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Abstract

Object—Choroid plexus tumors (CPTs) are rare intracranial neoplasms that constitute 

approximately 2%–5% of all pediatric brain tumors. Most of these tumors present with severe 

hydrocephalus. The optimal perioperative management and oncological care remain a matter of 

debate. The authors present the epidemiological and clinical features of CPTs from a 20-year 

single-institutional experience.

Methods—A total of 39 consecutive patients with pathologically proven CPTs (31 choroid 

plexus papillomas [CPPs] and 8 choroid plexus carcinomas [CPCs]) were included in this series. 

Patient demographics, clinical presentation, comorbidities, indications for surgery, radiological 

studies, tumor location, and all operative variables were reviewed for each case. Multivariate 

regression analysis was performed to identify independent predictors of tumor recurrence and 

survival.

Results—The overall mean age (± SD) was 13.13 ± 19.59 years (15.27 ± 21.10 years in the CPP 

group and 3.66 ± 3.59 years in the CPC group). Hydrocephalus was noted at presentation in 34% 

of patients. The most common presenting symptoms were headache (32%) and nausea/vomiting 

(26%). Gross-total resection (GTR) was achieved in 86% of CPPs and in 71% of CPCs (p = 0.57). 

There was 100% survival in patients with CPPs observed at the 5- and 10-year follow-up and 71% 

survival in patients with CPCs at the 5-year follow-up. In a multivariate regression analysis, a 

diagnosis of papilloma, preoperative vision changes, or hydrocephalus; right ventricle tumor 
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location; and GTR were all independently associated with a decreased likelihood of tumor 

recurrence at last follow-up.

Conclusions—The authors’ study suggests that patients with CPCs are more likely to 

experience local recurrence and metastasis; hence, GTR with chemotherapy and radiotherapy, 

particularly for CPCs, is pivotal in preventing recurrence and prolonging survival. While GTR was 

important for local control following resection of CPPs, it had a minimal effect on prolonging 

survival in this patient cohort.
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Choroid plexus tumors are rare intracranial neoplasms of neuroectodermal origin and 

account for less than 1% of all brain tumors in adults. These tumors constitute 

approximately 2%–5% of all pediatric brain tumors and are most often seen when patients 

are younger than 2 years of age. In children, these neoplasms are most often located in the 

ventricles, although extraventricular sites have been reported in the literature.2,5–7,17,22,23,27 

Choroid plexus tumors can be grossly divided into 2 categories: CPPs and CPCs. Choroid 

plexus papillomas are considered benign lesions (WHO Grade I), and long-term survival is 

common for patients with these tumors. Choroid plexus carcinomas are typically malignant 

(WHO Grade III), aggressive lesions that have 5-year survival rates reported to be around 

40%.25–31

The majority of patients present with signs of increased intracranial pressure and 

hydrocephalus. The cause of hydrocephalus remains uncertain and is likely to be related to 

overproduction of CSF, obstruction of CSF flow, or impaired absorption. Accordingly, 

postoperative CSF diversion is common in the management of patients with CPPs and CPCs. 

Gudeman et al.12 reported a resolution of hydrocephalous following tumor resection, 

suggesting that CSF hypersecretion contributed to the observed ventriculomegaly.

Numerous published studies have suggested that adjuvant therapy, radiation alone, or 

radiation in combination with chemotherapy decreases the incidence of local recurrence and 

improves long-term survival. Hashizume et al.14 and Griffin et al.11 showed that patients 

with residual tumor after surgery responded to irradiation. Similarly, Geerts et al.9 noted that 

after subtotal resection, radiation therapy (alone or in combination with chemotherapy) 

offered a survival advantage. Conversely, Wolff and colleagues29 noted that only 8 of 22 

patients with CPCs responded to chemotherapy. Hence, the role of adjuvant therapy in the 

treatment of CPTs, in particular CPCs, remains unclear.

