Effects of intravenous anesthetics on bacterial elimination

in human blood in vitro

A HELLER, S. HELLER, S. BLECKEN, R. UrBASCHEK' and T. KoCH
Departments of Anesthesiology and Operative Intensive Care Medicine and 'Medical Microbiology and Hygiene, Faculty of Clinical Medicine

Mannheim, University of Heidelberg, Mannheim, Germany

Backround: Since anesthetics are widely used in critically ill pa-
tients, this study investigates anesthetic effects on neutrophil
and monocyte function concerning bacterial elimination in hu-
man whole blood.

Methods: The effects of thiopental (20 and 200 pg/ml), propofol
(5 and 50 pg/ml), midazolam (0.15 and 1.5 pg/ml) and ketamine
(3 and 30 pg/ml) on elimination of Escherichia (E.) coli from
whole blood were investigated in vitro after incubation for 1 h
in both clinical (1) (n=10) and 10-fold higher (h) (n=11) concen-
trations. These data were compared to neutrophil and monocyte
phagocytosis (I n=6) and burst activity (I; n=10, h; n=11),
measured by flow cytometry. To enable quantification of the
clearance process, a defined number of 10° colony forming units
of E. coli were added to the blood assays and bacterial growth
was determined.

Results: All anesthetics delayed bacterial clearance from the
blood in the 10-fold concentration (P<0.05). Thiopental (1+h)
and propofol (h) suppressed neutrophil (53x3% and 38+6%)
and monocytic (45+6% and 30%11%) oxidative burst (P<<0.01).
Phagocytosis was reduced even after propofol (1) in polymor-
phonuclear leukocytes (PMN) {34+9%; P<0.05) and monocytes

(35+£11%). Ketamine (h) prolonged bacterial elimination
(P<0.01), which did correlate with inhibition of monocytic
phagocytosis, by 26+14%. Midazolam application (h} resulted
in an inhibition of PMN-respiratory burst by 19%6% (P<0.05)
and impaired bacterial clearance (P<0.05).

Conclusion: Thiopental, propofol, midazolam and ketamine af-
fect E. coli clearance and neutrophil and monoccyte oxidative
burst and phagocytosis in vitro only in high concentrations,
while thiopental inhibited monocytic burst and propofol im-
paired PMN phagocytosis even in clinically used concentrations.
These data suggest that i.v. anesthetics in concentrations rec-
ommended for general anesthesia seem to have minor influence
on the investigated host defense mechanisms.
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OSTOPERATIVE infections as well as nosocomial in-
fections in critically ill patients still represent a se-
vere problem. In the healthy organism, invading bac-
teria are rapidly eliminated by the complex system of
humoral and cellular host defense. This homeostasis of
invading bacteria and their elimination could be dis-
turbed by anesthetic drugs. Patients receive intra-
venous anesthetics not only for short intervals in inter-
ventional surgery but also for long-term analgesia and
sedation in intensive care units. In the latter case, anes-
thetics accumulate in the organism yielding high con-
centrations in blood and inflamed tissue. Because these
patients often suffer from compromised immune func-
tions, a further impairment of host defense mechan-
isms induced by anesthetics may increase the threat of
sepsis and multiple organ failure (MOF).
The non-specific host defense is primarily based
upon polymorphonuclear leukocytes (PMN) and
mononuclear phagocytes. Over the last years evi-
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dence has accumulated that defects in PMN functions
such as chemotaxis, adherence, phagocytosis, and
bacterial killing may cause an increased incidence
of sepsis and MOF (1). The bactericidal potential of
the PMN, e.g. the generation of reactive oxygen in-
termediates and various proteolytic enzymes, repre-
sents a highly efficient system in maintaining the
sterility of blood and tissue. It is known that differ-
ent anesthetics cause depression of PMN functions
such as phagocytosis (2, 3) and respiratory burst ac-
tivity (4).

Although these effects of i.v. anesthetics have been
studied by other investigators, the consequences of
depressed neutrophil function on bacterial clearance
in the blood are still unknown. Furthermore, anes-
thetic effects on other phagocytic cells such as mono-
cytes have not been clarified. Most studies examine
the effects of anesthetic agents on phagocytosis and
burst activity of separated granulocytes by fluor-



escence microscopy (5) or chemiluminiscence
methods (6). Leukocytes isolated from their typical
serum environment containing immunoglobins and
complement compounds which contribute to host de-
fense in the organism, react in a different manner
compared to native blood.

