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Case Report 

Mental Confusion in a Patient Treated with Metronidazole 
- A Concentration-Related Effect? 

Jerome J. Schentag, Pharm.D., John A. Ziemniak, B.S., Joseph M. Greco, M.D., 
Miguel Rainstein, M.D., and Richard J. Buckley, M.D. 

We report a case of serious mental confusion, hallucinations, and agitation in a 65 year old man, 
occurring in close relationship to the intravenous administration of metronidazole. The patient was 
treated twice, but at different dosages. The confusion and hallucinations occurred at the recommended 
daily dose of 2.0 g, but did not return at a daily dose of 500 mg. Metronidazole serum concentrations 
were obtained throughout both courses of therapy; CSF and tissue concentrations were obtained at 
autopsy. The mental confusion was associated with peak serum concentrations of approximately 40 pgi  
ml. Symptoms resolved within 2 4 4 8  hr after stopping metronidazole, and resolution was consistent with 
a metronidazole half life of 14 hr. We conclude that metronidazole can be associated with a dose- and 
serum concentration-related mental confusion state, and that this side effect appears completely revers- 
ible upon discontinuing the drug. (Pharrnacotherapy. 1982;2:384-7) 

Metronidazole was first approved for use in the 
United States in 1963. Since then, the drug has been 
primarily used in otherwise healthy individuals as an 
oral medication for trichomonas infections. Recom- 
mended dosages have been below 1 .O g daily, and 
the drug is generally well tolerated. 

Recently, intravenous metronidazole has been 
approved for treatment of anaerobic infections. The 
recommended dosage is 2.0 g daily for patients with 
and without renal disease. Patients who receive the 
intravenous drug may have serious renal or liver dis- 
ease, either due to advanced age or because of their 
critically ill status. 

Metronidazole has several metabolites, at least 
one of which is microbiologically active.' Both 
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metronidazole and its oxidative metabolites, but 
probably not the conjugates, cross the blood brain 
barrier,2, and patients have demonstrated neurotox- 
ic side effects such as paresthesias, seizures, and 
peripheral ne~ropathies.~ Most often, these occur 
when the patient has received large doses or has 
been given the drug for prolonged periods5, Mental 
confusion has not been described with metronida- 
zole alone, although it may occur in conjunction with 
disulfiram when given to alcoholic patients7 

We have used recommended doses of metronida- 
zole in the treatment of seriously ill older adults with 
abdominal sepsis. One of these patients experi- 
enced pronounced changes in mental status, which 
appeared to be temporally related to administration 
of metronidazole. The mental status alterations were 
very similar to the mental confusion syndrome we 
have previously observed in association with cimeti- 
dine administration.* We therefore obtained serial 
blood samples for assay of metronidazole and its 
metabolites in an attempt to characterize the serum 
concentrations associated with this event. 

Case Report 

The patient was a 65 year old male who was ad- 
mitted to Millard Fillmore Hospital in April 1981 with a 
recurrent bladder carcinoma. Associated diseases 
included long standing chronic obstructive pulmo- 
nary disease, requiring treatment with theophylline 
and prednisone, and mild congestive heart failure. 
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Figure 1. Relationship between serum concentrations of metronidazole (0) and its hydroxy metabolite (0 )  with the mean 
24 hour mental status score (A) in a patient during 2 regimens of metronidazole. 

The bladder carcinoma was diagnosed in 1978, and 
the patient had previously received 6,500 rads radi- 
ation therapy. During this admission, a cystectomy 
was performed with ileal loop diversion. Following 
the operation, the patient's condition was stable, al- 
though he developed an allergic reaction while re- 
ceiving ampicillin and clindamycin. On postoperative 
day 14, he developed a perforation of the rectum, 
and he was again taken to surgery for drainage and a 
transverse colostomy. Postoperatively, cimetidine 
was started, but stopped after 7 days when he began 
to hallucinate. Tobramycin and chloramphenicol 
were chosen to treat the abdominal infection. These 
antibiotics were stopped on day 26 when the pa- 
tient's neutrophil count fell to 6,200. Infection re- 
lapsed, and the patient developed signs of ureteral 
obstruction and possible abscess formation. Bilater- 
al nephrostomies were performed. Moxalactam was 
started postoperatively, as the Pseudornonas 
aeruginosa isolated from the abdominal wounds was 
tobramycin-resistant. The patient initially responded, 
but his fever returned after 7 days of moxalactam 

therapy, and the repeat cultures revealed Pseudo- 
rnonas aeruginosa sensitive only to amikacin. 
Anaerobes were also suspected, although none 
were isolated. At this time, his creatinine was 2.0 mgl 
dl, and his bilirubin was normal. 

