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Abstract

Background COVID-19 pandemic is thought to have changed the epidemiology of some pediatric neurosurgical disease:
among them are the intracranial complications of sinusitis and otitis (ICSO). According to some studies on a limited number
of cases, both streptococci-related sinusitis and ICSO would have increased immediately after the pandemic, although the
reason is not clear yet (seasonal changes versus pandemic-related effects). The goal of the present survey of the European
Society for Pediatric Neurosurgery (ESPN) was to collect a large number of cases from different European countries encom-
passing the pre-COVID (2017-2019), COVID (2020-2021), and post-COVID period (2022—June 2023) looking for possible
epidemiological and/or clinical changes.

Material and methods An English language questionnaire was sent to ESPN members about year of the event, patient’s age
and gender, presence of immune-deficit or other favoring risk factors, COVID infection, signs and symptoms at onset, site
of primary infection, type of intracranial complication, identified germ, type and number of surgical operations, type and
duration of medical treatment, clinical and radiological outcome, duration of the follow-up.

Results Two hundred fifty-four cases were collected by 30 centers coming from 14 different European countries. There
was a statistically significant difference between the post-COVID period (129 children, 86 cases/year, 50.7% of the whole
series) and the COVID (40 children, 20 cases/year, 15.7%) or the pre-COVID period (85 children, 28.3 cases/year, 33.5%).
Other significant differences concerned the presence of predisposing factors/concurrent diseases (higher in the pre-COVID
period) and previous COVID infection (higher in the post-COVID period). No relevant differences occurred as far as demo-
graphic, microbiological, clinical, radiological, outcome, morbidity, and mortality data were concerned. Paranasal sinuses
and middle ear/mastoid were the most involved primary site of infection (71% and 27%, respectively), while extradural or
subdural empyema and brain abscess were the most common ICSO (73% and 17%, respectively). Surgery was required in
95% of cases (neurosurgical and ENT procedure in 71% and 62% of cases, respectively) while antibiotics in 99% of cases.
After a 12.4-month follow-up, a full clinical and radiological recovery was obtained in 85% and 84% of cases, respectively.
The mortality rate was 2.7%.

Conclusions These results suggest that the occurrence of ICSO was significantly increased after the pandemic. Such an
increase seems to be related to the indirect effects of the pandemic (e.g., immunity debt) rather than to a direct effect of
COVID infection or to seasonal fluctuations. ICSO remain challenging diseases but the pandemic did not affect the manage-
ment strategies nor their prognosis. The epidemiological change of sinusitis/otitis and ICSO should alert about the appropriate
follow-up of children with sinusitis/otitis.
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Introduction

COVID-19 pandemic has had an impact in the neurosurgical
clinical practice either in changing the way to take care of
patients [1, 2] or changing the risk of some disease like tumors
or brain injuries [3—6]. During recent meetings of the Euro-
pean Society for Pediatric Neurosurgery (ESPN), a certain
feeling about a possible change also in the epidemiology
of intracranial complications of sinusitis and otitis (ICSO)
started circulating based on personal anecdotal reports. In
2022, the Centers for Disease Control and Prevention (CDC)
provided a study to investigate reports on a possible increase
of these intracranial complications in the USA [7, 8], thus
suggesting that the same “feeling” was shared also outside
Europe [9]. The CDC analysis actually showed an increase of
streptococci-related intracranial empyema or abscess during
the 2021-2022 period but this trend was considered as part of
seasonal fluctuations, as demonstrated by the decline during
the second half of 2022. Moreover, the peak did not correlate
with an increased number of admissions in intensive care units
or an increase of the mortality rate.

In 2022, another survey on this topic was launched in the
USA because of the report of a 236% increase of infectious
intracranial complications in a single hospital [10]. In this
instance, the Emergency Infections Network (EIN) recruited
8 USA centers and investigated the trend of streptococcus-
related sinusitis and oto-mastoiditis during the pre-COVID
(January 2018-January 2020) and the COVID period (March
2020-March 2022) in children. The results showed a rele-
vant increase of intracranial infections (100.9%) and sinusitis
complicated by intracranial infections (76.7%) together with
a decrease of orbital cellulitis (14.5%), sinusitis (31.9%),
mastoiditis (24.7%), and mastoiditis complicated by intrac-
ranial infection (116.7%). The partial discrepancy among
this data is explained by some biases like the few number
of participating centers, the voluntary participation to the
study, the limited data collected, and the absence of details
on patients (number of patients and demographic findings
were not provided). However, the value of this survey was
to raise the problem and to point the need of further studies.

The goal of the present survey is actually to provide
further information on this issue by expanding the number
of centers and the number of patients other than by pro-
longing the investigating period to the post-COVID time.

Materials and methods
The survey was addressed to all ESPN members. It was

advertised by mail and through the Society’s website other
than during ESPN meetings and courses, starting from the
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beginning of 2023. The goal was to analyze the impact of
ICSO in the neurosurgical practice during the COVID and
post-COVID era and to compare that with the pre-COVID
era. For that reason, only patients requiring or candidate to
surgery were considered. The period ranging from January
2020 to December 2021 was considered as COVID era,
because of the occurrence of the lockdown period and the
further waves of the pandemic. The period going from
January 2022 to June 2023 (deadline of the survey) was
considered as post-COVID era, due to the drop of COVID
infection with gradual coming back to the normality both
in the daily life and in the clinical practice. Finally, the
time period ranging from January 2017 to December 2019
was used to collect data on the pre-COVID era. Exclusion
criteria were represented by absence of sinusitis or otitis/
mastoiditis, presence of postoperative or surgical site or
CSF shunt-related infections, primary meningitis.

An English language questionnaire on Google Forms
defining the following items was created: year of the event,
patient’s age and gender, presence of immune-deficit
or other favoring risk factors, COVID infection, signs
and symptoms at onset, site of primary infection, type of
intracranial complication, identified germ, type and num-
ber of surgical operations, type and duration of medical
treatment, clinical and radiological outcome, duration of
the follow-up (see Supplementary file).

Statistical analysis was carried out through the use of
data analysis software “IBM SPSS Statistics 29” (Statisti-
cal Package for Social Science). For the sample identi-
fication, descriptive statistics and frequency analyses of
demographic variables were realized. For the detection of
the statistically significant differences among the differ-
ent periods of the survey, Analysis of Variance (ANOVA)
was used. Correlations with Pearson’s r were performed
to highlight the presence of significant correlations. The
significance of p value was set at <0.05.