Therefore, the aim of this study was to investigate
whether i.v. anesthetics impair bacterial elimination
and granulocyte- and monocyte-dependent functions
in human whole blood. In order to correlate the bac-
tericidal capacity of the blood with cellular functions,
the elimination of E. coli from the blood as well as
PMN and monocyte phagocytosis and burst activity
were determined after incubation of whole blood
from healthy donors with propofol, ketamine, mida-
zolam and thiopental.

Blood donors were treated according to the recom-
mendations for biomedical research involving human
subjects (Declaration of Helsinki). This study was ap-
proved by the ethics committee of the Faculty of Clin-
ical Medicine Mannheim, University of Heidelberg.

Material and methods

Blood samples

Freshly drawn venous blood, 100 ml, from 21 healthy
volunteers (19-35 years old ), was heparinized with
10 U/ml (Liquemin 25000, Roche FRG).

Bacterial clearance

To determine the influence of different anesthetics on
elimination of E. coli from the blood, the whole blood
sample from each donor was divided into five 20-ml
aliquots. These were incubated in a shaking water
bath (frequency 60/min) at 37°C for 1 h either with
propofol, ketamine, midazolam or thiopental in a clin-
ical and a 10-fold dose, or saline which served as con-
trol, respectively (total assay volume 20.5 ml). After
this preincubation with the anesthetics, samples were
taken for control values and for the flow cytometrical
determination of respiratory burst and phagocytosis
capacity. Thereafter, a defined number of viable E. coli
(10° colony forming units (CFU)) was added and
specimens were taken in a 3-h follow-up period as
described for the different groups. Bacterial growth
was quantified by microbiological culture and
allowed determination of bacterial elimination.

Control group (n=21)

Following a 60-min period after which 0.5 ml NaCl
(0.9%) was added, E. coli suspended in 1 ml tryptic
soy broth was administered into the blood in a final
concentration of approximately 5000 CFU E. coli per

ml. To study the time course of bacterial clearance,
blood samples were aseptically taken for culture be-
fore and after addition of bacteria at 1, 15, 30, 45, 60,
90, 120, 150 and 180 min after carefully vortexing the
assay. Leukocyte counts were determined before and
180 min after E. coli application. The procedure from
the time point of bacterial injection to the end of the
observation period was identical in all experimental
groups.

Anesthetic groups (low concentration: n=10; 10-
fold higher: n=11)

E. coli was added to the blood samples after the 60-
min incubation period with clinical and 10 times
higher concentrations of propofol (5 pg/ml; n=10 and
50 pg/ml; n=11 Disoprivan, Zeneca, FRG), ketamine
(3 pg/ml; n=10 and 30 pg/ml; n=11 Ketanest, Parke
Davis, FRG), midazolam (0.15 pg/ml; n=10 and 1.5
pg/ml; n=11 Dormicum, Roche, FRG) and thiopental
(20 pg/ml; n=10 and 200 pg/ml; n=11 Trapanal, Byk
Gulden, FRG). The appropriate concentration of anes-
thetics in the assay was achieved by dilution of each
anesthetic in sterile saline to a total volume of 500 ul
each. The further protocol was performed according
to the control group.

Quantitative microbiology

Blood samples were chilled and prepared for bacterial
culture immediately after collection. Blood was seri-
ally diluted 1:10 in sterile saline. An aliquot of 100 pl
each was plated onto CLED (Cysteine Lactose Electro-
lyte Deficient)-agar plates, according to Sandys (7) in
duplicate. The inoculated plates were incubated at
37°C for 24 h and bacterial counts were registrated as
CFU per ml.

