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ABSTRACT. – BACKGROUND: Behavioral and 
neuropsychological functions are frequent long-
term sequelae of severe traumatic brain injury 
(TBI). Neuropeptides, such as nerve growth fac-
tor (NGF), can enhance neurogenesis and im-
prove cognitive functions after TBI, playing a 
pivotal role in neuroplasticity. A limited number 
of studies documented the safety and efficacy 
of intranasal NGF administration in children with 
severe TBI.

CASE REPORT: A fourteen-year-old boy with 
a diffuse axonal injury secondary to severe TBI 
was treated with human-recombinant NGF ad-
ministration. This patient underwent treatment 
with intranasal hr-NGF administration at a to-
tal dose of 50 gamma/kg, three times a day for 
seven consecutive days. The treatment sched-
ule was performed for 4 cycles, at one month 
distance each. NGF administration improved ra-
diologic functional assessment evaluated with 
positron emission tomography scan (PET) and 
single photon emission computed tomography 
(SPECT), with an important improvement in clin-
ical conditions. Significant improvements were 
also observed, mainly in cognitive processes, 
memory, the planning of a communication strat-
egy, execution skills, attention, and verbal ex-
pression. No side effects were reported. 

CONCLUSIONS: Additional studies are re-
quired to gain a deeper insight into this neurotro-
phin’s neuroprotective function, but our findings 

reveal a potential efficacy of intranasal hr-NGF 
administration in enhancing cognitive and clin-
ical outcomes among children with diffuse axo-
nal injury after severe TBI. 
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Introduction

The primary cause of disability and mortality 
among pediatric patients is traumatic brain injury 
(TBI)1. Some groups face a higher risk of experi-
encing long-term neurological issues following 
such injuries, including children aged 0 to 4 years 
and adolescents/young adults (15-24 years)2. The 
mechanical injury leads to disruptions in ion bal-
ance, excitotoxicity, and cell depolarization, along 
with damage to endothelial tissue and the release 
of proinflammatory chemokines and cytokines. 
Additionally, there is mitochondrial damage, re-
sulting in calcium buildup, energy depletion, and 
the release of oxygen species. These processes lead 
to demyelination, axonal degeneration, and pro-
tein aggregation. These cerebral reactions contrib-
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ute to significant brain inflammation and reduced 
cerebral blood flow, resulting in hypoglycemia, 
hypoxia, and blood-brain barrier dysfunction3. 
Furthermore, secondary brain injury, caused by 
reperfusion, oxidative stress, edema, and ischemia, 
often results in neuronal loss and progressive im-
pairment of motor and cognitive functions3,4.

Behavioral and neuropsychological impair-
ments are common long-term consequences of 
severe TBI in children and young adults5. Cur-
rently, there is limited evidence regarding effec-
tive therapies for neuronal restoration following 
TBI6. However, some studies suggest that neu-
rotrophic factors may promote neurogenesis and 
improve cognitive functions post-TBI, playing 
a crucial role in neuroplasticity7,8. Specifically, 
nerve growth factor (NGF) has been shown to 
reduce neuroinflammation, protein aggregation, 
and mitochondrial dysfunction while enhancing 
angiogenesis and protecting oligodendrocytes9. 
Its neuroprotective effects have been demonstrat-
ed in both animal models and human studies, with 
promising results from intranasal NGF delivery 
in children with severe neurological sequelae 
following conditions such as meningitis, chronic 
vegetative state after cardiac arrest, and unrespon-
sive wakefulness syndrome post-TBI10-13. Intrana-
sal administration offers a safe and non-invasive 
delivery method, ensuring effective NGF concen-
tration in specific brain areas14. Based on these 
encouraging findings, we present a case study of 
a child with neurological sequelae after severe 
TBI who underwent intranasal administration of 
human-recombinant NGF (hr-NGF).

