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A B S T R A C T   

Objective: To assess the influence of general anesthesia on rotational thromboelastometry (ROTEM) and standard 
coagulation testing in healthy dogs 
Study design: Prospective experimental study 
Animals: 10 healthy Beagle dogs 
Methods: Dogs were administered methadone (0.2 mg/kg) intramuscularly. Anesthesia was co-induced intrave-
nously 30 min later with midazolam (0.1 mg/kg) and propofol to effect, and maintained with sevoflurane. 
Crystalloids were administered at 5 ml/kg/h. Blood was sampled by direct venipuncture before induction (T0) 
and 3.5 h later (T3.5) and ROTEM parameters (ExTEM, InTEM, FibTEM, ApTEM), standard plasmatic coagu-
lation tests (prothrombin time [PT], activated partial thromboplastin time [aPTT], fibrinogen concentration), 
hematology, ionized calcium, triglycerides, pH, lactate and body temperature were compared over time with 
Students t - test or Wilcoxon matched pairs signed-rank tests. 
Results: The following variables dropped significantly between T0 and T3.5: body temperature (p < 0.0001), 
hematocrit (p < 0.0001), platelet count (p < 0.01), pH (p < 0.01), triglycerides (p < 0.01), fibrinogen con-
centration (p < 0.01), ExTEM, FibTEM (p < 0.01) and ApTEM (p < 0.05) clotting times. Lactate concentration (p 
< 0.01), aPTT (p < 0.05) and FibTEM maximum clot firmness increased (p < 0.05). No changes were noted in 
ionized calcium, PT and InTEM values. 
Conclusion and clinical relevance: General anesthesia with concurrent hemodilution and hypothermia induced 
significant but clinically irrelevant changes in coagulation variables measured at 37 ◦Celsius. Blood samples from 
anaesthetized animals can be used for determination of coagulation status in dogs.   

Introduction 

Coagulopathies are a common finding in critically ill dogs (Fry et al., 
2017; Herrero et al., 2020; Kelley et al., 2015; Sigrist et al., 2017) and 
intraoperative determination of coagulation status may become neces-
sary in those patients, especially if active bleeding is observed. Therefore 
anesthesia-related changes in the assessment of coagulation have to be 
taken into account when therapeutic measures are taken. Additionally, 
many experimental studies evaluating the coagulation status before and 
after a specific treatment are performed in dogs under anesthesia (Boyd 
et al., 2018) and knowledge of a possible influence of general anesthesia 

is mandatory for the appropriate interpretation of results. 
Thromboelastometry parameters in people after sevoflurane or pro-

pofol anesthesia were not different to preanesthetic measurements (Koo 
et al., 2014). However, the effect of intra-anesthetic assessment of 
coagulation parameters has never been studied in people despite the 
widespread use of viscoelastic tests during anesthesia for 
trauma-related, cardiac and transplantation surgery (Agarwal & 
Abdelmotieleb, 2020; Sayce, Neal & Leeper, 2020). To the authors’ 
knowledge in dogs neither intra- nor postanesthetic measurements were 
compared to preanesthetic measurements. 

Viscoelastic tests such as rotational thromboelastometry (ROTEM) 

* Corresponding author: Department of Clinical Diagnostics and Services, Section Anaesthesiology, Vetsuisse Faculty, University of Zurich, Winterthurerstrasse 
258c, Zurich, 8057 Switzerland. 

E-mail address: aschwarz@vetclinics.uzh.ch (A. Schwarz).  

Contents lists available at ScienceDirect 

Veterinary and Animal Science 

journal homepage: www.elsevier.com/locate/vas 

https://doi.org/10.1016/j.vas.2021.100223 
Received 26 May 2021; Received in revised form 24 November 2021; Accepted 2 December 2021   

mailto:aschwarz@vetclinics.uzh.ch
www.sciencedirect.com/science/journal/2451943X
https://www.elsevier.com/locate/vas
https://doi.org/10.1016/j.vas.2021.100223
https://doi.org/10.1016/j.vas.2021.100223
https://doi.org/10.1016/j.vas.2021.100223
http://creativecommons.org/licenses/by-nc-nd/4.0/


Veterinary and Animal Science 14 (2021) 100223

2

measure kinetic and tensile coagulatory properties in whole blood. 
ROTEM parameters provide information for both the cellular and solu-
ble components of the hemostatic process, in particular about clot ki-
netics, clot strength and fibrinolysis (Kol & Borjesson, 2010). 