Results
Demographics

Overall, 254 cases from 31 European centers were col-
lected, 14 different European countries being represented
(Table 1). Eighty-five cases (33.5%) belonged to the pre-
COVID era, 30 of them being treated in 2017 (11.8%), 30
in 2018 (11.8%), and 25 in 2019 (9.8%). The remaining
169 cases (66.5%) were admitted during the COVID and
post-COVID era. Namely, 17 cases were observed in 2020
(6.6%) and 23 in 2021 (9%), that is during the COVID
era (40 cases, 15.7%), while 58 in 2022 (23%) and 71 in
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Table 1 Participating centers and case distribution over the time

Participating centers

Pre-COVID era
(2017-2019)

COVID era
(2020-2021)

Post-COVID
era (2022—
2023)

N of cases

Birmingham Children’s Hospital-Birmingham (UK)

Hopital Femme-Mere-Enfant-Lyon (France)
Santobono-Pausilipon Hospital-Naples (Italy)

Rennes University Hospital-Rennes (France)

Hospital Regional Universitario-Malaga (Spain)

Ospedale Pediatrico Bambino Gesu-Rome (Italy)

Pediatric Neurosurgery, University Hospital-Bordeaux (France)
IRCCS Istituto Scienze Neurologiche di Bologna-Boulogne (Italy)
Asklepios Children’s Hospital-St. Augustin (Germany)
Hospital Sant Joan De Déu-Barcelona (Spain)

University Hospitals-Leuven (Belgium)

Meyer Children’s Hospital IRCCS-Florence (Italy)

University of Florence/Meyer Children’s Hospital IRCCS-Florence (Italy)

Fondazione Policlinico Universitario A. Gemelli IRCCS-Rome (Italy)
ASST Sette Laghi-Varese (Italy)

Hospital Dona Estefania-Centro Hospitalar Universitario-Lisboa (Portugal)

Hopitaux Universitaires de Geneve-Geneva (Switzerland)

Dana Children’s Hospital-Tel Aviv (Israel)

Johannes Kepler University Hospital-Linz (Austria)

Ospedale Infantile Regina Margherita-Turin (Italy)

Department of Neuroscience, University of Padova-Padua (Italy)
University Medical Center-Ljubljana (Slovenia)

Pediatric Neurosurgery, University Medical Center-Gottingen (Germany)

ASST Niguarda-Milan (Italy)
Aristotle University of Thessaloniki-Thessaloniki (Greece)
Azienda Ospedaliero Universitaria delle Marche-Ancona (Italy)

Centro Hospitalar Lisboa Norte-Hospital Santa Maria-Lisboa (Portugal)

Fondazione IRCCS Istituto Neurologico Carlo Besta-Milan (Italy)
Hospital CUF Descobertas-Lisboa (Portugal)

Ankara University Department of Neurosurgery-Ankara (Turkey)
Erasmus MC Sophia Children’s Hospital-Rotterdam (Netherlands)
Overall
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2023 (28%), that is in the post-COVID era (129 cases,
50.8%). Figure 1 summarizes the trend of cases over the
years. Overall, the mean age of recruited patients was
10.17 years (range 1-18 years), with a 1.9 male/female
ratio (167 boys and 87 girls). The difference in number of
cases, age, and sex, according to the different periods, is
reported on Table 2.

The difference in number of cases between pre-COVID
period (2017-2019) and COVID/post-COVID period
(2020-2023) was significant (85 vs 169 cases, p <0.001).
Similarly, the different annual incidence among the 3 peri-
ods was relevant (28.3 versus 20 versus 86 cases/year,
p<0.001). As far as the age of patients is concerned, the

average showed similar figures over the years and across the
3 periods. The trend towards a lower age observed in 2023
was not statistically significant. A predominance of the male
sex was noticed. However, the difference between boys and
girls in the whole series as well as the increase of the M/F
ratio through the 3 periods was not statistically relevant.

Clinical findings
A risk factor for sinusitis/otitis and its complication was
reported in a minority of cases. Eleven out of 254 children

(4.3%) were immunocompromised. On the other hand, 23
patients (9%) showed other potential predisposing factors or
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Fig. 1 Diagram showing the
trend of the cases in the period
of study. Light blue columns
show the prevalence of intracra-
nial complications of sinusitis/
otitis in the pre-COVID,
COVID, and post-COVID era. i
Colored (orange, gray, and yel-
low) columns show the number
of cases per year in each era

N W 4

[

coincidental medical conditions, most of them related to air-
ways or ear inflammatory diseases (Table 3). The incidence
of risk factors was significantly higher in the pre-COVID era
compared with the other two periods (p =0.001).

A previous and a concurrent COVID infection was
detected in 33 (19.5%) and 3 cases (1.7%) out of 169 patients
of the COVID/post-COVID era, respectively. The great
majority of children with detected previous COVID infec-
tion belonged to the 2022 (15 cases) or the 2023 period (14
cases), while only 4 cases belonged to the 2020 (1 case)
or the 2021 period (3 cases). These differences between
COVID and post-COVID era were highly significant
(»<0.001). All 3 patients with concurrent COVID infec-
tion were part of the 2021 period (Table 3).

The main presenting symptom was fever, being detected
in 201 cases of the whole series (79%). Overall, other symp-
toms occurred in 214 patients (84%) (Table 4). These symp-
toms were represented by neurological symptoms and signs,
including hemiparesis, cranial nerve palsy, aphasia, ataxia,
cerebellar syndrome, fatigue, and headache (see Table 4 for
details). Finally, a pure radiological diagnosis (no clinical
symptoms) was done in 7 cases (2.7%), equally distributed
over the time.

Table 2 Main demographic findings

Paranasal sinuses were largely the most involved pri-
mary site of infection (181 cases, 71%), followed by mid-
dle ear/mastoid (68 cases, 27%), orbit (4 cases, 1.5%), and
dental space (1 case, 0.5%) (Table 4). Primary intracra-
nial complications were present at the diagnosis and rep-
resented mainly by extradural or subdural empyema (186
cases, 73%) and brain abscess (42 cases, 17%) (Table 4).
Cerebritis (15 cases, 6%), dural impregnation (6 cases,
2%), intraorbital abscess (3 cases, 1.1%), and infected
subdural hygroma (2 cases, 0.9%) were the other primary
complications. Secondary complications (venous sinus
thrombosis, meningoencephalitis, dural impregnation,
hydrocephalus, ventriculitis, cerebritis, brain abscess,
cavernous sinus abscess, brain edema, brain infarction,
orbital or dental abscess, cerebellar tonsil herniation,
septic thrombosis, osteomyelitis) further complicated the
initial presentation and were reported in 112 cases (44%),
with similar distribution over the time (6 cases in 2017,
8 in 2018, 12 in 2019, 8 in 2020, 9 in 2021, 28 in 2022,
and 41 in 2023). No statistically relevant difference in the
distribution of symptoms, primary site of infection, and
type of complication was detected among the 3 periods or
the different years.

