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Abstract  
 

Despite advances in medical care, improvement of antimicrobial and 

anti-inflammatory therapy and worldwide immunization programs, 

bacterial meningitis is still responsible for substantial morbidity and 

mortality in both developed and developing countries. A worldwide 

reported mortality rate from bacterial meningitis continues to be high, 

ranging between 2% and 30% and 20% of survivors develop neurological 

sequelae. During the last decades the disease epidemiology has changed 

dramatically in the countries that implemented the conjugate vaccines 

against the most common meningeal pathogens. Also in developing 

countries, gradual changes have been observed in the epidemiology of 

bacterial meningitis that are unrelated to the introduction of new 

vaccines, but are partly due to the improvement of living conditions. 

Numerous studies have shown that the risk of death or developing 

complications from bacterial meningitis is related to the age and 
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underlying condition of the patient, the causative pathogen, the severity 

and duration of illness at the time of presentation, and, occasionally, 

delays in the initiation of antibiotic therapy. Common neurological 

complications of bacterial meningitis include impaired mental status, 

cerebral edema and increased intracranial pressure, seizures, subdural 

collections (subdural effusion, subdural hematoma or empyema), 

cerebritis and cerebral abscess, hydrocephalus, focal neurological deficits 

(hearing impairment, cranial nerve palsies, hemiparesis or quadriparesis), 

cerebrovascular abnormalities, ventriculitis, neuropsychological 

impairment and developmental disability, hypothalamic dysfunction etc.  

The most frequent early neurological complications of bacterial 

meningitis in children are subdural effusions, recurrent seizures, and 

hydrocephalus. A major cause of sequelae of bacterial meningitis is 

intracranial complications arising during the acute phase of the disease. 

The most frequent long-term sequelae of bacterial meningitis in children 

are neuropsychological impairment ranging from learning and behavioral 

disorders to deafness, seizures, and motor deficits. Although many 

neurological complications are severe, others, such as hearing loss, may 

be subtle or inapparent during the early phases of infection. Age prior to 

12 months was found to be a risk factor for both early neurological 

complications and long-term sequelae of bacterial meningitis in 

children.The highest risk for acute neurological complications occurred in 

infants and also in this age group was observed the highest incidence of 

long-term sequelae. The major neurologic complications of bacterial 

meningitis in adults include cerebrovascular involvement, brain swelling, 

cerebral abscess, hydrocephalus and focal neurological deficits. Several 

studies reported cerebrovascular complications to be the most frequent 

complications of bacterial meningitis in adults and prognostic factors of 

the disease. A decreased level of consciousness, especially coma has been 

identified as important risk factors associated with poor outcome of 

bacterial meningitis in both children and adults. From long follow up, 

patients with hydrocephalus had the most unfavorable outcome. A 

majority of childhood bacterial meningitis survivors with long-term 

sequelae that are documented in the literature had academic and 

behavioral limitations 

 

 

Introduction 
 

Bacterial meningitis is a severe infection responsible for high mortality 

and disabling sequelae. Before the advent of antimicrobial agents, bacterial 

meningitis was almost exclusively a fatal disease, with a case fatality rate of 

95% to 100% for patients with pneumococcal meningitis, 90% for those with 
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Haemophilus influenzae meningitis, and 70% to 90% for those with 

meningococcal meningitis [1]. But even treated on time, bacterial meningitis is 

often associated with adverse outcome many often in developing countries 

where the burden of this disease is greater. The 3 most common etiologic 

agents of bacterial meningitis are Haemophilus influenzae type b (Hib), 

Streptococcus pneumoniae, and Neisseria meningitidis, which account for 

90% of reported cases of acute bacterial meningitis in infants and children >4 

weeks of age [2, 3 , 4, 5, 6, 7, 8]. 

During the last decades the disease epidemiology has changed 

dramatically in the countries that implemented the conjugate vaccines against 

the most common meningeal pathogens.The widespread use of effective 

protein-polysaccharide conjugate vaccines caused a dramatic decline in the 

incidence of H. influenzae type B meningitis in children [3, 5, 9]. 

Implementation of pneumococcal and meningococcal vaccines and universal 

screening of pregnant women for group B streptococcus (GBS) have further 

changed the epidemiology of bacterial meningitis [4].  

Rates of bacterial meningitis decreased most sharply among children, 

causing the median age at diagnosis of bacterial meningitis to increase [10]. 

Although
 
vaccination with a pneumococcal conjugate vaccine is producing

 

herd immunity among adults, the age distribution of meningitis
 
has now 

shifted to older age groups [11, 12].  

During the last decade, gradual changes have been observed in the 

epidemiology of bacterial meningitis even in developing countries that are 

unrelated to the introduction of new vaccines, but are partly due to the 

improvement of living conditions [13]. 

Despite advances in medical care, improvement of antimicrobial and anti-

inflammatory therapy and worldwide immunization programs, bacterial 

meningitis is still responsible for substantial morbidity and mortality in both 

developed [2,14 - 22] and developing countries [23 - 28]. Bacterial meningitis 

is now among the top 10 infectious causes of death worldwide [29]. A 

worldwide reported mortality rate from bacterial meningitis continue to be 

high, ranging between 2% and 30% [2, 3, 30 - 38] and 20% of survivors 

develop neurological sequelae, ranging from learning and behavioral disorders 

to deafness, seizures, and motor deficits in 13% of cases [4, 15, 29, 32, 34, 39, 

40].  

The occurrence of negative consequences of bacterial meningitis in 

developed countries is strongly reduced by vaccination strategies, antibiotic 

treatment, and good care facilities [3, 9, 16]. The three leading causes of 

bacterial meningitis (S. pneumoniae, N. meningitidis and H. influenzae) are 



Sadie Avdiu Namani 90 

vaccine preventable, and routine use of conjugate vaccines could provide 

substantial health and economic benefits through the prevention of childhood 

meningitis cases, deaths and disability [41, 42]. 

Few data sources are available to assess risk of neurological complications 

and long term sequelae from bacterial meningitis. Knowledge of the entire 

clinical spectrum of complications and their prompt detection are a 

prerequisite for the improved management of the disease [43]. 

This chapter summarizes the spectrum of early neurological complications 

as well the long-term sequelas of bacterial meningitis. Also we have evaluated 

the risks of early neurological complications and long term sequelae caused by 

bacterial meningitis, estimate the distribution of the different types of 

neurological complications and sequelae, and compare risk by age distribution 

and income. The study presents the review of published papers. 

 

 

Complications of Bacterial Meningitis 
 

The risk of death or developing complications from bacterial meningitis is 

related to the age and underlying condition of the patient, the causative 

pathogen, the severity and duration of illness at the time of presentation, and, 

occasionally, delays in the initiation of antibiotic therapy [3, 32, 36, 40, 41].  

Two third of all pediatric deaths due to meningitis occur in low income 

countries and as many as 50% survivors of childhood meningitis experience 

long term neurological and neuropsychological sequelae [3, 9, 15, 17, 18, 19, 

20, 24, 32, 40, 41, 42, 45, 46, 47]. 

Risks of long-term disabling sequelae are highest in low-income countries, 

where the burden of bacterial meningitis is greatest [29]. A major cause of 

sequelae of bacterial meningitis is intracranial complications arising during the 

acute phase of the disease. Complications due to bacterial meningitis can be 

divided into systemic and neurological.  

Systemic complications such as septic shock, disseminated intravascular 

coagulation, acute respiratory distress syndrome, pericardial effusion, 

hypothalamic and other endocrine dysfunction, hyponatremia, bilateral adrenal 

hemorrhage and septic or reactive arthritis are usually the consequence of the 

bacteremia that frequently accompanies meningitis [47]. 
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Neurological Complications  

of Bacterial Meningitis 
 

Bacterial meningitis is a medical, neurological, and sometimes 

neurosurgical emergency that requires a multidisciplinary approach. 

Neurological complications of meningitis can occur at any time during the 

course of the disease. The incidence of neurological complications from 

bacterial meningitis varies by age distribution and income.  

The risk of mortality and long term sequelae is higher in those individuals 

who develop acute neurological complications during the course of the 

disease. The highest risk for acute neurological complications occurred in 

infants and also in this age group was observed the highest incidence of long-

term sequelae [48].  

