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Abstract

Purpose: Hippocampus is an intricate structure which plays a crucial role in neurocognitive function. It contributes primarily 
to explicit memory tasks, spatial memory attention, and problem-solving ability. Cranial irradiation, while a common modality of 
treatment in numerous cancers, is associated with brain parenchymal injury. Neural stem cell niches in the subgranular zone of 
hippocampal formation is particularly susceptible to radiation induced injury, which in turn is associated with deleterious effect 
on neurocognitive functions. A maximum dose of <16Gy and D100 of <9Gy is the usually preferred hippocampal constraints.

Conclusion: The cognitive preservation has more profound effect in paediatric and young population and therefore, 
anatomical avoidance of hippocampal formation while delivering cranial irradiation should be routinely practiced. It is necessary 
that our understanding of dose-dependent radiation-induced NSC dysfunction, the growing knowledge of NSC niches in the 
brain and development of high precision radiation delivery techniques, should guide us to design and execute NSC-preserving 
radiotherapy. 
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Introduction

The hippocampus is a complex structure involved in neuro-
cognitive function of brain. Cranial radiotherapy has been used 
consistently either as a curative, palliative or prophylactic treat-
ment modality in cancer management. Nevertheless, various 
studies have highlighted the deleterious effects of radiation on 
Neurocognitive Function (NCF), which is particularly detrimen-
tal to learning, memory and spatial processing. These studies 
provided convincing evidence of the association of NCF and 
neural stem cell niches in the subgranular zone of hippocampal 
formation. It is believed that radiation kindles damage to these 
stem cells which ultimately results in neurocognitive deficits in 
patients after cranial irradiation [1,2]. The interest in the hip-
pocampus can be attributed to the fact that it can be clearly 
delineated on magnetic resonance imaging and, with advanced 
conformal radiotherapy techniques, the hippocampus can be 
safely avoided while delivering cranial radiation therapy [3].

History of hippocampus

In 1587, Julius Caesar Arantius, an Italian anatomist and sur-
geon, described a ridge running along the floor of the tempo-
ral horn of the lateral ventricle. He analogized this ridge first to 
the white silkworm and later to the seahorse. Over the course 

of time, this structure was assigned various names, like “pes 
hippocampi” (1672), “ram’s horn” (1732), “cornu ammonis” 
(1742), but the term “hippocampus” was dominantly used in 
the literature and eventually became the recognized term [4]. 
The term “hippocampus” is derived from the Latin word hip-
pocampus which inturn finds its roots back to the Greek word 
hippokampus (hippos, meaning “horse,” and kampos, meaning 
“sea monster”),

The exact function of this complex structure eluded re-
searchers for a long time. But in the 19th century, studies focus-
sing on behavioral function of the hippocampus started gain-
ing momentum. In 1878, Paul Broca described the limbic lobe 
and considered the hippocampus to be a part of it. The limbic 
system is generally involved in cognitive functions like spatial 
memory, learning, motivation, emotional processing, and so-
cial processing. Broca stated that this system is comprised of 
circumventricular structures like subcallosal, cingulate, para-
hippocampal gyri and infolded hippocampal formation. In the 
following years, structures included under the “limbic system” 
have escalated and have become the fodder for various debates 
regarding the relevance of this term either as a neuroanatomi-
cal or functional entity [5]. 
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Papez, in 1937, published a landmark paper entitled, “A pro-
posed mechanism of emotion” [5]. Papez proposed that the hy-
pothalamus, the anterior thalamic nuclei, the gyrus cinguli, the 
hippocampus, and their interconnections form Papez’s circuit, 
which participate in the functions of central emotion. He con-
sidered hippocampus to be a central component of emotional 
expression which collects and channels the perceptions of emo-
tional situations to the hypothalamus [5].

