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Objective : To evaluate the usefulness of a cranial implantable chemoport, the H-port, as an alternative to the Ommaya reservoir 
for intraventricular chemotherapy/cerebrospinal fluid (CSF) access in patients with leptomeningeal metastasis (LM).
Methods : One hundred fifty-two consecutive patients with a diagnosis of LM and who underwent H-port installation between 
2015 and 2021 were evaluated. Adverse events associated with installation and intraventricular chemotherapy, and the rate of 
increased intracranial pressure (ICP) control via the port were evaluated for safety and efficacy. These indices were compared with 
published data of Ommaya (n=89), from our institution.
Results : Time-to-install and installation-related complications of intracranial hemorrhage (n=2) and catheter malposition (n=5) 
were not significantly different between the two groups. Intraventricular chemotherapy-related complications of CSF leakage 
occurred more frequently in the Ommaya than in the H-port group (13/89 vs. 3/152, respectively, p<0.001). Intracranial hemorrhage 
during chemotherapy occurred only in the Ommaya group (n=4). The CSF infection rate was not statistically different between 
groups (14/152 vs. 12/89, respectively). The ICP control rate according to reservoir type revealed a significantly higher ICP control 
rate with the H-port (40/67), compared with the Ommaya result (12/58, p<0.001). Analyzing the ICP control rate based on the CSF 
drainage method, continuous extraventricular drainage (implemented only with the H-port), found a significantly higher ICP control 
rate than with intermittent CSF drainage (33/40 vs. 6/56, respectively, p<0.0001).
Conclusion : The H-port for intraventricular chemotherapy in patients with LM was superior for ICP control; it had equal or lower 
complication rates than the Ommaya reservoir.
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INTRODUCTION

Leptomeningeal metastasis (LM) of systemic cancer is a ter-

minal-stage complication of cancers. The natural history of 

this condition is dismal because patient survival is <2 months 

without proper management3,24). Repeated intrathecal or in-

traventricular chemotherapy can prolong patients’ survival for 

4–9 months5,9,11,21). The Ommaya reservoir provides sterile ac-
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cess to ventricular cerebrospinal fluid (CSF) and has long been 

used to aspirate CSF and deliver chemotherapeutic agents in 

patients with LM19,21,23). However, complications including in-

fection, catheter malfunction, CSF leakage, and intracranial 

hemorrhage/intraventricular hemorrhage (ICH/IVH) are as-

sociated with Ommaya reservoir use in patients who undergo 

LM treatment using intraventricular chemotherapy7,17,19). Pre-

viously, we reported improvement in complications associated 

with the Ommaya reservoir when we used the Chemoport® 

for treatment of LM. It has a non-collapsible chamber sealed 

with a titanium cage on a plastic cast by engraving the skull. 

The easily palpable chamber reduces the ICH and wound de-

hiscence associated with the chemotherapeutic agent ref lux 

that occurs when the collapsible Ommaya reservoir is com-

pressed10). We also found another use for the solid-chamber 

Chemoport for treatment of increased intracranial pressure 

(ICP) resulting from disturbed CSF flow. This increased ICP 

occurs in 40% to 70% of patients with LM during the course 

of therapy6). It necessitates frequent CSF drainage or ventricu-

loperitoneal shunt use for control13,14,21,23,27). The Ommaya res-

ervoir cannot be used for continuous extraventricular drain-

age (EVD) of CSF due to the lack of a fixed needling system. 

But, in the case of Chemoport, EVD for continuous CSF 

drainage can be applied because the designated hooked needle 

with plastic wings can be fixed without special support and 

can resist pulling that occurs during non-intentional move-

ment. However, the plastic-caged Chemoport cannot reliably 

be fixed tightly into an engraved skull, and the relatively high 

vertical dimension causes cosmetic problems and wound ten-

sion. To solve these problems, we adopted the H-port as an in-

traventricular access port for patients with LM. The H-port is 

a commercially available domestic product for intravenous ac-

cess to chemotherapy. It has a solid chamber and a titanium-

caged base with three holes for fixation. The advantages of the 

secure installation supported by microplate screw fixation of 

the port base to the skull are recognized by neurosurgeons; its 

relatively low height above the scalp is welcomed by patients. 

