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Abstract
Purpose Diagnosis of childhood brain tumors is delayedmore
than diagnosis of other pediatric cancers. However, the con-
tribution of the most common pediatric brain tumors,
lowgrade gliomas (LGG), to this delay has never been
investigated.
Methods We retrospectively reviewed cases of childhood
LGG diagnosed from January 1995 through December
2005 at our institution. The pre-diagnosis symptom interval
(PSI) was conservatively calculated, and its association with
race, sex, age, tumor site, tumor grade, and outcome measures
(survival, disease progression, shunt use, seizures, extent of

resection) was analyzed. Cases of neurofibromatosis type 1
were reported separately.
Results The 258 children had a median follow-up of
11.1 years, and 226 (88 %) remained alive. Greater pre-
diagnosis symptom interval (PSI) was significantly associated
with grade I (vs. grade II) tumors (p=0.03) and age >10 years
at diagnosis (p=0.03). Half of the 16 spinal tumors had a PSI>
6 months. PSI was significantly associated with progression
(p=0.02) in grade I tumors (n=195) and in grade I tumors
outside the posterior fossa (n=134, p=0.03). Among children
with grade I tumors, median PSI was longer in those who had
seizures (10.3 months) than in those who did not (2.5 months)
(p=0.09).
Conclusions Delayed diagnosis of childhood LGG allows tu-
mor progression. To reduce time to diagnosis, medical curric-
ula should emphasize inclusion of LGG in the differential
diagnosis of CNS neoplasm.

Keywords Low grade glioma . Delayed diagnosis and brain
tumors .Glioma . Pediatric brain tumors .Delayed diagnosis .

Seizure . Residual tumor . Progressive disease

Introduction

Many researchers have attempted to discover why brain tu-
mors remain undetected [13] for much longer than other pe-
diatric neoplasms [14, 32, 37]. Together, available reports
identify ten important factors in this delayed diagnosis: (1)
deficient history and physical examination [6, 20, 47]; (2) a
focus on the triad of headache, vomiting, and papilledema,
which are often absent in low-grade glioma (LGG) [13]; (3)
inattention to common symptoms and signs such as oculo-
visual difficulties [10–12, 14, 17, 20, 42, 47] or behavioral
and school problems [6, 11, 13, 18, 30]; (4) disregard of less
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common symptoms such as seizures [16, 30, 47], torticollis
[11, 14, 17, 48], diabetes insipidus [20, 28], growth problems
[20, 42, 47], scoliosis [39, 49], and longstanding back pain
[39]; (5) neglect of headaches with high-risk features such as
long duration, accompanying symptoms, and changing char-
acteristics [6, 8, 20, 25, 29, 41, 47]; (6) disregard of parental
reports of their children’s signs and symptoms [10–13, 24,
30]; (7) children’s ability to compensate for even the most
severe deficits [11, 46]; (8) inattention to longstanding relaps-
ing and remitting symptoms [30, 38, 39, 47]; (9) pursuit of
more familiar diagnoses, such as migraine, gastroenteritis, or
psychiatric disorders, that may not even fit the clinical picture
[13, 25, 30, 40, 47]; and (10) the adolescent age group, which
may have less access to health care than younger children, be
affected by pubertal changes, provide a poor history, and/or
have limited interaction with parents [10, 23, 24, 32].

Most childhood brain tumors are LGGs [34], whose ana-
tomic site and slow growth may implicate many of the factors
described above. Reasoning that the diagnosis of brain tu-
mors, in general, may be expedited by addressing delayed
diagnosis of LGG, we investigated the relation of the pre-
diagnosis symptom interval (PSI) to clinical features and out-
come measures in cases of childhood LGG treated at our
institution.

Methods

Patients

All patients diagnosed with LGG between January 20, 1995,
through December 28, 2005, were eligible for this retrospec-
tive study. Histologic diagnosis of LGG was confirmed by
review of pathology reports. For tumors not biopsied, such
as optic pathway and tectal tumors, imaging and clinical re-
ports were reviewed. LGG was defined according to the 2007
World Health Organization’s classification [26]. Patients with
neurofibromatosis type 1 (NF1) were excluded from statistical
comparisons of time to diagnosis, as many received routine
surveillance imaging for brain tumors. The data on NF1 pa-
tients is presented separately.

