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Abstract

Background. We report our experience with using a ventriculoperitoneal shunt (VPS) with an on-off valve and
in-line Ommaya reservoir for the treatment of hydrocephalus or intracranial hypertension in patients with lepto-
meningeal disease (LMD). Our goal was to determine whether control of intracranial pressure elevation combined
with intrathecal (IT) chemotherapy would extend patient survival.

Methods. In this IRB-approved retrospective study, we reviewed 58 cases of adult patients with LMD from solid
cancers who received a VPS with a reservoir and an on-off valve at M D Anderson Cancer Center from November
1996 through December 2021. Primary tumors were most often melanoma (n = 19) or breast carcinoma (n = 20).
Hydrocephalus was diagnosed by clinical symptoms and findings on magnetic resonance imaging (MRI), and LMD
by MRI or cerebrospinal fluid analysis. Differences in overall survival (OS) were assessed with standard statistical
techniques.

Results. Patients who received a VPS and more than 3 IT chemotherapy sessions survived longer (n = 26; OS time
from implantation 11.7 + 3.6 months) than those who received an occludable shunt but no IT chemotherapy (n =
24; OS time from implantation 2.8 + 0.7 months, P < .018). Peritoneal seeding appeared after shunt insertion in only
two patients (3%).

Conclusions. This is the largest series reported to date of patients with LMD who had had shunts with on-off
valves placed to relieve symptoms of intracranial hypertension. Use of IT chemotherapy and control of hydroceph-
alus via such shunts was associated with improved survival.
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Leptomeningeal dissemination of tumor cells (LMD) is a highly
morbid complication of cancer."® Left untreated, survival for
patients with LMD can be as short as 4-6 weeks, but even with
aggressive treatment historically survival is only 4-6 months.*
LMD can impede cerebral and cranial nerve function®® and
cerebrospinal fluid (CSF) circulation."” The current diagnostic
“gold standard” for diagnosis of LMD consists of cytology/
flow cytometry analysis of CSF samples and postcontrast
magnetic resonance imaging (MRI) of the entire neuraxis.®°
According to EANO/ESMO criteria, the diagnosis of LMD
can be verified (or excluded) only with cytologic or histologic

findings, and is considered either type | (ie, CSF cytology
positive for LMD) or type Il (equivocal meaning “suspicious”
or “atypical” cells in the CSF, with diagnosis of LMD made
by radiological findings),™ and survival is shorter among pa-
tients with type | LMD. Multivariable analysis indicated that
administration of either intrathecal (IT) or systemic pharma-
cotherapy was associated with improved outcome in type |
LMD, but not in type Il LMD."

Hydrocephalus is a known sequela of LMD and is an inde-
pendent risk factor for poor survival.’? Efforts have been under-
taken to mitigate hydrocephalus and reduce the concomitant
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increase in intracranial pressure (ICP), but CSF flow studies
have had varying design and results.’>'® Moreover, it is
difficult to predict when ICP meets the intracranial compli-
ance limit (and thus when patients will develop symptoms
of hydrocephalus).

Although prior studies have demonstrated that placing a
ventriculoperitoneal shunt (VPS) can have palliative effects
in LMD-associated intracranial hypertension,'®" little has
been reported regarding outcomes after placement of a
VPS with an Ommaya reservoir and an “on-off” switch that
allows reversible occlusion.’®' Distribution of IT chemo-
therapy via earlier VPS devices that did not include revers-
ible occlusion was somewhat restricted in patients with
shunted hydrocephalus, because the drug was siphoned
from the ventricular system into the peritoneal cavity, re-
sulting in underdosage.” On the other hand, use of a
reservoir (without a VPS) can lead to increased ICP and hy-
drocephalus, which would require replacing the reservoir
with a VPS device and discontinuing IT chemotherapy.?°
When Ommaya reservoirs are used in combination with
on-off shunt systems, the valve can be closed to allow IT
therapy and then reopened to relieve hydrocephalus be-
tween the IT therapy sessions (Figure 1).

