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Abstract

Purpose To review a multicentric series of lateral-type posterior fossa ependymomas operated in the last ten years and to
analyze the factors related to clinical evolution and tumor survival.

Methods Descriptive, retrospective study. Active members of the Spanish Society of Pediatric Neurosurgery were invited
to participate in this multicentric study. Clinical and radiological data were incorporated to an open database. The role of
histologic grade, grade of resection, postoperative morbidities, and clinical follow-up was evaluated through bivariate asso-
ciations (chi-square), Kaplan—Meier’s curves (log-rank test), and multivariate analysis (binary logistic regression).

Results Fourteen centers entered the study, and 25 cases with a minimum follow-up of 6 months were included. There were
13 boys and 12 girls with a mean age close to 3 years. Mean tumor volume at diagnosis was over 60 cc. A complete resec-
tion was achieved in 8 patients and a near-total resection in 5 cases. Fifteen tumors were diagnosed as ependymoma grade 2
and ten as ependymoma grade 3. Major morbidity occurred postoperatively in 14 patients but was resolved in twelve within
6 months. There were six cases of death and 11 cases of tumor progression along the observation period. Mean follow-up
was 44.8 months. Major morbidity was significantly associated with histologic grade but not with the degree of resection.
Overall and progression-free survival were significantly associated with complete surgical resection. At the last follow-up,
16 patients carried a normal life, and three displayed a mild restriction according to Lansky’s scale.

Conclusions Lateral-type posterior fossa ependymomas constitute a specific pathologic and clinical tumor subtype with bad
prognosis. Gross total resection is the goal of surgical treatment, for it significantly improves prognosis with no additional
morbidity. Neurological deficits associated to lower cranial nerve dysfunction are common, but most are transient. Deeper
genetic characterization of these tumors may identify risk factors that guide new treatments and stratification of adjuvant
therapies.
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Introduction

Central nervous system tumors constitute the most common
tumors in pediatric patients, with an incidence of 5.74 cases
per 100,000 pediatric population. Ependymomas are uncom-
mon tumors which barely represent 5% of primary central
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nervous system tumors at this pediatric age [17]. Overall,
survival of ependymomas exceeds 70% of cases after com-
plete resection and adjuvant treatment [18, 22, 25]. However,
some subtypes of ependymomas show a more unfavorable
prognosis.

The latest WHO classification on central nervous sys-
tem tumors differentiates ependymomas into nine distinct
groups, taking into consideration anatomic, histopathologic,
and genetic features [14]. Posterior fossa A ependymomas
constitute a specific subtype of tumors with a distinct molec-
ular signature characterized by EZHIP and H3K27 muta-
tions and DNA hypermethylation. It is the group with the
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worst prognosis. Further genetic features may predict an
even more aggressive behavior [1, 19, 20], but the correla-
tion of these new findings with radiologic and anatomical
characteristics has not hitherto proven significant [26].

Previous to these findings, pediatric neurosurgeons had
also described a subtype of posterior fossa ependymomas
particularly difficult to deal with [7, 16, 28]. Cerebellar-
pontine angle or lateral-type posterior fossa ependymoma
[28, 29, 32] refers to a type of ependymoma originating in
the lateral aspect of the brainstem rather than in the floor of
the fourth ventricle. They commonly present in little chil-
dren as very large tumors, frequently encasing vital neuro-
vascular structures in the posterior fossa, like the vertebral
and posteroinferior cerebellar arteries, and the lower cranial
nerves. As these tumors grow, they tend to displace rather
than invade the surrounding tissue, and they typically dis-
place and rotate the pons and the medulla opposite to the
tumor, thus altering the anatomy and distorting the posterior
fossa landmarks. Most posterior fossa ependymomas cor-
respond to type A tumors.

Standard treatment of ependymomas consists of maximal
safe surgical resection followed by focal radiotherapy [2, 3,
8,9, 15, 18, 22, 24, 25]. Despite oncological advancements,
the degree of surgical resection is still the most important
prognostic factor. Surgical techniques are key to achieve suc-
cessful resections, but neurological deficits after surgery are
not uncommon [7, 16, 28, 29]. The management of associ-
ated hydrocephalus is also variable but may condition late
follow-up. Surgical series of lateral-type posterior fossa
ependymomas are seldom reported in the literature [7, 15,
16, 28, 29, 31, 32]. The clinical information they provide is
invaluable, but some details are still missing (Table 1).