Data collection

From each patient’s medical record, we obtained the birth
date, sex, race, description of symptoms, duration of symp-
toms, presence of NF1, initial magnetic resonance imaging or
computerized tomography (MRI/CT) report, initial pathologic
diagnosis, tumor site, date of surgery, extent of surgical resec-
tion, ventriculoperitoneal (VP) shunt placement, chemothera-
py and/or radiation therapy (RT), progressive disease (PD)
(yes/no), and clinical status at last follow-up. The Institutional
Review Board of St. Jude Children’s Research Hospital

approved the study and waived the requirement for informed
consent.

Duration of symptoms

As symptoms and signs were quite varied, they were grouped
into general categories (Table 1). Symptom duration was
based on the patient’s or family’s report in the initial history.
If a specific date of symptom onset was not reported, the most
conservative date of onset was used. For example, if only the
month was given, the last day of the month was used as the
date of onset. If the patient used a term like Bsummer,^
Bwinter,^ Bfall,^ or Bspring,^ the last day of August, February,
November, or April, respectively, was used. If a patient pro-
vided only a year, then December 31 of that year was used as
the symptom start date. The date of diagnosis was defined as
the date of the first CTor MRI report after initial presentation.
Therefore, the pre-diagnosis symptom interval (PSI) was the
period from symptom onset to the first imaging report. In the
case of multiple symptoms, the patient’s longest PSI was used
in analysis.

Tumor site

Tumor sites comprised five categories: spine, posterior fossa,
brainstem, midline and/or optic pathway, and cerebrum. If a
tumor involved several locations, the tumor origin from the
imaging report was used.

Gross total resection

Tumors were categorized according to extent of resection.
Gross total resection (GTR) was defined by the absence of
residual tumor as noted on the postoperative MRI, CT scan,
or surgical report, within the first 3 months after diagnosis.
Sub-total resection was defined as the remainder of any tumor
postoperatively.

Statistical analysis

As this was an exploratory study, we investigated the duration
of symptoms (PSI) as both a continuous variable and a cate-
gorical variable (using cut points of 3, 6, and 12 months).
Fisher’s exact test and the chi-square test were used to com-
pare categorical variables. The exact Wilcoxon rank-sum test
and the Kruskal-Wallis test were used to compare PSI as a
continuous variable. Survival was defined as the interval from
the date of diagnosis to the date of death or last contact. Sur-
vival distributions were estimated by the method of Kaplan
and Meier; the log-rank test was used to compare survival
distributions according to PSI (<6 vs. ≥6 months). As we did
not have exact dates of tumor progression, we examined the
association between PSI and PD by categorical methods
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(Fisher’s exact test). No adjustment was made for multiple
comparisons in this exploratory study. P values were two-
sided and were considered to indicate a statistically significant
difference if less than 0.05.

Results

Patient characteristics

Two hundred and eighty-six (286) patients were diagnosed
with LGG between January 20, 1995, and December 28,
2005. Twenty-six of these patients had a diagnosis of NF1
and were excluded from statistical analyses. Of the 260 re-
maining patients, two who presented only for consultation
were excluded. Thus, 258 patients were included in compari-
sons. Table 2 shows the characteristics of these patients; 51 %
were male (n=131) and the majority were White (n=201;
78 %). Only six patients had metastatic disease at diagnosis.

Treatment, follow-up, and outcome

All but 9 of the 258 patients had some type of surgery, and 75
(29 %) had a GTR. Eighty-four patients (33 %) received che-
motherapy, and 111 (43 %) received RT. Eighty-one patients
required a VP shunt. Of the 258 patients, 226 (88 %) were
alive at the time of analysis, with a median follow-up of
11.1 years from diagnosis. Ninety-eight patients (38 %) had
PD.