Case Presentation

A fourteen-year-old boy was admitted to the 
emergency room and then to the Pediatric In-
tensive Care Unit for severe TBI secondary to a 
car accident. He immediately underwent tracheal 
intubation and sedation. A total body computed 
tomography (CT) scan showed a pneumoenceph-
alus in the frontal left side with multiple hem-
orrhagic petechiae in frontal and parietal areas 
with loss differentiation in grey and white matter. 
Brain MRI confirmed cortico-subcortical hem-
orrhagic foci also involving the corpus callosum, 
corona radiata, mesencephalon, pons, and right 
basal ganglia, confirming a diffuse axonal injury 
(DAI). An intracranial pressure monitoring was 
carried out through sensor positioning. Addition-
ally, computed tomography scans revealed max-

illofacial trauma, including fractures of the left 
zygomatic-orbital complex and mandible. These 
injuries were treated with emergency surgery, 
with no alteration in ocular alignment. Post-trau-
matic sinus venous thrombosis was developed 
and treated with Enoxaparin.

Somatosensory evoked potentials (SSEP) per-
formed in acute phase showed bilateral absence of 
N20 responses from cortical median nerve. Audi-
tory evoked potentials (AEPs) that assess specific 
areas of the brainstem, basal ganglia, and audi-
tory cortices revealed a normal signal for right 
side auditory stimulus and abnormal signal in III-
IV peaks for left side auditory stimulus. Visual 
evoked potential showed increased bilateral stim-
ulus latency. EEG recording showed a general 
slowing of electrical activity in both hemispheres, 
with good reactivity to stimulations. 

Fifteen days after TBI, the child was admitted 
to the Neurorehabilitation Unit to receive neu-
rorehabilitation treatment and medical care. The 
duration of inpatient rehabilitation was 2 months. 
The neurological examination at the admission 
revealed an alert, mild alteration of consciousness 
(Glasgow coma scale 11), good motor strength 
(better on the right than on the left side), and 
chaotic motility but adequate response to pain-
ful stimuli. Spontaneous eye opening, symmetric 
pupil size with partial reactivity, and divergent 
strabismus in the right eye due to superior rectus 
muscle hypofunction were reported. Verbal com-
munication was absent, revtaealing an aphasic 
disorder with moments of agitation. 

The child progressively improved his state of 
consciousness in a few days after the treatment. 
His functions progressively stabilized, with nor-
mal blood pressure, heart rate, and respiratory 
function recovery. Bowel and bladder functions 
were restored. During his stay in an inpatient re-
habilitation setting, the therapeutic program in-
cluded physical therapy, speech therapy for feed-
ing and for language, occupational therapy, and 
serial orthoptics evaluations. Given the improved 
oral motor skills noted by the speech therapist, the 
nasogastric tube was removed, maintaining cau-
tion regarding solid foods. One month after the 
admission he can control the trunk and stays sit 
alone. Functional measures through gross motor 
function measure (GMFM) performed one week 
following the admission and at discharge revealed 
respectively 11% and 98% scores, while self-care 
assessment through functional independence 
measure (WeeFim) revealed 14.28% and 95.23% 
scores confirming a good self-care level achieved. 
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Fifteen days after admission, a speech and lan-
guage therapy assessment was carried out, which 
showed reduced verbal initiative, incorrect an-
swers to some questions, and attention problems. 
In inpatient rehabilitation, a progressive recovery 
of aphasic disorder and orientation was observed. 
At discharge, he claimed oriented and correct re-
sponses to questions. To guarantee a natural reha-
bilitation, participation also in his usual context, 
as a hospital school, was provided. 

EEG recording at discharge showed good back-
ground activity in both hemispheres without epi-
leptic abnormalities. The somatosensorial evoked 
potential was finally normal. Orthoptics evalua-
tion disclosed a complete recovery of binocular 
vision in some gaze positions (up and right), and 
transient diplopia persisted.

A CT scan at the end of admission showed a 
small flap of subdural hematoma, which com-
pletely disappeared at the MRI exam. This is 
mainly related to mesencephalic involvement, 
the absence of N20 response at SSEP in the acute 
phase, persistence of inhibition, slow execution 
abilities, and other neuropsychological functions. 
He was selected for NGF treatment, and a cycle of 
outpatient rehabilitation was prescribed.

