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Arthroplasty, Background and objectives: Hydroxyethyl starch (HES) 130/0.4 is considered an effective plasma
Replacement, expander when compared to crystalloids. There is controversy around its superiority regarding
Hip; hemodynamic optimization and about possible detrimental effects on coagulation. The aim of this
Anesthesia, study was to compare the effects of HES 130/0.4 to lactated Ringer solution during hip arthroplasty
Spinal; in adult patients under spinal anesthesia regarding intraoperative bleeding, hemodynamic
Blood Transfusion; parameters, coagulation profile, transfusion requirements and clinical outcomes.

Hetastarch: Methods: In this randomized, controlled trial, 48 patients scheduled for hip arthroplasty with spinal
Hemodiluti;n. anesthesia were randomized into two groups: 24 patients were allocated to receive a preload

of 15 mL.kg" of HES 130/0.4 and 24 patients received a preload of 30 mL.kg" lactated Ringer
solution before surgery. Hemodynamic measurements, hemoglobin concentrations, biochemical
parameters and coagulation tests were evaluated in three periods during surgical procedure.
Patients received medical follow-up during their hospital stay and up to postoperative 30 days.
Primary outcome was the requirement of red blood cell transfusion between groups during hospital
stay. Secondary outcome were hemodynamic parameters, length of hospital stay, mortality and
occurrence of clinical postoperative complications.
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Results: Red blood cell transfusion was required in 17% of patients in the HES group and in 46% in
the Ringer group (p = .029). Postoperative infections were more frequently observed in the Ringer
group (17%) compared to the HES group (0), p = .037. There were no significant differences between
groups in mortality, hospital length of stay and clinical complications other than infection.
Conclusions: During hip arthroplasty, patients treated with hypervolemic hemodilution with
hydroxyethyl starch 130/0.4 required less transfusion and presented lower infection rate compared
to patients who received lactated Ringer.

© 2013 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda.
Este ¢ um artigo Open Access sob a licenca de CC BY-NC-N])

Introduction

The best type of fluid for intravascular volume replacement in
major surgeries remains a matter of controversy '. Synthetic
colloids seem to be more attractive because of their ability
to maintain intravascular fluid volume and regional tissue per-
fusion more efficiently than crystalloids 2“. However, colloid so-
lutions such as hydroxyethyl starchs (HES), gelatin and dextran,
when compared to crystalloid solutions are more expensive and
may be associated with adverse effects, such as acute renal
failure, and platelet and coagulation disorders 9.

Third-generation HES - as HES 130/0.4 and HES 130/0.42
- relate to less adverse effects ratio, probably due to struc-
tural moieties, as they present lower molecular weight and
the degree of molar substitution, compared to other HES
solutions 78,

A multicenter randomized trial showed that allogenic
transfusion increases morbidity and mortality rates in
critically ill patients''. Adverse risks associated with blood
transfusion include higher infection rates, immunologic risks
and increase in costs '>'5. Pharmacologic agents such as
tranexamic acid or aminocaproic acid (EACA) could reduce
perioperative blood loss by interfering with fibrinolysis .
Numerous small trials evaluated the use of antifibrinolytics
in orthopedic surgery, observing their efficiency in reducing
blood loss. Unfortunately, they were underpowered to detect
efficacy on more relevant clinical outcomes. Furthermore,
the remaining concern is that such agents may promote a hy-
percoagulable state within the context of high risk of venous
thromboembolism, such as in orthopedic surgery '8,

This prospective, randomized and controlled study was
performed to compare the effects of HES 130/0.4 with
lactated Ringer solution during hip arthroplasty in adult pa-
tients under spinal anesthesia regarding transfusion require-
ments, hemodynamic parameters and clinical postoperative
complications.

Methods

Study Design and Treatment Strategies

We performed a prospective, randomized and controlled trial
that enrolled consecutive patients scheduled for elective hip
arthroplasty at the Instituto de Ortopedia e Traumatologia do
Hospital das Clinicas da Universidade de Sao Paulo, Brazil,
during a 24-month period. Patients were excluded for any
of the following reasons: age younger than 18 years; obes-
ity (BMI > 40 kg.m?); chronic kidney disease (creatinine
clearance lower than 60 mL.min"".m?2); American Society of
Anesthesiologists (ASA) physical status classification Il or
higher; chronic anemia (preoperative hemoglobin lower than
10 g.dL"); low platelet count (preoperative platelet count

lower than 150x10%.puL"); coagulopathy (previous history or
prothrombin time longer than 14.8 seconds); left ventricular
dysfunction (left ventricular ejection fraction lower than
40%); myocardial infarction during the last 6 months, unstable
angina, hepatic dysfunction (total bilirubin level higher than
1.5 mg.dL"); and refusal to consent.

The study was approved by the Ethics Committee,
Hospital das Clinicas, Universidade de Sao Paulo, and writ-
ten informed consent was obtained from all patients before
enrollment.

Patients were randomly assigned to the HES group or lac-
tated Ringer group at a proportion of 1:1. Opaque envelopes
arranged using a random-number table were prepared by
the chief statistician and opened sequentially to determine
the patient’s treatment group. The research coordinator
enrolled the participants and obtained informed consent.
Information about the treatment was given to the anesthe-
siologist. Patients and the outcome assessors were blinded
to group assignments.

Immediately after anesthetic procedure, patients as-
signed to the HES group received 15 mL.kg ' intravenous of
HES 6% 130/0.4 and patients assigned to lactated Ringer
group received 30 mL.kg" intravenous of lactated Ringer.
The trigger for additional fluid replacement was a systolic
blood pressure lower than 90 mm Hg and/or a decrease of
20% from baseline, or heart rate higher than 100 beats per
minute. Vasopressors were used if there was persistent hypo-
tension despite fluid replacement. Red blood cell transfusion
was administered in patients with hemodynamic instability
(mean arterial pressure lower than 65 mm Hg despite of
adequate fluid replenishment) associated with hemoglobin
lower than 8 g.dL".

Anesthesia protocol

Patients were premedicated with 5 mg of intravenous mi-
dazolam in the pre-induction anesthetic room. All patients
were monitored with non-invasive blood pressure, continuous
electrocardiography and pulse oximetry. A peripheral cath-
eter 16G under local anesthesia was inserted in the cubital
vein. Arterial and central venous catheters were placed as
required. Lumbar spinal anesthesia, preferably into L3/L4
space with a 27G needle, was performed. A mixture of iso-
baric bupivacaine 20 mg plus morphine 100 pg was used in all
patients. Sedation with intravenous propofol 0.1pg.kg' was
administered in all patients during the surgical procedure.
Hypothermia was prevented during the surgery and recov-
ery period with the use of a heating blanket and warmed
intravenous fluids. After surgical procedure, all patients
were transferred to post-anesthetic unit care until complete
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recovery from anesthesia. Patients were discharged from
post-anesthetic unit to regular wards when they met Aldrete-
Kroulic discharge criteria.

Baseline Assessment and Data Collection

At the time of randomization, demographic and clinical data
were obtained for each patient. Preoperative laboratory
values collected up to 24 hours before surgery were recorded
and included: hemoglobin, hematocrit, prothrombin time,
active partial thromboplastin time, creatinine level, bilirubin
level, and platelet count. During surgery, arterial pressure,
heart rate and pulse oxymetry were recorded immediately
before and after the regional anesthesia, every 15 minutes
until the end of the surgery, as well as in the recovery room.
Blood samples for measurement of hemoglobin levels, arte-
rial blood gas analysis and assessment of coagulation and
platelet aggregation were collected just before the surgery,
2 hours after the incision, at the end of the surgery and after
24 hours of the surgical procedure. Platelet aggregation was
assessed by light transmission aggregometry using a PAP-4
aggregometer after ADP infusion 1%,

Blood losses from the surgical field were calculated by
computing the amount of blood in surgical aspirators, and
by weighing surgical sponges during the procedure. In the
remaining 24 hours of the postoperative period, blood losses
were considered by obtaining the volume from tube drainage.
All administered intravenous fluids and red blood cells were
recorded from the beginning of the surgery until the first 24
hours after the surgical procedure.

