological and 
functional status. Success of VPS was defined on a clinical 
basis as a partial or complete relief of symptoms. Failure 
was defined as no change or deterioration in condition 
regardless of imaging findings. The outcome was assessed 
in the immediate postoperative period after surgery (n 
= 36), and at the three- and six-month follow-ups (n = 
25, 7, respectively). Postoperative computed tomography 
(CT) images from all treated patients were reviewed and 
compared with the preoperative CT images.

Surgery
All VPS procedures were performed under general 
anesthesia with endotracheal intubation. Preoperative 
magnetic resonance (MR) or CT imaging of the head 
was used for surgical planning. The proximal shunt 
catheter was passed free hand into the lateral ventricle 
using anatomical landmarks for guidance. Fixed-pressure 
Medtronic® Delta® Valves, Performance Level 1.0, were 
used in all cases. The distal catheter was tunneled 
subcutaneously and placed into the peritoneal space 
under direct visualization, either through open methods or 
with laparoscopic assistance, depending on the surgeon’s 
preference. Patients with leptomeningeal disease had an 
Ommaya reservoir placed through a separate incision, in 
addition to VPS placement, during the same operation. 
Postoperative CT scans of the head were performed on 
all patients, to confirm the appropriate intraventricular 
positioning of the proximal catheter and to rule out any 
procedural complications such as hemorrhages.

Endoscopic third ventriculostomy was performed as 
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previously described.[3] All third ventriculostomies were 
performed under image-guidance, employing frame-based 
stereotaxy. After induction of anesthesia, a Riechert / 
Mundinger stereotactic head frame (Inomed GmbH, 
Emmendingen, Germany) was secured onto the patient’s 
cranium, and 1.25 mm slice-thickness contrast-enhanced 
computerized tomography (CT) imaging of the head was 
subsequently acquired using an intraoperative scanner 
(Ceretom, Neurologica, MA). CT images were processed 
to yield three-dimensional reconstructions using a 
software by Inomed (Praezis 3.0, Germany). Using 
these reconstructions, an optimal trajectory through the 
Foramen of Monroe, offering an en-face view of the floor 
of the third ventricle, was planned. The basilar tip was 
identified, and a target position was selected, to avoid 
contact with the basilar tip. Care was also taken to avoid 
trajectory intersection with any visualized vessels. The 
aiming bow was then mounted onto the stereotactic head 
frame. A burr hole was then placed as the entry point 
based on the planned trajectory. A 4.0 mm introducer 
sheath was inserted along the trajectory into the lateral 
ventricle under the guidance of the rigid frame. Entry into 
the lateral ventricle was verified by withdrawal of CSF. 
An oval Oi HandyPro endoscope (4.0 × 2.6 mm, Storz, 
Tutlingen, Germany), equipped with three channels for 
instrument, suction, and irrigation, was then advanced 
into the lateral ventricle with stereotactic guidance. 
Under direct vision, the neuroendoscope was then 
further advanced into the third ventricle. A disconnected 
monopolar electrode was used to perforate the thinnest 
portion of the floor of the third ventricle, just anterior to 
the two mamillary bodies. The perforation was enlarged 
using a Fogarty No. 4 balloon catheter inflated to a 
diameter of approximately 5 mm.

RESULTS

Patient population, overall survival, and karnofsky 
performance status
Between 2005 and 2010, we treated 36 patients with VPS 
for symptomatic hydrocephalus secondary to cerebral 
metastases. Patient characteristics are shown in Table 1. 
There were 16 men and 20 women. The age of the 
patients ranged from 31 to 78 years, with a median age of 
59 years. By RPA classification, seven patients were class 
I (19.4%), twenty-seven patients were class II (75%), and 
two patients were class III (5.6%). The primary metastatic 
tumors in this series originated from lung (n = 13), 
melanoma (n = 10), breast (n = 9), renal (n = 3) cancer, 
and colon (n = 1). Nine patients had leptomeningeal 
spread (LMS) at the time of treatment. Eleven patients 
had previous interventricular hemorrhage from the tumor. 
The mean KPS score of patients who survived at least 
three months from the time of initial VPS procedure was 
69 ± 12 and improved to 84 ± 12 at the three-month 

