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Background
The human retrosplenial cortex (RSC) is the portion of the parietal 

lobe that lies immediately posteriorly to the splenium of the corpus 
callosum [1]. This anatomical structure has been reported to have several 
important connections with other cortical and subcortical regions of 
the brain [1,2]. Fundamental research in the rat has suggested a very 
important role of RSC in orientation in both known and unknown 
environments [3,4] and reported human cases seem to confirm this 
role [5-7]. However, very interestingly, early on other cases such as the 
one reported by Valenstein and colleagues [8] seemed to also suggest 
a role for the human RSC in memory processes, with lesions leading 
to a so-called ‘retrosplenial amnesia’ and very little is still known on 
this region from a clinical point of view. Last-but-not-least, RSC lesion 
has also been associated with language difficulties [9]. To date there 
are no epidemiological data regarding the prevalence or the age at 
the occurrence of the lesion of such a region as well as the different 
symptoms, or lack thereof, associated with it. Moreover, few cases in 
total have been reported in the entire literature and the majority consists 
of elderly patients. In this article, we report two new cases of lesion of 

Injury to the human retrosplenial cortex: Two cases and a 
review of the literature
Lin Song1#, Paul E Constanthin2,3#, Nan Lin4, Yongji Tian5-8* and Lijia An1

1School of Life Science and Biotechnology, Dalian University of Technology, Dalian, Liaoning 116024, China
2Neurosurgery Department, Hôpitaux Universitaires de Genève, 1205 Geneva, Switzerland
3Department of Neurosurgery, University of Geneva Medical Center, Faculty of Medicine, University of Geneva, Geneva, Switzerland 
4Department of Anesthesiology, Beijing Tiantan Hospital, Capital Medical University, Beijing, China
5Department of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, Beijing, China
6China National Clinical Research Center for Neurological Diseases, China
7Center of Brain Tumor, Beijing Institute for Brain Disorder, China
8Beijing Key Laboratory of Brain Tumor, China
#Co-first authors, these authors contributed equally to the study

Abstract
Background: The human retrosplenial cortex (RSC) is the cortical region of the parietal lobe that lies directly behind the splenium of the corpus callosum. While 
recent fundamental research in animal models has suggested a very important role for the RSC in orientation, relatively few human cases of lesion to the RSC 
have been reported in the literature. Furthermore, those few cases have pointed at, in addition to the aforementioned role of this cortical structure in topographical 
orientation, a potential for other supplementary roles in higher-order cognitive functions such as memory processing and language. 

Cases presentation: In this article, we report two remarkably asymptomatic cases of extensive oncological lesions to the RSC in otherwise healthy patients younger 
than 35 years old. We report their surgical treatments and their release from our hospital. During the entire follow-up, patients never reported any issue with 
topographical orientation or language, which is remarkable compared to cases previously reported. 

Discussion and conclusions: We then discuss the available clinical literature about RSC lesions in human brain and the possible reasons for such a diversity of 
reported symptoms, or lack thereof, between cases for a seemingly similar radiological entity. Our cases reveal that understanding of the RSC and its lesions remain 
scarce and needs to be further investigated, both fundamentally and clinically.
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the RSC, this time in patients younger than 35 years old. Surprisingly 
and contrarily to all the cases reported previously, no symptoms were 
reported by the patients in orientation and memory processes. We here 
describe these two cases and discuss the literature about RSC lesions, 
emphasizing on the lack of knowledge from the clinical point of view 
on this extremely complicated region of the human brain.