Common neurological complications of bacterial meningitis include: 

 

 Impaired mental status 

 Cerebral edema and increased intracranial pressure  

 Seizures 

 Subdural collections (subdural effusion, subdural hematoma or 

empyema) 

 Cerebritis and cerebral abscess 

 Hydrocephalus  

 Focal neurological deficits (hearing impairment, cranial nerve palsies, 

hemiparesis or quadriparesis) 

 Cerebrovascular abnormalities  

 Ventriculitis  

 Neuropsychological impairment and developmental disability 

 Hypothalamic dysfunction 

  

Neurological complications may be sudden or gradual in onset and can 

appear at any time after the onset of symptoms, including after the completion 

of therapy [15, 19, 30]. 

"Acute neurological complications" are defined as those arising during the 

acute phase of the disease and intensive care therapy. The diagnosis of 

neurological complications of bacterial meningitis is made by neurological 

examination, neuroimaging, electroencephalography and by neurologist, 

ophthalmologist, ENT specialist and psychologist evaluation. Indications for 
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performing neuroimaging (computed tomography or magnetic resonance 

imaging) following meningitis are: prolonged fever, focal neurological deficit, 

seizures (recurrent seizures, prolonged or difficult-to-control seizures, seizures 

late in the course of disease, and focal seizures), worsening consciousness 

level, prolonged cyto-biochemical changes in CSF or worsening clinical 

presentation. Although many neurological complications are severe, others, 

such as hearing loss, may be subtle or inapparent during the early phases of 

infection.  

 

 

Incidence 
 

Infants, the elderly, immunosuppressed patients and patients with chronic 

debilitating diseases are predisposed to bacterial meningitis. 

The incidence of neurological complications from bacterial meningitis has 

varied widely in different studies. In one large study, 28 percent of episodes of 

community-acquired bacterial meningitis in adults resulted in one or more 

neurological complication, but no distinction was made between transient and 

long-term complications [30]. In another series, 21 percent of 277 adult 

patients developed a neurological deficit during the course of their illness, but 

this deficit persisted in only 9 percent of patients by the time of discharge [49]. 

Several studies reported cerebrovascular complications to be the most 

frequent complications of bacterial meningitis in adults and prognostic factors 

of the disease. From a prospective study of 86 adult patients with bacterial 

meningitis, half of patients had complications during the acute phase of 

meningitis; 35 patients had CNS complications, 19 had systemic complications 

11 had both. The major central nervous system complications included 

angiographically documented cerebrovascular involvement (15.1%), brain 

swelling (14.0%), hydrocephalus (11.6%), and intracerebral hemorrhage 

(2.3%), while septic shock (11.6%), adult respiratory distress syndrome 

(3.5%), and disseminated intravascular coagulation (8.1%) dominated among 

the patients with systemic complications [47]. 

From a study of pneumococcal meningitis in adults, meningitis associated 

intracranial complications developed in 74.7% and systemic complications in 

37.9% of cases [48]. Diffuse brain edema (28.7%) and hydrocephalus (16.1%) 

developed more frequently than previously reported [50]. The incidences of 

arterial (21.8%) and venous (9.2%) cerebrovascular complications were also 

very high. Furthermore, 9.2% of cases developed spontaneous intracranial 
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haemorrhages [50]. A haematogenous pathogenesis seemed likely in asplenic 

patients, while contiguous spread from sinusitis or otitis was the major cause 

of meningitis in nonasplenic individuals [50]. 

A prospective study of predictors for neurological complications of 

bacterial meningitis in adults in a limited-resource country showed that 

meningitis associated intracranial complications developed in 17/46 patients 

(37%)[51]. The most frequent neurological complication was cerebral abscess 

in7/46 cases (15%) [51]. 

Most studies of the incidence of neurological complications of meningitis 

have been undertaken in children. In one pivotal study involving 97 children 

with Haemophilus influenzae meningitis, one or more acute neurological 

complications were common (52%), but persistent neurological sequelae 

occurred in only 14 children (11%) [52]. Sensorineural hearing loss was the 

most common permanent sequela (11 children), but seizures (2), hemiplegia 

(1) and mental retardation (1) were also observed. Permanent sensorineural 

hearing loss was reported in as many as 11 % of children in other studies [19, 

53, 54]. 

From the retrospective study of children treated for bacterial meningitis in 

two study periods, in a developing country, of the 277 vs. 77 children treated 

for bacterial meningitis, 22 % vs. 43 % of the patients developed early 

neurological complications [48]. The most frequent early neurologic 

complications were: subdural effusions (13% vs. 29%), recurrent seizures 

(11% vs. 8%) and hydrocephalus (3% vs. 3%) [48]. The highest incidence of 

neurological complications occurred in cases caused by H. influenzae vs. S. 

pneumoniae although meningococcus was the leading causative pathogen of 

bacterial meningitis in children [48].  

Rates of severe or moderate disability reported in one large study of long-

term effects in infants ranged from 9% for meningococcal meningitis to 24% 

for pneumococcal meningitis [55]. 

From a prospective study of 77 children, treated for bacterial meningitis, 

age less than 12 months and severity of clinical presentation at admission have 

been identified as the strongest predictors of neurological complications and 

may be of value in selecting patients for more intensive care and treatment 

[56]. The highest risk for acute neurological complications occurred in infants 

and also in this age group was observed the highest incidence of long-term 

sequelae [56]. Anderson V. et al. showed that children with a history of 

meningitis are at greater risk for impairment in these areas, with experience of 

the disease prior to 12 months of age being an important risk factor [57].  
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Impaired Mental Status  
 

Impaired mental status is experienced by most patients at presentation [47, 

49, 51, 58]. A common cause of a decline in consciousness in bacterial 

meningitis is clinical evidence of meningoencephalitis (Figure 1) [59].  

 

 

Figure 1. CT scan: Bacterial meningoencephalitis. 

Increased intracranial pressure (ICP) is one of the major causes of altered 

mental status. Seizures and acute hydrocephalus are other frequent causes of 

deteriorating consciousness [30, 37]. A decreased level of consciousness, 

especially coma have been identified as important risk factors associated with 

poor outcome of bacterial meningitis in both children and adults [4, 26, 49, 51, 

60, 61, 62, 63]. In children impaired consciousness and especially coma were 

one of the most important factors correlated with death among children with 

bacterial meningitis [24, 26, 63, 64, 65]. A study of 654 children with bacterial 

meningitis showed that the level of consciousness is the most important 

predictor of death and/or neurological sequelae, more than is etiology per se 

[27]. For patients with a decline in consciousness, or those whose condition 

fails to improve after the initiation of appropriate antimicrobial therapy, brain 

imaging is indicated. 

 

 

Cerebral Edema and Increased 

Intracranial Pressure  
 

The majority of patients with bacterial meningitis develop brain edema, 

which is manifested by signs and symptoms such as: impaired mental status up 



Complications and Long-Term Prognosis … 95 

to coma, bradycardia with hypertension, papilledema sometimes with loss of 

vision, cranial nerve palsy mostly the VI 
th

 nerve, and herniation of cerebellar 

tonsils, which may lead to death [30, 47].  

The release of proinflammatory mediators in the subarachnoid space leads 

to an inflammatory response in the central nervous system that contributes to 

an increased permeability of the blood–brain barrier, cerebral edema, and 

increased intracranial pressure [59]. 

Brain edema can be caused by vasogenic, interstitial and cytotoxic 

mechanism [66, 67]. Vasogenic cerebral edema is primarily due to increased 

permeability of the blood brain barrier [67]. Cytotoxic factors released from 

neutrophils and bacteria may also directly produce cerebral edema. The 

inflammation produced by the infection can also directly impede the normal 

interstitial flow of CSF from the subarachnoid space [67]. In a prospective 

study of adults with bacterial meningitis, cerebral edema was detected by 

neuroimaging in 14% of patients [47]. 

 

 

Seizures 
 

Seizures may occur as part of the clinical presentation of bacterial 

meningitis and are more often seen during the acute episode of the disease [47, 

49, 58]. Fever, greater bacterial colony counts in CSF, bacterial toxins or 

secondary neurochemical changes are the cause of most seizures in patients 

with bacterial meningitis. Seizures occur in one-third to one-fourth of children 

with acute bacterial meningitis [48, 68]. Seizures have also been reported in 23 

percent of adults with community-acquired bacterial meningitis [30]. 

From a retrospective study of the 277 children treated for bacterial 

meningitis, 60 children (22%) manifested seizures prior to admission, 57 

children (21%) had seizures after admission; late seizures were diagnosed in 

24 children (9%) [69]. Seizures prior to admission were predictors of high risk 

of adverse outcome in bacterial meningitis in children [69]. All children who 

manifested late seizures (those occurring >72 hours after admission) were 

diagnosed with meningitis related acute neurological complications; subdural 

effusion (18), hydrocephalus (6), intracranial bleeding (1) and subdural 

empyema (2) [48]. In another study, seizures were reported in 58/185 children 

(31%) during the acute phase of bacterial meningitis [68]. Prolonged or 

difficult-to-control seizures, seizures late in the course of disease, and focal 
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seizures are more likely to be associated with neurological sequelae [25, 26, 

48, 60, 61, 69, 70].  

