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Abstract: First introduced in 1963, ommaya reservoirs (OmRs) are indwelling intraventricular catheters used for 

decompression of hydrocephalus, antibiotics, and chemotherapy delivery. They are important alternatives when lumbar 

punctures are not practical or when long-term administration of medications is needed. Despite being used for over 50 years, 

placement of these devices can still contribute to significant morbidity and mortality. We performed a single-center retrospective 

review at the University of Florida Cancer Center evaluating OmR related complications in patients in whom OmR was placed 

for chemotherapy. We also conducted a systematic review of OmR related and LP complications in setting of chemotherapy 

delivery. 13 patients met criteria for inclusion in this retrospective study. Time points evaluated for complications were: 

placement, up to 6 months, 6-12 months, > 12 months, removal and post-discharge. Our institutional data showed a complicated 

rate of <7% at each time point. For systematic review, 38 studies were reviewed for OmR data, and 8 studies were reviewed for 

LP data. Infectious complications were more prevalent in OmR studies with statistical significance (p=0.0017), whereas 

noninfectious complications were more prevalent in LP studies with statistical significance (p=0.0004). This study compared 

complication rates from infectious and non-infectious sources between patients receiving intrathecal chemotherapy through 

Ommaya reservoirs versus lumbar puncture. OmR can be very useful in long-term administration of medication, and the 

relatively high complication rate (especially infectious) can be deemed an acceptable risk for patient population with high 

morbidity. 
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1. Introduction 

Ommaya reservoirs (OmRs) are intracranial indwelling 

catheters placed to temporarily relieve obstruction from 

compressive hydrocephalus and for the delivery of 

medications beyond the blood brain barrier. [1-3] They were 

first introduced in 1963 by Dr. Ommaya for administration of 

intraventricular medications such as antibiotics, and have 

since become the mainstay for chemotherapy delivery and 

offer a painless, easily accessible alternative to serial lumbar 

punctures (LPs). [3] The OmR is a dome-shaped device with a 

catheter attached to its base which is inserted into the ventricle. 

A burr-hole is made into the skull through which the catheter 

is inserted. The dome rests between the skull and the scalp, 

and provides an easy access for repetitive drug administration. 
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It is made from a self-sealing material and can be accessed up 

to 200 times before encountering a leak. [1, 4] Intrathecal 

chemotherapy enables heavy molecular weight 

chemotherapeutics to bypass the blood-brain barrier and 

ensures adequate drug delivery to the CNS. Although repeated 

lumbar punctures provide easy access to cerebrospinal fluid 

(CSF), multiple studies have shown repeated access can cause 

fibrosis in the subarachnoid space, as well as inconsistent drug 

levels. [5] 

Despite the ease of access and improved delivery of therapy 

to the active sites of disease, complications associated with their 

placement and function and the stigma of brain surgery has 

limited widespread OmR use. In a thorough review, 

Cohen-Pfeffer et al discuss OmR-related complications in 

patients receiving OmR for both oncologic and non-oncologic 

indications. [6] Their study, among others, reported that the 

major complications of OmR placement include technical 

malfunction during placement, catheter malposition and 

migration, intracerebral hemorrhage, reservoir exposure, 

seizures, and central nervous system infections.[2] Overall, 

serious complications are infrequent and the most common 

complications are infections.[7] Though rare, infectious 

complications have seen an uptick in frequency, in part due to 

increased use of antibiotics for primary prophylaxis in patients 

with hematologic malignancies, the most frequent recipients of 

OmR. [8, 9] To counter this, several hospital systems have 

adopted infection-control bundle measures for OmR placement 

which have cut down on infection rates.[10] Complications 

arising from technical placement and manipulation of OmR 

continue to decline as a result of the development of more 

sophisticated approaches to placement such as the 

stealth-guided neuro-navigational approach and through 

increased familiarity of placement by neurosurgeons. [5] 

Though beneficial and relatively easy to place in most 

individuals, there are circumstances where OmR placement is 

too hazardous or contraindicated. These include cases: an 

infection risk higher than average based on systemic or 

neurologic symptoms and/or the presence of known active 

infection; and patients with aggressive disease with a poor 

predicted response to intrathecal (IT) chemotherapy. 

Performance status of the patient is also paramount for 

consideration while assessing for benefits of OmR 

placement.[11] In the present study, our group sought to 

determine the complication rate of OmR placement at the 

University of Florida Cancer Center in Gainesville, FL, and 

determine their utility in cancer patients. In addition, given the 

paucity of literature on this subject, a systematic review of the 

available literature on OmR complications and lumbar 

puncture related-complications for intrathecal chemotherapy 

was performed and described. We compared the complication 

outcomes between the two modes of chemotherapy delivery in 

the systematic review to assess if complication rates with 

either intervention is prohibitive or outweighs benefits. 

2. Patients and Methods 

We conducted a single-center retrospective review of 

patients who had an OmR placed at the University of Florida 

Cancer between January 2011 and December 2016. This study 

protocol was approved by University of Florida Institutional 

Review Board (IRB), and all research was performed 

according to the guidelines and regulations of the IRB. The 

IRB approval also served as a waiver of individual patient 

informed consent. This time period was selected because 2011 

was the year of implementation of the electronic medical 

record (EMR) at our institution which facilitated accurate data 

extraction. Inclusion criteria in the study group included OmR 

placed at UF for any indication. Subgroup analysis was 

performed specifically on those patients receiving OmR for 

administration of IT chemotherapy. Both adult and pediatric 

patients were included in the study and all cancer types were 

included. Exclusion criteria included patients who had OmR 

placed outside of UF, even if they were treated for OmR 

complications at UF, to ensure surgical placement of OmR 

was maintained at a single center. 

