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Sevoflurane Inhibits Unstimulated and Agonist-induced
Platelet Antigen Expression and Platelet Function in Whole
Blood In Vitro
Nicola A. Horn, M.D.,* Lothar de Rossi, M.D.,* Tilo Robitzsch, M.D.,† Klaus E. Hecker, M.D.,*
Gabriele Hutschenreuter, M.D.,‡ Rolf Rossaint, M.D., Ph.D.§

Background: Previous studies have reported conflicting re-
sults about the effect of sevoflurane on platelet aggregation. To
clarify this point, we investigated the effects of sevoflurane on
platelet antigen expression and function in vitro.

Methods: Human whole blood was incubated for 1 h with 0.5
and 1 minimum alveolar concentration sevoflurane, 21% O2,
and 5% CO2. A control sample was kept at the same conditions
without sevoflurane. After stimulation with adenosine diphos-
phate or thrombin receptor agonist peptide 6, samples were
stained with fluorochrome conjugated antibodies, and the ex-
pression of platelet glycoproteins GPIIb/IIIa, GPIb, and P-selec-
tin, as well as activated GPIIb/IIIa, were measured with two-
color flow cytometry. In addition, platelet function was
assessed by means of thromboelastography and using the plate-
let function analyzer 100.

Results: Already in subanesthetic concentrations, sevoflurane
inhibits unstimulated and agonist-induced GPIIb/IIIa surface
expression and activated GPIIb/IIIa expression on platelets in
whole blood. The agonist-induced redistribution of GPIb into
the open canalicular system was also impaired by sevoflurane,
whereas no effect on P-selectin expression in activated platelets
could be found. Sevoflurane significantly reduced the maxi-
mum thromboelastographic amplitude. Furthermore, platelet
function analyzer 100 closure times were significantly
prolonged.

Conclusion: The results show that sevoflurane significantly
impairs platelet antigen expression in vitro. It is especially the
inhibition of GPIIb/IIIa expression and activation that impairs
bleeding time as reflected in thromboelastographic measure-
ments and platelet function analyzer 100 closure times. The
exact inhibitory mechanism remains unclear.

SINCE Ueda1 demonstrated that halothane inhibits plate-
let aggregation in 1971, various studies have investigated
the effects of volatile anesthetics on platelet aggregation.
Sevoflurane in particular has recently been the subject of
several investigations. In 1996, Hirakata et al.2 reported
that sevoflurane had strong effects on secondary platelet
aggregation, probably through inhibition of thrombox-
ane A2 formation,3 whereas Honemann et al.4 found no
influence on thromboxane A2 signaling. The results of
Hirakata et al.2,3 were supported by a study of Dogan et
al.5, which also showed impaired platelet aggregation

after sevoflurane anesthesia. More recently, Nozuchi et
al.6 have demonstrated that sevoflurane does not inhibit
platelet aggregation induced by thrombin. However, the
results remain contradictory, and the direct effects on
platelet surface antigens still need to be studied.

Glycoprotein receptors within the platelet membrane
are of particular interest in this regard. They are essential
for platelet adhesion and platelet-mediated primary and
secondary aggregation. Acquired or hereditary defects,
as well as reduced expression of these glycoproteins,
could result in platelet malfunction and impaired hemo-
stasis.7,8 Therefore, changes in platelet aggregation in-
duced by sevoflurane could be reflected here.

Among the most important glycoproteins are the
GPIIb/IIIa complex, inducing platelet aggregation via
fibrinogen binding; the GPIb as a receptor of the von
Willebrand factor; and the a-granule membrane protein
P-selectin, mediating platelet endothel and leukocyte
interactions.

To gain further insight into the mechanisms involved
in the inhibition of platelet aggregation induced by
sevoflurane, we investigated the influence of sevoflurane
on the expression of different platelet surface glycopro-
teins in whole blood by means of flow cytometry. The
expression of the platelet glycoproteins GPIIb/IIIa and
GPIb and P-selectin were detected with fluorochrome-
conjugated antibodies. The activated GPIIb/IIIa complex
was examined using PAC-1, an antibody which recog-
nizes the conformationally changed fibrinogen binding
site. Platelet-related hemostasis was furthermore as-
sessed with thromboelastography and the platelet func-
tion analyzer 100 (PFA).

