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Platelets, Perioperative Hemostasis, and Anesthesia
PATHOLOGIC bleeding or thrombosis can commonly
complicate surgical procedures. Although many of these
complications are directly related to the anatomic distur-
bances of the operative procedure, hemostatic abnor-
malities may also contribute. Perioperative alterations in
hemostasis may arise from physiologic or pharmacologic
events that are intrinsic to the perioperative experience.
The administration of anesthetic agents is one such
event that has the potential to influence hemostasis. In
this issue of ANESTHESIOLOGY, Nakagawa et al.1 describe
the effects of ketamine on platelet function using an in
vitro model. They report that the addition of ketamine to
platelets inhibits agonist-induced aggregation, and that
the mechanism of inhibition involves suppression of
platelet inositol 1,4,5-triphosphate formation, guanosine
5-triphosphosphatase activity, and calcium currents. In-
hibition in response to ketamine occurred in a dose-
dependent manner. However, substantial inhibition of
function only occurred at in vitro concentrations of
ketamine that exceed clinical concentrations in vivo.

During the past 25 yr, hundreds of articles have been
published that describe the impact of various anesthetic
agents and techniques on a variety of measures of hemo-
stasis. Many of these studies have focused on the influ-
ence of anesthesia on platelets. Because platelets have
the preeminent role in primary hemostasis, this focus is
appropriate. The adhesion of platelets to subendothelial
collagen and von Willebrand factor, and the subsequent
aggregation of platelets via fibrinogen cross-bridging, is
the basis for initial hemostatic plug formation after vas-
cular disruption. In addition, platelets markedly acceler-
ate fibrin clot formation by providing coagulation pro-
tein binding sites and phospholipids that improve the
enzymatic efficiency of the coagulation cascade. Further-
more, platelets are known to be the hemostatic element
primarily involved in arterial thrombotic diseases, and
they participate to a lesser degree in the development of
venous thrombosis as well. Therefore, studies that ex-
amine the effect of anesthetics agents and techniques on
platelet function can provide insight into hemostatic

processes that may have clinical importance in the peri-
operative period.

A variety of tests can be used to assess platelet func-
tion. The most commonly used clinical test, bleeding
time, is not a true test of platelet function. Rather, it is a
test of primary hemostasis because it measures the func-
tion of endothelial cells and critical adhesive ligands
(e.g., fibrinogen, von Willebrand factor, and collagen) in
addition to measuring platelet function. Furthermore,
bleeding time is known to be a poor test for predicting
surgical bleeding complications. The most widely used
laboratory test to assess platelet function is platelet ag-
gregometry. This assay can be performed in whole blood
or isolated platelet preparations and has excellent sensi-
tivity and specificity for platelet abnormalities. However,
because these tests require specialized equipment and
expertise to perform, they are not used for routine he-
mostatic screening, and the relation between these tests
and perioperative bleeding and thrombotic disorders is
largely unknown. A number of tests have been advo-
cated for bedside assessment of platelet function, includ-
ing thromboelastography, platelet-activated clotting
time, and automated platelet function analysis. Although
these tests are easy to perform, the thromboelastogram
and platelet-activated clotting time are not specific for
platelet function, and the correlation between these
three tests and perioperative bleeding has been modest.
In addition to the aforementioned tests, a variety of tests
can be used to assess the function of specific platelet
receptors, proteins, and intracellular signaling mole-
cules. These tests include flow cytometry and quantita-
tive biochemical techniques, such as those used in the
article by Nakagawa et al.1 These techniques are pow-
erful because they provide the ability to evaluate specific
mechanisms of platelet function; however, they require
substantial technical expertise, and the relation between
these types of assays and perioperative morbidity is
unknown.

The majority of anesthetic agents, including intrave-
nous induction agents, volatile anesthetics, and local
anesthetics, have been reported to inhibit platelet func-
tion as measured by platelet aggregometry. The magni-
tude of this inhibitory effect seems to vary among the
different agents. For example, the inhibitory effects of
halothane and sevoflurane are reported to exceed that of
isoflurane,2–4 and among intravenous induction agents,
propofol has been most consistently associated with
platelet inhibition.4–6 The mechanism through which
anesthetics inhibit platelet function is largely unknown
and probably varies among the different agents. The
major contribution of Nakagawa et al.1 is to identify
some of the mechanisms that may be involved in medi-
ating the inhibitory effect of ketamine. Unfortunately, stud-
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ies that define the in vivo consequences of anesthetic-
related platelet inhibition are lacking. There are virtually no
data that indicate that any general anesthetic regimen is
better than any other for reducing perioperative bleeding
or thrombotic complications. Among studies that investi-
gated the impact of regional versus general anesthesia,
results have been mixed.7–9

Does the lack of evidence that anesthetics affect in
vivo hemostatic outcome mean that all anesthetics are
equivalent with respect to these outcomes? Not neces-
sarily. It remains possible that an anesthetic regimen
with potent antiplatelet actions could lead to bleeding
complications in a patient who is genetically predis-
posed, whose environment contains additional hemor-
rhagic risk factors (e.g., hemodilution, anticoagulants),
or who is undergoing a procedure that involves a high
risk for bleeding complications (e.g., neurosurgery).
However, an important lesson can be gleaned from stud-
ies that have examined the effect of aspirin on periop-
erative hemostasis. Although the antiplatelet action of
aspirin is indisputable, many studies have shown that
aspirin has minimal impact on perioperative blood loss
and transfusion.10–12 Therefore, even if an anesthetic
inhibits platelet function, its use will not necessarily lead
to clinically relevant bleeding complications.

