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Background: Tetrastarch solution (TS) can impair coagulation but the clinical relevance of this

impairment is unclear in veterinary medicine.

Objective: Compare the effects of volume replacement (VR) with lactated Ringer's solution

(LRS) or 6% TS on coagulation in hemorrhaged dogs.

Animals: Six healthy English Pointer dogs (19.7-35.3 kg).

Methods: Prospective crossover study. Dogs were anesthetized without hemorrhage and VR

(control). Two weeks later, dogs were hemorrhaged under anesthesia on 2 occasions (8-week

washout intervals) and randomly received VR with LRS or TS at 3:1 or 1:1 of shed blood, respec-

tively, aiming to decrease the hematocrit to 33%. Rotational thromboelastometry and other

coagulation variables were determined before 0.5, 2, and 4 hours after VR during anesthesia

and 24 hours after VR (conscious dogs).

Results: Buccal mucosal bleeding time did not differ between treatments after VR. Activated

partial thromboplastin time increased from controls 4 hours after TS (P = 0.045). Clot formation

time (CFT) and alfa-angle increased from controls from 0.5 to 4 hours after LRS (CFT,

P ≤ 0.0001-0.02; alpha angle, P = 0.0001-0.02) and from 0.5 to 2 hours after TS (CFT,

P = 0.0002-0.01; alpha angle, P = 0.0005-0.02). The maximum clot firmness decreased from

controls from 0.5 to 4 hours after LRS (P ≤ 0.0001-0.01) and TS (P ≤ 0.0001-0.04).

Conclusions and Clinical Relevance: Tetrastarch does not impair primary hemostasis and

induces transient dilutional coagulopathy that is similar to LRS because, when compared to a

3 times higher volume of LRS in hemorrhaged dogs, it does not cause greater interference on

the viscoelastic properties of the coagulum.
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1 | INTRODUCTION

Use of hydroxyethyl starch (HES) solutions is controversial in human

medicine because the use of these fluids may be associated not only

with acute kidney injury but also with impaired coagulation.1,2 The

coagulopathy associated with HES solutions may involve several

mechanisms, including: (1) inhibition of the formation of the fibrin net-

work because of binding and inactivation of factor VIII and von

Abbreviations: Alpha-angleX, alpha-angle “x” indicating “activation by the

extrinsic (ex-TEM) or intrinsic (in-TEM) coagulation pathways; aPTT, activated

partial thromboplastin time; BMBT, buccal mucosal bleeding time; CFTX, clot

formation time, “x” indicating activation by the extrinsic (ex-TEM) or intrinsic

(in-TEM) coagulation pathways; CTX, clotting time, “x” indicating activation by

the extrinsic (ex-TEM) or intrinsic (in-TEM) coagulation pathways; HES, hydro-

xyethyl starch; LRS, lactated Ringer's solution; MCFX, maximum clot firmness,

“x” indicating activation by the extrinsic (ex-TEM) or intrinsic (in-TEM) coagula-

tion pathways; PT, prothrombin time; ROTEM, rotational thromboelastometry;

TS, 6% tetrastarch solution; vWF, von Willebrand's factor
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Willebrand's factor (vWF); (2) inhibition of blood clot formation by