Amikacin and metronidazole 1 g every 12 hr were 
started on June 14, (left-side graphs in Figure 1) and 
the infection appeared to respond. Rapid improve- 
ment was noted for 48 hr, but the patient began to 
hallucinate, became agitated and disoriented, and 
could not be sedated, even with large doses of hy- 
dromorphone, nalorphine, and diazepam. His agita- 
tion and hallucinations were poorly controlled even 
with these medications. There were no complaints of 
weakness, or sensations of paresthesias. Metro- 
nidazole was suspected as the cause of the mental 
status changes, and the medication was withheld. 
Mental status improved over the next 24 hr, and 
metronidazole was restarted. After one dose, the 
hallucinations returned, and the patient became se- 
verely agitated. Metronidazole was discontinued, 
and mental status returned to baseline over the next 
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24-48 hr. 
The infection again relapsed on day 56. Previous 

adverse reactions to chloramphenicol, clindamycin, 
and ampicillin, plus reisolation of the same multire- 
sistant Pseudornonas aeruginosa mandated another 
course of amikacin and metronidazole. On this occa- 
sion, it was decided to use a lower dosage regimen 
of metronidazole. The drug was restarted with a 
loading dosage of 1 .O g twice daily, given 12 hr apart, 
then 250 mg every 12 hours (right-side graphs in 
Figure 1). Mental status was closely observed during 
this time, but no changes occurred. However, the 
patient became increasingly short of breath and de- 
veloped hypotension and arrhythmias. He died 3 
days after metronidazole was restarted. At autopsy, 
postmortem blood cultures and abdominal fluid cul- 
tures were sterile, and the abdomen was remarkably 
free of localized infection or abscesses. Death was 
the combined result of pneumonia, cardiac failure, 
and arrhythmias. Blood, CSF, and tissue samples 
were obtained at autopsy for analysis of metronida- 
zole tissue distribution. 

Methods 

Mental status was evaluated using the checklist of 
descriptors we have previously employed to quanti- 
tate cimetidine-associated mental status changes8 
Briefly, each descriptor was given a score prior to 
any use of the list. A combination of these param- 
eters described the patient’s mental status, and the 
sum of all descriptor values produced a cumulative 
score for the assessment period. These values were 
plotted versus time and compared with the meas- 
ured serum concentrations. The mental status rating 
system is not intended to be specific for metronida- 
zole side effects; its primary purpose is quantitation 
of changes from the baseline value of the patient 
being studied. Changes from baseline are noted as 
increases in the daily score. 

Serum concentrations of metronidazole and its hy- 
droxy metabolite were quantitated at peak and 
trough times during therapy using a high pressure 
liquid chromatographic assay.g The procedure quan- 
titates both the drug and its major metabolites in 
serum and urine and has a lower limit of detection of 
0.1 pglml for the parent compound. The assay was 
used to measure tissue concentrations after aque- 
ous extraction of tissue homogenate. 

Resu I ts 
The daily mental status scores are plotted in Fig- 

ure 1. The patient had a normal mental status score 
of 2.6 until the second day of metronidazole therapy, 
when values increased rapidly. A maximum score of 
5.5 was reached on day 3 when the drug was 
stopped: values declined thereafter to baseline. 

Metronidazole doses and serum concentrations 
are also included in Figure 1. The patient received 1 

g every 12 hr for 4 doses, then the medication was 
withheld at the appearance of major mental status 
changes. There was a continuous rise in metronida- 
zole serum concentrations during therapy, and simi- 
lar observations were made for the metabolite. The 
maximum concentrations were observed after the 
last 1 g dose. Metronidazole and its hydroxy metabo- 
lite serum concentrations were elevated at the time 
of mental status changes. The usual metronidazole 
concentrations observed in treated patients are 
peaks below 15 pg/ml and troughs above 5 pgiml, 
while our patient had serum concentrations ranging 
from 9.9 to 39.7 pgiml. The metronidazole half-life 
calculated after the last dose was 14.1 hr. Since the 
half-life of metronidazole itself was almost doubled, it 
appears that metabolism of metronidazole was 
slowed by some hepatic dysfunction. The elevated 
metabolite concentrations were either due to defects 
in glucuronidation after hydroxylation, or to a delay in 
renal excretion secondary to renal failure. 