 

 

Subdural Collections 
 

Subdural collections are common neurological complications during the 

acute phase of bacterial meningitis in children with subdural effusion being the 

most frequent. Subdural fluid collection is a classic complication of bacterial 

meningitis in infants. When a diagnosis is based solely on subdural puncture, 

subdural effusion prevalence is estimated to be as high as 50%, with H. 

influenzae being the most common causative pathogen [71, 72]. Based on 

previous publications, subdural effusion is usually found in 40-60% of infants 

with bacterial meningitis [71, 72, 73]. 

 

 
 

 

Figure 2.  MRI images showing subdural effusions. 

From the retrospective study of children treated for bacterial meningitis in 

two study periods, of the 277 vs. 77 children treated for bacterial meningitis, 

subdural effusion was the most frequent early neurological complication in 



Complications and Long-Term Prognosis … 97 

infants (26% vs. 61%) in both study periods [48]. Using a head CT scan, every 

third (35/109) vs. second child (22/45) was diagnosed with subdural effusion 

(Figure 1)[48].  

 

 

Figure 3.  MRI images showing sudural empyema (right) and subdural effusion (left). 

 
 

 

Figure 4. MRI images of subdural hematoma. 
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Figure 5. MRI images of subdural empyema. 

The other subdural collections complicating bacterial meningitis in 

children were rare: subdural empyema 0.7 % vs. 1.3 % and subdural 

hematoma 0.4 % vs. 1.3% (Figure 4 and 5.). Subdural effusions rarely occur in 

adults with bacterial meningitis. In a prospective study of complications 

during bacterial meningitis in adults the authors did not observe any subdural 

fluid collection [47].  

 

 

Cerebritis and Cerebral Abscess 
 

Cerebritis is the initial parenchymal inflammation of the brain that 

normally leads to the formation of an abscess within the brain. Brain abscess is 

a focal, intracerebral infection that begins as a localized area of cerebritis and 

develops into a collection of pus surrounded by a well-vascularized capsule. 

Most of cases of brain abscess occur in adults from 30 to 40 years, while in 

patients younger than 2 years is extremely rare, exept in neonatal age related to 

the infection due to gram-negative bacilli.  

 

 

Figure 6. CT images showing multiple intracerebral bleedings and abscesses. 
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Figure 7. CT images of Brain abscesses. 

From a study of children treated for bacterial meningitis in two study 

periods, of the 277 vs. 77 children treated for bacterial meningitis, cerebritis 

was observed in 0.4 vs. 3.9 percent of children while cerebral abscess was 

found only in one child 30 days old with pseudomonas meningitis (1.3%) 

during the second study period (Figure 6) [48]. Brain abscess is a rare 

complication of bacterial meningitis in adults usually in those having 

parameningeal focus of infection (ear, sinus or eye infection) or by 

hematogenous spread (Figure 7).  

From a prospective study of prognostic factors for neurological 

complications of bacterial meningitis in adults, cerebral abscess was the most 

frequent neurological complication in 7/46 patients (15%) [51]. Adequate 

abscess drainage and appropriate antimicrobial therapy remain the 

cornerstones of proper treatment of brain abscess [74]. 
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Hydrocephalus 
 

Hydrocephalus in one of the severest complication of bacterial meningitis. 

It is usually presented as a communicating hydrocephalus during bacterial 

meningitis and is not a common complication beyond the neonatal period. 

Hydrocephalus is observed throughout the first 2 weeks of disease although it 

may already be present on the first day of disease and may provoke a life-

threatening condition due to increased intracranial pressure and cerebral 

herniation. From a retrospective study of children treated for bacterial 

meningitis in two study periods, of the 277 vs. 77 children treated for bacterial 

meningitis, hydrocephalus was observed almost equally in both study periods, 

2.5 vs. 2.6 percent (Figure 8) [48]. In this study, hydrocephalus was found to 

be the third most common neurological complication after subdural effusions 

(13% vs. 29%) and recurrent seizures (11% vs. 8%). Late admission was 

significantly associated with higher incidence of hydrocephalus. From long 

follow up, children with hydrocephalus had the worst prognosis. From this 

prospective study, the incidence of hydrocephalus was found to be much lower 

compared to the reported rate from many previous studies. A systematic 

review from 2010 analysed the global risk of neurological sequelae from 

bacterial meningitis in patients older than 1 month and found an overall rate of 

hydrocephalus of 7.1% [29]. The North Denmark retrospective study reported 

hydrocephalus in 3% of community-acquired bacterial meningitis with case 

fatality rate of 60% [75]. A Dutch national prospective cohort study reported a 

cumulative rate of hydrocephalus of 5% in adult community-acquired bacterial 

meningitis patients with case fatality rate of 50% [76]. A retrospective single 

centre study from Taiwan observed a cumulative rate of hydrocephalus of 21% 

with the overall mortality rate of 50% [77]. 

 

 

Figure 8. CT images showing obstructive hydrocephalus and subdural effusion. 
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In a prospective study of complications during bacterial meningitis in 

adults, the hydrocephalus was observed in 11.6 percent of patients [47]. The 

diagnosis of noncommunicating hydrocephalus and the decision for surgical 

treatment of hydrocephalus should be a multidisciplinary approach made by 

neurosurgeon, infectious diseases specialist, neurologist and ophthalmologist.  

 

 

Focal NeurologicAL Deficits  

(Hearing Impairment, Cranial Nerve 

Palsies, Hemiparesis or Quadriparesis) 
 

Sensorineural hearing loss is the most common severe consequence of 

childhood bacterial meningitis, affecting approximately 9% of the children 

[31, 78 - 81]. Sensorineural hearing loss after bacterial meningitis may be due 

to damage to the cochlea, labyrinth, or eighth cranial nerve from direct 

bacterial invasion or the inflammatory response elicited by the infection [40]. 

It may be transient or permanent.  

According to previous reports, hearing impairment of any type is expected 

to develop in 5.6% to 30.6% of patients with bacterial meningitis, while 

severe, profound or bilateral hearing loss is expected to occur in 1.0 to 5.1% of 

patients [14, 15, 82, 83, 84]. 

From the systematic literature review of the long-term (≥5 years of follow-

up) sequelae of childhood bacterial meningitis, hearing changes accounted for 

6.7 percent of patients [85]. In a study of 115 patients with bacterial 

meningitis, dexamethasone administered 10 minutes prior to antibiotics 

decreased the incidence of hearing loss and other neurological sequelae 15 

months following the episode compared to antibiotics alone (5 versus 16 

percent) [54].  

From a study of long term sequelae of children treated for bacterial 

meningitis in two study periods, of the 277 vs. 77 children, deafness was 

observed in 1percent vs. 3 percent of children [48]. 

Sensorineural hearing impairment usually is not appreciated until the 

patient has recovered from the acute illness especially in infants. The inclusion 

of hearing evaluation in the routine follow-up of these children after bacterial 

meningitis may prevent missed diagnoses of hearing loss [19]. Early 

identification and rehabilitation of hearing loss is essential for the acquisition 

of normal speech and language, as well as for the child’s educational and 

social development [86]. 
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Focal neurological deficit which can be manifested as cranial 

neuropathies, hemiparesis, quadriparesis, monoparesis, aphasia are common 

complications of meningitis. It can occur in 10 – 20% of patients with acute 

bacterial meningitis [30, 37]. Abnormalities of the cranial nerves are caused by 

the meningeal inflammatory process or by an increase in cerebrospinal fluid 

pressure. Focal neurological deficits account for most of the common 

complication of meningitis and it may account up to 50 percent of all 

neurological complication.  

The cranial nerves most commonly affected are VI, III, IV and VII [30, 

37]. Most such deficits resolve with successful treatment of the meningitis, but 

long-term disability may occur in some patients. From a study of early 

neurologic complications of children treated for bacterial meningitis in two 

study periods, the presence of neurologic deficit was observed by clinical 

examination in 16 percent vs. 17 percent of children. The observed neurologic 

deficit was reversible in all patients except in 0.4 percent vs. 1.3 percent of 

patients (quadriparesis/hemiparesis) [48].  

