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Abstract: Patients undergoing cardiac surgery often experience abnor-

mal bleeding, due primarily to cardiopulmonary bypass (CPB)-induced

activation of platelets. Sevoflurane may inhibit platelet activation,

raising the possibility that administering it during CPB may reduce

blood loss.

Patients between 18 and 65 years old who were scheduled for

cardiac surgery under CPB at our hospital were prospectively enrolled

and randomized to receive intravenous anesthetics alone (control group,

n¼ 77) or together with sevoflurane (0.5–1.0 vol/%) from an oxyge-

nator (sevoflurane group, n¼ 76). The primary outcome was post-

operative blood loss, the secondary outcome was postoperative need

for blood products.

Volume of blood loss was 48% lower in the sevoflurane group than

the control group at 4 hours after surgery, and 33% lower at 12 hours

after surgery. Significantly fewer patients in the sevoflurane group

lost >700 mL blood within 24 hours (9 of 76 vs 28 of 77, P< 0.001).

As a result, the sevoflurane group received significantly smaller

volumes of packed red blood cells (1.25� 2.36 vs 2.23� 3.75 units,

P¼ 0.011) and fresh frozen plasma (97� 237 vs 236� 344 mL,

P¼ 0.004). Thus the sevoflurane group was at significantly lower

risk of requiring complex blood products after surgery (adjusted

odds ratio [OR] 0.34, 95% confidence interval [CI] 0.17–0.68,

P¼ 0.002).

Sevoflurane inhalation from an oxygenator during CPB may

reduce blood loss and need for blood products after cardiac surgery.

(Medicine 95(17):e3424)

Abbreviations: CPB = cardiopulmonary bypass, FFP = fresh
ng Luo, MD, Hao ue Xiong, MD,
u, PhD, and Jing Zhou, PhD

INTRODUCTION

B leeding occurs in many patients following cardiac surgery
under cardiopulmonary bypass (CPB). Massive blood loss

and subsequent blood transfusion are associated with high mor-
bidity and mortality.1–5 Mounting evidence suggests that the
primary cause of blood loss after cardiac surgery is CPB-induced
platelet activation.6–9 Activated platelets upregulate their surface
expression of adhesion molecules such as P-selectin and glyco-
protein (GP) IIb/IIIa6,7,10,11 and release platelet-specific proteins
from alpha granules, such as platelet factor 4, which can induce
progressive platelet dysfunction.7,8 This dysfunction is observa-
ble as weakened platelet aggregation in response to agonists such
as collagen10 and adenosine diphosphate (ADP).12 For example,
chest tube drainage after surgery has been associated with
impaired collagen-induced platelet aggregation.13 Risk of mas-
sive blood loss can be reduced by increasing the numbers of
collagen-activated functional platelets.6

Recent work suggests that volatile anesthetics, especially
sevoflurane,14–17 can attenuate platelet activation much more
than the anesthetics isoflurane and desflurane. Sevoflurane
inhalation significantly delayed platelet aggregation in a
clinical trial involving 30 patients scheduled to undergo minor
elective surgery such as knee arthroscopy or hand surgery.14

In an in vitro study involving blood samples from healthy
volunteers, low-dose sevoflurane incubation for 1 hour reduced
ADP-induced platelet aggregation.15 In small samples of
healthy subjects16 and patients on maintenance anesthesia,17

sevoflurane reduced the formation of platelet-leukocyte con-
jugates. How the anesthetic exerts these effects is unclear. It
may do so by inhibiting cyclooxygenase activity and therefore
TXA2 formation,18 as well as by inhibiting expression of GPIIb/
IIIa16 and P-selectin15,17 on the platelet surface. These studies
raise the possibility that sevoflurane inhalation during CPB may
reduce the volume of postoperative blood loss and the need for
blood products. On the other hand, the effects of sevoflurane on
platelets may last up to 24 hours;16 since hemostasis requires
platelet activation, this prolonged effect may actually raise the
risk of postoperative bleeding.19

Whether sevoflurane inhalation during cardiac surgery
reduces or increases bleeding is unknown. Therefore, we under-
took this prospective, randomized, controlled pilot study to
examine the effect of sevoflurane inhalation on bleeding.