Characterization of symptoms and signs

Symptoms and signs were distributed within the categories
shown in Table 1. The median number of signs/symptoms
observed per patient was 2 (range, 1–5). The total number of
symptoms was 546. The most commonly observed symptoms
were headache (37 % of patients), ocular-visual symptoms
(25 %), vomiting (18 %), seizure (15 %), gait disturbance
(15 %), nausea (14 %), and motor deficits (11 %). Note that
our categories reflected the symptoms as reported; thus, some

Table 1 Summary of symptoms reported

Symptom category No. of times symptom
reported

Percent of symptom reports
(total=546) (%)

No. of patients Percent of patients
(total=258) (%)

Median PSI (months)
(range)

Headache 98 17.9 95 36.8 1.5 (0–72.1)

Oculovisual 75 13.7 64 24.8 2.0 (0–58.7)

Vomiting 46 8.4 46 17.8 1.5 (0–34.9)

Seizure 39 7.1 39 15.1 1.1 (0–128.6)

Gait disturbance 42 7.7 38 14.7 1.4 (0–29.1)

Nausea 35 6.4 35 13.6 1.0 (0–24.0)

Motor disturbance 40 7.3 29 11.2 0.8 (0–36.0)

Musculoskeletal 26 4.8 24 9.3 2.0 (0–131.1)

Constitutional 23 4.2 22 8.5 0.5 (0–49.5)

Personality and behavior 21 3.8 17 6.6 2.3 (0–46.1)

Miscellaneousa 20 3.7 19 7.4 5.5 (0.1–58.8)

Sensory 13 2.4 13 5.0 1.6 (0–42.1)

Tremor 12 2.2 11 4.3 0.6 (0–47.6)

Facial symptoms 11 2.0 11 4.3 1.1 (0.1–11.2)

Gastrointestinal 11 2.0 11 4.3 1.9 (0–49.5)

Incidentalb 11 2.0 10 3.9 0.1 (0–19.0)

Developmental regression 7 1.3 6 2.3 13.0 (0.5–17.6)

Sleep disturbance 7 1.3 6 2.3 6.0 (0–42.1)

Precocious puberty 4 0.7 4 1.6 4.4 (0.6–99.4)

Speech 3 0.5 3 1.2 1.0 (0–8.0)

Hearing loss 1 0.2 1 0.4 0.6

School problems 1 0.2 1 0.4 12.0

PSI pre-diagnosis symptom interval, R right, L left
a Asthma, drooling, hyperreflexia, R hand fisting, loss of consciousness, lymphangioma of L cheek, macrocephaly, muscle spasm, pain due to shingles,
problem making a fist, sacral dimple, and blue skin color
b Bumped head, facial trauma, fell off scooter, head trauma, injury to L leg, L hemiatrophy from fall, and motor vehicle accident
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(e.g., Bnausea,^ Bvomiting,^ and Bnausea and vomiting^)
overlap.

Duration of symptoms

The last column in Table 1 shows the median PSI in each
symptom category. Symptom duration was less than 3 months
in most patients (147/258; 57 %), less than 6 months in ap-
proximately 70 % of patients (183/258), and less than
12 months in 80 % (205/258). The median duration of symp-
toms in all patients was 2.1 months (range, 0–131.1 months).
Twenty-eight patients had a PSI greater than 2 years and are
characterized in Table 3. In this group, 11 patients (39 %) had
PD, 6 (21%) had seizures, 9 (32%) required a VP shunt, and 9
(32 %) had GTR.

Factors associated with PSI

We found no significant association between delayed diagno-
sis and race (White vs. Black) or sex (Table 4). Patients with
grade I tumors had a significantly longer median duration of
symptoms than patients with grade II tumors (median, 2.6 vs.
1.3 months, p=0.03) (Table 4).

PSI was marginally related to primary tumor location
when categorized as <6 vs. ≥6 months (p=0.06) (Table 4).
Patients with spinal tumors had the longest PSI (median,
6.0 months). Of the 16 patients with spinal primary tu-
mors in our cohort, 50 % had symptoms lasting at least
6 months (Table 4) and 31 % had symptoms lasting at
least 12 months.

Older age at diagnosis (<3 vs. 3–6 vs. >6 years) was
significantly associated with longer PSI (both <6 vs.
≥6 months and <12 vs. ≥12 months (data not shown; p=
0.02 and p=0.03, respectively). The median duration of
symptoms was 4.1 months (range, 0–131.1 months) for
patients older than 10 years at diagnosis vs. 1.9 months
(range, 0–58.8 months) for patients 10 years and younger
(p=0.03) (Table 4).