inhibition of glycoproteins GP IIb/IIIa located on the surface of acti-

vated platelets; (3) inhibition of the binding of GP IIb/IIIa platelet

receptors to vWf and fibrinogen; and (4) acceleration of fibrin

degradation.2–4

Hydroxyethyl starch solutions with smaller molecular weight and

lower molar substitution (percentage of glucose molecules chemically

modified by the addition of hydroxyethyl groups) are more rapidly

metabolized and eliminated with an apparent decrease in some

adverse effects.1,4 Tetrastarch solution (TS) is a third generation HES

that has a lower molecular weight (130 kDa) and molar substitution

(0.4) than other HES solutions (hetastarch [450 kDa/0.7] and pentas-

tarch [200 kDa/0.5]). It has been speculated that dogs breakdown and

eliminate HES solutions more rapidly than humans because of a higher

activity of plasma alpha amylase.5 Because TS is more rapidly cleared

from the circulation than previous generations of HES, direct inhibi-

tion of factor VIII and vWF could be minimized and the negative

effects of this colloid on coagulation might be lessened.6

Tetrastarch may induce a transient hypocoagulable state in

dogs.7,8 Results of a study showed that a large volume of TS (40 mL/

kg), compared to an equal volume of physiological saline, impaired

coagulation in healthy and endotoxemic dogs.7 In anesthetized nor-

movolemic dogs, a 15 mL/kg bolus of TS diluted in either physiologi-

cal saline or balanced electrolyte solution transiently impaired primary

(evaluated by a platelet function analyzer) and secondary (assessed by

rotational thromboelastometry [ROTEM]) hemostasis in relation to

the same volume of physiological saline.8 The authors concluded that

the coagulopathy induced by TS was short-lived, but the duration of

these effects could not be fully clarified because hemostasis was

assessed 5 minutes and 3 hours after fluid administration.8 Although

these studies showed that coagulation can be impaired by TS, the clin-

ical application of these findings is not clear because TS was com-

pared to equal volumes of isotonic crystalloids. The volume expansion

efficiency (ratio of plasma volume expansion to the volume of infused

fluid) of TS far exceeds that achieved by isotonic crystalloids.9,10

Therefore, TS likely will cause dilutional coagulopathy if compared to

equal volumes of isotonic crystalloids. The recommended volume of

isotonic crystalloids for volume replacement (VR) after acute hemor-

rhage is at least 3 times the volume of shed blood.9,10 Because the

volume expansion efficiency of TS is approximately 1:1, the volume of

shed blood can be replaced by the same volume of TS.9,10

Our study aimed to compare the effects of VR with lactated

Ringer's solution (LRS) or TS, administered at a ratio of 3:1 and 1:1 of

shed blood, respectively, on coagulation (primary and secondary

hemostasis) in hemorrhaged dogs.

2 | MATERIAL AND METHODS

2.1 | Animals

Previous approval by the Institutional Animal Care Committee was

obtained under protocol number 43/2015. Six healthy purpose-bred

English Pointer dogs (weight range, 19.4-35.8 kg), 4 males and

2 females, 47-48 months old, were used. All animals were considered

healthy based on physical and laboratory investigations (CBC, serum

biochemistry, urinalysis, venous blood gas analysis and electrolytes)

that were within normal ranges. After the end of the study, all animals

were adopted by private owners.

2.2 | Study design

This prospective, crossover, opportunistic study was carried out in

conjunction with another study that aimed to evaluate the effects of

VR with LRS or TS after hemorrhage on extravascular lung water and

markers of acute kidney injury.11 During phase 1, animals were anes-

thetized for data collection without any intervention (control treat-

ment). After a 2-week washout interval, 2 other anesthetic episodes

were carried out on the same animals (8-week washout intervals).

During each anesthetic episode, dogs were hemorrhaged and ran-

domly assigned12 to receive VR or LRS or TS at ratios of 3:1 and 1:1

of the amount of shed blood (LRS and TS treatments; phase 2).

2.3 | Experimental protocol and variables monitored

After being fasted for 12 hours, animals received 0.5 mg/kg of mor-

phine (Sulfato de morfina 10 mg/mL, Cristália, Itapira, Brazil) IM and

anesthesia was induced with isoflurane (Isoforine®, Cristália, Itapira,

Brazil). After an endotracheal tube was placed, anesthesia was main-

tained with isoflurane and a constant rate infusion of remifentanil

hydrochloride (Ultiva®, GlaxoSmithKline, Rio de Janeiro, Brazil)

(0.15 μg/kg/min) administered concomitantly with a LRS infusion

(2 mL/kg/hour) by means of a 20-gauge catheter (Insyte, Becton Dick-

inson, Juiz de Fora, Brazil) placed in the cephalic vein.

After induction of anesthesia, an 18-gauge, 20 cm long, single

lumen central venous catheter (Venoseld, Rehlinger-Siersburg, Ger-

many) was aseptically placed into the jugular vein. This catheter was

used for collecting blood samples used in coagulation assays and for

replacing the shed blood with LRS or TS. Another 7 cm long,

4-French, thermodilution catheter (PiCCO Catheter PV2013L07N,

Pulsion Medical Systems, Munich, Germany) was inserted into the

femoral artery for collecting samples for blood gas analysis and for

measuring mean arterial pressure and cardiac output for a parallel

study.11

Depth of anesthesia was adjusted by changes in end-tidal isoflur-

ane concentrations (Dräger Primus, Drägerwerk AG & Co, Lübeck,

Germany), which were adjusted to prevent movement and to maintain

mean arterial pressure between 60 and 70 mm Hg throughout anes-

thesia.11 Conditions of normocapnia (PaCO2 between 35 and 45 mm

Hg) were achieved during anesthesia by use of mechanical ventilation

(Dräger Primus, Drägerwerk AG & Co, Lübeck, Germany). Esophageal

temperature was maintained between 37.5�C and 38.5�C by means of

a forced warm air device (Bair Hugger, Arizant Healthcare, Mineapo-

lis, MN).