 

 

Hemiparesis or Quadriparesis 
 

Focal deficit as hemiparesis, monoparesis or quadriparesis are most 

commonly caused by cerebrovascular abnormalities, subdural effusion or 

empyema, hydrocephalus, cerebral abscess or cerebral edema. Paresis 

generally improves with time. Quadriparesis/hemiparesis was observed only in 

0.4 percent vs. 1.3 percent of treated children with bacterial meningitis in two 

study periods [48]. From the prospective studies of risk factors for 

neurological complications in children and adults, haemiparesis was observed 

in 5/77 children (6.5%) and in 3/46 adults (6.5%) [51, 56].  

 

 

Cerebrovascular Abnormalities 
 

Thrombosis, vasculitis, ischemia, thromboembolism, thrombosis of 

superior sagittal sinus and cortical veins, acute cerebral bleeding or infarction, 

cerebral vessel anomalies like aneurysm and vasculitis are common 

cerebrovascular complications of bacterial meningitis.  

Although cerebrovascular involvement in the acute phase of inflammation 

may be particularly important for the still unacceptably high morbidity and 
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mortality, only, a few studies have investigated cerebrovascular changes in 

bacterial meningitis [87]. 

From a prospective study of adults with bacterial meningitis, the major 

central nervous system complications included angiographically documented 

cerebrovascular involvement in 15.1 percent of patients [88]. Cerebrovascular 

complications observed in this study were: arterial narrowing, vessel wall 

irregularities, focal dilatations, arterial occlusions, thrombosis of venous 

sinuses and cortical veins. A poor clinical outcome of patients with bacterial 

meningitis, was significantly related to severe vascular involvement [87]. 

 

 

Ventriculitis 
 

Ventriculitits is caused by infection of the ventricles, leading to swelling 

and inflammation. This is especially prevalent in patients with external 

ventricular drains and intraventricular stents. 

 

 

Neuropsychological Impairment  

and Developmental Disability 
 

It is well-known that moderate or severe mental retardation and 

development disability such as impairment of language, learning, behavioral 

and cognitive skills, may be a complication of bacterial meningitis in children. 

Cognitive impairment in adults is the commonest intellectual impairment in 

post meningitis patients.  

Mild to severe mental retardation has been a well-recognized complication 

of bacterial meningitis in children, but few studies have utilized appropriate 

controls and sufficient follow-up to assess the risk of such complications. 

From a systematic literature search, of the total of 1433 children who were 

survivors of childhood bacterial meningitis, 49.2 percent were reported to have 

1 or more long-term sequelae. A majority of childhood bacterial meningitis 

survivors with long-term sequelae that are documented in the literature (45%) 

had academic and behavioral limitations [85]. While neurological deficits may 

resolve over time, subtle behavioral deficits may not be appreciated initially 

and may continue to affect survivors for many years [85]. Further studies are 

needed to quantify the true societal and economic burden of long-term 

sequelae as well as fully understand the breadth of types of sequelae that 
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survivors experience [85]. From a study of children treated for bacterial 

meningitis in two study periods, neuropsychological impairment was observed 

in 1 percent vs. 5 percent of children [48].  

 

 

Hypothalamic Dysfunction 
 

The syndromes of inappropriate antidiuretic hormone secretion (SIADH) 

are a cause of hyponatremia is patients with disorders of the central nervous 

system [89]. In a study of sixty children, SIADH was diagnosed in 22 out of 

60 cases (36.7%) on admission and in six of 48 cases (12.5%) on day 3 [90]. A 

significant correlation with SIADH was observed in cases with evidence of 

severe meningeal inflammation and mortality was significantly higher in cases 

with SIADH [90].  

 

 

Unusual Complications 
 

Transverse myelitis, cortical visual impairment, aneurysm formation of 

focal intracranial vessels, cerebral cortical atrophy, aphasia and ataxia are rare 

neurological complications of meningitis. 

 

 

Surgical Treatment of Neurological 

Complications of Bacterial Meningitis 
 

Bacterial meningitis is a medical, neurological, and sometimes 

neurosurgical emergency that requires a multidisciplinary approach. Prolonged 

fever, focal
 
neurological deficit, convulsions, worsening of consciousness level 

and worsening of clinical presentation following meningitis are the absolute 

indications for performing the diagnostic imaging techniques. Magnetic 

resonance imaging (MRI) does not use ionizing radiation, and is thus preferred 

over Computed tomography (CT) in children and patients requiring multiple 

imaging examinations. In all cases of bacterial meningitis complicated with 

neurological complications in which a significant mass effect is apparent on 

imaging and by clinical presentation, an adequate treatment consists of prompt 

systemic administration of antibiotics combined with surgical treatment. 
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From a study of the 277 children treated for bacterial meningitis, due to 

the suspicion for neurological complications, 109 children underwent a head 

computerized tomography scan. 47 cases (43%) had evident structural 

abnormalities while only 15/277 cases (5%) required neurosurgical treatment; 

9/38 cases with subdural collections, 5/7 cases with hydrocephalus and 1 case 

of spinal abscess [91]. Subdural effsions were the most common acute 

neurological complications of bacterial meningitis in children: 35 children 

with subdural effusion, 2 children with subdural empyema and 1 case with 

subdural hematoma. Of the 35 cases with subdural effusion, six cases (17%) 

underwent surgical treatment during the first week of treatment (mean time, 

day 5) due to worsening clinical presentation with space-occupying symptoms 

and signs [91]. The surgical techniques applied were surgical burr hole 

drainage in five cases and the placement of a subduroperitoneal shunt in one 

case. Of the 35 cases with subdural effusions, 29 children were treated 

conservatively and showed spontaneous remission of subdural effusion on 

repeated head CT scans [91]. The etiology of cases with subdural effusion was 

confirmed in 27/35 cases (77.1%). Causative pathogens were: Neisserria 

meningitidis (11/35), Haemophillus influenzae (6/35), Streptococcus 

pneumoniae (6/35), Staphylococcus aureus (2/35) and gram negative bacilli 

(2/35). All 35 children with subdural effusion were observed for 5 years, and 

the only complication and sequelae observed were seizures in 2 children, both 

treated conservatively. Neurosurgical intervention were not common in 

pediatric bacterial meningitis cases (5%) but were highly significant in cases 

complicated with acute neurological complications (32%) [91].  

 

 

Long-Term Prognosis of Bacterial 

Meningitis 
 

While early neurological complications may resolve over time, numerous 

long term sequelae have been reported in survivors of bacterial meningitis. 

“Sequelae” are defined as complications that result from bacterial meningitis 

that are present at or develop after the time of discharge and persist during the 

years follow-up period.  

As many as 50% of survivors experience neurological sequelae, such as 

seizure disorders, focal neurological deficits, hearing/vision loss, and 

neuropsychological impairment. From a systematic review, cognitive deficit, 

bilateral hearing loss, motor deficit, seizures, visual impairment, 
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hydrocephalus were labelled as major sequelae [85]. Less severe, minor 

sequelae were labeled behavioral problems, learning difficulties, unilateral 

hearing loss, hypotonia, diplopia.  

Numerous sequelae have been observed in survivors of childhood 

bacterial meningitis including seizure disorders, hearing/vision loss, 

hydrocephalus, focal neurological deficit, motor delay and impairment as well 

as more subtle outcomes like cognitive, academic and behavioral problems 

[44, 48, 69].  

Chandran A. et al. in their systematic literature search have found that 49 

% of survivors of childhood bacterial meningitis (followed up for at least five 

years) were reported to have one or more long-term sequelae [85]. A majority 

of reported sequelae were behavioral and/or intellectual disorders (78 %) most 

commonly low IQ or "cognitive impairment". Other problems in this category 

included behavioral problems and attention deficit hyperactivity disorder [85]. 

Most of the remaining sequelae were hearing impairments (6.7%) and major 

neurological abnormalities (14.3%). 

The risk of long term sequelae is higher in those individuals who have 

acute neurological complications during the course of the disease [23, 39, 48].  

From a retrospective study of children treated for bacterial meningitis in 

two study periods, long term sequelae were observed almost equally in 10% 

vs. 12% of children [48]. The most frequent long term sequelae were late 

seizures 9% vs. 1%, neuropsychological impairment 1% vs. 5% and deafness 

1% vs. 3% [48]. Age prior to 12 months was risk factor for both early 

neurological complications and long-term sequelae of bacterial meningitis in 

children. 