The behavioral function of hippocampus was further sup-
ported by Mclean in 1954 [6]. McLean proposed the model of 
the Triune Brain, which consists of the reptilian complex or the 
R-complex, the paleomammalian complex or the limbic system, 
and the neocortex. The limbic system consists of the septum, 
amygdala, hypothalamus, hippocampal complex, and the cin-
gulate cortex. He claimed the limbic system to be responsible 
for motivation and emotion related to sexuality and reproduc-
tive behavior, feeding, and parental practice [7]. Hippocampal 
formation was also associated by early scientists solely with 
olfaction. However, in 1947, Alf Brodal concluded that the hip-
pocampus could not function only as an olfactory structure 
because anosmic mammals such as dolphins had a substantial 
hippocampal formation [8].

Hippocampus was subsequently associated with response 
inhibition models. Douglas in 1967 demonstrated that hippo-
campal lesions produce an inability to withhold a response [9]. 
In the following year, Kimble presented that the mammalian 
hippocampus is important in behavioral situations in which Pav-
lovian internal inhibition occurs [10]. Similar to these concepts 
of “response inhibition” suggested by Douglas or “internal in-
hibition” favored by Kimble, Altman et al. hypothesized hippo-
campal function akin to powerful brakes applied in the normal 
animal [11]. 

The role of the hippocampus in memory was highlighted by 
Scoville & Milner in 1957. Bilateral Medial Temporal-lobe resec-
tion with damage to anterior hippocampus and Hippocampal 
gyrus in psychotic patients and patients with intractable sei-
zures, leads to persistent impairment of recent anterograde & 
retrograde memories, but remote memories were intact. There 
was no effect on patients’ integral personality or performing 
complex tasks [12].  

Another most appreciated model is spatial theory. O’Keefe 
and Nadel claimed hippocampus mediates a neural represen-
tation of physical space, otherwise known as a cognitive map 
[13]. In addition, O’Keefe and Nadel proposed the firing rate of 
some hippocampal neurons in rats increased based on the sur-
rounding environment [14]. This lead to the belief that spatial 
information is encoded within hippocampal structures, and it is 
pertinent for spatial learning and memory. Thus, the contribu-
tions of various researchers lead to better understanding of the 
anatomy and functioning of the hippocampus.

Anatomy of hippocampus

The hippocampus is a protuberance in the floor of the tem-
poral horn of the human lateral ventricle. It is a component of 
the limbic circuit, which includes white matter tracts such as the 
fimbriae and fornices, and gray matter structures such as the 
amygdala and para hippocampal gyrus. The term hippocampal 
formation includes complex cytoarchitecture comprising dis-
tinct adjoining regions including the hippocampus, subiculum, 
presubiculum, parasubiculum, and entorhinal cortex [4,15]. 

Hippocampal formation consists of two to five digitations which 
form the pes hippocampi [16]. The adjective hippocampal, as in 
“hippocampal lesions”, refers to regions beyond these cytoar-
chitectonic regions.

The hippocampus consists of two U-shaped interlocking 
laminae: the cornu ammonus and the dentate gyrus. Celebrat-
ed neuroanatomist Lorente de Nó in 1934 classified Ammon’s 
Horn into 3 histological subdivisions, which comprise CA3, CA2, 
and CA1, where CA is derived from cornu ammonis [17]. The 
Dentate Gyrus (DG) is a trilaminate cortical region with a char-
acteristic V or U shape. The hippocampal fissure separates CA3 
and CA1 fields in DG. The granule cell layer located between 
these two fields is called the Suprapyramidal blade, and the 
region opposite to this is the Infrapyramidal blade. The bridge 
between these two blades is the crest.

The dentate gyrus comprises three layers. The superficial lay-
er is a relatively cell-free, called the molecular layer and deep 
to this layer is the granule cell layer, which is a densely packed 
layer of four to eight granule cells in thickness. The granule cell 
and molecular layers form a V- or U-shaped structure that en-
closes the third layer, the polymorphic cell layer. The polymor-
phic layer forms a narrowband called the hilus [15].

The Hippocampus consists of a pyramidal cell layer which 
forms the principal cellular layer. It is tightly packed in CA1 and 
loosely packed in CA2 and CA3. Hippocampus comprises a cell-
free layer called the stratum oriens, a narrow acellular zone 
called the stratum lucidum, a suprapyramidal region called 
stratum radiatum and stratum lacunosum-moleculare, in which 
fibers from the entorhinal cortex terminate. The major source 
of hippocampal input is the hippocampus itself, as most of its 
synaptic input arises within its own boundaries [15].