After a 2-hour equilibration period, hematocrit, platelet count,

buccal mucosal bleeding time (BMBT), prothrombin time (PT), acti-

vated partial thromboplastin time (aPTT), and ROTEM assays were

performed at baseline (BL). After BL, animals were hemorrhaged. The

volume of shed blood was determined using a formula that estimates

the volume of blood that could theoretically be withdrawn from an
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individual to decrease the hematocrit to a predefined target value

after VR.13 The amount of shed blood was calculated with the aim to

decrease the hematocrit to 33%. This blood volume was removed dur-

ing 30 minutes from a 20-gauge catheter placed in the dorsal pedal

artery into collection bags containing the proper amount of sodium

citrate, phosphate, dextrose, and adenine (CPDA blood collection bag,

JP Indústria Farmacêutica SA, Ribeirão Preto, Brazil). The bags were

weighted during blood removal to control the exact volume of shed

blood. Immediately after the calculated amount of blood was

removed, VR with LRS or TS was performed over 30 minutes at a

ratio of 3:1 and 1:1, respectively. Coagulation variables were recorded

at 0.5, 2, and 4 hours after VR with LRS or TS. After data collection at

the 4-hour time point, the femoral and cephalic catheters were

removed, and anesthesia was stopped. All variables were recorded

again 24 hours after VR in conscious animals and the central venous

catheter was removed immediately after blood collection.11

2.4 | Hematocrit, platelet count, BMBT, PT,
and aPTT

Blood samples were placed in heparinized microhematocrit tubes and

centrifuged (Micro Hematócrito - MH, Celm, São Caetano do Sul, Bra-

zil) at 11 500 rpm for 5 minutes for measuring hematocrit. Blood sam-

ples with EDTA were used for platelet count, which was carried out

manually using a Neubauer chamber.

A spring-loaded template device (Triplett Bleeding Time Test

Device, Helena Laboratories, Beaumont, TX) was applied by a single

individual to the everted upper lip to create a 1 mm deep and 5 mm

long incision in the mucosa. The bleeding from the everted upper lip

was absorbed by a filter paper, without touching the wound, and the

time elapsed from creating the incision until the bleeding stopped was

recorded as the BMBT. Prothrombin time and aPTT were measured in

citrated blood using a point-of-care coagulation analyzer (Coag Dx

Analyzer, IDDEX, Westbrook, ME).

2.5 | Rotational thromboelastometry

The viscoelastic properties of the blood clot were evaluated by

ROTEM (ROTEM delta, Tem International GmbH, Munich, Germany)

analysis. Citrated blood (300 μL) samples were added to 2 cuvettes.

After blood samples were recalcified with 20 μL of calcium chloride

(0.2 M), the extrinsic (ex-TEM) and intrinsic (in-TEM) coagulation path-

ways were activated by adding human recombinant tissue factor (ex-

TEM, Tem International GmbH, Munich, Germany) and partial throm-

boplastin phospholipid/ellagic acid (in-TEM, Tem International GmbH

Munich, Germany) to each cuvette, respectively. Coagulation was

allowed to proceed for 60 minutes to provide values of clotting time

(CT, the time elapsed from coagulation pathway activation and initial

fibrin formation), clot formation time (CFT, the time from CT until a

clot firmness of 20 mm is achieved), alpha-angle (the angle between

CT and CFT points, a measure of the speed of clot formation), and

maximum clot firmness (MCF, a measure of the maximum resistance

or firmness of the clot).

2.6 | Data analysis

Using commercial statistical software (Prism 6.02, GraphPad, San

Diego, CA), normality of data distribution was verified by a

Kolmogorov-Smirnov test. Buccal mucosal bleeding time, PT, aPTT,

and CTex-TEM were asymmetrically distributed and were log trans-

formed before analysis. A paired t test was used to compare the total

TABLE 1 Hematocrit, platelet count, buccal mucosal bleeding time (BMBT), prothrombin time (PT), activated partial thromboplastin time (aPTT).