Methods

Flow cytometry allows measurement of the specific
characteristics of a large number of single cells. Before
analysis, cells are labeled with fluorescence-conjugated
antibodies. Thereafter, the flow cytometer detects the
emitted fluorescence and light-scattering properties of
each cell.

Antibodies and Reagents
The following were purchased from BD Pharmingen

(San Jose, CA): anti-CD41a-phycoerythrin (PE; clone,
HIP8), a monoclonal antibody–recognizing platelet
GPIIb/IIIa complex independent of activation; anti-
CD42b-PE (clone, HIP1), a monoclonal antibody for the
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subunit of GPIb; anti-CD62P-fluorescein-isothiocyanate
(FITC; clone, AK-4), a monoclonal antibody directed
against P-selectin expressed on platelet surface; and IgM-
FITC (clone, G155-228) and IgG1-FITC (clone, MOPC-
21), antibodies for nonspecific binding. PAC-1-FITC
(Becton-Dickinson, San Jose, CA) recognizes a neo-
epitope on the GPIIb/IIIa complex after undergoing the
activation-induced conformational change. Dulbecco’s
phosphate-buffered saline without Ca21 and Mg21, bo-
vine serum albumin, adenosine diphosphate (ADP), and
paraformaldehyde were obtained from Sigma Chemicals
(St. Louis, MO). Thrombin receptor agonist peptide 6
(TRAP-6) was purchased from Bachem (Heidelberg,
Germany).

Blood Collection and Incubation
After obtaining approval from the local ethics commit-

tee (Aachen, Germany) and informed written consent,
blood samples were taken from healthy volunteers who
had not received any medication for at least 2 weeks.
Venous blood was collected without tourniquet from a
cubital vein using a 21-gauge butterfly. The first 3 ml of
blood was used to perform a hemogram and were then
discarded. The next samples were drawn into polypro-
pylene tubes containing sodium citrate (Sarstedt, Nuerm-
brecht, Germany). Nine parts of blood were anticoagu-
lated with one part 3.8% trisodium citrate. All blood
samples were immediately diluted to 1:1 with 37°C pre-
warmed Dulbecco’s phosphate-buffered saline and were
placed in polypropylene tissue culture dishes (Sarstedt).

One diluted blood sample was processed immediately
to obtain baseline values. A second sample served as
control and was incubated for 1 h in an incubator con-
taining an atmosphere of 21% O2 and 5% CO2 at 37°C.
The third sample was incubated with 1 minimum alve-
olar concentration (MAC) sevoflurane (2 vol%) or
0.5 MAC sevoflurane (1 vol%) also for 1 h. For the
incubation, we used a recently developed chamber,
which allows the delivery of volatile anesthetics at low
gas flow rates in an atmosphere of 21% O2 and 5% CO2

at 37°C. Sevoflurane (Abbott, Wiesbaden, Germany) was
delivered as a volatile–air mixture using an anesthetic
machine (Titus; Draeger, Luebeck, Germany). Carbon
dioxide was administered into the chamber from an
external gas connection. After equilibration of the atmo-
sphere inside the chamber, the fresh gas flow was kept
at 0.5 l/min during the experiments. Oxygen, carbon
dioxide, and sevoflurane concentrations and the temper-
ature in the chamber were monitored continuously us-
ing a Datex AS/3 anesthesia monitor, including a multi-
gas analyzer (Datex Ohmeda, Helsinki, Finland).