Cases presentation
Case 1

A 33 years old Chinese right-handed woman with no past medical 
history presented to her local hospital with headache, dizziness, nausea 
and vomiting for 20 days. Magnetic resonance images (MRI) revealed 
an intracranial mass (of 2.7 × 2.5 × 2.5 cm) for which she was referred 
to our department. Upon admission, physical examination and more 
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particularly neurological examination did not reveal any other symptom 
than the ones described previously with a well-oriented and fluently-
speaking patient with Karnofsky Performance Score (KPS) rated at 90. 
Medical history did not reveal any progressive impairment in cognitive 
functions in the last year. A new MRI-examination revealed a mass in 
the right parietal lobe extending to the right lateral ventricle and the 
splenium of the corpus callosum (Figures 1A and 1B), encompassing 
60-70% of the right RSC. Other than that, presence of a cyst in the 
right maxillary sinus was mentioned. Laboratory tests revealed 
hypofibrinogenemia and anemia. Removal of the mass was carried 
as follows: after dura mater opening and exploration, the solid cystic 
tumor and its blood supply were visualized 2 cm under the cerebral 
cortex with no clear demarcation between tumor edges and healthy 
tissue. Upon opening of the cystic component of the tumor, yellow and 
clear fluid was obtained. Careful separation of the tumor from healthy-
appearing tissue with security margins revealed a tumoral extension 
towards the right parietal lobe, deeply into the occipital horn of the 
right lateral ventricle and in the corpus callosum. The tumor was fully 
resected with security margins and final size of resected tissue was 3 × 
2.8 × 2.8 cm. Pathological analysis then confirmed the glial origin of the 
tumor with diagnosis of World Health Organization (WHO) grade 4 
glioblastoma. The patient presented no new symptoms or complication 
and was discharged one week after surgery. At follow-up by phone 
at one and two months after surgery, patient and her family did not 
report any new symptom, particularly no impairment in topographical 
orientation, language or memory skills.

Case 2

A 25 years old Chinese right-handed man with no past medical 
history (and in particular not indication of a recent worsening in 
cognitive functions) presented to his local hospital after an episode 
of rigidity of the left thumb while playing a video game followed by 
whole body convulsion with screaming and loss of consciousness that 
lasted for one minute. No mouth foaming nor sphincter incontinence 
were reported and the episode resolved spontaneously. The patient only 
presented a post-ictal headache that also resolved before his admission 
in the hospital. MRI revealed an intracranial mass for which he was 
referred to our department. Upon admission, physical examination 
and more particularly neurological examination did not reveal any 
other symptom with a well-oriented and fluently-speaking patient. 
A new MRI-examination revealed an expanding mass (measuring 5 
× 5 × 4 cm) in the right parietal lobe, extending to the splenium and 
body of the corpus callosum (Figures 2A and 2B), this time, the lesion 
was estimated to encompass approximately 50% of the right RSC. 
Laboratory tests revealed hypofibrinogenemia. Removal of the mass 
was carried as follows: the solid cystic tumor with blood supply was 
situated in the right parietal lobe with no clear demarcation between 
tumor edges and healthy tissue. Inner portion of the tumor was necrotic 
and hemorrhagic. Tumor was cut along the peritumoral vasogenic 
brain edema. Examination indicated a cystic portion situated deeper in 
the brain that prompted opening of the right lateral ventricle, allowing 
complete removal of the tumor with security margins. Final size of 
resected tissue was 6 × 6 × 5 cm. Pathological analysis identified the 
tumor as having two components: partly anaplastic oligoastrocytoma 
and partly WHO grade 3-4 glioblastoma. During hospitalization 
following the surgery, the patient presented an infection of the central 
nervous system at the surgical site that was treated with antibiotics 
without further complication. He was then finally discharged nine 
days after surgery. At follow-up by phone at one and two months 
after surgery, patient and his family did not report any new symptom, 

particularly no impairment in topographical orientation, language or 
memory skills.