During patients’ hospital stay, data were collected regard-
ing the use of RBC transfusion and clinical complications.
Clinical outcomes were evaluated in a blinded fashion.

Hematological complications were defined as impairment
of platelet aggregation and increase in blood losses during
perioperative and within the first 24 hours of postoperative
period. Respiratory complications were defined as the need
for mechanical ventilation and development of pneumonia
or acute respiratory distress syndrome (ARDS) defined by
standard criteria 2'. Cardiac complications included car-
diogenic shock, tachyarrhythmia or perioperative cardiac
ischemia 2.

Renal function was evaluated daily using RIFLE (Renal
risk, Injury, Failure, Loss of kidney function, End-stage kidney
disease) classification 2. The need for renal replacement
therapy was recorded.

Infectious complications included: septic shock - de-
fined by standard criteria); pneumonia - defined by a new
lung infiltrate on chest radiography and the presence of
at least two of the following criteria: temperature of
38°C or higher, leukocytosis greater than 12,000 cells.
HL " or leucopenia lower than 3,000 cells.uL", or purulent
endotracheal secretions with a Gram stain showing more
than 25 neutrophils and fewer than 10 epithelial cells per
field; wound infection - defined as a superficial or deep
infection of the wound with positive findings on cultures
obtained from the wound 4.

Outcome Measures

The primary outcome was red blood transfusion requirement
from operation time until 30 days after surgical procedure.
Secondary outcomes included a comparison of hemodynamic

variables and tissue perfusion parameters between groups
during the surgical procedure, and postoperative incidence
of all complications, including infectious, hematological,
cardiovascular, respiratory and renal complications, and
hospital length of stay.

Statistical Analysis

The sample size was calculated assuming a 40% incidence
in transfusion requirement in crystalloid group. Considering
an alpha error of 0.05 and a statistical power of 0.80, we
determined that a minimum of 23 patients in each group was
necessary to conduct the present study.

Results are expressed as means with 95% confidence
intervals (Cls) or medians with interquartile ranges (IQR).
Continuous variables were compared using a t test or Mann-
Whitney U test and categorical variables using Pearson
chi-square or Fisher’s exact test. The differences between
and within the groups were analyzed with one-way analysis
of variance on ranks. Tests were 2-tailed, and values of
p < 0.05 were considered statistically significant. Statistical
analyses were performed using SPSS version 18.0 (SPSS Inc,
Chicago, Illinais).

Results

A total of 48 patients were enrolled in the study: 24 as-
signed to the HES group 130/0.4 and 24 in the lactated
Ringer group. Baseline characteristics were well matched
between study groups (Table 1). Anesthetic requirements
and duration of surgery were also similar in the groups.
There was no difference regarding intraoperative body
temperature and hemodynamic parameters - heart rate,
systolic and diastolic pressures between groups (Table 2).
No difference was found with regards to urinary output,
need for norepinephrine, inotropic support and additional
fluid administration.

Coagulation parameters, hemoglobin and hematocrit val-
ues at different times were similar in both groups (Table 3).
The analysis of arterial blood gas did not reveal any differ-
ence between groups in values of arterial pH, partial pressure
of oxygen, partial pressure of carbon dioxide, base excess
and bicarbonate (Table 4). Biochemical analysis was not dif-
ferent between groups (Table 5)

Clinical Outcomes

Perioperative Blood Transfusion

In the Ringer group, 11 patients (46%) needed RBC transfu-
sion during hospital stay compared to four patients (17%) in
the HES group (p = 0.029) (Figure 1).

Platelet Aggregation

Platelet aggregation tests were significantly impaired in
the HES group when compared to lactated Ringer group
(Figure 2). D = the difference between groups was demon-
strated immediately after HES infusion (p = 0.042), after
two hours (p = 0.029) and at the end of surgical procedure
(p = 0.029).
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Table 1 Baseline Characteristics of Study Patients.

Variable HES 130 / 0.4 Lactated Ringer p
(N =24) (N =24)

Age (years) - mean (95%Cl) 54 (47 to 61) 53 (47 to 59) 0.889
Male sex - N (%) 14 (58.3%) 9 (37.5%) 0.149
Weight (kg) - mean (95%Cl) 74 (71 to 77) 71 (66 to 75) 0.248
Duration of surgery (mim) - median (IQR) 158 (120 to 190) 155 (135 to 180) 0.860
Duration of anesthesia (min) - median (IQR) 208 (180 to 240) 225 (169 to 240) 0.615
Cl: Confidence Interval, IQR: Interquartile range.
Table 2 Hemodynamics and Clinical Variables of Patients Undergoing Hip Arthroplasty.
Mean (95%Cl) I(-:fS: 123;(; /0.4 (Lsc:azt:)d Ringer p
Heart Rate (bpm)

Baseline 77 (74 to 81) 78 (73 to 83) 0.058

2h after incision 80 (76 to 85) 72 (67 to 77)

End of surgery 83 (79 to 87) 75 (70 to 80)
Systolic blood pressure (mm
Hg)

Baseline 131 (124 to 138) 131 (126 to 137) 0.508

2h after incision*® 109 (102 to 115) 103 (98 to 108)

End of surgery*® 112 (107 to 118) 111 (107 to 115)
Dyastolic blood pressure (mm
Hg)

Baseline 79 (75 to 83) 82 (77 to 87) 0.508

2h after incision*® 63 (59 to 67) 57 (53 to 62)

End of surgery* 66 (63 to 69) 66 (61 to 71)
Body temperature (°C)

Baseline 36.3 (36.2 to 36.4) 36.3 (36.2 to 36.4) 0.508

2h after incision*® 36 (36 to 36.1)

End of surgery* 36.2 (36.1 to 36.4)

35.9 (35.8 to 36.1)
36.1 (35.9 to 36.2)

Cl: Confidence Interval; * significant difference with baseline.

Perioperative Blood Loss

The total amount of blood loss was significantly higher in HES
group (mean 1.296 mL + 673.24 in HES group versus 890.00 +
566.54 mL in lactated Ringer group; p < 0.0460) (Figure 3).

Secondary Outcomes

There were no significant differences between groups in
hospital mortality or in length of stay either in the post-
anesthetic care unit or in regular wards (Table 6). There
were no differences in the occurrence of cardiac compli-
cations, respiratory complications or renal complications.
Patients treated with lactated Ringer had a higher number
of infectious complications (4/24, 17%) than the HES group
(0) (p =0.03). Three patients presented wound infection and
one patient had prosthesis infection. One postoperative death
occurred in the HES group secondary to myocardial infarction
leading to fatal cardiogenic shock.

Discussion

In patients undergoing hip arthroplasty, fluid replacement
with hydroxyethyl starch 130/0.4 resulted in higher rates
of bleeding when compared to those that received lactated
Ringer. Conversely, starch treated patients required less
transfusion, and presented a lower rate of infection. The
higher rates of bleeding attributed to the HES group did not
compromise the clinical outcomes of these patients.