Sample Preparation and Flow Cytometric Analysis
To achieve comparable preconditions for staining with

saturating antibody concentrations, the platelet count

was adjusted in all samples to approximately 20 3 109/l
by dilution with Dulbecco’s phosphate-buffered saline
containing 1% bovine serum albumin. Samples were
then divided and stimulated with ADP (1 mM final con-
centration) or TRAP-6 (6 mM final concentration). After 5
min, 40 ml of either unstimulated or stimulated samples
was added to polypropylene tubes containing saturating
concentrations of fluorochrome-conjugated antibodies
and antibodies for nonspecific binding. All aliquots were
allowed to stain for 15 min at room temperature in the
dark. The reaction was stopped with 1.5 ml cold Dul-
becco’s phosphate-buffered saline containing 1% bovine
serum albumin and 1% paraformaldehyde. The cells
were stored up to 30 min at 4°C in the dark until flow
cytometric measurements were performed.

Flow cytometric two-color analyses were performed
on a FACSCalibur flow cytometer and were analyzed
using CellQuest 3.1 software (Becton Dickinson). Before
each measurement, the flow cytometer was calibrated
with fluorescence microbeads (Calibrite Beads; Becton
Dickinson).

Platelets were identified by forward and side scatter
and PE staining. For each sample, the data of 10,000
single platelets were collected. For further analysis, the
platelets were gated in a side scatter versus fluorescence
2 (PE) dot plot. The mean FITC and PE fluorescence
intensities of the gated platelet populations were calcu-
lated from fluorescence histograms. The percentage of
platelets positive for PAC-1 was determined with a PAC-
1-FITC versus CD42b-PE dot plot. The percentage of
platelets positive for CD62P was measured in a CD62P
versus CD41a-PE dot plot. Results are expressed as per-
centage of platelets positive for a marker and the mean
fluorescence intensity (MFI) of the marker, reflecting the
numbers of epitopes expressed on a single platelet. MFI
and percentage of positive cells were calculated after
subtraction of nonspecific isotype-specific antibody
binding.8

Thromboelastography
Thromboelastography and PFA measurements were

also performed on baseline, control, and sevoflurane
samples. Thromboelastography was performed with the
rotation thromboelastograph (ro-TEG®; Nobis Labordiag-
nostica, Endingen, Germany). For each thromboelastog-
raphy, 300 l citrated blood was pipetted into the pre-
warmed (37C) cuvette of a rotation thromboelastograph,
and coagulation was induced by adding 20 l CaCl2. An-
alyzed parameters included coagulation or time from
sample placement until initial fibrin formation (R time),
clot formation or time taken for a fixed degree of vis-
coelasticity to be reached by the forming clot (K time),
maximum amplitude, or maximum clot firmness (reflec-
tion of the absolute strength of the fibrin clot).
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PFA Measurements
Platelet function analyzer measurements were per-

formed on a PFA-100 system (Dade, Miami, FL). This
system assesses platelet function in citrated whole blood
by monitoring the blood flow through an aperture cut in
a membrane coated with collagen and epinephrine or
ADP. The time required for the occlusion of the aperture
(closure time) has been reported to be indicative of the
platelet function. The maximum value for closure time is
300 s, and values greater than 300 s are reported as
nonclosure. Thromboelastography and PFA measure-
ments were performed only with 0.5 MAC sevoflurane.

Statistical Analysis
To provide a better overview of the range of individual

glycoprotein expression, data are given as mean, mini-
mum, and maximum values. Because the Kolmogorow-
Smirnow test revealed a normal distribution of the data,
we used analysis of variance followed by the Bonferroni
multiple comparison test to compare sevoflurane, base-
line, and control samples. A P value of less than 0.05 was
considered significant.

Results

Time-dependent Effects on Platelet Activation
To discover the effects of incubation time on platelet

activation, we compared the results of the control sam-
ples with the baseline samples. After 60 min of incuba-
tion, none of the measured parameters showed a signif-
icant difference to baseline (see also tables 1–3).

Effect of Sevoflurane on GPIIb/IIIa Expression and
PAC-1 Binding
Although sevoflurane had no significant effect on

GPIIb/IIIa complex expression in unstimulated platelets,
stimulation with ADP and TRAP-6 did not increase the
number of GPIIb/IIIa epitopes expressed on the surface
of those platelets incubated with sevoflurane (1 and
0.5 MAC), whereas GPIIb/IIIa epitopes almost doubled
in the baseline and control samples.