No. of cases Mean age (years) M/F ratio (boys/girls) No. of cases* Mean age* M/F ratio* (boys/girls)
(years)
2017 30 11.3 1.1 (16/14) 85 10.37 1.6 (53/32)
2018 30 10.8 2.7 (22/8)
2019 25 8.6 1.5 (15/10)
2020 17 10.7 1.8 (11/6) 40 10.9 1.8 (26/14)
2021 23 11.8 1.8 (15/8)
2022 58 10.4 2.4 (41/17) 129 9.8 2.14 (88/41)
2023 71 9.3 1.9 (47/24)
Overall 254 10.17 1.9 (167/87) 254 10.17 1.9

“Pre-COVID (2017-2019), COVID (2020-2021), and post-COVID era (2022-2023)

@ Springer
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Table 3 Possible risk factors/concurrent medical conditions

Year Immunodeficit  Other risk Previous Concurrent
factors* COVID
infection

2017 3 4 / /
2018 1 5 / /
2019 None None / /
2020 None 2 1 None
2021 None 4 3 3
2022 1 5 15 None
2023 6 3 14 None
Overall 11 23 33 3

“Recurrent sinusitis (2 cases), recurrent otitis (1), chronic pharyngitis
(1), bronchitis (1), asthma (1), mononucleosis (1), pediatric inflam-
matory multisystemic syndrome (1), orbital cellulitis (1), recurrent
acute bronchiolitis and middle otitis (1), severe cochleo-vestibu-
lar malformation (1), vancomycin-induced DRESS syndrome (1),
meningitis (1), Crohn’s disease (1) Moebius syndrome + cognitive
delay + genetic Xp deletion + tracheomalacia (1), obesity (2), visceral
adiposity (1), fibrous dysplasia (1), trisomy 21 (1), traumatic brain
injury and cranioplasty (1), Chiari I malformation (1), autism (2)

A responsible germ was identified in 176 cases (69%),
while a negative culture was found in the remaining 78
cases (31%). The detected bacteria are reported in detail
on Table 5. All but two patients underwent a medical
treatment consisting of antibiotics for a mean duration of
5.8 weeks. Overall, 14% of children received a > 10-week-
long antibiotic treatment. Steroids or other anti-inflam-
matory drugs were simultaneously administered in 56%
of cases of the whole series. No significant differences
among the 3 periods and the different years were detected
about the occurrence of positive cultures or therapeutic
strategies (Table 5).

The large majority of patients (242 cases, 95%) required
a surgical evacuation of the intracranial infected collection,
only 12 patients being managed by medical treatment alone
(Table 6). The surgical evacuation was realized mainly by
craniotomy (48%) or burr holes (23%) while ENT toilette of
the infected cavity was carried out in 62% of cases. Additional
surgery was required in 26% of cases (see Table 6 for details).
A single surgical operation was enough in 142 patients (56%),
while 32 of them needed 3 or more operations (13%). All
these differences did not result statistically relevant, including
the lower rate of multiple operations in 2023 (5.6%).

These treatments accounted for a favorable outcome (com-
plete clinical recovery) in 216 cases (85%), with a complete
radiological resolution recovery in 214 cases (84%) (Fig. 2).
Permanent deficits and radiological remnants were equally dis-
tributed over the time (see Table 7 for details). Only two cases
of recurrent subdural empyema were detected (both in 2023).

The mean follow-up is 12.4 months (range,
0.5-77 months). All but 7 patients (mortality rate, 2.7%)
are alive at current follow-up (no statistical differences). The
causes of death were complications of meningitis (3 cases),
massive brain edema (2), central dysregulation and apallic
syndrome (1), and acute hepatic failure (1). In 11 children
(4.3%), the medical treatment is still ongoing.

Discussion
Background
Many studies have been carried out on the impact of COVID-
19 pandemic on the pediatric population and, among those

concerning the topic of the present survey, several of them
are focused on the changing epidemiology and care of

Table 4 Presenting symptoms, primary site of infection, and primary type of complication

Year Fever Other Paranasal Other Extradural Subdural Brain abscess Multiple Venous
symptoms* sinus location empyema empyema locations” sinus
thrombosis

2017 22(73%) 24 (80%) 24 (80%) 6 (20%) 8 (27%) 11 (37%) 8 (27%) 4 (13%) 2 (7%)
2018 24 (80%) 27 (90%) 23 (77%) 7 (23%) 12 (40%) 12 (40%) 5 (17%) 5(17%) 6 (20%)
2019 19 (76%) 19 (76%) 14 (56%) 11 (44%) 9 (36%) 10 (40%) 4 (16%) 5 (20%) 6 (24%)
2020 13 (76%) 17 (100%) 14 (82%) 3 (18%) 7 (41%) 6 (35%) 3 (17%) 4 (23%) 2 (11%)
2021 16 (70%) 20 (87%) 17 (74%) 6 (26%) 8 (35%) 8 (25%) 4 (17%) 3 (13%) 1(4%)
2022 53 (91%) 51 (88%) 47 (81%) 11 (19%) 23 (40%) 26 (45%) 9 (15%) 21 (36%) 9 (15%)
2023 54 (76%) 56 (19%) 42 (59%) 29 (41%) 30 (42%) 23 (32%) 13 (18%) 15 21%) 18 (25%)
Overall 201 (79%) 214 (84%) 181 (71%) 73 (29%) 97 (38%) 96 (37%) 42 (17%) 57 (22%) 44 (17%)

*Hemiparesis, cranial nerve palsy, aphasia, ataxia, cerebellar syndrome, fatigue, and confusion in 80 cases (31%), headache in 107 cases (42%),
frontal/orbital/retro-auricular swelling or signs of orbital cellulitis in 41 cases (16%), seizures and vomiting in 38 cases each (15%), drowsiness/
lethargy/coma in 33 cases (12%), ear pain in 15 cases (6%), nasal obstruction/rhinorrhea in 8 cases (3%), meningitis signs/symptoms in 7 cases
(2.7%), anorexia in 4 cases (1.5%), otorrhea and diarrhea in 3 cases each (1.1%), hydrocephalus in one case (0.5%)

AExtradural + subdural + brain abscess
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Table 5 Identified germs and medical treatment