Intranasal Human-Recombinant NGF 
(hr-NGF) Administration 

Four months post-TBI, due to the enduring 
cognitive dysfunction, the possibility of initiating 
therapy involving the intranasal administration 
of human recombinant NGF was contemplated. 
Parents were asked to sign written informed con-
sent before starting the therapy. The study was 
approved by the Ethics Committee (approval No. 
5169/20, ID 2989) of the Fondazione Policlinico 
Universitario Agostino Gemelli – IRCCS, Rome, 
Italy. This study is also a part of a registered clini-
cal trial (EudraCT number 2019-002282-35). The 
child underwent intranasal administration of hr-
NGF (Oxervate by Dompè Farmaceutici, Milan, 
Italy) in four cycles of seven days each. 

Intranasal clinical grade hr-NGF aqueous solu-
tion was administered at a total dose of 50 gam-
ma/kg. This amount is considered sufficient to 
reach and stimulate NGF receptors, mainly Ty-
rosine receptor kinase A (TrkA), in most cerebral 
cholinergic and serotoninergic areas of the brain, 
as previously reported in the literature15,16. 

The product used was Oxervate, consisting of 
cenegermin-bkbj (hr-NGF) ophthalmic solution 
0.002% (20 µg/mL) (Dompè Farmaceutici SpA, 
Milano, Italy). The vial of Oxervate was stored at 

4°C until its usage. The total dose of hr-NGF (50 
µg/kg) was divided into four cycles of treatment. 
In each cycle, ¼ of the total dose was distributed 
in 21 doses, and each dose was divided into 2 nos-
trils and administered 3 times a day for 7 consec-
utive days. The cycles of administration started 
on days 1, 31, 61, and 91 of treatment. In this way, 
the dose and final volume of each administration 
were calculated according to the patient’s weight. 
MAD Nasal™ (Intranasal Mucosal Atomization 
Device from Teleflex – MAD100, Version Model 
Number IPN048826) was used to deliver hr-NGF 
without any process of dilution or lyophilization 
via a fine spray (30 microns) to facilitate its ab-
sorption by olfactory and trigeminal nerve fibers. 

Prior to administering NGF, the nostrils were 
rinsed with 1 mL of saline solution and then gen-
tly suctioned to prevent any potential interference 
with drug absorption.

Results

Neurological Assessment
A comprehensive and detailed examination of 

cognitive, neuropsychological, and academic as-
pects was performed by the patient 2-4 months 
post-TBI after the inpatient rehabilitation. The 
same neuropsychological assessment was admin-
istered to the patient one month after the four cy-
cles of intranasal NGF, approximately 6 months 
following the initial evaluation. 

The Wechsler Intelligence Scale for Children 
was used to assess cognitive functioning. The Wis-
consin card sorting test was utilized to measure 
set-shifting, cognitive flexibility, and persever-
ative responses. Executive attention and control 
were examined using the continuous performance 
test-III. The NEPSY-II evaluated auditory atten-
tion, vigilance, the ability to shift and maintain 
response sets, inhibition of automatic responses, 
visuospatial memory, verbal and learning memo-
ry, and narrative memory. Reading, writing, and 
orthographic competence were assessed with the 
MT-2 test, while math skills were evaluated using 
the advanced MT-2 test.

Table I and Table II show results obtained by the 
patient in the specific domains before NGF treat-
ment compared to the scores obtained after NGF 
treatment17-21. Additionally, post-NGF treatment 
evaluation included an assessment of adaptive 
functioning using the VINELAND-II interview 
and an evaluation of the ability to integrate motor 
and visual skills through the administration of the 
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Developmental Test of Visual Motor Integration. 
Table III presents the obtained results22,23. 

