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ABSTRACT: We present a patient acutely ill from severe tuberculous meningo
encephalitis, in whom acute hepatic a nd renal fa ilu re, due to intercurrent 
septic shock, precluded the administra tion of fuU systemic dosage of antituber
culous dr ugs. Daily direct intr aventricular administration of 5 mg rifampicin, 
via a subcutaneous Ommaya reservoir connected to a catheter placed in the 
r ight lateral cerebral ventricle, resulted in r apid improvement without neuro
logical sequelae. Intraventricular rifampicin administration for SO consecut ive 
days was well-tolerated without local or systemic side-effects. 
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In well-selected patients with severe tuberculous meningo-encephalitis, intr a
ventricular r ifampicin may safely and highly effectively be added to systemic 
antituberculous therapy. 
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The mortality rate of tuberculous meningo-encephalitis 
remains high (20-33%) despite antituberculous drug 
therapy and up to one third of survivors manifest 
serious neurological sequelae. ln a recent study [1], 
mortality was found to be higher when therapy was 
started during the first week of hospitalization than 
when it was started later (36 and 10% respectively). 
This may reflect rapid diagnosis of tuberculous menin
gitis in patients with more dramatic presentation; it also 
indicates that early institution of specific chemotherapy 
cannot prevent mortality in one third of advanced cases. 
Moreover, a substantial proportion of survivors treated 
early subsequently fail to show clinical improvement 
[2), probably due to the failure to rapidly control growth 
of Mycobacterium tuberculosis in the central nervous 
system (CNS), resulting in persistent ventriculitis, 
encephalitis and cerebral endarteritis. 

With the exception of isoniazid, most first-line anti
tuberculous drugs do not penetrate the blood brain 
barrier (BBB) well, especially when meningeal inflam
mation is not prominent. Even in patients with 
inflamed meninges, cerebrospinal fluid (CSF) concen
trations of rifampicin are only a fraction of plasma 
concentrations [3) and show wide interindividual vari
ations, not always exceeding the minimal inhibitory 
concentration (MIC) of M. tuberculosis [4]. 

We present an acutely ill patient with severe tuber
culous meningo-encephalitis, who rapidly recovered 
without neurological sequelae following direct intra
ventricular administration of rifampicin. 

Case report 

A 59 yr old man developed low-grade fever, mal
aise, weight loss and increasing dyspnoea in February 

1989. The chest roentgenogram showed diffuse 
miliary nodular infiltration and direct examination of 
bronchoalveolar lavage fluid yielded acid-fast bacilli. 
The CSF was normal at that time. Oral rifampicin 
(600 mg·day-1) and ethambutol (1,200 mg·day-1) were 
started. Isoniazid was withheld because of abnormal 
liver function tests. The patient became afebrile and 
his general status and dyspnoea improved. However, 
on March 15 he developed high spiking fever and gen
eralized malaise, followed by oliguria in subsequent 
days. On March 21, 1989 he was referred to the 
Intensive Care Unit of our hospital, extremely ill with 
high fever (continuously above 39°C), hypotension, 
tachycardia, tachypnoea, anuria, icterus and diffuse 
petechiae. Fine inspiratory rales were heard at the 
right lung base. Heart sounds were normal. The liver 
was enlarged and tender at palpation. Splenomegaly 
and adenopathy were not found. The chest roentgeno
gram showed an ill-defined acinar consolidation of the 
right lower lobe. Swan-Ganz catheterisation revealed 
increased cardiac output, low systemic vascular resist
ance and normal left and right cardiac filling pressures, 
compatible with a hyperdynamic septic state. 

Blood examination indicated renal failure (urea 232 
mg·dl-1, creatinine 6.3 mg·dJ ·1), metabolic acidosis 
(bicarbonate 14 mEq·/"1

, base excess -7.6 mEq·/"1
), 

respiratory alkalosis (arterial carbon dioxide tension 
(Paco

2
) 23 mmHg (3.1 kPa)), arterial hypoxaemia 

(arterial oxygen tension (Pao
2

) 66 mmHg (8.8 kPa) on 
5 l nasal 0

2
·min·'), hyponatraemia (127 mEq·r1), throm

bocytopenia (66,000·mm3), leucocytosis ( 17 ,OOO·mm3 

with 88% neutrophils showing toxic granulations), 
moderate anaemia (haemoglobin 10.9 g·dl-1