Given the rare nature of these tumors, there are a number of important questions that remain 

incompletely answered. Few published studies have demonstrated that GTR plays an 

important role in preventing local recurrence and improving survival for CPPs; however, the 

role of GTR in preventing recurrence and improving survival is debatable in the CPC 

literature. Furthermore, the role of supplemental chemotherapy and radiation therapy in the 

treatment of CPCs is poorly understood.
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Given the paucity of published studies reporting long-term outcomes and epidemiological 

and clinical features of CPTs, our objective was to present our experience with all such 

neoplasms resected at The Johns Hopkins Hospital between 1988 and 2008.

Methods

Patient Selection

Institutional review board approval was obtained prior to commencement of this study. 

Thirty-nine consecutive patients with pathologically proven CPTs resected at The Johns 

Hopkins Hospital between January 1998 and December 2008 were included in this series. 

There were 31 patients with CPPs and 8 with CPCs. Of the 8 patients with CPCs, 1 was 

excluded because of lack of sufficient clinical, radiographic, and pathological data, leaving 7 

CPCs available for analysis.

Patient demographics, clinical presentation, comorbidities, indications for surgery, 

radiological studies, tumor location, and all operative variables were reviewed for each case. 

Additionally, postoperative radiographic findings, recurrence, survival, and the need for 

adjuvant radiotherapy, alone or in combination with chemotherapy, were also recorded for 

each case.

Clinical Evaluation

Preoperative evaluation consisted of a history of presenting illness, physical examination, 

and radiographic studies. Radiographic studies included CT scanning, MRI, or 

ultrasonography, where appropriate. Additionally, patients with CPCs who only had 

preoperative CT scans underwent postoperative staging MRI scans of the entire neuraxis.

Histological Examination

Neuropathological review was performed of all available pathological samples. Histological 

diagnosis was assessed according to the WHO criteria for CPTs. Choroid plexus papillomas 

were composed of a single layer of cuboidal-to-columnar cells resting on a basement 

membrane overlying papillary and vascularized connective tissue. Choroid plexus 

carcinomas were diagnosed when there was evidence of anaplasia, such as increased mitotic 

activity, nuclear atypia, loss of papillary differentiation, necrosis, or immunoreactivity for 

the epithelial marker cytokeratin. Based on these criteria, the tumors were classified as 

benign CPPs (n = 31) or malignant CPCs (n = 8).

Clinical Management

The initial therapy was surgery in all cases, and all patients also underwent postoperative 

imaging. The extent of surgery was assessed according to the operative chart and the 

contrast-enhanced postoperative CT or MRI scan. The degree of resection was characterized 

as GTR, debulking (> 75% reduction in tumor size), or partial resection (25%–75% 

reduction). In cases in which operative reports and neuroimaging findings differed, the 

degree of resection was based on imaging results. Additionally, the decision to use neo-

adjuvant chemotherapy and/or radiation therapy was made on a case-by-case basis.
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Statistical Analysis

Parametric data are given as the mean ± SD and were compared using the Student t-test. 

Nonparametric data are given as median and IQR and were compared using the Mann-

Whitney U-test. Fisher exact analysis was used to preoperatively compare patients with 

CPPs and CPCs. Univariate analysis (JMP version 6, SAS Institute) was performed to 

identify independent predictors of tumor recurrence and survival. Variables associated with 

recurrence or survival (p < 0.15) in univariate analysis were then included in a stepwise 

multivariate proportional hazards regression (Cox) model. Variables in the multivariate 

analysis with p < 0.05 were considered significant (JMP version 6). Estimated Kaplan-Meier 

plots were generated for progression-free and overall survival and were compared using the 

log-rank test.

Results

Thirty-eight consecutive patients who underwent resection of pathologically proven CPTs 

were included. The baseline characteristics are given in Tables 1 and 2. Overall, the mean 

age at presentation was 13.13 ± 19.59 years (15.27 ± 21.10 years [CPP] vs 3.66 ± 3.59 years 

[CPC], p = 0.04; Table 1). Thirty-eight percent of patients with CPPs and 43% of patients 

with CPCs (p = 0.99) were younger than 2 years of age. There was no significant sex 

predilection (p = 0.35); 35% of patients with papillomas and 57% with carcinomas were 

male (Table 1).