Elective major orthopedic surgery was chosen because it
offers a common and standard surgical setting that allowed
the study design to be largely based on clinical routine. The
crystalloid-colloid volume ratio of 2:1 was established based
on previous studies that compared the effectiveness of col-
loids against crystalloids 8252,

In our study, the higher impact of colloids on platelet
aggregation tests did not seem to result in worse clinical
outcomes, as the HES group received less transfusion. The
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Table 3 Hematological Analysis of Patients Undergoing Hip Arthroplasty.

2h after incision*

End of surgery*

31 (29 to 34)
30 (28 to 31)

32 (30 to 35)
30 (27 to 33)

Mean (95%Cl) I(-I'\Ilile ?O /0.4 I(_S:;it)ed Ringer p
Thrombin time (sec)

Baseline 1.01 (0.98 to 1.04) 1.01 (0.98 to 1.03) 0.346

2h after incision* 1.03 (1 to 1.06) 1.04 (1.02 to 1.06) -

End of surgery* 1.03 (1 to 1.07) 1.06 (1.04 to 1.09) -

24h after surgery* 1.02 (0.99 to 1.05) 1.04 (1 to 1.08) -
Prothrombin time (sec)*

Baseline 1.03 (0.98 to 1.08) 1.43 (0.62 to 2.24) 0.597

2h after incision 1.08 (1.03 to 1.12) 1.05 (1.02 to 1.08) -

End of surgery 1.18 (1.08 to 1.27) 1.12 (1.07 to 1.17) -

24h after surgery 1.21 (1.08 to 1.34) 1.12 (1.07 to 1.17) -
Partial thromboplastin time (sec)

Baseline 1.04 (1 to 1.09) 1.4 (0.59 to 2.21) 0.612

2h after incision 1.09 (1.04 to 1.14) 1.02 (0.98 to 1.06) -

End of surgery 1.1 (1.04 to 1.16) 1.03 (0.99 to 1.07) -

24h after surgery 1.08 (1.02 to 1.15) 1.07 (1 to 1.15) -
Hemoglobin (g/dL)

Baseline 13.8 (13.1 to 14.5) 13.6 (13 to 14.3) 0.629

2h after incision® 10.4 (9.7 to 11.2) 10.9 (10.1 to 11.7) -

End of surgery* 9.9 (9.4 to 10.3) 10.1 (9.1 to 11.2) -
Hematocrit (%)

Baseline 42 (40 to 44) 41 (39 to 43) 0.772

Cl: Confidence Interval; * significant difference with baseline.

hypothesis for this finding is that colloids accounted for
improved hemodynamic stability; therefore, few patients
in this group needed transfusion.

Considering the deleterious effects produced by alloge-
neic transfusion in different clinical scenarios ¥ and consist-
ent data showing a relatively low impact of new generations
of starch on coagulation 2, HES administration would be an
attractive alternative to traditional fluid replacement in
major orthopedic surgeries under spinal anesthesia.

Traditional protocols involve fluid expansion with crystal-
loid and liberal protocol of allogeneic transfusion. In fact,
evidence from previous studies showing benefits of allogeneic
blood transfusion is deeply hindered by a significant number
of underpowered studies with a small-sized population.
In addition, the TRICC trial (Transfusion Requirements in
Critical Care) - the only large RCT that compared a restric-
tive versus a liberal transfusion strategy - was sufficiently
powered to favor a restrictive transfusional trigger in clini-
cal ICU patients . In a large orthopedic trial undertaken
in 1999, a total of 2,640 hip and 1,305 knee arthroplasty
patients were evaluated ?. A total of 2,762 (69%) received

transfusion, of which only 35% autologous and 25% allogeneic.
The most important finding of this study was that the rate of
wound infections was significantly higher (4.2% vs. 1%) when
comparing patients exposed to allogeneic and autologous
transfusion, respectively .

Nevertheless, common techniques that may reduce allo-
geneic blood transfusion during major surgeries - such as the
acceptance of lower levels of hemoglobin before transfusion
decision, routine use of acute normovolemic hemodilution
(ANH), cell salvage and pharmacological haemorrhage control
- are not systematically used in most countries 3%%, Although
being extremely feasible, ANH is not largely employed. We
have extensively investigated experimentally the effects of
ANH on the heart *', lungs * and different organs *. In these
experimental studies, results favored colloid over crystalloid
fluid replacement that concerns cellular and organ architec-
ture preservation. In our study, however, patients submitted
to hypervolemic hemodilution with starch 130/0.4 presented
more bleeding than those who received moderate quantities
of lactated Ringer. This could be the result of hemodilution
and/or direct action of starch on the coagulation system.
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Table 4 Gas Analysis of Patients Undergoing Hip Arthroplasty.

Mean (95%Cl) I(-I'\Il-ZS= 121(; /0.4 I(_'jc:aztf)d Ringer p
pH
Baseline 7.37 (7.36 to 7.39) 7.38 (7.36 to 7.39) 0.240
2h after incision*® 7.37 (7.34 to 7.39) 7.32 (7.3 to 7.35)
End of surgery*® 7.33 (7.3 to 7.35) 7.33 (7.3 to 7.35)
24h after surgery 7.37 (7.35 to 7.39) 7.36 (7.34 to 7.37)
Arterial PO, (mm Hg)
Baseline 100 (84 to 117) 104 (90 to 119) 0.206
2h after incision* 143 (115 to 171) 155 (136 to 174) -
End of surgery* 111 (97 to 125) 131 (112 to 151)
24h after surgery 95 (93 to 97) 99 (93 to 105)
Arterial PCO, (mm Hg)
Baseline 41 (39 to 43) 43 (38 to 47) 0.742
2h after incision 43 (40 to 45) 42 (39 to 45)
End of surgery 43 (41 to 46) 43 (41 to 46)
24h after surgery 41 (39 to 42) 41 (39 to 43)
Base excess (mmol.L")
Baseline -0.72 (-1.37 to -0.06) -0.33 (-1.31 to 0.65) 0.894
2h after incision* -1.66 (-2.61 to -0.71) -1.38 (-2.47 to -0.3)
End of surgery* -2.59 (-3.71 to -1.47) -2.61 (-3.66 to -1.56)
24h after surgery -0.62 (-1.36 to 0.12) -1 (-1.68 to -0.31)
Sodium bicarbonate (mEq.L")
Baseline 24 (24 to 25) 24 (23 to 25) 0.577

2h after incision*®
End of surgery*®
24h after surgery

23 (22 to 24)
23 (21 to 24)
24 (23 to 25)

23 (22 to 24)
22 (21 to 23)
24 (23 to 24)

Cl: Confidence Interval; * significant difference with baseline.

Considering the effects of hemodilution, Ruttman and col-
leagues **aimed to investigate whether hemodilution altered
coagulation in patients scheduled to peripheral vascular sur-
gery under regional anesthesia. Although much less volume
was used in both groups compared to our study, the colloid
group showed no coagulation disorder. In contrast, those
who received more crystalloids presented more changes in
the coagulation profile measured by thromboelastography.
They concluded that this was caused by plasmatic dilution
determined by rapid crystalloid infusion.

In our study, patients treated with starch showed more
bleeding. This was possibly due to acute hemodilution, since
30 mL.kg" was employed, in an attempt to maintain the
patient hemodinamically stable without the need for further
transfusion. The direct effects of starch on hemostasis and
coagulation should also be considered. The platelet aggrega-
tion test used in our investigation was significantly affected

and this finding stresses the more pronounced effects of
starches on platelet function when compared to the effects
on other components of the hemostatic system, as shown by
several studies. Kozek-Langenecker et al. 3> described the
molecular mechanism of starches on the coagulation system.
According to this study, the low-molar substitution is the
main determinant of increased metabolic degradation, which
ascertains undesirable effects, particularly on hemostasis.
Slowly degradable HES, characterized by high- and medium-
molecular weight, determine plasmatic reduction on the
levels of factor VIII and vWF. At the same time, it decreases
platelet reactivity under two mechanisms: decrease in the
availability of the platelet fibrinogen receptor glycoprotein
lib-1lla and interference on platelet-linking properties of
VWF. On the other hand, fast degradable HES solutions with
medium- and low-molecular weight showed reduced effects
on hemostasis.
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Table 5 Biochemical Findings of Patients Undergoing Hip Arthroplasty.