In a prospective study of adverse outcomes of bacterial meningitis in 

school-age survivors, one in four school-age meningitis survivors has either 

serious and disabling sequelae or a functionally important behavior disorder, 

neuropsychological or auditory dysfunction adversely affecting academic 

performance [92]. All survivors from bacterial meningitis, require careful 

follow-up, at least until school age [92].From data from a Greek meningitis 

registry, of a total of 2.477 patients, rate of sequelae overall (3.3%), is lower 

when compared to other reports in the literature, which ranges from 8% to 

37% - with an average around 15% to 17.5% [15, 20, 61, 62, 68, 92, 93, 94]. 

According to previous reports, hearing impairment of any type is expected to 

develop in 5.6% to 30.6% of patients with bacterial meningitis, while severe, 

profound or bilateral hearing loss is expected to occur in 1.0 to 5.1% of 

patients [15, 20, 31, 82, 83, 84, 95]. From a retrospective study of long term 

sequelae of children treated for bacterial meningitis in two study periods, 
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deafness occurred in 1 percent vs. 3 percent of patients [48]. Many authors 

reported that occurrence of seizures on admission were strongly associated 

with the development of seizure disorder as a sequelae, and especially atypical 

seizures and those occurring after 48 hours after admission [20, 33, 48, 61, 62, 

93]. 

Rates of sequelae are reported to be less common in meningococcal 

meningitis compared to pneumococcal meningitis [55].  

 

 

Mortality/Morbidity 
 

In general, mortality rates vary with age and pathogen. The leading cause 

of acute bacterial meningitis in adults is Streptococcus pneumoniae, with a 

mortality of 20–30% despite highly effective antibiotic therapy and modern 

intensive care facilities [4, 30]. Many fatalities are due to cerebral 

complications (e.g., brain edema, hydrocephalus, ischemic infarction and 

septic sinus or venous thrombosis) or systemic complications (e.g., septic 

shock, disseminated intravascular coagulation and adult respiratory distress 

syndrome) [4, 47]. From a study of pneumococcal meningitis in adults, the 

causes of death were mostly systemic complications in the elderly and cerebral 

complications in the younger patients [50].  

Despite effective antimicrobial and supportive therapy, mortality rates 

among neonates remain high, with significant long-term sequelae in survivors. 

Bacterial meningitis also causes long-term sequelae and results in significant 

morbidity beyond the neonatal period. Mortality rates are highest during the 

first year of life, decreasing in mid life and increasing again in elderly persons. 

Despite advances in care for patients with bacterial meningitis, the overall 

case fatality remains steady at approximately 2% - 30% [2, 3, 30 - 38]. The 

factors that impact mortality rates include access to primary health care 

services, the quality of reference laboratories, timely and appropriate medical 

care and treatment, patient predisposing conditions, and the virulence of the 

strains [26, 27, 35, 37, 49, 51, 62, 63, 96].  

 

 

Risk Factors for Adverse Outcome 
 

Several studies of prognostic factors in patients with bacterial meningitis
 

have been performed [2, 15, 17, 19, 20, 21, 23, 26, 28, 29, 33, 37, 39, 45, 48, 
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49, 60, 61, 62, 63, 64, 69, 70, 81, 90, 97]. The majority of all studies were 

conducted in developed countries. 

Identification of predictors for early neurological complications is 

extremely important since they are first messengers in predicting also long 

term sequelae of childhood bacterial meningitis [48].  

For mortality, coma and seizures were found to be predictive, next to 

shock, peripheral circulatory failure, severe respiratory distress, a low 

peripheral white blood cell count and a high cerebrospinal fluid protein level 

[17, 22, 32, 33].  

From a prospective study in a developing country, risk factors found to be 

associated with death among children treated for bacterial meningitis were: the 

presentation of the initial cerebrospinal fluid as thick pus, low cerebrospinal 

fluid /blood glucose ratio, a decreased level of consciousness especially coma, 

the occurrence of seizures both prior to hospitalization and >24hours after 

admission, age less than <1 month, use of inotropic agents on admission, 

presence of focal neurological deficit on admission, previous treatment with 

antibiotics, female gender and preceding hospitalization before being 

diagnosed for bacterial meningitis [24]. 

Studies reporting on poor outcome, and thereby not differentiating 

between sequelae or mortality, also reported coma, seizures, shock, use of 

inotropes, S.pneumoniae infection, acute focal neurological symptoms, a low 

white blood cell count both peripheral as well as in cerebrospinal fluid, a low 

cerebrospinal fluid glucose level and a high cerebrospinal fluid protein level to 

be important risk factors [15, 17, 98, 99]. Other risk factors identified by 

previous studies include: young age (indicated as younger than 12 months), 

tertiary referral, symptoms > 24 h before diagnosis, delayed sterilization of the 

cerebrospinal fluid, early admission to the intensive care unit, requirement of 

assisted ventilation, dexamethasone use, the presence of a primary focus of 

infection and the presence of underlying disease [15, 17, 22, 32, 33, 39, 54, 56, 

64, 97]. 

Klinger G. et al. found that duration of seizures for >72 hours, presence of 

coma, use of inotropes, and leucopenia were the most important predictors of 

adverse outcome [99].  

Oostenbrik R. et al. (2002) found that children with bacterial meningitis 

caused by Streptococcus pneumoniae and those with acute focal neurological 

symptoms tended to have the worst prognosis [15]. Grimwood K. et al. (1996) 

found that age <= 12 months, tertiary referral, symptoms > 24 h before 

diagnosis, seizures, focal neurological signs, deteriorating conscious state in 
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hospital, Streptococcus pneumoniae infection and serum sodium concentration 

< 130 mmol/L were associated with adverse outcomes [61]. 

Severity of clinical presentation manifested with alteration of mental 

status and the occurrence of seizures are identified as the strongest prognostic 

factors for neurological complications in numerous studies from developed 

[15, 20, 22] and developing countries [23, 25, 26, 27, 28, 60].  

From a prospective study of risk factors for neurological complications in 

childhood bacterial meningitis, as risk factors were found: age < 12 months, 

altered mental status, seizures prior to admission, dexamethasone use, the 

presence of focal neurological deficit on admission and increased proteins in 

CSF [56].  

Young age (indicated as younger than two years old), is considered an 

important prognostic factor for adverse outcome of children with bacterial 

meningitis [17, 24, 28, 60].  

In a study of mortality from bacterial meningitis in children in a 

developing country, the highest mortality rate was recorded in neonates, and 

the highest incidence of neurological complications was found in children who 

were <12 months of age [24].  

Duration of seizures for >72 hours and presence of coma were the most
 

important predictors of adverse outcome [15, 65].  

Delay in treatment is associated with an increased risk of neurological 

disability and death in both developed [2, 32, 55] and developing countries 

[26, 27, 46, 100].  

From a study of children with bacterial meningitis treated in a developing 

country, the mean duration of illness prior to hospitalization was 2.6 days for 

patients who recovered without neurological complications, 3.2 days for 

patients who survived with neurological complications, and 5.3 days for 

patients who died (p<0.001) [24, 60].  

Aronin SI. et al. found that delay in therapy after arrival in the emergency 

department was associated with adverse clinical outcome when the patient’s 

condition advanced to the highest stage of prognostic severity before the initial 

antibiotic dose was given [49]. 

Children who manifested focal neurological deficit at admission had a 

significantly higher incidence of neurological complications [15, 48].  

Low CSF leukocyte count, low CSF glucose level, low CSF/blood glucose 

level and high CSF protein level have been identified as significant factors 

predicting neurological complications of bacterial meningitis in children in 

both developed [2,18, 19, 20, 21, 22, 76] and developing countries [25, 26, 27, 

28, 76].  
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An association between meningitis caused by S.pneumoniae and 

unfavorable evolution has been suggested in the literature [2, 15, 19, 23, 26, 

27, 31]. Even with early diagnosis and adequate treatment, the case fatality in 

pneumococcal meningitis is in the range of 19% - 37% [37, 50, 97]. 

From a study of children treated for bacterial meningitis in two study 

periods, in the first study period the highest incidence of neurological 

complications occurred in cases caused by H. influenzae since in this study 

Hib vaccine was not yet implemented in the national immunization 

programme [48]. In the second study period was implemented the Hib vaccine 

and in this study, the highest incidence of neurological complications occurred 

in cases caused by S. pneumoniae [48]. 

The presence of a primary focus of infection, previous treatment with 

antibiotics, female gender and location of residence (urban/rural location) were 

not found to be associated with increased risk for the development of 

neurological complications [60]. 

The severity of clinical presentation at admission involving the presence 

of focal neurological deficit, altered mental state, especially coma, and 

infection with gram negative-bacilli have been identified as the strongest 

predictors for neurological complications of bacterial meningitis in adults and 

may be of value in selecting patients for more intensive care and treatment 

[51]. 