Positron Emission Tomography 
Scan results (Details Regarding 
the Protocol Employed in the 
Supplementary Materials)

The first Positron Emission Tomography/Com-
puted Tomography (PET/CT) study was per-
formed four months after the head injury and 2 
days before the beginning of intranasal NGF ad-
ministration. The second PET/CT assessment was 

repeated one month after the end of the treatment. 
At visual analysis, the first PET/CT study showed 
a moderate reduction in uptake of the metabolic 
tracer in correspondence with the mesencephalic 
structures. It was associated with an asymmetri-
cal uptake of the radiopharmaceutical in corre-
spondence with the right thalami, which was less 
than the left. There was a slight reduction in met-
abolic tracing in the left mesial temporal cortex 
and a further slight reduction in radiopharmaceu-
tical uptake in the bilateral cerebellum. In con-
clusion, it showed a mild reduction of 18F-FDG 

Table I. Specific domain’s results at baseline and follow-up.

NGF: nerve growth factor.

Task Skills 
investigated

Domains Scores pre NGF 
treatment

Scores post 
NGF treatment

Wechsler intelligence 
scale for children17

Cognitive functioning Full scale intelligence quo-
tient (FSIQ) (M=100±15) 81 95

Verbal comprehension index 
(VCI) (M=100±15) 84 84

Perceptual reasoning index 
(PRI) M=100±15) 108 106

Working memory index 
(WMI) M=100±15) 88 103

Processing speed index (PSI)
M=100±15) 56 76

Wisconsin card sorting 
test18

Set-shifting, cognitive 
flexibility and perse-
verative response

Percent errors 
(T score; M=50) 58

unavailable

Percent perseverative 
response (T score; M=50) 39

Percent perseverative errors 
(T score; M=50) 47

Percent non-perseverative 
errors (T score; M=50) 67

Continuous performance 
test-III19

Executive attention and 
control

Detectability 
(T score; M=50±10) 35 34

Omission (T score; 
M=50±10) 43 46

Commission (T score; M=50) 40 32
Perseveration (T score; 
M=50±10) 45 45

HRT (T score; M=50±10) 61 74
HRT SD (T score; M=50±10) 48 49
Variability 
(T score; M=50±10) 42 44

HRT block change 
(T score; M=50±10) 51 40

HRT ISI change 
(T score; M=50±10) 55 58

https://www.europeanreview.org/wp/wp-content/uploads/SUPPLEMENTARY-MATERIALS.pdf
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§Academic abilities were evaluated from pre- and post-NGF treatment with different tools since the boy, after hospitalization, 
began a new school cycle (from middle school to high school). NGF: nerve growth factor.

NEPSY-II20 Auditory attention, 
vigilance and ability  
to shift and maintain  

set of response

Auditory attention
(percentile rank) 6-10° 26-50°

Response set (percentile rank) 11-25° 51-75°
Inhibition of automatic  

response
Denomination (combined scaled 

score) 6 10

Inhibition (combined scaled 
score; M=10±3) 2 9

Shifting (combined scaled score; 
M=10±3) 5 9

Visuo-spatial memory Memory for design (scaled 
score; M=10±3) 6 9

Memory for designs delayed 
(scaled score; M=10±3) 1 10

Verbal and learning memory 
(short and long term)

Memory for list (scaled score; 
M=10±3) 3 3

Narrative Memory Memory for list delayed (scaled 
score; M=10±3) 1 1

(pre-NFG) MT-2 test
(post-NFG) advanced 

MT-221

Reading§ Comprehension (percentile rank) <5° <5°
Speed (percentile rank) <5° 5-10°

Decoding accuracy  
(percentile rank) 10° 50°

(pre-NFG) learning test 
for writing and  

orthography (BVSCO-2);
(post-NFG) MT-2 test21

Writing and of orthographic 
competence§

Orthographic competence 
(percentile rank) <5° 50°

(pre-NFG) learning test 
for calculation in  

developmental age  
(BDE-2) (post-NFG)  
advanced MT-2 test21

Math skills§ General number knowledge 
(quotient; M=100±15) <49 unavailable

Calculation (quotient; 
M=100±15) <49 unavailable

Number Sense (quotient; 
M=100±15) <49 unavailable

Mental calculation test  
(percentile) unavailable 40°

Mental calculation time  
(percentile) unavailable 30°

Arithmetical facts (percentile) unavailable 10°

Table II. Specific domain results at baseline and follow-up.