Data represent the mean � SD of 6 dogs that did not undergo acute hemorrhage followed by volume replacement (VR) in one occasion (control
treatment) or that underwent hemorrhage and randomly received VR with lactated Ringer's solution (LRS treatment) or with 6% tetrastarch
solution (TS treatment) at a ratio of 3:1 or 1:1 the volume of shed blood, respectively. Variables were recorded during anesthesia, before
hemorrhage (BL), 0.5, 2, and 4 hours after VR. Anesthesia was interrupted 4 hours after VR, and data were collected 24 hours after VR

Variable Reference range Treatment

Time after VR, hours

BL 0.5 2 4 24

Hematocrit, % 38-48 Control 43 � 3 41 � 4a 40 � 2a 40 � 2a 45 � 3a

LRS 41 � 2 32 � 2b 34 � 2b 37 � 3b 36 � 3b

TS 42 � 3 32 � 4b 35 � 2b 36 � 1b 39 � 3c

Platelet count, ×103/μL 200-500 Control 332 � 44 346 � 67a 327 � 36a 317 � 48a 314 � 43a

LRS 323 � 57 213 � 47b 262 � 61b 252 � 67b 242 � 35b

TS 302 � 42 232 � 28b 291 � 54ab 294 � 40ab 268 � 16b

BMBT, second <240 Control 61 � 16ab 63 � 15 57 � 14 56 � 12 97 � 40

LRS 86 � 22a 56 � 14 60 � 19 52 � 15 80 � 38

TS 50 � 16b 74 � 21 79 � 35 51 � 21 76 � 39

PT, second 11-17 Control 15 � 1 15 � 1a 17 � 3 15 � 2 13 � 1

LRS 14 � 1 16 � 2a 15 � 1 15 � 1 13 � 1

TS 14 � 1 13 � 1b 16 � 1 14 � 1 13 � 1

aPTT, second 72-102 Control 72 � 9 73 � 9 75 � 14 73 � 9a 80 � 11

LRS 75 � 12 92 � 29 82 � 15 83 � 9ab 87 � 6

TS 79 � 15 89 � 24 90 � 14 91 � 16b 79 � 10

Within each column. For a given time point, treatment group means followed by different superscript letters are significantly different from each other
(Tukey’s test, P ≤ 0.05).
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amount of blood withdrawn in the LRS and TS treatment groups.

Comparisons among treatment groups were performed by a 2-way

ANOVA for repeated measures by both factors (time and treatment)

followed by post hoc comparisons among treatment groups using a

Tukey's test adjusted for the repeated measure design. For all vari-

ables, the significance level was set at P < 0.05.

3 | RESULTS

3.1 | Effects of LRS and TS on hematocrit, platelet
count, BMBT, PT, and aPTT (Table 1)

The total volume of blood removed did not differ between LRS and

TS treatments (25 � 7 and 23 � 4 mL/kg, respectively). The volumes

of LRS and TS infused for VR were 75 � 14 and 23 � 4 mL/kg

(P ≤ 0.0001).

The hematocrit decreased in comparison to controls from 0.5

to 24 hours after VR with LRS (P ≤ 0.0001-0.02) and TS

(P ≤ 0.0001-0.001; Table 1). Hematocrit was significantly higher

24 hours after VR with TS than with LRS (P = 0.02).

Platelet count significantly decreased from controls from 0.5 to

24 hours after LRS (P ≤ 0.0001-0.002) and at 0.5 and 24 hours after

TS administration (P ≤ 0.0001-0.03). Except for 1 dog, in which tran-

sient mild thrombocytopenia was observed from 0.5 to 4 hours

(126-172 × 103/μL) after VR with LRS, platelet count remained within

normal ranges in all treatment groups.

Buccal mucosal bleeding time recorded for individual animals

remained within normal ranges throughout the study in all treatment

groups. A significant difference in BMBT was observed between LRS

and TS treatments at BL (P = 0.005), but values recorded in these

treatment groups did not differ significantly from controls at BL. For

the remainder of the observational period, BMBT did not differ signifi-

cantly among treatments.