follow-up [Figure 1]. The median overall survival after 
VPS was 5.5 months [Figure 2a]. These outcomes are 
comparable to the previously reported ETV outcomes, 
whose median overall survival was three months and 
whose three-month KPS improved to 86 ± 7 from an 
initial KPS of 66 ± 7.[3] Notably, nine patients survived 
beyond a year (25%) and two patients survived beyond 
five years (one had metastasis that originated from the 
breast and the other from the lung). The only patient 
to survive less than one month had an intraventricular 
tumor present, with leptomeningeal spread.

Indications and outcomes
All 36 patients complained of either isolated headache 
or headache with various other symptoms, including: 
Nausea, vomiting, and lethargy (visual changes, 
papillary edema, etc.). All patients had imaging 
workup demonstrating obstruction of CSF flow tract 
by cerebral metastases or leptomeningeal disease with 
ventriculomegaly. Postoperative CT scans showed 
decreased ventricular size and radiographic resolution 
of hydrocephalus in 32 of the 36 patients treated with 
VPS. The four patients without radiographic changes 
had symptomatic improvement from hydrocephalus 
postoperatively, despite no measurable change in 
ventricle size. Symptomatic improvement was observed 
after palliative VPS in 27 of the 36 patients (77%). A 
breakdown of the specific symptoms is shown in Table 2. 
Six procedures were performed for severe headache 
alone, without associated symptoms. Three of these 
patients (60%) reported improvement from headache 
post VPS. Ten procedures were performed for patients 
who presented with headache and nausea. Eight of these 
patients (80%) reported improved clinical symptoms post 
VPS. Fifteen procedures were performed for patients who 
presented with either headache, nausea, and vomiting or 
headache with lethargy. All fifteen patients demonstrated 
symptomatic improvement after VPS (100%). Only one 
of the five patients (20%) with a focal neurological deficit 
experienced improvement following the procedure. 
Overall, patients who presented with headache associated 
with nausea, vomiting, or lethargy were more likely 
to benefit from VPS (P < 0.001) than those who 
presented with isolated headache. These outcomes were 
comparable to those previously reported for the patients 
who underwent ETV during the same time period  
(Table 3 is presented here for comparison).[3] Of the ETV-
treated patients, those with symptomatic improvement 
immediately post operation, and who were symptom-free 
at three months, remained symptom-free at six months.

Complications
There were a total of seven shunt failures or shunt-related 
complications that required subsequent surgery. One was 
due to the development of a hygroma. Two shunt failures 
were due to occlusion of the shunt system (5.6%). Of 
note, both occlusions occurred in patients who had 
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Table 1: Clinical summary of the 36 patients who underwent ventriculoperitoneal shunting

Case Age/sex RPA Class Primary Site Location Leptomeningeal 
Spread

Prior 
Hemorrhage

Unfavorable 
ETV Anatomy

Survival 
(days)