Majority of sensory information reaching the hippocampus 
enters through the Entorhinal Cortex (EC) and after processing, 
gets relayed back to the neocortex. The laminar organization 
of EC comprises 6 layers, of which II, III, V, VI are cellular and I 
and IV are plexiform layers but lack a granular cell layer [18]. EC 
divides into medial and lateral components. Medial EC interacts 
with cortical areas that are involved in spatial processing, while 
lateral EC is connected with those areas involved in processing 
of object information, attention and motivation [19].

Subiculum is one among the primary output structures of 
hippocampal formation. Subiculum projects to Presubiculum 
and parasubiculum. The presubiculum comprises Brodmann’s 
area 27. The parasubiculum comprises the Brodmann’s area 49 
[20]. Psalterium is the commissural fiber that extends across 
the midline to form the hippocampal commissure [15].

Radiologically, the hippocampus appears hypointense on T1 
weighted MRI images (Figure 1). It appears as a curved banana 
shaped structure in axial MRI sequences. The hippocampus 
remains medial to the temporal horn of the lateral ventricle 
throughout its extent. The anterior boundary of the hippocam-
pus is defined by the anterior edge of the temporal horn. The 
medial boundary of the hippocampus is defined by the “boo-
merang-shaped” uncus and posterocranially quadrageminal 
cistern.
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Figure 1: Hippocampus appearing hypointense on T1 weighted MRI 
image.

Hippocampal formation is distinct from neocortical areas as 
it lacks reciprocal connections. Majority of neocortical input 
reaching the hippocampal formation go through the EC. Super-
ficial layers of the EC comprise axonal projections to the DG, 
which forms the major hippocampal input pathway called the 
perforant path. This pathway is nonreciprocal, as the dentate 
gyrus does not project back to the entorhinal cortex [21,18]. 
Also, there is almost no commissural interaction between the 
hippocampal formations located on each side of the human 
brain [15].

Major fiber systems associated with the hippocampal for-
mation are the angular bundle, the fimbria-fornix pathway and 
dorsal and ventral commissures. Angular bundle carries fibers 
between the EC and the other fields of the hippocampal for-
mation. The Fimbria-fornix pathway interconnects the hippo-
campal formation with the basal forebrain, hypothalamus, and 
brain stem regions. The dorsal and ventral commissures con-
nect the hippocampal formation of one hemisphere with the 
contralateral hemisphere [15].

Adult neurogenesis

Over 5 decades ago, Joseph Altman and colleagues provided 
the initial evidence of adult neurogenesis occurring in an in-
tact mammalian brain involving regions like the dentate gyrus 
and the olfactory bulb, and these findings were corroborated 
by others [22,23]. Neural Stem Cells (NSC) are quiescent with 
cell-cycle time of 28 days and generate transiently dividing pro-
genitor cells that are characterized by a cell-cycle time of 12 h 
[24]. Progenitor cells located in the dentate gyrus give rise to 
new cells in the dentate gyrus itself. These cells are primarily 
concentrated in the sub granular zone which is located between 
the granule cell layer and the hilus. The sub granular zone con-
tains sporadic collection of progenitor cell clusters which pro-
duce some daughter cells that retain the ability to divide and 
the remaining undividable cells become either neurons or glia. 
These new cells migrate to the granule cell layer and differenti-
ate into neurons.

Functions of hippocampus

The hippocampal formation consists of highly intrinsic neu-
ronal networks that integrate highly processed, multimodal sen-
sory information from various neocortical sources. The principal 
role of the hippocampus in memory function was first identified 
in a patient H.M., who underwent a bilateral medial temporal 
lobectomy for the relief of medically intractable epilepsy. Fol-
lowing the procedure, H.M. showed a severe anterograde am-
nesia characterized by impairment in declarative memory but 
the remaining components of his neurocognition, including 
perception, intelligence, working memory, and motor learning 
skills remained largely intact. It was concluded that hippocam-
pal injury results in impairment of declarative memory regard-
less of the sensory modality in which information is presented, 
without affecting perception and intellectual functions [25].