Later, we invented the V-port system. The base of the port is 

fit to a burr hole, which reduces the operation time and inci-

sion size2). But, although the Korean Ministry of Food and 

Drug Safety has approved it for medical use, the V-port is not 

commercially available. In summary, commercially available 

H-port, compared to Ommaya reservoir, has advantage of 

non-collapsible chamber reducing chemotherapy-related 

complications and allowing continuous EVD with a designate 

hook needle for better ICP control.

In this study, we evaluated the safety and efficacy of the H-

port used for treatment of patients with LM. We retrospec-

tively analyzed clinical results for 152 consecutive patients 

with LM who received H-port installation. We compared the 

safety and efficacy results with those of the Ommaya intra-

ventricular reservoir (n=89).

MATERIALS AND METHODS

Informed consent for H-port insertion was obtained from 

all individual participants included in this study and this ret-

rospective study was approved by the Institutional Review 

Board of National Cancer Center of Korea (IRB Nos. 

NCC2014-0135, NCC2023-0130). It was conducted according 

to the Declaration of Helsinki guidelines for biomedical re-

search. 

Patient selection
We selected 155 patients who underwent H-port insertion 

at our institution between 2015 and 2021. H-port insertion was 

performed for intraventricular chemotherapy for LM in 152 pa-

tients who had a diagnosis of LM based on MRI or CSF cytolo-

gy evidence. One hundred fifty-two patients were enrolled in 

the study after we excluded three patients who had a catheter 

placed into a cystic mass in the brain parenchyma. All patients 

and guardians agreed to H-port insertion after sufficient expla-

nation of the possible risks of the procedure. Published data for 

89 patients who underwent installation of the Ommaya reser-

voir for LM treatment were used for comparison10).

Surgical technique of the H-port installation
The patients underwent stereotactic or navigation-guided 

installation of the H-port (INSUNG Medical Co., Wonju, Ko-

rea) as a route for intraventricular chemotherapy at Kocher’s 

point. The composition and dimensions of the H-port are 

similar to those previously reported for the V-port, as they 

share the same chamber made of polysulfone and epoxy insu-

lated with a titanium cage (Fig. 1A). The difference between 

the V-port and H-port is that the direction of the chamber 

outlet connector is perpendicular to the V-port, but is a hori-

zontal side outlet of the H-port (Fig. 1B). The total width of 
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the H-port is 19 mm, and the total height is 9.5 mm. The outer 

leaf let surrounding the titanium cage has three small holes 

used to secure the H-port to the skull using mini-screws (3 mm). 

The dimension of side outlet type Ommaya reservoir is illus-

trated for comparison (Fig. 1C).

The basic technique for intraventricular Chemoport place-

ment was similar to that previously reported for the V-port2). 

Briefly, after marking the entry point using stereotactic frame 

coordinates or frameless navigation, an elongated semi-circu-

lar incision was made on the anterior one-third, centered at 

Kocher’s point. After burr hole trephination on Kocher’s 

point, the skull was engraved with the shape of the H-port 

base (Fig. 1D). A ventricular catheter was then inserted at a 

planned trajectory and depth. After confirmation of ventricu-

lar access by visualizing CSF flow, the catheter was connected 

to the side outlet of the port. The H-port in position is secured 

to engraved skull with mini-plate screw and a periosteal apron 

is closed (Fig. 1E). Postoperative brain computed tomography 

(CT) imaging was performed immediately to detect malposi-

tion of the catheter or installation-associated intraventricular 

and/or intracerebral hemorrhage. The surgical procedure of 

this H-port is almost similar to that of the Ommaya reservoir, 

except for the process of fixing it to the skull using screws. 

And the size of the surgical wound tended to be slightly larger 

due to the need for skull space for engraving in the H-port. 

When using a stereotactic frame, local anesthesia was consid-

ered first, and when using navigation guidance, general anes-

thesia was considered first, but the type of anesthesia was de-

cided by comprehensively considering patient preference.