The utility of an on-off valve VPS/Ommaya system
remains somewhat controversial because of observed
malfunctions and concerns about drug distribution
in shunt-dependent patients. Here, we report our ex-
perience with placing a VPS with a reservoir and an
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on-off valve for treating LMD-associated hydroceph-
alus, including surgical technique, safety, and survival
outcomes.

I
Methods

Study Design

This retrospective case series analysis was approved by
the institutional review board of The University of Texas M
D Anderson Cancer Center. Patients were identified from a
prospectively maintained institutional database as having
received a VPS/Ommaya system with an on-off valve at M
D Anderson from November 1, 1996 through December 31,
2021. Patients without clinical or radiographic follow-up
were excluded. Data collected included patient charac-
teristics (ie, age, sex, ventriculomegaly, CSF cytology,
performance status, and cancer histology), presenting
and resolved symptoms and signs, and any related com-
plications. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) criteria were followed.

Statistical Analysis

Cox regression and log-rank analyses were used to iden-
tify factors associated with overall survival. Student’s t
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Schematic of an on-off shunt valve with a reservoir. To turn off the valve, the operator compresses the distal dome (upper panel), thereby

pushing a small globe at the end of a post into a tailored receptacle. The system then stays closed until the operator sequentially pushes the proximal
portion of the valve (the occluder) and then depresses the reservoir. The occluder prevents backflow of pressure into the Ommaya reservoir (which
is attached to the proximal inlet) and forces any pressure created by compression of the reservoir through the miter valve, where it forces that valve
back into the open position and returns the on—off control to the “open” position (lower panel).

aonpoeid

ABojoouQ-oinaN




Huntoon et al.: Occludable ventriculoperitoneal shunts for LMD

tests were used to compare continuous variables, and chi-
square analysis to compare categorical variables. Pvalues
of < .05 were considered to indicate statistically significant
differences. GraphPad Prism Statistical Software (version
8.0.0) was used for statistical analysis.

Operative Techniques

Reservoir placement and shunt positioning. —All of our pa-
tients required indwelling ventricular access to enable de-
livery of IT therapy. Burr holes were preferentially placed
in the frontal position 2.5-3 cm lateral to the midline and
just anterior to the coronal suture (Figure 2). A convertible
Ommaya reservoir with side arm specifically designed to
be placed directly over the burr hole, was then inserted.
We recommend avoiding the retro-auricular or occipital re-
gions for shunt insertion, to minimize the risk of the patient
inadvertently switching the valve to the “off” position upon
lying down.

Conversion from previous Ommaya device to an Ommaya
with in-series on-off valve.—A VP shunt was placed in all
patients with the aim to continue or initiate ongoing intra-
thecal chemotherapy. These patients were patients who
had imaging findings and/or symptoms that was con-
cerning for hydrocephalus. After verifying the patency
of the Ommaya reservoir catheter, we passed a standard
distal peritoneal shunt catheter from the cranial subgaleal
space to the abdominal site, where the peritoneum had
been exposed. This distal catheter was then left in situ. An
on-off Heyer-Schulte valve was then attached in series
with the shunt catheter system at the cranial end, such
that the distal end of the reservoir would drain to the ab-
dominal intraperitoneal space. After the proximal end was
connected to the side-arm outlet of the Ommaya reservoir
(already in place) and secured to the pericranium, all crit-
ical connections were secured with 2-0 silk sutures, hemo-
stasis was assured, and patency of the shunt system was
verified.The Ommaya reservoir/shunt valve combination is
shown in Figure 2.

I
Results

We identified 58 patients with LMD who underwent inser-
tion of an Ommaya reservoir, with or without a VPS with an
on-off valve (Table 1). Slightly more patients were female
(59% vs 41% male); in 54 patients (93%), the diagnosis of
LMD had been confirmed by the presence of malignant
cells in the CSF; diagnosis in the other 7% was by the pres-
ence of linear enhancement of sulci or cranial nerves on
brain MRI, with or without linear enhancement on the sur-
face of the spinal cord or nerve roots on spinal MRI; 51
patients (88%) had positive findings on both CSF analysis
and brain or spinal MRI. The opening pressure was meas-
ured by lumbar puncture before VPS placement, or, in 19
patients, during insertion of the Ommaya reservoir (me-
dian, 33.4 cm H,0; range, 27-75 cm H,0). Ventriculomegaly
was seen on preoperative MRI in 34 patients (57%), but
all 58 patients had clinical signs or symptoms of high ICP.