UF Integrated Data Repository (IDR) assisted in extracting 

patient charts by screening for ICD-9/ICD-10 codes for cancer 

diagnoses and OmR placement. All charts were then 

individually reviewed and patients who did not meet above 

inclusion or those that met exclusion criteria were omitted 

from the study. Patient demographics, cancer specific data, 

and OmR data was then collected on all patients. Study data 

were collected and managed using REDCap (Research 

Electronic Data Capture) electronic data capture tools hosted 

at the University of Florida.[12] REDCap is a secure, 

web-based application designed to support data capture for 

research studies, providing 1) an intuitive interface for 

validated data entry; 2) audit trails for tracking data 

manipulation and export procedures; 3) automated export 

procedures for seamless data downloads to common statistical 

packages; and 4) procedures for importing data from external 

sources. 

The present study also encompasses a systematic review of 

current literature to study OmR complications and comparing 

OmR versus lumbar puncture complications. Studies were 

selected from first placement of OmRs in the 1960s to current 

literature including studies published in year 2018. Inclusion 

criteria included placement of OmR for intrathecal 

chemotherapy delivery, and sequential lumbar punctures for 

intrathecal chemotherapy delivery. Pediatric and adult patients 

were included. Exclusion criteria included studies with 

patients with OmR for another indication besides 

chemotherapy. 

We performed a systematic review of the medical literature 

on the complications arising from Ommaya reservoirs and/or 

lumbar punctures used for administering chemotherapy 

(Figure 1). Databases searched included PubMed/MEDLINE, 

Web of Science, Cochrane CENTRAL Register of Controlled 

Trials, and ClinicalTrials.gov. In each database, we searched 

on variations of terms related to Ommaya reservoirs, lumbar 

puncture, chemotherapy, and complications. Searches in 

PubMed and Cochrane CENTRAL included medical subject 

headings. No date restriction was placed on the search results; 

language was limited to English. Meeting abstracts were 



12 Azka Ali et al.:  Ommaya Reservoir Related Complications: A Single Center Experience and Review of Current Literature  

 

reviewed but not included in the final data review. Full search 

strategies are available in Appendix 1. Exclusion criteria 

included studies discussing OmR placement for indications 

other than chemotherapy delivery, studies focusing on OmR 

placement techniques as primary outcome instead of 

infectious complications, and studies discussing lumbar 

punctures done for indications other than chemotherapy 

delivery. Inclusion criteria included studies with adult and 

pediatric patients in whom OmR was placed for the delivery of 

IT chemotherapy, and studies reporting infectious and 

non-infectious complications as a result of OmR placement or 

LPs in the setting of IT chemotherapy delivery. Time span of 

studies included 1968-2018. 

 

Figure 1. Prisma diagram of search strategy for systematic review. 

3. Results 

3.1. Retrospective Analysis 

Between 01/2011 and 12/2016, a total of 936 patients 

underwent insertion of a neuro-ventricular device at the 

University of Florida. Of those, 22 had placement of an OmR; 

the remaining patients had ventricular-peritoneal shunt 

placement or revision procedures. Out of 22 patients, 13 

devices were placed for intrathecal chemotherapy and 11 for 

hydrocephalus; 1 patient had a device placed for both reasons. 

Hence 13 patients were included in the retrospective review 

with their demographics shown (Table 1). Following OmR 

placement, patients were then followed retrospectively in four 

6-month intervals during the post-operative period to analyze 

complication rates, from OmR placement to 6 months post-op, 

from 6 months to 1 year post-op, and from > 1 year post-op 

(Figure 2). We had a total of 63 OmR punctures with a mean of 

5.7 punctures per patient. Two out of 13 patients encountered 

complications, making the event rate of complications 15.8%. 

Event rate was defined as number of total complications in the 

period examined divided by total number of patients. Tables 2 

and 3 show OmR specific data for all 13 patients, along with 

their expected survival.[13-19] Infectious and noninfectious 

complications are shown in Figure 2. 

Table 1. Demographics data of patient population (n=13). 

Gender 
Male 7 (53.8%) 

Female 6 (46.2%) 

Race 

White 7 (53.8%) 

Black 5 (38.5%) 

Unknown 1 (7.7%) 

Smoking history 
Yes 5 (38.5%) 

No 8 (61.5%) 

Age at placement (< or = 18) 
Yes 1 (7.7%) 

No 12 (92.3%) 

BMI (mean), Kg/m2 29.2 (18.0-46.8) 

Comorbidities 

Type II DM 3 (75%) 

CAD 1 (25%) 

HIV 1 (25%) 
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Figure 2. Complication percentage rate per time interval from Ommaya reservoirs used for chemotherapy. Complications included infection, hemorrhage, and 

hydrocephalus and time points evaluated included time of placement, discharge to 6 months, 6-12 months, >12 months, removal, and post removal. Also shown is 

event rate i.e. patients with complications/total number of patients. 

Table 2. Cancer-specific demographic data of patient population (n=13). 

