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Abstract Objectives: Barbiturate coma is employed in
brain-injured patients whenever increases in intracranial
pressure remain unresponsive to less aggressive thera-
peutic regimens. Barbiturate-mediated neuroprotection,
however, is weakened by an increased infection rate re-
lated to barbiturate-induced immunosuppression. Co-
administration of barbiturates with antibiotics known to
induce bone marrow suppression could, in turn, poten-
tiate barbiturate-mediated immunosuppression. Adverse
drug reactions and interactions of thiopental with anti-
biotics in terms of leukopenia, infection rate, and bone
marrow suppression were investigated.
Methods: White blood cells were measured daily,
tracheobronchial secretion and urine were examined for
bacterial growth twice a week or if an infection was
suspected.
Results: A total of 52 patients with severe isolated head
injury were consecutively investigated. Due to increased
intracranial pressure (ICP), which did not respond to
analgosedation, barbiturate coma was performed in 23
cases. The other 29 patients remained analgosedated.
Leukocytes and neutrophils were reversibly and signi®-
cantly decreased in all patients, mostly sustained under
thiopental. The pulmonary infection rate due to Gram-
negative organisms was nearly doubled during barbitu-
rate coma. Reversible agranulocytosis and bone marrow
suppression attributed to antibiotics developed in six
patients after thiopental administration. Mortality rate,
however, was not increased by these adverse e�ects.
Conclusions: Barbiturate coma may cause reversible le-
ukopenia and an increased infection rate. Long-term
administration of thiopental may also promote revers-
ible antibiotic-induced bone marrow suppression. The

mechanisms and site of interaction between thiopental
and antibiotics cannot be assessed by the present study
and remain to be clari®ed. However, during and after
barbiturate coma, close monitoring of leukocytes and
infections and careful selection of antibiotics is required.
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Introduction

During intensive care of patients with severe traumatic
brain injury (TBI) increases in intracranial pressure
(ICP) often reveal ongoing oedema formation. Second-
ary brain injury leading to brain oedema is caused by
reduced cerebral perfusion [1], disturbed ionic homoeo-
stasis and released excitotoxic transmitters [2], generated
free radicals [3] and depleted energy stores [4]. Brain
damage due to elevated ICP can be avoided by applying
di�erent neuroprotective strategies, such as controlled
hyperventilation, moderate hypothermia, and release of
cerebrospinal ¯uid (CSF) [5]. These general measures,
however, may fail to reduce high ICP and a more ag-
gressive therapeutic strategy such as the administration
of barbiturates may become necessary. The bene®cial
e�ect of barbiturates in terms of lowering elevated ICP is
thought to be due to decreased cerebral metabolism and
blood ¯ow [6, 7]. Continuous infusion of barbiturates,
however, is associated with side e�ects. Haemodynamic
instability due to reduced ventricular ®lling pressures
and peripheral vascular resistance is observed during
long-term infusion [8, 9] which, however, can be bal-
anced with catecholamines. The immunocompetence of
patients under barbiturate coma is down-regulated, re-
sulting in an increased infection rate, with a high prev-
alence of pneumonia [10]. Altered functions of
immunocompetent cells have a marked impact on the
infection rate. White blood cells are negatively in¯u-
enced resulting in a dose-dependent decrease in phago-
cytosis [11], an attenuated migratory function of
leukocytes in bone marrow [12] and a depressed acti-
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vation of lymphocytes [13]. In turn, barbiturate-related
infections require speci®c antimicrobial therapy. Anti-
biotics, however, have been shown to reduce immuno-
competence as well by inducing leukopenia [14±17].
Thus, the immunomodulating adverse e�ects of thio-
pental and antibiotics could potentiate each other, pos-
sibly resulting in severe adverse e�ects like
agranulocytosis, putting the life of these patients at
stake.

Our aim was to investigate whether patients with
isolated TBI requiring long-term thiopental infusion
develop more complications related to altered immu-
nocompetence than analgosedated patients. In particu-
lar, we wanted to determine whether there is an
association between thiopental as used in clinical routine
and the extent of leuko-/granulocytopenia, rate of pul-
monary infection, type of Gram-negative organisms,
length of intensive care and mortality rate.