Fig. 1. Photographs of H-port and installation process. The composition (A) and dimension of H-port (B), and that of Ommaya reservoir for comparison (C), 
operative side view of burrhole and side outlet port connected to ventricular catheter (D), and photo takne from above of periosteal apron closure (E).
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Fig. 2. Medical illustration of H-port used for continuous extraventricular 
drainage of cerebrospinal fluid drawn by medical illustrator.
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Intraventricular chemotherapy
All patients were transferred to their respective oncologists 

after port installation. Intraventricular chemotherapy was 

performed by the oncologist as early as 3 days after installa-

tion. The intraventricular chemotherapy regimen adminis-

tered was methotrexate mono-therapy or intrathecal triple 

therapy, according to the oncologist’s preference11). Before in-

jection of the chemotherapeutic drugs, correct needle place-

ment was confirmed based on aspiration of clear CSF; the 

opening pressure was recorded as a corresponding ICP in a 

head f lat position. In cases of symptomatic increased ICP, 

drainage of CSF was tried using intermittent aspiration or 

continuous EVD using the designated hooked needle (Fig. 2), 

according to the physician’s decision.

Safety and efficacy evaluation
Among the adverse events recorded, ICH (intraventricular 

or intracerebral hemorrhage) and catheter malposition were 

classified as installation-related complications. Leakage of 

CSF, infection, and wound dehiscence during the course of 

therapy were recorded as intraventricular injection-related 

complications. Increased ICP was defined if the intraoperative 

ICP was more than 15 cm H2O. To assess efficacy, the number 

of rounds of intraventricular chemotherapy, the use of the H-

port for continuous EVD, and the success of the ICP control 

rate were recorded.

Statistical methods
The incidence of various complications and the rate of ICP 

control were compared between the H-port and Ommaya res-

ervoir using chi-square tests or Fisher’s exact tests, as appro-

priate. The significance of differences in therapeutic factors 

that possibly affected the outcome in terms of increased ICP 

control were evaluated using logistic regression analysis. A p-

value <0.05 was considered to be significant.

Table 1. Clinical characteristics of H-port patients 

Characteristic H-port (n=152) Ommaya* (n=89) p-value

Gender NS

Female 103 (67.0) 53 (60.0)

Male 49 (32.0) 36 (40.0)

Age (years) 56 (5–84) 52 (15–76) NS

Primary cancer

Lung 79 (52.0) 63 (71.0)  0.004

Breast 47 (31.0) 18 (20.0)

Gastric 8 (5.0) 1 (1.0)

Ovary 4 (3.0) 1 (1.0)

Other 14 (9.0) 6 (7.0)

KPS 80 (40–100) 60 (40–100) NS

Presenting symptoms and signs

Headache with N/V 75 (49.0) 73 (82.0) <0.0001

Altered mentality 25 (16.0) 27 (30.0)

Cauda equina involvement 41 (27.0) 8 (9.0)

Cranial neuropathy 23 (15.0) 9 (10.0)

Increased ICP (>15 cm H2O) NS

Yes 71 (47.0) 45 (51.0)

No 81 (53.0) 44 (49.0)

Values are presented as median (range) or number (%). *Historical data from previous literature (see methods for details). NS : not significant, KPS : Karnofsky 
performance score, N/V : nausea and vomiting, ICP : intracranial pressure
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RESULTS

Characteristics of patients
The clinical characteristics of the 152 patients are summa-

rized in Table 1. Among 152 patients, 103 were female and 49 

were male. The mean age was 56 years (range, 5–84). The most 

common primary cancer, lung cancer, was diagnosed in 79 

patients (52.0%), followed by breast cancer in 47 patients 

(31.0%), gastric cancer in eight patients (5.0%), ovarian cancer 

in four patients (3.0%), and other malignancies (e.g., central 

nervous system lymphoma) in 14 patients (9.0%). The median 

pretreatment Karnofsky performance scale score was 80 

(range, 40–100). The most common clinical manifestation of 

LM was headache with nausea and vomiting (49.0%), followed 

by cauda equina symptoms (27.0%), altered mentality (16.0%), 

and cranial neuropathy (15.0%). Increased ICP was recorded if 

the intraoperative ICP was more than 15 cm H2O, regardless 

of symptoms; it was recorded in 71 patients (47.0%). These 

pretreatment characteristics of patients were not significantly 

different between the H-port and Ommaya groups, except for 

the greater proportion of lung cancer as a primary cancer in 

the H-port group and more headache as a presenting symp-

tom in the Ommaya group.