Primary cancer diagnosis 

Breast 2 (15.4%) 

AML 1 (7.7%) 

ALL 2 (15.4%) 

DLBCL 4 (30.8%) 

Burkitt’s lymphoma 1 (7.7%) 

Other NHL 1 (7.7%) 

PCNSL 1 (7.7%) 

MM 1 (7.7%) 

Cancer stage 

Stage 3 1 (11.1%) 

Stage 4 7 (77.8%) 

Unstageable 1 (11.1%) 

Type of IT chemotherapy 

Ara-C 4 (36.4%) 

MTX 9 (81.8%) 

Other 2 (18.2%) 

Median number of months (between diagnosis and OmR placement) 1 Range 1-108 

AML: Acute Myelogenous Leukemia; ALL: Acute Lymphocytic leukemia; DLBCL: Diffuse Large B Cell Lymphoma; Burkitt’s Lymphoma; NHL: 

Non-Hodgkin’s Lymphoma; PCNSL: Primary CNS Lymphoma; MM: Multiple Myeloma; Ara-C: Cytarabine; MTX: Methotrexate 

Table 3. Ommaya Reservoir (OmR) data at University of Florida. 

Pt Diagnosis 
LM disease on 

diagnosis 
Systemic Chemo 

No. LP prior to 

OmR 

OmR 2/2 LP 

complication 

OmR access # (chemo 

given) 

Median expected 

survival 

1 

DLBCL 

 

No R-CHOP 0 No 6 (6) 

2 to 6.5 mos [13] 
2 Yes R-MTX 1 No 1 (1) 

3 Yes R-EPOCH 0 No 1 (1) 

4 Yes BR 0 No 1 (1) 

5 Other NHL Yes R 0 No 14 (16) 2.6 mos [14] 

6 BL Yes R-EPOCH 1 No 1 (1) NR 

7 AML (r/r) No Ara-C, 2Cda, MTX 1 No 8 (8) 9.9 mos [15] 

8 ALL (r/r) Yes MXT, V 0 No 9 (9) 
4-6 wks [16] 

9 ALL No Ara-C, R-MTX, LV 0 NR 2(4) 

10 PCNS Yes NR 0 NR NR 2-3 mos [17] 

10 MM (r/r) No Ara-C, CP, Mesna 1 No 2 7 mos [18] 

11 BC (r/r) Yes NR 0 No 8 14.9-18.1 weeks [19] 

LM: leptomeningeal disease, (r/r): relapsed and/or refractory, DLBCL: Diffuse Large B Cell Lymphoma; NHL: Non Hodgkin’s Lymphoma; AML: Acute 

myelogenous leukemia; ALL: Acute lymphocytic leukemia; MM: Multiple Myeloma; PCNS: Primary CNS Lymphoma; BC: Breast Cancer; R-CHOP: 

Rituximab, Cyclophosphamide, Doxorubucin, Vincristine, Prednisone; R-MTX: Rituximab, Methotrexate; R-EPOCH: Rituximab, Etoposide, Prednisone, 

Vincristine, Cyclophosphamide, Doxorubucin; BR: Bendamustine, Rituximab; R: Rituximab; Ara-C: Cytarabaine; 2Cda: Cladribine; MXT: Mitoxantrone; V: 

Vincristine; LV: Leucovorin; R: Rituximab; CP: Cyclophosphamide; MTX: Methotrexate; NR: Not Reported; months: mos; weeks: wks; n/a: not applicable (two 

additional patients had OmR placed but never accessed). 
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3.1.1. Non-infectious Complications 

At the time of OmR placement to discharge, no patient had 

a catheter related non-infectious complication. From 

discharge to 6 months after placement, 1 (6.6%) patient had 

hydrocephalus requiring VP shunt. From 6 months to 12 

months after placement, no patient had a catheter related 

non-infectious complication. At > 12 months after placement, 

1 (6.6%) patient had an intracranial hemorrhage. At the time 

of OmR removal, 1 (6.6%) patient had hydrocephalus 

requiring VP shunt (of note, same patient who had 

hydrocephalus requiring VP shunt before). Post OmR removal, 

no patient had a catheter-related non-infectious complication. 

Average follow up time was 18 months. 

3.1.2. Infectious Complications 

At the time of OmR placement to discharge, no patient had 

a catheter related infectious complication. From discharge to 6 

months after placement, 1 (6.6%) patient had a catheter related 

infection (pathogen could not be isolated). From 6 months to 

12 months after placement, no patient had a catheter related 

infectious complication. At > 12 months after placement, 1 

(6.6) patient had a catheter related infectious complication 

(HSV encephalitis). At the time of OmR removal, no patient 

had a catheter related infectious complication. Post OmR 

removal, 1 patient (6.6%) developed HSV encephalitis. 

During our analysis, we found that no patients died due to 

direct complication of OmR placement. 1 (6.6%) patient had 

OmR removed at completion of therapy. Our puncture to 

complication ratio was 10.5:1. 

3.2. Systematic Review 

A total of 38 studies focusing on OmR and related 

complications were read in full and included in the review 

based on inclusion and exclusion criteria outlined in the 

methods section (Table 4). [2, 3, 7, 9-11, 20-51] A total of 8 

studies focusing on the complications of LP administration of 

intrathecal agents were also analyzed and used in this review 

for comparison (Table 5). [29, 33, 52-57] Collectively, these 

studies analyzed a total of 3771 OmRs and 1721 LP unique 

administrations. All patients received either OmR placement 

or repeated lumbar punctures for chemotherapy treatment 

(Cytarabine, Methotrexate, Thiotepa). The OmR studies were 

stratified into short term studies (if less than 10 years duration) 

and long term studies (if greater than 10 years). 1831 patients 

were included in the short term studies and 1940 patients were 

included in the long term studies. The rate of complications 

related to device placement or serial lumbar puncture was 

analyzed. Complications were further divided into 

non-infectious (such as CSF leaks, catheter malposition) and 

infectious causes. 

Table 4. Literature review of Ommaya Reservoir (OmR) infectious and non-infectious complications in alphabetical order. 

