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Abstract:

Background—Endocarditis may precede or complicate bacterial meningitis, but the incidence 

and impact of endocarditis in bacterial meningitis is unknown. 

Methods and Results—We assessed the incidence and clinical characteristics of patients with 

meningitis and endocarditis from a nationwide cohort study of adults with community-acquired 

bacterial meningitis in the Netherlands performed from 2006 to 2012. Endocarditis was 

identified in 24 of 1025 (2%) episodes of bacterial meningitis. Cultures yielded Streptococcus

pneumoniae in 13 patients, Staphylococcus aureus in 8 patients, and Streptococcus agalactiae, 

Streptococcus pyogenes and Streptococcus salivarius each in 1 patient. Clues leading to the 

diagnosis of endocarditis were cardiac murmurs, persistent or recurrent fever, a history of heart 

valve disease and S. aureus as causative pathogen of bacterial meningitis. Treatment consisted of 

prolonged antibiotic therapy in all patients and surgical valve replacement in 10 patients (42%). 

Two patients were treated with oral anticoagulants and both developed life-threatening 

intracerebral hemorrhage. Systemic (70%) and neurologic complications (54%) occurred 

frequently, leading to a high proportion of patients with unfavorable outcome (63%). Seven of 24 

patients (29%) with meningitis and endocarditis died.  

Conclusions—Endocarditis is an uncommon co-existing condition in bacterial meningitis, but is 

associated with a high rate of unfavorable outcome.  

Key words: endocarditis, complication, cerebrovascular disorders, echocardiography, meningitis 
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Introduction 

Bacterial meningitis is a life-threatening disease that is associated with considerable mortality 

and morbidity.1-3 To prevent death and long-term disabling sequelae caused by bacterial 

meningitis conjugate vaccines were developed.4 Vaccination resulted in a sharp decrease of 

meningococcal disease occurrence and a moderate decrease of pneumococcal meningitis.4 

Currently Streptococcus pneumoniae is responsible for 70% of the cases in Europe and the US.5 

Bacterial meningitis is often related to other foci of infection outside the central nervous system, 

such as pneumonia, sinusitis or otitis.1, 2, 5, 6 An uncommon focus of bacterial meningitis is 

infective endocarditis.7 Endocarditis may precede or complicate bacterial meningitis, but the 

impact of co-existing endocarditis for patients with meningitis is unknown. We investigated the 

incidence, clinical features, treatment and outcome of patients with both bacterial meningitis and 

endocarditis identified in a nationwide cohort study of adults with community-acquired bacterial 

meningitis. 

 

Methods

In a prospective nationwide observational cohort study in the Netherlands we included episodes 

of community-acquired bacterial meningitis confirmed by culture of cerebrospinal fluid in adults. 

Methods have been described in detail previously.6 In summary, all patients were 16 years of age 

or older and were listed in the database of the Netherlands Reference Laboratory for Bacterial 

Meningitis (NRLBM) from January 2006 to March 2012. This laboratory receives cerebrospinal 

fluid (CSF) isolates from approximately 90% of all patients with bacterial meningitis in the 

Netherlands. Patients with negative cerebrospinal fluid (CSF) cultures, hospital-associated 

meningitis, a neurosurgical device or patients who underwent a neurosurgical operation within 

mpact of co-existing endocarditis for patients with meningitis is unknown. We ininnveveeststigiggatatatededed tthhe 

ncidence, clinical features, treatment and outcome of patients with both bacterial meningitis and

enndododocacaca drdrditititisisis iiidentntntiififiei d in a nationwide cohort stutuudydyy of adults with h h commmmmmunu ity-acquired bacterial

mmenniningitis. 

Methods
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one month before bacterial meningitis onset were excluded. Patients using immunosuppressive 

drugs, with asplenia, diabetes mellitus, alcoholism, or infection with immunodeficiency virus 

(HIV) were considered immunocompromised. Informed consent was obtained from all 

participating patients or their legally authorized representatives.  

Clinical data were prospectively collected by means of an on-line case record form 

(CRF). The presence of endocarditis was scored as a standard question in the CRF. The 

diagnosis of endocarditis was confirmed by reanalyzing results of cardiologic analyses and 

echocardiography, which were collected retrospectively. Endocarditis was defined as heart valve 

vegetations identified by echocardiography or autopsy, or if the patient fulfilled the Duke criteria 

for infective endocarditis.8, 9 At discharge, all patients underwent a neurologic examination 

performed by a neurologist, and outcome was graded according to the Glasgow outcome scale. 

This is a well-validated measurement scale with scores varying from 1 to 5.10 A favorable 

outcome was defined as a score of 5, and an unfavorable outcome as a score of 1–4. 

The Mann-Whitney U test was used to evaluate differences between bacterial meningitis 

patients with and without endocarditis with respect to continuous variables, and the chi-squared 

test and the Fisher’s exact test were used to compare categorical variables. Statistical analyses 

were performed using IBM SPSS Statistics, version 19 and P values <0.05 were considered 

significant. The study was approved by the ethics committee of the Academic Medical Center, 

Amsterdam, the Netherlands. 