The monoclonal antibody PAC-1 was used to identify
the activated GPIIb/IIIa complex. After incubation with
sevoflurane (0.5 and 1 MAC), PAC-1 binding of unstimu-
lated as well as ADP- or TRAP-6–stimulated platelets was
significantly lower compared with baseline and control
samples. MFI and the number of cells positive for PAC-1
increased only slightly in platelets exposed to sevoflu-
rane, whereas both values showed a 10-fold increase in
baseline and control samples after activation. Incubation
with 0.5 MAC sevoflurane inhibited PAC-1 binding less
than did incubation with 1 MAC sevoflurane. Results are
summarized in tables 1 and 2.

Effects of Sevoflurane on GPIb Expression
Exposure to 1 and 0.5 MAC sevoflurane did not change

surface expression of GPIb in unstimulated platelets.
Interestingly, activation with ADP and TRAP-6 of plate-
lets incubated with sevoflurane did not result in a de-
crease in surface-expressed GPIb, whereas both activa-
tors induced a significant decrease in surface GPIb in
baseline and control platelets (tables 1 and 2).

Effects of Sevoflurane on P-selectin Expression
Incubation with sevoflurane (0.5 and 1 MAC) resulted

in a significant increase in CD62P-MFI and positive cells

Table 1. Unstimulated and Agonist-induced Platelet Antigen Expression after Exposure to 1 MAC Sevoflurane

Baseline
Control

(60 min Incubation)
1 MAC Sevoflurane
(60 min Incubation)

CD41a [MFI] 1,150 (995–1,330) 1,180 (1,009–1,380) 1,267 (1,071–1,562)
CD41a (1 mM ADP) [MFI] 2,157 (1,804–2,666) 2,068 (1,711–2,383) 1,272 (1,106–1,594)*
CD41a (6 mM TRAP-6) [MFI] 2,343 (1,899–2,753) 2,297 (1,753–2,719) 1,277 (1,075–1,600)*
PAC-1 [MFI] 9.9 (1.7–20.3) 9.4 (2.3–19.1) 6.2 (2–12.2)
PAC-1 (1 mM ADP) [MFI] 137.3 (82.4–187.7) 135.3 (86.5–193.3) 14.3 (2–33.9)*
PAC-1 (6 mM TRAP-6) [MFI] 178.1 (118.6–253.2) 179.1 (128.1–276.2) 10.3 (2.7–32.8)*
PAC-1 [% pos. platelets] 3.6 (0.5–9.5) 3 (0.7–9.8) 0.6 (0.3–1.4)*
PAC-1 (1 mM ADP) [% pos. platelets] 91.8 (81.6–98.2) 91.8 (78.5–97.2) 11.7 (0.6–44.3)*
PAC-1 (6 mM TRAP-6) [% pos. platelets] 91.1 (82.3–98.1) 92.5 (87–97.9) 6.2 (0.2–21.5)*
CD42b [MFI] 1,416 (1,075–1,746) 1,452 (1,251–1,741) 1,497 (1,148–1,950)
CD42b (1 mM ADP) [MFI] 1,083 (928–1,279) 1,105 (928–1,247) 1,422 (1,144–1,790)*
CD42b (6 mM TRAP-6) [MFI] 816.7 (654–958) 793.9 (635–991.4) 1,388.3 (1,100–1,688)*
CD62P [MFI] 6.6 (4.6–8.9) 5.7 (4.4–8) 7.4 (5.7–8.8)*
CD62P (1 mM ADP) [MFI] 22.2 (11.9–46.6) 22.7 (11.3–42.7) 22 (9.4–29.8)
CD62P (6 mM TRAP-6) [MFI] 61.6 (39.5–81.7) 68.3 (52.1–81) 63.7 (48.6–78.8)
CD62P [% pos. platelets] 2.3 (2–2.9) 2.3 (1.2–3.1) 4.4 (3.2–5.5)*
CD62P (1 mM ADP) [% pos. platelets] 7 (4.5–9.1) 8.5 (3.9–15.6) 17.7 (6.6–31.1)*
CD62P (6 mM TRAP-6) [% pos. platelets] 66.3 (43.2–84.2) 76.8 (67.1–84.3) 64.4 (43.3–86.8)

Data are expressed as mean, minimum, and maximum values.