Year Positive cultures Identified germs

Other
medical
treatment™

Antibiotic treatment Mean duration of treatment

2017 17 (56%) S. anginosus (6), S. intermedius (4),
S. pneumoniae (2), S. pyogenes (1),
Strept. group F (1), F. necrophorum

(2), S. epidermidis (1), S. aureus (1)
S. intermedius (5), S. anginosus (3),
S. pyogenes (1), S. milleri (2), S.
pneumoniae (1), S. epidermidis (4), S.
constellatus (1), H. influenzae (1), H.
haemolyticus (1), P. aeruginosa (1),
N. macacae (1), P. loescheii (1), F.
necrophorum (2), F. nucleatum (1)

2018 21 (70%)

2019 18 (72%) S. intermedius (3), S. anginosus (1),
S. pyogenes (4), P. anaerobius (2),
S. epidermidis (1), S. constellatus
(1), S. aureus (1), P. aeruginosa (1),
F. necrophorum (3), E. faecalis (1),
P. acnes (1), Bacteroides spp. (2),

Actinomyces spp. (1)

2020 15 (88%) S. intermedius (7), S. constellatus (1),
H. influenzae (2), S. aureus (2), S.
epidermidis (2), F. nucleatum (1), E.
corrodens (1), M. tuberculosis (1), C.

albicans (1)

S. intermedius (5), S. constellatus (3),
S. pneumoniae (3), S. anginosus (1),
Strept. group F (1), H. influenzae (1),
S. aureus (1), P. micra (1), E. cloacae
(1), A. xylosoxidans (1)

S. intermedius (17), S. pneumoniae (4),
S. anginosus (7), S. constellatus (4),
S. milleri (1), P. anaerobius (1), S.
mitis (1), M. catarrhalis (1), S. aureus
(3), H. influenzae (2), F. necropho-
rum (2), F. nucleatum (1), S. exiquia
(1), S. moorei (1), D. pneumosintes
(1), E. corrodens (4), C. albicans (1),
P. micra (1), P. oralis (1), P. loescheii
(1), A. europeus (1)

2021 16 (70%)

2022 42 (72%)

2023 47 (66%) S. intermedius (16), S. anginosus (8),
S. tonsillaris (1), S. pneumoniae
(3), S. pyogenes (8), S. mitis (1),
Strept. group F (2), S. constellatus
(1), C, singulare (1), S. lugdunensis
(1), S. aureus 3), S. epidermidis (1),
F. necrophorum (1), P. oralis (1),

P. loescheii (1), Coccobacilli ssp.
(1), Veillonella spp. (1), E. coli (1),
H. influenzae (1), A. niger (1), A.
fumigatus (1)

Overall 176 (69%) /

29 (97%) > 10 weeks in 8 cases (27%)
Mean duration in the remaining cases:

5.6 weeks

16 (53%)

30 (100%) 6.4 weeks 13 (43%)

24 (96%) > 10 weeks in 3 cases (12%)
Mean duration in the remaining cases:

4.9 weeks

12 (48%)

17 (100%) > 10 weeks in 3 cases (17%)
Mean duration in the remaining cases:

6.7 weeks

11 (64%)

23 (100%) > 10 weeks in 6 cases (26%)
Mean duration in the remaining cases:

6.0 weeks

13 (56%)

58 (100%) > 10 weeks in 12 cases (20%)
Mean duration in the remaining cases:

6.1 weeks

35 (60%)

71 (100% > 10 weeks in 5 cases (7%)
Mean duration in the remaining cases:

5.5 weeks

42 (59%)

252 (99%) > 10 weeks: 37 cases (14%)

Mean duration: 5.8 weeks

142 (56%)

“Steroids and/or anti-inflammatory drugs

respiratory infection and sinusitis/otitis [11-13]. Generally,
a relevant proportion of respiratory tract infections is com-
plicated by sinusitis (5—10%), which usually show a benign

@ Springer

course in children [14, 15]. The intracranial complications of
sinusitis or otitis (extradural or subdural empyema, cerebral
abscess), although not frequent, are well known in clinical
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Table 6 Surgical management

Craniotomy ENT toilette Other*

Single operation

>3 operations

Year Surgery Burr hole
2017 29(97%) 4 (13%)
2018  28(93%) 9 (30%)
2019 22(88%) 3 (12%)
2020 17 (100%) 4 (23%)
2021 22(95%) 4 (17%)
2022 56 (96%) 16 (57%)
2023 68 (95%) 18 (25%)
Overall 242 (95%) 58 (23%)

18(60%)  19(63%)  9(30%) 17 (56%) 5 (16%)
1343%)  19(63%)  7(23%) 15 (50%) 4 (13%)
13(52%)  17(68%)  4(16%) 13 (52%) 4 (16%)
9 (53%) 9 (53%) 6 (35%) 9 (53%) 3(17%)
1461%)  1461%)  4(17%) 10 (43%) 3 (13%)
29 (50%) 38 (65%)  13(22%) 33(57%) 9 (15%)
26 (36%)  42(59%)  22(31%) 45(63%) 4(5.6%)
122 (48%) 158 (62%) 66 (26%) 142 (56%) 32 (13%)

# . . . . . .
External ventricular or subdural drainage, neuroendoscopic lavage, decompressive craniectomy, mastoid-
ectomy, anterior ethmoidectomy, meatotomy, myringotomy, eyelid incision, VP shunt, ICP invasive moni-

toring

practice, being described in numerous series in the litera-
ture [16—18]. On the other hand, the correlation between
COVID-19-related respiratory infection/sinusitis and ICSO
is a new matter of study, being sporadically reported so far
[19, 20]. To date, apart from the aforementioned studies
from CDC [9] and EIN [10], three articles have addressed,
more or less directly, the issue of the relationship between
COVID-19 pandemic and ICSO [21-23]. In spite of the low
number of cases collected by each study, they represent a
valuable background for the present survey.

In their study focused on the “concordance between
endoscopic sinus sampling and intracranial sampling for
microbiological diagnosis of intracranial infection,” Kam-
eda-Smith and coworkers reported on 31 children collected
in the 2019-2022 period (males 55%, mean age 9.92 years)
presenting with subdural empyema (61%) and/or extradural
empyema (29%) and/or brain abscess (19%) [23]. These
patients were surgically managed by craniotomy (61%) or
burr hole evacuation of the suppurative complication (39%),
48% of them needing an ENT procedure too. The authors’
conclusion (based also on a review of the literature) was that,
in spite of the therapeutic benefits of the ENT procedure,
the sinus sampling is not an appropriate microbiological
approach for the diagnosis of the intracranial suppurative
complication because of the contaminating nasal flora that
can prevent a correct diagnosis and treatment. In the pre-
sent survey, only the microbiological data coming from the
intracranial sampling was considered.