Memory function has been associated with the pyramidal 
and granule cells located in the dentate gyrus of the hippocam-
pus. Explicit or declarative memory refers to the conscious rec-
ollection of prior experiences. Implicit or nondeclarative mem-
ory refers to changes in performance or behavior, produced by 
prior experiences, and does not require any conscious recollec-
tion of those experiences. Hippocampus plays a role in explicit 
memory tasks, and implicit memory tasks are usually spared 
in hippocampal lesions, although they may be used in implicit 
tasks that evoke declarative processes [15,26]. Hippocampus is 
required for declarative memory retrieval and, to some extent, 
encoding. In amnestic syndrome, central impairment is one 
of retrieval rather than encoding or storage. But studies have 
shown that encoding & retrieval processes are not unique to 
the hippocampus, but appear to be present throughout the me-
dian temporal lobe [27,28].

The visual-paired comparison task, despite its implicit na-
ture, is dependent on the hippocampal region and the adjacent 
medial temporal lobe cortices [26]. Also, hippocampal damage 
leads to temporal gradients i.e., retrograde amnesia marked by 
greater loss of memory for occurrences from the recent past 
than for occurrences from long ago [29]. The differentiation of 
function between the hippocampal region and the adjacent 
cortical structures like the parahippocampal gyrus is not cur-
rently apparent, and it can be presumed that the latter support 
associative, recollective, or source components of declarative 
memory [15].

Spatial memory is an example of complex, declarative 
memory. Hippocampus plays a major role in performing spatial 
memory tasks, but its function is more mnemonic and is not 
involved in non-mnemonic aspects of cognition, including spa-
tial processing. Therefore, complete hippocampal loss results 
in inability to acquire new spatial information but does not af-
fect spatial processing [15]. Broadbent & Squire reflected that 
spatial memory and object recognition memory are affected by 
Hippocampal lesions. They concluded that spatial memory is 
more vulnerable to hippocampal dysfunction as spatial memory 
performance requires more hippocampal tissue than does rec-
ognition performance [17].

The place cell of hippocampus codes for the current location 
in a spatial environment. These cells code for places, directions, 
and speed of movement and are present in the hippocampus 
proper and subicular complex [30].

Radiation induced brain injury 

Radiation Therapy Oncology Group (RTOG) describes late 
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toxicity as adverse effects that occur after 90 days of com-
mencement of treatment. The common late effects of cranial 
Radiotherapy (RT) include neurocognitive deficits. They are usu-
ally not self-limited and may have severe consequences. Leuko-
encephalopathy and radiation necrosis are other potential late 
toxicities associated with cranial RT [31].

Armstrong et al. proposed a biphasic pattern of memory 
deficits following Whole Brain Radiotherapy (WBRT). Transient 
decline in mental functioning was observed at 4 months after 
WBRT, followed by an improvement in neurocognitive function-
ing, and then an irreversible impairment month to years later 
[32]. Tallet et al. Performed a meta-analysis to assess the NCF 
after WBRT at various prophylactic doses in patients with brain 
metastases and found a decline of 31-57% in NCF at 3 months, 
and 48-89% at 1 year, emphasizing the belief that WBRT causes 
neurocognitive decline [33].

The mechanisms inducing this neurocognitive decline are 
varied. Radiation results in injury to brain parenchyma. Initially, 
radiation-induced brain injury was considered as the result of 
DNA damage. But preclinical studies conducted in the last two 
decades demonstrate that radiation-induced late effects, in-
cluding cognitive impairment, are hypothesized to occur due to 
dynamic interactions between radiation and multiple cell types 
within the brain, including astrocytes, endothelial cells, microg-
lia, neurons and oligodendrocytes [34].