Many clinical trials were undertaken to determine the effects of adjunctive 

dexamethasone on outcome in children with bacterial meningitis [16, 22, 24, 

32]. The results, however, do not point
 
unequivocally to a beneficial effect [16, 

46].  

The inflammatory response induced by bacterial products in the 

subarachnoid space is responsible for neuronal injury [97]. The use of adjuvant 

therapy in acute bacterial meningitis draws its rationale from the notion of 

arresting the inflammatory cascade at an early stage of the disease to improve 

clinical outcome. Corticosteroids have been studied extensively in these 

patients and seem effective in selective groups of patients, particularly those 

with pneumococcal meningitis [97]. 

Considerable evidence implicates that genetic variation in microbial 

recognition genes is associated with altered host responses to infection and the 

degree of post-infectious complications [101]. Genetic variation in innate 

immune response genes contributes to inter-individual differences in disease 

manifestation and degree of complications upon infection [102]. Genetic 

markers may be used for identification of high-risk patients by creating 

prediction rules for post-meningitis hearing loss and other sequelae, and 
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provide more insight in the complex immune response in the CNS possibly 

resulting in new therapeutic interventions [102].  

 

 

Further Research 
 

Few studies document sequelae for several years following a childhood 

episode of bacterial meningitis. In addition, studies generally focus on the 

more commonly found sequelae. 

While neurological deficits may resolve over time, subtle behavioral 

deficits may not be appreciated initially and may continue to affect survivors 

for many years. Further studies are needed to quantify the burden of early 

neurological complications by age distribution, etiologic agents and income. 

Also further studies are needed to follow up long term sequelae in patients 

who manifested early neurological complications using control/comparison 

group patients who did not manifest neurological complications during the 

acute phase of illness. We recommend additional research for the relationship 

between intellectual, linguistic, learning, and reading skills with educational 

difficulty especially with children with a history of bacterial meningitis prior 

to 12 months of age being an important risk factor.  

Prevention of bacterial meningitis by conjugate vaccines against 

Haemophillus influenzae, Streptococcus pneumoniae and Neisseria 

meningitidis will be the most promising development in future. 

 

 

References 
 

[1] Swartz MN. Bacterial meningitis: more involved than just the meninges. 

N. Engl. J. Med., 1984; 311:912-914.  

[2] Chávez-Bueno S, McCracken GH Jr. Bacterial meningitis in children. 

Pediatr. Clin. North Am., 2005; 52:795–810.  

[3] Saez-Llorens X, McCracken GH. Bacterial meningitis in children. 

Lancet, 2003; 361:2139-2148.  

[4] Schuchat A, Robinson K, Wenger JD et al. Bacterial meningitis in the 

United States in 1995. Active Surveillance Team. New Engl. J. Med., 

1997; 337: 970–976.  

[5] Peltola H. Worldwide Haemophilus influenzae type b disease at the 

beginning of the 21st century: global analysis of the disease burden 25 



Sadie Avdiu Namani 112 

years after the use of the polysaccharide vaccine and a decade after the 

advent of conjugates. Clin. Microbiol. Rev., 2000; 13:302–17. 

[6] Gold R. Epidemiology of bacterial meningitis. Infect. Dis. Clin. North 

Am., 1999; 13(3):515-25, v.  

[7] Schlech WF, Ward JI, Band JD, Hightower A, Fraser DW, Broome C. 

Bacterial meningitis in the United States, 1978 through 1981. The 

National Bacterial Meningitis Surveillance Study. JAMA, 1985; 

253:1749-1754. 

[8] Feigin R, Pearlman E. Bacterial meningitis beyond the neonatal period. 

In Textbook of Pediatric Infectious Diseases. Volume 1. 5th edition. 

Edited by: Feigin RD, Cherry J, Demmler GJ, Kaplan S. Saunders; 

2003; 443-474.  

[9] Theodoridou MN, Vasilopoulou VA, Atsali EE, et al. Meningitis 

registry of hospitalized cases in children: epidemiological patterns of 

acute bacterial meningitis throughout a 32-year period. BMC Infect. Dis., 

2007; 7:101. 

[10] Thigpen CM, Whitney GC, Messonnier EN, Zell RE, Lynfield R, Hadler 

LJ, et al. Bacterial Meningitis in the United States, 1998–2007. N. Engl. 

J. Med., 2011; 26;364(21):2016-25. 

[11] Whitney CG, Farley MM, Hadler J, et al. Decline in invasive 

pneumococcal disease after the introduction of protein-polysaccharide 

conjugate vaccine. N. Engl. J. Med., 2003; 348:1737-1746. 

[12] Netherlands Reference Laboratory for Bacterial Meningitis. Bacterial 

meningitis in The Netherlands: annual report 2002. Amsterdam: 

University of Amsterdam, 2003.  

[13] Namani SA, Koci RA, Qehaja-Buçaj E, Ajazaj-Berisha L, Mehmeti M. 

The epidemiology of bacterial meningitis in Kosovo. J. Infect. Dev. 

Ctries., 2014; 14;8(7):823-30. 

[14] van Well GT, Sanders MS, Ouburg S, van Furth AM, Morré SA. 

Polymorphisms in toll-like receptors 2, 4, and 9 are highly associated 

with hearing loss in survivors of bacterial meningitis. PLoS One, 2012; 

7(5):e35837.  

[15] Oostenbrink R, Maas M, Moons KG, Moll HA. Sequelae after bacterial 

meningitis in childhood. Scand. J. Infect. Dis., 2002; 34:379–382. 

[16] Molyneux E, Riordan FA, Walsh A. Acute bacterial meningitis in 

children presenting to the Royal Liverpool Children's Hospital, 

Liverpool, UK and the Queen Elizabeth Central Hospital in Blantyre, 

Malawi: a world of difference. Ann. Trop. Paediatr., 2006; 26:29–37.  



Complications and Long-Term Prognosis … 113 

[17] de Jonge RCJ, van Furth AM, Wassenaar M, Gemke RJBJ, Caroline B, 

Terwee CB. Predicting sequelae and death after bacterial meningitis in 

childhood: A systematic review of prognostic studies. BMC Infect. Dis., 

2010; 10:232.  

[18] Koomen I, Grobbee DE, Jennekens-Schinkel A, Roord JJ, van Vurth 

AM. Parental perception of educational, behavioural and general health 

problems in school-age survivors of bacterial meningitis. Acta Paediatr., 

2003; 92:177-185.  

[19] Koomen I, Grobbee DE, Roord JJ, Donders R, Jennekens-Schinkel A, 

van Furth AM. Hearing loss at school age in survivors of bacterial 

meningitis: assessment, incidence, and prediction. Pediatrics, 2003; 

112:1049–1053.  

[20] Vasilopoulou VA, Karanika M, Theodoridou K, Katsioulis AT, 

Theodoridou MN, Hadjichristodoulou CS. Prognostic factors related to 

sequelae in childhood bacterial meningitis: data from a Greek meningitis 

registry. BMC Infect. Dis., 2011; 11:214.  

[21] Koomen I, Grobbee DE, Roord JJ, Jennekens-Schinkel A, van der Lei 

HD, Kraak MA, et al. Prediction of academic and behavioural 

limitations in school-age survivors of bacterial meningitis. Acta 

Paediatr., 2004; 93:1378–1385. 

[22] Pagliano P, Fusco U, Attanasio V, Rossi M, Pantosti A, Conte M, et al. 

Pneumococcal meningitis in childhood: a longitudinal prospective study. 

FEMS Immunol. Med. Microbiol., 2007; 488-495(8). 

[23] Antoniuk SA, Hamdar F, Ducci RD, Kira AT, Cat MN, Cruz CR. 

Childhood acute bacterial meningitis: risk factors for acute neurological 

complications and neurological sequelae. J. Pediatr. (Rio J), 2011; 

87(6):535-40. 

[24] Namani S, Milenković Z, Kuchar, Koci R, Mehmeti M. Mortality from 

bacterial meningitis in children from Kosovo. J. Child. Neurol., 2012; 

27: 46-50. 

[25] Singhi P, Bansal A, Geeta P, et al. Predictors of long-term neurological 

outcome in bacterial meningitis. Indian J. Pediatr., 2007; 74:369-374. 

[26] Pelkonen T, Roine I, Monteiro L, et al. Risk factors for death and severe 

neurological sequelae in childhood bacterial meningitis in sub-Saharan 

Africa. Clin. Infect. Dis., 2009; 15;48(8):1107-10. 