METHODS

Patients
This prospective, randomized, controlled, single blind

study was performed in West China Hospital, Sichuan Univer-

ol was approved by the ethics review
Hospital, and all patients gave written
re participation.
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Adult patients between 18 and 65 years old who were
scheduled to undergo coronary artery bypass grafting and/or
valve replacement surgery under CPB at our hospital between
November 2014 and May 2015 were eligible for enrollment.
Patients were excluded if they had a history of emergency
surgery, repeat surgery, abnormal coagulatory function, or
hematologic disorders; a platelet count< 50� 109 or
>300� 109/L, hemoglobin concentration <10 g/dL, renal
(serum) creatinine concentration >132.6 mol/L, or history of
liver dysfunction with prolonged prothrombin time and/or
elevated international normalized ratio. Patients were also
excluded if they were already enrolled in other clinical trials.

Patients on aspirin or antiplatelet therapy were enrolled in
our trial only if such therapy was halted at least 5 or 7 days,
respectively, before surgery. This is in accordance with inter-
national guidelines.20 Patients exited the study if there was a
deviation from the planned surgical procedures, confirmed
surgical bleeding or death within 12 hours after surgery.

Anesthesia and CPB Priming
Anesthesia was performed using procedures that are stan-

dard at our hospital.21 Briefly, anesthesia was induced using
sufentanil supplemented with midazolam and nondepolarizing
muscle relaxants, then maintained with propofol and inhaled
sevoflurane. After median sternotomy and systemic hepariniza-
tion (375 U/kg), an aortic cannula and 2 venous cannulas were
inserted into the distal ascending aorta and upper and inferior
vena cava in order to set up CPB. The bypass equipment included
a roller pump, membrane oxygenator (Medtronic, Minneapolis,
MN), and tubing system. CPB was primed using 500 mL lactated
Ringer solution, 1000 mL succinylated gelatine injection, and
3750 U heparin. Upon CPB completion, residual pump blood was
collected into a blood bag containing sodium citrate, neutralized
by protamine, and returned to the patient.21 All patients received
tranexamic acid (2 g) within 30 minutes after CPB. After bleeding
stopped, 2 drainage tubes were placed into the pericardium before
chest closure in order to drain blood effusion.

FIGURE 1. Patient selection, randomization, and analysis.
Study Design
Using a random number table, patients were randomized

into 2 groups before CPB began. Patients in the control group
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received intravenous anesthetics throughout the bypass pro-
cedure. Patients were continuously infused with propofol (3–
6 mg/kg/hour) and Sufentanil (0.5-1 mcg/kg/hour); midazolam
a muscle relaxants were given when necessary. Patients in the
sevoflurane group received the same intravenous anesthetics, as
well as sevoflurane (0.5–1.0 vol%) from the oxygenator. The
perfusionist knew the patient allocation, but the anesthesiolo-
gist, surgeon, postoperative clinical staff, and data analysts were
blinded to group assignment.

Patients in the sevoflurane group received sevoflurane
from a vaporizer connected to an air blender, which was
connected in turn to an oxygenator. After initiation of CPB,
patients received 0.5 vol% sevoflurane by inhalation from the
oxygenator. To maintain mean arterial pressure within 20% of
its baseline value, sevoflurane dose was adjusted within the
range 0.5 to 1 vol% and a vasopressor was administered
as necessary.

We estimated the minimal acceptable sample size to be 70
patients in each of the 2 CBP groups in order to have a 75%
likelihood of detecting a 100-mL difference in total blood loss
between the 2 groups, assuming a standard deviation of 200 mL
and a 2-sided alpha level of 5%.

