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Abstract
Introduction We present a consecutive case series and a systematic review of surgically treated pediatric PCs. We hypothesized
that the symptomatic PC is a progressive disease with hydrocephalus at its last stage. We also propose that PC microsurgery is
associated with better postoperative outcomes compared to other treatments.
Methods The systematic review was conducted in PubMed and Scopus. No clinical study on pediatric PC patients was available. We
performed a comprehensive evaluation of the available individual patient data of 43 (22 case reports and 21 observational series) articles.
Results The review included 109 patients (72% females). Ten-year-old or younger patients harbored smaller PC sizes compared
to older patients (p < 0.01). The pediatric PCs operated on appeared to represent a progressive disease, which started with
unspecific symptoms with a mean cyst diameter of 14.5 mm, and progressed to visual impairment with a mean cyst diameter of
17.8 mm, and hydrocephalus with a mean cyst diameter of 23.5 mm in the final stages of disease (p < 0.001). Additionally, 96%
of patients saw an improvement in their symptoms or became asymptomatic after surgery. PC microsurgery linked with superior
gross total resection compared to endoscopic and stereotactic procedures (p < 0.001).
Conclusions Surgically treated pediatric PCs appear to behave as a progressive disease, which starts with cyst diameters of
approximately 15 mm and develops with acute or progressive hydrocephalus at the final stage. PC microneurosurgery appears to
be associated with a more complete surgical resection compared to other procedures.
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Introduction

The prevalence of benign pineal cysts (PCs) ranges between
0.6 and 23% in the general population [1–7], and is as high as
40% in autoptic series [8]. This large range in reported prev-
alence is explained by the different types of MRI machine

used for the respective studies, the different methods used in
defining PC size, and the various types of design and popula-
tion studies [1–7, 9]. One large study on children and young
people in particular showed a PC prevalence of 2% in people
under 25 years of age [2]. PCs in the general population are
mostly considered normal anatomical variations and the
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parameters to define pathological PCs in need of treatment are
currently unestablished [10–21].

Pediatric patients harbor different physiological,
anesthesiological, and neurosurgical features as compared to
adult patients. As such, surgically treated pediatric PCs may
represent a different and unique entity in clinical practice,
which has not previously been properly investigated. Only a
few large series on surgically treated PCs have been published
in recent years [10–22], and no clinical study on surgically
treated PCs in pediatric patients has been reported thus far. In
2013, a review on surgically treated PCs in children was per-
formed. However, the study included only 30 patients collect-
ed from small case series [23].

Details on the natural history, clinical features, and surgical
outcomes of pediatric pineal cysts are unknown. We present a
consecutive case series and a systematic review of surgically
treated pediatric PCs. We hypothesized that the symptomatic
PC is a progressive disease with hydrocephalus at its final
stage. We also propose that PC microsurgery is associated
with better postoperative outcomes compared to other treat-
ments in pediatric patients.

Material and methods

Population study and design

We report a summary of the retrospective evaluation of the
histologically confirmed pediatric PC patients operated on in
the Department of Neurosurgery, Helsinki University
Hospital between 1997 and 2015. The research methodology
used for this purpose was previously presented [22]. The sys-
tematic review of all surgically treated pediatric PC patients
followed PRISMA guidelines. The American Academy of
Pediatrics stablished the upper age limit for pediatric patients
as 21 years, strongly discouraging the use of arbitrarily de-
fined age limits [24, 25].

Data analysis

In 2016, we registered the “Systematic review and meta-
analysis of the clinical outcome following different surgical
modalities for the treatment of benign pineal cysts” in
PROSPERO (registration number, CRD42016048317).
Here, based on the literature search for that review, we con-
ducted a systematic review of all surgically treated pineal
cysts in patients with ages ranging from 0 to 21 years old.
The literature search was conducted using PubMed (search:
pineal cyst OR glial cyst OR pineal cysts OR pineal gland
cyst) and Scopus [search: (pineal cyst) OR (glial cyst) OR
(pineal cysts) OR (pineal gland cyst)] databases in
November 2019 (Fig. 1). All available original languages
were included in the review. Three independent authors

performed the comprehensive search of the literature and the
data extraction for the study characteristics table.
Discrepancies were solved by consensus. Based on a prelim-
inary evaluation of the literature, it was evident that the value
of the meta-analysis could be limited due to the wide range of
different outcomes that were documented in the few published
studies. Subsequently, we provided a narrative synthesis of
the findings from the included studies. Since no clinical study
on operated pediatric PCs was available, we performed an
individual data analysis of all reported patients. A plan for
the use of quality assessment tools was outlined beforehand.

Statistical methods

We performed a descriptive analysis of the study population.
For the study of the natural history of the disease, the preop-
erative presentation of the PCs was categorized into the fol-
lowing groups in correspondence with the PCs’ diameters as
proposed in our previous publication [22]: (1) PC patients
with hydrocephalus; (2) PC patients with visual symptoms;
(3) PC patients with disabling symptoms unrelated with hy-
drocephalus and tectum compression. The difference between
the major PC diameters of the groups was analyzed by the
non-parametric Kruskal-Wallis test, and the difference of the
PC diameters between each group by the Mann-Whitney U
test. Besides the individual data analysis, we compared the
postoperative outcomes in terms of the extent of surgical re-
section, immediate neurological complications among the dif-
ferent surgical modalities: (a) microsurgery, (b) endoscopic
approach, (c) stereotactic procedures. For this, the chi-square
test was used. We avoid comparing the final clinical status
among the surgical modalities for the existing risk of selection
bias.