Reference N Age Data collection period Diagnosis # of OmR access 

Berweiler [20] 70 NR NR NR NR 

Boiardi [21] 276 (65 with OmR) 19-70 2 years 65 GBM NR 

Browne [22] 61 1-26 10 years 

49 Leukemia 

8 Lymphoma 

4 Solid tumor 

43.5 (1-176) 

Chamberlain [23] 15 23-46 5 years 
11 NHL 

4 PCNS 
400 

Chamberlain [7] 120 10-72 10 years 

34 Breast 

22 NHL 

16 Melanoma 

10 Neuroectodermal 

6 Glial 

6 Leukemia 

6 Lung 

6 Colorectal 

3 Prostate 

3 Renal 

2 Gastric 

4400 

40 (10-86) per pt 

Chamberlain [24] 18 28-70 11 years 
10 Anaplastic astrocytoma 

8 GBM 
NR 

Gerber [10] 20 1-11 15 years 

12 Medulloblastoma 

3 CNS PNET 

3 Atypical Teratoid 

1 GBM 

1 Malignant melanocytic 

461 

Green [25] 27 1-17 1.5 years 27 ALL NR 

Gwak [26] 155 (89 OmR) 15-76 7 years 

63 Lung 

18 Breast 

8 Other 

NR 

Haaxma-Reiche [27] 28 17-73 NR 28 AML NR 

Haghbin [28] 27 NR 5 years 27 CNS ALL NR 

Iacoangeli [29] 9 15-61 7 years 9 ALL with CNS involvement 262, 29 per patient (18-49) 

Lau [30] 55 27-60 4 years 30 ALL NR 
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Reference N Age Data collection period Diagnosis # of OmR access 

16 DLBCL 

5 Leptomeningeal carcinomatosis 

2 Burkitt’s Lymphoma 

1 CML 

1 TCL 

Lavrador [11] 23 56 (median) 8 years 

16 Breast 

4 Lung 

1 Stomach 

1 Bladder 

1 Cervix 

NR 

Lishner [2] 106 17-79 5 years 

27 ALL 

12 AML 

3 CLL 

34 Lymphoma 

29 Carcinoma 

1 CML 

NR 

Mead [31] 616 44.5 (median) 16 years 

90 PCNSL 

80 CNS Solid Tumor 

4 Head & Neck 

137 Leukemia 

175 Lymphoma 

152 Other Solid tumors 

NR 

Obbens [32] 387 15mos - 79 y 15 years 

107 Breast 

86 Leukemia 

79 Lymphoma 

36 Lung 

16 Melanoma 

26 Brain 

4 Medulloblastoma 

2 Nueroblastoma 

9 Urogenital 

3 Colorectal 

8 Sarcoma 

7 Adenocarcinoma (unknown primary) 

4 Miscellaneous 

1 - 55 x (9.5 per patient) 

Pardo Moreno [33] 16 18-84 NR 12 with leptomeningeal disease 4 

Pels [9] 65 27-75 6 years 62 NHL NR 

Perrin [34] 120 11-79 NR 

30 ALL 

14 AML 

3 CLL 

2 CML 

39 Lymphoma 

32 Carcinoma 

NR 

Peyrl [35] 98 3 months to 21 y/o 20 years 

26 Medulloblastoma 

16 CNS PNET 

14 Ependymoma 

8 Pineoblastoma 

4 GBM 

3 CNS germ cell 

2 Choroid Plexus 

1 Anaplastic astrocytoma 

1 Central neurocytoma 

1 Cerebral rhabdomyocardoma 

1 PCNSL 

1 Ependymoblastoma 

1 Desmoplastic infantile ganglioma 

1 epitheloid sarcoma 

36/pt (2-280) 

Pompe [36] 240 (211 OmR) 0.22-20.31 7 years 211 Medulloblastoma NR 

Ratcheson [3] 60 NR 6 years 

5 Craniopharyngioma 5 

5 Resistant meningeal leukemia 

5 Cystic tumors 

18 GBM 

1 Benign intraventicular tumor 

1 Sarcoma 

2 Lymphoma 

NR 

Roguski [37] 80 54-59 11 years 
24 Lymphoma 

23 Breast 
NR 
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Reference N Age Data collection period Diagnosis # of OmR access 