Outcomes
The primary outcome was blood loss from the chest tube

within 24 hours after cardiac surgery. One secondary outcome
was the need for transfusion of blood products, defined as
packed red blood cells (PRBCs), fresh frozen plasma (FFP),
platelets, prothrombin complex, fibrinogen, or cryoprecipitate.
Indications for blood product transfusion were the same as those
routinely used at our hospital.21 Briefly, PRBC was added to the
circuit as needed to maintain hemoglobin levels>7 g/dL during
CPB, and it was given to patients in the operating room when
hemoglobin levels were <8 g/dL and to patients in the intensive
care unit (ICU) when hemoglobin levels were<9 g/dL. FFP was
given in the operating room at the discretion of the anesthesiol-
ogist or surgeon based on bleeding in the surgical field. FFP was
given in the ICU whenever mediastinal drainage was >150 mL/
hour. Cryoprecipitate (25–30 mL), prothrombin complex and/

or fibrinogen were given if mediastinal drainage was >100 mL/
hour after activated clotting time had returned to normal.
Platelets were given in the operating room at the discretion

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Characteristics of Cardiac Surgery Patients Who Received Inhaled Sevoflurane or not During Cardiopulmonary Bypass

Characteristic
Control Sevoflurane

P(n¼ 77) (n¼ 76)

Before surgery
Age in year, mean (range) 54 (30–77) 55 (18–73) 0.496
Males, n, % 39 (50.6) 38 (50) 0.936
Body mass index, m2 1.6� 0.2 1.6� 0.2 0.978
Smoking history, n, % 30 (39.0) 20 (26.3) 0.095
Hypertension, n, % 16 (20.8) 19 (25) 0.534
Diabetes, n, % 4 (5.2) 9 (11.8) 0.159
Stroke history, n, % 3 (3.9) 2 (2.6) 1.000
Percutaneous coronary intervention history, n, % 5 (6.5) 3 (3.9) 0.719
Endocarditis, n, % 1 (1.3) 1 (1.3) 1.000
Atrial fibrillation, n, % 30 (39.0) 31 (40.8) 1.000
Unstable angina, n, % 13 (16.9) 12 (15.8) 1.000
Left ventricle ejection fraction, % 59� 10 60� 9 0.471
Myocardial infarction, n, % 8 (10.4) 2 (2.6) 0.098
Pulmonary artery hypertension, n, % 9 (11.7) 9 (11.8) 1.000
New York Heart Association stage 2.8� 0.5 2.7� 0.5 0.646
Anti-platelet agents, n, % 12 (15.6) 15 (19.7) 0.501
Platelet count, � 109/L 147� 55 164� 52 0.063
Activated partial thromboplastin time, second 31.2� 5.8 30.8� 11.6 0.814
Prothrombin time, second 13.2� 4.1 13.7� 4.3 0.968
International normalized ratio 1.16� 0.35 1.15� 0.34 0.797
Fibrinogen, g/L 2.74� 0.70 2.99� 0.79 0.038

During surgery
Operation type, n, % 0.730

Coronary artery bypass surgery 15 (19.5) 17 (22.4)
Coronary artery bypass surgeryþ valve replacement 2 (2.6) 1 (1.3)
Bentall procedure 6 (7.8) 3 (3.9)
Double valve replacement 16 (20.8) 20 (26.3)
Aortic valve replacement 9 (11.7) 9 (11.8)
Mitral valve replacement 27 (35.1) 26 (34.2)
Tricuspid valve replacement 2 (2.6) 0 (0)

Maze, n, % 24 (31.2) 30 (39.5) 0.282
Surgery duration, hour 4.1� 0.9 4.2� 0.9 0.272
Cardiopulmonary bypass duration, min 122� 36 128� 37 0.284
Cross-clamp duration, minute 82� 28 87� 31 0.335
Body temperature, 8C 32.7� 0.7 32.8� 0.8 0.429
Perfusion index, L/min�m2 2.35� 0.19 2.37� 0.18 0.403
Ultrafiltration, n, % 42 (54.5) 40 (52.6) 1.000
Total heparin, mg 232� 43 233� 40 0.828
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of the anesthesiologist or surgeon, and/or in the ICU when
postoperative platelet count was <50� 109/L.

Another secondary outcome was the occurrence of adverse
events, which might arise from systemic inflammatory response
and/or blood product transfusion. Such events included respir-
atory failure, heart failure, renal failure, nervous system
damage, and any cause of death within 30 days after cardiac
surgery. Organ dysfunction was defined as described pre-
viously.22 Briefly, respiratory failure was defined as PaO2/
FiO2 � 100 mm Hg with PEEP � 5 cm H2O in the absence
of cardiac dysfunction. Renal dysfunction was defined as post-

Total protamine, mg
Residual pump blood, mL
operative serum creatinine level >177 mM and an increase
>62 mM from preoperative baseline. Heart failure was defined
as congestive heart failure or acute myocardial infarction.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Patients experiencing failure of >2 organs were classified as
having multiple organ dysfunction.