Materials and methods

Study population

Fifty-two patients with severe isolated TBI, admitted to the Uni-
versity Hospital in ZuÈ rich from 1994 to 1996, were consecutively
included in the present study. Patients aged 16±75 years were in-
vestigated, provided that they did not have any history of bone
marrow dysfunction, immunopathology, splenectomy, tumour
growth and/or pregnancy.

Neurointensive care

After admission all patients were taken to the operation room for
evacuation of any haematomas and implantation of pressure
monitoring devices. Thereafter, the intubated and mechanically
ventilated patients were treated according to a standard protocol
[5]. The critical care management goal was to maintain cerebral
perfusion pressure above 70 mmHg, which was accomplished by
maintaining intracranial pressure below 20 mmHg and mean ar-
terial pressure above 90 mmHg. Analgosedation was performed in
all patients with fentanyl and midazolam, and relaxation was
achieved with pancuronium. Patients who had persisting ICP val-
ues exceeding 20 mmHg received thiopental intravenously, pro-
vided that ICP could not be lowered by routine measures such as
drainage of CSF or controlled hyperventilation. Barbiturate coma
was induced by giving thiopental (Pentothal, Abbott Laboratories,
Switzerland) 5±11 mg kg)1 body weight as a bolus, followed by
continuous infusion of 4±6 mg kg)1 h)1 to maintain a burst-sup-
pression pattern of 4±6 bursts min)1. The thiopental dosage was
adjusted according to the burst-suppression pattern. Barbiturate
coma was stopped once ICP remained below 20 mmHg for 24 h.
Enteral nutrition was started in all patients on the ®rst day until
oral intake of food was adequate and su�cient. Prophylactically,
all patients received cefuroxime intravenously to reduce the risk of
central nervous system infections due to implanted pressure mon-
itoring devices. Cefuroxime was started pre-operatively and ad-
ministered three times daily (1.5 g) until removal of the catheters.

Study protocol

Prospectively, patients in need of barbiturate coma were compared
to analgosedated patients. Blood was drawn every morning and
was assayed for leukocytes and neutrophils. Twice a week, or
whenever an infection was suspected, tracheobronchial secretions
sampled with a sterile suction device from the lower pulmonary

tract and urine were examined for bacterial growth. Infection was
diagnosed whenever isolation of pathogens in the di�erent speci-
mens coincided with leukocytosis (>11.000 cells/ll)1), a signi®cant
increase of C-reactive protein (CRP) and fever (>38.5 °C).

Statistical analysis

All data are presented as mean with (SEM) or median values where
appropriate. Comparisons of leukocytes and neutrophils over time
were made using one-way, repeated-measures analysis of variance
and Student Newman-Keul's test or the Friedman repeated anal-
ysis of variance on rank test for non-parametric data. Comparisons
of haematological parameters over time between control patients
and those receiving thiopental were made using two-way, repeated-
measures analysis of variance and Student Newman-Keul's test.
Comparisons of non-parametric infection parameters (infection
rate, type of Gram-negative organisms) between the di�erent pa-
tient groups were made using the Mann-Whitney rank-sum test.
Di�erences were rated as signi®cant at P < 0.05.

Results

Clinical data

Barbiturate coma was required in 23 patients, while 29
were analgosedated (Table 1). Patients receiving thio-
pental were signi®cantly younger [27 (3) vs 44 (3) years;
P < 0.01]. Barbiturate coma was begun as early as the
®rst post-traumatic day and was maintained for an av-
erage of 7 days (3±12 days). Hospitalization was signif-
icantly prolonged in patients receiving long-term
infusion of thiopental [28 (2) vs 18 (3) days; P < 0.02]
with an equal mortality rate among the investigated
patients (17% in each group).