The aim of the current study was to assess the impact of a stan-
dardized general anesthesia without surgical intervention on ROTEM 
and standard plasmatic coagulation parameters in healthy dogs. It was 
hypothesized that general anesthesia with volatile anesthetics itself has 
no significant influence on coagulation and therefore blood samples 
from anaesthetized animals can be used to assess the general coagula-
tion status of dogs. 

Material and methods 

This study was approved by the local ethical committee of the Canton 
Zurich, Switzerland Canton Zurich, Switzerland(Nr. 114/2013). 

Animals 

Eleven healthy research Beagle dogs undergoing a magnetic reso-
nance imaging (MRI) study (Del Chicca, 2016)a were used for this study. 
Samples from 10 (5 female and 5 male) intact dogs were included in the 
analysis. One dog was excluded due to a technical problem with the 
ROTEM device. The dogs were 4 (3 - 6) years old and were weighing 
13.7 (10.1 - 15) kg. The dogs were specifically bred for experimental 
studies and at their animal facility dogs housed in groups of two to three 
in pens that were 1.45 m x 4.5 m in size with outside runs of approxi-
mately 1.45 m x 5.5 m with a minimal height of 2.45 m. Natural daylight 
was available in the outside run and in the pens through skylights. The 
dogs were exposed to artificial lighting for 10 h daily with 14 h darkness. 
Animals were fasted overnight with free access to water up to time of 
premedication. On the study days the dogs were transported to the study 
site in a travel cage. The dogs were healthy based on physical exam 
performed on the day of anesthesia. 

Anesthetic management 

Dogs were sedated with intramuscular methadone (0.2 mg/kg; 
Methadon Streuli, Streuli Pharma AG, Switzerland) and were left un-
disturbed for 20 min before aseptic intravenous catheter (VasoVet 22 
gage; Eickemeyer, Switzerland) placement in a cephalic vein. Thirty 
minutes after sedation the dogs were preoxygenated for 3 min and 
anesthesia was co-induced with midazolam 0.1 mg/kg (Dormicum, 
Kantonsapotheke Zurich, Switzerland) and propofol (Propofol 1% MCT 
Fresenius; Fresenius Kabi AG, Switzerland) intravenously to effect. No 
heparinized flushing solution was used during the study. The dogs were 
endotracheally intubated with a cuffed endotracheal tube, connected via 
a circle breathing system to the anesthetic machine (Aestivia S5, 7900; 
SmartVent, Switzerland) and placed in dorsal recumbency. Volume- 
controlled mechanical ventilation with tidal volume of 10 ml/kg was 
initiated and respiratory frequency adjusted to maintain an end-tidal 
carbon dioxide between 36 and 46 mmHg (4.8 - 6.1 kPa). Anesthesia 
was maintained with sevoflurane (Sevorane, AbbVie AG, Switzerland) 
given to effect in an oxygen and air gas flow of 50 ml/kg/min aiming at 
an inspired fraction of oxygen of 0.5. Crystalloid fluids (Ringer Lactat 
Fresenius, Covetrus, Switzerland) were given at 5 ml/kg/h. Cardiovas-
cular and respiratory variables were measured continuously with a 
multiparameter monitor (Datex-Ohmeda N-MRI2–01; GE Healthcare, 
Finland) and recorded every 5 min. 

Anesthesia maintenance followed a standardized algorithm and was 
adjusted every 5 min: Non-invasive mean arterial blood pressure (MAP, 
cuff placement around tail base) was kept between 70 and 80 mmHg in 
all dogs by adjusting inspired fraction of sevoflurane. In case of MAP <
60 mmHg, the vaporizer dial was decreased by 0.5%. If the MAP stayed 
persistently < 60 mmHg, an intravenous fluid bolus (2 ml/kg) was 
administered. If unsuccessful, a dobutamine continuous rate infusion (5 

μg/kg/min; Dobutrex, Kantonsapotheke Zurich, Switzerland) was star-
ted. In case of MAP > 80 mmHg, the vaporizer dial was increased by 
0.5%. The dogs were all recovered successfully after completion of the 
studies. 