14 Lung 

9 Leukemia 

4 Primary CNS 

1 Melanoma 

2 Ovarian 

2 Other 

1 Unknown 

Sampath [38] 18 OmR 16-78 (mean 44.6) 2 years NR NR 

Sandberg [39] 107 1-83 y 3.5 years 

46 Lymphoma 

32 Leukemia 

20 Breast 

2 Melanoma 

2 Lung 

2 Medulloblastoma 

1 Esophageal 

1 Germ cell 

1 Neuroblastoma 

NR 

Schlegel [40] 20; 19 OmR 27-71 3 years 20 PCNSL NR 

Siegal [41] 66 NR 7 years 
61 Leptomingeal metastatses 

5 SSPE 
NR 

Steinherz [42] 39 0.5-15 10 years 39 ALL NR 

Stewart [43] 23 (20 OmR) 19-74 NR 

7 Lymphoma 

4 Small cell lung 

3 Adeno (lung) 

3 Breast cancer 

1 Medulloblastoma 

1 GBM 

1 Squamous cell Pharynx 

1 Adeno (primary unknown) 

1 Transitional cell Bladder 

1 AML 

NR 

Szvalb [44] 501 6-77 10 years 

12 non-PCSNL 

6 Acute Leukemia 

4 Chronc Leukemia 

2 Waldenstrom’s/MM 

1 PCNSL 

NR 

Takahashi [45] 77 17-79 21 months 

20 High-grade gliomas 

17 NSCLC 

13 Breast 

10 Colon 

5 PCNSL 

3 CNS Infiltration of Lymphoma 

3 Renal 

2 Gastric 

1 Esophageal 

1 Hepatic 

1 Meduloblastoma 

1 Low-grade gliomas 

NR 

Weiner [46] 28 28.2-86.9 4 years NR NR 

Yoshida [47] 58 25-76 Jan 1993-Aug 2002 

30 Lymphoma 

9 lung adeno 

3 lung small cell 

9 Breast ca 

7 other 

NR 

Young [48] 19 14-65 8 years ALL, AML, NHL NR 

Zairi [49] 50 28-70 3 years 

43 breast 

3 lung 

2 melanoma 

2 other 

NR 

Zairi [50] 112 26-73 6 years 

79 Breast 

12 Lung 

6 Melanoma 

13 Other 

NR 

Zhang [51] 45 NR 3.5 years NR NR 
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Table 4. Continue. 

Reference Non-infectious complications Infectious complications OmR interventions Median survival 

Berweiler [20] 2 Obstruction (2.9%) 
3 Meningitis (4.3%) 

(1 S. epi) 
NR NR 

Boiardi [21] 

12 Seizures (4%) 

6 Headaches (2%) 

5 Drowsiness (1.8%) 

4 Transient focal deficit (1.4%) 

6 Hemorrhage (6%) 

8 Skin infection (6 developed abscess) 

(12.3%) 
8 Removed 11 months (9-13) 

Browne [22] 4 Malfunction 
14 P. acnes (23%) 

12 Asymptomatic meningits 
9 Removed NR 

Chamberlain [23] 
4 Aseptic meningitis (27%) 

13 Cytopenia (87%) 
2 NR (13%) 2 Removed 125 days (44-260) 

Chamberlain [7] 

52 Aseptic meningitis (43%) 

21 Myelosuppression (17.5%) 

6 Catheter obstruction (5%) 

2 OmR exposure (1.7%) 

2 Leukoencephalopthy (1.7%) 

9 S. epidermidis meningitis (7.5%) 5 Removed NR 

Chamberlain [24] 
12 Aseptic arachnoidtis (66.7%) 

4 myelosuppression (22.2%) 
NR NR 3.5 (2-8 months) 

Gerber [10] 

6 Wound Dehiscence (30%) 

3 Malplacement (15%) 

1 Subcutaneous CSF collection (5%) 

1 CSF leakage (5%) 

1 Hydrocephalus (5%) 

7 Coagulase negative Staphylococcus 

(35%) 
17 Removed 155 days (2-2871) 

Green [25] 3 Leukoencephalopathy (11.1%) 
2 S. epidermidis (7.4%) 

1 Diphtheriae (3.7%) 
3 Removed NR 

Gwak [26] 
12 CSF leakage (7.7%) 

3 Intracranial hemorrhage (1.9%) 
13 infection (0.83%) 12 Removed NR 

Haaxma-Reiche [27] 1 Focal neurologic deficit 3.6% 
3 Diphtheriae (10.7%) 

1 S. epidermidis (3.6%) 
None 22% 

Haghbin [28] 2 Migration (7.4%) 
1 S. epidermidis (3.7%) 

1 P. acne (3.7%) 
1 Removed NR 

Iacoangeli [29] 
1 CSF leakage (11%) 

1 leukoencephalopathy (11%) 
1 reservoir infection (11%) 2 Removed 152 weeks 

Lau [30] 
4 Malposition (7.3%), 

3 Hemorrhage (5.5%) 

2 Reservoir infection (3.6%) 

(1 S. epidermidis) 
5 Removed NR 

Lavrador [11] 0 complications 0 complications NR 26.4 weeks(+/- 7.7 weeks) 

Lishner [2] 

1 Misplacement 1 (0.9%) 

3 ICH 3 (2.8%) 

5 Malfunction (4.7%) 

1 subdural hygroma (0.9%) 

13 Bacterial Meningitis (12.2%) 

(1 S. aureus 

8 Coag neg staph 

2 P. acne 

1 Diptheriae 

1 C. Parapsillosis) 

4 Removed NR 

Mead [31] NR 

28 Definite Infection (4.5%) 

6 Possible Infection (0.9%) (5.5%) 

(19 Coag neg staph 

1 S. aureus 

2 S. viridans 

1 E. faecalis 

8 P. acne 

2 L. monocytogenes 

1 P. aeruginosa) 

17 Removed NR 

Obbens [32] 

5 ICH (1.3%) 

2 Cerebral edema (5.2%) 

3 Seizures (7.8%) 

15 Failure/malfunction (3.9%) 

5 Leukoencephalopathy (1.3%) 

2 Pericatheter necrosis (0.5%) 

19 Infections (4.9%) 

12 S. epidermidis 

2 S. aureus 

1 S. pyogenes 

1 E. coli 

1 P. aeruginosa 

1 C. albicans 

1 C. neoformans 

15 Removed NR 

Pardo Moreno [33] NR NR NR NR 

Pels [9] NR 12 NR 12 Removed > 60, 34 months, <61, NR 

Perrin [34] 11 Technical Complications (9%) 

12 Infectious (10%) 

(1 S. aureus 

1 S. epidermidis 

2 Diptheroids 

2 P. acne 

4 Removed 

3 Revised 
NR 
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Reference Non-infectious complications Infectious complications OmR interventions Median survival 

2 S. homonyous 

2 C. parapsillosis) 

Peyrl [35] 