We did not find the duration of symptoms to be significant-
ly associated with the presence of GTR or seizures (Table 4).
Further, PSI greater than vs. less than 3 months was not found
to be associated with survival (p=0.64), nor was PSI greater
than vs. less than 6 months (p=0.20) or 12 months (p=0.33).
Duration of symptoms as a continuous variable also showed
no association with survival (p=0.37). Thirty-two of the 258
patients in the study cohort (12.4 %) had died at the time of
analysis. Five of the patients who died (16 %) had a PSI
greater than 12 months (12.0, 18.1, 24.0, 27.8, and
47.6 months). GTR had been achieved in only 4 (12 %) of
the 32 patients who died.

Relation of delayed diagnosis to clinical characteristics,
according to tumor grade

In the subset of patients with grade I tumors (n=195), the
median PSI was 3.9 months in patients who had PD,
compared to 1.7 months in those who did not (p=0.02)
(Table 5). However, there was no evidence that PSI was
significantly associated with survival in patients with
grade I tumors (p=0.48), among whom 20 deaths oc-
curred. Patients with seizures had a substantially longer
median PSI (10.3 months) than did other patients
(2.5 months) (p=0.09). Patients in whom GTR could not
be achieved also had a longer median PSI than did others
(3.0 vs. 1.7 months), but this finding was not statistically
significant, nor was PSI significantly related to shunt use
(p=0.28). We further subdivided patients with grade I
tumors by tumor site. Of the 61 patients with grade I
posterior fossa tumors, only 2 died. Within this subset of
patients, the median PSI was longer in patients who had
PD (13.0 months) than in those who did not (2.7 months,
p=0.10). Again, we observed longer, although nonsignif-
icant, median PSI in patients with less than GTR and in
patients with seizures (p=0.22 and p=0.20, respectively).
Of the 134 patients with grade I tumors outside the pos-
terior fossa, 18 died. In this subset of patients, the median

Table 2 Patient characteristics (n=258)

Number Percentage

Sex

Male 131 50.8

Female 127 49.2

Race

White 201 77.9

Black 42 16.3

Multiple races 1 0.4

Other 11 4.3

Unknown 3 1.2

Age at diagnosis (years)

Median 7.1 NA

Range 0.1–20.7

Tumor site

Brain stem 28 10.9

Cerebrum 59 22.9

Midline/optic pathway 87 33.7

Posterior fossa 68 26.4

Spine 16 6.2

Tumor grade

I 195 75.06

II 63 24.4

Metastatic disease at diagnosis

Yes 6 2.3

NA not applicable
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PSI was significantly longer in those who had PD (3.7 vs.
1.3 months, p=0.03), and we observed a longer median
PSI in patients with less than GTR and in patients with
seizures, although these differences were not statistically
significant (Table 6).

In the subset of patients with grade II tumors (n=63), 12
died; all 12 had tumors outside the posterior fossa. The only
significant association observed was between PD and PSI as a
categorical variable (<6 vs. ≥6 months); only 1 of 12 patients
with PSI ≥6 months had PD (8 %), compared to 23 of 51
patients with PSI <6 months (45 %) (p=0.02). No statistically
significant associations were observed between PSI and GTR,
seizures, shunt use, PD, or survival in this subset (data not
shown).

Patients with NF1

There were 26 patients with NF1; one (a consult patient) was
excluded. Of the 25 remaining NF1 cases, most were female
(14/25; 56 %) and White (24/25). Most patients (n=18) had
optic pathway tumors. The median age at diagnosis was
4.9 years (range, 0.3–16.4 years). All patients were alive at
the time of analysis, with a median follow-up of 10.2 years
from diagnosis. None of these patients had metastatic disease
at diagnosis. Seven of the 25 NF1 patients (28%) had no signs
or symptoms of LGG, as reported in NF1 surveillance. The
remaining 18 patients had a total of 32 symptoms (median, 2
per patient; range, 1–3). Five patients had symptoms lasting
more than 1 year.