1 73 M 2 Renal Parietal No Yes No 179
2 66 F 2 Renal Frontal No Yes No 425
3 54 M 3 Renal Parietal No No Yes 58
4 63 M 2 Lung Frontal No No Yes 1479
5 59 M 1 Lung Frontal No No Yes 504
6 58 F 2 Lung Suprasellar No No Yes 1193
7 58 M 2 Lung Multiple No No Yes 930
8 53 F 3 Lung Frontal Yes No No 90
9 64 M 2 Lung Ventricular Yes No No 93
10 65 M 2 Lung Multiple No No No 159
11 48 F 1 Lung Frontal Yes No No 88
12 60 M 2 Melanoma Parietal Yes No No 47
13 61 M 2 Melanoma Cerebellum No No Yes 328
14 60 M 1 Melanoma Multiple No Yes No 256
15 78 F 2 Melanoma Brain Stem No No Yes 108
16 69 M 2 Melanoma Parietal No Yes No 58
17 62 F 2 Melanoma Frontal No Yes No 92
18 49 F 2 Melanoma Parietal No Yes No 108
19 46 M 2 Melanoma Temporal Yes No No 31
20 44 M 2 Melanoma Occipital No No Yes 178
21 66 M 2 Melanoma Frontal No Yes No 66
22 48 M 1 Lung Occipital No No Yes 378
23 58 M 2 Lung Multiple No Yes No 56
24 57 F 1 Lung Frontal No No Yes 1925
25 52 F 2 Lung Multiple Yes No No 169
26 44 F 2 Lung Multiple No Yes No 288
27 60 F 2 Colon Parietal No No Yes 297
28 61 F 1 Breast Parietal No No Yes 311
29 57 F 3 Breast Occipital No Yes No 50
30 53 F 2 Breast Ventricular Yes No No 20
31 73 F 2 Breast Cerebellum No No Yes 432
32 65 F 2 Breast Multiple No Yes No 207
33 73 F 1 Breast Ventricular Yes No No 1818
34 31 F 2 Breast Cerebellum No No No 73
35 35 F 2 Breast Occipital No No Yes 82
36 64 F 2 Breast Temporal Yes No No 99

prior interventricular hemorrhages. Neither of the shunt 
occlusions were a result of infection. This was confirmed 
through the microbiological testing of CSF obtained 
from a shunt tap.

Four VPS patients developed shunt infections following 
surgery (11.1%). Three of the four infections occurred in 
patients with leptomeningeal disease, after the ommaya 
reservoir had been accessed. The remaining infection 
occurred in a patient, who previous to VPS placement, 
had an external ventricular drain in place for seven days, 
due to a prior intraventricular hemorrhage. Of note, 
there were no incidents of intraperitoneal dissemination 

of a tumor observed. However, we cannot exclude the 
possibility of a clinically silent intraperitoneal spread 
that may have gone undiagnosed, as routine abdominal 
imaging was not performed.

DISCUSSION

Here we report our experience in the treatment of 
hydrocephalus from cerebral metastasis by VPS, when the 
treatment modality is determined by a specified algorithm 
that selects patients who would likely benefit from ETV. 
The median survival in patients who underwent CSF-
diversion for hydrocephalus was 5.5 months, which is in 
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line with other literature reports for metastasis-related 
hydrocephalus.[15-17,20] The modern series of palliative 
CSF diversions for elevated intracranial pressure 
(ICP) in the adult metastatic population demonstrate 
symptomatic improvement in approximately 70-80% 
and a complication rate of 10-30%.[5,9,20,21] It is important 
to note that our results, unlike prior series, have been 
obtained despite selecting patients who had greater risk 
factors for shunt failure, such as, prior infection and 
hemorrhage.[4,14,24]

When compared to our previously reported ETV results 
of patients treated during the same time period, the 
clinical efficacy and complication rates were similar.[3] 
The selection criteria were designed to optimize ETV 
success, by excluding patients with disease processes 
compromising CSF resorption, and selecting such patients 
to undergo VPS instead. These included prior intracranial 
hemorrhages, history of intracranial infections, and those 