During the second treatment with metronidazole, 
on day 56 (at one fourth the previous dosage) serum 
concentrations remained within the recommended 
range for metronidazole, and the hydroxy metabolite 
began to accumulate. As shown in Figure 1, mental 
status did not change after this second rechallenge. 

Postmortem CSF and tissue concentrations are 
shown in Table 1. Metronidazole and its hydroxy 
metabolite were extensively distributed throughout 
all body sites examined. Permission for brain exami- 
nation was denied. 

Discussion 

The patient we report was hospitalized in the in- 

Table 1. Postmortem Tissue Concentrations 

Tissue Concentration (pg/g)a 

Metroni- Hydroxy Acetic Acid 
Site dazole Metabolite Metabolite 

Liver 
Stomach 
Muscle 
Lung 
Fat 
Small 

Testis 
Heart 
Spleen 
Kidney 
Bile 
CSF 
Serum 

Intestine 

45.0 
13.5 
4.86 
4.69 
3.25 

2.00 
1.18 
0.800 
0.396 
0.222 

6.73 
9.17 

11.6 

18.0 - 
13.5 - 
4.12 4.14 
2.45 - 
3.30 - 

1.13 - 
0.353 - 
2.1 1 
0.350 0.292 
0.541 - 
3.58 25.5 
6.27 - 
7.32 0.390 

- 

aWet tissue weight. 
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tensive care unit for almost 3 months. Sepsis was 
suspected or proven on at least 6 occasions, and he 
received 14 different antibiotics. There were 4 oper- 
ations for abdominal abscess or metastatic disease, 
and the patient was receiving ventilatory assistance 
for a total of 50 days. In spite of these adverse 
events, the patient had compromised mental status 
on only two occasions. The first was during a course 
of cimetidine (days 14 to 28), and the second was 
during the first of two metronidazole courses (days 
37 to 42). Both episodes produced very similar men- 
tal status changes. Symptoms were very similar to 
those we have previously reported for cimetidine.8 
His mental state returned to baseline within 24 hours 
after stopping cimetidine, and the drug was not 
restarted. 

The metronidazole-associated episode of mental 
confusion began 72 hours after starting the drug. 
Metronidazole was given in the recommended dos- 
age of 2.0 g every 24 hr, and discontinued when the 
mental confusion became severe. The serum con- 
centrations were elevated. After stopping metronida- 
zole, symptoms resolved over 24 to 48 hr, and men- 
tal confusion did not reoccur. The second course of 
metronidazole produced blood levels within the rec- 
ommended range for this drug, and metronidazole 
concentrations did not reach values even one half of 
those previously observed. 

It is not possible to conclusively attribute the ad- 
verse mental effects to metronidazole therapy, but 
they appeared and resolved in close temporal asso- 
ciation. None of the classic signs of metronidazole 
neurologic toxicity were present. There were no par- 
esthesias or other peripheral neuropathies. The pa- 
tient did not experience seizures. 

Based on our pharmacokinetic analysis, the con- 
centration of metronidazole was between 30 and 40 
pg/ml and the concentration of the hydroxy metabo- 
lite was 10-15 pglml at the time of adverse CNS 
effects. The metronidazole half-life of 14.1 hr was 
approximately double that seen in normal volun- 
teers.’O Hepatic function abnormalities due to age or 
sepsis may have played a major role in the elevated 
blood concentrations, since the major clearance 
mechanism of metronidazole is via hepatic metabo- 
lism. Renal function abnormalities produced eleva- 
tion of metabolite concentrations on multiple dosing, 
but the contribution of metabolites to mental confu- 
sion is unclear. If metabolites have potential toxicity, 
then the dosage adjustments may be needed in 
renal disease, even though the half life of unchanged 
metronidazole is not altered by renal failure.” Post- 
mortem evaluation of metronidazole tissue distribu- 

tion did not reveal any unexpected concentration in 
tissue. 

In view of these observations, we would advise 
caution and close surveillance when metronidazole 
is given to severely ill patients. If mental status 
changes occur, the drug should be stopped if possi- 
ble, or a reduction in dosage may be attempted if the 
clinical situation permits. The mental status changes 
noted in association with metronidazole appear to be 
dose-related, and blood level measurements may be 
useful in further documenting the therapeutic range 
of this drug or in making dosage adjustments. 

The changes in mental status, although serious, 
appear to be completely reversible on stopping treat- 
ment, and at least some patients may be treated 
safely at lower dosages, provided that careful titra- 
tion is accomplished. 
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