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(range 1–39)]. CSF culture revealed Gram-negative bacte-
ria in four cases (Klebsiella pneumoniae, Escherichia coli, 
Alcaligenes spp., and Haemophilus influenzae), Streptococ-
cus pneumoniae in two cases, Aspergillus fumigatus in one 
case. An abscess occupying the surgical site was observed 
in two cases. Six cases reported a favorable outcome; two 
died. Incidence of meningitis approached to 2%, as assessed 
by the literature search.
Conclusions Incidence of meningitis after EETS is low 
despite endoscope goes through non-sterile structures; 
microorganisms retrieved are those present within sinus 
microenvironment. Meningitis must be suspected in patients 
with persistent fever and impaired conscience status after 
EETS.

Keywords Meningitis · Transsphenoidal endoscopic 
surgery · Antibiotic treatment · Prophylaxis · Nosocomial 
infection · Neurosurgery

Introduction

Epidemiology of meningitis is changing due to the intro-
duction of conjugate vaccines against Haemophilus influen-
zae, Streptococcus pneumoniae, and Neisseria meningitidis 
and the increasing number of patients undergoing invasive 
neurosurgical procedures [1–3]. Indeed, these factors deter-
mined a decrease of community-acquired cases and, on the 
other hand, a proportional increase of nosocomial meningitis 
[4, 5].

Many pathogens, such as Streptococcus pneumo-
niae, Haemophilus influenzae, Moraxella catarrhalis and 
staphylococci, reside within the respiratory tract, form-
ing a complex ecosystem where equilibrium is crucial to 
maintain physiological environment and mucosal integrity. 

Abstract 
Background Meningitis occurs in 0.8–1.5% of patients 
undergoing neurosurgery. The aim of the study was to 
evaluate the characteristics of meningitis after endoscopic 
endonasal transsphenoidal surgery (EETS) comparing the 
findings retrieved to those highlighted by literature search.
Materials and methods Patients treated by EETS during an 
18-year period in the Department of Neurosurgery of ‘Fed-
erico II’ University of Naples were evaluated and included 
in the study if they fulfilled criteria for meningitis. Epide-
miological, demographic, laboratory, and microbiological 
findings were evaluated. A literature research according to 
PRISMA methodology completed the study.
Results EETS was performed on 1450 patients, 8 of them 
(0.6%) had meningitis [median age 46 years (range 33–73)]. 
Endoscopic surgery was performed 1–15 days (median 
4 days) before diagnosis. Meningeal signs were always pre-
sent. CSF examination revealed elevated cells [median 501 
cells/μL (range 30–5728)], high protein [median 445 mg/
dL (range 230–1210)], and low glucose [median 10 mg/dL 
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When bacterial overgrowth occurs due to viral infection or 
other factors including trassphenoidal surgery, bacteria can 
spread from sinus mucosa to adjacent structures, eventually 
reaching the meninges and growing within the CSF, where 
immune response is virtually absent [6–8].

In the recent years, neurosurgical techniques have been 
developed in the attempt of reducing invasiveness, morbidity 
and mortality, above all the transsphenoidal approach that 
perfectly fits this conceptual way of thinking [9, 10]. Lesions 
of the suprasellar region are currently treated also via the 
endoscopic endonasal approach; this so-called minimally 
invasive technique has been introduced over the last twenty 
years to reach initially the sellar area and more recently the 
supraretrosellar and parasellar areas avoiding morbidity 
related to brain retraction and manipulation of neurovascular 
structures [11]. Two main variations of the transsphenoidal 
approach have been defined: the standard and the extended. 
Sellar lesions not breaching the diaphragma sellae can be 
managed and removed through a standard approach, whereas 
several cases presenting some features such as supradia-
phragmatic extension or fibrous or rubbery consistency, cav-
ernous sinus and/or retrosellar invasion require an extended 
one [12].

On the basis of current literature data, cumulative com-
plication rate is similar in those undergoing endoscopic pro-
cedure or in those treated by the microscopic approach, but 
incidence of meningitis could be higher after an endoscopic 
approach [13–15].