(-

Figure2 Ommaya reservoir with “on—off” shunt valve. A convert-
ible Ommaya reservoir with a side port aimed posteriorly is placed
at or slightly anterior to the coronal suture in the frontal area. The
side port connects to the proximal end of the shunt valve, which
must be placed high on the patient’s head to avoid accidental oc-
clusion of CSF flow. The distal tubing leading from the valve to-
wards its terminus in the peritoneal cavity is tunneled under the
retroauricular area of the scalp. The shunt valve is usually rotated
slightly to facilitate passing the peritoneal tubing, but it must not be
placed on the side of the patient’s head.

Sixteen patients (28%) initially had only an Ommaya reser-
voir placed, which was later converted to an on-off valve
VPS/Ommaya system upon recognition of hydrocephalus
or symptomatic elevated ICP.The mean time to conversion
in that subgroup was 93 days (range 2-292 days). Median
overall survival times were as follows: 56.7 months from
the cancer diagnosis; 12.7 months from the LMD diag-
nosis; and 8.9 months after the VPS placement (Table 1).

The most common primary cancers were breast car-
cinoma (n = 20, 34%) and melanoma (n = 19, 33%).
Carcinomas of the lung and gastrointestinal tract together
accounted for 16 (28%), and the other 3 patients (5%) were
two patients with sarcoma and one with transitional cell
carcinoma of the bladder.

In terms of presenting signs and symptoms (Table 2),
just over half of patients (52%) presented with headache,
31% with nausea and vomiting, 28% with altered mental
status, and 22% with gait abnormalities. Urinary inconti-
nence (7%) and papilledema (3%) were less common. Most
of these signs and symptoms improved after placement of
the shunt system as assessed at their first postoperative
visit; only gait abnormality (improved in 4 patients, 31%)
and urinary incontinence (improved in 1 patient, 25%)
showed improvement in <80% of affected patients.

With regard to postplacement use of the on-off valve
VPS/Ommaya system, 24 patients (41%) received no IT
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Table 1. Patient Characteristics

Value or No

Characteristic All Patients No IT Chemo >3 IT Chemo PValue
No. of patients 58 24 26
Median age at diagnosis (yrs + SD) 42.8+12.5 41.8+12.9 43.2 £13.2 n.s.
Sex

Female 34 (59%) 17 (71%) 14 (54%)

Male 24 (41%) 7 (29%) 12 (46%)
Primary cancer histology

Melanoma 9 (38%) 9 (35%) n.s.

Breast cancer 8 (33%) 10 (38% n.s.

Ductal 5(21.0%) 8(31%) n.s.
Lobar 3(13%) 2 (8%) n.s.
Ventriculomegaly present 34 (59%) 9 (38%) 15 (58%) n.s.
Positive CSF cytology 54 (93%) 20 (83%) 16 (62%) n.s.
Median opening pressure, cm H20 + SD 33.4+11.7 36.8 +14.5 35.2+10.5 n.s.
Karnofsky Performance Status Score 771 +£12.7 83.9+13.0 n.s.
Radiation therapy administered 9 (38%) 12 (46%) n.s.
Systemic progression at time of procedure 4(17%) 6 (23%) n.s.
Median time from cancer dx to LMD diagnosis (mo + SD) 41.0 £ 32.0 50.2 +70.0 n.s.
Median time from LMD dx to shunt procedure (mo + SD) 1.3+17 29+3.6 0.04
Median OS from cancer diagnosis (mo + SD) 12.7 £4.2 42.2 +6.7 69.7 + 14.7 0.08
Median OS from LMD diagnosis (mo + SD) 12.7 +4.2 3.8+0.7 179 +8.9 0.01
Median OS from shunt procedure (mo = SD) 8.9+3.7 28+0.7 1.7 +3.6 0.02