), abnormal 
liver tests (NH

3 
81 J.tg·dl·', bilirubin 4.8 mg·dl-1, lac

tate dehydrogenase (LDH) I ,611 IU·l'1, serum glutamic 
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oxalo-acetic transaminase (SGOT) 89 IU·/"1, serum 
glutamic pyruvic transaminase (SGPT) 38 IU·Z·1

, alka
line phosphatase 323 IU·/·1

, 'Y-glutamyl transferase 
('Y-GT) 144 IU·/"1

) as well as abnormal coagulation 
tests (prothrombin time 22%, fibrin degradation prod
uct (FOP) 80 !lg·mi·1, fibrinogen 391 mg·dl-1). The 
diagnosis of (presumed bacterial) right lower lobe 
pneumonia with septic shock, disseminated intravascu
lar coagulation, and acute renal and hepatic failure was 
made. Initial therapy consisted of intravenous (i.v) 
administration of fluid, dopamine, dobutamine, sodium 
bicarbonate, broad spectrum antibiotics (cefuroxime 
and netilmicin with monitoring of serum levels} 
coupled with haemodialysis. Rifampicin (600 mg·day-1

) 

and ethambutol (1,200 mg·day·1) were continued intra
venously. Septic shock was rapidly reversed and the 
next day the patient was afebrile. However, because 
of further deterioration of Jiver enzymes (SGOT and 
SGPT >300 JU.f-1

), rifampicin was replaced on March 
23 by i.v. streptomycin 1 g·day·1 given after haemo
dialysis according to plasma levels. Cultures of blood, 
urine and sputum repeatedly remained negative. 

Four days later high fever suddenly recurred, accom
panied by confusion, stupor and nuchal rigidity. A few 
hours later status epilepticus developed with general
ized clonic-tonic seizures, controlled by i.v. diazepam 
and diphantoin. Computerized axial tomography (CAT) 
of the brain was normal. Lumbar puncture yielded 
clear microorganism-free CSF revealing a mononuclear 
pleocytosis (313 white blood cells (WBC)·mm3 with 
81% lymphocytes), increased protein (125 mg·dJ-1) and 
relatively low glucose (103 mg·dl·1 for a concurrent 
glycaemia of 254 mg·dJ-1). Acute tuberculous meningo
encephalitis was diagnosed and i. v. isoniazid (250 
mg·day·') was added despite liver failure. Because the 
patient was moribund , it was decided to inject 
rifampicin directly intraventricularly to rapidly obtain 
high bactericidal activity in the CSF. After obtaining 
informed consent of the family, a catheter was placed 
under local anaesthesia in the frontal horn of the right 
lateral ventricle and connected to a subcutaneous 
Ommaya reservoir. Five mg of rifampicin (lyophilized 
powder, Rifadine®, Merrell-Dow) were dissolved in its 
solvents and diluted to 5 ml using saline. After check
ing that no precipitation occurred, this solution was 
transcutaneously injected in the subcutaneous Ommaya 
reservoir under strict aseptic conditions and then 
pumped into the right lateral ventricle by slow, 
repeated manual compression. Prior to rifampicin 
injection, 5 ml of CSF were withdrawn from the 
Ommaya reservoir for microbiological and chemical 
analysis. The intraventricular injections were repeated 
daily without any local or systemic side-effects and, 
over the next few days, resulted in a remarkable 
recovery of general clinical status and consciousness, 
and rapid disappearance of fever and nuchal rigidity. 
The CSF protein levels and leucocyte counts gradu
ally normalized (fig. 1). On control brain CAT a 
hypodense zone had appeared in the left frontal lobe, 
consistent with tuberculous cerebral endarteritis and 
infarction. 
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Fig. I. - Decrease in protein concentration (upper panel) and 
whjte blood cell count (WBC) (lower panel) in rhe CSF follow
ing the start of daily intraventricular rifampicin administration 
on March 28, 1989. Dates between March 28 and May 17 along 
abscissa. CSF: cerebrospinal fluid. 

Over the next weeks, renal function recovered, 
allowing discontinuation of haemodialysis; liver tests 
also graduaJJy normalized. Cultures of several urine 
samples collected upon admission were now reported 
positive for M. tuberculosis. 

After obtaining negative results for serum rifampicin 
antibodies, rifampicin was reintroduced orally on May 
10 in gradually increasing doses up to 600 mg·day·'. 
The intraventricular injections of rifampicin were 
discontinued 50 days after their commencement On 
May 24 the patient was discharged in good gen
eral condition and without neurological sequelae with 
the following treatment: rifampicin 600 mg·day·', 
isoniazid 250 mg·day·1

, ethambutol 800 mg·day·' and 
pyridoxine 50 mg·day·'. In March 1992, he is in good 
health, having discontinued his anti-tuberculous therapy 
since June 1990. 