At 0.5 hours after VR, PT decreased significantly in the TS treat-

ment group compared to control (P = 0.04) and LRS treatments

(P = 0.007). At 4 hours after VR, aPTT was significantly increased in

the TS treatment in comparison to controls (P = 0.045). Mean PT and

aPTT values remained within normal reference ranges provided by the

equipment manufacturer throughout the study. An increase in aPTT

above the reference range was recorded 0.5 hours after VR with LRS

TABLE 2 Rotational thromboelastometry-derived variables of clotting time (CT), clot formation time (CFT), alpha-angle, and maximum clot

firmness (MCF) measured from citrated blood in which coagulation was activated by the extrinsic (ex-TEM) and intrinsic pathways (in-TEM). Data
represent the mean � SD of 6 dogs that did not undergo acute hemorrhage followed by VR in one occasion (control) or that underwent
hemorrhage and randomly received VR with lactated Ringer's solution (LRS treatment) or with 6% TS treatment at a ratio of 3:1 or 1:1 the volume
of shed blood, respectively. Variables were recorded during anesthesia, before hemorrhage (BL), 0.5, 2, and 4 hours after VR. Anesthesia was
interrupted 4 hours after VR, and data were collected 24 hours after VR

Variable Reference range14 Treatment

Time after VR, hours

BL 0.5 2 4 24

CTex-TEM, second 29-92 Control 40 � 10 37 � 2 43 � 8 41 � 12 35 � 7

LRS 49 � 17 57 � 30 54 � 16 56 � 18 34 � 14

TS 44 � 16 63 � 14 47 � 8 48 � 18 48 � 17

CFTex-TEM, second 54-275 Control 96 � 12 96 � 10a 89 � 14a 92 � 14a 90 � 11

LRS 106 � 12 129 � 43b 118 � 25b 113 � 24b 100 � 17

TS 95 � 8 116 � 22b 111 � 18b 104 � 16ab 91 � 12

Alpha-angleex-TEM, � 47-79 Control 70.8 � 2.3 70.7 � 2.0a 72.2 � 2.5a 71.5 � 2.8a 72.3 � 2.2

LRS 69.8 � 2.9 67.3 � 2.8b 67.2 � 3.3b 67.8 � 4.2b 71.3 � 1.9

TS 71.5 � 1.6 67.7 � 3.3b 68.3 � 2.7b 69.5 � 2.9ab 72.2 � 2.2

MCFex-TEM, mm 36-73 Control 62.0 � 3.4a 62.7 � 3.3a 61.7 � 4.3a 62.2 � 3.6a 66.2 � 3.3

LRS 57.8 � 4.7b 52.5 � 5.2b 53.7 � 5.8b 54.8 � 5.7b 64.2 � 2.9

TS 60.8 � 3.4ab 54.7 � 3.5b 56.7 � 3.1b 57.5 � 3.9b 63.8 � 4.4

CTin-TEM, second 126-363 Control 116 � 23 109 � 16 105 � 17 113 � 11 105 � 33

LRS 120 � 21 105 � 41 108 � 17 115 � 18 121 � 30

TS 106 � 14 97 � 29 93 � 23 109 � 25 106 � 33

CFTin-TEM, second 47-224 Control 76 � 13 80 � 15a 75 � 13a 84 � 23a 76 � 13

LRS 93 � 16 133 � 46b 116 � 32b 109 � 23b 82 � 15

TS 77 � 16 116 � 32b 112 � 18b 100 � 20ab 81 � 11

Alpha-anglein-TEM, � 51-81 Control 76.2 � 2.3 74.8 � 2.4a 75.5 � 2.4a 75.2 � 2.5 76.5 � 4.5

LRS 73.3 � 2.7 69.7 � 6.9b 70 � 3.6b 71 � 3.2 73.8 � 2.6

TS 75.8 � 3.3 70.5 � 2.8b 69.5 � 4.1b 72.8 � 2.9 74 � 2.1

MCFin-TEM, mm 50-75 Control 60.2 � 3.2 61 � 4.1a 61.2 � 3.1a 60 � 4.8a 64.3 � 3.3

LRS 55.5 � 3.8 51.8 � 4.5b 52.5 � 3.9b 54.2 � 3.3b 59.8 � 7.3

TS 58.5 � 2.7 55.7 � 3.4b 54.3 � 2.6b 55.2 � 4.7b 62 � 4

Within each column. For a given time point, treatment group means followed by different superscript letters are significantly different from each other
(Tukey’s test, P ≤ 0.05).
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in 2/6 dogs (103 and 140 seconds). Individual aPTT values were

above the reference range in 3/6 dogs after VR with TS. In 1 dog,

aPTT increased from 80 seconds (BL) to 124, 116, and 115 seconds

at 0.5, 2, and 4 hours after TS, respectively, returning to normal

24 hours after VR (86 seconds). In the 2 remaining dogs, aPTT was

above the reference range at 1 time point after TS administration

(114 and 106 seconds in each animal, respectively).