1 Malposition (1%) 

3 Catheter dysfunction (3%) 

6 Aseptic chemical meningitis (6%) 

1 Inection (1%) 

(S. epidermidis and B. cereus 

1 Removed 

3 Revised 
3.7 years (1 mo - 20 yrs) 

Pompe [36] 

19 Malfunction (9%) 

1 ICH (0.5%) 

1 Asymptomatic parenchymal damage (0.5%) 

11 CSF leakage (5%) 

1 Failed implantation (0.5%) 

32 Infection (16%) 

(S. epidermidis, S. aureus) 
39 Removed 5 year overall survival 70% 

Ratcheson [3] 

8 Malfunction (13.3%) 

5 seizures (8.3%) 

1 Leukoencephaloapthy (1.7%) 

2 Aseptic meningitis (3.3%) 

Infections (16.7%) 

4 Bacterial meningitis 

5 + CSF cultures 

1 Celllulitis 

15 Revised 

4 Removed 
NR 

Roguski [37] 
NR 

6 Overall complications (15.8%) 

NR 

6 Overall complications (15.8%) 

(P. acne and S. epidermidis) 

NR 72.5 days (36-122) 

Sampath [38] 1 Mallposition (5.6%) NR for ommaya group 1 Revised NR 

Sandberg [39] 

5 Malposition (4.7%) 

3 ICH (2.8%) 

2 Leukoencepphalopathy (1.9%) 

2 Gram + infection (1.9%) 

8 Converted to VP 

shunts 

5 Revised 

2 Removed 

 

8.54 mos 

Schlegel [40] 1 hemorrhage (5%) 4 Infection (21%) 3 Removed 54 mos 

Siegal [41] NR 

8 Infections (12%) 

(3 Coag positive Staph, 3 Coag 

negative Staph, 1 Diptheroid, 1 K 

pneumoniae) 

0 Removed NR 

Steinherz [42] 2 Catheter tip displament (5.2%) 
3 Infection (7.7%) 

1 Local cellulitis (2.6%) 
3 Removed 25 mos 

Stewart [43] 

4 Decreased level of consciousness (20%) 

3 Leukoencephalopathy (15%) 

1 Confusion (5%) 

1 Ascending quadriplegia (5%) 

3 Seizures (15%) 

1 Burning sensation in back (5%) 

1 Paresthesias (5%) 

10 Neurological complications (50%) 

9 Myelosuppression (45%) 

5 Stomatitis (25%) 

5 Nausea/vomiting (25%) 

3 Headache (15%) 

3 Back/limb pain (15%) 

2 Meningismus (10%) 

3 Diarrhea (15%) 

3 OmR blockage (15%) 

1 Fever (5%) 

1 Meningitis (5%) 
NR 21 mos 

Szvalb [44] NR 

40 Infections (8%) 

(6 polymicrobial, 

28 Coag neg Staph, 

4 P. acne 

4 MSSA 

3 S. pyogenes 

1 Cornebacterium species 

1 E. faecalis 

1 MRSA 

4 Psuedomonas species 

1 E. aergoenes 

1 E. coli 

1 B. fragilis 

1 Non-typable Haemophili 

1 K. pneumoniae 

1 C. albicans) 

29 Removed NR 

Takahashi [45] 1 Malposition (1.2%) 0 1 Revised NR 

Weiner [46] 1 Edema (3.6%) 1 Infection (3.6%) 0 
NR 

 

Yoshida [47] NR NR NR 
Lymphoma 32 mos 

Lung 10.5 mos 
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Reference Non-infectious complications Infectious complications OmR interventions Median survival 

Breast 10.8 mos 

Other 8.7 mos 

Young [48] 

2 seizures (11.7%) 

3 encephalopathy (15.8%) 

1 cranial nerve palsy (5.3%) 

6 Infections (35.3%) 

(3 S. epidermidis 

2 S. aureus 

1 Diptheriae) 

2 Removed 8 months 

Zairi [49] 
1 Hemorrhage (2%) 

2 Edema (4%) 
2 Infections (4%) 3 Removed 7 months 

Zairi [50] 

2 Leukoencephalopathy (1.8%) 

1 Intracranial hemorrhage (0.9%) 

1 Malpositioned catheter (0.9%) 

3 Surgical site infections (2.7%) 

3 Meningitis (2.7%) 

1 SQ sterile inflammatory fluid 

collection 

3 MSSA (3.6%) 

1 S. epidermidis (0.9%) 

1 P. acne (0.9%) 

6 Removed NR 

Zhang [51] NR NR 1 Revised NR 

NR: Not reported; GBM: Glioblastoma; DLBCL: Diffuse Large B Cell Lymphoma; NHL: Non Hodgkin’s Lymphoma; AML: Acute myelogenous leukemia; 

ALL: Acute lymphocytic leukemia; CML: Chronic myelogenous leukemia; CLL: Chronic lymphocytic leukemia; MM: Multiple Myeloma; PCNSL: Primary 

central nervous system lymphoma; PNET: primitive neuroectodermal tumor; CNS: Central nervous system; CSF: Cerebrospinal fluid; TCL: T cell lymphoma; 

ICH: Intracranial hemorrhage; SSPE: Subacute sclerosing panencephalitis; NSCLC: non-small cell lung cancer. 

Table 5. Literature review of Lumbar Puncture infectious and non-infectious complications in alphabetical order. 