In this retrospective study, we reported the incidence 
of meningitis in a large cohort of patients, who under-
went an endonasal endoscopic procedure (either standard 
or extended) and detailed clinical presentation, microbio-
logic and radiologic findings, and the impact of meningitis 
on the surgical outcome. Additionally, literature review is 
presented.

Materials and methods

We reviewed the charts of all cases undergoing endoscopic 
endonasal transsphenoidal surgery (EETS) over a 10-year 
period and included those reporting meningitis during the 
post-operative follow-up. The research was conducted in 
accordance with the Declaration of Helsinki and national 
and institutional standards and patients gave an informed 
consent prior to be included in this study.

Surgery

Patients were treated by an endoscopic endonasal approach 
whose surgical procedure was extensively reviewed else-
where [16].

Meningitis

On suspicion of meningitis, after a trained infectious dis-
eases specialist evaluation, patients were admitted to the 
department of Infectious Diseases for a complete clinical 
and laboratory evaluation and for all therapeutic proce-
dures. Meningitis had to be suspected on the characteris-
tic clinical signs and symptoms (i.e., fever, neck stiffness, 
and worsened consciousness) and had to be confirmed by 
an abnormal cerebro-spinal fluid (CSF) examination. The 
inclusion criteria were: (1) meningitis diagnosis as above 
established; (2) history of transsphenoidal surgery dur-
ing the previous 6 months performed at our department 
of Neurosurgery; (3) post-therapy follow-up of at least 
24 months for surviving cases.

Baseline examinations

At admission to the department of infectious diseases, we 
recorded the demographic data, any previous or underlying 
disease (focusing the attention on the underlying disease 
treated with transsphenoidal surgery), presenting signs and 
symptoms, the results of a complete clinical evaluation, 
and laboratory tests such as full blood count, erythrocyte 
sedimentation rate, C-reactive protein, liver enzymes, 
blood urea and creatinine. In each case, we collected data 
about pre-operative antibiotic prophylaxis and history of 
CSF leakage. Results of the microbiological studies (blood 
or CSF cultures, CSF or urinary antigens) were recorded 
for all cases.

Microbiological studies

Blood and CSF samples were obtained for the microbiologi-
cal studies at admission in the department of Infectious Dis-
eases. Blood and CSF samples were inoculated in a BAC-
TEC Ped Plus Aerobic/F medium (Becton–Dickinson) and 
were incubated in a BACTEC 9240 device (Becton–Dickin-
son). Positive cultures were inoculated in sheep blood agar 
and chocolate agar and incubated in 5%  CO2. Susceptibil-
ity assays were performed using an E-test with the Clini-
cal Laboratory Standard Institute interpretative criteria for 
minimum inhibitory concentration (MIC) until 2010 when 
the EUCAST criteria were applied.

Imaging studies

A computed tomographic (CT) scan of the brain was sched-
uled at admission. A Magnetic Resonance Imaging (MRI) 
study of the brain was always scheduled immediately before 
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discharge for all cases, regardless of the CT findings at 
admission.

Treatment

According to our internal protocol for cases with suspected 
nosocomial meningitis a 20-day course of therapy was 
scheduled. Patients received drugs active against multi-
drug resistant (MDR) bacteria as empiric therapy, before 
the culture and susceptibility tests were available. After the 
microbiological results were available, antibiotic treatment 
was continued on the basis of susceptibility test.

Literature review

To better evaluate the impact of meningitis on transsphe-
noidal surgery, we carried out a systematic search of the 
English language literature using the MEDLINE database 
with the search string ‘meningitis and endoscopic transsphe-
noidal surgery’, ‘meningitis and endoscopic transsphenoi-
dal surgery’, ‘meningitis and endoscopic sinus surgery’ for 
reports published from January 1968 to February 2017 and 
by checking of the Cochrane Library and manual research 
of the references from available review reports about men-
ingitis and neurosurgery. This systematic review adopted 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [17].