With this background in mind, we designed a collabora-
tive study inside the Spanish Society of Pediatric Neurosur-
gery in order to evaluate the incidence of lateral posterior
fossa ependymomas and the factors related to their treatment
and prognosis. This information may help future surgeons
face this complex disease.

Methods

This is a retrospective descriptive multicenter study. Each of
the 68 active members of the Spanish Society of Pediatric
Neurosurgery was contacted through the secretary of the
society and invited to participate. This comprised the 30
largest hospitals in the country with a neurosurgery depart-
ment treating pediatric patients, including the five pediatric
neurosurgery units designed by the national health system as
national centers of reference for complex pediatric neurosur-
gery (available at https://www.sanidad.gob.es/profesionales/
CentrosDeReferencia/docs/ListaCSUR.pdf). Twenty-eight
centers answered this invitation: 14 hospitals enrolled at

@ Springer

least one patient in the study, 12 hospitals informed that
they had no patients fulfilling the inclusion criteria, and two
centers declined the offer due to administrative issues.

The inclusion criteria of the study were the following: a
diagnosis of cerebellar-pontine angle or lateral-type poste-
rior fossa ependymoma according to Sanford’s criteria [29]
and confirmed histologically, operated in the last 10 years,
with a minimum follow-up of 6 months. Preoperative and
postoperative images were requested in order to confirm
the correct classification of the lesion, estimate the size at
diagnosis, calculate the degree of resection, and analyze the
presence of hydrocephalus and other complications. Clinical
data included gender, date of birth, date of surgery and at last
follow-up, symptoms at presentation, and deficits present
along the duration of the study. In accordance with previ-
ous investigations [29], any of the following conditions was
considered a major deficit: hemiparesis, meningitis, severe
cranial nerve deficit, and any potentially life-threatening
circumstance. Postoperative facial nerve dysfunction was
evaluated with the House-Brackmann scale [6] and consid-
ered severe when graded 3 to 5. Lower cranial nerve dys-
function was considered severe when it required transient or
permanent feeding with nasogastric tube or gastrostomy and/
or tracheostomy to ensure adequate ventilation and airway
protection. Surgical information included the number and
duration of surgeries, use of intraoperative monitoring, posi-
tion of the patient, design of the incision, and use of external
ventricular drain among others. Radiological data retrieved
included the size and volume of the lesion at diagnosis, size
and volume of residual tumor, presence of hydrocephalus at
diagnosis, and ventricular size at the last follow-up accord-
ing to the Evans index [5]. Degree of resection was con-
sidered complete when no residual lesion was observed in
postoperative MR imaging; near-total resection (NTR) was
defined as less than 1.5 cc of residual tumor on postopera-
tive MR imaging; and subtotal resection (STR) was defined
as more than 1.5 cc of residual tumors on postoperative MR
images. Patients were regularly imaged to detect any tumor
progression or recurrence and regularly visited in the out-
patient clinic to evaluate the neurological condition. This
evaluation was examined retrospectively in order to assess
the quality of life in accordance to the Lansky scale [13] at
6 months and at the last follow-up.

Protocols of chemotherapy and radiotherapy treatment

Patients were treated following the International Society of
Pediatric Oncology recommendations in the SIOP epend-
ymoma study [23]. Chemotherapy was started within 3
weeks of surgery and consisted of four courses based on vin-
cristine, etoposide, and cyclophosphamide. A second-look
surgery was considered if MR after chemotherapy evidenced
tumor mass. Every patient received either conventional
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radiotherapy or proton beam-based radiotherapy. Conven-
tional radiotherapy consisted in a dose of 54 Gy in daily
fractions of 1.8 Gy over 6 weeks. Patients older than 4
years and those younger with residual tumor received an
additional boost of 5.4 Gy in three fractions to the residual
tumor or to the tumor bed. When proton beam therapy was
used, degraded beams of the 230 MeV cyclotron were used
for treatment. For the calculation of the relative biological
effectiveness, a factor of 1.1 as a relative to Cobalt 60 was
used, and all doses were stated as cobalt equivalent doses.