 

Results

From January 2006 to March 2012, 1025 episodes of community-acquired bacterial meningitis 

were included in the cohort and endocarditis was identified in 24 of these patients (2.3%). Nine 

for infective endocarditis.8, 9 At discharge, all patients underwent a neurologic exxaxamimim nanaatititiononon  

performed by a neurologist, and outcome was graded according to the Glasgow outcome scale. 

Thhisisis iiisss aa wewewellllll-valalalidididata ed measurement scale withhh ssscooores varying frfromoo 11 tttoo o 5.10 A favorable 

outcccomo e was dedefiff nnned dd asas aa ssscocoorrere oof ff 55,5, aaandnd annn uuunfavvvooorabbblelee oouuutccocommeme as s a a scccororeee oofof 11–4–4–4..

ThTheee MaMaM nnnn--WWhhhitntnneyey UUU ttesesesttt wawwass usussededed to oo eveve aaaluuuattete dddifififffeferererencncncesss bbbetettweweweenenn bbacaca teteeriririaaal mmmeeneniningigittitissUU

patients with h ananand d wiwiwiththhououout enenendodd cacacardrdr itititisi wwwititith h h rererespsppecece ttt ttto o o cocoontntntinininuououoususus vvvarara iaiaiablblbleeett s,s,s, aandndnd ttthehehe ccchih -squared
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patients were female (38%) and the median age was 63 years (Q1-Q3 50-71; Table 1). Causative 

organisms were S. pneumoniae in 13 patients, Staphylococcus aureus in 8 patients, and 

Streptococcus agalactiae, Streptococcus pyogenes and Streptococcus salivarius each in 1 patient. 

Patients with endocarditis were more likely to have S. aureus as the causative pathogen 

compared to patients without endocarditis (8 of 24 [33%] vs. 6 of 1001 [1%]; P<0.001; Table 2).  

 Endocarditis was identified on admission in 3 patients (12%; all had pneumococcal 

meningitis), during hospitalization (19 patients, 79%; median time between admission and 

detection: 8 days [minimum-maximum values 2-57 days]), or after discharge (2 patients with 

pneumococcal meningitis, 8%). The patients with endocarditis diagnosed after discharge both 

had malaise, night sweats and recurrent fever. Median time between admission and detection was 

shorter among patients with S. aureus meningitis, compared to those with S. pneumoniae 

meningitis (21 patients diagnosed after admission: 3 days [Q1-Q3 3-8] vs. 16 days [Q1-Q3 9-39], 

P=0.015).  

A cardiology consult was requested in 22 patients. Reasons for consulting a cardiologist 

were cardiac murmur (10 patients), persistent or recurrent fever (6 patients), pre-existing heart 

valve disease (3 patients), secondary clinical deterioration (3 patients), S. aureus as causative 

pathogen (3 patients), atrial flutter (2 patients), splinter hemorrhages (1 patient), or a 

combination of factors (2 factors in 7 patients, 3 factors in 1 patient). In three patients there was 

no clear reason reported for consulting a cardiologist. Two patients were not seen by a 

cardiologist, one patient died a few hours after admission, the other patient had no clinical 

suspicion of endocarditis, and the diagnosis was just made during autopsy. Endocarditis was 

confirmed by echocardiography in 21 patients (transesophageal in 16 patients and transthoracic 

in 5 patients) and by autopsy in 1 patient. Eight patients had aortic valve endocarditis, 9 patients 

had malaise, night sweats and recurrent fever. Median time between admission aanndnd ddeeteteccectititiononon wwas

horter among patients with S. aureus meningitis, compared to those with S. pneumoniae

memenininingngngitititisisis (((2122 ppatatatiieients diagnosed after admissiooon:nn 33 days [Q1-Q333 3-88]]] vvsvs. 16 days [Q1-Q3 9-39]

P=P=00.0.015).  

AA cacacardrdrdioiollologgygy ccconnnsusultt wwwasasas rrreqeequeueeststtededed iin n 22222 ppaatatieeentnttss.s. RRReaeaeasosoonsnss fffororr coononsusuultlttinini g g g a a a caarrdrdiioiololoogigistst 

were cardiacc mmmururu mumumur r (1(1(10 papapatititiennntststs)),, pepep rsrsrsisisstetetentntnt ooor r rererecucuurrr enenent t fefefevevever r r (6(( pppatatatieieientntnts)s)s),, prprpre-e-e exexexisisstit ng heart 
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had mitral valve endocarditis and 1 patient had tricuspid valve endocarditis. Four patients had 

involvement of 2 valves (aortic- and mitral valve endocarditis in 2 patients, aortic- and tricuspid 

valve endocarditis in 1 patient, mitral- and tricuspid valve endocarditis in 1 patient). Two 

patients fulfilled the Duke criteria for endocarditis without positive echocardiogram. In one of 

them no echocardiography was performed because the patient died a few hours after admission, 

in the other patient 1 transesophageal and 2 transthoracic echocardiographies were performed 

without clear findings of endocarditis. Blood cultures were positive on admission in all patients 

with endocarditis. Typical endocarditic skin lesions were reported in 6 patients (25%), and 

occurred more often in patients with S. aureus meningitis as compared to patients with S.

pneumoniae meningitis (4 of 8 [50%] vs. 1 of 13 [8%]; P=0.05). 