HES 130 / 0.4 Lactated Ringer p
Mean (95%Cl) (N=24) (N=24)
Sodium (mEq.L")
Baseline 141 (139 to 142) 139 (138 to 140) 0.055

2h after incision
End of surgery
24h after surgery

Potassium (mEq.L")

Baseline 4.2 (4to 4.4)

2h after incision*®

140 (139 to 141)
139 (139 to 140)
139 (138 to 140)

138 (137 to 139) -
139 (138 to 140) -
138 (137 to 140) :

End of surgery*

24h after surgery*
AST (U/L)

Baseline

2h after incision

End of surgery

24h after surgery
ALT (U/L)

Baseline

2h after incision

End of surgery

24h after surgery

Serum glucose (mg.dL™)

Baseline

2h after incision*
End of surgery*
24h after surgery*

Serum creatinine (mg.dL™)

Baseline

24h after surgery*

4.2 (4 to 4.4) 0.746
3.9 (3.8 to 4.1) 4 (3.8 t0 4.2) -
3.9 (3.8 to 4) 3.9 (3.8to 4) -
3.9 (3.7 to 4) 3.9 (3.8to 4) -
0.162

20.8 (17.3 to 24.4)
21.6 (18.7 to 24.5)
21 (17.8 to 24.1)
22.3 (18.6 to 26)

19.3 (16.7 t0 21.9)
19 (16.8 t0 21.2)

19.3 (17.1 to 21.4)
20.5 (17.7 to 23.2)

93 (87 to 98)
102 (96 to 108)
104 (97 to 111)
108 (99 to 118)

0.86 (0.77 to 0.95)
0.97 (0.88 to 1.05)

19.1 (16.9 to 21.3)
18.7 (16.7 t0 20.7)
18.9 (17.1 t0 20.6)
18.5 (16.1 t0 20.9)

17.1 (14.2 t0 20.1)
17 (15 to 18.9)

16.7 (14.9 to 18.4)
16.8 (14.7 to 18.8)

96 (91 to 100)
100 (96 to 104)
100 (96 to 104)
105 (96 to 113)

0.82 (0.71 to 0.92)
0.87 (0.75 t0 0.99)

0.336

Cl: Confidence Interval; * significant difference with baseline.

In this context, Gandhi et al. '®compared the safety of
two starches (HES 130/0.4 vs. HES 670/0.75 in saline) during
major orthopedic surgery °. The primary safety endpoints
were calculated: total erythrocyte loss, the nadir factor VI
activity, and the nadir von Willebrand factor concentration
within 2 hours of surgery completion. The total volume of
colloid solution required for intraoperative volume replace-
ment did not differ between HES 130/0.4 and hetastarch. The
nadir factor VIII activity within 2 hours of the end of surgery
decreased in both groups, but was lower for hetastarch than
for HES 130/0.4 (p = .0499). For those who received more

than 1,000 mL of colloid, von Willebrand factor levels also
decreased in both groups within 2 hours of the end of surgery,
but the concentration was lower for hetastarch than for HES
130/0.4. They concluded that HES 130/0.4 and hetastarch
were equally effective as plasma volume expanders, with HES
130/0.4 showing a lesser effect on coagulation °. Qur study
showed a similar finding of the low impact of HES 130/0.4 on
coagulation tests, except for platelet aggregation.

The impact of blood transfusion on infection rates was
determined by several studies '? that correlated immuno-
logical interplay between blood transfusion and infection.
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Table 6 Clinical Outcomes in Patients Undergoing Hip Arthroplasty.

Variable HES 130 / 0.4 Lactated Ringer p
(N = 24) (N = 24)
Length of hospital stay (days) - median (IQR) 5 3to7) 5 (4 to 6) 0.323
Cardiovascular complication 1/24 (4%) 0/24(0%) 1.000
Infection 0/24 (0%) 4/24 (17%) 0.037
Renal complication 1/24(4%) 0/24(0%) 1.000
Respiratory complication 1/24(4%) 0/24(0%) 1.000
Death 1/24 (4%) 0/24 (0%) 1.000
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Figure 2 Blood Loss in Perioperative Period in Patients
Undergoing Hip Arthroplasty.

In our study, the Ringer group required more transfusion and
had a higher rate of infection. Four patients in this group
had postoperative infection, and one of them was submit-
ted to three surgical procedures combined with antibiotic
therapy.

Fluid replacement with HES 130/0.4 resulted in reduced
transfusion rates and in lower incidence of infection, com-
pared to crystalloid solution, an outcome that suggests that
colloid-induced hypervolemic hemodilution would be an at-
tractive strategy to be applied in orthopedic surgery.
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no periodo pos-operatorio. O principal fator foi a necessidade de transfusao de hemacias entre
os grupos durante a internacao. Os fatores secundarios foram parametros hemodinamicos, tempo
de internacdo, mortalidade e ocorréncia de complicacdes clinicas.
Resultados: A transfusao de hemacias foi necessaria em 17% dos pacientes do grupo HES e em 46%
dos pacientes do grupo Ringer lactato (p = 0,029). Infecces pos-operatorias foram observadas
com mais frequéncia no grupo de Ringer lactato (17%) em comparacao com o grupo HES (0),
p = 0,037. Nao houve diferencas significativas entre os grupos em relacdo a mortalidade, ao
tempo de internacao e as complicacoes clinicas, exceto infeccao.
Conclusoes: Durante a artroplastia de quadril, os pacientes tratados com hemodiluicao hipervolémica
normal com hidroxietilamido 130/0,4 precisaram de menos transfusdo e apresentaram indice menor
de infeccao em comparacao com os pacientes que receberam Ringer lactato.
© 2013 Sociedade Brasileira de Anestesiologia. Publicado pela Elsevier Editora Ltda.
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Introducao

O melhor tipo de liquido para reposicao volémica intra-
vascular em cirurgias de grande porte continua sendo uma
questao controversa'. Os coloides sintéticos parecem ser
mais atraentes por causa da capacidade de manter o volume
de liquido intravascular e a perfusao tecidual regional mais
eficientemente do que os cristaloides 2. No entanto, as
solucoes coloides, tais como os amidos de hidroxietilo (HES),
a gelatina e o dextrano, sao mais caras do que as solucdes
cristaloides e podem estar associadas a efeitos adversos, tais
como insuficiéncia renal aguda e distUrbios de coagulacao
e plaquetas >°.

Os HES de terceira geracao, como HES 130/0,4 e HES
130/0,42, estao relacionados a taxas menores de efeitos
adversos, provavelmente por causa das caracteristicas es-
truturais, uma vez que diminuem o peso molecular e o grau
de substituicao molar em comparacao com outras solucoes
de HES 78,

Um estudo multicéntrico e randomico mostrou que a
transfusao alogénica aumenta as taxas de morbidade e mor-
talidade em pacientes gravemente doentes''. Os efeitos ad-
versos associados a transfusao de sangue incluem taxas mais
altas de infeccao e risco de comprometimento imunoldgico,
além de aumento dos custos '#'°. Agentes farmacologicos,
como o acido tranexamico ou o acido aminocaproico (EACA),
podem reduzir a perda sanguinea perioperatdria ao interferir
na fibrinolise . Muitos estudos restritos avaliaram o uso de
antifibrinoliticos em cirurgia ortopédica e observaram sua
eficiéncia na reducao de perda sanguinea. Infelizmente, eles
ndo tém muito poder estatistico para detectar a eficacia em
resultados clinicos mais relevantes. Além disso, resta a pre-
ocupacao de que tais agentes possam promover um estado
de hipercoagulabilidade na presenca de risco de tromboem-
bolismo venoso, como em cirurgia ortopédica '8,

Este estudo prospectivo, randémico e controlado foi con-
duzido para comparar os efeitos do HES 130/0,4 com os da
solucao de Ringer lactato durante artroplastia de quadril em
pacientes adultos sob raquianestesia e levou em consideracao
os desfechos clinicos.