Two authors independently reviewed the initially selected 
articles and data were extracted if deemed relevant. Only the 
studies reporting cases undergoing endoscopic transsphe-
noidal surgery were considered in the literature analysis. 
For each case series, we recorded, when available, the cases 
treated by endoscopic transsphenoidal surgery and those 
diagnosed with meningitis, the number of cases experienc-
ing post-operative CSF leak, and the relative incidence of 
meningitis in respect to post-operative CSF leak occurrence. 
Findings of the clinical presentation and those deriving by 
blood and CSF examination and by microbiologic investiga-
tions completed the report form. The retrieved cases were 
pooled together with our own cases and the impact of men-
ingitis on transsphenoidal surgery outcome was evaluated.

Statistical analysis

Fisher’s exact test and Chi-squared test were used to com-
pare qualitative variables. p values below 0.05 were consid-
ered significant.

Results

EETS was performed to 1450 patients during the study 
period, 1246 underwent endoscopic transsphenoidal surgery 

and 204 extended endoscopic endonasal transtuberculum 
surgery. Eight (0.6%) patients [median age 46 years (range 
33–75), 3 males], all presenting intraoperative CSF leak-
age, were diagnosed as having meningitis after EETS. In 
these patients, primary surgery was performed because of 
pituitary macroadenoma or dural fistula, in two cases, and 
tuberculum sellae meningioma, suprasellar oncocytoma, 
Rathke’s cleft cyst and intra- and suprasellar craniopharyn-
gioma, respectively, in 1 case. The overall rate of postopera-
tive CSF leakage was found 8.3% (17/204) after extended 
endoscopic endonasal surgery and 1% (12/1246) after stand-
ard endoscopic approaches (17/204 vs 12/1246, p = 0.0001). 
Meningitis rate was 1.5% in the cases undergoing extended 
endoscopic endonasal transtuberculum surgery (3/204) and 
0.4% (5/1246) in the patients undergoing endoscopic trans-
sphenoidal surgery (3/204 vs 5/1246; p = 0.09).

Antibiotic prophylaxis was administered during the 24 h 
preceding surgery; it was based on third generation cepha-
losporin in two cases, clarithromycin in three cases and van-
comycin in three cases. Surgical procedure was uneventful 
until meningitis diagnosis in all cases, except for the occur-
rence of post-operative CSF leakage in seven of these cases.

The onset of general clinical symptoms varied between 1 
and 15 days (median 4 days) before diagnosis of meningitis. 
Presenting symptoms and laboratory findings are reported 
in Table 1. Aspecific symptoms, such as new onset or wors-
ening fever and headache, and a worsening conscience 
status were reported in all but one case presenting with 
multiple abscesses occupying the surgical site. Meningeal 
signs (nuchal rigidity, Kerning’s and Brudzinski sign) were 
reported in seven cases at the time of meningitis diagnosis. 
Two cases reported left VI cranial nerve palsy. One case 
reported visual disturbance.

Cerebrospinal fluid (CSF) examination revealed elevated 
CSF cells [median 501 cells/μL (range 30–5728)], high CSF 
protein [(median 445 mg/dl (range 230–1210)], and low glu-
cose [median 10 mg/dl (range 1–39)].

Culture attempted from CSF revealed Gram-negative bac-
teria in four cases (Klebsiella pneumonia, Escherichia coli 
Alcaligenes spp., and Haemophilus influenzae), Streptococ-
cus pneumoniae in two cases and Aspergillus fumigatus in 
one case, and no microbiologic evidence in one case. No 
multi-drug resistant microorganism was cultured. Blood 
cultures were negative in all cases.

Empiric therapy was based on protocols containing mero-
penem in all cases, vancomycin was administered in four 
cases and amikacin in 1 case. After microbiologic evidence 
was obtained, therapy was modified on the basis of suscep-
tibility test. Liposomal amphotericin B was administered to 
the case with meningitis sustained by Aspergillus.

An intracranial abscess occupying the surgical site was 
diagnosed in two cases; in one case it was associated to VI 
cranial nerve palsy and visual disturbance. Both cases had 
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undergone extended transsphenoidal endoscopic surgery and 
were cured after a prolonged course of antibiotic therapy 
without further surgery.