The goal of the study provided by Hall and coworkers
was to assess the possible relationship between COVID-
19 infection and occurrence of intracranial empyema by
retrospectively reviewing all intracranial empyema cases
from 2016 to 2021 [22]. Overall, they found 16 cases, 6 of
them belonging to the 2016-2019 period (incidence of 1.25
cases/year, 0.3% of all period-related surgical admissions)
and 11 of them belonging to the 2020-2021 period (5.5
cases/year, 1.2% of all admissions). The increase of cases
in the 2021-2021 period is evident, although the small

number of patients does not allow a reliable statistical anal-
ysis. 4/11 cases were COVID-positive and showed some
differences with the non-COVID children such as lower
mean age (8.5 vs 11 years), presence of frontal and maxil-
lary sinusitis with supratentorial empyema (100 vs 58%),
need of ENT toilette (75% vs 0%), occurrence of sinus
thrombosis (75% vs 25%). No differences in symptoms and
outcome (full recovery) were detected. The associated liter-
ature review disclosed additional 5 cases of empyema with
COVID-19 infection (2 adults and 3 children) showing full
recovery in children but need of rehabilitation (one case)
or death (one case) in adults. The authors concluded that
intracranial empyema could be a potential non-respiratory
sequela of COVID-19 and that the potential thrombogenic
effects of COVID-19 increases the risk of sinus throm-
bosis. The present survey confirms the intensification of
ICSO after the COVID era but disproves either a role of an
active COVID-19 infection in causing these complications
and a relationship with sinus thrombosis.

Finally, Angelo and coworkers performed a retrospective
analysis on < 21-year-old patients with intracranial compli-
cations of sinusitis and otitis looking for possible differences
in “epidemiology, severity, microbial causes, and manage-
ment strategies” between pre-COVID-19 (2012-2020) and
COVID-19 era (2021-2022) [21]. The authors collected 18
cases: 10 admitted in the 2012-2020 period (incidence of
1.25 cases/year) and 8 in the 2021-2022 period (4 cases/
year). With the main limitation of the few number of
patients, this study showed some important findings that
are confirmed by the present survey on a larger sample: (1)
no significant difference in sex (66.7% males), age, race, eth-
nicity and language distribution or insurance type between
the two periods; (2) sinogenic (89%) or otogenic intrac-
ranial infection (11%) occurred with a rate of 2.64 +1.91
cases/10,000 acute respiratory infections in the 2015-2019
period vs 8.48/10,000 in 2021-2022 period (p=0.03). This
was the only statistically significant data in the study (apart
from the prevalence of some germs and the need of seizure
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Fig.2 Case #1: left interhemispheric subdural empyema (A, arrows)
complicating frontal sinusitis (A, arrowhead). The empyema was
drained by two paramedian burr holes and the sinusitis by ENT toi-
lette. S. intermedius was identified as responsible germ. Systemic
antibiotic therapy cured the infection as confirmed by follow-up
MR (B). Case #2: frontal abscess (C, arrow) complicating extensive
sinusitis of the maxillary sinus, ethmoid cells, and frontal sinus (C,
arrowheads). The lesion was surgical excised through bifrontal crani-
otomy with cranialization of the frontal sinus. Aspergillus fumigatus

prophylaxis). (3) Headache (77.8%), fever (55.6%), and
facial swelling (38.9%) were the most common presenting
symptoms followed by vomiting (22.2%), periorbital swell-
ing (22.2%), cough (16.7%), seizures (11.1%), and neck stiff-
ness (5.6%). Epidural abscess was the most common compli-
cation (66.7%) followed by subdural empyema (33.3%) and
brain abscess (5.6%). As far as the clinical and radiological
presentation was concerned, no differences were detected
between pre-COVID and COVID period in terms of type
of symptoms, symptom onset, type of intracranial compli-
cation, previous care visit before the admission, preopera-
tive imaging modality. (4) Similarly, no relevant differences
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and Aspergillus niger were identified as responsible germs. Antimy-
cotic treatment cured the infection with residual gliosis and minimal
enhancement on follow-up MR (D, arrowheads). Case #3: sinusitis
of the ethmoid cells (E, arrowhead) with left hemispheric subdural
empyema (E, arrows) showing restriction on diffusion weighted
image (E, black arrows). The empyema was drained by two burr
holes and cured with wide spectrum systemic antibiotic therapy. Fol-
low-up MR show the signs of the previous burr holes (F, arrowheads)
with minimal residual dural enhancement on the left side

were noticed between the two periods about the number and
types of neurosurgical and ENT procedures. The authors
acknowledged a threefold increase in cases of sinusitis- and
otitis media—related intracranial infections compared with
the baseline rate and the need of further studies to confirm
this result in the US.

The goal of the present survey was to increase the number
of cases and the number of involved centers trying to obtain
representative results in Europe. Actually, the strength of this
study is the high number of patients and their multicenter
origin that allow to draw some conclusions on the epidemi-
ology of sinogenic/otogenic intracranial complications and
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Table 7 Outcome*

Year Complete Residual deficits Complete Residual radiological findings Deaths  Mean follow-
clinical radiological up (months)
recovery recovery

2017 24 (80%) Tetraspasticity (1), hearing loss (1), 27 (90%) White matter lesions (2), brain 2(6.5%) 214

seizures (1), memory and attention edema (1)
deficit (1), hemiparesis (1)
2018 25 (83%) Seizure (3), hemiparesis (1), spastic- 29 (97%) Gliosis and persistent meningeal None 23.7
ity (1), ataxia (1), aphasia (1), impregnation (1)
hearing loss (1), memory deficit
(1), peripheral neuropathy (1)
2019 22 (88%) Hemiparesis (1), speech disorders 24 (96%) Gliosis (1) None 24.3
(1), hearing loss (1)
2020 15 (88%) Hemiparesis (1), tetraparesis (1) 17 (100%) None None 16.1
2021 18 (78%) Hemiparesis (1), seizures (2), hemi- 19 (82%) Cerebritis (1), meningeal impregna- 1 (4%) 12.5
anopsia (1), aphasia (1), dehydra- tion (1), ischemia (1), bone gap (1)
tion (1)
2022 53 (91%) Facial paresis (1), peripheral neu- 52 (89%) Meningeal impregnation (4), residual 2 (3.5%) 7.2
ropathy (1), sequelae of infected of empyema (2)
cranioplasty (1)
2023 59 (83%) Hemiparesis (3), raised ICP signs 46 (64%) Meningeal impregnation (3), residual 2 (2.8%) 2.3
(1), cranial nerve palsy (1), empyema (8), sinus thrombosis (2)
behavioral problems (1), speech
problems (1)
Overall 216 (85%) / 214 (84%) / 702.7%) 124

“Still ongoing treatment in 10 cases (all belonging to the 2023 period)

their sequelae in the pre-COVID, COVID, and post-COVID
period. The main limitations are related to the retrospective
analysis, the voluntary participation to the study (which may
not reflect the real trend of infections throughout Europe),
and the possible different management strategies among the
different centers.