Patients often had predisposing conditions for infective endocarditis and 

immunocompromised state was identified in 8 patients, alcohol abuse in 4, heart valve disease  in 

3 and 1 patient had an intracardiac device.11 Five patients (21%) presented with the triad of 

meningitis, endocarditis and pneumonia caused by S. pneumonia, known as Austrian syndrome. 

The majority of patients had a subacute presentation (18 of 24 [75%], defined as signs and 

symptoms > 24 h). Cranial CT was performed on admission in 23 patients and showed 

abnormalities in 7 patients: cerebral infarction (7 patients), brain edema (2 patients), and mastoid 

opacification and cerebral aneurysm (each in 1 patient).  

The proportion of patients with at least one individual CSF finding predictive of bacterial 

meningitis (a glucose level of less than 34 mg/dL [1.9 mmol/L], a ratio of CSF glucose to blood 

glucose of less than 0.23, a protein level of more than 220 mg/dL, or a leukocyte count of more 

than 2,000/mm3)12 was lower in patients with endocarditis as compared to those without 

endocarditis (14 of 24 [58%] vs. 877 of 1001 [88%]; P<0.001). Endocarditis patients with S.

pneumoniae meningitis (4 of 8 [50%] vs. 1 of 13 [8%]; P=0.05). 

Patients often had predisposing conditions for infective endocarditis and 

mmmumumunnonococoompmpmproomimimisesed state was identified in 8 papapattieeents, alcohol aabubb see iiinn n 4,4  heart valve disease  in

33  annnd d 1 patiennt t hahh ddd anann inntntrararacacaardrdrdiaiaccc ddedevvviccce.11111 FFive papatieenenttsts (((212121%)%) ppreresenennteeed d wiwiwithth tthehehe tttririiadadad oofff 

memeenininingngngititisis, , eneendodocaaardrdiittiss aandnd pppneneeumumumononiaiai cccauauauseeed d d bbyby SS. pppneneneumumumonononiaiaa, knknknowowwnn n asas AAAususu trtrriaiaann ssysynndndroroommee. 

The majoritytyy ooof f f papapatititienenentstss hadadad aaa sssubububacaccututeee prprpresesesenenentatat titit ononon ((1888 ooof f f 242424 [[[75757 %]%]% , , dededefifif nenen d d asasas sssigigignsnsn  and 

 by guest on January 16, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.113.001545 

7 

aureus meningitis were less likely to have at least one individual CSF finding predictive for 

bacterial meningitis as described above, compared to endocarditis patients with pneumococcal 

meningitis (1 of 8 [13%] vs. 12 of 13 [92%]; P=0.001). CSF Gram staining was performed in 21 

patients and showed bacteria in 14 patients (67%).  

All patients received microbiologically adequate initial antimicrobial therapy. The 

median duration of antimicrobial treatment in surviving patients with endocarditis was 49 days 

(minimum-maximum values 28–166 days; Table 3). Adjunctive dexamethasone therapy was 

administered before or with the first dose of antibiotics in 17 of 24 patients (71%), and all 

received dexamethasone 10 mg 4 times daily for 4 days.  Two patients received adjunctive 

dexamethasone after the first dose of antibiotics and the remaining 5 patients were not treated 

with adjunctive corticosteroid therapy.  

The majority of patients developed complications during clinical course (Table 3). The 

proportion of patients with respiratory failure (13 of 23 [57%] vs. 247 of 966 [25%], P=0.001), 

circulatory shock (9 of 23 [39%] vs. 100 of 956 [11%], P < 0.001) and arthritis (4 of 22 [18%] 

vs. 27 of 948 [3%], P=0.004) was higher among patients with endocarditis as compared to those 

without endocarditis. Two patients with endocarditis developed spondylodiscitis and a psoas 

abscess (S. aureus and S. pneumoniae each in one patient). Patients with endocarditis were more 

likely to developed cerebral infarctions (9 of 24 [38%] vs. 222 of 1000 [22%], P=0.08) and intra-

cerebral hemorrhages (3 of 24 [13%] vs. 18 of 1000 [2%], P=0.01) as compared to patients 

without endocarditis.  

Two patients were treated with oral anticoagulants because of a history of heart valve 

replacement (both aortic and mitral valve replacement with mechanic valves in both patients) 

and both developed intracerebral hemorrhages. Cranial imaging was performed during admission 

dexamethasone after the first dose of antibiotics and the remaining 5 patients wererre nonn tt t trtrtreaeaeateteted dd 

with adjunctive corticosteroid therapy.  

ThThTheee mmmajoooriririttyty of patients developed comppplilil ccaations during ccclil nicacaall l coc urse (Table 3). The 

proppportion of papatitt eeentsts wwwititithhh rereesspspiriraatatoororyy ffaailurrre (13 ooff 2333 [[57577%%]%] vvss. 224747 off f 96966666 [2[25%5%%],],] PPP=000.0.00010 ))), 

ciircrcculululatata ororyy y shshshocockkk (9(9(9 ooff 22323 [39399%]%]%] vvvs.ss. 11000000 ooof f f 95556 66 [[[1111%]%]], PPP <<< 0.0.00000 1)1) aaandndnd aarrtrthrhrrititi isisis (((4 4 4 oofof 2222 [1[1[ 8%8%%]]]

vs. 27 of 948 8 [3[3[3%]%]%], , P=P=P 0.00 00004)4)4) wwwasasas hhhigigi heheher r amamamonononggg papapatitiienentttss s wiwiw ththth eeendndn ocococararardididitititis s s asasa cccomomompapaparerer d to thosee 
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in 20 patients and was abnormal in 9 patients. New abnormalities, not present on admission, 

were found 5 patients and consisted of cerebral infarction in 4, intracerebral hemorrhage in 3 and 

a brain abscess in 1 patient.  