Statistical analysis

Data from continuous variables were summarized by cal-
culating mean values and standard deviations in descriptive
analysis and evaluated with Student’s ¢ tests when com-
paring independent samples. Bivariate associations were
explored with chi-square and exact Fisher’s test. Survival
analysis was evaluated with the Kaplan—Meier curves, and
the equalities of the survival distribution for the patient
groups were tested by the log-rank test. For multivariable
analysis, logistic regression was used to assess the factors
associated with survival at last follow-up. Level of signifi-
cance was set at 0.05. SPSS version 21 (IBM Corporation,
NY, USA) was used for statistical analysis.

Results
Data collection

Fourteen centers included a total of 25 patients in the study.
One center included 7 cases, two centers included three
patients each, one center included two patients, and ten
centers included one patient each. Main clinical character-
istics are summarized in Table 2. There were 13 boys and
12 girls. Mean age at diagnosis was 37 months (median, 32
months). Patients most commonly complained of headache
or intracranial hypertension symptoms related to associ-
ated hydrocephalus, but three patients were diagnosed due
to gait disturbance and one case presented with torticollis
and swallowing difficulties. The tumor extended to the left

Table 2 Clinical data at diagnosis

Boys: gitls 13: 12
Mean age in months (sd) 37.21 (22.50)
Symptoms 20 hydrocephalus

3 gait disturbance
2 cranial nerve dysfunction

Need of EVD 19
Side affected 15 left: 10 right
Mean tumor volume cc (sd) 61.22 (37.21)
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cerebellar-pontine angle in 15 patients, and in 10 patients, it
extended to the right side. Mean tumor volume was over 60
cc, with three tumors measuring over 7 cm in the craniocau-
dal axis and extending down to C3 (Fig. 1). No case showed
dissemination at diagnosis. Genetic analysis was performed
in a minority of cases (2 centers, 10 patients). However, in
each of these tumor specimens, immunohistochemical stain-
ing for H3K27me3 was negative, establishing the diagnosis
of posterior fossa ependymoma type A.

Surgical procedure and main outcomes

Table 3 summarizes surgical procedures and main clinical
outcomes. An external ventricular drain was inserted in 19
patients prior to resection. One of these patients developed
an intratumoral hemorrhage that led to an abrupt decrease
of the level of consciousness until coma, and she required
an emergent posterior fossa craniectomy and partial tumor
resection the night previous to the scheduled surgery. This
was one of the nine patients who required two resection sur-
geries. Most patients were treated in a single stage, and two
patients required three resection surgeries. Mean operative
time was close to 10 h (median, 9.75). Gross total resection
was achieved in 8 patients, near-total resection in 5 patients,
and subtotal resection in 12 cases. A suboccipital approach
was selected for surgery, with variable lateral extension to
the affected cerebellar-pontine angle. Most patients were
positioned prone, but the lateral position was selected in
two cases. Different incisions were used, including midline
linear, paramedian hockey stick, L-shaped, and inverted
U-shaped. Intraoperative monitoring with somato-sensory
and motor evoked potentials was used in every case. In four
centers, free-running electromyography (EMG) of bilateral
sternocleidomastoid, orbicularis oris, and masseter mus-
cles were recorded. Genioglossus EMG and endotracheal
tubes with embedded electrodes were used when necessary.
Intraoperative neuronavigation was used in four hospitals,
and one of them also used intraoperative ultrasonography.
Although specific endoscopic-assisted surgery was not
described, the micro-inspection tool QEVO (Zeiss AG,
Oberkochen, Germany) was used in three cases.

Postoperative complications

In the immediate postoperative period, 14 patients devel-
oped a major morbidity: 2 required early tracheostomy and
gastrostomy, 4 needed isolated tracheostomy, 6 needed mere
gastrostomy, and 2 patients developed a significant hemi-
paresis. At 6 months, most complications had completely
resolved, and only three patients showed major signs of mor-
bidity: one requiring persistent tracheostomy, one persistent
gastrostomy, and one girl showing significant hemiparesis,
although she was independent to deambulate. There were



Child's Nervous System (2024) 40:407-416

411

Fig. 1 Anatomic implications
of lateral-type posterior fossa
ependymoma. Upper right: axial
T2 MR shows tumor extension
along cerebellopontine angle,
displacement and rotation of
brainstem, and encasement of
cranial nerves. Upper left: sagit-
tal T1 MR depicts characteristic
interrupted image of the brain-
stem due to tumor displace-
ment. Tumor can extend into
the cervical spinal canal both
ventral and dorsal to the spinal
cord. Lower right: coronal T1
MR shows elongation of middle
cerebellar peduncle, encase-
ment of PICA, and deformation
of the IV ventricle. Lower left:
after complete tumor resection,
normal anatomic disposition is
restored

two cases of mild and transient posterior fossa syndrome. A
ventriculoperitoneal shunt was implanted in 18 patients due
to persistent hydrocephalus, two patients were successfully
treated with third ventriculostomy, and five patients devel-
oped no postoperative hydrocephalus.