Epidemiological considerations

ICSO are known to be rare but potentially severe compli-
cations, raising a great interest among the pediatric neuro-
surgical community [24, 25]. Their occurrence was vari-
ously described, being reported as estimated prevalence
of 1/193,000 people [26], incidence of 3/million people/
year [27], or admission rate of 2.74—4.38/million children/
year [28]. Children and young adults are more commonly
involved than young children or infants because of the pneu-
matization of the frontal sinuses that becomes complete only
in older children (around 10 years of age) [29, 30]. The pre-
sent survey confirms this data, showing an overall mean age
of 10.17 years, which does not show significant changes
along all the period considered (2017-2023) nor between
the pre-COVID (2017-2019), the COVID (2020-2021), and
the post-COVID era (2022-2023) (Table 2).

The most important result of the present study is the
significant increase in frequency of the aforementioned

complications after the pandemic (169 cases in the
2020-2023 period) compared with the previous period (85
cases in the 2017-2019 period) in spite of the higher inci-
dence of predisposing risk factors/concurrent medical condi-
tions (different from COVID) in the latter. In particular, the
most relevant data was the statistically significant increase
in the number of cases in the post-COVID era (129 cases in
the 2022-2023 period, which was only 1.5-year long since
the survey was closed in June 2023) compared with both
the COVID (40 cases in the 2020-2021 period) and the pre-
COVID era (85 cases in the 2017-2019 period). This overall
trend was noticed in 60% of participating centers (Table 1).
It is worth noting that these figures probably underesti-
mate the real incidence of ICSO because the survey was
focused on surgical patients. These results demonstrate that
(1) the increase of ICSO correlates with the post-pandemic
era. Indeed, differently from the study by CDC, where an
increase was noticed in 2021 and a peak was reached in 2022
(comparable with a seasonal peak in 2016) followed by a
decline to baseline [9], the present study shows a constant
increase through 2022 and 2023 which is higher than the
baseline registered during the 2017-2019 period. The main
limitation of the CDC study, acknowledged by the authors
themselves, is the use of an administrative database for their
research. Moreover, the study was focused on streptococ-
cus infections. On the other hand, the present study is cor-
roborated by a multicenter, clinical analysis where different
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European countries (with their different ethnicities, weather,
habits, types of bacterial infection, etc.) were involved. (2)
During the “active” phase of the pandemic (2020-2021,
COVID period), there was a reduction of cases which is
easily explained by the historically low occurrence of acute
respiratory infections during the lockdown period. Such a
reduction was actually experienced also by Angelo et al.
who had no cases of intracranial infections in 2020 (com-
pared with 10 cases in the 2012-2019 period and 8 cases in
the 2021-2022 period) [21]. (3) The post-COVID period
(2022-2023) was the most involved one. The definition of
these 18 months as “post-COVID period” is, of course, arbi-
trary but it corresponds quite homogeneously to the post-
lockdown phase in Europe. This phase is clearly pointed
as the most critical one since the number of cases collected
in 2022 and, especially, in the first half of 2023 is higher
compared with all the previous years (Fig. 1). A first expla-
nation of these figures would come from a direct effect of
COVID-19 infection. Indeed, the previous COVID-infection
rate was significantly higher in the 2022-2023 period than
in the 2020-2021 period and, obviously, in the 2017-2019
period (where COVID was absent). A possible limitation
of this data is related to the lower number of COVID tests
performed during the lockdown period and/or to the higher
reliability of those available after the lockdown phase. On
the other hand, the statistically higher incidence of other
risk factors found in the pre-COVID period indirectly sup-
ports the role of COVID infection in the other two periods.
However, it is worth noting that a previous COVID infec-
tion affected only 22% of cases in the 2022-2023 period;
therefore, the direct effect of COVID infection can be con-
sidered as one possible but not the only/main risk factor for
complicated sinusitis.

Two main hypotheses can be advocated to explain the
direct role of COVID infection. The first one concerns the
immunomodulatory effects of COVID-19. As for other viral
infection, indeed, COVID-19 can cause a dysregulation of
the innate and adaptative immune response [31-33]. In turn,
such a dysregulation is able to favor a bacterial superinfec-
tion [8, 34]. On these grounds, it has been postulated that
COVID-19 could act as some other viruses (e.g., influenza
virus) in potentiating the bacterial virulence and the penetra-
tion through the respiratory epithelia by impairing the muco-
ciliary function, depleting macrophages, downregulating
antimicrobial peptides, increasing bacterial receptor expo-
sure, and enhancing mucosal inflammation [35, 36]. This
theory is supported by the evidence of two factors potentially
favoring the bacterial penetration in adults: the inflammation
of the respiratory tract mucosa and the circulation of COVID
DNA and lipopolysaccharide in the plasma [37, 38]. Never-
theless, the role of COVID-19 in favoring the bacterial pen-
etration in the central nervous system still remains unproved
in children [21, 22]. The second hypothesis concerns the
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impairment of the respiratory microbiota. Once again, a cer-
tain evidence about the role of the quality of oropharyngeal
colonization in enhancing the COVID-19 virulence has been
found in adults [39] while the role of the respiratory tract
microbiota composition in children remains speculative [40,
41]. Controversial remains also the role of COVID-19 in
influencing the occurrence of sinusitis and otitis because, on
the one hand, COVID infection can favor bacterial superin-
fection and immune dysregulation (thus favoring sinusitis/
otitis) [42] while, on the other hand, lockdown, masking, and
vaccination could have contributed to their reduction [43].