Clinical Features

Manifestations of hydrocephalus and intracranial hypertension were the most common 

presenting symptoms. Thirteen patients (34%) in our combined cohort presented with 

hydrocephalus (11 [35%] of 31 patients with CPPs vs 2 [29%] of 7 patients with CPCs). 

Twelve patients (32%) in our combined cohort presented with headache as the primary 

complaint, or as a part of the syndrome complex (8 with CPPs [26%] vs 4 with CPCs 

[57%]). Approximately one-quarter of patients in both groups presented with vision 

changes. The initial presenting symptoms are detailed in Table 2.

Method of Tumor Detection

Overall, the majority of tumors were detected via CT scanning or MRI. The typical 

appearance of the tumor on neuroradiological examinations was that of a hyperdense, 

contrast-enhancing lesion developing in the ventricles close to the choroid plexus. Seventy-

four percent of patients with CPPs underwent preoperative MRI that was used for detection 

compared with 14% of patients with CPCs (p < 0.01) (Figs. 1 and 2). Preoperative CT 

scanning of the head was performed in 45% of patients with CPPs and in 71% of patients 

with CPCs (p = 0.21). A CPP was detected in 1 patient in utero on prenatal ultrasonography. 

Of the 8 patients with CPCs, 6 underwent postoperative staged MRI of the entire neuraxis. 

This included 5 of the 6 patients who had undergone only preoperative CT scanning of the 

head. Four of the 6 patients did not have distant metastasis, while 1 had diffuse 

leptomeningeal spread to the cervical and thoracic spine and the other had a dural-based 

metastasis to the right CPA. The 2 patients who did not undergo neuraxis imaging were lost 

to follow-up very shortly after resection.
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Anatomical Location

The locations of the lesions are summarized in Table 3. Most CPPs and CPCs were located 

supratentorially; 29% of CPPs were located in the left lateral ventricle, 26% were in the 

right lateral ventricle, and 10% were in the third ventricle. Approximately one-third of the 

lesions were located in the fourth ventricle, and 1 lesion was in the CPA. For CPCs, there 

was a predilection for the left lateral ventricle (71%), while the remaining tumors (29%) 

were in the right lateral ventricle. No posterior fossa CPCs were observed. The mean age of 

patients with fourth ventricle CPPs was found to be significantly higher than those with 

lesions in the lateral ventricles (31.49 ± 23.89 years vs 5.85 ± 11.23 years, p < 0.005). 

Figure 3 shows a representative MRI scan of a CPP in the fourth ventricle from this study.

Extent of Resection

Gross-total resection was attempted in every patient. There was no statistically significant 

difference between the GTR rates of CPPs and CPCs (p = 0.44). Gross-total resection was 

achieved in 86% of CPPs after the initial operation compared with 71% of CPCs (p = 0.57). 

The incidence of tumor recurrence was significantly higher in the CPC cohort: 1 patient with 

a CPP had tumor recurrence, and 4 patients with CPCs experienced recurrence (p < 0.003). 

Additionally, 2 patients with fourth ventricle CPPs had metastatic seeding to the lumbosacral 

spine, and 3 of the 7 patients with CPCs experienced metastasis to the neuraxis (p < 0.05). 

Figure 4 demonstrates the Kaplan-Meier progression-free survival of CPPs and CPCs. These 

differences were statistically significant (p < 0.01). One patient in each group underwent 

reoperation for further resection.

Independent Predictors of Tumor Recurrence

Univariate and multivariate analyses were performed to determine independent predictors of 

tumor recurrence. After univariate analysis, a diagnosis of CPP, preoperative vision changes, 

preoperative hydrocephalus, right ventricle location, and GTR were all associated with a 

decreased risk of recurrence at last follow-up. Furthermore, the presence of metastatic 

lesions was more likely to be a predictor of recurrence at last follow-up. When included in a 

multivariate stepwise regression model, a diagnosis of CPP (relative risk 0.04 [95% CI 

0.0012–0.38], p < 0.003) and GTR (relative risk 0.07 [0.03–0.58], p = 0.01) remained 

independently associated with decreased tumor recurrence.