IT, intrathecal therapy; SD, standard deviation; n.s., not significant (p > 0.05); CSF, cerebrospinal fluid; 0S, overall survival; LMD, leptomeningeal

disease.

treatments; 8 patients (14%) received one or two IT treat-
ments; and 26 patients (45%) received three or more IT
treatments (45%). The IT regimens were patient specific
based on pathology and provider preferences and/or
protocols. In general, patients with melanoma received
IT Interleukin-2 (IL-2), those with breast and other etiolo-
gies had IT regimens with various combinations or cycles/
sequences of topotecan, cytarabine, and methotrexate. No
immunotherapy checkpoint inhibitors were given by IT.
Radiotherapy was utilized primarily postoperatively, but
at a similar frequency in those patients that received no IT
treatments and those that received three or more IT treat-
ments (Table 1). Most patients in both groups did not have
progressive systemic disease at the time of the procedure
(Table 1). The median age at cancer diagnosis was sim-
ilar between the two groups of no treatment vs. three or
more treatments, as was the presence of ventriculomegaly
on preoperative MRI, median opening pressure, and the
presence of malignant cells in the CSFE Although median
survival time from the original cancer diagnosis was not
prolonged in patients who received > 3 treatments vs.
those who received none, receipt of > 3 treatments was
significantly associated with median survival after LMD
diagnosis and after VPS/Ommaya insertion, with treated
patients experiencing a survival advantage over untreated
patients (Table 1).

Surgical complications occurred in 12 patients (14
events) (Table 3), with the most common complications
being infection (6.9%), subdural or intraventricular hema-
toma (5.2%), and shunt failure (5.2%). Of the two patients
who experienced peritoneal seeding, one had melanoma,
did not receive IT chemotherapy, and lived for 15.7 months
after the shunt placement; the other had breast carcinoma,
received 25 IT chemotherapy sessions, and survived for
10.1 months after shunt placement. Neither patient with
periotoneal seeding was symptomatic nor did either re-
quire additional interventions. One patient died from intra-
cranial hypertension exacerbated by prolonged occlusion
of the shunt valve during administration of IT therapy at 2
months after shunt insertion.

I
Discussion

This study reports the largest series of LMD patients with
shunt systems consisting of a combined VPS plus Ommaya
reservoir system with a mechanical on-off valve. We
showed that this valve system allowed ongoing IT treat-
ments while relieving symptoms of elevated ICP, thereby
improving patients’ quality of life by sparing them mul-
tiple lumbar punctures, and perhaps improving survival by
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Table2. Signs and Symptoms Before and After Shunt Placement

Before Shunt Placement

Signs or Symptoms

Resolved After Shunt Placement

Median time after surgery (wks)

Headache 30 (52%) 24 (80%) 1.57
Nausea and vomiting 18 (31%) 17 (94%) 1.21
Altered mental status 16 (28%) 14 (88%) 2.01
Gait abnormality 13 (22%) 4 (31%) 1.64
Urinary incontinence 4(7%) 1(25%) 2.24
Papilledema 2 (3%) 2 (100%) 1.42

Resolution based on 1%t post-operative visit.

Table 3. Complications after Placement of a Ventriculoperitoneal
Shunt with an Ommaya Reservoir and an On-0ff Valve

Complications No. (%)
Subdural/intraventricular hematoma 3(5.2%)
Infection (meningitis) 4 (6.9%)
Shunt failure (requiring reoperation) 3(5.2%)
Peritoneal seeding 2(3.4%)
CSF leak (incision) 1(1.7%)
Death (unopened valve) 1(1.7%)

CSF, cerebrospinal fluid.

allowing ongoing IT therapy. We found significantly longer
survival from the date of LMD diagnosis and from the time
at which the procedure was performed for patients who
underwentVPS placement and had more than three subse-
quent IT therapy sessions.