Outcome was favorable in six cases. One patient died 
because had meningitis-related complication and one patient 
died because of pneumonia 120 days after surgery.

Table 1  Case series: main clinical and laboratory findings

EETA endoscopic endonasal transsphenoidal approach, EEETTA extended endoscopic endonasal transtuberculum/transplanum approach

Case Age (years) Surgical 
approach

Antibiotic 
prophylaxis

Main symptoms Days 
from 
surgery

CSF Microbiology Outcome

1 41 EETA Ceftazidime Fever (up 40 °C)
Meningeal irrita-

tion
Alteration of 

consciousness

1 ↑ Protein 
(459 mg/dl)

↑ Leukocytes 
(352/μL)

↓ Glucose (1 mg/
dl)

Streptococcus 
pneumoniae

Favorable

2 33 EETA Ceftazidime Fever (up 39 °C)
Meningeal irrita-

tion

2 ↑ Protein 
(239 mg/dl)

↑ Leukocytes 
(691/μL)

↓ Glucose (8 mg/
dl)

Alcaligenes spp. Favorable

3 38 EEETTA Clarithromycin Severe headache
Fever (up 39 °C)
Photophobia

15 ↑ Protein 
(372 mg/dl)

↑ Leukocytes 
(30/μL)

↓ Glucose 
(12 mg/dl)

Not identified Favorable

4 71 EEETTA Vancomycin Fever (up 39 °C)
Meningeal irrita-

tion
VI cranial nerve 

palsy
Alteration of 

consciousness

4 ↑ Protein 
(793 mg/dl)

↑ Leukocytes 
(92/μL)

↓ Glucose 
(39 mg/dl)

Aspergillus 
fumigatus

Favorable

5 49 EETA Vancomycin Fever (up 39 °C)
Meningeal irrita-

tion
VI cranial nerve 

palsy
Alteration of 

consciousness

5 ↑ Protein 
(230 mg/dl)

↑ Leukocytes 
(1374/μL)

↓ Glucose 
(39 mg/dl)

Haemophilus 
spp.

Favorable

6 52 EEETTA Vancomycin Fever (up 39 °C)
Meningeal irrita-

tion
Alteration of 

consciousness

4 ↑ Protein 
(858 mg/dl)

↑ Leukocytes 
(5728/μL)

↓ Glucose (5 mg/
dl)

Escherichia coli Died

7 43 EEETA Vancomycin Fever (up 39 °C)
Meningeal irrita-

tion
Alteration of 

consciousness

1 ↑ Protein 
(430 mg/dl)

↑ Leukocytes 
(350/μL)

↓ Glucose 
(35 mg/dl)

Streptococcus 
pneumoniae

Favorable

8 73 EETA Vancomycin Fever (up 39 °C)
Meningeal irrita-

tion
Alteration of 

consciousness

3 ↑ Protein 
(1210 mg/dl)

↑ Leukocytes 
(650/μL)

↓ Glucose (6 mg/
dl)

Klebsiella pneu-
moniae

Pneumonia and 
death after 
2 months
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Literature review

A total of 234 studies were extracted by the Literature 
search, 167 were excluded from the analysis. Main rea-
sons for the exclusion were: non-English language [31], 
meta-analysis or review on the argument [17], endoscopic 
treatment for sinus diseases [14], non-endoscopic neuro-
surgery [9], endoscopic non-transsphenoidal surgery [9], 
description of surgical technics [7]. Finally, 67 studies were 
included in the literature analysis, all were retrospective 
analysis.

Overall, 7027 cases undergoing EETS (508 extended 
approach, 5249 standard approach and 1270 mixed pop-
ulation undergoing standard or extended surgery) were 
considered in the studies selected (see supplemental mate-
rial). Only 17 studies reported more than 100 cases, and 
pituitary adenoma was the main reason for the EETS. 
Cumulative number of the cases was 137 (6 were case 
report). Cumulative incidence of meningitis approached to 
2%. Meningitis after an extended approach was more fre-
quent than after a standard approach (37/508 vs 73/5249, 
p = 0.0001).