Discussion and Conclusions
The Retrosplenial Cortex (RSC) is described as the portion of 

the parietal lobe situated directly behind the splenium of the corpus 
callosum [1] and has been shown to be present in several species 
including rats, monkeys and humans [1]. This anatomical region has 
earned great interest in the last decades due to its position, its peculiar 
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Figure 1. Sagittal (1A) and transversal (1B) gadolinium-injected T1 MRI images of a 
33 y.o. female patient showing a (WHO) grade 4 glioblastoma in the right parietal lobe 
extending to the right lateral ventricle and the splenium of the corpus callosum. In red: 
position of the RSC

A

B

Figure 2. Sagittal (2A) and transversal (2B) gadolinium-injected T1 MRI images of a 25 
y.o. male patient showing partly anaplastic oligoastrocytoma and partly WHO grade 3-4 
glioblastoma in the right parietal lobe, extending to the splenium and body of the corpus 
callosum. In red: position of the RSC
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organisation at the cellular level and its great number of connections 
with several cortical and subcortical regions [1,2]. Despite its strong 
connections to some key structures such as the hippocampus, posterior 
parietal cortex, subiculum, anterior cingulate and anterior thalamic 
nuclei and medial entorhinal cortex [10-16], little is still known 
about the function of this region, particularly in the human brain [1]. 
Some roles have been suggested by studies conducted in the rats, in 
which lesion to the RSC has been shown to severely impair ability to 
navigate within both known and new environment [3]. Several in-vivo 
electrophysiological studies support this role of RSC in navigation as it 
was reported to encode head direction [17,18] and, to a lesser degree, 
spatial position [19-24].

Very interestingly, Pothuizen et al. [4] have shown that the lesion 
of different regions of the RSC in the rat brought different behavioural 
abnormalities. In their study, two different lesion groups (lesion of the 
granular retrosplenial and complete retrosplenial lesion) were both 
comparably impaired throughout most of radial-arm maze acquisition. 
However, for one condition (reinforced spatial alternation in a T-maze), 
the rats with only granular cortex lesions resulted in a larger deficit than 
the complete RSC lesion [4]. This could be explained by the cellular 
organization of such different regions, the different connections such 
regions make with other cortical and subcortical regions or by a 
combination of those differences and such variety of effect of lesion 
models warrants further research and development in fundamental 
research. 

Interestingly, when researching the human literature concerning 
RSC, relatively few cases reporting a lesion in this region and its 
consequences can be found leading to a surprising lack of certitude 
regarding the roles of this region in human. However, despite the rarity 
of these cases, they seem to confirm the suspected roles of the RSC. 
Indeed, regarding the role of RSC in memory, following Valenstein et 
al., Takayama et al., Yasuda et al. and Gainotti et al. all reported cases 
of ‘pure’ retrograde amnesia following lesion in the retrosplenial region 
after infarction for the former and astrocytoma for the latter [8,25-27]. 
Such symptoms were also described after lesion of the RSC of the non-
dominant hemisphere in a 68 years old patient [28]. Impairment of 
anterograde memory was also reported after RSC lesion [29-31]. Some 
authors also reported cases showing an impairment of the components 
of orientation [5-7]. Alsaadi et al. reported 3 cases of Topographic 
Disorientation with only one exhibiting a lesion directly in the RSC 
and the two others showing lesions in others interlinked regions [32] 
while Greene and colleagues who reported a case of Topographical 
Heading Disorientation following bilateral lesion of the occipital region 
including the RSC and argued that the symptoms might arise from a 
destruction of the connection between RSC and the right posterior 
parietal lobe [33]. Amnesia and topographic disorientation were even 
reported concurrently in two cases by Maeshima et al. [34] and Osawa 
et al. [35]. Finally, a very interesting symptom has been reported in a 
case by McDonald and colleagues whose patient showed poor verbal 
encoding scores at testing after a left RSC lesion [9] suggesting a 
possible role of the left RSC in verbal capabilities.

Glioblastoma (GBM) is the most common primary malignant 
tumor of the brain (constituting 45-50% of all primary brain tumors), 
occurs most commonly between the ages of 55 and 85 and is associated 
with potentially severe symptoms such as epilepsy [36]. Diagnosis of 
GBM is often suspected by brain imagery (mostly MRI) and confirmed 
by pathology. Treatment of GBM comprises surgery, radiotherapy, 
chemotherapy and immunotherapy. However, due to its strong 

invasiveness and high tendency for recurrence, prognosis of GBM 
remains poor nowadays, especially in older patients [36,37].