Reference N 
Age 

Range 

Data collection 

period 
Diagnosis Non-infectious complications 

Infectious 

complications 

Median 

survival 

Foerster [52] 440 

1 month - 

20.9 

years 

7 years 9 

months 

ALL 

NHL 

AML 

Other 

0 NR NR 

Gaviani [53] 12 20-45 5 years 

6 Medulloblastoma 

2 Germinomas 

1 Ependymoma 

1 Teratocarcinoma 

1 Menigeal melenoma 

1 Pylocitic astrocytoma 

5 Transient local back pain 

(41.7%) 

1 Arachnoiditis (8.3%) 

3 transient headaches (25%) 

NR NR 

Gonzalez-Barca 

[54] 
18 18-80 5 years 24 DLBCL 

3 Headaches (16.7%) 

1 Dizziness (5.6%) 

1 Confusion (5.6%) 

1 Nausea/Vomiting (5.6%) 

NR 

3 year OS 

80.8%, 3 

year PFS 

70.7% 

Howard [55] 958 

1 month 

to 18 

years 

14 years ALL 0 NR NR 

Iacoangel [29] 12 15-70 7 years ALL 

1 CSF leak (8.3%) 

1 chemical arachnoitis (8.3%) 

2 technical difficulties due to 

repeated punctures (16.7%) 

NR 14 weeks 

Jaeckle [56] 110 19-77 9 months 

38 Breast 

4 SCLC 

14 NSCLC 

14 Melanoma 

20 Brain 

20 Other 

47 Headache (42.7%) 

41 Nausea (37.3%) 

37 Vomiting (33.6%) 

NR NR 

Keidan [57] 47 1-16 18 month 
42 ALL 

5 AML 

7 Nausea/Vomiting (14.9%) 

5 Back pain (10.6%) 

7 Post dural puncture headache 

(14.9%) 

4 Headache (8.5%) 

10 Hydrocephalus (21.3%) 

3 Major neurological 

complications (6.4%) 

NR NR 

Pardo Moreno 

[33] 
124 18-84 5 years 

5 Breast 

2 Other solid 

77 Lymphoma 

38 Leukemia 

2 Other liquid 

1 Transient brainstem syndrome 

(0.8%) 

2 Retinal hemorrhages (1.6%) 

1 Epidural hematoma (0.8%) 

7 Moderate-intense orthostatic 

headache (5.6%) 

2 Chemical meningitis (1.6%) 

1 Infectious 

meningitis 

(0.8%) 

1 Infectious 

ventriculitis 

(0.8%) 

 

NR 
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Reference N 
Age 

Range 

Data collection 

period 
Diagnosis Non-infectious complications 

Infectious 

complications 

Median 

survival 

2 Subdural hygromas (1.6%) 

4 Recurrent chemical 

ventriculitis (3.2%) 

3 Leukoencephalopathy (2.4%) 

3 Arachnoiditis (2.4%) 

3 Device malfunction (2.4%) 

1 Vertigo syndrome (0.8%) 

1 Myelopathy (0.8%) 

8 Mild orthostatic headache 

(6.5%) 

5 Recurrent orthostatic 

headached (4.0%) 

3 Vaso-vagal reaction (2.4%) 

6 Irritative radiculopathy (4.8%) 

2 Increase in migraines (1.6%) 

3 Intracranial hypertension 

(2.4%) 

NR: Not reported; DLBCL: Diffuse Large B Cell Lymphoma; NHL: Non Hodgkin’s Lymphoma; AML: Acute myelogenous leukemia; ALL: Acute lymphocytic 

leukemia; NSCLC: Non-small cell lung cancer; SCLC, Small cell lung cancer. 

3.2.1. Non-infectious Complications 

The most common non-infectious complications reported in 

the studies were catheter malposition or malfunction, 

neurological complications (seizures, focal neurological 

deficits, or cranial nerve palsies), and CSF leakage. In the 

short term Ommaya reservoir studies, 158 total complications 

were identified (8.63% complication rate); 30 of these were 

associated with catheter malposition/malfunction, 28 from 

neurological complications, 24 from CSF leakage, and 15 

from intracranial hemorrhage. In the long-term Ommaya 

studies, 66 total complications were identified (3.4% 

complication rate); 30 of these were due to catheter 

malposition/malfunction, 7 from leukoencephalopathy, and 5 

from intracranial hemorrhage. There was no statistical 

difference between those rates (P = 0.2919). 

Lumbar puncture non-infectious complications were much 

more common than infectious complications. Out of a total of 

1721 unique punctures, there were 201 complications. The 

most frequent complications reported were headaches (77/201) 

and nausea/vomiting (49/201); however, more serious 

complications included epidural hematomas, chemical 

arachnoiditis, and increased intracranial hypertension. 

3.2.2. Infectious Complications 

The rate of infectious complications throughout all studies 

focusing on OmR ranged widely from 0% to 35% over the 

duration of OmR implantation. These studies spanned a 

greater than 20-year period and remarkably there was no 

significant difference in observed infection rates (>10 years 

ago 1-35%, <10 years ago 0-31.5%; P=0.5169). This 

stratification was based on a relative time to implementation 

of infection prevention bundles to show reduction in 

transmission. However, the wide variability between 

implementation of these between centers likely contributed to 

the lack of significant improvement. The pathogens most 

commonly implicated in infectious complications consisted of 

Staphylococcus epidermidis and Staphylococcus aureus, 

followed by Diphtheroid bacilli and Propionibacterium acnes. 

Of the 146 infections reported in the short-term ommaya 

reservoir studies, 36 of them were identified from S. 

epidermidis, and 13 from S. aureus. Of the 127 infections 

reported in the long-term OmR studies, 77 were identified 

from S. epidermidis, 14 from P. acnes, and 7 from S. aureus. 