Short-Term Outcomes

There were no perioperative deaths. Postoperative morbidity is summarized in Table 4. The 

most common complications in patients with CPPs were postoperative vision changes in 5 

patients, new onset seizures in 4 patients, unilateral weakness in 3 patients, and wound 

infection requiring surgical debridement and wound revision in 1 patient. There was 1 case 

of a pulmonary embolism. Postoperatively, in the CPC cohort, 1 patient developed a 

subdural hematoma that required drainage. The need for CSF diversion was common in 

patients with both CPPs and CPCs. Seven patients with CPPs (26%) required CSF diversion 

(6 with a VP shunt and 1 who underwent endoscopic third ventriculostomy), and 2 patients 

with CPCs (25%) required VP shunts. Five patients with CPPs that needed shunts required 

revisions. Neither of the patients with CPCs in whom shunts were placed required revision.
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Long-Term Outcomes

The median long-term follow-up of patients with CPPs was 21 months (IQR 4.5–104 

months), while the median long-term follow-up of patients with CPCs was 71 months (IQR 

40–117 months). The 5- and 10-year survival for patients with CPPs was 100%, whereas the 

5-year survival for patients with CPCs was 71% (5 of 7 patients). However, in 1 of the 2 

patients with CPCs who died, the death was due to an unrelated adrenal malignancy 37 

months after resection of the CPC. Figure 4 shows the Kaplan-Meier survival curves for 

both CPPs and CPCs, with CPPs having a statistically significant improvement in overall 

survival (p = 0.02). One patient with a CPP and 3 patients with CPCs received adjuvant 

radiation therapy. The patient with a CPP who received radiation therapy also received 

adjuvant chemotherapy. Six of the 7 patients with CPCs received additional chemotherapy. 

There was no statistically significant difference in recurrence (p = 0.40) and/or survival (p = 

0.60) between patients who received radiation, alone or in combination with chemotherapy, 

and those who did not.

Discussion

Our 20-year longitudinal cohort study of all patients treated with CPTs at The Johns 

Hopkins Hospital between 1988 and 2008 demonstrates that CPCs were 20-fold more likely 

to locally recur and metastasize; hence, GTR, especially in this cohort, was pivotal in 

preventing recurrence and prolonging survival. The current study demonstrates that there 

was no statistically significant difference in recurrence (p = 0.40) and/or survival (p = 0.60) 

between patients who received radiation therapy or chemotherapy and those who did not; 

hence, the role of adjuvant therapy in the management of CPTs, in particular CPCs, remains 

unclear.

Hydrocephalus remains one of the main presenting features of CPTs and is responsible for 

several problems that adversely influence outcome. The underlying patho-physiological 

characteristics of hydrocephalus in this setting have been a subject of considerable 

speculation. Although overproduction of CSF is a major contributing factor, in certain cases, 

the obstruction of CSF pathways may be the underlying mechanism.2–4,7,13,18,20,21,23 

Eisenberg and colleagues6 noted that CPTs produced amounts of CSF that were well in 

excess of the average level of 450 ml over a 24-hour period. Pencalet and colleagues25 

reported a case in which a plexus tumor produced 800 ml of CSF in a 24-hour period. 

Ghatak and McWhorter10 reported similar findings. The resolution of hydrocephalus after 

complete tumor resection was the basis for postulating that CSF oversecretion was 

responsible for the associated hydrocephalus; however, it is now clear that complete 

resection of CPTs does not always obviate the need for CSF diversion. Pencalet and 

colleagues25 noted that 9 children in their series required ventricular shunts several months 

after tumor removal. Similar findings have been reported in other studies.4,7,15 Analogous to 

these aforementioned studies, we observed a resolution of hydrocephalus after tumor 

resection in the majority of patients (> 78%); however, 9 patients required postoperative 

shunt treatment several months after their index operations (7 in the CPP group [23%] vs 2 

in the CPC group [28%], p = 0.67). Seven patients with CPPs required CSF diversion (6 

with VP shunts and 1 who underwent endoscopic third ventriculostomy), and 2 patients with 
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CPCs required VP shunts. While GTR obviated the need for ventricular shunting in the 

majority of patients in our series, there were no variables that independently predicted which 

patients might require permanent shunts. It is likely that other factors, such as meningitis, 

postoperative changes, metastasis along CSF pathways, or ventricular blood, contribute to 

the need for permanent CSF diversion.