Seven of 24 (29%) patients with endocarditis died (median time after admission 25 days, 

minimum-maximum values 1-72 days). Unfavorable outcome occurred in 15 of 24 patients with 

endocarditis (63%) as compared to 386 of 1001 meningitis patients without endocarditis (39%; 

P=0.019). Neurologic sequelae were present on discharge in 8 of 17 (47%) survivors, consisting 

of cognitive impairment in 3 (18%), hemiparesis in 3 (18%), aphasia in 2 (12%), and hearing 

loss in 2 patients (12%).  

Cardiac surgery was performed in 11 of 24 patients (6 patients with S. aureus and 5 

patients with S. pneumoniae meningitis), and consisted of a valve replacement in 10 patients (6 

mechanical valves, 4 bio-tissue valves of which 3 animal tissues and 1 allograft) and removal of 

intracardiac device (an implantable cardioverter-defibrillator) in one patient. Echocardiographic 

and surgical data in 10 patients who underwent valve surgery are presented in Table 4. Mitral 

valve surgery was performed in five patients; four patients got a valve replacement (3 bio-tissue 

valves, 1 mechanical valve), one patient got a valve repair. Four of these five patients with mitral 

valve surgery had large vegetations on the mitral valve with echocardiography, one patient also 

had an abscess on this valve and in two patients the mitral valve was perforated. Aortic valve 

replacement was done in six patients (1 bio-tissue valve, 5 mechanical valves); five patients had 

large vegetations and in one patient the aortic valve was completely destroyed.  

The median time to cardiac surgery after diagnosis was 9 days (minimum-maximum 

values 1-45 days). In six out of ten patients surgery was performed after completion of the course 

of antibiotics for the meningitis. There was no difference in outcome between patients who were 

Cardiac surgery was performed in 11 of 24 patients (6 patients with S. aururreuuus aaandndnd 555 

patients with S. pneumoniae meningitis), and consisted of a valve replacement in 10 patients (6 

memechchchanananiicicalalal vvaalveveess,s, 44 bio-tissue valves of which h 333 aannimal tissues aaandn 11 aaalllllograft) and removal of 

nntrraaca ardiac ddevevicii eee (a(annn imimmpplplanananttatablbllee cacardrdiioveeerttter-dddeeffibrrrililllalatotoorr)) iinn oonne e ppaatiienentt.t. EEEchchhoococarara didd ogoggraraphphphic 

anndd d susuurgrgrgicicalalal dddatataaa ininn 11000 papapatitiennntsts wwwhohoho uundndndeeerwrwrwennntt t vavaalvvve sususurgrgrgeerery yy arara ee e prprpresese eenentteted d ininin TaTaTablblblee 444. MMiMitrtrrall 

valve surgery y y wawaw s s s pepeperfrffororo mememed d d ininn fffivivi e e e papaatitit enenentststs;;; fofofoururu pppatata ieeentntn ss s gogogot t t a a a vavaalvlvlveee rerereplplplacaca emememenenentt t (3(3(3 bio-tissue rr
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completely treated or partially treated for meningitis, before cardiac surgery was performed.  

Nine out of 10 patients who received valve replacement survived (90%) compared to 8 of 

14 patients without valve replacement (57%; P=0.17). One patient had a recurrence of prosthetic 

valve endocarditis 30 days after surgery, prompting surgical replacement of the prosthetic valve. 

Another patient underwent replacement of the prosthetic valve 5 months after surgery because 

the prosthetic device dehisced.   

 

Discussion 

Endocarditis is an uncommon co-existing condition in bacterial meningitis identified in 2% of 

patients, but is associated with high rates of unfavorable outcome (63%). Most common 

causative pathogens were S. pneumoniae and S. aureus, and clues leading to the diagnosis of 

endocarditis were cardiac murmurs, persistent or recurrent fever, a history of heart valve disease 

and S. aureus as causative pathogen of bacterial meningitis. Therefore, cardiologic consultation 

should be a priority in patients with community-acquired meningitis presenting with clues for 

endocarditis. Since about half of patients with pneumococcal meningitis have either persistent or 

recurrent fever,13 many future patients with pneumococcal meningitis will need ancillary 

investigations to rule out or establish endocarditis. The general recommendation for antibiotic 

treatment duration in patients with endocarditis and meningitis is 4-6 weeks, which is 

substantially longer than the standard 10-14 days for meningitis patients without endocarditis.14 

Even longer courses of antibiotics are advised if the patient undergoes cardiac surgery. 