Discussion 

This case report illustrates that intraventricular 
administration of rifampicin may favourably alter the 
outcome of severe acute tuberculous meningitis when 
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renal and hepatic failure preclude full systemic anti
tuberculous therapy. 

Rifampicin is highly effective against M. tuberculosis. 
Its in vitro MlC varies between 0.05-0.2 f..lg·ml ·' (3]. 
Such concentrations are usually achieved in most 
organs [5] . Although this is also generally true for 
the CSF, in some instances effective CSF concentra
tions may not be obtained. Because of its high bind
ing to plasma proteins, rifampicin does not penetrate 
the BBB in the absence of meningeal inflammation 
[6). Even in patients with inflamed meninges, the 
CSF concentration of rifampicin only attains a fraction 
(1.5- 10%) of that obtained in serum (4, 6, 7). There
fore, rifampicin concentrations are considerably lower 
in CSF than in other tissue fluids. Depending on the 
oral dose administered and the time at which CSF is 
tapped, mean rifampicin concentrations in CSF of 
patients with tuberculous meningitis vary between 
0.054-0.4 f..ig·ml·' [4, 6, 7]. Of importance, rifampicin 
concentrations in CSP show large and unpredictable 
interindividual variations, ranging from the single 
to the tenfold. This indicates that initial systemic 
administration of rifampicin does not invariably guar
antee effective CSF concentrations. However, since 
rifampicin is cleared slower from the CSF than from 
serum, effective CSF concentrations are reached on 
subsequent days [4]. 

Whilst on treatment for tuberculosis our patient 
developed pneumonia with septic shock and acute 
renal and hepatic failure, precluding the administration 
of classic first-line antituberculous drugs such as iso
niazid and rifampicin. After life-threatening septic 
shock had been successfully managed, he acutely 
developed tuberculous meningo-encephalitis whilst on 
systemic treatment with streptomycin and ethambutol, 
drugs known to fail to penetrate the BBB well. To 
ensure highly effective CSF antituberculous drug con
centrations, apart from i. v. isoniazid, a first-line drug 
that penetrates the BBB well, rifampicin was injected 
directly intraventricularly via a subcutaneous Ommaya 
reservoir [8] connected to a catheter placed in the right 
lateral cerebral ventricle. This injection site allows 
repetitive daily injections of small doses (5 mg) for 
prolonged periods without patient discomfort, and also 
ensures effective CSF concentrations and good distri
bution of rifampicin in all compartments of the CSF. 
Indeed, 80-90% of CSF is secreted by the choroid 
plexus in the lateral ventricles and hence flows through 
the ventricular system into the cerebellomedullary 
cisterns, from where it reaches the subarachnoid space 
around the spinal cord and both cerebral hemispheres. 
Based on a theoretical CSF volume of 150 ml and 
taking into account a daily CSF production of 500-
1,000 ml, the injection of only 5 mg rifampicin 
ensures peak CSF concentrations by far exceeding the 
MIC of M. tuberculosis. Advantages of the intraven
tricular catheter are that it can also serve to monitor 
intracranial pressure and may be used for local cortico
therapy (which we did not apply in this patient). 

The intraventricular route has previously been used 
for antibiotherapy of severe Gram-negative meningitis 

and ventriculitis in infants [9) and for chemotherapy 
of carcinomatous meningitis [10]. Purthermore, we 
have previously successfully used the intraventricular 
administration of rifampicin in a patient with cerebral 
tuberculomas, tuberculous meningitis and cerebral 
endarteritis due to an isoniazid and streptomycin resi
stant M. tuberculosis [11]. 

In conclusion, the present case demonstrates that 
prolonged intraventricular administration of rifampicin 
can be safely and effectively added to the systemic 
treatment of tuberculous meningo-encephalitis, in well
selected patients in whom: 1) full systemic dosage 
cannot be achieved (e.g. in case of hepatic failure or 
suspected rifampicin hypersensitivity); 2) higher than 
usual CSF concentrations are needed (e.g., in the case 
of infection with relatively resistant or atypical Myco
bacteria); and 3) for bypassing the BBB when menin
geal inflammation is not a prominent part of CNS 
tuberculosis (e.g. cerebral tuberculoma or infarction 
due to tuberculous endarteritis). 
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