Choroid plexus papillomas were more likely than CPCs to undergo imaging using MRI 

technology (72% vs 29%, p < 0.01), most likely because all but 1 patient with a CPC in this 

study was treated prior to 2000 when MRI technology was less readily available. Other 

authors have reported that most CPTs occur in the lateral ventricles, which was also seen in 

this study.30 Fifty-five percent of CPPs and 100% of CPCs were located in the lateral 

ventricles. There were no fourth ventricle CPCs; however, 35% of papillomas were located 

in the fourth ventricle. As Wolff and colleagues29 also reported, the age at diagnosis of 

patients with CPCs in the lateral ventricles (3.6 years) was significantly younger (p < 0.001) 

than those with fourth ventricle lesions (34.8 years).

Numerous studies have shown a positive association between GTR and favorable outcomes. 

Wrede and colleagues31 published a comprehensive analysis examining 857 patients with 

CPTs previously reported in the literature. The authors noted that 80% of patients with CPPs 

had complete excision of their tumor compared with only 40% of patients with CPCs. They 

reported mean 2-year survival rates for patients with CPPs and CPCs of 73% ± 5% and 42% 

± 5%, respectively. Packer et al.24 reported that GTR for CPCs offered the best likelihood 

for success. The authors found that 80% of patients who underwent GTR remained disease 

free, while 83% of patients who underwent a subtotal resection experienced a relapse. 

Similarly, Wolff and colleagues29 noted that GTR was the most important treatment variable 

influencing long-term survival for patients with CPTs. In their meta-analysis, the authors 

reported 5- and 10-year survival for patients with CPPs of 81% and 77%, respectively, 

compared with only 41% and 35%, respectively, for patients with CPCs. In our series, 86% 

of patients with CPPs and 71% of patients with CPCs underwent GTR of their tumors. 

Carcinomas were much more likely to recur locally and metastasize. Four of 7 patients with 

carcinomas experienced a recurrence, and only 1 of 31 patients with papillomas had 

recurrence (p = 0.003). The 5- and 10-year survival for patients with CPPs was 100%, 

whereas the 5-year survival for patients with CPCs was 71%. In 1 of the 2 patients with 

CPCs who died, the death was due to an unrelated adrenal malignancy 37 months after 

resection of the CPC. Log-rank analysis demonstrated statistically significant improved 

survival in patients with CPPs (p = 0.02).

One possible reason for the improved survival rates in patients with CPCs in this series as 

opposed to prior studies is the fact that 71% of patients underwent GTR. We found that after 

multivariate analysis examining for independent predictors of tumor recurrence, subtotal 

resection was associated with a greater than 10-fold risk of recurrence (p = 0.01). 

Additionally, a diagnosis of CPC was associated with a greater than 20-fold increased risk of 

recurrence (p = 0.003). Therefore, GTR, especially of CPCs, is likely pivotal in preventing 

recurrence and prolonging survival. While it appears that GTR of CPPs was critical for local 

disease control, there was no statistical difference in survival at 5 years between patients 

who had undergone a GTR and those who had undergone subtotal resection (p = 0.68). 
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These survival rates are favorable when compared with those reported in the literature. In 

1998, Pencalet and colleagues25 examined 38 consecutive CPTs resected at Hôpital 

Universitaire Necker-Enfants malades, Paris, and found 5-year survival rates of 100% and 

40% for patients with CPPs and CPCs, respectively. McEvoy et al.21 reported their 20-year 

experience with treating CPTs and observed a 5-year survival rates of 100% for patients with 

CPPs and 11% for those with CPCs.