Radiation induced necrosis was extensively studied by 
Greene-Schloesser et al. Damage to vascular and glial cells, re-
ductions in hippocampal neurogenesis, impairment of synaptic 
plasticity and chronic inflammation were considered as the ma-
jor mechanisms resulting in brain injury [35].

Damage to vascular and glial cells is an acute process. WBRT 
leads to time- and dose-dependent reductions in the brain en-
dothelial cells. Acute increase in capillary rarefaction and tissue 
hypoxia is observed in the hippocampus after cranial irradiation. 
Radiation-induced loss of oligodendrocyte type-2 astrocyte (O-
2A) progenitor cells results in a failure to replace oligodendro-
cytes, ultimately resulting in demyelination and white matter 
necrosis.

Reductions in hippocampal neurogenesis are associated 
with radiation-induced cognitive impairment. Cranial irradia-
tion can lead to a dose-dependent decrease in NSCs, decreased 
proliferation of surviving NSC, and decreased differentiation of 
NSC into neurons.

Irradiating the brain elicits an inhibition of hippocampal 
Long-Term Potentiation (LTP). Homer1a is a synaptic plasticity 
early response gene essential for the activity-dependent regu-
lation of excitatory synaptic transmission. Homer1a exhibited 
decreased expression in both the hippocampus and cortex 2 
months after WBRT, resulting in impaired synaptic plasticity.

In response to cranial irradiation, a chronic inflammatory 
process occurs in the brain which includes elevation of inflam-
matory cytokines in the brain up to 6 months post irradiation, 
a marked increase in the number of activated microglia in the 
neurogenic zone of the dentate gyrus, increased expression of 
the CCR2 receptor in the sub granular zone 9 months post irra-
diation and persistent microglial and astrocyte activation. This 
results in radiation-induced brain injury, including cognitive im-
pairment.

Rationale behind hippocampal avoidance

Jalali et al., evaluated Intelligence Quotient (IQ) scores in 
patients treated with radiotherapy for benign and low-grade 
brain tumors and observed a significant correlation association 
between IQ decline and dose to the left temporal lobe [36].  
But this anatomic explanation was challenged in favour of the 
“stem-cell compartmental” hypothesis. The discovery of per-
sistent neurogenesis in the Sub Ventricular Zone (SVZ) of the 
lateral ventricles and the Sub Granular Zone (SGZ) of the hip-
pocampal dentate gyrus in adults opened a new arena of NCF 
research [37].

The hallmarks of radiation-induced cognitive impairment are 
decrements in verbal memory, spatial memory, attention, and 
problem-solving ability, with incidence and severity increasing 
over time [34,38]. As previously discussed, the hippocampus 
plays a critical role in these functions and therefore, we can 
safely postulate radiation induced hippocampal injury as the 
cause of these cognitive deficits.

 A modest dose of radiation results in increased rates of 
hippocampal apoptosis, decreased rates of proliferation, and 
a decrease in adult neurogenesis, which is in turn associated 
with cognitive deficits. There is no significant apoptosis in other 
areas of the cerebrum, and no loss of function is observed in 
hippocampal-independent tasks [39].

This was also supported by Monje et al., who observed that 
after a single fraction of 10Gy to the cranium, hippocampal 
progenitor-cell biology is altered. Precursor proliferation is re-
duced by 62% and neurogenesis is almost entirely ablated after 
irradiation of the hippocampus. In addition to the defects in the 
proliferative capacity of the neural progenitor-cell population, 
the decline in neurogenesis reflects alterations in the microen-
vironment, including disruption of the microvascular angiogen-
esis associated with adult neurogenesis and a marked increase 
in the active microglia within the neurogenic zone. Endogenous 
stem-cell compartment is not capable of achieving long-lasting 
repair in the setting of chronic inflammation. The remaining 
surviving neural precursors proceed as glial cells and fail to dif-
ferentiate into neurons in the irradiated hippocampus [37,40].

Hippocampal sparing and NCF preservation

Gondi et al. supposed that avoiding the hippocampus during 
cranial irradiation can preserve NCF [3]. A recent MD Anderson 
study of low-grade or anaplastic brain tumors treated with ra-
diotherapy observed a dose-response phenomenon, wherein 
the maximum radiation dose to the left hippocampus was cor-
related with significant decline in learning and delayed recall 
[39].