Two studies investigating a total of 611 cases undergo-
ing endoscopic surgery compared the incidence of men-
ingitis after endoscopic or microscopic surgery. Menin-
gitis was reported in 9/283 cases undergoing endoscopic 
surgery and in 2/317 cases undergoing microscopic sur-
gery (p = 0.03) Thirty-three studies investigated the link 
between post-operative leak and meningitis. Meningitis 
was reported in 49/213 cases with post-operative leak and 
in 15/3638 without clinical evidence of post-operative leak 
(p < 0.0001).

 Microbiologic investigations were reported in 28 cases, 
being bacteria colonizing upper respiratory tract those 
more frequently cultured. Three cases deriving by the 
same study were sustained by polymicrobial flora. Bacte-
ria identified were: Streptococcus pneumoniae (six cases), 
Staphylococcus epidermidis (three cases), Haemophilus 

influenzae (two cases), Corynebacterium spp. (two cases), 
and Streptococcus viridans, Serratia spp., Enterococcus 
spp., Klebsiella pneumoniae, Stenotrophomonas malt-
ophilia, Acinetobacter baumannii, Candida albicans (one 
case).

Very little information was available on the clinical find-
ings of meningitis after EETS, and no study compared the 
outcome of those with or without post-operative menin-
gitis. Time lasting from endoscopic surgery to meningitis 
evidence ranged between 2 days and 12 months (median 
14 days), as assessed in 15 patients for whom this informa-
tion was available. Clinical evidence of meningeal irritation 
was reported in 9 of 11 cases and alteration of conscience 
status was reported in 4 of 10 cases. Meningitis-related 
death was reported in 3 (6%) of 50 cases whose outcome 
was clearly stated. Table 2 summarizes the findings of the 
cases retrieved by literature search and of those reported in 
our case series.

Discussion

Incidence rates of meningitis occurring after neurosurgical 
procedures are estimated to range between 0.8 and 1.5% 
with the highest risk reported after the open procedures 
and in the cases reporting CSF leakage during the sur-
gery [5, 18]. In this study, we demonstrated that menin-
gitis is an important complication of EETS, above all in 
the extended approach for the management of suprasellar 
supradiaphragmatic lesions. On the basis of the available 
data, the risk of meningitis after microscopic is lower than 
after endoscopic transsphenoidal neurosurgery, but the low 
number of the cases reported in the studies analyzed does 
not permit to draw definitive conclusions on the argument 
[13, 14]. Moreover, the risk of developing postsurgical 
meningitis after endonasal procedure is comparable to the 
risk of patients undergoing other neurosurgical procedures, 
although the surgical route is burdened by a higher risk 

Table 2  Meningitis after transsphenoidal surgery findings derived by literature review and by this series analysis

Literature analysis Case series Cumulative data

Cases evaluated Findings retrieved Cases evaluated Findings retrieved Cases evaluated Findings retrieved

Days from surgery
 Median (range)

15 14 (2–60) 8 4 (1–15) 23 8 (1–60)

Patients with meningitis (%) 7027 137 (1.8) 1450 8 (0.6) 8477 145 (1.7)
Meningitis after extended 

approach (%)
508 37 (7.3) 204 3 (1.5) 712 40 (5.6)

Meningitis following standard 
approach (%)

5249 73 (1.4) 1246 5 (0.2) 6495 78 (1.2)

Meningeal irritation (%) 11 9 (82) 8 7 (87) 19 16 (84)
Worsening consciousness (%) 10 4 (40) 8 5 (62) 18 9 (50)
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of infection as related to the nasal corridor, where physi-
ological bacterial flora of the respiratory tract is present 
[19, 20].