Bacterial inoculum

E. coli, an encapsulated, serum-resistant, non-hemo-
lytic strain, freshly isolated from blood culture of a
septicemic patient, was cultivated on blood agar
plates. The grown colonies were scraped from the
plates, carefully homogenized by vortexing in tryptic
soy broth, serially diluted and then adjusted to a den-
sity of 10° CFU/ml. They were stored at —60°C until
use. The amount of E. coli used was based on pilot
experiments investigating the clearance of different
numbers of E. coli (107, 106, 10°) from the blood. Bac-
terial counts lower than 10° as well as amounts ex-
ceeding 10 were not suitable for the determination of
differences in bacterial elimination kinetics between
the miscellaneous treatments in this model. The rea-
son for this is the rapid elimination of small numbers
of E. coli on the one hand, and the prolonged clearance
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of large numbers on the other hand, so that differ-
ences cannot be seen within the observation period.
For this study, a dose was chosen which showed a
well-reproducible elimination kinetics. The applied
dose of 10° E. coli was eliminated during a time period
between 150 and 210 min in control samples, and
allowed registration of slight decreases as well as
slight increases in elimination kinetics during the ob-
servation period. Serum resistance of the used strain
was demonstrated in control experiments in which E.
coli showed slightly increased numbers after incuba-
tion in serum at 37°C for 3 h.

Neutrophil and monocyte burst activity

The amount of intracellular oxygen radical produc-
tion was determined in human blood, which was in-
cubated for 1 h with the different anesthetics (n=10
each). A test kit (Bursttest, Orpegen Pharma, Heidel-
berg, FRG) for the determination of the oxidative
burst of leukocytes in whole blood was used. This
method is faster than those reported in previous
studies (4) and does not require leukocyte isolation,
which could lead to alteration of cell functions.
Single-cell analysis was performed by flow cytome-
try. The method of the quantitative assay for moni-
toring the oxidative burst has been described in de-
tail previously (8). Briefly, four assays (100 pl) of
each sample were incubated (10 min, 37°C) with
either phosphate-buffered saline (PBS, negative con-
trol), chemotactic peptide fMLP (low control), PMA
(high control) or E. coli which had been opsonized
with antibodies and complement from pooled sera.
PMA, E. coli and fMLP stimulate production of reac-
tive oxygen intermediates in descending order. After
the oxidation step (incubation with substrate 10
min, 37°C) in which the non-fluorescent substrate,
dihydrorhodamine 123 was taken up by the phago-
cytes and converted during the respiratory burst to
a green fluorescent compound (rthodamine 123), the
whole blood was lysed and fixed. To guarantee that
no cell debris or dead cells or bacteria interfere with
the measurement, DNA-staining was performed
with propidiumiodide (red fluorescence, FL-3). From
each sample, 15000 cells were measured with a laser
flow cytometer (FACScan/Lysis II, Becton Dickin-
son, Heidelberg, FRG) using blue-green excitation
light (488 nm Argon Laser). Photomultiplier gain
setting was adjusted to register all intensities of
cellular fluorescence within the scale of 1023 channel
resolution (four decades). PMN cells and monocytes
were identified by their characteristic size-to-granu-
larity ratio (Fig. 1a). Only the selected cell popula-
tion was considered for further analysis (multiple
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document interface for Windows 3.1 (WinMDI 2.0)
by J. Trotter)). During data acquisition a “live” gate
was set in the red fluorescence dot plot on those
events which had at least the same DNA content as
human diploid cells (Fig. 1b). Only these cells were
examined. For characterization of the fluorescence
distribution the geometric mean values (FL-1) were
used, which indicate the amount of rhodamine 123
per cell (Fig. 1c).

Neutrophil and monocyte phagocytosis activity

To compare the data of bacterial elimination and burst
activity with those of PMN and monocyte phago-
cytosis capacity, the quantity of intracellular E. coli in
PMN and monocytes was measured after 1 h incuba-
tion with the different anesthetics in clinical concen-
trations (n=6). A test kit (Phagotest, Orpegen Pharma,
Heidelberg, FRG) for the determination of the phago-
cytic activity of leukocytes in whole blood was used.
Single-cell analysis was performed by flow cytometry.
The method of the quantitative assay for investigating
the phagocytic activity has been described in detail
previously (9). Two assays of each sample (2100 pl)
were incubated with fluoresceine-isothiocyanate-
(FITC)-marked opsonized E. coli either at 0°C (control)
or at 37°C for 10 min. Cells of the phagocytic system
have receptors for a complement component (C3b)
and for the constant part of the immunoglobulin mol-
ecule (Fc) mediating the adhesion of the bacteria to
the cell surface and subsequent engulfment. During
the incubation period the green fluorescent FITC-
marked E. coli were ingested in the 37°C assay. To ex-
clude extracellular bacteria from measurement, they
were quenched with a staining solution. The further
steps such as lysis, fixation, DNA-staining and data
acquisition by flow cytometer were performed in the
same manner as in the burst assay. The phagocytosis
activity of leukocytes was determined by the content
of FITC-marked E. coli in the phagocytic cells, ex-
pressed as mean channel fluorescence (FL-1) per cell
(Fig. 1d).