Several studies suggest that combined antibiotic and surgical therapy for infective 

endocarditis reduces the risk of death from any cause, especially among patients who have 

congestive heart failure, perivalvular invasive disease, or uncontrolled infection despite maximal 

patients, but is associated with high rates of unfavorable outcome (63%). Most cocoommmmm onono  

causative pathogens were S. pneumoniae and S. aureus, and clues leading to the diagnosis of 

enndododocacaca drdrditititisisis wwwerrree e ccacardiac murmurs, persistent oor rr rereccurrent fever, a aa histsttororory y of heart valve disease 

anndd d S.S  aureus aas s caaaususaaativivve ee papapaththhogogenenen ooff bbbacteereriiial mememeningngngititisiss. TThTheeereefforo ee,, ccarardididioolologogicicic cccononnsuuulltltatatatiooon 

hhouououldldld bbee aa a prpprioiorrritytyy iinn n papaatitienntstst wwwititith h h cocoommmmmmunununitttyyy-a-aacqqquiuirereddd mmmenininingnggitittisisis pprrresssenentitit ngngng wwwititthhh clcllueeess fofofor 

endocarditis. SiSiSincncnceee abababououout hahahalflflf oof f f papap tititiennntstst wwwititi h h h pnpnpneueueumomom cocococcccccalalal mmmenene innngigigitititisss hahahavevev eeeitititheheher r r pepp rsistent orrr
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antimicrobial therapy.15 In our series, although non-significant and confounded by indication, 

patients who underwent valve replacement had better survival compared with those without 

surgery (90% vs. 57%; P=0.17). The timing and indications for surgical intervention in infective 

endocarditis remains controversial.16 A randomized controlled trial of 76 patients with infective 

endocarditis showed that early valve surgery performed within 48 hours after diagnosis, reduces 

the risk on death from any cause or embolic events, by reducing the risk of systemic embolism.16 

In our 10 patients with valve replacement, surgery was performed after a median of 9 days after 

diagnosis (minimum-maximum values 1–45 days); only 3 patients underwent valve replacement 

within 48 hours.  

Time between admission and detection of endocarditis was substantially shorter for 

patients with S. aureus meningitis, compared to those with S. pneumoniae meningitis (3 days vs. 

16 days). Previous studies have shown that patients with S. aureus meningitis almost uniformly 

present with a primary infection focus, most commonly pneumonia or endocarditis17. This 

suggests that in case of S. aureus infection endocarditis precedes bacterial meningitis, and that in 

bacterial meningitis caused by S. pneumonia, endocarditis is a complication. In case of S. aureus 

infection, meningitis is caused by septic emboli originating from cardiac valve vegetations. Our 

finding that fewer patients with S. aureus infection had individual CSF findings predictive of 

bacterial meningitis, as compared with patients with pneumococcal infection, is in line with this 

hypothesis.  

Ischemic stroke is a common complication in all patients with bacterial meningitis, 

occurring in 22% of bacterial meningitis patients without endocarditis in our study. In a previous 

study we showed that cerebral infarction was present in 25% of 696 bacterial meningitis 

patients.18 Ischemic stroke is also a major complication in endocarditis patients; in a previous 

Time between admission and detection of endocarditis was substantially sshshoroo teeerr r fofoforr r 

patients with S. aureus meningitis, compared to those with S. pneumoniae meningitis (3 days vs. 

166 dddayayays)s)s). PrPrPrevviooususus sstudies have shown that patieeennntss with S. aureuus ss meeninininnngitis almost uniformly 

presssene t with aa pprrir mmamaryryy iinfnfnfeecectititioonon fffocococusus,, mmmosttt cccommomom nlly y y pnpneueueumomoniniaa oror enndndocococaarardiditititis17171 . ThThThisisis 

uuggggggeseseststs tthahahat tt inin cccasasse e ooof SS.S. aaururreueuusss iiinfnfnfececctitiononon eeendddococo aararddid titiis prprpreececedededesess bababactctc eeeriaaal l mmemeninin ngngngitittiis,, anannd d ththhatatt iin

bacterial meniniingngngitittisisis ccauauauses d d d bybyby S.S.S. pppneneneummmonononiaiaia,, , enenndododocacaardrditititisisis iiis s s a a a cococompmpmpliliicacacatititiononon.. IIIn n n cacacasesese oof S. aureusss
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cohort study of 1437 patients 15.2% developed cerebral infarctions.19 In patients with both 

bacterial meningitis and endocarditis there seems to be an additional risk at developing ischemic 

stroke; 9 out of 24 patients (38%) with both bacterial meningitis and endocarditis developed 

cerebral infarctions in our study.   

Pneumococcal meningitis patients more often present with typical clinical and CSF 

characteristics of bacterial meningitis, and the possibility of endocarditis is perhaps only 

considered after development of complications indicative of endocarditis. Early detection of 

endocarditis in pneumococcal meningitis patients may lower the rate of complications and 

unfavorable outcome. Five of 13 patients with pneumococcal meningitis had co-existing 

endocarditis and pneumonia, also known as Austrian’s syndrome.7,20 All patients with Austrian’s  

syndrome had an unfavorable outcome, reflecting the severity of this condition. Whether the 

primary focus of infection is the meningitis or endocarditis remains difficult to distinguish as 

initial complaints of endocarditis can be nonspecific.  