3.2 | Effects of LRS and TS on ROTEM assays
(Table 2)

The CFTex-TEM and CFTin-TEM were significantly higher than controls

from 0.5 to 4 hours after LRS (P ≤ 0.0001-0.01) and from 0.5 to

2 hours after TS (P = 0.0002-0.01). The α-angleex-TEM and α-anglein-

TEM were significantly lower than controls from 0.5 to 2 hours after

LRS (P = 0.0001-0.02) and TS (P = 0.0005-0.02). At 4 hours after VR,

the α-angleex-TEM was lower than controls only in the LRS treatment

(P = 0.004). The MCFex-TEM and MCFin-TEM values were significantly

lower than controls from 0.5 to 4 hours after VR with LRS

(P ≤ 0.0001-0.01) and TS (P ≤ 0.0001-0.04).

Rotational thromboelastography derived parameters (mean

values) were within reference ranges reported in the literature,14

except for mean CTin-TEM values that were lower than reference

ranges throughout the observational period in all treatment groups.

4 | DISCUSSION

Use of TS for VR after hemorrhage resulted in dilutional coagulopathy

because the hypocoagulable state induced by the colloid was equiva-

lent or less than that induced by a 3 times higher volume of LRS. The

increase in the time of clot formation (CFT) induced by VR with TS

was of shorter duration in comparison to VR with LRS (2 and 4 hours,

respectively). However, the decrease in clot strength (MCF) was of

similar magnitude and duration for both fluids (4 hours). Because TS

did not cause more interference with the viscoelastic properties of

the blood clot in comparison to LRS, a fluid known for not causing

direct inhibition of coagulation, TS probably did not cause a significant

inhibition of coagulation factors.

Changes in ROTEM assays induced by VR with LRS or TS were

compared with control values previously generated using the same

animals undergoing the same experimental protocol without hemor-

rhage and VR. This design has the advantage of avoiding bias caused

by individual responses on the interventions under evaluation.

Although VR with TS and LRS decreased the speed of clot formation

and the firmness of the blood clot, with the exception of mean CTin-

TEM values, the mean values derived from ROTEM assays remained

within the reference intervals previously published by another labora-

tory.14 These findings suggest that TS may be used for VR in healthy

dogs without causing a clinically relevant increase in the risk of

bleeding.

Based on a pilot study, the hemorrhage model targeting a

decrease in hematocrit to 33% would allow removal of approximately

30% of blood volume (24 mL/kg, considering the blood volume as

80 mL/kg). In a previous study of dogs anesthetized using a fixed

end-tidal isoflurane concentration (1.3 times the minimum alveolar

concentration), removal of 30% of blood volume resulted in hypoten-

sion (MAP < 60 mm Hg) in half of the studied population (4/8 dogs).15

Because of concerns with renal injury in animals that would receive a

fluid that might predispose to renal damage (TS),2,4 the end-tidal iso-

flurane concentration was adjusted to provide immobility and to main-

tain MAP within ranges that usually are considered acceptable during

anesthesia (MAP between 60 and 70 mm Hg).11

Differences in the degree of dilution of coagulation factors may

be an important confounder in studies comparing the effects of IV

fluids on blood coagulation. In dogs with hypotensive hemorrhagic

shock, the volume expansion efficiency (effective plasma volume

expansion divided by the infused volume) is rapidly decreased from

38% at 5 minutes after LRS administration to 11% approximately

90 minutes later.9 In contrast, the volume expansion efficiency of TS

is close to 100% during the same time period.9 Based on a previous

report,9 the ratio between the volume of LRS administered and the

blood volume removed (3:1) could not have fully compensated for the

redistribution of this fluid from the intravascular to the extravascular

space. However, similar decreases in hematocrit induced by both

fluids suggest that a similar degree of hemodilution was achieved

when VR was performed with LRS or TS. On the other hand, the

decrease in platelet count induced only by LRS in comparison to con-

trols at 2 and 4 hours after VR might suggest that the degree of hemo-

dilution could have been greater for LRS than for TS at these time

points. This difference in platelet count, however, probably did not

interfere with primary hemostasis because no significant differences

in BMBT were found among treatments after VR, and the mean plate-

let count remained within the normal range for the dogs.