RTOG 0933 is a phase II multi-institutional trial which studied 
one hundred patients with brain metastases, who received HS-
WBRT of dose 30Gy in 10 fractions. Standardized cognitive func-
tion and Quality-Of-Life (QOL) assessments were performed at 
baseline and 2, 4, and 6 months. The primary end point was the 
Hopkins Verbal Learning Test–Revised Delayed Recall (HVLT-R 
DR) at 4 months.

 Comparison with a historical control of patients treated with 
WBRT without hippocampal avoidance demonstrated a 30% 
mean relative decline in HVLT-R DR from baseline to 4 months. 
The mean relative decline in HVLT-R DR from baseline to 4 
months was 7.0% (95% CI, 4.7% to 18.7%), significantly lower 
in comparison with the historical control. For the 50 patients 
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who were alive at 6 months, HVLT-R DR significantly declined 
overtime. Higher hippocampal D100% (dose to 100% volume 
of hippocampus) predicted greater decline in HVLT-R DR. They 
concluded conformal avoidance of the hippocampus during 
WBRT is associated with preservation of memory as compared 
with historical series [41]. 

Lin et al. studied the impact of HA‑WBRT on NCF preserva-
tion in 22 patients with brain metastases. Hippocampal dose 
parameters were not reported in this study. They suggested 
that HA‑WBRT preserves critical NCFs in cancer patients har-
bouring brain metastases with a favorable prognosis [81]. Dios 
et al. is a recent GICOR-GOECP-SEOR randomized phase III trial 
of PCI with or without hippocampal avoidance for small-cell 
lung cancer (PREMER). 150 patients with SCLC randomized to 
standard PCI (25Gy in 10 fractions) or HA-PCI. Their primary ob-
jective was to assess delayed free recall at 3 months and ob-
served comparatively less decline in the HA-PCI arm (5.8%) than 
the PCI arm (23.5%). Significant decline was also noted in the 
Total Recall (TR) at 3 months and DFR, TR, and total free recall 
at 6 months, and TR at 24 months. The incidence of brain me-
tastases, OS, and QOL were not significantly different. They con-
cluded sparing the hippocampus during PCI better preserves 
cognitive function in patients with SCLC [42].

Apart from anatomical avoidance strategies, the role of 
neuroprotective agents has been increasingly studied. In RTOG 
0614, 554 patients undergoing WBRT for brain metastases with 
concurrent and adjuvant memantine to placebo were com-
pared. There was a less decline in episodic memory (HVLT-R 
Delayed Recall) and had significantly longer time to cognitive 
decline in the memantine arm compared to placebo. The prob-
ability of cognitive function failure at 24 weeks was 54% in the 
memantine arm and 65% in the placebo arm. However, for most 
cognitive endpoints, no significant differences were observed 
between memantine and placebo, despite numerical trends fa-
voring the memantine arm [43].

Another trial, CC001, studied cognitive function failure in 
patients with brain metastases treated by HS-WBRT plus me-
mantine or WBRT plus memantine. HS-WBRT plus memantine 
preserves cognitive function better but with no difference in 
progression free survival and OS. They concluded that HS-WBRT 
should be considered a standard of care for patients with good 
performance status [44].

Maintaining hippocampal constraints while delivering cu-
rative dose of radiation can be challenging. Hofmaier et al. 
attempted to reduce contralateral hippocampal dose in glio-
blastoma patients. They were able to reduce contralateral hip-
pocampus generalized equivalent uniform dose with volumetric 
modulated arc therapy (VMAT) by 36 %, while delivering a total 
dose of 60Gy in 2Gy per fraction, when compared to the 3D-CRT 
plans. They demonstrated parietal and a non-temporal tumour 
localisation as well as a larger target volume predicted a higher 
hippocampal dose [45].