Tasks Domains Scores

Vineland-II interview22 Communication (deviation quotient; M=100±15) 84
Daily living skills (deviation quotient; M=100±15) 97

Socialization (deviation quotient; M=100±15) 98
Adaptive behavior composite  

(deviation quotient; M=100±15)
91

VMI test (visual motor integration)23 Visual task (standard score; M=100±15) 105
Motor task (standard score; M=100±15) 85

Visual motor integration (standard score; M=100±15) 96

Table III. Vineland-II interview and visual-motor integration test.
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uptake in the bilateral parietal cortex and subcor-
tical regions and a slightly more severe reduction 
in the cerebellum (Figure 1A).

After one month from the last cycle with in-
tranasal NGF administration, PET-TC showed 
an increase in radiotracer uptake in the bilateral 
parietal cortex (right: +7%; left: +6%), as well 
as in the right and left caudate nucleus (right: 

+3%; left: +5%), and the cerebellum (+6%) 
(Figure 1B).

Single photon emission computed 
tomography results (Supplementary 
Materials)

The timing of execution of SPET/CT assess-
ments was the same as the PET/CT studies. Fig-

Figure 2. Perfusion SPECT images before (A) and after (B) hr-NGF administration. A, 99mTc-HMPAO SPECT images (tran-
saxial slices) before hr-NGF treatment showed a mild reduction in radiotracer uptake (hypoperfusion) in the right and left 
caudate nucleus, right putamen, right and left thalamus. B, After hr-NGF treatment, a slight increase in 99mTc-HMPAO uptake 
was detected in the right caudate nucleus (+8%), left caudate nucleus (+7%), right putamen (+10%), right and left thalamus 
(+8%, respectively).

Figure 1. 18F-FDG PET brain axial slices performed before (A) and after (B) NGF treatment. A, Mild reduction of 18F-FDG 
uptake in bilateral parietal cortex, subcortical regions, and a slightly more severe reduction in cerebellum. B, After the NGF 
administration, an increase of the radiotracer uptake in the bilateral parietal cortex (right: +7%; left: +6%), right and left cau-
date nucleus (right: +3%; left: +5%), and cerebellum (+6%) was observed.

https://www.europeanreview.org/wp/wp-content/uploads/SUPPLEMENTARY-MATERIALS.pdf
https://www.europeanreview.org/wp/wp-content/uploads/SUPPLEMENTARY-MATERIALS.pdf
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ure 2 shows the evolution of cerebral perfusion 
before and after the intranasal NGF administra-
tion. The baseline SPECT/CT scan (Figure 2A) 
revealed a mild reduction in radiotracer uptake 
(hypoperfusion) in the right and left caudate nu-
cleus, right putamen, and right and left thalamus.

In the second SPECT/CT scan after one month 
of the last cycle of NGF treatment (Figure 2B), 
it was evaluated a slight increase in 99mTc-HM-
PAO uptake in the right caudate nucleus (+8%), 
left caudate nucleus (+7%), right putamen (+10%), 
right and left thalamus (+8%, respectively).

EEG Evaluation
EEG examinations performed before intrana-

sal NGF administration showed a normal elec-
tro-physiological rhythm. This exam was re-
peated after one month of the last cycle of NGF 
treatment, confirming a normal rhythm.