Reservoir installation-related factors
The average H-port installation operation time was 64 min-

utes (standard deviation [SD], ±38 minutes), which was not 

significantly different from that of the Ommaya group (54 

minutes; SD, ±13 minutes). Although skull engraving for H-

port installation took another mean value of 10 minutes, the 

entire operative procedure was completed in about 1 hour. Of 

the 152 patients, 55 underwent local anesthesia and 97 under-

went general anesthesia.

Intraventricular reservoir malfunction was noted in five pa-

tients (two patients in the H-port and three patients in the 

Ommaya group) (Table 2). In one patient with an H-port in-

stallation, postoperative CT images revealed that the ventricu-

lar catheter tip was located in the contralateral brain paren-

chyma. The operator corrected the catheter position during 

the immediate re-operation. Another patient from the H-port 

group had a problem with a ‘unidirectional’ catheter malfunc-

tion; normal saline could be injected slowly, but aspiration 

was resisted due to a relatively small ventricle size. At the re-

quest of the physician, the operator re-positioned the catheter 

at a shorter distance in the ventricle so that the catheter was 

not in contact with the ventricle wall. The same ‘unidirection-

al’ catheter malfunction occurred in three patients in the 

Ommaya group. For these patients, intraventricular chemo-

therapy was allowed to proceed with caution. The drug was 

injected slowly after a careful review to ensure that the cathe-

ter tip position was inside the ventricle.

IVH was found on immediate postoperative CT images in 

two patients in the H-port group. A subsequent brain CT im-

age indicated that in one patient, a small amount of IVH in 

the ipsilateral ventricle was absorbed 5 days after surgery. But 

the proximal catheter was found to be obstructed with debris 

during the revision operation, due to a malfunction. Another 

patient with an H-port had ICH along the catheter and a con-

siderable amount of IVH on immediate postoperative CT im-

ages. As an increased ICP was noticed during the operation 

(>50 cm H2O), continuous EVD was applied for 3 weeks, until 

he died of disseminated intravascular coagulopathy. The inci-

dence values for intraventricular reservoir installation-related 

complications were not significantly different between the H-

port and Ommaya reservoir groups (4/152 vs. 3/89, respective-

ly, p>0.05).

Table 2. Adverse events associated with the installation and during the course of intraventricular chemotherapy

H-port (n=152) Ommaya (n=89) p-value

Installation-related NS

Catheter malposition 2 3 NS

Intracranial hemorrhage 2 0 NA

Intraventricular chemotherapy-related <0.001

CSF leakage 3 13 <0.001

Infection 14 12 NS

Intracranial hemorrhage 0 4 NA

NS : not significant, NA : not applicable, CSF : cerebrospinal fluid
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Intraventricular chemotherapy-related  
complications