The majority of patients presented with nuchal rigid-
ity and fever, while a compromised conscience status was 
reported in 11/18 cases, considering both the cases observed 
in our institution and those retrieved by Literature analy-
sis. Even though the clinical findings suggest meningitis, 
a correct diagnosis could be difficult to establish early in 
the course of meningitis occurring after transsphenoidal 
surgery. This is because fever and headache, the main pro-
dromal symptoms of meningitis, are frequently reported in 
patients undergoing neurosurgery because of the bleeding 
and the release of pyrogenic substance due to tissue vio-
lation. Furthermore, in these patients, nuchal rigidity and 
an impaired conscience status, the main signs reported in 
patients with meningitis, have low accuracy because these 
could be related to the surgical procedure itself that involv-
ing dura and to the CSF contamination by blood during the 
surgical procedure. Moreover, an impaired conscience status 
can be observed after surgery due to the sedation induced by 
the anesthesiologic treatment and procedure complications 
[21–27].

In the present series, we reported eight cases complaining 
of postsurgical meningitis, four of them occurring within 
post-operative day 4. Data from the literature highlight 
an onset ranging between 2 days and 12 months (median 
14 days) after surgery. Incidence of meningitis after EETS 
peaks within 2–3 weeks after surgery and is higher in those 
reporting post-operative leakage, as assessed by our case 
series and literature analysis. These observations have an 
important impact because they suggest, on clinical grounds, 
that CSF leakage should increase the suspect of meningi-
tis, also in those presenting with aspecific symptoms and 
warrant, on surgical grounds, that leakage repair should be 
performed at an early stage to reduce the risk of meningitis 
[28, 29].

It should be said that neurosurgical procedures carry the 
risk of infections sustained by MDR bacteria and staphy-
lococci [5, 30]. MDR hospital-acquired bacteria were not 
cultured among the cases diagnosed in our institution, where 
agents constitutively present in the sinus micro-environment 
were found to be the causative agents cultured in the major-
ity of cases. Microbiological data derived from literature 
analysis only in part confirmed our observation, demonstrat-
ing that hospital-acquired bacteria could be reported and 
that bacteria colonizing the upper respiratory tract were fre-
quently involved [5]. Of note, polymicrobial infection and 
a high number of MDR bacteria were reported in a single 
study, but both were not demonstrated to be so frequent 
on the basis of the observations deriving from our case 
series and remaining literature analysis (see supplemental 
material).

The information about microbiological characteristics of 
meningitis following EETS have a practical impact on the 
choices in term of pre-operative prophylaxis that should be 
tailored on the microorganisms colonizing the upper respira-
tory tract, including Gram-negative bacteria constitutively 
present within the sinus micro-environment. As cumulative 
data demonstrated a low incidence of fungal infections, we 
believe that prophylaxis against fungi eventually colonizing 
the upper respiratory tract such as Aspergillus should be con-
sidered only in the cases reporting specific risk (i.e., cases 
with asthma allergic treated with inhaled steroids or severely 
immunocompromised patients). Moreover, no association 
between the findings of inner and outer nose microenviron-
ment was reported by literature analysis, suggesting that a 
preliminary microbiologic investigation of nasal microen-
vironment could be ineffective in suggesting prophylaxis 
protocol [31, 32].

An unfavorable outcome related to meningitis was 
reported in one patient dying because of meningitis com-
plications and septic shock 8 weeks after the endoscopic 
procedure. One patient died because of pneumonia 16 weeks 
after the surgical procedure, when he was in a rehabilita-
tive center. Cumulative mortality of meningitis after EETS 
reported by literature analysis was 6%, lower than reported 
in the adult population of patients with community-acquired 
bacterial meningitis. This was probably due to the low preva-
lence of S. pneumoniae that is associated with the highest 
meningitis-related mortality [5, 33–36].

Conclusions

Our study demonstrated that the incidence of meningitis 
after EETS surgery is relatively low and comparable to that 
reported after other neurosurgical procedures. Meningitis 
must be suspected in the cases with persistent fever and 
impaired conscience status after surgery, when a careful 
evaluation of the signs of meningeal irritation may favor an 
early diagnosis. Prophylaxis has to consider broad-spectrum 
antibiotics covering all the microorganisms colonizing the 
sinus including Gram-negative bacteria, considering specific 
anti-fungal agents only if there is a specific risk of Aspergil-
lus colonization.
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