Patients with meningitis and endocarditis should not be treated with anticoagulant 

therapy. Intracranial hemorrhage is a rare but devastating complication in patients with bacterial 

meningitis, with high rates of mortality and unfavorable outcome (65% and 95% respectively).21 

A previous study showed a 5-fold increased risk of developing intracranial hemorrhage in 

patients with bacterial meningitis using anticoagulant therapy.21 Patients with S. aureus 

meningitis and endocarditis are at even higher risk of intracerebral hemorrhage compared to 

other bacterial meningitis patients using anticoagulant therapy.15, 21 In these patients 

discontinuation of anticoagulant therapy should be considered until the patient has recovered 

from the acute phase of the bacterial meningitis episode. 

This study has several limitations. First, several clinical characteristics of endocarditis 

endocarditis and pneumonia, also known as Austrian’s syndrome.7,20 All patienttss wiwiwiththh AAAususustrtrtriaiiann’s

yndrome had an unfavorable outcome, reflecting the severity of this condition. Whether the 

prrimimmarararyy y fofofocucuc sss offf iiinnfnfection is the meningitis or enenndododocarditis remaiinsnn ddififffifificcult to distinguish as 

nnittiiaial complaaininttsts ooof f eenndododocacacarrrdididititiss cacacann bbebe nonnnspppeciifiicc.  

PaPatitiienenentsts wwwititth h mememeniningngititi isiss aaandndnd eenndndocococararardidiitititis s sshhohouululd dd nononott bebebe ttrerer atatatedede wwitith h ananantitit cocooagagagulllanannt t 

herapy. Intraracrcrcranananiaiaiall l heheh momom rrrrrrhahah gegege iiis s a aa raaarerere bbbututut dddevevevasasa tatatatit ngngng cccomomomplplplicici atatatioioion n n ininin pppatatieieientntnts ss wiwiwitht  bacteriall 
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patients were not scored in the case record form (e.g. cardiac murmur, skin lesion, dental focus), 

which makes it difficult to determine their relevance in the diagnosis of endocarditis in 

meningitis patients. Furthermore, in patients with severe bacterial meningitis who died in the 

first day(s) of admission, endocarditis may have been missed. This could have led to an 

underestimation of incidence of endocarditis. Therefore, the provided incidence figures should 

be regarded as the minimal value. A further limitation of our study was that only patients with 

positive CSF cultures were included. Negative CSF cultures are estimated to occur in 11-30% of 

patients with bacterial meningitis.22, 23 However, no significant differences in clinical 

presentation have been reported between patients with culture-positive bacterial meningitis and 

culture-negative bacterial meningitis. The design of our study, a prospective cohort study, 

precludes firm conclusions about the mechanisms explaining the association between meningitis 

and endocarditis; we did not have standard baseline (on admission) echocardiographic data of all 

our patients. 

We conclude that endocarditis should be considered in patients with S. aureus meningitis, 

a history of heart valve disease, cardiac murmurs, and patients with clinical deterioration or 

persistent/recurrent fever during admission. Endocarditis in meningitis patients is associated with 

a high rate of neurologic and systemic complications, and requires prolonged antibiotic treatment 

and cardiac surgery in a selection of patients. Anticoagulant therapy is contraindicated in the 

acute phase of meningitis, as the risk of intracranial hemorrhages is high. Despite optimal 

antibiotic treatment, 63% of patients die or have long term neurologic sequelae.
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Table 1.  Presenting symptoms of 24 bacterial meningitis patients with endocarditis a 

Clinical characteristics Values Clinical characteristics Values
Age  63 (50-71) Focal neurologic deficits 7/24 (29%) 
Female 9/24 (38%) Aphasia 4/24 (17%) 
Predisposing conditions 
endocarditis 

 Paresis 4/24 (17%) 

    Immunocompromised state b   8/24 (33%) Blood chemistry tests g  
    Alcoholism 4/23 (17%) Leukocyte count (cells/mm3) 14 (11 – 25) 
 Heart valve replacement 3/24 (13%) C-reactive protein (mg/liter) 277 (194 – 349) 
    Intracardiac device 1/24 (4%) ESR (mm/h) 44 (24 – 71) 
Antibiotic pretreatment 0/24 Indexes of inflammation in CSF h  
Symptoms and signs on admission  Leukocyte count (cells/mm3) 1184 (183–2400)
    Duration of symptoms > 24 hours 17/22 (77%) Protein (g/l) 1.4 (0.9 – 4.5) 
    Headache 12/17 (71%) CSF : blood glucose ratio 0.2 (0 – 0.5) 
    Nausea 9/18 (50%) CSF culture  
    Temperature 38°C 17/22 (71%) Streptococcus pneumoniae 13/24 (54%) 
    Triad of fever, neck stiffness, and 
change in mental status   

10/24 (42%) Staphylococcus aureus 8/24 (33%) 

    Neck stiffness 20/24 (83%) Other bacteria i 3/24 (13%) 
    Seizures 1/24 (4%) Abnormal cranial CT/MRI 7/23 (30%) 
    Splinter hemorrhages c 6 Generalized edema 1/23 (4%) 
    Cardiac murmur c 10 Hypodensity consistent with new 

infarction 
3/23 (13%) 

    Systolic blood pressure (mmHg) d 130 (118 – 165) Old vascular lesion 2/23 (9%) 
 Heart rate (beats/min) e  116 (90 – 130) Mastoid opacification 1/23 (4%) 
    Signs of septic shock f 10/23 (43%) Cerebral aneurysm 1/23 (4%) 
Score on Glasgow Coma Scale  11 (9 – 14) Austrian syndrome 5/24 (21%) 
    <14 (indicating change in mental 

status) 
17/24 (71%) Time to endocarditis diagnosis 

(days) (median, minimum-
maximum values) j 

9 (2 – 57) 