Table 4 Relation of pre-diagnosis symptom interval (PSI) to clinical characteristics

Characteristics No. of patients PSI <6 months PSI ≥6 months p valuea Median PSI, months (range) p valueb

Sex

Female 127 91 36 (28 %) 0.89 2.0 (0–131.1) 0.56
Male 131 92 39 (30 %) 2.2 (0–128.6)

Race

White 201 142 59 (29 %) 0.85 1.8 (0–131.1) 0.65
Black 42 29 13 (31 %) 3.3 (0–58.7)

Tumor grade

I 195 132 63 (32 %) 0.06 2.6 (0–131.1) 0.03
II 63 51 12 (19 %) 1.3 (0–58.8)

Tumor site

Brain stem 28 20 8 (29 %) 0.06 2.6 (0–58.7) 0.19
Cerebral 59 46 13 (22 %) 1.4 (0–107.7)

Midline/optic 87 67 20 (23 %) 1.8 (0–99.4)

Posterior fossa 68 42 26 (38 %) 3.5 (0–128.6)

Spine 16 8 8 (50 %) 6.0 (0.1–131.1)

Extent of resection

<GTR 183 135 48 (26 %) 0.13 2.2 (0–131.1) 0.87
GTR 75 48 27 (36 %) 1.7 (0–128.6)

Age at diagnosis (years)

≤10 170 134 36 (21 %) <0.001 1.9 (0–58.8) 0.03
>10 88 49 39 (44 %) 4.1 (0–131.1)

Seizure

No 219 157 62 (28 %) 0.57 2.0 (0–131.1) 0.55
Yes 39 26 13 (33 %) 2.8 (0–128.6)

Shunt use

No 177 123 54 (31 %) 0.55 2.1 (0–131.1) 0.77
Yes 81 60 21 (26 %) 2.0 (0–72.1)

Tumor progression

No 160 114 46 (29 %) 0.89 1.6 (0–131.1) 0.07
Yes 98 69 29 (30 %) 2.9 (0–99.4)

Survival

Alive 226 158 68 (30 %) 0.196 2.0 (0–131.1) 0.37
Dead 32 25 7 (22 %) 2.9 (0.1–47.6)

a Fisher’s exact test or exact chi square test
b Exact Wilcoxon rank-sum test or exact Kruskal-Wallis test
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Discussion

To our knowledge, this is the first study to investigate the
impact of delayed diagnosis in children with LGG. We ob-
served that the PSI is significantly associated with lower tu-
mor grade, older age, and disease progression. Patients with
grade I tumors had a significantly longer median symptom
interval before diagnosis than did patients with grade II

tumors. Older patients tended to have a longer PSI than did
younger patients, and patients who experienced disease pro-
gression had a longer PSI than patients who did not (Table 4).
There was no evidence of significant association between PSI
and surgical resection (GTR), seizure, shunt use, or survival.
PSI was significantly associated with PD in the 195 children
with grade I tumors, including tumors outside the posterior
fossa.

There was no evidence that the PSI was significantly relat-
ed to negative outcomes other than PD, in all patients or in
patients with grade I tumors, including those outside the pos-
terior fossa. One explanation could be our conservative
criteria for defining the interval. For example, if a family or
patient could identify only the year when symptoms began,
the date of onset was recorded as the last day of that year,
regardless of the actual date; this protocol was intended to
ensure a judicious analysis but may have underestimated the
PSI of many patients. Further, small subsets of cases (e.g.,
those subdivided according to tumor grade) may have reduced
the statistical power of our comparisons. Another possibility is
that the PSI is not a significant factor in the outcome of LGGs
due to their insidious nature, such that a few months of delay
may not reduce the likelihood of survival.

Patients with LGG have an excellent survival rate in gen-
eral [5, 15]; therefore, factors that can affect their quality of
life warrant special attention. Many studies of pediatric LGG
have identified such factors, including seizures; shunt use; and
the effect of residual tumor on cognition, social skills, and
visual function [1–5, 7, 35, 50]. We believe that the low-
grade nature of LGGs is a strong argument for efforts to ex-
pedite diagnosis, as there may be a definable window of op-
portunity for GTR, reducing both the risk of progression and
the risk of a lower quality of life. In a study by Ater et al. of
274 children with LGG, residual tumor size and young age
were the only two factors significantly associated with disease
progression [5], which itself means more chemotherapy, more
surgery, and RT and the expected long-term sequelae of these
therapies. In adults with LGG diagnosed by imaging, patients
who had aggressive resection earlier in treatment fared better
than those who underwent only biopsy and close monitoring
by imaging [21]. If even patients who are followed closely
have inferior outcomes, it follows that outcomes are even
worse for most patients diagnosed later in the disease course.