A second explanation comes from the indirect effects of
the pandemic. In this instance, three main hypotheses can be
proposed. The first one concerns the social distance and the
mask wearing which allowed a significant decrease of the
respiratory tract infections during the lockdown period, thus
preventing also the children’s exposure to endemic patho-
gens and altering the composition of their normal bacte-
rial flora [44—47]. Such an immunity debt would have been
responsible of the decline of the immune response to infec-
tion thus explaining the increase of viral (e.g., respiratory
syncytial virus) and bacterial infection detected worldwide
in the post-lockdown period [44, 48—51]. Although this is
still unproved and controversial, the present survey suggests
that this immunity debt could have played a role in rising the
risk of sinusitis and otitis and, so, their intracranial compli-
cations because most of the involved children did not show
specific risk factors (including active or previous COVID
infection). The second hypothesis is also based on the soci-
etal effects of the pandemic. In this instance, the difficult
access to medical resources is advocated. Indeed, namely,
during the lockdown period, several diseases with usually
benign course (like sinusitis or otitis) were considered as not
priority so that their delayed treatment could have increased
the risk of their complications [52, 53]. One of the strength
points of this survey is to have considered the post-COVID
period where the access to the medical resources was nor-
malized. On this base, the role of a poor access to the stand-
ard care should be considered as negligible in increasing
ICSO. The third hypothesis concerns the potential side
effects of vaccination. To date, however, there are only a
few and isolated case reports speculating on a possible cor-
relation between COVID vaccination and neurological side
effects [54, 55] or occurrence of venous sinus thrombosis
[56] or increased risk of sinusitis/otitis [57]. Large trials,
indeed, have demonstrated the safety of COVID vaccina-
tions on these potential complications [58]. A possible role
of vaccination, therefore, should be considered for future,
specific studies [59].

The present analysis showed a prevalence of the male sex
(overall M/F ratio: 1.9) without significant fluctuations over
the years nor among the 3 main examined periods, though a
progressive increase of the M/F ratio was noticed (1.6 vs 1.8
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vs 2.14) (Table 2). A male preponderance is demonstrated
by studies specifically investigating the sex differences in
rhinosinusitis [60]. Actually, males are found to present a
complex anatomy (concha bullosa, supraorbital ethmoid
cell) that significantly favors sinusitis [61, 62]. As a result,
ICSO are more frequent in males with a M/F ratio of up to
3 [30, 63]. According to the present survey, therefore, the
pandemic did not influence such a male predominance.
Similarly, the pathogen spectrum remained relatively
stable over the time, taking into account the obvious vari-
ations in the identified bacteria depending on the different
countries involved in the study (Table 5). Actually, Strepto-
coccus bacteria (namely, S. intermedius followed by S. angi-
nosus, S. constellatus, S. pyogenes, and S. pneumoniae) were
largely predominant in all the different periods as found also
in other similar studies [9, 23, 63]. Inversely, Angelo et al.
found a difference between the microorganisms identified in
the pre-COVID (mainly Corynebacterium, Staphylococcus
epidermidis, and viridans streptococci) and in the COVID
era (mainly Streptococcus constellatus/Streptococcus
anginosus/Streptococcus intermedius, and Parvimonas
micra) though with the significant limitation of the small
number of cases [21]. On the other hand, a concordance
among the different studies exists about the occurrence of
polymicrobial cultures and negative intracranial cultures

(19% in the Kameda-Smith series, 31% in the present sur-
vey) [9, 21, 23, 63, 64].

This epidemiological excursus shows that the risk of
ICSO was increased after the pandemic because of the
increased occurrence of sinusitis and otitis probably result-
ing from indirect more than direct effects of COVID-19. On
these grounds, this condition will deserve a special atten-
tion in the future, though the incidental findings of sinusitis
(Fig. 3) or opacification of middle ear space are normal with
the increasing number of radiological examinations in the
population and the incidence rates of upper respiratory tract
infections and otitis media with effusion especially in pre-
school children.

Clinical considerations

Apart from the singenic and/or otogenic origin, which cov-
ers the majority of cases (40-80%), intracranial empyema
and brain abscess can result also from cranial surgery, head
injury, or hematogeneous spread [65, 66]. The complica-
tions of neurosurgical procedures, head trauma, and pulmo-
nary/other infections were excluded in the present survey
because they are not related with the pandemic. ICSO result
from a septic retrograde thrombophlebitis originating inside
the infected cavity [23]. The bacteria would penetrate the

Fig. 3 Incidental radiological findings of sinusitis involving the maxillary sinuses and ethmoid cells (A and B, arrows) at routine follow-up MR

for arachnoid cyst (C, asterisk)
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intracranial space via the diploic veins connecting the sinus/
ear mucosa and the intracranial venous system [25]. Such a
penetration usually results in a subdural empyema. When a
focal osteitis is present, an extradural empyema can occur
(that, in turn, can extend into the subdural space) while, in
case of hematogeneous spreading inside the cranial space,
multiple areas can be involved (including the brain paren-
chyma). In general, the present survey shows that paranasal
sinuses were the most common source of intracranial infec-
tion (71%) followed by middle ear or other locations (29%).
Extradural (38%) and subdural space (37%) were equally
distributed and followed by brain abscess (17%) and other
complications (10%). This does not differ significantly from
what was found in similar studies where, sometimes, the
extradural collection was prevalent on the subdural one and
vice versa [21-23]. No significant variation in the distri-
bution of the complications was found across the different
years and the 3 periods, thus suggesting that the increase
of the number of cases does not affect the type of com-
plications. Moreover, this study demonstrated a significant
proportion of cases with multiple locations (22%) (Table 4).
This new data justifies the significant morbidity previously
acknowledged by other authors [28, 67]. Actually, the pre-
sent study revealed a relevant rate of patients presenting
onset symptoms different from fever (84%), with high rate
of focal neurological deficits (31%), seizures (15%), or coma
(12%). Also, the overall mortality rate was not trivial (2.7%),
thus confirming the potential severity of ICSO. The homo-
geneous distribution of neurological presenting symptoms
and signs during the different years and periods (Table 4)
together with the low number of COVID infection (Table 3)
allows to ascribe the occurrence of these symptoms to the
empyema/abscess rather than to a central nervous system
involvement by the COVID infection. Actually, although
COVID-19 has been found to be responsible of meningitis
and several types of encephalopathies [68—72], this event
can be considered as marginal in the present series.
Among the intracranial complication, the venous sinus
thrombosis deserves a special mention because a specific,
possible correlation with the COVID infection has been pos-
tulated. Venous sinus thrombosis, indeed, is a well-known
complication of intracranial empyema, occurring in about
10% of cases, usually going along with worse prognosis
[73]. However, several studies showed that COVID infec-
tion itself is associated with a risk of venous sinus thrombo-
sis, probably because of the hypercoagulability induced by
COVID-19, resulting in a significant mortality rate (about
36%) [74, 75]. Based on their data of 75% of children with
venous sinus thrombosis among those with intracranial
empyema and recent COVID infection (3 out of 4 cases)
versus 25% of children without COVID infection (3 out of
12 cases), Hall et al. postulated a concurrent role of COVID
infection in inducing sinus venous thrombosis in this subset
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of patents [22]. The present survey does not confirm this
data in a large number of cases. Actually, despite venous
sinus thrombosis occurred in a significant proportion of
cases in the whole series (17%), it was not correlated with
the presence or a previous COVID-19 infection, being dis-
tributed without statistically significant variations over the
time, including the pre-COVID period (Table 4).