Choroid plexus papillomas are relatively benign lesions; as such, complete excision is 

curative in most cases. The situation is different for CPCs, which are malignant lesions with 

a high propensity for recurrence. While GTR has been demonstrated to have a favorable 

impact on survival in this cohort, GTR for CPCs is achieved only in a few cases described in 

the literature (< 50%).3–5,7,13,15,16 The role of adjuvant therapy, particularly after GTR, 

remains unclear. Fitzpatrick et al.8 reported that radiotherapy, alone or in combination with 

chemotherapy, offered a survival advantage after subtotal resection. Several other studies 

have corroborated these findings.1,19 Nevertheless, Wolff at al.29 reported a poor response to 

chemotherapy in 8 of 22 patients with carcinomas. Radiotherapy can be effective against 

recurrence in older children, although it has limited utility in the majority of cases because 

of the young age of the patients and the size of the field to be irradiated.5 In our series, there 

was no statistically significant difference in recurrence (p = 0.40) and/or survival (p = 0.60) 

between patients who received radiation therapy, alone or in combination with 

chemotherapy, and those who did not. Although several studies have reported that radiation 

therapy and chemotherapy prolonged survival and improved outcomes, we were unable to 

corroborate such findings in this series.

One of the challenges in treating patients with CPTs is histological classification. Choroid 

plexus tumors are graded from I to III as follows: papilloma (WHO Grade I), atypical 

papilloma (WHO Grade II), and carcinoma (WHO Grade III). The defining features of 

malignancy include increased mitotic activity, brain invasion, necrosis, and hypercellularity. 

However, even Grade I lesions can exhibit some level of mitotic activity and degeneration, 

which are typical of CPCs. In fact, there are reports of the pathological grade being altered 

when samples are sent to a centralized reference center.3 All samples in this manuscript were 

reviewed by a certified neuropathologist, but regardless, a possible drawback to a single-

center study is that there could be an institutional bias toward grading these tumors that may 

impact our conclusions.

The limitations inherent in our study have implications for its interpretation. First, the rarity 

of CPTs makes them extremely challenging to study. Despite having one of the largest series 

of patients with CPTs in the literature, our study is inherently limited in its power because it 

comprises only 38 patients. In particular, the role of adjuvant therapy in the treatment of 

CPTs remains an extremely important unanswered question. Additionally, caution must be 

used in inferring direct causal relationships given the retrospective nature of the study 

design. Furthermore, these results are limited to a single institution, making the results 

challenging to generalize. Despite these limitations, the current study demonstrates that 

resection for CPPs is usually curative, and maximum resection offers the best chance for 

long-term survival in patients with CPCs.
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Conclusions

Our study demonstrates that patients with CPCs are more likely to experience local 

recurrence and metastasis; hence, GTR is pivotal in preventing recurrence and prolonging 

survival in this patient group. While GTR was important for local control after resection of 

CPPs, it had minimal effect in prolonging survival in this patient cohort.

Abbreviations used in this paper

CPA cerebellopontine angle

CPC choroid plexus carcinoma

CPP choroid plexus papilloma

CPT choroid plexus tumor

GTR gross-total resection

IQR interquartile range

VP ventriculoperitoneal shunt
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Fig. 1. 
Preoperative axial (left) and coronal (right) contrast-enhanced T1-weighted MRI studies 

showing a typical CPP arising in the posterior horn of the left lateral ventricle.
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Fig. 2. 
Magnetic resonance images obtained in a 4-year-old girl, showing a representative CPC. A: 
Preoperative axial T1-weighted image demonstrating a CPC in the posterior horn of the left 

lateral ventricle. B: Postoperative axial T1-weighted image. C: Preoperative sagittal T1-

weighted image showing a large carcinoma in the lateral ventricle. D: Complete excision 

was achieved. Postoperatively, the patient did not require VP shunt placement.
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Fig. 3. 
Representative sagittal (left) and axial (right) T1-weighted contrast-enhanced MRI studies 

of a CPP arising in the fourth ventricle.
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Fig. 4. 
Estimated Kaplan-Meier plot depicting survival after resection of CPPs and CPCs. Only 

patients with observation times > 0 were included. The median and IQR long-term follow-up 

of patients with CPPs was 21 months (IQR 4.5–104 months), while the median long-term 

follow-up of patients with CPCs was 71 months (IQR 40–117 months). Five- and 10-year 

survival for patients with CPPs was 100% compared with a 5-year survival of 71% for those 

with CPCs (5 of 7). The difference in survival for patients with CPPs versus CPCs was 

statistically significant (p < 0.01, log-rank test).
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TABLE 1