Interestingly, several studies have identified delayed diag-
nosis as a good prognostic factor in childhood brain tumors
[16, 17, 19, 24]; this may be explained by their grouping of
aggressive tumors with LGGs. The impact of delayed diagno-
sis should be investigated separately in specific types of brain
tumors (e.g., medulloblastoma, high-grade gliomas,
ependymomas) rather than in all brain tumors together. Fur-
thermore, with the recent subgrouping of many brain tumors
[31, 45], we argue that each tumor subset should be investi-
gated independently with regard to the impact of delayed

Table 5 Relation of pre-diagnosis symptom interval to clinical
characteristics in 195 patients with grade I LGG

Median PSI (months),
(range) (no. patients)

p value

Extent of resection

<GTR 3.0 (0–131.1) (n=133) 0.26
GTR 1.7 (0–128.6) (n=62)

Seizures

No 2.5 (1–131.1) (n=183) 0.09
Yes 10.3 (0–128.6) (n=12)

Shunt use

No 2.8 (0–131.1) (n=130) 0.28
Yes 2.2 (0–72.1) (n=65)

Tumor progression

No 1.7 (0–131.1) (n=121) 0.02
Yes 3.9 (0–99.4) (n=74)

Survival

Alive 2.5 (0–131.1) (n=175) 0.48
Dead 3.5 (0.2–47.6) (n=20)

LGG low-grade glioma

Table 6 Relation of pre-diagnostic symptom interval to clinical
characteristics in 134 patients with grade I LGG outside the posterior
fossa

Characteristic Median duration of symptoms
(months), (range) (no. patients)

p value

Extent of resection

<GTR 2.6 (0–131.1) (n=112) 0.28
GTR 1.3 (0–107.7) (n=22)

Seizures

No 2.1 (0–131.1) (n=126) 0.23
Yes 8.4 (0–107.7) (n=8)

Shunt use

No 2.7 (0–131.1) (n=83) 0.30
Yes 2.0 (0–72.1) (n=51)

Tumor progression

No 1.3 (0–131.1) (n=73) 0.03
Yes 3.7 (0–99.4) (n=61)

Survival status

Alive 2.1 (0–131.1) (n=116) 0.58
Dead 3.5 (0.2–47.6) (n=18)

Outside the posterior fossa means midline, optic pathway, cerebral, spi-
nal, and brain stem tumors
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diagnosis. Halperin and colleagues concluded that a shorter PSI
does not reduce survival in medulloblastomas due to the ag-
gressive nature of these tumors [19]. Although some aggressive
brain tumors may progress so rapidly that PSI does not influ-
ence survival, this conclusion cannot be proved until the effect
of PSI is analyzed separately within each tumor subgroup.

Longer PSI was also associated with age greater than
10 years. In fact, 11 of the 17 patients (65%) with a PSI longer
than 3 years were more than 10 years old at diagnosis
(Table 3). Other investigators have reported similar observa-
tions [12, 14, 23, 24, 32]. Pollock et al. attributed this finding
to more regular physician visits and closer parental observa-
tion at a young age and perhaps less reliable self-reporting of
symptoms by adolescents [32]. Kieran and coworkers attrib-
uted it to the difficulty of differentiating true pathology from
adolescent behavior and growth changes and to the limited
access of many adolescents to health care [23]. Another factor
in the duration of PSI at all ages, but especially adolescence, is
a low level of suspicion and deficient history taking and phys-
ical examination. In fact, many studies have found that parents
are more likely than physicians to recognize that their child
has a problem [11, 13, 30]. In one study, only 41% of children
had a diagnosis of brain tumor within three visits to their
clinician, and 16 % required more than ten visits before diag-
nosis [30]. Another study found that 50 % of children
underwent invasive procedures for other medical conditions
before diagnosis of a brain tumor [12]. We have noted that
such delays are reported across a variety of nations and socio-
economic settings [6, 8, 10–14, 16–18, 20, 23–25, 28–30, 32,
34, 37–42, 46–49] and therefore are unlikely to be attributable
to the level of clinical training or the availability of resources.