Métodos

Desenho de estudo e estratégias de tratamento

Conduzimos durante 24 meses um estudo prospectivo,
randomico e controlado que incluiu pacientes consecutivos
agendados para artroplastia de quadril eletiva no Instituto

de Ortopedia e Traumatologia do Hospital das Clinicas da
Universidade de Sao Paulo, Brasil. Os critérios de exclusao
foram idade inferior a 18 anos; obesidade (IMC > 40 kg.m?);
doenca renal cronica (clearance de creatinina inferior a
60 mL.min"".m2); estado fisico ASA Il ou superior, de acordo
com a classificacao da Sociedade Americana de Anestesio-
logia; anemia cronica (hemoglobina pré-operatéria inferior
a 10 g.dL"150x103%.yL"); contagem baixa de plaquetas (con-
tagem pré-operatoria de plaquetas inferior a 150x10%.uL™");
coagulopatia (histéria prévia de tempo de protrombina
superior a 14,8 segundos); disfuncao ventricular esquerda
(fracao de ejecao do ventriculo esquerdo inferior a 40%);
infarto do miocardio durante os Ultimos seis meses; angina
instavel; disfuncao hepatica (bilirrubina total superior a
1,5 mg.dL") e recusa de consentimento.

0 estudo foi aprovado pelo Comité de Etica e o termo de
consentimento informado foi obtido de todos os pacientes
antes da inscricao nos grupos de estudo.

Os pacientes foram randomicamente designados para o
grupo HES ou o grupo Ringer lactato na proporcao de 1:1.
Envelopes opacos preparados pelo estatistico em comando
com o uso de uma tabela de nimeros aleatdrios foram abertos
sequencialmente para determinar o grupo de tratamento do
paciente. O coordenador da pesquisa inscreveu os partici-
pantes e obteve as assinaturas do consentimento informado.
O anestesiologista obteve informacdes sobre o tratamento.
Os pacientes e os avaliadores dos resultados desconheciam
a designacao dos grupos.

Imediatamente apds o procedimento anestésico, os pa-
cientes do grupo HES receberam 15 mL.kg" de HES 130/0,4
a 6% por via intravenosa (IV) e os pacientes do grupo Ringer
lactato receberam 30 mL.kg' de Ringer lactato. O gatilho
para a reposicao de liquidos adicionais foi pressao arterial
sistolica inferior a 90 mm Hg e/ou reducao de 20% do valor
basal ou frequéncia cardiaca superior a 100 batimentos por
minuto. Vasopressores foram usados em caso de hipotensao
persistente, a despeito da reposicao de fluidos. Transfusao
de hemacias foi administrada em pacientes com instabilidade
hemodinamica (pressao arterial média inferior a 65 mm Hg,
a despeito da reposicao adequada de liquidos) associada a
hemoglobina inferior a 8 g.dL".

Protocolo de anestesia

Os pacientes foram pré-medicados com 5 mg de midazolam IV
na sala de pré-anestesia. Todos os pacientes foram continu-
amente monitorados com pressao arterial nao invasiva, ele-
trocardiograma e oximetria de pulso. Um cateter periférico
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(calibre 16) foi inserido sob anestesia local em veia cubital.
Cateteres arteriais (venoso e central) foram colocados como
exigido. Raquianestesia foi administrada, de preferéncia no
espaco L3/L4, com uma agulha de calibre 27G. Uma mistura
de bupivacaina isobarica (20 mg) e morfina (100 pg) foi usada
em todos os pacientes. Sedacao com propofol IV (0.1 pg.kg™")
foi administrada em todos os pacientes durante o procedi-
mento cirurgico. Prevencao de hipotermia durante a cirurgia
e o periodo de recuperacao foram feitos com o uso de uma
manta térmica e liquidos IV aquecidos. Apds o procedimento
cirurgico, todos os pacientes foram transferidos para a sala
de recuperacdo pds-anestésica (SRPA) até a recuperacao
completa da anestesia. Os pacientes receberam alta da SRPA
e foram levados para enfermarias comuns, de acordo com os
critérios de alta de Aldrete-Kroulic.

Avaliacao basal e coleta de dados

No momento da randomizacao, dados demograficos e clinicos
foram obtidos para cada paciente. Os valores laboratoriais
pré-operatarios coletados até 24 horas antes da cirurgia fo-
ram registados e incluiam: hemoglobina, hematocrito, tempo
de protrombina, tempo de tromboplastina parcial ativa,
nivel de creatinina, bilirrubina e contagem de plaquetas.
Durante a cirurgia, a pressao arterial, a frequéncia cardiaca
e a oximetria de pulso foram registadas imediatamente antes
e apos a anestesia regional, a cada 15 minutos até o fim da
cirurgia, bem como na sala de recuperacao. Amostras de
sangue para medir os niveis de hemoglobina, sangue arterial
para gasometria e avaliacao de coagulacao e agregacao de
plaquetas foram colhidas imediatamente antes da cirurgia,
duas horas apds a incisao, no fim da cirurgia e 24 horas apo6s
o procedimento cirdrgico. A agregacao de plaquetas foi ava-
liada por agregometria por transmissao de luz com o uso de
agregometro PAP-4 depois de infusao de ADP -2,

As perdas sanguineas no campo cirurgico foram avalia-
das pelo calculo da quantidade de sangue nos aspiradores
cirlrgicos e por pesagem das esponjas cirurgicas durante
o procedimento. Nas 24 horas restantes do periodo pos-
operatorio, as perdas sanguineas foram avaliadas pela ob-
tencao do volume do tubo de drenagem. Todos os liquidos
administrados IV e eritrocitos foram registados desde o
inicio da cirurgia até as primeiras 24 horas apds o proce-
dimento cirdrgico.

Os dados coletados durante a internacao dos pacientes
foram o uso de transfusdao de hemacias e as complicacoes
clinicas. Os resultados clinicos foram avaliados por pesqui-
sadores que desconheciam os grupos de pacientes.

Complicacoes hematologicas foram definidas como dis-
funcao da agregacao de plaquetas e um aumento de perda
sanguinea durante o perioperatorio e nas primeiras 24 horas
do pos-operatodrio. Complicacoes respiratorias foram defini-
das como necessidade de ventilacdo mecanica e desenvol-
vimento de pneumonia ou sindrome da angUstia respiratoria
aguda (SARA) definida por critérios padrao?'. Complicacoes
cardiacas incluiram choque cardiogénico, taquiarritmia ou
isquemia cardiaca perioperatoria 2.

A funcao renal foi avaliada diariamente com o uso da
classificacdo RIFLE (risco, lesao, insuficiéncia, perda e doenca
renal em estagio terminal) 2. A necessidade de substituicao
da terapia renal foi registrada.