    <8 (indicating coma) 4/24 (17%)   
a Data are number/number evaluated (%) and continuous values are median (Q1-Q3) unless otherwise stated.  
b Immunocompromised state is defined as the use of immunosuppressive drugs, presence of asplenia, diabetes 
mellitus, alcoholism, or infection with HIV 
c Denominator unknown, not scored in the case record form  
d Blood pressure was determined in 23 patients  
e Heart rate was determined in 23 patients  
f Defined as diastolic blood pressure <60 mmHg, systolic blood pressure 90 mmHg and/or heart rate 120/min 

g Blood leukocyte count was determined in 24 patients, C-reactive protein was determined in 23 patients, ESR was 
determined in 15 patients 
h CSF leukocyte count, protein level and glucose ratio were determined in 23 patients 
i Streptococcus agalactiae, Streptococcus pyogenes and Streptococcus salivarius  
j Determined in 21 patients in who endocarditis was not identified on presentation  
 
 
 
 

  Triad of fever, neck stiffness, and 
change in mental status   

10/24 (42%) Staphylococcus aureus 8/8/8/242424 (((333333%%)%  

  Neck stiffness 20/24 (83%) Other bacteria i 3/3/2424 ((1313%)%) 
  Seizures 1/24 (4%) Abnormal cranial CT/MRI 7/23 (30%)
  SpSplilintnterer hememorrhrhagaga es c 6 GeGG neralized edema 1/23 (4%)
 CaCaCardrdrdiiac mmumurrrmurur ccc 10 HHHypodensity cononnsisttenentt t wwith new 

iinnfaarcrcctititiononon 
3/23 (13%) 

 SyySystolic bloodod pppreeesssuurre ((m(mmHmHmHg)g) dd 1113030 (11118 ––– 11165)) OOOld vavavascsccuuulaarar lleeesiioon 2///22323 (((9%%%)
Heartrt rrratee (bbbeatss/mmminn) ) ee  11111 666 ((990 ––– 1330) MMMasasstototoididid oooppaciffficcaationnn 1//223 ((4%%%) 

  SiSiSigngngnsss ofofof sssepepeptitic c c shshoocock kk f 10100/2/2/2333 (4(4(43%%%))) CeCeCerereebrbrbralalal aaneneeururysysy m m m 1///232323 (((4%4%%))
ScScorore e onon GGlalasgsggowow CComoma a ScScalalee 1111 (9(9(  – 114)4)) AAusustrtriaian n sysyyndndroromeme  5/5/2424 (((2121%)%)) 

  <14 (indiccatata inining g g chchchananangegeg iin n memementnn alalal 
tst tat s))

1717/2/2/2444 (7(771%1%%))) TiTiTimemem tttooo enenendododocacacardrditititisisis dddiaiaiagngngnososo isisis 
(d(da )s) ((medidian imi inim m

9 (2 – 57) 
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Table 2. Clinical and outcome characteristics of bacterial meningitis patients with and without 
endocarditis a 

 

Characteristic Endocarditis (n=24) No endocarditis (n=1001) p-value
Age (Median, Q1-Q3) 63 (50-71) 60 (45-69) 0.30 
Female 9 (38%) 502 (50%) 0.22 
Predisposing conditions 9/24 (38%) 570/1001 (57%) 0.06 
    Immunocompromised state b   8/24 (33%) 250/1001 (25%) 0.35 

    Alcoholism 4/23 (17%) 52/954 (6%) 0.04 
    Otitis / sinusitis 1/24 (4%) 332/998 (33%) 0.001 
    Pneumonia 6/24 (25%) 150/977 (15%) 0.20 
Positive blood culture 24/24 (100%) 658/879 (75%) 0.005 
Positive CSF gram stain 14/21 (67%) 781/910 (86%) 0.02 
CSF indexes of inflammation c    
    Protein (g/L) 1.4 (0.9-4.5) 3.9 (2.4-6.0) 0.04 
CSF culture    
    Streptococcus pneumoniae 13 (54%) 725 (72%) 0.05 
    Staphylococcus aureus 8 (33%) 6 (1%) <0.001 
Systemic complications    
    Respiratory failure  13/23 (57%) 247/966 (26%) 0.001 
    Circulatory shock 9/23 (39%) 100/956 (11%) <0.001 

Arthritis 4/22 (18%) 27/948 (3%) 0.004 
Pneumonia 7/23 (30%) 161/923 (17%) 0.20 

Neurologic complications    
Cerebral infarction 9/24 (38%) 222/1000 (22%) 0.08 

    Intra-cerebral hemorrhage 3/24 (13%) 18/1000 (2%) 0.01 
Glasgow Outcome Scale score   0.017 d 