* P , 0.05 versus control and baseline.

MFI 5 mean fluorescence intensity.
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in unstimulated platelets. Stimulation with ADP in-
creased the number of positive cells for P-selectin but
not the MFI in platelets exposed to sevoflurane. Activa-
tion with TRAP-6 did not result in significant differences
in surface expression of P-selectin in any of the three
groups, although overall P-selectin expression was
higher compared with unstimulated and ADP activated
platelets (tables 1 and 2).

Thromboelastographic and PFA Measurements
In comparison with baseline and control samples, the

samples incubated with sevoflurane (0.5 MAC) showed a
significantly increased R time and a significantly reduced
maximum amplitude. Clot formation time could not be
measured because the clot never reached the degree of
viscoelasticity required for its determination. PFA clo-
sure times of the baseline and control samples for both
cartridges remained within normal values, whereas clo-
sure times of the blood exposed to sevoflurane were
greater than 300 s analog to nonclosure. Because the

results obtained with 0.5 MAC sevoflurane were already
highly significant, we did not repeat the thromboelasto-
graphic and PFA measurements with 1 MAC sevoflurane
(table 3).

Discussion

In the current study, we have been able to show that
sevoflurane significantly altered platelet glycoprotein ex-
pression and platelet function, even in subanesthetic
concentrations in vitro. Already in unstimulated blood,
sevoflurane reduced basal PAC-1 binding and the per-
centage of PAC-1–positive cells. Stimulation of sevoflu-
rane-incubated platelets with ADP or TRAP-6 did not
result in an increase of surface-expressed GPIIb/IIIa, nor
did the amount of PAC-1 binding on a single cell and the
number of PAC-1–positive cells increase considerably. At
0.5 MAC sevoflurane, PAC-1 binding and the percentage
of positive cells for PAC-1 were greater in comparison

Table 2. Unstimulated and Agonist-induced Platelet Antigen Expression after Exposure to 0.5 MAC Sevoflurane

Baseline
Control

(60 min Incubation)
0.5 MAC Sevoflurane
(60 min Incubation)

CD41a [MFI] 1,220 (1,069–1,435) 1,159 (1,048–1,381) 1,213 (949–1,364)
CD41a (1 mM ADP) [MFI] 2,245 (1,958–2,597) 2,076 (1,724–2,429) 1,301 (973–1,493)*
CD41a (6 mM TRAP-6) [MFI] 2,493 (2,166–2,864) 2,308 (1,907–2,616) 1,216 (898–1,431)*
PAC-1 [MFI] 11 (2.6–25) 11.1 (3.1–21.4) 7.1 (2.1–13)*
PAC-1 (1 mM ADP) [MFI] 146.6 (83.9–189.4) 130 (93.7–173.3) 23 (8.5–50.7)*
PAC-1 (6 mM TRAP-6) [MFI] 168.6 (112.1–275) 158.9 (87–301.6) 14.7 (4.3–29.3)*
PAC-1 [% pos. platelets] 7.2 (1.3–17.1) 5.1 (1.1–11.4) 2.2 (0.3–6.8)*
PAC-1 (1 mM ADP) [% pos. platelets] 93.7 (82.4–97.6) 93.6 (86.7–97.5) 25.5 (3–59.9)*
PAC-1 (6 mM TRAP-6) [% pos. platelets] 93.4 (83.6–98.6) 91.1 (80.5–98.5) 16.2 (1.72–38.5)*
CD42b [MFI] 1,391 (1,260–1,616) 1,470 (1,170–1,644) 1,423 (1,040–1,663)
CD42b (1 mM ADP) [MFI] 1,038 (800–1,215) 1,135 (841–1,435) 1,363 (997–1,620)*
CD42b (6 mM TRAP-6) [MFI] 810 (574–1,193) 790 (660–1,067) 1,310 (1,016–1,550)*
CD62P [MFI] 5.8 (4.4–7.6) 6 (3.4–11.1) 7.9 (4.3–14.6)*
CD62P (1 mM ADP) [MFI] 20.3 (7.7–37.2) 20.5 (9.3–31.6) 23.8 (15.3–36.1)
CD62P (6 mM TRAP-6) [MFI] 66.56 (44.8–94.2) 67.2 (38.3–105.6) 60.1 (36.6–86.3)
CD62P [% pos. platelets] 3 (2.1–3.8) 2.9 (2–3.9) 4.4 (2.5–6.3)*
CD62P (1 mM ADP) [% pos. platelets] 7.9 (0.59–19) 8.4 (3.5–16.5) 26.3 (9.8–57.5)*
CD62P (6 mM TRAP-6) [% pos. platelets] 70.8 (49.1–85.5) 70.3 (50.1–92.5) 62.2 (37.2–90.9)