A previous report of 37 patients showed that use of VPS
for LMD-related hydrocephalus resulted in improvement
of symptoms in 77% of patients despite a relatively short
median survival time of two months after shunt place-
ment.” In a study of hydrocephalus in patients with brain
metastasis (80% of whom had LMD), Lee et al. correlated
ventricular opening pressure with cumulative survival,
and found that an opening pressure of > 30 cm of water
was an independent risk factor for shorter survival.’?
Another study by Jung et al showed that patients with sur-
gically untreated LMD-related hydrocephalus had poorer
overall survival than did those with surgically treated hy-
drocephalus.?’ The overall survival time from LMD diag-
nosis for the 24 patients in our study who did not receive
IT treatment (3.8 £ 0.7 months) was consistent with the
5.7-month survival time reported by Jung et al.?! Another
smaller study of patients showed that survival after LMD-
related hydrocephalus from lung adenocarcinoma was
4.5 months after placement of a VPS.22 Our experience
echoes these earlier results indicating that CSF diversion
for hydrocephalus is effective for relieving symptoms
and improving quality of life while also possibly contrib-
uting meaningfully to prolonged survival for patients with
LMD.23

A major concern for using a VP shunt in patients with
LMD is dissemination of disease to the peritoneum.
Reported rates of intra-abdominal metastasis secondary
to diversion of CSF into the abdominal cavity have ranged
from 1% to 27.3%.2428 However, these reports involved pa-
tients with solid tumors in brain parenchyma (or intracra-
nial germinoma, which can also cause LMD) rather than
specifically LMD from brain metastasis.?*28 The incidence
of peritoneal carcinomatosis in LMD has been difficult to
ascertain and has been described largely in anecdotal case
reports.'”?42% In our study, surgical site complications were
modest overall, and peritoneal seeding was seen in only 2
patients (3.4%).

That ongoing IT treatments can confer survival benefit
has been documented by others, and when such therapy
is feasible it should be initiated as soon as possible."*'
The median survival time of patients after diagnosis of LMD
is 4-6 months.*'®> However, in our study, patients who re-
ceived three or more IT treatments had a median survival
time of 17.9 + 8.9 months from the time of LMD diagnosis.
This difference in survival cannot be explained by a pre-
ponderance of a particular type of primary tumor, because
our study had similar proportions of patients with the most
common culprits provoking LMD, that is, melanoma and
breast carcinoma. Other possible confounding factors, such
as KPS and time to diagnosis or to treatment, were also
similar in these two treatment groups. Although patients
with type 1 LMD live longer than those with type 2, most
of the patients in both groups had type 1 LMD, so the sur-
vival advantage cannot be ascribed to differences in LMD
type. Even so, our patients who underwent three or more
IT treatments may have had other unrecognized features
that predisposed them to longer survival times: they may
have had a smaller burden of systemic disease or a lower
overall burden of LMD, and may have been more physically
robust, than those who received no IT treatments. For that
reason, a true cause-and-effect link between IT therapy and
increased survival cannot be rigorously established from
our data. Among patients in our cohort who received the
on-off valve VPS/Ommaya system but did not undergo IT
therapy, the survival time of ~4 months was similar to his-
torical reports of “treated” LMD.30