[27] Roine I, Peltola H, Fernández J, et al. Influence of admission findings on 

death and neurological outcome from childhood bacterial meningitis. 

Clin. Infect. Dis., 2008; 46(8):1248-52. 



Sadie Avdiu Namani 114 

[28] Lovera D, Arbo A. Risk factors for mortality in Paraguayan children 

with pneumococcal bacterial meningitis. Trop. Med. Int. Health, 2005; 1 

0:1235-1241. 

[29] Edmond K, Clark A, Korczak VS, Sanderson C, Griffiths UK, et al. 

Global and regional risk of disabling sequelae from bacterial meningitis: 

a systematic review and meta-analysis. Lancet Infect. Dis., 2010; 10: 

317–328.  

[30] Durand ML, Calderwood SB, Weber DJ, et al. Acute bacterial 

meningitis in adults. A review of 493 episodes. N. Eng. J. Med., 1993; 

328(1):21-28. 

[31] Baraff LJ, Lee SI, Schriger DL. Outcomes of bacterial meningitis in 

children: a meta-analysis. Pediatr. Infect. Dis. J., 1993; 12:389-394.  

[32] McIntyre PB, MacIntyre CR, Gilmour R, Wang H. A population based 

study of the impact of corticosteroid therapy and delayed diagnosis on 

the outcome of childhood pneumococcal meningitis. Arch. Dis. Child., 

2005; 90:391–396.  

[33] Østergaard C, Konradsen HB, Samuelsson S. Clinical presentation and 

prognostic factors of Streptococcus pneumoniae meningitis according to 

the focus of infection. BMC Infect. Dis., 2005; 5:93.  

[34] Kilpi T, Peltola H, Jauhiainen T, Kallio MJ. Oral glycerol and 

intravenous dexamethasone in preventing neurologic and audiologic 

sequelae of childhood bacterial meningitis. Pediatr. Infect. Dis. J., 1995; 

14:270–278.  

[35] Perez AE, Dickinson FO, Rodrigez M. Community acquired bacterial 

meningitis in Cuba: a follow up of a decade. BMC Infect. Dis., 2010; 

10:130.  

[36] Quagliarello VJ, Scheld WM. Treatment of bacterial meningitis. N. Eng. 

J. Med., 2003; 336:708-716. 

[37] van de Beek D, de Gans J, Spanjaard L, et al. Clinical features and 

prognostic factors in adults with bacterial meningitis. N. Engl. J. Med., 

2004; 351:1849–1859.  

[38] Centers for Disease Control and Prevention. Progress toward elimination 

of Haemophilus influenzae type b invasive disease among infants and 

children: United States, 1998–2000. MMWR Morb. Mortal. Wkly Rep., 

2002; 51:234–9.  

[39] Grimwood K, Anderson P, Anderson V, Tan L, Nolan T. Twelve year 

outcomes following bacterial meningitis: further evidence for persisting 

effects. Arch. Dis. Child., 2000; 83:111-116. 



Complications and Long-Term Prognosis … 115 

[40] Kaplan SL, Woods C. Neurologic complications of bacterial meningitis 

in children. Curr. Clin. Top Infect. Dis., 1992; 12:37.  

[41] Scarborough M, Thwaites GE. The diagnosis and management of acute 

bacterial meningitis in resource-poor settings. Lancet Neurol., 2008; 

7(7):637. 

[42] Ramakrishnan M, Ulland AJ, Steinhardt LC, Moïsi JC et al. Sequelae 

due to bacterial meningitis among African children: a systematic 

literature review. BMC Med., 2009; 14;7:47. 

[43] Rabbani MA, Khan AA, Ali SS, Ahmad B, Baig SM, Khan MA, Wasay 

M. Spectrum of complications and mortality of bacterial meningitis: an 

experience from a developing country. J. Pak. Med. Assoc., 2003; 53 

(12):580-3. 

[44] Mace SE. Acute bacterial meningitis. Emerg. Med. Clin. North Am., 

2008; 26(2):281-317, viii. 

[45] Anderson V, Anderson P, Grimwood K, Nolan T. Cognitive and 

executive function 12 years after childhood bacterial meningitis: effect 

of acute neurologic complications and age of onset. J. Pediatr. Psychol., 

2004; 29:67–81. 

[46] Wasier AP, Chevret L, Essouri S, Durand P, Chevret S, Devictor D. 

Pneumococcal meningitis in a pediatric intensive care unit: prognostic 

factors in a series of 49 children. Pediatr. Crit. Care Med., 2005; 6(5): 

568-72. 

[47] Pfister HW, Feiden W, Einhaupl KM. Spectrum of complications during 

bacterial meningitis in adults. Results of a prospective clinical study. 

Arch. Neurol., 1993; 50-575. 

[48] Namani SA, Koci BM, Milenković Z, Koci R, Qehaja-Buçaj E, Ajazaj 

L, Mehmeti M, Ismaili-Jaha V. Early neurologic complications and 

long-term sequelae of childhood bacterial meningitis in a limited-

resource country (Kosovo). Childs Nerv. Syst., 2012; 27-46. 

[49] Aronin SI, Peduzzi P, Quagliarello VJ. Community-aquired bacterial 

meningitis; risk stratification for adverse clinical outcome and effect of 

antibiotic timing. Ann. Inter. Med., 1998; 129: 862-869. 

[50] Kastenbauer S, Pfister HW. Pneumococcal meningitis in adults. 

Spectrum of complications and prognostic factors in a series of 87 cases. 

Brain, 2003; 126:1015-1025.  

[51] Namani S, Dreshaj Sh, Doda-Ejupi T, Qehaja-Bucaj E, Ajazaj-Berisha 

L, Koci R. Predictors for neurological complications of bacterial 

meningitis in adults in a limited-resource country. Eur. J. Intern. Med., 

2013; 24(Supp.1):1-278. 



Sadie Avdiu Namani 116 

[52] Taylor HG, Mills EL, Ciampi A, et al. The sequelae of Haemophylus 

infleunzae meningitis in school-age children. N. Engl. J. Med., 1990; 

323(24):1657-63. 

[53] Lindberg J, Rosenhall U, Nylen O, et al. Long-term outcome of 

Hemophilus influenzae meningitis related to antibiotic treatment. 

Pediatr, 1977; 60(1):1-6. 

[54] Schaad UB, Lips U, Gnehm HE, Blumberg A, et al. Dexamethasone 

therapy for bacterial meningitis in children. Lancet, 1993; 342:457-461. 

[55] Bedford H, de Louvois J, Halket S, Peckham C et al. Meningitis in 

infancy in England and Wales: follow up at five years. BMJ, 2001; 

323:533-536. 

[56] Namani S, Milenković Z, Koci B. A prospective study of risk factors for 

neurological complications in childhood bacterial meningitis. J. Pediatr., 

(Rio J). 2013; 89(3):256-62. 

[57] Anderson V, Bond L, Catroppa C, Hore R et al. Childhood bacterial 

meningitis: impact of age at illness and acute medical complications on 

long term outcome. J. Int. Neuropsychol. Soc., 1997; 3(2):147-58 

[58] Snedeker JD, Kaplan SL, Dodge PR, Holmes SJ et al. Feigin RD. 

Subdural effusion and its relationship with neurologic sequelae of 

bacterial meningitis in infancy: a prospective study. Pediatrics, 1990; 

86(2):163-170. 

[59] Koedel U, Scheld WM, Pfister HW. Pathogenesis and pathophysiology 

of pneumococcal meningitis. Lancet Infect. Dis., 2002; 2:721-736. 

[60] Namani S, Koci R, Dedushi K. Predictors for neurologic complications 

of bacterial meningitis in children in Kosovo. MJMS, 2011; 15:4(1):75-

80. 

[61] Grimwood K, Nolan TM, Bond L, et al. Risk factors for adverse 

outcomes of bacterial meningitis. J. Paediatr. Child. Health, 1996; 

32:457-462.  

[62] Roine I, Peltola H, Fernández J, et al. Influence of admission findings on 

death and neurological outcome from childhood bacterial meningitis. 

Clin. Infect Dis., 2008; 46(8):1248-52. 

[63] McCormick DW, Wilson ML, Mankhambo L, Phiri A, Chimalizeni Y, 

Kawaza K, et al. Risk factors for death and severe sequelae in malawian 

children with bacterial meningitis, 1997-2010. Pediatr. Infect. Dis. J., 

2013; 32(2):e54-61. 