Kim et al. hypothesized that hippocampal-sparing radiother-
apy via VMAT could preserve the NCF of patients with primary 
brain tumors. They observed verbal memory functions can be 
preserved by sparing contralateral hippocampus. They achieved 
a median Dmax of 16.4Gy and a mean dose, expressed as equiv-
alent to a 2-Gy dose (EQD2/2), of 7.4 Gy2 [46].

What can we spare

Sparing the whole hippocampal formation of therapeutic 

doses of radiation, poses the theoretical risk of intracranial dis-
ease progression in these regions. Risk of recurrence or metas-
tases in the avoidance region is largely dependent on the vol-
ume of brain tissue that is spared [39,47].

Gondi et al studied the safety profile of RTOG 0933 and did 
a comprehensive analysis of 371 patients with 1133 brain me-
tastases at presentation and observed brain metastases within 
5mm of the hippocampus in 8.6% of patients. 3.0% of 1133 me-
tastasis was located within 5 mm of the hippocampus and none 
was located within the hippocampus proper [47].

Wee et al suggested hippocampus sparing IMRT (HSRT) does 
not compromise oncological safety in glioblastoma patients 
treated to a median dose of 60Gy in 30 fractions. Contralateral 
hippocampal constraints included Dmax <17Gy. The incidence 
of failure after 1 year at the contralateral hippocampus and hip-
pocampus + 1 cm was only 2.8% and 6.8% respectively and was 
mostly seen in patients with disseminated disease after HSRT 
[48].

Ghia et al. Studied the distribution of brain metastases. In 
about one hundred patients, they contoured brain metastases 
as well as hippocampi with 5-, 10-, and 15-mm expansion enve-
lopes in pre–RT MRI T1 weighted images. 3.3% metastases were 
within 5 mm of the hippocampus and 86.4 % of metastases 
were greater than 15mm from hippocampus. They concluded 
that 5-mm margin around the hippocampus for hippocampal 
sparing WBRT represents an acceptable risk [2].

Therefore, only the dentate gyrus and Cornu Ammonis (CA) 
fields of the hippocampus proper, which are considered as the 
sites of adult neurogenesis, are spared. Thus, the avoidance re-
gion which is contoured usually include hippocampus proper 
with a 5mm volumetric expansion [39,47].

Safe dose for the hippocampus

For determining the ideal model of radiation sensitivity, it 
is essential to ascertain the α/β value of hippocampus. While 
an α/β value of 2.9 is given for normal brain, the α/β value for 
hippocampus is still uncertain. Usually, a value of 2 to 3 is used 
for the hippocampal region but the α/β value for NSCs com-
partments is 10. Therefore, an α/β ratio of 10 for the true hip-
pocampus and an α/β value of 2 for the whole hippocampus is 
suggested by some authors. Neurocognitive deficits manifest at 
doses <10Gy, even as low as 2Gy [49,50].

The recommended maximum dose for the hippocampus 
(Dmax) is <16Gy and D100% is <9Gy [51, Pokhrel et al, 2016]. 
Hsu et al. suggested a mean hippocampal dose (normalised to 
2Gy fraction) of 5.23Gy2 [Hsypu et al, 2010]. Gondi et al. hy-
pothesised that avoiding the hippocampus during cranial irradi-
ation can preserve NCF and concluded that an EQD2 > 7.3Gy to 
40% of the bilateral hippocampus was associated with NCF im-
pairment [3]. However, decreasing the distance of the nearest 
metastasis from the hippocampus and the total target volume 
are associated with exceeding hippocampal constraints [54].

Conclusion

The hippocampus is a complex structure which plays a prime 
role in NCF. The current scientific evidence supports sparing 
the hippocampus during cranial irradiation can produce clini-
cally significant neurocognitive benefits. These benefits will 
have more significant clinical translation in young patients and 
those undergoing curative intent radiotherapy. Therefore, it is 
necessary that our understanding of dose-dependent radiation-
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induced NSC dysfunction, the growing knowledge of NSC niches 
in the brain and development of high precision radiation de-
livery techniques, should guide us to design and execute NSC-
preserving radiotherapy. 
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