R studio was used for the statistical analysis. Only available
data was analyzed, and missing data was not extrapolated. p
value was set at 0.05 for significance.

Bibliography details

Pediatric patients were retrieved from 43 studies: 22 case
reports and 21 retrospective observational series of cases or
small cohorts, published between 1947 and 2019 (attached
as a supplementary material). Individual participant data
was collected to organize the study characteristics table.
Original languages of publications included Czech,
German, and Japanese for one article each, Spanish in
two publications, and English for the remainder [14, 15,
20–23, 26–62].

Of 37 non-selective surgical series with four or more his-
tologically confirmed pineal cysts, no single clinical study
focused on the surgical management of PCs in a pediatric
population. Some large series have mixed pediatric and adult
cases without selectively evaluating the two subgroups.
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Results

Patient-related variables

We report 109 pediatric patients who were operated on (73%
female) with an average age of 14 ± 5.6 years (range 0.25–21).
A summary of the findings is provided in Table 1. Five patients
had unavailable information about their specific clinical pre-
sentation. Eighty-eight percent of the patients reported head-
ache; 39% visual compromise such as blurred vision, diplopia,
ptosis, disorders on the eye movements, and Parinaud’s syn-
drome; 32% nausea; and 25% vomiting. Various other symp-
toms were reported in 42% of patients: 6% reported syncope,
4% ataxia, 4% impaired concentration, 4% sensory disorders,
4% vertigo, 3% sleep disorders, 3% malaise, 3% weakness,

2% memory deficit, 2% dizziness, 2% dysarthria, 2% tremor,
1% photophobia, 1% facial weakness, 1% hearing impairment,
1% lethargy, 1% hyperprolactinemia, 1% panic attacks, 1%
psychological depression, and 1% gait impairment. Two pa-
tients were incidental findings after MRI imaging for scoliosis
and eye scleritis. Other uncommon manifestations included
seizures in 3% of the patients, psychomotor retardation in
2%, trigeminal sensitivity disorder in 1%, precocious puberty
in 1%, and West syndrome in 1% of the study population.

In regard to the surgical indications for PCs, 36% of pa-
tients had hydrocephalus, 39% presented visual symptoms,
and 39% suffered from disabling symptoms unrelated with
hydrocephalus and tectum compression. Moreover, the di-
mensions of the PC increased during the follow-up in 12 pa-
tients (11%) and a solid appearance was reported in 10% of

Fig. 1 Comprehensive search of
the literature and study selection
for the surgically treated pineal
cysts in pediatric population
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the PCs. However, many studies did not report the MRI de-
scriptions of the PCs in their cases. Details on the management
of 19 pediatric PC patients operated on at the Helsinki
University Hospital are presented in Table 2.

Disease characteristics

The average PC diameter was 18.6 ± 7.7 mm (range 6–40). In
16 patients, the cyst size was not reported, and in 9 patients,
the reported size was nonspecific (smaller than 20 mm in
three, between 10 and 35 mm in four, and larger than
20 mm in two). The average PC size in 10-year-old or younger
patients [14.9 ± 6.3 (6–28) mm] was smaller compared to pa-
tients older than 10 years [19.8 ± 7.8 (9–40) mm] (Mann-
Whitney U test, p < 0.01) (Fig. 2). The PC size did not differ

statistically between males and females (Fig. 3). The analysis
on the reported PC sizes and preoperative clinical presentation
of the patients resulted in the following findings: (1) the aver-
age diameter of PCs associated with hydrocephalus was 23.5
± 8.1 mm (range 6–40); (2) the average diameter of PCs asso-
ciated with visual symptoms was 21 ± 7.7 mm (range 10–40);
(3) the average diameter of PCs associated with visual symp-
toms without hydrocephalus was 17.4 ± 6.3 mm (range 10–
35); (4) the average diameter of all PCs unrelated to hydro-
cephalus and tectum compression was 14.5 ± 4.3 mm (range
6–28); (5) the difference in PC dimensions between these
subgroups of PC patients was statistically significant
(Kruskal-Wallis, p < 0.001) (Table 3) (Fig. 4). Moreover, un-
der paired analysis PCs with hydrocephalus had statistically
different cyst sizes compared to PCs with tectum compression

Table 1 Characteristics of the surgically treated pediatric pineal cysts published in PubMed and Scopus between 1947 and 2019