Patients with the H-port received a median six times of in-

traventricular chemotherapy (SD, ±9.8; range, 0–47); this re-

sult was not significantly different from the median value of 

five rounds of intraventricular chemotherapy in the Ommaya 

group (SD, ±0.71; range, 1–49). Complications that occurred 

during the course of therapy were defined as intraventricular 

chemotherapy-related complications; the results are presented 

in Table 2 according to reservoir type. In 16 patients (13 pa-

tients from the Ommaya group and three patients from the 

H-port group), CSF leaked through the wound edge during 

the course of intraventricular chemotherapy from 2 to 19 

weeks postoperatively, and a median time of 3 weeks. The in-

cidence of CSF leakage was significantly higher in the Omma-

ya group than in the H-port group (p<0.001). In the Ommaya 

group, all except two patients had increased ICP in the range 

of 22 to 54 cm H2O at the time of leakage. Thus, leakage of 

CSF mixed with methotrexate into the subcutaneous space, 

secondary to increased ICP, was thought to be one of the rea-

sons. All patients were managed using CSF aspiration, sutur-

ing, antibiotics, and compressive dressing during the first at-

tempt. In f ive of 11 patients with uncontrolled ICP, the 

Ommaya reservoir was removed due to subsequent CSF infec-

tion. The two patients with normal ICP had a relatively small 

amount of leakage and were managed successfully using the 

above conservative management. Two patients in the H-port 

group received the installation 3 and 4 days after whole-brain 

RT, and the semi-circular incisions were relatively small to in-

crease the tension of thinned scalp edge. In one patient, CSF 

leakage was noticed soon after concomitant systemic chemo-

therapy. Wound revision using z-plasty decreased scalp ten-

sion and solved the problem. Another patient was managed 

using simple revision. CSF aspiration for sampling was diffi-

cult in the other patient in the H-port group who had inter-

mittent CSF leakage after intraventricular MTX administra-

tion. Wound revision revealed a partial disconnection 

between the port and ventricular catheter.

CSF infection occurred at a median of 4 weeks (range, 1–43) 

after installation and for a median of four times (range, 1–20) 

after intraventricular chemotherapy in 26 patients (14 patients 

in the H-port group and 12 patients in the Ommaya group). 

In five patients in the Ommaya group, infection was preceded 

by the CSF leakage described above. All except two patients 

were managed by removal of the reservoir/port, in addition to 

antibiotics given via the intravenous round for at least 2 weeks. 

One patient with normal ICP was managed with antibiotics 

only (the pathogen was methicillin-susceptible staphylococ-

cus aureus). The other patient with increased ICP suffered 

from CSF otorrhea and died 6 days later, despite daily CSF as-

piration.

On 7 to 15 days after port installation, four patients from 

the Ommaya group had a diagnosis of ICH, which had not 

been found on immediate postoperative brain CT images. In 

these patients, the removed CSF was bloody after one to three 

times of intraventricular chemotherapy. In two patients, ag-

gravating factors were evident as they required low molecular 

weight heparin subcutaneous injections from postoperative 

days 3 and 8 for deep vein thrombosis. One patient experi-

enced massive IVH without ICH after two times of intraven-

tricular chemotherapy. This patient was managed using an 

EVD catheter after removal of the reservoir until the IVH was 

no longer visible on follow-up CT scans. In the other patient, 

postoperative 1-week brain CT images revealed ICH along the 

ventricular catheter and IVH. The family declined another 

operation, due to the dismal condition of the patient. The 

third patient, who had no evident aggravating factors, except 

increased ICP up to 70 cm H2O had scalp swelling after the 

second intraventricular chemotherapy. Brain CT images on 

postoperative day 15 revealed massive IVH with faint ICH 

along the catheter tract. The family did not want any aggres-

sive treatment and the patient died 1 month later. In the 

fourth patient with increased ICP, there was failure-to-aspirate 

CSF from the Ommaya reservoir at postoperative 3 days. 

Scalp swelling appeared around the reservoir, and a brain CT 

at 8 postoperative days revealed ICH under the burr hole site 

and along the catheter tract. Despite CSF drainage via a lum-

bar puncture, the patient died of pneumonia at postoperative 

3 weeks.

The difference in the incidence of intraventricular chemo-

therapy-related complications between the Ommaya group 

and the H-port group was statistically significant (17/152 vs. 

29/96, respectively, p<0.001). 

ICP control
In addition to patients with increased ICP at the time of in-

stallation, 18 patients in the H-port group and 15 patients in 

the Ommaya group developed increased ICP during the 
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course of treatment. Thus, a total of 149 patients (89 patients 

in the H-port group and 60 patients in the Ommaya group) 

were found to have increased ICP. Among these, the ICP was 

controlled (≤15 cm H2O) in 76 patients (62 in the H-port and 

14 in the Ommaya group, respectively) by the end of the study 

period. For the analysis of increased ICP control according to 

reservoir type, we excluded 22 patients in the H-port and two 

patients in the Ommaya group who received ventriculoperito-

neal or lumboperitoneal shunt surgery for control of the in-

creased ICP. According to the type of reservoir, ICP was con-

trolled in 40 of 67 patients (60.0%) in the H-port and 12 of 58 

patients (21.0%) in the Ommaya group with or without the 

additional interventions of intermittent CSF aspiration or 

EVD (Table 3). The rate of increased ICP control was signifi-

cantly higher in the H-port group than in the Ommaya group 

(p<0.001).