Haematological parameters

Leukocytes

Patients receiving thiopental revealed a signi®cant de-
crease in leukocytes on the ®rst day after the start of
barbiturate coma. During long-term thiopental infusion

Table 1 Clinical data of the patients su�ering from isolated severe
head injury who were in need of barbiturates to reduce intracranial
pressure compared with the patients who could be treated with
benzodiazepines and opioids. ICU intensive care unit

Parameters No thiopental Thiopental

Number of patients 29 23
Age in years 44 (3) 27 (2)
Start of barbiturate coma
in days (range)

± 2 (1)
(1±3)

Length of barbiturate
coma in days (range)

± 7 (1)
(3±12)

ICU in days
(range)

18 (3)
(4±60)

28 (2)
(6±39)

Infection rate in percent 40%
(12/29)

90%
(21/23)

Mortality rate in percent 17%
(5/29)

17%
(4/23)

530



leukocytes remained unchanged at reduced levels which
were signi®cantly lower than under analgosedation.
After thiopental was stopped, leukocytes reached high
normal values and remained stable thereafter (Fig. 1a).

In analgosedated patients leukocytes declined signif-
icantly during the ®rst 7 days after trauma, followed by a
signi®cant increase during the following 5 days, with
a further decrease during the last 2 weeks (Fig. 1b).

Neutrophilic granulocytes

During barbiturate coma, neutrophils were signi®cantly
decreased compared with pre-infusion values and com-
pared with analgosedated patients. After thiopental in-
fusion was stopped, neutrophils increased to high
normal values (Fig. 1a). Under analgosedation neutro-
phils decreased signi®cantly during the ®rst week, fol-
lowed by a subsequent increase by day 12, and a
decrease to lower but normal values by the end of hos-
pitalization (Fig. 1b).

Infection parameters

Infection rate as assessed by radiological pneumonia-
typical ®ndings and identi®cation of bacterial coloniza-
tion in tracheobronchial secretions from the lower
respiratory tract was signi®cantly increased in patients
receiving barbiturates (90% vs. 40%, P < 0.005).
Gram-negative organisms were Klebsiella pneumonia,
Enterobacter cloacae, Serratia marcescens, Escherichia
coli, Pseudomonas aeruginosa (Table 2). K. pneumonia
was equally distributed during the entire investigation
period in analgosedated patients. E. cloacae peaked
during the ®rst 2 weeks of hospitalization in all groups.
S. marcescens was not isolated until 2 weeks after ad-
mission to the intensive care unit (ICU) and was pre-
dominantly found in the thiopental group. E. coli was
equally distributed in barbiturate patients and isolated
only in one thiopental-free patient. P. aeruginosa was
isolated in the thiopental group a week prior to the
analgosedated group.

Antibiotics

Apart from routine prophylactic administration of ce-
furoxime, speci®c antimicrobial therapy was not started
until the relevant infection was diagnosed and the spe-
ci®c sensitivity was tested according to the antibiogram.
Overall, cefuroxime was the most commonly applied
antibiotic in all patients with a similar length of appli-

Fig. 1 Changes in leukocytes and neutrophils in 23 patients requiring
barbiturate coma (A) and in 29 analgosedated patients (B) su�ering
from isolated traumatic brain injury. Decreases in white blood cells
compared with levels before barbiturate coma (*) and analgosedated
patients (+) are signi®cant (P < 0.05)

Table 2 Post-traumatic spec-
trum, frequency and time of
occurrence of Gram-negative
organisms found to cause
pneumonia in brain-injured
patients under analgosedation
and during barbiturate coma

Bacteria Frequency of isolation Maximum after trauma (days)

No thiopental Thiopental No thiopental Thiopental

Klebsiella pneumonia 6 2 4±26 5
Enterobacter cloacae 14 15 4, 10, 15 5, 10, 15
Serratia marcescens 1 12 13 12, 16
E. coli 1 6 5 4±20
Pseudomonas aeruginosa 7 15 24±28 15±17
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cation 15 � (2) days. According to spectrum and fre-
quency of isolated Gram-negative organisms, cot-
rimoxazol, netilmicin, and cipro¯oxacin were given
signi®cantly more often in patients requiring thiopental
(thiopental: cotrimoxazol/netilmicin/cipro¯oxacin: 10/7/
5 vs no thiopental: 6/3/2 patients; P < 0.04). Amoxi-
cillin and teicoplanin were given in similar frequencies.
Tazobactam/piperacillin and vancomycin were only
given in a few cases. Length of antimicrobial therapy did
not di�er in the subgroups (Table 3).