One patient died in the first year after surgery: this patient
showed an anaplastic ependymoma that was incompletely
resected. The patient showed major deficits that required
prolonged intensive care support. A significant tumor pro-
gression was detected in imaging studies, and his medical
team considered that intensive support was not indicated,
and the patient died 7 months after surgery. There were
another five cases of exitus in the study, and 11 cases of
tumor progression were documented, with a mean follow-
up close to 45 months in the global series. At the median
follow-up of 32 months, overall survival was 80 percent,
and progression-free survival was 60%. In addition to local
progression, two patients showed spinal CSF dissemination

as an image finding. Thirteen patients were treated with con-
ventional radiation therapy, and 11 received proton-based
radiotherapy. At the last follow-up, the quality of life evalu-
ated with the Lansky scale in survivors was over 90 in 16
patients, 70 in 2 patients, and 50 in one patient.

When we analyzed the factors related to postoperative
major morbidity, we observed that higher histological grade
was significantly associated with postoperative morbidity,
whereas a higher degree of resection was not (Table 4).

Patient survival

Survival curves for overall survival and progression-free sur-
vival follow-up separated between completely and incom-
pletely resected tumors are represented in Fig. 2. Log-rank
test showed a significant association between complete
resection and higher overall survival and progression-free
survival. Multivariate analysis confirmed that complete
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Table 3 Surgical treatment and follow-up

Number of surgeries

Length of surgery (median, hours)
Grade of resection (%)

Need of VP shunt

Major complications, postopera-
tive

Major complications at 6 months

Cerebellar mutism

Mean follow-up in months (SD)
Exitus

Tumor progression [local]
Tumor dissemination
Radiotherapy

Lansky at last follow-up
50

70

90

100

14 single surgery
9 two resection surgeries
2 three resection surgeries

9.75

8 gross total (32)

5 near total (20)

12 subtotal (48)

18

6 tracheostomy

8 gastrostomy

2 hemiparesis

1 hemiparesis

1 gastrostomy

1 tracheostomy

2 mild cases

44.84 (36.43) median 32
6

11

2

13 conventional radiation therapy
11 proton therapy

10

resection was significantly associated with overall and pro-
gression-free survival in a binary logistic regression model
with values of odds ratio over 8 (Table 5).

Discussion

Lateral-type posterior fossa ependymomas are uncommon
tumors characteristic of pediatric patients [7, 15, 16, 28, 29,
31, 32], although isolated cases have been also described in
adults [4, 12]. These tumors have been named after differ-
ent terms, such as cerebellar-pontine angle ependymomas

Table 4 Bivariate associations: postoperative major morbidity com-
pared to histologic grade and grade of surgical resection

Postoperative no ~ Postoperative major ~ Chi-square
major morbidity ~ morbidity present
Histologic grade
Grade 2 9 p=0.048
Grade 3 2 8
Grade of resection
Complete 5 7 p=0.82
Incomplete 6 7

@ Springer

[28, 29], paramidline lateral posterior fossa ependymomas
[15], or lateral-type posterior fossa ependymomas [7, 16,
27, 32]. This latter denomination probably reflects better the
nature of these tumors and is the one that we have adopted.
A unified nomenclature is necessary to correctly classify and
evaluate these tumors. In particular, it is sometimes difficult
to differentiate fourth ventricle ependymomas with a signifi-
cant lateral extension, referred to as paramidline-medial by
Ma et al. [15], from true lateral ependymomas. The surgi-
cal approach may differ in these cases: both types require a
conventional approach to the fourth ventricle, but lateral-
type posterior fossa ependymomas benefit from associating
a direct lateral suboccipital approach and dissection along
the cerebellar-pontine angle [29].