All N, 109 � 10 year old N, 27 > 10 year old N, 82 p value N

Mean age (years) 14 ± 5.6 (0.25–21) 5.8 ± 3.2 (0.25–10) 16.7 ± 3 (11–21) . 109
Sex: females 79 (73.8%) 16 (59.3%) 63 (78.8%) 0.074 107
Hydrocephalus 37 (35.6%) 7 (25.9%) 30 (39%) 0.252 104
Tectum compression 41 (39.1%) 7 (25.9%) 34 (43.6%) 0.116 105
PC growth in the FU 12 (11%) 2 (7.4%) 10 (12.2%) 0.726 109
PC with unspecific symptoms 42 (39.3%) 15 (55.6%) 27 (33.8%) 0.067 107
PC diameter in mm. 18.6 ± 7.7 (6–40) 14.9 ± 6.3 (6–28) 19.8 ± 7.8 (9–40) 0.006 84
Surgical approach 0.141 99
SCIT 70 (70.7%) 16 (66.7%) 54 (72%)
OTT 10 (10.1%) 3 (12.5%) 7 (9.3%)
Transventricular approach 2 (2%) 2 (8.3%) 0
Endoscopic procedure 11 (11.1%) 2 (8.3%) 9 (12%)
Stereotactic procedure 6 (6.1%) 1 (4.2%) 5 (6.7%)
Extent of resection 0.292 92
GTR 72 (78.3%) 16 (76.2%) 56 (78.9%)
STR 8 (8.7%) 4 (19.1%) 4 (5.6%)
PR 2 (2.2%) 0 2 (2.8%)
Fenestration/biopsy 9 (9.8%) 1 (4.8%) 8 (11.3%)
Third ventriculostomy 1 (1.1%) 0 1 (1.4%)
Postoperative impairment 0.448 101
None 86 (85.2%) 22 (95.7%) 64 (82.1%)
Transient visual complications 13 (12.9%) 1 (4.4%) 12 (15.4%)
Long-lasting impairment 1 (1%) 0 1 (1.3%)
Dead 1 (1%) 0 1 (1.3%)
Minimal follow-up in months 16.8 ± 26 (0–122) 13.6 ± 12.5 (0.25–42) 17.6 ± 28.2 (0–122) 0.6 96
Final status 0.291 101
Asymptomatic 81 (80.2%) 18 (78.3%) 63 (80.8%)
Improvement 16 (15.8%) 3 (13%) 13 (16.7%)
No improvement 3 (3%) 2 (8.7%) 1 (1.3%)
Dead 1 (1%) 0 1 (1.3%)

GTR, gross total resection; FU, follow-up; OTT, occipital transtentorial approach (3 patients reported as suboccipital approach); PC, pineal cyst; PR,
partial resection; SCIT, supracerebellar infratentorial approach; STR, subtotal resection
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without hydrocephalus (Mann-Whitney U test, p < 0.01). The
PC size of patients with psychomotor retardation, West syn-
drome, and one incidental finding were mostly unavailable.
The other incidentally found PC increased in size during the
follow-up from 20 to 24 mm.

Within the study population, 14% (11 PCs) of females
and 4% (1 PC) of males harbored cysts that increased in
size during the follow-up period (p > 0.05) [23, 40, 41, 52,
53, 56, 58]. Additionally, most of these patients were

10 years old or older (p > 0.05). The average PC diameters
were 15 ± 5.9 mm (range 6–27) in the initial preoperative
MRI and 17.6 ± 3.9 mm (range 13–24) at the last preoper-
ative evaluation. The average time between the initial ob-
servation and the date of surgery in this group of patients
was 3.3 ± 2.8 years (range 0–7). The shortest recorded time
of PC growth was over 5 days following re-apoplexy. The
reasons for progressive PC growth remained unknown for
the rest of the patients.

Fig. 2 Pineal cysts diameters
across the age groups controlled
by gender

Table 2 Characteristics of 19
pediatric PC patients in Helsinki
University Hospital. For ordinal
data: mean ± SD (min–max)

Age, females (%) 14.6 ± 4.9 (4–20), 17 (90%)
Clinical presentation Incidental finding (1), headache (15), visual and oculomotor

disfunctions (5), nausea and vomiting (6), psychiatric symptoms (2),
sensory disorders (2), memory problem (1)

Preoperative mRS (patients) 0 (1), 1 (2), 2 (11), 3 (4), nai (1)
PC size in mm Length 19.6 ± 5.5 (13–33.5); high 12.5 ± 3.9 (6–23); wide 15.7 ± 3.7

(9–21)
Surgical criteria Solid tumor suspicion (8), hydrocephalus (7), cyst growth (5), visual

disfunction by tectum compression (5), large cysts with minor
symptoms (3), suspected fluctuant hydrocephalus (1)

Surgical treatment Complete microsurgical resection by the supracerebellar infratentorial
approach in all cases

Postoperative complications for
medical treatment (events)

CSF leak (3), bacterial meningitis (3), small minimally symptomatic
bleeding in the operative site (1)

Immediate mRS (patients) 0 (8), 1 (8), 2 (2), 3 (1)
Long-term mRS (patients) 0 (19)
CCOS total (patients) 15 (7), 16 (12)

CCOS, Chicago Chiari outcome scale; mRS, modified Rankin scale; MRI, magnetic resonance imaging; nai, non-
available information; PC, pineal cyst; SD, standard deviation
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