Mitochondrial liver enzyme GOT

During barbiturate coma the hepatic enzyme GOT,
normally con®ned to mitochondria, was signi®cantly
increased in serum compared with analgosedated pa-
tients [thiopental: 52 (18) (day 1) to 148 (49) U l)1 (day
8); no thiopental: 32 (5) (day 1), 48 (8) U l)1 (day 8);
P < 0.008]. After thiopental infusion was stopped GOT
tended to normalize during the following 11 days.

Bone marrow suppression

Of the 23 patients treated with thiopental, six developed
severe but reversible leukopenia and agranulocytosis. In
four patients iliac bone marrow was sampled and stud-
ied histologically. Two patients showed complete bone
marrow suppression with absent di�erentiation of neu-
trophils beyond the stage of myelocytes. Another patient
revealed partially suppressed bone marrow with intact
di�erentiation but reduced neutropoesis. Occurrence of
viral infections [Cytomegalovirus (CMV), Epstein-
Barrvirus (EBV), herpes simplex virus (HSV) and hep-
atitis] was excluded serologically in all patients. These
six patients revealed a repetitive pattern: barbiturate
coma was induced as early as the ®rst day after trauma
and was maintained between 7 and 12 days; during long-
term thiopental infusion reversible leukopenia and
granulocytopenia were observed. One to 7 days after
thiopental administration had been stopped, antimicro-
bial therapy was commenced in four patients with

pneumonia related to Gram-negative organisms. One
patient (Fig. 2) received tazobactam/piperacillin
(3 ´ 4.5 g/d i.v.), and the other was given ornidazole
(3 ´ 0.5 g/d i.v.). During antimicrobial therapy periph-
eral leukopenia and agranulocytosis was observed. Up-
on termination of administration of tazobactam/
piperacillin and ornidazole and substitution with cipro-
¯oxacin, leukopoiesis was regained followed by le-
ukocytosis with values as high as 28 000 cells ll)1.
Thereafter, white blood cells tended to normalize. In
one patient antimicrobial therapy with netilmicin
(1 ´ 0.5 g/d i.v.) was started during the infusion period
of thiopental. Again, peripheral leukocytes decreased
dramatically and agranulocytosis developed. The anti-
biotics were changed to cipro¯oxacin. Unfortunately,
the patient died a few days later due to malignant in-
tracranial hypertension.

Table 3 Antimicrobial therapy, mean duration of intravenous application and frequency of bone marrow suppression during analgo-
sedation (AS ) and barbiturate coma (BC )

Antibiotic Analgosedation Thiopental Cases of bone marrow suppression

n Days n Days AS BC

Netilmicin (1 ´ 0.45 g i.v.) 3 6 (3) 7 7 (1) 0 2
Tazobactam/piperacillin (3 ´ 4.5 g i.v.) ± ± 3 5 (3) 0 2
Ornidazol (3 ´ 0.5 g i.v.) ± ± 2 5±8 0 2
Cefuroxime (3 ´ 1.5 g i.v.) 29 13 (2) 23 13 (2) 0 0
Cotrimoxazol (3 ´ 0.96 g i.v.) 6 5 (1) 10 6 (1) 0 0
Cipro¯oxacin (2 ´ 0.4 g i.v.) 2 4±9 5 5 (1) 0 0
Amoxicillin (3 ´ 2.2 g i.v.) 4 5 (1) 4 8 (3) 0 0
Ceftazidime (3 ´ 2 g i.v.) 4 5 (2) 3 6 (2) 0 0
Vancomycin (2 ´ 1 g i.v.) 1 2 2 2±8 0 0
Teicoplanin (1 ´ 0.4 g i.v.) 2 4, 6 1 7 0 0

Fig. 2 Illustrative case showing reversible leukopenia and granulocy-
topenia during barbiturate coma followed by bone-marrow suppres-
sion upon adding tazobactam/piperacillin to treat a case of
pneumonia caused by Enterococci. Bone marrow function was
restored after stopping tazobactam/piperacillin and administering
cipro¯oxacin
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Discussion

Long-term infusion of thiopental in brain-injured pa-
tients su�ering from elevated intracranial pressure
caused reversible leukopenia and granulocytopenia.
Despite its transient nature, this decrease in white blood
cells is of clinical importance because a sustained per-
turbation of immunocompetence in patients with iso-
lated TBI was associated with an increased infection
rate. These results are in line with others showing that
barbiturate coma is associated with an increased rate of
pneumonia due to Gram-negative organisms [18, 19].