The incidence of lateral-type posterior fossa ependymo-
mas is not well known. Relative incidence among posterior
fossa ependymomas has been referred up to 40% of cases [32],
although most series describe a lower incidence, around 20
to 30% of pediatric posterior fossa ependymomas [7, 15, 29].
Considering an incidence of 5.74 cases per 100,000 pediatric
population of central nervous system tumors, and a relative
incidence of 5% of ependymomas among them [17, 25], we
could expect an incidence of 0.7 lateral-type posterior fossa
ependymoma per million pediatric population. This makes
lateral-type posterior fossa ependymoma a very uncommon
disease. In spite of this, the incidence in our series is prob-
ably underrepresented, which may reflect both a recall bias
and the absence of an adequate system of tumor registration:
this indeed reveals an opportunity to improve the organiza-
tion inside our pediatric neurosurgery society. Still, the present
work is the second largest published series [29] and, to the best
of our knowledge, the largest series in our European context.

Mean age at presentation was around 3 years, in accord-
ance to the previous series, and distribution was balanced
between both sexes. In our series, the tumor originated in
the left side more frequently than in the right side, but this
difference was not significant.

Most patients presented with symptoms of intracranial
hypertension secondary to hydrocephalus and were treated
with external ventricular drainage prior to tumor resection.
Eighteen patients required a permanent ventriculoperitoneal
shunt to treat persistent hydrocephalus, and 2 patients were
effectively treated with a third ventriculostomy. Ventriculo-
peritoneal shunt may be perceived as a safer option in the
short term because (1) these children are sometimes very
young, and not uncommonly, they develop lower cranial
nerve dysfunction after surgery; (2) neurological evaluation
can be difficult and is also affected by irritability and need
of intensive care treatment; and (3) there is a deadline to
move to chemotherapy and radiation therapy that claims for
a quick resolution of the hydrocephalus. Still, these patients
show high scores in the ETVSS [10], and ventriculostomy
should be considered an excellent option.
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0,84

0,67

Survival

0.4+

0,04

Gross total resection
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Fig.2 A Kaplan—Meier curves for progression-free survival and degree of resection. Log-rank p=0.004. B Kaplan—Meier curves for overall sur-

vival and degree of resection. Log-rank p=0.05

No patient showed tumor dissemination at diagnosis,
but two patients were diagnosed of asymptomatic spinal
seeding along follow-up. Craniospinal imaging at diag-
nosis and close imaging surveillance are recommended in
the evaluation and follow-up of these patients. Finally, one
patient developed a tumor hemorrhage soon after diagno-
sis. This complication has been reported exceptionally [29]
but underlines the convenience of treating these patients
expeditiously.

Table 5 Multivariate analysis: factors related to tumor progression
and survival

B SE Wald Sig Exp (B)

Tumor progression

—-.038 655 .003 .954 .963
7.828 .005 8.727
3.308 .069 .273

Histologic grade
Complete resection (yes/no) 2.166 774
Major morbidity (yes/no) —-1.300 .715
Overall survival

—-.295 941 .098 754 .744
1.142 3.689 .050 8.971

1.103 2.588 .108 .169

Histologic grade
Complete resection (yes/no) 2.194

Major morbidity (yes/no) - 1.775

Surgical treatment of these tumors is considered a chal-
lenge. In our series, almost half of the patients required more
than one resection surgery, and median surgical time was
over 9 h. Gross total resection was achieved in 8 patients.
Degree of total resection is greatly variable in the published
series, and acquired surgical experience may be a significant
factor [28, 29]. In our multicentric study, complete resec-
tions were reported from three departments, and two of
them contribute with 10 cases to the series. Nevertheless,
it is probable that experienced surgeons purportedly leave
some tumors behind in order to preserve vital structures and
achieve a maximal safe resection. However, in our study,
morbidity was not higher in those patients whose resection
was complete.

Major morbidity is not uncommon after lateral-type pos-
terior fossa ependymoma surgery due to the large volume
of these tumors and their dense encasement and adherence
to cranial nerves and vessels of the posterior fossa. Even
in most experienced hands, severe deficits develop postop-
eratively in almost 30% of patients [29]. In our series, 14
patients developed major deficits. However, in most cases,
these deficits are resolved within 6 months. The need for
a tracheostomy and a gastrostomy is a heavy burden even
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when transient, so families should be advised in advance and
informed of the probability of recovery. Cerebellar mutism is
not a characteristic complication of these tumors, but poste-
rior fossa syndrome should be considered in the differential
diagnosis of irritable infants before assuming that affective
symptoms represent simple emotional reactions [21].