[64] Akpede GO, Akuhwa RT, Ogiji EO, Ambe JP: Risk factors for an 

adverse outcome in bacterial meningitis in the tropics: a reappraisal with 



Complications and Long-Term Prognosis … 117 

focus on the significance and risk of seizures. Ann. Trop. Paediatr., 

1999; 19:151-159.  

[65] Tsai MH, Chen SH, Hsu CY, et al. Pneumococcal meningitis in 

taiwanese children: Emphasis on Clinical outcomes and prognostic 

factors. J. Trop. Pediatr., 2008; 54(6):390-394. 

[66] Tunkel AR, Wispelwey B, Scheld WM. Bacterial meningitis: Recent 

advances in pathophysiology and treatment. Ann. Intern. Med., 1990; 

112:610-623. 

[67] Tunkel AR, Scheld WM. Pathogenesis and pathophysiology of bacterial 

meningitis. Clin. Microbiol. Rev., 1993; 6(2):118-36. 

[68] Pomeroy SL, Holmes SJ, Dodge PR, Feigin RD. Seizures and other 

neurologic sequelae of bacterial meningitis in children. N. Engl. J. Med., 

1990; 323:1651. 

[69] Namani
 

S, Kuchar E, Koci R, Mehmeti M,
 

Dedushi K. Early 

symptomatic and late seizures in Kosovar children with bacterial 

meningitis. Childs Nerv. Syst., 2011; 27 (11): 1976-71. 

[70] Batra P, Gupta S, Gomber S, Saha A. Predictors of meningitis in 

children presenting with first febrile seizures. Pediatr. Neurol., 2011; 

44(1):35-9. 

[71] Liu CC, Chen JS, Lin CH, Chen YJ et al. Huang CC. Bacterial 

meningitis in infants and children in southern Taiwan: emphasis on 

Haemophilus influenzae type b infection. J. Formos Med. Assoc., 1993; 

92:884-8. 

[72] Snedeker JD, Kaplan SL, Dodge PR, Holmes SJ et al. Feigin RD. 

Subdural effusion and its relationship with neurologic sequelae of 

bacterial meningitis in infancy: a prospective study. Pediatrics, 1990; 

86(2):163-170. 

[73] Vinchon M, Joriot S, Jissendi-Tchofo P, Dhellemmes P. Postmeningitis 

subdural fluid collection in infants: changing pattern and indications for 

surgery. J. Neurosurg., 2006; 104(6 Suppl):383-7. 

[74] Mathisen GE, Johnson JP. Brain abscess. Clin. Infect. Dis., 1997; 

25(4):763-79; quiz 780-1. 

[75] Bodilsen J, Schønheyder HC, Nielsen H. Hydrocephalus is a rare 

outcome in community-acquired bacterial meningitis in adults: a 

retrospective analysis. BMC Infect. Dis., 2013; 13: 321. 

[76] Kasanmoentalib ES, Brouwer MC, van der Ende A, van de Beek D. 

Hydrocephalus in adults with community-acquired bacterial meningitis. 

Neurology, 2010; 13:918–923. 



Sadie Avdiu Namani 118 

[77] Wang KW, Chang WN, Chang H-W, Wang HC et al. Clinical relevance 

of hydrocephalus in bacterial meningitis in adults. Surg. Neurol., 2005; 

13:61–65 

[78] Fortnum HM. Hearing impairment after bacterial meningitis: a review. 

Arch. Dis. Child., 1992; 67:1128–1133. 

[79] Richardson MP, Reid A, Tarlow MJ, Rudd PT. Hearing loss during 

bacterial meningitis. Arch. Dis. Child., 1997; 76:134–138. 

[80] Irving RM, Ruben RJ. The Acquired Hearing Losses of Childhood. 

Philadelphia, PA: Lippincott-Raven Publishers; 1998. 

[81] Woolley AL, Kirk KA, Neumann AM Jr, et al. Risk factors for hearing 

loss from meningitis in children: the Children’s Hospital experience. 

Arch. Otolaryngol. Head Neck Surg., 1999; 125:509–514. 

[82] Kutz JW, Simon LM, Chennupati SK, Giannoni CM, Manolidis S. 

Clinical predictors for hearing loss in children with bacterial meningitis. 

Arch. Otolaryngol. Head Neck Surg., 2006; 132(9):941–945  

[83] Richardson MP, Reid A, Tarlow MJ, Rudd PT. Hearing loss during 

bacterial meningitis. Arch Dis Child. 1997; 76(2):134–138.  

[84] Fortnum HM. Hearing impairment after bacterial meningitis: a review. 

Arch. Dis. Child., 1992; 67(9):1128–1133.  

[85] Chandran A, Herbert H, Misurski D, Santosham M. Long term sequelae 

of childhood bacterial meningitis: an underappreciated problem. Pediatr. 

Infect. Dis. J., 2011; 0(1):3–6. 

[86] Yoshinaga-Itano C, Sedey AL, Coulter DK, Mehl AL. Language of early 

and later-identified children with hearing loss. Pediatrics, 1998; 

102:1161–1171. 

[87] Ries S, Schminke U, Fassbender K, Daffertshofer M, Steinke W,  

Hennerici M. Cerebrovascular involvement in the acute phase of 

bacterial meningitis. Journal of Neurology, 1996; 244 (1): 51-55.  

[88] Pfister HW, Borasio GD, Dirnagl U, Bauer M, Einhaupl KM. 

Cerebrovascular complications of bacterial meningitis in adults. 

Neurology, 1992; 42:1497-1504. 

[89] Palmer BF. Hyponatremia in patients with central nervous system 

disease: SIADH versus CSW. Trends Endocrinol. Metab., 2003;1 

4(4):182-7. 

[90] Patwari AK, Singh BS, Manorama DE. Inappropriate secretion of 

antidiuretic hormone in acute bacterial meningitis. Ann. Trop. Paediatr., 

1995; 15(2):179-83. 



Complications and Long-Term Prognosis … 119 

[91] Namani S, Koci R, Kuchar E, Dedushi K. Surgical treatment of 

neurologic complications of bacterial meningitis in children in Kosovo. 

J. Trop. Pediatr., 2012; 58(2). 

[92] Grimwood K, Anderson VA, Bond L, Catroppa C, Hore RL, Keir EH, 

Nolan T, Roberton DM. Adverse outcomes of bacterial meningitis in 

school-age survivors. Pediatrics, 1995; 95(5):646–656. 

[93] Oostenbrink R, Moons KG, Derksen-Lubsen G, Grobbee DE, Moll HA. 

Early prediction of neurological sequelae or death after bacterial 

meningitis. Acta. Paediatr., 2002; 91(4):391–398.  

[94] Pikis A, Kavaliotis J, Tsikoulas J, Andrianopoulos P, Venzon D, Manios 

S. Long-term sequelae of pneumococcal meningitis in children. Clin. 

Pediatr., (Phila). 1996; 35(2):72–78. 

[95] Kirimi E, Tuncer O, Arslan S, Atas B, Caksen H, Uner A, et al. 

Prognostic factors in children with purulent meningitis in Turkey. Acta. 

medica Okayama, 2003; 57:39–44. 

[96] Namani S, Remzie K, Dedushi, Raka L. Causative pathogens of bacterial 

meningitis in children and their susceptibility to antibiotics. Inter. J. Inf 

Dis., 2012; 9:1.  

[97] Prasad K, Rai NK, Kumar A. Use of corticosteroids and other adjunct 

therapies for acute bacterial meningitis in adults. Curr. Infect. Dis. Rep., 

2012; 14(4):445-53. 

[98] Lebel MH, McCracken GH Jr. Delayed cerebrospinal fluid sterilization 

and adverse outcome of bacterial meningitis in infants and children. 

Pediatrics, 1989; 83:161-167.  

[99] Klinger G, Chin CN, Beyene J, Perlman M. Predicting the outcome of 

neonatal bacterial meningitis. Pediatrics, 2000; 106(3):477-82. 

[100] van de Beek D, Farrar JJ, de Gans J, Mai NTH, Molyneux EM, Peltola 

H, et al. Adjunctive dexamethasone in bacterial meningitis: a meta-

analysis of individual patient data. Lancet Neurol., 2010; 9(3): 254–263.  

[101] Brouwer MC, Read RC, van de Beek D (2010) Host genetics and 

outcome in meningococcal disease: a systematic review and meta-

analysis. Lancet Infect. Dis., 10: 262–274.  

[102] van Well GT, Sanders MS, Ouburg S, van Furth AM, Morré SA. 

Polymorphisms in Toll-like receptors 2, 4, and 9 are highly associated 

with hearing loss in survivors of bacterial meningitis. PLoS One, 2012; 

7(5):e35837.  

 