There is substantial evidence that thiopental alters
immunocompetence by reducing phagocytic activity of
leukocytes, decreasing activation of peripheral lympho-
cytes [11, 13] and diminishing mobility of white blood
cells located in bone marrow [12, 20]. Since white blood
cells are the ®rst line of immunological defense, it is
obvious that an alteration of these cells will reduce the
patient's ability to combat invading pathogens, resulting
in an increased infection rate. The exact target and
mechanisms of thiopental on immunocompetent cells,
however, cannot be assessed by the present study. The
decrease in circulating leukocytes and neutrophilic
granulocytes could be in¯uenced by an alteration of
their pro-genitor cells in bone marrow. The increase in
white blood cells after long-term thiopental infusion was
stopped re¯ects thiopental-induced and reversible
depression of stem cells.

There is no current explanation for the bone marrow
suppression observed in six patients receiving di�erent
antibiotics (netilmicin, tazobactam/piperacillin and
ornidazole) after long-term infusion of thiopental. It
appears that the likelihood of bone marrow suppression
is increased among patients who are concomitantly
treated with thiopental and antibiotics which are known
to have a bone-marrow suppressing e�ect. A prospective
study revealed normal doses of antimicrobial agents to
initiate bone marrow suppression in patients su�ering
from end-stage liver disease [21]. Barbiturates are known
to alter mitochondrial function by uncoupling oxidation
from phosphorylation [22], and to reversibly liberate
liver enzymes located in hepatic mitochondria and cy-
toplasm resulting in increasing serum levels [10]. In the
present study serum GOT was signi®cantly increased in
patients receiving thiopental compared with analgose-
dated patients and normalized after thiopental infusion
was stopped. It is speculated that apart from the in-
duction of enzymes, cellular leakage, possibly in¯uenced
by an altered ¯uidity of hepatic phospholipid mem-
branes [23], must occur at the same time to increase
serum enzyme levels. Assuming observed elevated serum
GOT levels depict functionally and structurally altered
hepatic mitochondria, decreased metabolism of antibi-
otics could lead to increased serum levels. The elevated
serum levels and decreased hepatic elimination of other
possibly toxic substances could interfere with bone
marrow function, eventually resulting in bone marrow

suppression. Antimicrobial agents belonging to the
family of nitroimidazol-nitrofuran antibiotics such as
ornidazole and metronidazole are substantially metab-
olized by hepatocytes (90%) and hardly excreted in ur-
ine [24, 25]. Functional hepatic alteration will result in a
prolonged plasma half-life of these agents [26] and
repetitive administration will cause accumulation of
certain metabolites in serum [27]. Apart from barbitu-
rate-induced altered liver function, thiopental could also
liberate antibiotics from their protein binding or de-
crease their renal excretion. Teicoplanin bound to plas-
ma protein up to 90±95% [28] could be displaced by
thiopental which is protein-bound by 70±85% [29]. This,
in turn, could increase serum teicoplanin levels as long
as thiopental is measurable in serum. Netilmicin and
tazobactam are neither hepatically metabolized nor is
there any signi®cant protein binding. They are, however,
eliminated renally by 80±90% [30, 31]. A decreased
glomerular ®ltration such as that caused by thiopental
[32] could result in increased serum levels of these
agents.

Apart from these distant interactions, thiopental and
antimicrobial agents might also mutually sustain their
ability to cause leukopenia and granulocytopenia on a
direct cellular basis within bone marrow. Analysis of
antibiotic levels in serum and urine during and after
long-term administration of thiopental might con®rm or
rule out the di�erent targets such as protein binding,
renal excretion, and hepatic metabolism, which could
account for the bone marrow suppression observed in
six patients treated with thiopental and di�erent anti-
biotics.
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