Next, we compared the increased ICP control rate accord-

ing to the CSF drainage method used (except the shunt opera-

tion as above) for palliation of symptoms of increased ICP. In 

the H-port group, continuous EVD was used in 39 patients; 

ICP control was achieved in 33 patients. In another 17 patients 

for whom only intermittent CSF aspiration was used, the in-

creased ICP was controlled in two patients. In the Ommaya 

group, intermittent CSF aspiration was used to control in-

creased ICP in 39 patients, but it was achieved in only four pa-

tients. Continuous EVD was not used in the Ommaya group. 

In total, EVD had a significantly higher rate of increased ICP 

control (33/39, 85%) than aspiration (6/56, 11%) (p<0.0001).

DISCUSSION

Installation-related complications of intraventricular 
reservoir system

The Ommaya reservoir has been long and widely used to 

access intraventricular CSF or brain cysts for diagnostic and 

therapeutic purposes and to provide a route for intraventricu-

lar drug administration (e.g., chemotherapeutics, antibiotics, 

and narcotics)8,10,12,15,20,22). Studies of complications associated 

with Ommaya reservoir use for cancer patients found that 

1–5% of ICH and these ICHs are ‘installation-related,’ based 

on time of occurrence1,17,19). Factors contributing to intraven-

tricular catheter insertion-related ICH have not been system-

atically evaluated. But, findings from experienced neurosur-

geons suggest that decreased compliance of the brain 

parenchyma due to radiation effects or increased ICP, and 

careless insertion without intended pial disruption around the 

catheter inlet are contributing factors10,17). In our series, two 

cases (0.8%) of ICH were found on postoperative CT images. 

Although all resolved without surgical intervention, there 

were delays in intraventricular administration of chemothera-

peutic drugs. Careful installation technique is especially valu-

able in patients with LM with increased ICP.

Previous studies found catheter malfunction or malposition 

occurs at an incidence of 1% to 8% as intraventricular reser-

voir-associated complications7,10,23). The decrease in the fre-

quency of this ‘mal-positioning’ of the ventricular catheter has 

been apparent with the advancements in stereotactic, naviga-

tion-guided, and robotic techniques18,25,28). In our study, using 

either stereotactic or frameless navigation guidance for ven-

tricular puncture, only one case (0.4%) of catheter malposi-

tion was preventable if the operator ensured that the appropri-

Table 3. Increased ICP control rates, according to type of reservoir or method used

ICP control Control rate  
(%)

p-value
Controlled Uncontrolled

Reservoir type (n=125*)  <0.001 

Ommaya 12 46 21.0

H-port 40 27 60.0

Method (n=69†) <0.0001

Intermittent aspiration 6 50 11.0

Continuous EVD 33 6 85.0

*In this analysis, patients who had shunt operations for uncontrolled ICP were excluded. †In this analysis, patients, who received additional cerebrospinal fluid 
drainage for palliation of symptoms from increased ICP control, were included. ICP : intracranial pressure, EVD : extraventricular drainage
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ate catheter length was maintained when connecting the 

catheter to the reservoir. Chamberlain et al.7), described ‘uni-

directional catheter obstruction’ in six of 120 patients with 

LM with intraventricular chemotherapy; they could not aspi-

rate CSF from the reservoir but could administer the chemo-

therapeutic agent. They performed CSF radioisotope imaging 

in these patients and suggested that catheter patency was af-

fected by ventricular wall collapse. A possible unidirectional 

catheter malfunction (failure-to-aspirate) from a collapsed slit 

ventricle is supported by the higher incidence of catheter mal-

function (3 of 4) observed using a lumbar intrathecal reservoir 

system in Obbens et al.’s study19). In this study, ‘unidirectional’ 

catheter malfunctions noticed by failure-to-aspirate CSF oc-

curred in four patients with slit or normal-sized ventricles. Al-

though patients with LM usually have a normal-sized ventri-

cle, this unidirectional catheter malfunction is worth keeping 

in mind in the operating theater. Based on our experience and 

Sandberg et al.’s results23), it is important to place all side holes 

of the catheter within the ventricular space, because the pro-

cedure for connecting the catheter to the reservoir could affect 

the length in the ventricle. Although it is difficult to sample 

CSF when this unidirectional malfunction occurs, careful ad-

ministration of the chemotherapeutic drugs appears to be safe 

after confirmation of the catheter tip position using ventricu-

lography or radiography.