As complicacoes infecciosas incluiram choque séptico,
definido pelos critérios padrao; pneumonia, definida por um
novo infiltrado pulmonar a radiografia toracica e presenca
de pelo menos dois dos seguintes critérios: temperatura de

38°C ou superior; leucocitose superior a 12.000 células.yL "
leucopenia inferior a 3.000 células.L'; secrecdes purulentas
endotraqueais com coloracao de Gram que mostrassem mais
de 25 neutrofilos e menos de 10 células epiteliais por campo;
ferida infeccionada, definida como uma infeccao superficial
ou profunda com resultados positivos em culturas obtidas do
ferimento 4.

Mensuracao dos desfechos

0 desfecho primario foi a necessidade de transfusao de hema-
cias desde o momento da operacao até 30 dias apos o pro-
cedimento. Os desfechos secundarios incluiram a comparacao
das variaveis hemodinamicas e dos parametros de perfusao
tecidual entre os grupos durante o procedimento cirurgico;
a incidéncia de todas as complicacoes pos-operatorias, com
inclusao das complicacoes infecciosas, hematologicas, cardio-
vasculares, respiratorias e renais e o tempo de internacao.

Analise estatistica

0 tamanho da amostra foi calculado com base numa incidén-
cia de 40% de transfusoes de sangue. Considerando-se um erro
alfa de 0,05 e poder estatistico de 0,80, determinamos que
um minimo de 23 pacientes em cada grupo era necessario
para conduzir o presente estudo.

Os resultados sao expressos em média com intervalos de
confianca (IC) de 95% ou medianas com intervalos interquartis
(IQR). As variaveis continuas foram comparadas com o uso
do teste t de Student ou do teste U de Mann-Whitney e as
variaveis categoricas com o uso do teste do qui-quadrado
ou o exato de Fisher. As diferencas entre- e intra-grupos
foram analisadas pela classificacdo da analise de variancia
simples (1 variavel). Os testes foram bicaudais e os valores de
p < 0,05 foram considerados estatisticamente significantes.
As analises estatisticas foram feitas com o uso do programa
SPSS versao 18,0 (SPSS Inc, Chicago, Illinois).

Resultados

Foram incluidos no estudo 48 pacientes: 24 designados para
o grupo HES 130/0,4 e 24 para o grupo Ringer lactato. As
caracteristicas iniciais foram bem pareadas entre os grupos
de estudo (Tabela 1). As necessidades de anestésicos e a
duracao de cirurgia também foram semelhantes entre os
grupos. Nao houve diferenca quanto a temperatura corporal
intraoperatoria e aos parametros hemodinamicos (frequén-
cia cardiaca, pressoes sistolica e diastolica) entre os grupos
(Tabela 2). Nao houve diferenca com relacao ao débito uri-
nario, a necessidade de norepinefrina, ao suporte inotropico
e a administracao de liquidos adicionais.

Os parametros de coagulacao e os valores de hemoglobina e
hematocritos em momentos diferentes foram semelhantes em
ambos os grupos (Tabela 3). A gasometria arterial nao revelou
qualquer diferenca entre os grupos nos valores de pH arterial,
pressao parcial de oxigénio, pressao parcial de dioxido de
carbono, excesso de base e bicarbonato (Tabela 4). A analise
bioquimica nao foi diferente entre os grupos (Tabela 5).

Desfechos clinicos
Transfusdo de sangue no periodo perioperatorio

No grupo Ringer lactato, 11 pacientes (46%) precisaram de trans-
fusao de hemacias durante a internacdo, em comparacao com
quatro pacientes (17%) no grupo HES (p = 0,029) (Figura 1).
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Tabela 1 Caracteristicas Basais dos Pacientes do Estudo.

Variavel HES 130/0,4 Ringer lactato p
(N =24) (N =24)

Idade (anos) - média (IC 95%) 54 (47 a 61) 53 (47 a 59) 0,889
Homem - n (%) 14 (58,3%) 9 (37,5%) 0,149
Peso (kg) - média (IC 95%) 74 (71 a77) 71 (66 a 75) 0,248
Duracao da cirurgia (min) - mediana (IQR) 158 (120 a 190) 155 (135 a 180) 0,860
Duracao da anestesia (min) - mediana (IQR) 208 (180 a 240) 225 (169 a 240) 0,615
IC: Intervalo de Confianca; IQR: Intervalo Interquartil.
Tabela 2 Variaveis Clinicas e Hemodinamicas dos Pacientes Submetidos a Artroplastia de Quadril.
Média (IC 95%) I(-inEz 122())/0,4 :?;nfzz)lactato p
Frequéncia cardiaca (bpm)

Basal 77 (74 a 81) 78 (73 a 83) 0,058

2h apos incisao 80 (76 a 85) 72 (67 a77) -

Fim da cirurgia 83 (79 a 87) 75 (70 a 80) -
Pressdo arterial sistolica (mm Hg)

Basal 131 (124 a 138) 131 (126 a 137) 0,508

2h apos incisao* 109 (102 a 115) 103 (98 a 108) -

Fim da cirurgia® 112 (107 a 118) 111 (107 a 115) -
Pressdo arterial diastolica (mm Hg)

Basal 79 (75 a 83) 82 (77 a 87) 0,508

2h apos incisao* 63 (59 a 67) 57 (53 a 62) -

Fim da cirurgia* 66 (63 a 69) 66 (61 a71) -
Temperatura corporal (°C)

Basal 36,3 (36,2 a 36,4) 36,3 (36,2 a 36,4) 0,508

2h apos incisao*

Fim da cirurgia*®

36 (36 a 36,1)
36,2 (36,1 a 36,4)

35,9 (35,8 a 36,1)
36,1 (35,9 a 36,2)

IC: Intervalo de Confianca; *Diferenca basal significativa.

Agregacdo plaquetdria

Os testes de agregacao plaquetaria estavam significativa-
mente prejudicados no grupo HES em comparacao com o
grupo Ringer lactato (Figura 2). D = a diferenca entre os
grupos foi demonstrada imediatamente apos a infusao de
HES (p = 0,042), ap6s duas horas (p = 0,029) e no fim do
procedimento cirargico (p = 0,029).

Perda sanguinea no periodo perioperatdrio

A quantidade total de perda sanguinea foi significativamente
maior no grupo HES do que no grupo Ringer lactato (média
1.296 mL + 673,24 versus 890,00 + 566,54 mL, respectiva-
mente, p < 0,0460) (Figura 3).

Desfechos secunddrios

Nao houve diferenca significativa entre os grupos quanto
a mortalidade hospitalar ou tempo de internacao, tanto
na SRPA quanto nas enfermarias regulares (Tabela 6). Nao

houve diferenca quanto a ocorréncia de complicacoes
cardiacas, respiratérias e renais. Os pacientes do grupo
Ringer lactato apresentaram um nimero maior de compli-
cacoes infecciosas (4/24, 17%) do que os do grupo HES (0)
(p = 0,03). Trés pacientes apresentaram infeccao da ferida
e um paciente apresentou infeccao de protese. Uma morte
no pos-operatadrio ocorreu no grupo HES secundaria a enfarte
do miocardio, levando a choque cardiogénico fatal.

Discussao

Nos pacientes submetidos a artroplastia de quadril, a re-
posicao de liquidos com hidroxietilamido 130/0,4 resultou
em taxas maiores de sangramento em comparacao com os
que receberam Ringer lactato. Por outro lado, os pacientes
tratados com amido precisaram de menos transfusoes e apre-
sentaram uma taxa menor de infeccao. As taxas mais elevadas
de sangramento atribuidas ao grupo HES ndo comprometeram
os resultados clinicos desses pacientes.
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Tabela 3 Analise Hematologica dos Pacientes Submetidos a Artroplastia de Quadril.