Preoperative characteristics and initial presenting symptoms of 38 patients who underwent resection of 

pathologically proven CPTs

Cohort

Demographic CPP (n = 31) CPC (n = 7) Combined (n = 38) p Value

male patients
* 11 (35) 4 (57) 15 (39) 0.35

age at presentation (yrs) 0.04

    median 5 1.83 3.54

    IQR 0.5–19.75 0.95–6.64 0.5–3.41

mean duration of symptoms (mos) 10.39 ± 17.58 2.25 ± 0.95 8.80 ± 16.17 0.04

age at op (yrs) 0.01

    median 10.41 3.16 7.5

    IQR 0.79–25.47 1.75–6.95 0.91–6.41

*
Presented as the number (%).
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TABLE 2

Preoperative characteristics and initial presenting symptoms of 38 patients who underwent resection of 

pathologically proven CPTs
*

% Cohort

Presenting Symptoms CPP CPC Combined p Value

increased ICP 6.45 14.28 7.89 0.91

enlarged head size/fontanels 22.58 14.28 21.05 0.27

papilledema 9.67 14.28 10.52 0.80

confusion 0.00 14.28 2.63 0.35

irritability 9.67 14.28 10.52 0.80

lethargy 16.12 14.28 15.78 0.44

headaches 25.80 57.14 31.57 0.82

nausea/vomiting 16.12 71.42 26.31 0.12

hemiparesis 6.45 0.00 5.26 0.10

visual field defect 22.58 28.57 23.68 0.60

seizure 16.12 0.00 13.15 0.06

ataxia 16.10 14.30 15.78 0.44

CN palsy 3.22 0.00 2.63 0.16

hydrocephalus 35.48 28.57 34.12 0.30

developmental delay 16.12 0.00 13.15 0.06

problems feeding 9.67 0.00 7.89 0.08

*
Some patients had multiple symptoms. Abbreviations: CN = cranial nerve; ICP = intracranial pressure.
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TABLE 3

Locations of the CPTs
*

% Cohort

Location CPP CPC Combined p Value

rt lat ventricle 25.80 28.57 26.13 0.89

It lat ventricle 29.03 71.42 36.84 0.06

3rd ventricle 9.68 0.00 7.89 0.08

4th ventricle 35.48 0.00 28.94 3e-04

CPA 3.22 0.00 2.63 0.32

other
† rt frontal lobe, lumbosacral spine rt & lt frontal lobe, lt temporal & occipital lobe, thalamus

*
Most CPPs and CPCs were located in the supratentorial compartment. Approximately one-third were in the fourth ventricle and 1 was in the CPA.

†
In the CPP cohort, one patient had metastatic seeding to the lumbosacral spine. In the CPC cohort, lesions were located in the left 

temporooccipital region in one case, and they involved the thalamus with caudal migration into the quadrigeminal cistern in another case.
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TABLE 4

Postoperative complications after resection of CPTs
*

No. of Patients (%)

Complication CPP CPC Combined Cohort p Value

vision change 5 (16.0) 0 5 (13.00) 0.02

seizure 4 (12.9) 0 4 (10.53) 0.04

wound infection 1 (3.22) 0 1 (2.63) 0.32

surgical site hematoma 0 0 0 0.00

DVT 0 0 0 0.00

PE 1 (3.22) 0 1 (2.63) 0.33

*
The incidence of complications appeared to be higher in the CPP cohort than in the CPC cohort. Abbreviations: DVT = deep venous thrombosis; 

PE = pulmonary embolism.
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