Intraventricular chemotherapy-related  
complications in patients with LM

Four cases of ICH and/or IVH, which were not found on 

immediate postoperative CT images, occurred during the 

course of chemotherapy only in the Ommaya group; two pa-

tients had received low molecular weight heparin within a 

week of the installation. A similar experience with delayed 

hemorrhage occurred in the Sandberg et al.23) series; two of 

three hemorrhages occurred 17 and 28 days after surgery. 

Thrombocytopenia and heparinization were causative factors, 

respectively. Compression and re-filling of the hemispherical 

silicone dome of the Ommaya reservoir are considered confir-

mation of catheter patency through the ventricle/cyst. As we 

suggested earlier, negative pressure can occur by pressing the 

Ommaya reservoir or via careless aspiration around the cath-

eter tip; minor hemorrhage associated with traction of the 

choroid plexus can also occur. The following injection of the 

chemotherapeutic agent could then lead to overt ICH/IVH. 

CSF leakage (wound dehiscence) occurred significantly more 

frequently in the Ommaya group than the H-port group. As 

mentioned in surgical methods, there is no significant differ-

ence in the surgical procedures of H-port and Ommaya inser-

tion other than screw fixation, but the wound tends to be 

slightly larger in H-port than in Ommaya due to the need for 

a semicircular incision for skull engrave. Nevertheless, the 

higher incidence of complications of CSF leakage in Ommaya 

is thought to be due to exposure to the immature wound to 

this ‘back-flow’ of CSF mixed with chemotherapeutics along 

the catheter track, especially in patients with increased 

ICP10,16). On the other hand, during the intraventricular che-

motherapy administration at H-port, we could not compress 

the solid chamber of the H-port, and negative pressure was 

less likely to occur during CSF aspiration. Additionally, the 

higher ICP control rate in H-port patients seems to be a factor 

in lowering CSF leakage complications.

Usefulness of intraventricular reservoir for control 
of increased ICP in patients with LM

We reported on the usefulness of shunt operations in pa-

tients with LM, not only based on control of increased ICP 

without additional intervention but also based on prolonged 

overall survival of patients14). However, this shunt operation is 

performed under general anesthesia and seems invasive for 

patients with terminal-stage cancer. In patients with LM, the 

intraventricular reservoir should have a role in control of in-

creased ICP, in addition to the basic role of access to CSF. 

More than 60% of patients with LM have a CSF flow distur-

bance at diagnosis or during the course of treatment4,10). Be-

cause drainage of CSF via an intraventricular reservoir can be 

easily performed as a bedside procedure, patients with LM 

frequently rely on the reservoir to relieve symptoms from in-

creased ICP. From this point of view, there were discrete dif-

ferences between the Ommaya and the H-port systems related 

to the method and rate of increased ICP control. We previ-

ously reported on Chemoport use for continuous CSF drain-

age and its effectiveness in control of increased ICP in patients 

with LM10). As we found, to perform continuous EVD using 

only the H-port system, a non-coring designated hooked nee-

dle can be fixed on the Chemoport without a special assisting 

device26). Thus, beyond reservoir type, this method of contin-

uous EVD control was significantly more effective than inter-

mittent aspiration for control of increased ICP in our study. 
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There is a chance that increased ICP can be controlled using 

intermittent aspiration. However, it is difficult to aspirate 

enough CSF for ICP control within a required time interval. 

Frequent aspiration also increases the risk of CSF infection in 

proportion to the number of rounds of reservoir puncture.

Limitations
In this retrospective study, we did not evaluate the frequen-

cy of additional CSF aspirations via the intraventricular reser-

voir. Differences in frequency could have contributed to dif-

ferences in increased ICP control because aspiration and EVD 

were performed for symptom palliation based on the physi-

cian’s decision and were not based on a well-defined protocol.

CONCLUSION

The H-port, a cranial implantable chemoport, was feasible 

for intraventricular chemotherapy in patients with LM. Com-

pared with the Ommaya reservoir, safety and efficacy were 

found to be superior for ICP control based on an equal or 

lower rate of complications.
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