Média (IC 95%) I(-InEi 123.‘())/0,4 frinfgziactato p
Tempo de trombina (s)

Basal 1,01 (0,98 a 1,04) 1,01 (0,98 a 1,03) 0,346

2h apos incisao* 1,03 (1 a 1,06) 1,04 (1,02 a 1,06) -

Fim da cirurgia* 1,03 (1 a 1,07) 1,06 (1,04 a 1,09) -

24h apos cirurgia* 1,02 (0,99 a 1,05) 1,04 (1 a 1,08) -
Tempo de protrombina (s)*

Basal 1,03 (0,98 a 1,08) 1,43 (0,62 a 2,24) 0,597

2h ap6s incisao 1,08 (1,03 a 1,12) 1,05 (1,02 a 1,08) -

Fim da cirurgia 1,18 (1,08 a 1,27) 1,12 (1,07 a 1,17) -

24h apos cirurgia 1,21 (1,08 a 1,34) 1,12 (1,07 a 1,17) -
Tempo parcial de tromboplastina (s)

Basal 1,04 (1 a 1,09) 1,4 (0,59 a 2,21) 0,612

2h apos incisao 1,09 (1,04 a 1,14) 1,02 (0,98 a 1,06) -

Fim da cirurgia 1,1 (1,04 a 1,16) 1,03 (0,99 a 1,07) -

24h apos cirurgia 1,08 (1,02 a 1,15) 1,07 (1 a 1,15) -
Hemoglobina (g/dL)

Basal 13,8 (13,1 a 14,5) 13,6 (13 a 14,3) 0,629

2h apos incisao* 10,4 (9,7 a 11,2) 10,9 (10,1 a 11,7) -

Fim da cirurgia® 9,9 (9,4 a10,3) 10,1 (9,1 a 11,2) -
Hematocritos (%)

Basal 42 (40 a 44) 41 (39 a 43) 0,772

2h apds incisao* 31 (29 a 34) 32 (30 a 35) -

Fim da cirurgia*® 30 (28 a 31) 30 (27 a 33) -

IC: Intervalo de Confianca; *Diferenca basal significativa.

Acirurgia eletiva ortopédica de grande porte foi escolhi-
da por oferecer um padrao de ambiente cirlrgico comum que
permitiu basear amplamente o desenho do estudo na rotina
clinica. A razao de 2:1 do volume de cristaloide-coloide foi
estabelecida com base em estudos anteriores que compara-
ram a eficacia de coloides versus cristaloides 822,

Em nosso estudo, o maior impacto dos coloides nos tes-
tes de agregacao plaquetaria ndao demonstrou resultar em
piores desfechos clinicos, pois o grupo HES recebeu menos
transfusdes. A hipotese para esse achado é que os coloides
contribuiram para uma melhora da estabilidade hemodina-
mica e, portanto, menos pacientes desse grupo precisaram
de transfusao.

Considerando os efeitos deletérios produzidos pela
transfusao alogénica em diferentes cenarios clinicos ¥ e de
acordo com dados que mostram um impacto relativamente
baixo das novas geracoes de amidos na coagulacao?, a admi-
nistracao de HES seria uma opcao atraente para a reposicao
de liquidos tradicional em cirurgias ortopédicas de grande
porte sob raquianestesia.

Os protocolos tradicionais envolvem a expansao sérica
com cristaloides e os protocolos liberais com transfusao
alogénica. De fato, as evidéncias de estudos anteriores que

mostraram os beneficios da transfusao de sangue alogénico
sao profundamente prejudicadas por um nimero significativo
de estudos com pouco poder estatistico e coorte pequena.
Além disso, o estudo Transfusion Requirements in Critical
Care (TRICC) - o Unico grande estudo randémico controlado
que comparou a estratégia de transfusao restritiva versus
liberal - teve poder estatistico suficiente para favorecer
a estratégia restritiva de transfusdao em pacientes clinicos
em UTI". Em um grande estudo ortopédico conduzido em
1999, 2.640 pacientes agendados para artroplastia de qua-
dril e 1.305 para artroplastia de joelho foram avaliados .
Receberam transfusao, das quais apenas 35% foram auto-
logas e 25% alogénicas, 2.762 (69%) pacientes. O achado
mais importante desse estudo foi a taxa de infeccao da
ferida significativamente maior nos pacientes expostos
a transfusao alogénica do que a autdloga (4,2% vs. 1%,
respectivamente) 2.

No entanto, as técnicas comuns que podem reduzir a
transfusao de sangue alogénico durante cirurgias de grande
porte, como a aceitacao de niveis mais baixos de hemoglo-
bina antes de decidir pela transfusao, o uso rotineiro de
hemodiluicao normovolémica aguda (HNA), a recuperacao
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Tabela 4 Gasometria dos Pacientes Submetidos a Artroplastia de Quadril.

Média IC (95%) ':NE > 1228/0’4 fﬂ"fezﬁ‘;a“ato P
pH

Basal 7,37 (7,36 a 7,39) 7,38 (7,36 a 7,39) 0,240

2h apos incisao* 7,37 (7,34 a 7,39) 7,32 (7,3 a7,35) -

Fim da cirurgia® 7,33 (7,3 a7,35) 7,33 (7,3 a7,35) -

24h apos cirurgia 7,37 (7,35a7,39) 7,36 (7,34 a7,37) -
Arterial PO, (mm Hg)

Basal 100 (84 a 117) 104 (90 a 119) 0,206

2h ap6s incisao * 143 (115 a 171) 155 (136 a 174) -

Fim da cirurgia® 111 (97 a 125) 131 (112 a 151) -

24h apos cirurgia 95 (93 a 97) 99 (93 a 105) -
Arterial PCO, (mm Hg)

Basal 41 (39 a 43) 43 (38 a 47) 0,742

2h ap0s incisao 43 (40 a 45) 42 (39 a 45) -

Fim da cirurgia 43 (41 a 46) 43 (41 a 46) -

24h apos cirurgia 41 (39 a 42) 41 (39 a 43) -
Excesso de base (mmol.L™")

Basal -0,72 (-1,37 a -0,06) -0,33 (-1,31 2 0,65) 0,894

2h apos incisao* -1,66 (-2,61 a -0,71) -1,38 (-2,47 a -0,3) -

Fim da cirurgia® -2,59 (-3,71 a -1,47) -2,61 (-3,66 a -1,56) -

24h apos cirurgia -0,62 (-1,36 a 0,12) -1 (-1,68 a -0,31) -
Bicarbonato de sodio (mEq.L")

Basal 24 (24 a 25) 24 (23 a 25) 0,577

2h apos incisao* 23 (22 a 24) 23 (22 a 24) -

Fim da cirurgia® 23 (21 a 24) 22 (21 a 23) -

24h apos cirurgia 24 (23 a 25) 24 (23 a 24) -

IC: Intervalo de Confianca; *Diferenca basal significativa.

de células e o controle farmacolégico de hemorragia, nao
sdo sistematicamente usadas na maioria dos paises 0%,
Embora seja extremamente viavel, HNA ndo é amplamente
usada. Investigamos extensivamente de modo experimental
os efeitos da HNA no coracao ', nos pulmoes e em diferen-
tes orgaos 3233, Nesses estudos experimentais, os resultados
foram favoraveis aos coloides versus cristaloides para repo-
sicao de liquidos no que diz respeito a preservacao da arqui-
tetura celular e organica. Em nosso estudo, no entanto, os
pacientes submetidos a hemodiluicdo hipervolémica com HES
130/0,4 apresentaram mais sangramento do que os pacientes
que receberam quantidades moderadas de Ringer lactato.
Isso poderia ser o resultado da hemodiluicao e/ou da acao
direta do amido no sistema de coagulacao. Considerando
os efeitos da hemodiluicao, Ruttman e col. 3* tiveram como
objetivo investigar se a hemodiluicao alterava a coagulacao
em pacientes agendados para cirurgia vascular periférica
sob anestesia regional. Embora um volume bem menor tenha
sido usado em ambos 0s grupos em comparagao com 0 Nosso

estudo, o grupo que recebeu coloides nao mostrou distirbio
de coagulacao. Em contraste, aqueles que receberam crista-
loides apresentaram mais mudancas no perfil de coagulacao
medido por tromboelastografia. Os autores concluiram que
isso foi causado pela diluicao plasmatica determinada pela
rapida infusao de cristaloides.