In vitro models have been used to evaluate the effects of colloids

on platelet function and on ROTEM in canine blood.14,16 However,

comparisons between LRS and TS using in vitro assays have limited

clinical application because this model cannot account for the redistri-

bution of fluids that occurs from the intravascular to the extravascular

space. In addition, the magnitude and duration of the effects of col-

loids on hemostasis can altered by the metabolism of colloids in the

circulation,1 a situation that cannot be mimicked during in vitro

conditions.

Hydroxyethyl starch solutions may interfere with vWF activity

and concentration, which in turn may impair platelet aggregation

(primary hemostasis).4,17 A large volume of TS (40 mL/kg)

decreased vWF concentration in comparison to the same volume of

physiological saline in dogs, suggesting that primary hemostasis

may be decreased by the colloid.7 However, recent studies have

shown that TS administration after hemorrhagic shock does not

alter primary hemostasis (ie, platelet function) beyond a dilutional

effect in dogs.18 Contrasting with large molecular weight HES solu-

tions, TS has little impact on platelet aggregation in dogs and

humans.16,18,19 Although the activity of vWF and platelet aggrega-

tion were not evaluated in our study, primary hemostasis was clini-

cally unaffected by either fluid because BMBT, which qualitatively

evaluates platelet function (ie, ability to create an effective platelet

plug), did not differ between the LRS and TS groups, and remained

within reference values for the species.
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An increase in aPTT with normal PT might reflect a defect in fac-

tor VIII, other intrinsic coagulation pathway factors (XII, XI, and IX), or

both. Activated partial thromboplastin time transiently increased from

controls 4 hours after TS administration (P = 0.045), suggesting that

TS caused an impairment in the intrinsic coagulation pathway. Hydro-

xyethyl starch solutions may interfere with factor VIII and inhibit the

intrinsic coagulation pathway by 2 mechanisms: (1) direct decrease of

activated factor VIII beyond a dilutional effect, and (2) direct binding

and inactivation of factor VIII.2,20 Although a decrease in factor VIII

activity may be observed with HES solutions of larger molecular

weight,20 large doses of TS administered to dogs (40 mL/kg)7 and

humans (50-70 mL/kg)21,22 did not decrease factor VIII concentra-

tions. Despite a transient increase in aPTT induced by TS, the

decrease in MCFin-TEM of similar magnitude and duration (4 hours)

induced by VR with LRS and TS supports the hypothesis that the

hypocoagulable effect of TS was a dilutional effect, and suggests that

the intrinsic coagulation pathway (factor VIII) was impaired to the

same degree by both fluids. This finding is in agreement with the con-

cept that HES solutions with smaller molecular weight and molar sub-

stitution, such as third generation TS, cause less interference with

coagulation than HES solutions of larger molecular weight.1,2,6,23

The small number of animals in our study raises the concern

that there could have been a lack of power to show more subtle dif-

ferences between treatments. Because of the opportunistic nature

of the present study, which was carried out in conjunction with

another trial, a sample size of 6 animals was estimated based on

expected differences in extravascular lung water.11 Another short-

coming of the study reported here is the fact that not all variables

were similar between treatment groups before hemorrhage. Base-

line MCFex-TEM was significantly lower in the LRS treatment group

compared to controls (62 � 2.4 versus 57.8 � 4.7 mm, P = 0.01),

and this difference could have biased subsequent comparisons

between the LRS treatment and the other treatment groups.

Although this difference could suggest that the washout intervals

between experiments that involved hemorrhage and VR (8 weeks)

might not have been long enough to completely eliminate a carry-

over effect, this interval far exceeds the period required by the

bone marrow to restore the depleted cells after blood donation in

dogs (10 days).24 The difference in MCTex-TEM was relatively small

and might have been caused by type II error.

5 | CONCLUSIONS

The use of TS for VR after hemorrhage in healthy dogs does not

appear to impair primary hemostasis. The hypocoagulable state

induced by TS was transient (2-4 hours) and, when compared with

a 3 times higher volume of LRS, VR with TS at a 1:1 ratio does not

cause more interference on the viscoelastic properties of the blood

clot in hemorrhaged dogs. These findings suggest that TS induces

dilutional coagulopathy, and when used for VR in hemorrhaged

dogs, does not increase the risk of bleeding in comparison to iso-

tonic crystalloids.
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