Statistical Analysis
Data were analyzed using SPSS 13.0 (IBM, Chicago, IL).

Normally distributed continuous data were expressed as mean
� standard deviation and were compared between groups using
one-way analysis of variance. Non-normally distributed con-
tinuous data were expressed as the median (range), and inter-
group differences were assessed for significance using the
Kruskal–Wallis test. Categorical data were expressed as a

236� 36 240� 40 0.485
670� 180 709� 224 0.239
percentage, and intergroup differences were assessed using
the Chi-squared or Fisher exact tests, with continuity correction
when appropriate. Pearson correlation analysis was used to
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FIGURE 2. Postoperative outcomes in patients who received
inhaled sevoflurane or not during cardiopulmonary bypass. (A)
Chest tube drainage, (B) packed red blood cell transfusion, and
(C) fresh frozen plasma transfusion. ‘‘In OR after CPB’’ refers to the
interval between when patients were weaned off CPB and when
they arrived in the intensive ICU. CPB¼ cardiopulmonary bypass,
ICU¼ intensive care unit, OR¼operation room.

TABLE 2. Rates of Massive Blood Loss and Blood Product
Use After Cardiac Surgery in Patients Who Received Inhaled
Sevoflurane or Not During Cardiopulmonary Bypass (n, %)

Control Sevoflurane
P(n¼ 77) (n¼ 76)

Massive blood loss
�

28 (36.4) 9 (11.8) 0.000
Packed red blood cellsy 36 (46.8) 23 (30.3) 0.036
Fresh frozen plasmay 32 (41.6) 13 (17.1) 0.001
Platelets 19 (24.7) 15 (19.7) 0.463
Prothrombin complex 17 (22.1) 7 (9.2) 0.029
Fibrinogen 3 (3.9) 2 (2.6) 1.000
Cryoprecipitate 5 (6.5) 2 (2.6) 0.442

�
Defined as chest tube drainage >700 mL within 24 hours in the

intensive care unit.
yDelivered in the operating room during and/or after cardiopulmonary

bypass and/or after transfer to the intensive care unit.

Tan et al
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assess a possible association between platelet count and blood
loss after cardiac surgery. Univariate and multivariate logistic
regression were performed to identify possible associations
between sevoflurane and each predefined outcome. In these
analyses, odds ratios were used to estimate the predicted change
in risk for a unit increasing in the predictor variable. Regression
was performed with and without adjustment for age, body
weight, New York Heart Association classification, hyperten-
sion, diabetes, platelet count, antiplatelet drugs, coagulatory
function, surgery type, and CPB duration. The threshold of
significance was defined as P< 0.05.

RESULTS
Of 198 eligible patients, 39 were excluded and 6 exited the

study, leaving 153 in the final analysis (Figure 1). The 2 groups
were similar in terms of duration of surgery and CPB, but the
sevoflurane group showed marginally higher platelet count and
plasma fibrinogen concentration (Table 1).

Sevoflurane Inhalation During CPB Reduced
Blood Loss After Surgery

Chest tube drainage across all patients was 556� 196 mL
within 24 hours after surgery, and it was significantly lower in
the sevoflurane group after 4, 12, and 24 hours in the ICU
(Figure 2A). Drainage volume was 48% lower in the sevoflur-
ane group (78 mL) at 4 hours, and 33% lower (113 mL) at
12 hours. We defined drainage >700 mL per 24 hours as mas-
sive blood loss, based on the fact that the first-quartile drainage
volume was 380 mL and the third-quartile volume was 695 mL.
The proportion of patients experiencing massive blood loss was
smaller in the sevoflurane group than in the control group
(Table 2). Since this result may be influenced by intergroup
differences in several factors that can increase postoperative
bleeding, we estimated risk of massive blood loss after adjusting
for body weight, platelet count, antiplatelet therapy, coagula-
tory function, type of surgery, and CPB duration. This analysis
indicated that sevoflurane significantly reduced risk of massive
blood loss (Table 3).