Statistics

Data are presented as arithmetic mean*standard
error of means (SEM). To achieve Gaussian’s distri-
bution, the logarithm of the quantitative bacterial
count was used for statistical comparison. Results of
the oxidative burst activity are expressed as mean
channel fluorescence per cell. Differences among the
five groups were tested by an overall analysis of vari-
ance (ANOVA) for repeated measurements followed
by Student-Newman-Keuls multiple comparison test.
Significance was accepted at P<<0.05.
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Fig. la-d. Flow cytometer adjustment for measurement of leukocyte burst activity and phagocytosis. Selection of appropriate cell population in
forward scatter- (FSC, size of cells) vs. sideward scatter- (SSC; granularity of cells) dot plot (a). Exclusion of dead cells, debris and bacteria by
setting a life gate (b) FL-1 green fluorescence (Rho 123 and FITC), FL-3 red fluorescence (DNA). Typical FL-1 histograms of the burst- (c) and
phagocytosis-activity (d). Gates set on DNA-positive neutrophils or monocytes.

Results

Bacterial clearance

Bacterial cultures from the blood samples before ad-
dition of E. coli were sterile in all groups. The time
course of bacterial clearance from the blood is shown
in Fig. 2a, b. The elimination of bacteria is character-
ized by an exponential-like decrease of injected E. coli
over the whole experimental period of 3 h in all
groups. Mean bacterial counts detected 1 min after E.
coli application of 5000 CFU/ml (n=10) decreased
rapidly to 53576 CFU/ml after 90 min and to 88+24
CFU/ml at 180 min in the control group. Compared
to controls, clinical concentrations of anesthetics did

not affect elimination of E. coli while the 10-fold con-
centration of all investigated anesthetics delayed the
removal of bacteria from the blood. Mean values of
viable E. coli ranged between 5000 in the first minute
and 463+134 CFU/ml at 180 min after incubation
with the higher concentrations of thiopental, and be-
tween 5000 and 282%+135 CFU/ml after treatment
with ketamine (30 pg/ml) respectively. Mean bacterial
counts differed significantly from controls at 45 min,
P<0.05, and from 60 min until the end of the obser-
vation period, P<0.01, after thiopental, and at 60, 90
and 120 min after ketamine, P<0.01. In the midazol-
am-group, E. coli counts ranged between 5000 and
208+85 CFU/ml (60 min, P<0.01; 90 and 120 min,
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Fig. 2a. Time course of bacterial elimination from blood after addition
of Escherichia coli (5000 CFU/mi) in control assays and after incuba-
tion with ketamine 30 ug/ml and thiopental 200 ug/ml. Mean counts
of CFU/ml are plotted against time in min. Mean values*SEM at each
time point and significant differences between the groups are indicated
("P<0.01 vs. control; *P<0.05 vs. control; ¥P<0.05 vs. all other
groups; “P<0,05 vs. thiopental). b. Time course of bacterial elimin-
ation: from blood after injection of Escherichia coli (5000 CFU/ml) in
control assay and after incubation with propofol 50 ug/ml and midazol-
am 1.5 ug/ml. Mean counts of CFU/mi=SEM are plotted against time
in min. Significant differences between the groups are indicated
(**P<0.01 vs. control; *P<0.05 vs. control; *P<0.05 vs. thiopental).

P<0.05 vs. control). Propofol resulted in bacterial
counts of 5000 CFU/ml at the beginning and 232+86
CFU/ml after 180 min. The counts differed signifi-
cantly at 60 min (P<0.01) and 120 min (P<0.05). Com-
parison of data among the 10-fold concentrations of
anesthetics indicated significantly higher bacterial
counts after thiopental versus all other groups at 60
min (P<0.05) and at 120 min versus midazolam and
ketamine (P<C0.05).