Em nosso estudo, os pacientes tratados com amido
apresentaram mais sangramento. A causa pode ter sido a
hemodiluicdo aguda, pois 30 mL.kg' foram administrados
na tentativa de manter o paciente hemodinamicamente
estavel, sem necessidade de transfusdo adicional. Os efeitos
diretos do amido na hemostase e na coagulacdo também
devem ser considerados. O teste de agregacao plaquetaria
usado em nossa investigacao foi significativamente afetado
e essa constatacao enfatiza os efeitos mais pronunciados
dos amidos na funcao das plaquetas, em comparacao com
os efeitos em outros componentes do sistema hemostatico,
como mostrado por varios estudos. Kozek-Langenecker
e col. 3>descreveram o mecanismo molecular dos amidos no
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Tabela 5 Achados Bioquimicos dos Pacientes Submetidos a Artroplastia de Quadril.

Média (95%Cl) '("nEi 122?/ oE f;"f;;)ladato P
Sodio (mEq.L ")
Basal 141 (139 a 142) 139 (138 a 140) 0,055
2h ap6s incisdo 140 (139 a 141) 138 (137 a 139)
Fim da cirurgia 139 (139 a 140) 139 (138 a 140)
24h apos cirurgia 139 (138 a 140) 138 (137 a 140)
Potassio (mEq.L")
Basal 4,2 (4 a4,4) 4,2 (4a4,4) 0,746
2h apos incisao* 3,9 (3,8a4,1) 4(3,8a4,2)
Fim da cirurgia*® 3,9 (3,8a4) 3,9 (3,8a4)
24h apos cirurgia* 3,9 (3,7a4) 3,9 (3,8a4)
AST (U/L)
Basal 20,8 (17,3 a 24,4) 19,1 (16,9 a 21,3) 0,162
2h apos incisao 21,6 (18,7 a 24,5) 18,7 (16,7 a 20,7)
Fim da cirurgia 21 (17,8 a 24,1) 18,9 (17,1 a 20,6)
24h apos cirurgia 22,3 (18,6 a 26) 18,5 (16,1 a 20,9)
ALT (U/L)
Basal 19,3 (16,7 a 21,9) 17,1 (14,2 a 20,1) 0,091
2h apos incisao 19 (16,8 a 21,2) 17 (15 a 18,9)
Fim da cirurgia 19,3 (17,1 a 21,4) 16,7 (14,9 a 18,4)
24h apos cirurgia 20,5 (17,7 a 23,2) 16,8 (14,7 a 18,8)
Glicose sérica (mg.dL™")
Basal 93 (87 a 98) 96 (91 a 100) 0,617
2h apés incisao* 102 (96 a 108) 100 (96 a 104)
Fim da cirurgia® 104 (97 a 111) 100 (96 a 104)
24h apos cirurgia* 108 (99 a 118) 105 (96 a 113)
Creatinina sérica (mg.dL")
Basal 0,336

24h apos cirurgia*

0,86 (0,77 a 0,95)
0,97 (0,88 a 1,05)

0,82 (0,71 a 0,92)
0,87 (0,75 a 0,99)

IC: Intervalo de Confianca; *Diferenca basal significativa.

sistema de coagulacao. De acordo com esse estudo, a baixa
substituicado molar é o principal determinante do aumento
da degradacdo metabdlica, que acarreta efeitos indesejaveis
, particularmente na hemostase. O HES lentamente degra-
davel, caracterizado pelos pesos moleculares alto e médio,
determina a reducao dos niveis plasmaticos dos fatores VIl e
VWF. Ao mesmo tempo, diminui a reatividade das plaquetas
por dois mecanismos: reducao da disponibilidade do receptor
plaquetario de fibrinogénio (glicoproteinas Ilb-Illa) e inter-
feréncia nas propriedades de ligacdo de VWF a plaquetas.
Por outro lado, as solucdes de HES rapidamente degradaveis
com pesos moleculares médio e baixo mostraram efeitos
reduzidos na hemostase.

Nesse contexto, Gandhi e col. '® compararam a seguranca
de dois amidos (HES 130/0,4 vs. HES 670/0,75 em solucao
salina) durante cirurgia ortopédica de grande porte °. Os
desfechos primarios de seguranca calculados foram perda
total de eritrocitos, atividade nadir do fator VIII e o nadir
da concentracao do fator de von Willebrand dentro de duas
horas apods a conclusao da cirurgia. O volume total da solucao
coloidal necessario para substituir o volume intraoperatério
nao diferiu entre HES 130/0,4 e HES 670/0,75. O nadir da
atividade do fator VIII dentro de duas horas apos o fim da
cirurgia diminuiu em ambos os grupos, mas foi menor para
HES 670/0,75 do que para HES 130/0,4 (p = 0,0499). Para
aqueles que receberam mais de 1.000 mL de coloide, os niveis
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Tabela 6 Desfechos Clinicos em Pacientes Submetidos a Artroplastia de Quadril.

Variavel HES 130/0,4 Ringer lactato p
(n = 24) (n = 24)
Periodo de internacao (dias) - mediana (IQR) 53a7) 5((4ab6) 0,323
Complicacao cardiovascular 1/24 (4%) 0/24 (0%) 1.000
Infeccao 0/24 (0%) 4/24 (17%) 0,037
Complicacao renal 1/24(4%) 0/24 (0%) 1.000
Complicacao respiratoria 1/24(4%) 0/24 (0%) 1.000
Obito 1/24 (4%) 0/24 (0%) 1.000
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Figura 2 Agregacdo Plaquetaria apos Infusao de ADP em
Pacientes Submetidos a Artroplastia de Quadril.

do fator de von Willebrand também diminuiram em ambos
os grupos dentro de duas horas apods o fim da cirurgia, mas
a concentracao foi menor para HES 670/0,75 do que para
HES 130/0,4. Os autores concluiram que HES 130/0,4 e HES
670/0,75 eram igualmente eficazes como expansores de vo-
lume plasmatico e HES 130/0,4 apresentou efeito menor na
coagulacao °. Nosso estudo mostrou um achado semelhante,
o baixo impacto do HES 130/0,4 em testes de coagulacao,
exceto para agregacao plaquetaria.

O impacto da transfusao de sangue nas taxas de infeccao
foi determinado por varios estudos '"? que correlacionaram a
interacao imunolodgica entre transfusao de sangue e infeccao.
Em nosso estudo, o grupo Ringer lactato exigiu mais transfu-
soes e teve uma taxa maior de infeccoes. Quatro pacientes
desse grupo apresentaram infeccao pos-operatoria e um deles
foi submetido a trés procedimentos cirdrgicos combinados
com antibioticoterapia.
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A reposicao de liquidos com HES 130/0,4 resultou em
taxas reduzidas de transfusao e em menor incidéncia de in-
feccao, em comparacao com aqueles que receberam solucao
cristaloide - um resultado que sugere que a hemodiluicao
hipervolémica induzida por coloide seria uma estratégia
atraente para uso em cirurgia ortopédica.
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