Figure 1: Mean Karnofsky Performance Scores of patients surviving 
at least three months after treatment

with leptomeningeal spread.[4,14,24] These same criteria 
could also be risk factors for VPS complications and 
failure.[16] Despite working with a patient population 
that was at a higher risk for shunt complications, our 
VPS success rate was 77% for symptomatic improvement, 
comparing similarly to the 69% rate of symptomatic 
improvement in the cohort of patients who underwent 
ETV.[3] There was no significant difference in the number 
of VPS patients who required a second surgery for shunt 
revision (19%, n = 7) and the number of ETV patients 
(13%, n = 2) who required a second surgery for either 
wound revision or persistence of symptoms (P = 0.94). 
The median survival difference between the patients 
receiving VPS (5.5 mos) and those with ETV (3 mos) 
was not statistically significant, after correcting for RPA 
status [Figures 2b-c, Table 4]. Although the focus of 
this analysis was on the poor grade RPA patients (RPA 
class II and III), the overall data set (including RPA 
class I patients) is shown in Figure 2a, to demonstrate 
that the overall survival of the patients shown here was 
comparable to those presented in the general literature.

Review of the four shunt infections revealed that three 
of the infections occurred after a co-existing Ommaya 
reservoir had been accessed. Data regarding the risk of 
infection from routine access of a ventricular reservoir 
in the existing literature was variable, with rates 
ranging from 0-20%.[1,2,10,13,22,23] On the one extreme, 
Lin et al. recently reported a series of 24 patients with 
leptomeningeal spread, treated with CSF reservoir-on / 
off valve-peritoneal shunts, for intrathecal chemotherapy 
administration, without any occurrence of infections.[16] 
On the other extreme, Richard et al. reported a 21.2% 
infection rate of Ommaya reservoirs in premature infants 
treated for post-hemorrhagic ventricular dilatation, some 
of whom had received intrathecal fibrinolytic therapy, in 
addition to serial reservoir taps. The general trend suggests 

Figure 2: Kaplan-Meier plots comparing survival of patients undergoing ETV vs VPS for (a) all patients, (b) RPA class 2 patients only, and 
(c) RPA class 3 patients only.

a b c
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Table 3: Summary of the indications, efficacy, and 
morbidity in patients treated with endoscopic third 
ventriculostomy. Reproduced from a prior publication for 
purposes of comparison[3]

Presenting 
symptoms

Total 
number of 
patients

Patients with 
improved 
symptoms 

postoperatively

Percentage of 
patients with 
symptomatic 
improvement

Headache 5 3 60
Headache and 
nausea

4 3 75

Headache, nausea 
and vomiting

3 3 100

Headache, lethargy 1 1 100
Headache, 
neurological deficit

3 1 33

Overall 16 11 69
Complications
Wound infection 1 / 16 (6.3%)
Ventricular drain 1 / 16 (6.3%)
Overall 2 / 16 (12.6%)

Table 4: Comparison of survival between 
ventriculoperitoneal shunt and endoscopic third 
ventriculostomy. P-value from Chi square analysis

Median Survival in Months

RPA Class ETV VPS P-value

1 NA (n = 0) 12.6 (n = 7) NA
2 5.5 (n = 10) 4.5 (n = 26) 0.933
3 0.8 (n = 6) 1.9 (n = 3) 0.191
All 3 (n = 16) 5.5 (n = 36) 0.115

that the rates of infection are higher in patients who 
receive pharmacological agents through the reservoir.[1,13,22] 
Our results were consistent with the higher range of 
infection rate for Ommaya access, as these patients had 
a 33% incidence of infection (three of nine patients). 
Of note, all three patients underwent intrathecal 
chemotherapy. This data highlighted the risk of surgery 
in the oncological population of patients, who might be 
immunocompromised secondary to a neoplastic process or 
systemic chemotherapy (or steroid replacement therapy), 
and the importance of a meticulous sterile technique 
should be reiterated when accessing the reservoir.

A central question in the treatment of poor RPA grade 
patients with cerebral metastases and hydrocephalus 
was, whether the patient should be treated at all. 
Certainly, any surgical intervention in poor RPA grade 
patients with cerebral metastases and hydrocephalus 
warranted judicious clinical judgment. Our clinical 
experience was that headache related to hydrocephalus 
was incapacitating, and often resistant to medical 
management. In this context, we generally found that 
minimally invasive CSF diversion procedures were 
suitable and rewarding, as the patient / family greatly 
appreciated the symptomatic relief and the subsequent 
decreased narcotic use. In many instances, treatment 
of the hydrocephalus re-established the opportunity for 
meaningful social interactions and improved the patient’s 
quality of life. Additionally, there was a group of patients 
who would go on to survive and derive a long-term 
benefit from the procedure. In our series, 25% of the 
patients survived beyond a year, despite poor neurological 
examination on initial presentation.