Blood collection 

Before each blood collection, rectal temperature was measured and 
recorded. For each dog, 10 ml of blood was collected aseptically from 
the jugular vein by direct venipuncture with a 20 G needle attached to a 
10 ml syringe using minimal vessel occlusion. Blood samples were ob-
tained immediately before induction of anesthesia and before start of 
fluid administration (T0) and 3.5 h after T0 (T3.5). After sampling, the 
needle was detached from the syringe and the whole blood was trans-
ferred to the corresponding tubes as follows: the first 1.3 ml of the 
sample were transferred in a serum tube (Sarstedt, Sevelen, Switzerland) 
for triglyceride measurements followed by 2.9 ml and 1.4 ml blood in 
sample tubes containing 3.2% Tri-Sodium-Citrate, 1:10 (Sarstedt, Sev-
elen, Switzerland) for ROTEM and standard plasmatic coagulation pa-
rameters, 1 ml in a blood gas syringe containing lyophilized lithium 
heparin (BD A-Line; Becton, Dickinson and Co., UK) for pH, lactate and 
ionized calcium measurement, 1.3 ml blood in a potassium-EDTA tube 
containing 1.6 mg/ml K3 EDTA (Sarstedt, Sevelen, Switzerland) for 
hematocrit and platelet count. All samples were obtained by the same 
person, and the specimens were free from macroscopic clots and he-
molysis. During the 3.5 h of anesthesia an imaging study (Del Chicca, 
2016) was performed. 

The contrast agent was only administered after the completion of the 
current study. 

Blood analysis 

The following assays were performed at T0 and T3.5: ROTEM acti-
vated by proprietary tissue factor (ExTEM), ROTEM activated by ellagic 
acid and phospholipid (InTEM), EXTEM with added cytochalasin D 
(FibTEM), and EXTEM with added apoprotein (ApTEM) with a ROTEM- 
delta thromboelastometer (TEM-International GmbH, Germany). Anal-
ysis was performed at 37 ◦C within 15 min of blood collection by the 
same operator and according to the manufacturer’s instructions and 
international guidelines (Flatland et al., 2014; Smith et al., 2010). 
Manufacturer-supplied, lyophilized reagents for the assays were used 
and the samples were evaluated for 60 min. The following variables 
were assessed for each profile: clotting time (s), clot formation time (s), α 
angle (◦), maximum clot firmness (MCF, [mm]) and maximum lysis (ML, 
%). Prothrombin time (PT), activated partial thromboplastin time 
(aPTT) and fibrinogen concentration using the Clauss method (fibrino-
genClauss) were determined from plasma after centrifugation (1800 G) 
using a semi-automated coagulometer (Stat 4, Roche Diagnostics, 
Switzerland). Platelet number and hemoglobin was measured with 
fluorescence flow cytometry (Sysmex-XT 2000iV, Sysmex, Japan) and 
the hematocrit was calculated from hemoglobin. Triglycerides were 
analyzed by absorption photometry (Cobas C, Roche Diagnostics, 
Switzerland ). The pH, lactate and ionized calcium were measured with 
the RAPIDpoint 500® (Siemens, Germany). All analyzers underwent 
routine quality control according to the manufacturers’ recommenda-
tions. Results were compared to inhouse reference intervals (Bachmann 
et al., 2018; Jud Schefer et al., 2020). 

Statistics 

Statistical analysis was performed with a commercially available 
software (Prism 7.0, Graphpad Software Inc., USA). Results were tested 
for normality with the Shapiro-Wilk test. Parameters were compared 
between both time points with paired t-test or Wilcoxon matched pairs 
signed-rank test as appropriate and is presented as median (range). A p 
value < 0.05 was considered significant. 
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Results 

Total infused fluid volume between T0 and T3.5 was 17.5 ml/kg in 
all dogs and neither additional fluid boli nor dobutamine were 
administered. 

Viscoelastic testing was started 10 (9–12) minutes (T0) and 11 
(9–13) minutes (T3.5) after sampling (p = 0.13). The ROTEM parame-
ters are summarized in Table 1 and the remaining parameters in Table 2. 