The two cases we present here are relevant because they crystallize 
the lack of knowledge currently present concerning RSC. Indeed, 
to our knowledge, there is no known study about the prevalence of 
RSC lesions in the human brain as well as their type, the age of their 
occurrence and the associated symptoms. Up till now, human cases 
seem to confirm the roles suggested by animal research in memory and 
orientation. However, the number of cases remains too small to draw 
any definitive conclusion, especially knowing the fact that symptoms 
can be caused by lesion of other regions (themselves often connected to 
the RSC). A very interesting point of both our cases is the apparent total 
absence of the aforementioned symptoms. Indeed, follow-up by phone 
call at two months post-surgery did not reveal any symptoms in these 
fields. When asked more specifically, patients did not report any issue 
with spatial navigation and did not report any condition affecting their 
quality of life. This could be explained in several ways. First, changes 
might be far too subtle to be realized by the patients and their family 
and stricter testing might reveal such a phenotype. This lack of finer 
neuropsychological testing represents a limitation of our article and it 
highlights the importance for thorough neuropsychological testing in 
the case of such brain lesions, both pre- and postoperatively. However, 
it is very important to note previous cases reported in the literature did 
not report “slight” but important symptoms greatly reducing quality of 
life (with patients typically presenting a tendency to lose themselves 
in previously known environments). Therefore, while we did not finely 
test spatial navigation, our cases are still relevant, as they did not present 
with such important impairment in their quality of life.

Another reason might be that time after the lesion is critical; 
indeed we only followed the patients during two months after the 
surgery. While majority of RSC lesion case-reports spoke of immediate 
impairment in the memory or orientation department, symptoms 
due to the lesion of brain regions functionally related to RSC such as 
hippocampus have been reported to take time (sometimes many years) 
to appear [38]. This might point to an evolution with time, possibly 
due to a modification in the lesion site or a lack of available regional 
plasticity. The age at the time of the lesion or the type of lesion itself 
might also be of particular importance. In this article, both our cases 
were glioblastomas in relatively young patients while majority of 
the reported symptomatic cases were in older patients with several 
different types of lesions. Older patients might be more susceptible 
to lesions of the RSC due to the lowered plasticity of the aged brain. 
The slow pathological process (compared to acute pathologies such 
as strokes) might explain why precise inquiring into both patients’ 
recent medical history did not reveal any cognitive impairment, even a 
slowly-appearing one as cortical plasticity might have counteracted and 
mitigated the effect of the tumors on spatial navigation capabilities. Last 
but not least, as suggested by Pothuizen et al. [4], different RSC regions 
might be functionally different due to their cellular organization or 
connections. In the light of this fact, the absence of symptoms in both 
our cases might come from the fact that the regions lesioned were not 
eloquent regions or that compensation between regions or hemispheric 
sides (in this aspect, it is important to note that both our cases suffered 
from lesion of the right RSC and a predominance of the left RSC cannot 
be ruled out in these patients, explaining, at least partly, the lack of 
symptoms). Another explanation for this situation regards the size itself 
of the lesions, with both patients retaining some intact parts of their 
RSC. The remaining viable RSC might, indeed, be sufficient to treat 
spatial and navigational information, leading to an apparent absence 
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of symptoms. This lack of knowledge points to another important point 
concerning RSC, the risk associated with surgery. Indeed, given the 
seemingly high complexity of the inter-region connectivity, surgery 
might present with unexpectedly detrimental outcomes and knowledge 
of the risks brought by new research might help modify pre-surgical 
testing, surgical approach and post-surgical follow-up of such patients.

In conclusion, our cases reveal some remaining lack in the 
knowledge concerning lesions in human RSC. The absence of symptoms 
of our cases associated to RSC lesions compared to other reported 
cases is, despite being a very positive outcome, quite astonishing and 
emphasizes the need for us to not only further research the different 
roles of the RSC in animal models, but to also develop a more structured 
approach of this region in humans through anatomical, pathological 
and behavioural studies. We believe that further fundamental and 
clinical research in this region is of particular importance to allow 
better patients’ management in the future.
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