The selection criteria for ETV in our study were designed 
to exclude patients with non-obstructive hydrocephalus 
(e.g., prior history of hemorrhage and infection). In this 
context, it is important to note the recent documentation 
of the efficacy for ETV, even in cases of communicating 
hydrocephalus, where CSF resorption is thought to be 
impaired.[6,11,18] Siomin et al. described the collective 
results from seven international medical centers where 
ETV was performed in 46 pediatric patients with 
hydrocephalus, after intraventricular hemorrhage, and 
another 42 pediatric patients with hydrocephalus after 
CSF infection.[24] The authors reported successful 
outcomes in 60.9 and 64.3% of these populations, 
respectively, with a complication rate of 14.9%.[24] 
Whether such results are applicable to the adult 
oncological patient population remains an open question.

There are several limitations to this study. A major 
limitation of this study is that it is a retrospective study 
from a single institution, and thus, the patient selection 
and their treatments are subject to selection bias. 
Additionally, treatments have been selected based on 
criteria that will maximize the likelihood of success in 

Table 2: Summary of the indications, efficacy, and 
morbidity in patients treated with ventriculoperitoneal 
shunt

Presenting 
symptoms

Total 
number of 
patients

Patients with 
improved 
symptoms 

postoperatively

Percentage of 
patients with 
symptomatic 
improvement

Headache 6 3 50
Headache and 
nausea

10 8 80

Headache, nausea, 
and vomiting

8 8 100

Headache, lethargy 7 7 100
Headache, 
neurological deficit

5 1 20

Overall 36 27 75
Complications
Wound infection 4 / 36 (11.1%)
Shunt Occlusion 2 / 36 (5.6%)
Hygroma 1 / 36 (2.8%)
Overall 7 / 36 (19.4%)
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terms of ETV. As such, the study must not be interpreted 
as a direct comparison of ETV and VPS. Another 
limitation of this study involves the small sample size 
of the patient population. Most patients with cerebral 
metastasis either do not develop hydrocephalus or can be 
reasonably treated with surgical resection. CSF diversion 
as a sole treatment for hydrocephalus, in these patients, 
has constituted approximately 8% of the cerebral 
metastasis patients undergoing surgical intervention. 
Realizing the small sample size, we have nevertheless 
performed an analysis of the patients accumulated over 
the past five years, with the goal of assessing the efficacy 
of ETV and VPS in a timely manner. This said, our study 
is the first to rationally triage cerebral metastasis patients 
with hydrocephalus to ETV or VPS and compare the 
efficacy of these procedures using quantitative measures 
of functional outcome (e.g., KPS) and clinical outcome 
(overall survival).

CONCLUSION

Endoscopic third ventriculostomy and VPS can serve 
as complementary strategies for the treatment of poor 
RPA–class cancer patients with hydrocephalus related to 
cerebral metastasis. The observation that similar clinical 
efficacy is attained in selected ETV and VPS patients 
(and that this efficacy is comparable to a prior series 
where patients uniformly underwent VPS) suggests two 
key principles: First, a subset of patients can benefit from 
ETV, a procedure without implantation of a device or the 
need for intraperitoneal access. Second, the comparable 
clinical efficacy between VPS in patients with a prior 
history of infection, hemorrhage, and leptomeningeal 
disease, and ETV, suggests that reasonable efficacy can 
be achieved with VPS in this patient population. The 
results presented here must lay the foundation for future 
investigations that aim to refine the indications for ETV 
and VPS in the metastatic population.
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