Basic science reports, such as that of Nakagawa et al.,1

are important because they alert clinicians to the poten-
tial for hemostatic complications associated with differ-
ent anesthetics. The clinical implication of these reports
is enhanced when (1) platelet inhibition in vitro occurs
at anesthetic concentrations that are routinely achieved
and sustained in vivo; (2) the magnitude of platelet
inhibition is large; (3) inhibition can be demonstrated
using a variety of platelet agonists, tests of platelet func-
tion, or both; and (4) in vivo administration of anes-
thetic agents or regimens produces hemostatic alter-
ations consistent with those observed in vitro.
Ultimately, however, the clinical impact of different an-
esthetics on hemostasis can only be determined through
clinical trials that evaluate well-defined bleeding, throm-
botic outcomes, or both. Regrettably, such trials are
lacking.

Anesthesiologists have vast experience with surgical
bleeding complications. We prescribe and administer
more blood products than any other group of physicians.

As perioperative and intensive care specialists, we diag-
nose a variety of thrombotic disorders and administer
therapies to prevent and treat these diseases on a daily
basis. Indeed, the scope of practice and experience of
anesthesiologists has made us leaders in the field of
perioperative hemostasis. To retain this leadership, we
need to increase our understanding of the pathophysio-
logic processes that lead to perioperative hemorrhagic
and thrombotic disorders. In particular, we need to un-
derstand how genetic factors interact with anesthetics
and other perioperative influences to alter outcome. In
addition, we need to place greater emphasis on the
conduct of clinical trials to determine whether specific
therapies can reduce morbid outcome.

Nauder Faraday, M.D., Associate Professor of Anesthesiology/Critical
Care Medicine and Surgery, Department of Anesthesiology, Johns Hop-
kins Medical Institutions, Baltimore, Maryland. nfaraday@jhmi.edu

References

1. Nakagawa T, Hirakata H, Sato M, Nakamura K, Hatano Y, Makamura T,
Fukuda K: Ketamine suppresses platelet aggregation possibly by suppressed
inositol triphosphate formation and subsequent suppression of cytosolic calcium
increase. ANESTHESIOLOGY 2002; 96:1147–52

2. Gibbs NM: The effect of anaesthetic agents on platelet function. Anaesth
Intensive Care 1991; 19:495–505

3. Hirakata H, Nakamura K, Sai S, Okuda H, Hatano Y, Urabe N, Mori K:
Platelet aggregation is impaired during anaesthesia with sevoflurane but not with
isoflurane. Can J Anaesth 1997; 44:1157–61

4. Dogan IV, Ovali E, Eti Z, Yayci A, Gogus FY: The in vitro effects of
isoflurane, sevoflurane, and propofol on platelet aggregation. Anesth Analg 1999;
88:432–6

5. De La Cruz JP, Carmona JA, Paez MV, Blanco E, De La Cuesta FS: Propofol
inhibits in vitro platelet aggregation in human whole blood. Anesth Analg 1997;
84:919–21

6. Aoki H, Mizobe T, Nozuchi S, Hiramatsu N: In vivo and in vitro studies of
the inhibitory effect of propofol on human platelet aggregation. ANESTHESIOLOGY

1998; 88:362–70
7. Prins MH, Hirsh J: A comparison of general anesthesia and regional anes-

thesia as a risk factor for deep vein thrombosis following hip surgery: A critical
review. Thromb Haemost 1990; 64:497–500

8. Tuman KJ, McCarthy RJ, March RJ, DeLaria GA, Patel RV, Ivankovich AD:
Effects of epidural anesthesia and analgesia on coagulation and outcome after
major vascular surgery. Anesth Analg 1991; 73:696–704

9. Norris EJ, Beattie C, Perler BA, Martinez EA, Meinert CL, Anderson GF, Grass
JA, Sakima NT, Gorman R, Achuff SC, Martin BK, Minken SL, Williams GM,
Traystman RJ: Double-masked randomized trial comparing alternate combina-
tions of intraoperative anesthesia and postoperative analgesia in abdominal aortic
surgery. ANESTHESIOLOGY 2001; 95:1054–67

10. Amrein PC, Ellman L, Harris WH: Aspirin-induced prolongation of bleeding
time and perioperative blood loss. JAMA 1981; 245:1825–8

11. Reich DL, Patel GC, Vela-Cantos F, Bodian C, Lansman S: Aspirin does not
increase homologous blood requirements in elective coronary bypass surgery.
Anesth Analg 1994; 79:4–8

12. Tuman KJ, McCarthy RJ, O’Connor CJ, McCarthy WE, Ivankovich AD:
Aspirin does not increase allogeneic blood transfusion in reoperative coronary
artery surgery. Anesth Analg 1996; 83:1178–84

1043EDITORIAL VIEWS

Anesthesiology, V 96, No 5, May 2002

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/96/5/1042/404926/7i0502001042.pdf by guest on 18 April 2024