PMN oxidative burst activity
Fig. 3 shows the inhibition of neutrophil oxygen rad-
ical production in a flow cytometric fluorescence dia-
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gram in anesthetic incubated assays. In contrast to the
controls in which a characteristic radical production
was determined, a concentration-dependent inhi-
bition of respiratory burst activity was discovered in
all anesthetic groups. For statistical comparison, oxi-
dative radical generation of control blood was con-
sidered as 0% inhibition and alterations due to anes-
thetics were related to control values. A significant
dose-dependent inhibition of oxidative burst activity
was detected after incubation with thiopental of
59.4+2.8% (10-fold; P<0.01) and 29.6*3.7% (clinical
concentration; P<(0.01) respectively. In comparison
with controls, a decrease in free oxygen radical pro-
duction of 37.6+5.9% was found after propofol (50
ug/ml; P<0.01) and a reduction of 19.4:5.9% follow-
ing midazolam incubation (1.5 pg/ml; P<<0.05). The
changes in oxidative burst induced by the low dose
of propofol (16.5+8.3%) and midazolam (13.7+7.3%)
did not reach statistical significance. The inhibition of
PMN respiratory burst due to ketamine in both con-
centrations to 11.1£6.2% (30 pg/ml) and 12.2+5.0% (3
pg/ml), respectively, did not differ significantly from
control values. Comparison among the anesthetic
groups with 10-fold concentration exerted significant
impairment of PMN burst activity after thiopental
compared to all other anesthetics (P<0.01) and of pro-
pofol versus ketamine and midazolam (P<(0.01).
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Fig. 3. Inhibition of PMN respiratory burst activity in blood samples
(n=10) incubated with different concentrations of thiopental (20 and
200 pg/ml), propofol (5 and 50 ug/ml), midazolam (0.15 and 1.5 ng/
ml), and ketamine (3 and 30 ug/ml) related to control values. Results
are presented as reduction of the relative mean channel fluorescence
per cell. Mean values®SEM for both anesthetic concentrations and
significant differences among the groups are indicated. (**P<0.01 vs.
control; *P<0.05 vs. control; *P<0.01 vs. all other groups; $5P<(.01
vs. propofol).
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Fig. 4. Inhibition of monocytic oxidative capacity in blood samples
{n=10) incubated with different concentrations of thiopental (20 and
200 ug/ml), propofol (5 and 50 ug/ml), midazolam (0.15 and 1.5 ug/
ml) and ketamine (3 and 30 pg/ml) related to control values. Results
are presented as reduction of the relative mean channel fluorescence
per cell. Mean values+SEM for both anesthetic concentrations and
significant differences among the groups are indicated. (*P<0.01 vs.
control; *P<0.05 vs. control; **P<0.01 vs. thiopental; *P<0.05 vs.
thiopental; SP<0.05 vs. propofol).

Monocyte oxidative burst activity

The inhibition of monocytic oxidative capacity is
shown in Fig. 4. Corresponding to PMN burst activity,
thiopental and propofol showed dose-dependent im-
pairment of monocyte free oxygen radical production
compared to controls. At the high dosage, thiopental
resulted in a reduction of 45.0+6.2% (P<0.01) and in
the low dose of 33.3+11.1% (P<0.05). Propofol in-
duced an inhibition of 30.0*x11.2% (P<0.01) after
high-dose incubation. Low doses of propofol
(9.6212.2%) as well as application of midazolam
(high: —6.2+16.6; low: —9.4+20.9) or ketamine (high:
-29%13.5; low: —2.1*+18.4) in either concentration
did not change monocytic oxygen radical production
significantly. The comparison between the anesthetics
indicated significantly higher inhibition of monocytic
burst by thiopental than following ketamine or mida-
zolam administration in clinical (P<0.05) as well as
in 10-fold concentrations (P<0.01). High quantities of
propofol also induced significantly enhanced inhi-
bition of monocytic burst compared to midazolam
and ketamine (P<(.05).

Phagocytic activity

To allow further insight into the mechanism of delay-
ed bacterial elimination after incubation with anes-
thetics, we performed experiments (n=6) using an-
other flow cytometric assay to determine the quantity
of E. coli ingested by monocytes and neutrophils. Fig.