We suggest that an underappreciated contributor to delayed
diagnosis of brain tumors in children is the fact that most pedi-
atricians are not trained to include LGG in the differential di-
agnosis, although it comprises the majority of pediatric brain
tumors. Despite the intuitive importance of the clinical level of
suspicion, this factor has not previously been suggested as a
contributor to delayed diagnosis, nor have the duration of
symptoms/signs and their waxing and waning nature been se-
riously considered in the differential diagnosis. Greater aware-
ness of glioblastoma multiforme and other highly malignant
tumors makes it less likely that malignancy will be suspected
when the symptoms are relapsing and remitting, persist over a
long period without threatening life (rarely the case with adult
cancers), and lack the familiar triad of signs (vomiting, head-
ache, and papilledema) suggesting higher-grade gliomas [13].
For example, papilledema was documented in only 2.3 % of
our study patients. Although this finding could reflect
underreporting, others [13] have reported its absence in the
majority of children with brain tumors. Another possible factor
in delayed diagnosis is children’s ability to adjust to and ac-
commodate these slow-growing tumors [46]. It is well known
that the plasticity of the developing brain allows a specific
function to be retained within the tumor, redistributed around
it, or relocated to a new area or to the opposite hemisphere [9,
43]. For example, switching of right- vs. left-handedness was
documented in five of our patients, presumably to compensate
for tumor-related weakness. For these reasons, it is not surpris-
ing that the symptoms of LGG can persist for many years
before diagnosis [22, 36, 44, 48, 50].

Two specific groups in our cohort are worthy of mention.
First, spinal tumors had a longer delay of diagnosis than

Table 7 A proposed acronym (LOW OR PAY) to facilitate diagnosis of childhood brain tumors, including low-grade glioma

Letter Stands for Explanation/Example

L Local (focal) symptoms Any focal motor, sensory, or facial symptom should be taken seriously even
if relapsing and remitting

O Ongoing (long-term) symptoms Symptoms that continue for months or years should not exclude brain tumor

W Worsening of existing symptoms Unexplained worsening of existing seizure or headache
Behavioral or migraine headaches

O Other, associated signs/symptoms Vomiting with headache, headache with behavioral issues, visual symptoms
with head tilt, or any combination of two or more neurologic signs/symptoms

R Relapsing and remitting Recurrence of arm weakness that resolves after physical therapy
Recurrence of headache that improves with pain medication
Recurrence of vomiting after treatment for gastroenteritis
On and off head tilt, headache, or visual symptoms

P Persistent Sinus headache that persists after resolution of presumed sinusitis

A Altering (changing); adolescence Change in school performance, sleep patterns, or behavior
A monthly headache that becomes daily
A change in frequency or type of existing seizures
An unexplained change in corrective glasses prescription
Adolescents should receive extra attention

Y Young (new) Any new symptoms should be followed for resolution after 2–3 weeks

LOW OR PAY may be recalled by using the mnemonic Bthink LOW-grade glioma OR patient will PAY the price^
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tumors in other locations, although most spinal tumors in chil-
dren are LGG. This longer delay has been noted previously
[39, 49], and we suggest that it may be explained by the
nonspecific nature of back pain in children and its attribution
to other causes, including scoliosis. The second group of chil-
dren, those with neurofibromatosis, often had symptoms for
years before diagnosis of LGG. As brain tumor is a major
diagnostic criterion for NF1 [27], we can offer no explanation
for this delay in diagnosis except lack of training to consider
brain tumors in children with NF1.

With all of the genetic and biologic advances in pediatric
oncology [33], it is crucial not to lose sight of the importance
of a thorough history and physical examination. To promote
awareness and prompt diagnosis of LGG, particularly when
the history and physical examination do not fit the preliminary
diagnosis, we propose the acronym BLOW OR PAY (mne-
monic for Bthink LOW-grade glioma OR patient will PAY
the price^), further explained in Table 7. This acronym could
be incorporated into everyday practice. With such aids, per-
haps, we pediatric physicians will eventually outperform par-
ents in the diagnosis of childhood brain tumors [11, 13, 30].
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