    1 (death) 7/24 (29%) 179/1001 (18%)  
    2  (vegetative state) 1/24 (4%) 0  
    3 (severely disabled) 2/24 (8%) 45/1001 (5%)  
    4 (moderately disabled) 5/24 (21%) 159/1001 (16%)  
    5 (mild or no disability) 9/24 (38%) 615/1001 (61%)  
a Data are number/number evaluated (%) and continuous values are median (Q1-Q3) unless otherwise stated.  
b Immunocompromised state is defined as the use of immunosuppressive drugs, presence of asplenia, diabetes 
mellitus, alcoholism, or infection with HIV 
c CSF protein count was determined in 23 patients with endocarditis and in 950 patients without endocarditis  
d P-value based on all 5 categories (Mann Whitney-U test) 
 
 
 
 
 
 
 
 

CSF culture 
  Streptococcus pneumoniae 13 (54%) 725 (72%) 0.0.0.05005 
  Staphylococcus aureus 8 (33%) 6 (1%) 0<0<0 00.0010101

Systemic complications 
  ReRespsppiririrata ororry yy fafaailililururu e  13/23 (57%7%%)) 247/96966666 (2( 6%) 0.001 
  CiCiCirrcrculu atatorororyyy shhocock k 9/23 ((399%%)%) 110000 /9956566 ((11%)) <0.001 
AArArthritis 4/4/4 222222 (((1818%%)%) 272727/9/9/9484848 ((3%%%) ) ) 0.0.0.00000044
PPnPneumonia 77/2333 ((330%%)%) 16661/92223 (17177%%)%) 0.222000

NeNeeururrololo ogogicic cccoomompppliicicatatioionnsns 
CeCererebbrbralal inffararctctiioionn 9/9/9/242424 (((3838%)%)%) 2222222/1/1000000000 (2(22%2%%))) 0.0.0 080808 

  Intra-cerebrbrralalal hhhemememororo rhrhr agagge e e 3/3//242424 (((13133%)%)%) 1818/1/1/ 000000000 (2(2(2%)%)) 0.01 
GlGlasasgogoww OuOutctcomomee ScScalalee scscororee 00 010177 d
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Table 3. Complications and outcome of 24 bacterial meningitis patients with endocarditis a 

Clinical characteristics Values
Systemic complications 16/23 (70%) 

Spondylodiscitis  2/24 
    Psoas abscess  2/24 
    Respiratory failure 13/23 (57%) 

Persistent fever  8/22 (36%) 
Arthritis 4/22 (18%) 
Pneumonia 7/23 (30%) 

Neurologic complications 13/24 (54%) 
    Focal neurologic deficits 3/22 (14%) 
    Hearing impairment 3/18 (17%) 

Cerebral infarction 9/24 (38%) 
    Intra-cerebral hemorrhage 3/24 (13%) 
    Brain abscess 1/24 (4%) 
Duration antibiotic treatment (days, minimum-maximum values)  49 (28 - 166) 
Days between admission and discharge (days) 55 (39 – 80) 
Surgery  
    Valve replacement 10/24 (42%) 
        Mechanical valve 6 (25%) 
        Tissue valve 4 (17%) 

Removal of ICD 1 (4%) 
Days between diagnosis and surgery (days, minimum-maximum values) 9 (1 – 45) 
Glasgow Outcome Scale score   
    1 (death) 7/24 (29%) 
    2 (vegetative state) 1/24 (4%) 
    3 (severe disability) 2/24 (8%) 
    4 (moderate disability) 5/24 (21%) 
    5 (mild or no disability) 9/24 (38%) 
Neurologic sequelae 8/17 (47%) 
    Cognitive impairment 3/17 (18%) 
    Paresis 3/17 (18%) 
    Aphasia 2/17 (12%) 
    Hearing loss 2/17 (12%) 
a Data are number/number evaluated (%) and continuous values are median (Q1-Q3) unless otherwise stated.  

( )
Duration antibiotic treatment (days, minimum-maximum values) 49 ((282828 -- 111666666) ) )
Days between admission and discharge (days) 55 ((393939 ––– 8880)0)0) 
Surgery  
  Valve replp acement 10/24 (42%)
     MeMeMechchchanananiicalall vvvalalve 6 (25%) 
    TTissue vvvalalvevee 444 (1(1(17%7%)) ) 

RReR moval ofof IICDCDCD 11 (4(44%)%)%) 
DaDaDaysysys betweenenn diiaagggnosssisss andndd ssururu geryryry ((dadadayys, mmiinimmmuumum-m-m-maxaximimimummm vvvaluees)) 99 (11 ––– 45455) 
GlGlasassgogogowww OuOuOutctcomomomee ScScScalalee e scscorrreee  
  111 (d(d(deaeaeaththth))) 7/7/7/242424 (((292929%)%)%) 
2 (v( eggetatattiviviveee stststattatee)e) 1/1/1 242424 ((4%44%) )
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Table 4. Echocardiographic and surgical data in 10 patients who underwent valve surgery 
 
 Echocardiographic 

information 
Surgical information 

5 patients with mitral valve involvement a Large vegetations (n=4) 
Abscess (n=1) 
Perforation (n=2) 

Replacement (n=4) 
Repair (n=1) 
Mechanical valve (n=1) 
Bio-tissue valve (n=3) 

6 patients with aortic valve involvement a Large vegetations (n=5) 
Destruction (n=1) 

Replacement (n=6) 
Mechanical valve (n=5) 
Bio-tissue valve (n=1) 

a One patient had both mitral and aortic valve involvement
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