Discussion

In this study, we report the effects of treat-
ment with intranasal hr-NGF in a fourteen-year-
old boy with a diffuse axonal injury caused by 
a severe TBI. Diffuse axonal injury (DAI) has 
emerged as a widespread and significant patho-
logical feature of traumatic brain injury. Axons 
in the white matter are particularly prone to 
harm due to the mechanical forces applied to 
the brain during TBI. As a result, DAI has been 
observed across all degrees of TBI severity and 
might potentially function as a primary patho-
logical foundation for mild TBI (concussion). 
From a pathological perspective, DAI covers a 
variety of irregularities, beginning with the ini-
tial mechanical disruption of the axonal cyto-
skeleton, followed by transportation, swelling, 
and proteolysis disruptions, ultimately leading 
to secondary physiological changes. Depending 
on the seriousness and scope of the injury, these 
alterations can immediately present as loss of 
consciousness or confusion and persist as coma 
and/or cognitive dysfunction24.

The continued occurrence of negative con-
sequences years after the incident, despite im-
provements in cardio-pulmonary resuscitation 
techniques, led the American Heart Association 
to identify brain injury as a crucial focus for both 
clinical and experimental investigation. Presently, 
there are no effective treatments or medications 
accessible to improve neurological outcomes in 
these patients25.

Despite receiving innovative and current crit-
ical, neuro-intensive, and rehabilitative care, our 
patients exhibited only minimal neurological im-
provement. Therefore, we decided to begin an ex-
perimental therapy using intranasal hr-NGF. The 
extensive involvement of NGF’s neuroprotective 
mechanisms in both the central and peripheral 
nervous systems has been considerably docu-
mented, particularly concerning neuronal dam-
age resulting from severe TBI16. 

In the past, delivering neurotrophic factors to 
the brain has been a significant challenge because 
of the blood-brain and blood-cerebrospinal fluid 
barriers, which impede the entry of drugs into 
the central nervous system (CNS). Accumulat-
ed knowledge suggests the presence of a direct 
route from the nasal cavity to the brain, allowing 
for drug delivery into the CNS. While the pre-
cise mechanisms are not fully comprehended, 
emerging evidence indicates that these pathways 
include olfactory nerve endings, trigeminal nerve 
fibers, as well as vascular and lymphatic routes, 
facilitating the active transport of NGF into the 
CNS26. In experimental animal models, the in-
tranasal administration of NGF has shown vari-
ous effects following severe TBI. These include 
reducing amyloid β42 (Aβ42) deposits and brain 
edema, suppressing the transcription and expres-
sion of pro-inflammatory cytokines, decreasing 
mitochondria-mediated apoptosis, and lowering 
TBI-induced elevation of interleukin 1β (IL-1β). 
As a consequence, this significantly increases 
neurological outcomes in injured brains27.

This novel therapeutic intervention resulted in 
significant enhancements in functional outcomes, 
as indicated by PET/CT and SPECT/CT results, 
accompanied by a simultaneous improvement of 
the patient’s clinical and neurological conditions. 
In fact, before this treatment, the boy showed slow 
execution abilities and cognitive, memory, and at-
tention problems. By analyzing the clinical and 
neurological scores emerging from pre- and post-
NGF treatment cognitive assessments, it is possi-
ble to highlight a significant improvement in the 
aspects of processing speed and working memory 
capacity. Going into detail about neuropsycholog-
ical skills, we can see more accurate scales in the 
test that evaluate executive attention and control, 
even if in a more conservative response style. It 
is also possible to emphasize better performances 
in tests of auditory attention, the ability to inhibit 
automatic responses, and visuospatial memory. 
Regarding academic skills, better decoding, read-
ing, and spelling skills were observed. From the 
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interview on adaptive skills, we noted skills in 
line with age expectations both in terms of daily 
living and socialization.