Sevoflurane Decreased Use of Blood Products
After Surgery

The 2 CPB groups showed similar hemoglobin levels
during surgery (Figure 3A). Across all 153 patients, 37
(24.1%) received PRBC transfusions, while 45 (29.4%)
received FFP. Approximately 1-quarter of PRBC transfusions
(59 units, 25%) and a handful of FFP transfusions (800 mL, 3%)
were given by a perfusionist during CPB. The remaining 3-
quarters of PRBC transfusions and 97% of FFP transfusions
were administered after CPB; in fact, 57% of all PRBC and 71%
of all FFP transfusions were administered in the ICU.

During CPB, the rate and volume of PRBC transfusions
were similar between the control group (11 of 77 patients,
0.42� 1.06 units) and sevoflurane group (12 of 76 patients,
0.36� 0.86 units; P¼ 0.702). One patient in each group
received an FFP transfusion during CPB (P¼ 0.533).

The rates of PRBC and FFP transfusions in the operating
room after CPB were marginally lower in the sevoflurane
group than in the control group, and the corresponding rates
in the ICU were significantly lower in the sevoflurane group

Medicine � Volume 95, Number 17, April 2016
(Figure 2B and C). As a result, a smaller proportion of sevo-
flurane patients received PRBC and/or FFP transfusions after
CPB (Table 3).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Risk of Massive Bleeding and Need for Blood Products After CPB

Event
Unadjusted OR

P
Adjusted OR

�

P(95%CI) (95%CI)

Massive blood lossy 0.24 (0.10–0.54) 0.0007 0.20 (0.08–0.49) 0.0005
Packed red blood cellsz 0.49 (0.26–0.96) 0.037 0.26 (0.11–0.64) 0.003
Fresh frozen plasmaz 0.29 (0.14–0.61) 0.001 0.25 (0.10–0.58) 0.001
Use of �2 blood products§ 0.29 (0.11–0.73) 0.009 0.27 (0.10–0.76) 0.013
Serious adverse eventsjj 0.39 (0.14–1.06) 0.066 0.40 (0.13–1.19) 0.098

CI¼ confidence interval, CPB¼ cardiopulmonary bypass, ICU¼ intensive care unite, OR¼ odds ratio.�
Adjusted for age, body weight, New York Heart Association classification, hypertension, diabetes, platelet count, antiplatelet drugs, coagulatory

function, surgery type, and CPB duration.
yDefined as chest tube drainage >700 mL within 24 hours in the ICU.
zTransfused in the operating room after CPB and/or in the intensive care unit (excluding transfusion by a perfusionist during CPB).
§ lets,

al fa
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All transfusions of platelets, prothrombin complex, fibri-
nogen, and cryoprecipitate were administered after CPB. Rates
of these perfusions were similar between the 2 groups, except
for the rate of prothrombin complex transfusion, which was
lower in the sevoflurane group (Table 2). Similarly, the total
amount of prothrombin complex transfused was smaller in the
sevoflurane group (39� 126 vs 94� 200 units, P¼ 0.049).

Patients who experienced massive blood loss after CPB
represented 24% of our patient population but accounted for a
much higher proportions of transfusions: PRBC, 51%; FFP,
64%; platelets, 40%; prothrombin complex, 63%; fibrinogen,

Transfused after CPB; products included fresh frozen plasma, plate
jjSerious adverse events included death; heart, respiratory, and/or ren

were counted once.
53%; and cryoprecipitate, 91%. Since the control group con
tained a higher proportion of patients with massive blood loss
we examined whether the control group required a large

FIGURE 3. Changes in hemoglobin levels (A) and platelet counts
(B) between baseline and after cardiac surgery in patients who
received inhaled sevoflurane or not during cardiopulmonary
bypass. ICU¼ intensive care unite.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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amount of blood products (Figure 4). Indeed, the sevoflurane
group was at significantly lower risk of needing complex blood
products for hemostasis (unadjusted odds ratio [OR] 0.40, 95%
confidence interval [CI] 0.21–0.74, P¼ 0.004; adjusted OR
0.34, 95%CI 0.17–0.68, P¼ 0.002). Similarly, the sevoflurane
group was at significantly lower risk of requiring �2 types of
blood products (Table 3).