5 shows the inhibition of monocyte and neutrophil
phagocytosis after stimulation with fluorescence-
marked E. coli after incubation with anesthetics in
clinical concentrations. These experiments resulted in
a mean reduction of the phagocytic activity of about
one-third (PMN 34.2£8.6%; P<0.01 and monocytes
34.5%11.2; n.s.) after propofol 5 pg/ml administration
and a decrease of 17.1+4.0% (PMN) and 11.0+6.2%
(monocytes) after thiopental (20 pug/ml). Midazolam
(0.15 pg/ml) induced an inhibition of phagocytic ac-
tivity of 12.6+£8.0% (PMN) and 14.9+16.6% (mono-
cytes). Although ketamine did not affect the PMN en-
gulfment of E. coli (0.7+6.9%), it reduced the mono-
cytic phagocytosis activity by 26.3213.5% (n.s.). The
PMN phagocytosis after propofol was inhibited to
a significantly higher extent than after ketamine
(P<0.01).

In additional experiments, it was tested whether the
treatment with the doses of anesthetics used induce
changes in pH or osmolality during the observation
period. Changes in osmolality or pH itself may alter the
reactivity of neutrophils and monocytes to exogenous
stimuli. Blood pH and osmolality values were within
the normal range over the observation period.

Discussion

Septic shock and multiple organ failure continue to be
a major cause of death in severely injured patients
(10). Observations of a transient but profound de-
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Fig. 5. Inhibition of phagocytosis of FITC-labeled E. coli in monocites
and neutrophils (n=6) due to clinically used concentrations of thio-
pental (20 pg/ml), propofol (5 pg/ml), midazolam (0.15 ug/ml} and
ketantine (3 pg/ml) treatment. Results are presented as reduction of
the relative mean channel fluorescence per cell in the control assay.
Mean values*SEM for both leukocyte populations and significant dif-
ferences among the groups are indicated. (**P<0.01 ovs. control;
$5P<0.01 vs. propofol).
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pression of the mononuclear phagocyte system (MPS)
following injury or surgical trauma implicate an es-
sential role in the pathogenesis of septic events. Fail-
ure to eliminate inoculated exogenous or translocated
endogenous bacteria due to host immunosuppression
(11, 12) may contribute to the persistence of bacteria
in blood and lymph nodes and to the development of
septic complications. Leukocyte activation and sub-
sequent phagocytosis and release of oxygen radicals
contribute to host defense. Despite the frequent use of
i.v. anesthetics in ICU patients, there is concern about
depressing effects of several anesthetics (4, 13) on dif-
ferent leukocyte functions such as chemotaxis (14),
locomotory functions (15, 16), phagocytosis (17) or
free radical generation (18). Clinical studies can hard-
ly evaluate whether these effects increase postopera-
tive infection rates in patients (19) because of the dif-
ficulty in distinguishing the effects due to operative
trauma from those induced by anesthetics that both
influence immune system function. Various experi-
mental studies provide evidence that several i.v. anes-
thetics reduce oxidative burst activity of neutrophils
(4, 20). It is still unclear whether the impaired radical
production predisposes the host to increased suscepti-
bility to bacterial infections and to what extent radical
production is required to sustain a normal immune
response. Recent studies investigating effects of anes-
thetics on PMN functions have been performed using
a variety of methods (3) and only rarely considered
other cell populations. There are conflicting reports of
the effects on different leukocyte functions.