Data are expressed as mean, minimum, and maximum values.

* P , 0.05 versus control and baseline.

MFI 5 mean fluorescence intensity.

Table 3. Thromboelastography and PFA Measurements

Baseline
Control

(60 min. incubation)
0.5 MAC sevoflurane
(60 min incubation)

Thromboelastography
R time (min) 10.7 (7–14.4) 11.3 (9.8–14.6) 17.7 (16.1–20.6)*
K time (min) 6.2 (5.4–6.9) 6.3 (4.6–10.6) †
Maximum amplitude (mm) 53 (49–55) 51 (50–53) 8 (6–11)*
PFA measurements
Collagen/ADP (s) 98.6 (97–100) 101.3 (92–116) . 300*
Collagen/Epinephrine (s) 143.6 (132–162) 139.3 (132–150) . 300*

Data are expressed as mean, minimum, and maximum value.

* P , 0.05 versus control and baseline. † Clot formation time could not be measured because the clot never reached the degree of viscoelasticity required for
its determination.
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with 1 MAC, suggesting a possible dose-dependent inhi-
bition of receptor activation.

It is well-established that platelet adhesion is mediated
via glycoprotein GPIb receptors through interaction
with the von Willebrand factor and that further physio-
logic activation of platelets via intracellular signaling
pathways leads not only to an increased expression of
the GPIIb/IIIa receptor complex, but also to a conforma-
tional change and exposure of the fibrinogen binding
site. Subsequent fibrinogen bridging allows firm attach-
ment of adjacent platelets. This process is a prerequisite
for platelet aggregation and thrombus formation. There-
fore, an inhibition of the GPIIb/IIIa complex results in a
prolonged bleeding time.9,10 Because PAC-1 only binds
to activated GPIIb/IIIa epitopes, the reduced binding on
platelets exposed to sevoflurane in vitro could reflect a
serious incapacity to generate the fibrinogen binding site
and could thus induce platelet aggregation.

These results were confirmed by the prolonged bleed-
ing time in PFA measurements.11,12 Thromboelastogra-
phy also revealed an incapacity to produce a sufficient
clot firmness in sevoflurane-incubated blood. Further-
more, the thromboelastographic patterns resembled the
patterns produced by abciximab-modified thromboelas-
tography where the GPIIb/IIIa receptor is selectively
blocked by a monoclonal antibody fragment (c7E3 Fab;
ReoPro; Lilly, Bad Homburg, Germany), and the resulting
maximum amplitude is a function of the fibrinogen
concentration.13,14

Considering the fact that an activated GPIIb/IIIa recep-
tor complex is a prerequisite for primary and secondary
platelet aggregation, our findings do not correspond
with the studies of Hirakata et al. and Nozuchi et al.6

Hirakata et al.2,3 found that sevoflurane inhibited sec-
ondary platelet aggregation induced by ADP and epi-
nephrine, and Nozuchi et al.6 reported that sevoflurane
did not inhibit aggregation induced by thrombin. In our
study, after incubation with sevoflurane, neither a weak
agonist, such as ADP, nor a strong agonist, such as
TRAP-6, was able to recruit and activate a sufficient
number of GPIIb/IIIa epitopes on the platelet surface
required for adequate fibrinogen binding. Therefore, not
only secondary but also primary aggregation is impaired
by sevoflurane. The different study results may be partly
explained by the different methods used. In contrast to
the cited studies, we analyzed platelets in whole blood
instead of platelet suspensions. We also used sevoflurane
as a gas, not as a liquid, and allowed platelets to incubate
for 1 h.