To analyze the effects of sevoflurane on hemostasis, we
determined platelet counts before surgery and at 4 and 24 hours
after surgery. Platelet counts were similar between the 2 groups
at all-time points (Figure 3B).

Sevoflurane Did Not Reduce Postoperative
Adverse Events

Although sevoflurane was associated with a significantly
shorter ICU stay (Table 4), it did not affect duration of intuba-
tion or hospitalization. Similarly, it did not significantly affect
the rate of serious or other adverse events within 30 days after
cardiac surgery (Table 4). Risk of serious adverse events within
30 days was similar between the 2 groups (Table 3).

DISCUSSION
Previous studies suggest that 15% to 20% of cardiac

patients consume 80% of all blood products used during oper-
ations,20 and in our cohort, the quartile of cardiac patients who
experienced massive blood loss accounted for more than half of
blood product use. This highlights the need to identify simple,
effective strategies to reduce blood loss during cardiac surgery.
We provide evidence in this pilot study that inhalation of 0.5 to
1 vol% sevoflurane from an oxygenator during CPB reduces
postoperative blood loss, especially massive blood loss, as well
as the need for blood products.

Volatile anesthesia is a double-edged sword, primarily
because of dose-dependent effects.23 Although sevoflurane
concentrations of 0.5 to 1 vol% exert strong antiaggregatory
effects,18 concentrations of 1.71 to 3.42 vol% may increase P-
selectin expression on the surface of platelets, inducing their
binding to leukocytes.24 High concentrations of sevoflurane
also affect hemodynamics; indeed, our pilot study with 121
patients not involved in the present work showed that inhalation

prothrombin complex, fibrinogen, and cryoprecipitate.
ilure; and multiple organ dysfunction. Patients with �2 adverse events
of 1 to 1.5 vol% sevoflurane from an oxygenator increased the
requirement for vasopressors (to >5 mg of metaraminol per
case) in order to maintain mean arterial pressure above

www.md-journal.com | 5
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50 mm Hg. This may reflect the combination of sevoflurane
with intravenous anesthesia during CPB. In contrast, a low
concentration of 0.5 to 1 vol% in our pilot study significantly
reduced the requirement for metaraminol during CPB (to<3 mg
per case). Therefore, we used low sevoflurane concentrations of
0.5 to 1 vol% in the present work.

In our study, blood loss within 24 hours after cardiac
surgery was as high as 550 mL, yet chest tube drainage was
significantly lower in the sevoflurane group. This contrasts with
previous studies of noncardiac surgery suggesting that sevo-
flurane increases risk of postoperative bleeding.19,25 This dis-
crepancy may reflect the different types of surgery involved, as
well as the small samples in those previous studies. The
proportion of patients needing PRBC transfusion in our sevo-

FIGURE 4. Proportions of patients receiving transfusions of 0 to 4
randomized to receive inhaled sevoflurane or not during cardiopulm
prothrombin complex, fibrinogen, and cryoprecipitate.
flurane group was as low as 30.3%, suggesting that low-dose
sevoflurane reduces the requirements for PRBC transfusion to a
similar extent as aprotinin and tranexamic acid.26,27 In addition,

TABLE 4. Outcomes at 30 Days After Cardiac Surgery in P
Cardiopulmonary Bypass

Outcome
Contr
(n¼ 7

Serious adverse events, n, %
�

15 (19
Death

�
0 (0)

Heart failure
�

4 (5.2
Respiratory failure

�
13 (16

Renal failure
�

1 (1.3
Stroke

�
2 (2.6

Multiple organ dysfunction
�

5 (6.5
Other adverse events, n, %

�
9 (11

Dialysis
�

1 (1.3
Reintubation

�
4 (5.2

Tracheotomy
�

4 (5.2
Intubation duration, houry 31.7� 7
Length of intensive care unit stay, houry 84.9� 1
Length of hospital stay, dayy 11� 1

�
Used the Chi-square or Fisher exact test.
yUsed the student t test.
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we found that low-dose sevoflurane did not increase the rate of
adverse events after surgery, in contrast to aprotinin and tra-
nexamic acid.26,27