In contrast, LP infectious complications ranged from 0% to 

1.6% over the course of treatment. Only one study identified 

infectious complications directly related to LP method of 

delivery, although no species were identified. The rate of 

non-infectious complications ranged from 1% to 60%. Similar 

stratification based on length of study was done; studies 

greater than 10 years in length found a non-infectious 

complication rate between 5% and 60%, whereas studies less 

than 10 years in length found a complication rate between 1% 

and 39%. Interestingly, there were no delays in chemotherapy 

delivery reported in any of the studies due to difficulty in 

intrathecal access via lumbar puncture. 

Statistical analysis of infectious complications between OmR 

and LP studies, not stratified based on length of study, yielded a 

significant difference. OmR studies showed a statistically 

significant increase in infectious complications rates. The 

average percentage of infectious complications of OmR per 

study was 10.9% ± 1.6, and the average percentage of infectious 

complications of LPs per study was 0.2% ± 0.2, with P=0.0017. 

In contrast, analysis of non-infectious complications between 

OmR and LP studies yielded the opposite effect; LP studies 

showed a statistically significant increase in non-infectious 

complication rates. The average percentage of non-infectious 

complications of OmR per study were 12.68% ± 2.6, and the 

average percentage of non-infectious complications of LPs per 

study was 43.13% ± 11.5, with P=0.0004. 

4. Discussion 

OmRs as a route of drug administration play a central role 

in the management of neuro-oncologic diseases. This method 

of drug administration has been used frequently over the past 

few decades. Despite their routine use, the placement of these 
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devices can still be associated with significant morbidity and 

mortality. Our results suggest that these devices, while more 

prone to infectious complications compared to the more 

traditional lumbar puncture administration, appear to be a safe 

delivery method. 

Our retrospective study identified 6 complications in 13 patients 

with an OmR, with a complication rate of 46%. HSV encephalitis 

was the most common infectious complication, seen 2 out of 13 

times with a complication rate of 15%. Hydrocephalus was the 

most common non-infectious complication, seen 2 out of 13 times 

with a complication rate of 15%. For 1 (7%) infectious 

complication, pathogen was not isolated. 

In contrast to our center’s experience, several similar 

studies from other centers have shown the majority of the 

infectious complications tend to originate from skin flora, 

such as S. epidermidis and S. aureus, [31, 2] and the use of 

strict antiseptic measures has significantly reduced these 

complications. [35] We account for this discrepancy largely 

by the small sample in our study, implementation of newer 

infection bundles, and improved and more precise device 

placement techniques [10] Some of the studies analyzed in 

this review are more than 10-15 years old, and 

surgical/antiseptic measures and techniques have significantly 

improved since then. This might lead to slightly higher rates of 

infectious complications in some of the longer studies. 

Stratifying the Ommaya reservoir and LP groups based on 

the length of the studies did not yield a meaningful difference 

in rates of complications. Based on results from our institution, 

infectious and non-infectious complication rates were spread 

evenly across the time of placement to post-OmR removal. 

However, the studies we reviewed did not specify when 

precisely the infective complications occurred. As explained 

above, some of the long-term studies are more than 10-20 

years old and surgical techniques have improved since then, 

possibly leading to bias. We also recognize that certain 

practitioners may have different experience based on the 

number of devices they have implanted, possibly adding 

operator bias as well. 

We included only OmR complication data in our 

single-center retrospective review as studies are underway 

looking at LP complication rates in the setting of IT 

chemotherapy delivery by either oncologists or interventional 

radiologists. We reviewed this data and included the 

systematic review because there is a dearth of data comparing 

OmR and LP complication rate in the setting of IT 

chemotherapy delivery. We wanted to determine if the 

complication rate was significantly higher in one group versus 

the other, and if that difference should be practice changing. 

The Ommaya reservoir placement group suffered 

significantly increased rates of infection complications when 

compared to the LP group. The Ommaya reservoir placement 

procedure is much more invasive and leads to long-term 

implantation of a foreign object, making infection much more 

likely. However, the LP group had significantly more 

non-infectious complications, most likely due to repeated 

trauma over a long period of time through the intrathecal space. 

As was previously reported, a very useful indicator for 

analyzing the rates of infectious complications for Ommaya 

reservoirs is the puncture to complication ratio (and for our 

study, that ratio was 10.5:1). Given that most infectious 

complications tend to be from skin flora, punctures to access 

the reservoir could be a very significant source of those 

infections. Unfortunately, most studies we analyzed did not 

adequately measure the number of punctures per patient, and 

some did not report it at all. 

We used expected survival for the retrospective analysis to 

principally control for individual comorbidities and to account 

for a small sample size. The range of expected survival was 4 

weeks to 9.9 months, which shows that these patients have an 

extremely limited prognosis and any aggressive therapy (if 

complications are acceptable) can add significantly to the 

overall lifespan. In our study, we observed a 10.5:1 puncture 

to complication ratio and we think that risk may be acceptable 

given the limited life span. 

5. Conclusion 

In this retrospective study and review, we compared 

complication rates from infectious and non-infectious sources 

between patients receiving intrathecal chemotherapy through 

Ommaya reservoirs versus lumbar puncture. Patients with 

Ommaya reservoirs were much more likely to suffer an 

infectious complication (specifically HSV encephalitis) with a 

puncture to complication ratio of 10.5:1 and much less likely 

to suffer a non-infectious complication compared to patients 

with repeated lumbar punctures. Although the puncture to 

complication ratio may seem unfavorable, patients that would 

benefit from Ommaya reservoir placement typically have 

significant morbidity and have limited lifespan, rendering 

placement and use of these devices an acceptable risk. 

Surgeons and clinicians should take these factors into account 

when caring for this patient population. 
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