We acknowledge that comparisons among studies such
as these are problematic, for several reasons. First, the op-
tions for IT treatment have changed over time. Also, we
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were unable to reliably determine why some patients in
this retrospective review received the Ommaya reservoir
but did not undergo IT therapy; possibilities include non-
random distribution of factors affecting survival, including
but not limited to tumor subtypes that were more ame-
nable to IT therapy; effective vs. ineffective therapies; se-
lection of patients that were in better condition (KPS was
similar between groups but may not be true reflection of
condition) or differences in systemic disease burden be-
tween the two groups being compared. Notably, the ap-
parent survival benefit suggested by our findings cannot
be statistically ascribed to a specific underlying cause,
given the small number of patients with varied clinical his-
tories (eg, different tumor types, modes of IT therapy, and
interventions [shunt vs. IT therapy]); we did not attempt
such an analysis. Our finding of survival benefit for patients
who got a shunt and more than two IT therapy sessions
(vs. those who only received a shunt without subsequent
IT therapy) should provide a starting point for future pro-
spective studies that include multivariable analysis to dis-
sect factors that influence the outcomes after IT therapy for
LMD from specific types of tumors. Nevertheless, our find-
ings do suggest that the value of managing hydroceph-
alus to reduce morbidity in patients with LMD should not
be underestimated, and they further suggest that using a
reversible occlusion shunt system such the one described
here can facilitate ongoing IT treatments that have posi-
tive therapeutic benefit while also treating the underlying
hydrocephalus, control of which improves the patients’
quality of life.

Despite the clear benefits of this system, management of
the VPS/reservoir/on—-off valve system requires clear com-
munication among the patient, the patient’s caregivers, and
medical staff. First, because the valve can be inadvertently
turned off, patients and caregivers should be educated as
to how to turn the valve on and off. Second, the positioning
of the valve is critical, in that it must not be occluded when
the patient lies on his or her back or side. Third, our ex-
perience with the one patient who died from intracranial
hypertension after VPS valve occlusion leads us to recom-
mend that the maximum time that a valve should be left
in the “off” position, for IT treatments or other related pro-
cedures, is six hours. This patient was considered highly
“shunt-dependent,” and became comatose with tonsillar
herniation nine hours after the shunt had been closed.
Because none of the patients in our cohort who received
IT treatment showed neurological decline when the shunt
was occluded for less than six hours, our current policy is
that all on-off valves must be reopened within six hours
of shunt occlusion. Fourth, medical practitioners and care-
givers also require education to avoid confusion on valve
management, and specific training about the procedures
for closing and opening the valve. Finally, oncologists must
be educated in best practices for the use of these shunts;
many are not familiar with shunt systems such as these
that can prolong survival by enabling IT therapy and con-
trol symptoms of elevated ICP. Education on this topic will
aid in patient selection and may reduce the proportion of
patients for whom Ommaya/shunt placement is requested
but IT chemotherapy is not used. In some such patients,
rapid progression of either LMD or systemic disease can
prompt a shift from active to palliative care, but in others

the lack of use of the Ommaya system after its placement
may reflect a lack of clarity in plans for patient care.

We recognize that this study had several limitations, chief
among them its retrospective nature and its inclusion of
patients treated over the course of 25 years. Treatments for
LMD and systemic solid tumors have changed during that
time, as has our ability to detect LMD at earlier stages. IT
treatment agents and regimens can vary by the prescribing
oncologist or be based on previously attempted regimens,
factors that may have different effects on survival benefits
across treatment centers. Also, although in this study most
patients were treated by the same neurosurgeon [l.M.],
any surgical procedure requires a learning curve for op-
timal placement and avoidance of complications, and pa-
tient selection will vary among neurosurgeons performing
this procedure.

I
Conclusions

In this retrospective analysis, administration of IT che-
motherapy via a VPS/Ommaya reservoir system with an
on-off valve was associated with significant survival ben-
efit among patients given three or more IT treatments for
LMD associated with hydrocephalus. These valve systems
can relieve symptoms of elevated ICP and allow mean-
ingful administration of IT therapy without compromising
ICP control. In our hands, the incidence of complications
associated with placement of this system was modest.
We believe that such systems are underused in clinical
oncological practice and should be studied prospectively
in a large patient population to validate our findings ide-
ally in concert with clinical trials (eg, NCT04588545,
NCT03025256). In addition, the impact of this system in
the advent of immunotherapy and more targeted therapy
should be evaluated. However, any prospective trial should
evaluate quality of life metrics as prolongation of life in the
setting of LMD can be accompanied by severe neurological
symptoms in some patients. However, collectively these
results hold promise for treating LMD in patients with as-
sociated hydrocephalus.
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