Our interest was therefore focused on the question
of whether or not there is a correlation between im-
paired neutrophil functions and removal of bacteria
from the blood. We have studied the effects of thio-
pental, propofol, midazolam and ketamine on elimin-
ation of E. coli from human blood of healthy donors.
The data of bacterial clearance from the blood was
compared to the respiratory burst- and phagocytosis-
activity of neutrophils and monocytes. In addition to
concentrations found during general anesthesia, 10-
fold higher concentrations of each drug were used in
the current study to analyze dose-dependent effects.
Since effects throughout non-physiologic pH or osmo-
lality were excluded in additional assays, we conclude
that inhibition of bacterial elimination can be attri-
buted to the applied anesthetic agents or their sol-
vents. To enable quantification of the clearance pro-
cess, a defined number of E. coli (10° CFU) was added
to each blood sample after incubation with the differ-
ent anesthetics. To exclude other bacterial contami-
nation, the sterility of each sample was checked before
E. coli application. Our results demonstrate that thio-
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pental, ketamine, midazolam and propofol impair
bacterial elimination from the blood in high concen-
trations. This was shown by the delayed removal of
injected E. coli from the blood compared to the saline-
treated controls. These findings can be explained with
the flow cytometric data. The cell function analysis
clearly documents a significant suppression of PMN
and monocytic oxidative burst activity after treatment
with thiopental in a therapeutic and 10-fold higher
dosage in parallel with the impaired blood clearance
in high concentrations. Likewise, a reduced neutro-
phil burst activity was determined after propofol (50
pg/ ml) and midazolam (1.5 pg/ml) treatment, as
well as monocyte burst impairment after propofol (50
pg/ml). Apart from respiratory burst, the phago-
cytosis activity of neutrophils and monocytes, was
examined after low-dose incubation with anesthetics.
A suppression of phagocytosis in both cell popula-
tions due to propofol was demonstrated in commonly
used concentrations. The inhibition of phagocytosis in
neutrophils and monocytes differed considerably
after ketamine incubation, possibly pointing towards
a receptor-specific disturbance of leukocyte functions.
The application of ketamine in higher concentrations
resulted in impaired bacterial removal which was as-
sociated with depression of monocytic phagocytosis
activity, whereas PMN functions remained unaltered.
The striking suppression of phagocytosis and radical
production, especially after incubation with high con-
centrations of various i.v. anesthetics, substantiate the
hypothesis that the prolongation of bacterial clearance
from the blood after anesthetic treatment might be re-
lated to reduced PMN and monocyte phagocytosis
and burst activity. The inhibitory effects of thiopental
and propofol on phagocytosis and oxygen radical
generation support previous studies which docu-
mented that thiopental and propofol inhibit human
neutrophil chemotaxis and oxidative metabolism (4,
5). Most alterations of the investigated microbicidal
functions occurred in the 10-fold concentration, which
will not be reached during anesthesia in general.
Nevertheless, on the one hand higher than commonly
recommended concentrations potentially accumulate
during long-term analgosedation or in septicemic pa-
tients with disturbance of micro- and macrocircul-
ation. On the other hand, this study demonstrated
functional alterations even in clinical concentrations,
thus pointing towards concentration-dependent ef-
fects of the investigated anesthetics. The critical ques-
tion of whether compromised immune functions in-
duced by anesthetics predispose the host to an in-
creased susceptibility to infection cannot, however, be
answered finally from the current results. Clinical



studies from Duignan et al. (21) and Buffone et al.
(22) have demonstrated that the reduced chemotaxis
observed after surgery correlates with the develop-
ment of postoperative infection and sepsis, whereas
other investigators (23, 24) did not find any corre-
lation between postoperative neutrophil dysfunction
in terms of enzyme content (25), respiratory burst (26)
and the incidence of bacterial infections.

Since bacterial infection and the development of
sepsis is a multifactorial process that is influenced not
only by leukocyte functions but also by a variety of
humoral and cellular systems contributing to immune
response, no final conclusion concerning the relation-
ship between anesthetic treatment and risk of infec-
tion could be drawn. Summarizing our resulis, thio-
pental, ketamine, midazolam and propofol were
shown to affect E. coli clearance, and neutrophil and
monocyte oxidative burst and phagocytosis in vitro to
a differing extent. After high concentrations of the in-
vestigated anesthetics, granulocyte- and monocyte-
dependent bacterial elimination was impaired, which
may affect host defense in critically ill patients. The
ketamine-induced disturbance of bacterial removal
without reduced neutrophil functions, but with im-
pairment of monocytic phagocytosis, point towards
cell-type or receptor-dependent mechanisms of anes-
thetic-induced immunosuppression. In contrast to
thiopental which inhibited monocytic burst, and pro-
pofol which impaired PMN phagocytosis in com-
monly used concentrations, drug concentrations rec-
ommended for general anesthesia seem to have minor
influence on the investigated host defense mechan-
isms. Further studies are required to elucidate the
complex interrelationships between the treatment
with i.v. anesthetics and host defense and to deter-
mine their clinical relevance.
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