Interestingly, not only was fibrinogen binding of plate-
lets impaired by sevoflurane, but the often-described
activation-induced redistribution of GPIb from the sur-
face to the internal membranes of the open canalicular
system also failed to occur.15–18 This leads to the con-
clusion that perhaps more than one inhibitory mecha-
nism is involved. Our results stand in contrast to the

results of Froehlich et al.,19 who observed a redistribu-
tion. Maybe the different incubation times and different
concentrations of ADP and TRAP-6 led to the divergent
findings.

Nevertheless, a-granule secretion on activation seems
to be unaffected by sevoflurane as determined by bind-
ing of a monoclonal antibody to P-selectin. P-selectin is
located in the membranes of a granules and becomes
externalized on the platelet surface after platelet activa-
tion and granule secretion.15,20 In unstimulated platelets,
P-selectin surface expression was even higher in plate-
lets exposed to sevoflurane.

The mechanism by which sevoflurane suppresses
platelet response to various stimuli remains unclear. The
hypothesis of Hirakata et al.2 that sevoflurane inhibits
thromboxane A2 formation by suppressing cyclooxygen-
ase activity cannot explain the effects of sevoflurane on
primary aggregation by inhibiting GPIIb/IIIa expression
and activation. The findings of Hirakata et al.2 can pos-
sibly be explained by the fact that GPIIb/IIIa mediates
the formation of thromboxane A2, and GPIIb/IIIa recep-
tor blockade impairs the formation of this secondary
feedback agonist.21

A direct inhibitory effect of sevoflurane on the GPIIb/
IIIa receptor, as well as an inhibition of intracellular
signaling pathways, might be possible, whereas a direct
effect on ADP and thrombin surface receptors seems to
be improbable because both agonists interact with spe-
cific receptor types, including the purinase-activated re-
ceptors PAR1 and PAR4 for thrombin and the purinergic
receptors P2Y1 and P2TAC for ADP. Although the signal-
ing pathways that deliver messages from these receptors
to the GPIIb/IIIa complex have not been completely
characterized, it seems likely that a link exists from the
G-protein–coupled agonist receptors to the GPIIb/IIIa
receptor complex, including phospholipase Cb, inositol
phosphates, and protein kinase C. Therefore, not only a
direct inhibitory effect of sevoflurane on the GPIIb/IIIa
receptor but also a possible interference with parts of
the signaling pathway is imaginable.22,23 Kohro and Ya-
makage24 investigated the effect of halothane on platelet
function and proposed a decrease in intracellular free
Ca21 and production of inositol 1,4,5 -triphosphate as
the possible inhibitory mechanism. A similar mechanism
is imaginable for the effects of sevoflurane on platelets.
However, further studies are necessary to confirm these
speculations.

In summary, sevoflurane inhibits agonist-induced
GPIIb/IIIa activation and surface expression on platelets
in whole blood already in subanesthetic concentrations
in vitro. The agonist-induced redistribution of GPIb into
the open canalicular system was also impaired by
sevoflurane, whereas no effect on P-selectin expression
in activated platelets as an indicator of activation depen-
dent a degranulation could be found. Although Hirakata
et al.3 observed an impaired platelet aggregation in pa-
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tients anesthetized with sevoflurane, and Nathan et al.25

noticed a higher blood loss in patients undergoing gyne-
cologic ambulatory anesthesia with sevoflurane, it must
be further evaluated whether our in vitro findings have
clinical implications.
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