The main reason for bleeding after cardiac surgery is CPB-
induced clotting defects involving decreased coagulation, fibri-
nolysis, and thrombocytopenia. Correcting these defects often
necessitates transfusion of FFP or other blood products. Among
our entire cohort, 29% received FFP, 22% received platelets,
and 17.6% of patients received >2 types of blood products
when bleeding in the surgical field did not improve in the
operating room, or when blood loss remained >150 mL/hour in
the ICU after FFP transfusion. Nevertheless, the sevoflurane
group received less FFP and prothrombin complex than the
control group, and the proportion of patients receiving�2 types

od products during and after cardiac surgery. Patients had been
ary bypass. Blood products included fresh frozen plasma, platelets,
of blood products was lower in the sevoflurane group. These
results suggest that low-dose sevoflurane inhalation during CPB
can improve hemostasis.

atients Who Received Inhaled Sevoflurane or not During

ol Sevoflurane
P7) (n¼ 76)

.5) 8 (10.5) 0.174
2 (2.6)

) 1 (13.2)
.9) 6 (7.9)
) 0 (0)
) 0 (0)
) 1 (1.3)

.7) 5 (6.6) 0.401
) 0 (0)
) 5 (6.6)
) 0 (0)
4.0 19.5� 12.5 0.163
21.3 54.5� 28.0 0.036
1 10� 5 0.180

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



The ability of sevoflurane to reduce blood loss may
reflect an influence on platelet counts and/or platelet function.
The 2 groups in our study showed similar platelet counts,
leading us to suggest that sevoflurane may have influenced the
proportion of active platelets. This possibility is consistent
with increasing evidence that platelet function, rather than
platelet count, plays a more important role in coagulation.
Platelet count cannot be used to evaluate platelet-involved
clotting,28 and some investigators recommend platelet trans-
fusion for patients with clotting time >40 seconds even when
platelet counts are as high as 100� 109/L.24 One study
reported that total platelet counts in cardiac surgery patients
were similar between those experiencing small or large blood
loss, but that those experiencing small blood loss showed
significantly higher functional platelet counts.6 Patients with
impaired platelet function during CPB are more likely to
require intraoperative transfusions than patients with better
platelet function,8,9 and platelet dysfunction appears to predict
high blood loss after operation.6,29

In this way, the results of our preliminary study lead us to
propose that sevoflurane inhalation preserves the function of
platelets by inhibiting their CPB-induced activation. Although
this hypothesis would explain our results and those of a previous
study,30 it begs the question: why does not sevoflurane increase
blood loss? The answer may relate to the role of platelets in
coagulation. Intraoperative transfusion and 24-hour chest tube
drainage are associated with platelet aggregation induced by
collagen and thrombin receptor-activating peptide, but not with
aggregation induced by ADP.6,13 Studies in vitro suggest that
sevoflurane inhibits ADP-induced platelet aggregation, but not
thrombin- or collagen-induced aggregation.31 This may also
help explain why blood loss after endoscopic sinus surgery was
similar for patients anesthetized with inhaled sevoflurane or
with intravenous propofol.30

Our pilot study demonstrates the potential of low-dose
sevoflurane to reduce blood loss following cardiac surgery,
which should be verified and extended in larger studies. These
future studies should avoid the limitations of the present work
by including patients from multiple institutions. In addition,
future work may not wish to follow our anesthesia protocol,
which calls for low-dose sevoflurane inhalation before and after
CPB. Future studies may also wish to impose clear, predeter-
mined thresholds for platelet transfusion, since lack of data on
platelet counts and function in the operating room can make the
decision for platelet transfusion arbitrary. Future work may also
wish to record blood loss after weaning from CPB to gain a
more complete picture of the effects of low-dose sevoflurane on
postoperative blood loss.

Future work should examine directly the hypothesis that
low-dose sevoflurane reduces blood loss by inhibiting platelet
activation and preserving platelet function after CPB. This can
be queried by examining agonist-induced platelet aggregation
and measuring levels of coagulation factors. Regardless of the

Medicine � Volume 95, Number 17, April 2016
mechanism, if inhalation of 0.5 to 1.0 vol% sevoflurane from an

oxygenator during CPB can be confirmed to reduce blood loss,
it may have significant clinical impact.
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