On the other hand, this survey confirms the manage-
ment strategies usually adopted to face ICSO, without sig-
nificant variations in the 3 periods considered (Tables 5
and 6). Indeed, the standard care, in these instances, is
represented by neurosurgical evacuation of the intracra-
nial, infected collection plus systemic antibiotic treatment
(generally for 4 to 8 weeks) [21, 76, 77]. The neurosurgi-
cal procedure is necessary to improve the clinical picture
as well as to obtain specimens for microbiological cul-
tures. Subsequently, it was performed in the great majority
of cases in the present series, without variations over the
time, only 5% of cases being treated successfully with
empiric antibiotics alone. It is worth noting that, in the
present series, the evacuation of the intracranial collec-
tion (namely, epidural empyema) was sometimes obtained
through an ENT toilette of the infected cavity. Actually,
the number of ENT procedures was as high as 62% in the
whole series (largely stable rate over the time), thus con-
firming their role not only in cleaning the infected para-
nasal sinuses/middle ear but also in evacuating extradural
empyema, reducing the risk of brain abscess and the risk
of revision surgery [78, 79]. This observation justifies the
high incidence of ENT procedures (90%) in some series
[21]. Overall and without considering additional proce-
dures (e.g., decompressing craniectomy, external ventricu-
lostomy, neuroendoscopic lavage), a neurosurgical opera-
tion purely devoted to the evacuation of the intracranial
complication was realized in 71% of cases. Together with
the number of ENT operations, this resulted in a high rate
of multiple operation with a 13% overall rate of more than
3 surgical procedures (the relatively low number of > 3
operations in 2023 can be explained by the short follow-up
in this year). This data gives reason of the complex man-
agement of these complications. A further proof of such
a complex management is represented by the high num-
ber of performed craniotomies (48% in the whole series)
compared with simple burr-hole evacuations (23%). This
finding, once again essentially unchanged over the time, is
partially comparable with other studies where craniotomy
approaches were used in up to 70-80% of cases compared
with burr holes (7.5-39%) [21, 23, 80]. Of course, these
figures in part reflect also the different management poli-
cies adopted in the different centers.

Similarly, some details on the medical treatments con-
firm the complex management of ICSO. First of all is the
duration of the antibiotic treatment. In the whole series, it
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was meanly 5.8-week long, as quite analogously reported
by other studies [21, 23]. Moreover, a not negligible rate
of children needed a more than 10 weeks of treatment
(14%), once again the relatively low rate in 2023 (7%)
being attributable to the shorter follow-up (some patients
were still under treatment when the survey was closed).
As showed by other authors, due to the long duration of
medical therapy, often patients are discharged still with a
combination of intravenous (mainly ceftriaxone or mero-
penem) and oral antibiotics (usually metronidazole) [21].
A second clue of the complexity of the management is the
frequent use of steroids and/or anti-inflammatory drugs.
This accounted for 56% of cases in the whole series, with
no relevant variations over the time. These drugs are
mainly required to manage symptoms like fever, meningi-
tis signs, or headache.

Some final, clinical remarks can be given about the out-
come of ICSO. As known, in spite of good survival rates
(usually >90%), intracranial empyema/abscess can leave
permanent neurological deficits in up to 50% of cases in
some series [64, 81, 82]. These figures are here confirmed
since, despite a complete recovery in 85% of cases, the
remaining 15% of children show permanent neurological
sequelae like hemiparesis, seizures, spasticity or cranial
nerve palsy (Table 7). This is not surprising given the
relatively high rate of subdural (37%) or brain involve-
ment (17%), multiple intracranial infections (22%), and
venous sinus thrombosis (17%) (Table 4). Under a clinic-
epidemiological point of view, once again, the course of
the complications was not affected by the period where
they occurred. Comparable data is provided by Angelo
et al. who found 2 cases each (20%) with permanent neu-
rological deficits and seizures in the pre-COVID period
and 12.5% (1 case) and 25% (2 cases), respectively, in the
COVID period [21].

Similar considerations can be done about the mortality.
Actually, apart from some small series, where no mortality
occurred [21, 80], fatal events are detected in larger series,
ranging from 6 to 16%, especially if older or conservatively
managed patients are included [83—85]. The lower mortality
rate in this survey (2.7%) probably depends, at least in part,
on the purely pediatric series and the high number of sur-
geries performed (95% of cases). However, such a figure is
not negligible as it underlies the potential severity of ICSO,
in particular when there is a brain involvement. Indeed, the
main causes of death were post-meningitis encephalopathy,
brain edema, and central dysregulation. The persistence
of some radiological sequelae (overall, 16%) after a mean
12.4-month follow-up, like meningeal impregnation or glio-
sis, is part of the normal evolution of this kind of infection
that does not prevent a full recovery [21, 83]. In the present
series, indeed, only two cases of recurrent infection occurred
(0.7%, both subdural empyema).

Conclusions

This survey shows that ICSO are clinically relevant and,
in particular, they have been increasing in the last years.
Namely, a significant growth of the number of cases is
detected in the post-COVID period, although not homo-
geneously in all participating centers. Therefore, a partial
role of seasonal and/or environmental fluctuations cannot
be definitely excluded but the general trend is clearly in
favor of a raised impact of these complications on the daily
clinical practice. The most important aspect of this sur-
vey, indeed, is to have showed a possible epidemiological
change in the problem (sinusitis/otitis) and to alert about
the possible sequelae (intracranial empyema and abscess)
and the need of an appropriate follow-up of children with
sinusitis/otitis. This study cannot rule out a direct role of
COVID infection in increasing the number of sinusitis and
their complications in a minority of cases. On the other
hand, it seems reasonable to hypothesize a more substan-
tial role of the indirect effects of the pandemic in favoring
these events. The continuation of a longer survey and/or
data coming from other surveys and/or prospective studies
will allow to solve this matter. Finally, the pandemic did
not affect the management strategies of these intracranial
complications nor their prognosis.
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tary material available at https://doi.org/10.1007/s00381-024-06332-9.
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