This result correlates well with the increased 
radiotracer uptake in glucose metabolism in the 
bilateral parietal cortex, right and left caudate 
nucleus, and cerebellum, and with the mild in-
creased vascularization of the mesial temporal 
cortex documented by PET and SPECT, respec-
tively, after the NGF treatment. In this context, it 
is important to emphasize that the mesial tempo-
ral lobe (MTL) is widely recognized as essential 
for memory function. Prior studies28,29, which lev-
eraged a thorough anatomical delineation of MTL 
structures and a meticulous examination of mem-
ory-related phenomena, have endeavored to delin-
eate the distinct role of MTL structures in brain 
plasticity and the regulation of human behavior. 
The distinctiveness of MTL contributions to 
long-term memory has been demonstrated by the 
preservation of short-term memory and non-mne-
monic perceptual, motor, and cognitive abilities30. 
Current anatomical investigations reveal that the 
cerebellum’s output extends to various nonmotor 
regions in the prefrontal and posterior parietal 
cortex, in addition to cortical motor areas. The 
breadth of tasks associated with cerebellar acti-
vation is noteworthy, encompassing assessments 
of attention, executive control, language, working 
memory, learning, pain processing, emotion reg-
ulation, and addiction-related behaviors31,32. PET 
and SPECT investigations have documented both 
changes at the level of the two aforementioned 
structures. It is now recognized that severe TBI 
triggers a cascade of regenerative processes that 
may persist over several weeks33. The improve-
ment of children’s neurological conditions may 
be partly attributed to the intrinsic physiolog-
ical recovery following TBI. Various adaptive 
mechanisms likely initiate shortly after the inju-
ry, resulting in neuroplastic changes that aid in 
the restoration of certain neurological functions. 
Post-TBI recovery seems to depend significantly 
on oligodendrogenesis, the generation of new oli-
godendrocytes34. Oligodendrocytes fulfill various 
roles in the healthy brain, with their primary func-
tion being the production of myelin around axons, 
thereby supporting their essential role in post-TBI 
neuroplasticity and circuit function35. The inter-
play between axons and oligodendrocytes gov-
erns the velocity of signal propagation in a man-
ner contingent on activity, underscoring the role 
of oligodendrocytes in augmenting adaptability. 
Thus, it is plausible that our patient’s neurological 

amelioration arises partly from this innate recu-
perative mechanism, although gauging its mag-
nitude would pose a challenge33. Our patient’s 
significant neuroradiological and clinical changes 
over a relatively brief period are likely attributed 
more to NGF treatment than to spontaneous recu-
peration. Additional investigations conducted by 
our group have examined the impact of intranasal 
hr-NGF on individuals enduring extensive brain 
damage following severe brain injury. Primari-
ly, these studies have highlighted improvements 
in motor functions, characterized by a notable 
decrease in muscle hypertonicity and spasticity, 
illustrating the crucial role of NGF in striatal cho-
linergic dysfunction11,12.

In this patient, we want to underline the im-
portant results obtained in the field of higher cog-
nitive functions. Indeed, after NGF treatment, 
significant improvements were observed mainly 
in cognitive processes, memory, in the planning 
of a communication strategy, execution skills, at-
tention, and verbal expression. Finally, we would 
like to underline that on a qualitative level both 
the child and the parents report a substantial gen-
eral improvement in performance and reactivity 
in everyday life.

Conclusions

The administration of intranasal NGF shows 
promise as a safe and effective intervention 
for treating children with neurological sequel-
ae resulting from severe TBI. Our results are 
promising and expected to pave the way for 
future clinical studies aimed at evaluating the 
potential effectiveness of intranasal hr-NGF 
administration in improving cognitive and clin-
ical outcomes in children with diffuse axonal 
injury. This may serve as an initial phase in 
the development of a larger-scale clinical pro-
gram aimed at assessing the potential efficacy 
of intranasal NGF administration in enhancing 
neurological outcomes and clinical functions 
among children with severe TBI. The initial 
results outlined, and the ease of drug delivery 
justify further exploration, especially in pa-
tients with TBI with initially more favorable 
neurological conditions, to better understand 
the advantages of NGF in cerebral function re-
covery. While further controlled, randomized, 
double-blind studies are needed to clarify the 
neuroprotective mechanisms of this neurotro-
phin, intranasal NGF administration emerges 
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as a promising and safe therapeutic approach 
for children with neurological sequelae result-
ing from severe head injury.

Our report signifies the first documented case 
of a non-invasive treatment method with positive 
impacts on cognitive cerebral functions in a child 
with DAI.
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