In our series, lateral-type posterior fossa ependymomas
corresponded to posterior fossa A ependymomas in the
2021 WHO classification of central nervous system tumors
in every case where H3K27me3 was studied [14]. Posterior
fossa A tumors are further subdivided into PFA-1 and PFA-2
which exhibit a different gene expression [19, 20] and may
have a different prognosis, whereas classic histologic grades
and features of anaplasia have not shown a consistent prog-
nostic significance. In our series, 15 cases were diagnosed
as grade 2 ependymomas and 10 cases as grade 3 epend-
ymomas. Histological grade was a non-significant factor
both in bivariate and multivariate analyses when compared
against the probability of tumor progression. However, a
higher histological grade was significantly associated with a
higher morbidity in immediate follow-up. It is hypothesized
that higher grade tumors show a denser adherence and a
more frequent invasion of normal parenchyma, thus making
surgery more hazardous.

Postoperative focal radiation therapy forms part of the
standard treatment of posterior fossa ependymoma in chil-
dren. Conventional radiotherapy with photons has recently
been replaced with proton therapy, which is expected to have
less side effects with the same tumor control. In our series,
conventional radiotherapy (54 to 59 Gy) was administered
in 13 patients and proton therapy in 11 more recent cases.
In one patient with grade 3 ependymoma, bad clinical con-
dition, and early tumor progression, radiation therapy was
considered not indicated, and the patient died 7 months after
surgery.

Overall mortality in our series was 24% (6 exitus in 25
patients], with a mean follow-up of 44 months. Eleven
patients showed tumor progression along the observation
period, and 10 of these recurrences occurred by the median
time of follow-up of 32 months. These results are similar to
previous series, but the time of follow-up in such series is
not always clearly specified. In our study, gross total resec-
tion was significantly associated with longer overall survival
and progression-free survival both in bivariate and multi-
variate analysis.

Evaluation of quality of life is essential in the follow-up
of these patients, and the use of dedicated scales like PedsQL
is advisable [11], although it can be time-consuming. The
play performance scale of Lansky can be used effectively
as an integral part of the repeated assessment in oncologic
patients and can be a first and very simple step to obtain an
objective outcome in oncologic children[13]. In our series,
out of 19 survivors, the latest rating in the Lansky scale was
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50 in one patient, 70 in two patients, and over 90 in 16 chil-
dren. More recently, a European consensus has been reached
for an internationally accepted test battery for follow-up of
childhood ependymoma survivors [30]. This will allow a
more robust evaluation of the long-term outcomes for chil-
dren and to compare these findings.

Limitations of the study

Our study has several limitations. Most importantly, this is a
retrospective study with a very heterogenous participation,
not only in the number of patients included by each center,
but also in the diverse approach that different departments
have for the same disease. Additionally, the number of cases
gathered in the study underestimates the real incidence of
lateral-type posterior fossa ependymomas, and the follow-up
is relatively short. Probably, more recent cases—which have
a shorter follow-up—have been more easily identified. This
calls for the need of an operative unified national registry
of pediatric central nervous system tumors, as it has been
previously stated. Statistical analysis on 25 cases may be
not reliable. However, all these factors do limit the power
of our study but may not invalidate the significance of the
associations observed.

Conclusions

Lateral-type posterior fossa ependymomas show a bad
prognosis, but complete surgical resection is the first step
to achieve the best results. Hydrocephalus is common, and
ventriculoperitoneal shunts are frequently used, but third
ventriculostomy is an ideal alternative with high success
rates in most cases. Lower cranial nerve dysfunction requir-
ing tracheostomy and gastrostomy after surgery is common,
but most cases resolve within 6 months. Gross total resection
should be the decided goal of surgery: it provides the best
chances of overall survival and tumor control. Remarkably,
gross total resection was not associated with additional mor-
bidity. Dissemination through CSF is possible and requires a
close imaging surveillance. Prospective studies are required
to confirm these significant observations and guide future
protocols of treatment. In this scenario, systematic evalua-
tion of the quality of life of pediatric patients is an essential
requirement.
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