Multiple variables changed significantly between T0 and T3.5. The 
largest changes observed were in body temperature, hematocrit and 
platelet count. All other significant changes were small (Table 1 and 2) 
and the values remained within their respective reference intervals. 

Discussion 

Standardized general anesthesia with concurrent fluid therapy and 
hypothermia resulted in significant but likely clinically irrelevant 
changes. The results have to be discussed in the face of a concurrent 
hypothermia and a decrease in platelet count and in hematocrit. 

Extrinsically activated clotting times (ExTEM, ApTEM, FibTEM) 
were significantly shortened after 3.5 h of anesthesia, while they 
remained in the reference interval and changes were small. In contrast, 
PT was not significantly changed, despite good correlation between 
extrinsic clotting times and PT is reported (Enk et al., 2018; Jud Schefer 
et al., 2020). The reason for clotting time shortening in extrinsically 
activated ROTEM assays is unknown and in contrast to the current ev-
idence. In vitro hemodilution lead to no change or to a prolongation of 
viscoelastic clotting times dogs and pigs (Adamik, Butty & Howard, 
2015; Mauch et al., 2013; Wurlod et al., 2015) and a recent in vivo study 
administering a comparable amount of crystalloid solutions to dogs 
undergoing anesthesia for knee surgery did not detect a significant 
prolongation of clotting times (Reuteler et al., 2016). However, the 
trauma and inflammation induced by orthopedic surgery may have 
influenced those results. Our study dogs did not undergo surgery or 
trauma other than MRI scanning and blood sampling and while the ef-
fect of MRI on ROTEM parameters is unknown, we do not consider 
atraumatic blood sampling to activate coagulation. In contrast, the aPTT 
was prolonged, while the clotting times of the intrinsically activated 
ROTEM were unchanged. Again, changes were minimal (Table 2). 

The other significant change over time found in ROTEM parameters 
was a minor but significant increase in FibTEM MCF and a decrease in 
FibTEM clotting time. An overall hypercoagulable status in face of low 
hematocrit has been demonstrated in dogs in thromboelastometry as-
says (McMichael et al., 2014; Smith et al., 2012) and in our study the 
hematocrit decreased from 49 to 37% (Table 2). However, the maximum 
clot firmness was not significantly changed by anesthesia and fluid 
therapy in the three other ROTEM tests (Table 1) that assess clot strength 
including all blood components (i.e. platelets). This different behavior 
may be explained by the concurrent decrease in platelet count (Table 2). 
Additionally, volatile agents seem to impair specific platelet receptors in 
vitro (Yuki et al., 2013), but the influence on primary hemostasis has not 
been investigated in the present study. 

In the FibTEM test the platelet function is blocked by cytochalasin D. 
Therefore, the fibrinogen concentration and function are the primary 
determinants of the FibTEM MCF and the impact of platelet count on 
FibTEM MCF is neglectable. This may increase the impact of hematocrit 
on the results of FibTEM. Of note, fibrinogen concentration measured by 
Clauss in the current study was significantly lower after 3.5 h of anes-
thesia (Table 2), which is in contrast to the increase in maximum clot 
firmness in the FibTEM test (Table 1). Normally a good correlation be-
tween fibrinogen measured by Clauss and MCFFibTEM is found (Enk et al., 
2018; Jud Schefer et al., 2020). In a study in pigs that were exposed to 
exsanguination with or without tissue injury, fibrinogen levels were 
reduced in both groups after exsanguination, but the pigs exposed to 
injury showed parallel changes to our study (decreased FibTEM clotting 
time, increased FibTEM maximum clot firmness), compared to the pigs 
not formerly exposed to injury. It was proposed that extensive tissue 
trauma might induce an increased fibrin activity attenuating the hypo-
coagulable tendency of bleeding pigs (Hagemo et al., 2013). Again, in 
the current study neither extensive tissue trauma nor blood loss were 
induced in the examined Beagles. 

A recent work determining the correlation between thromboelas-
tography (TEG) variables, packed cell volume and fibrinogen concen-
tration in dogs supports the theory that the observed changes noted with 
anemia are due to the proportionate increase in available fibrinogen in 
the fixed microenvironment of the cuvette in the ROTEM (Lynch et al., 
2020). Furthermore, another possible explanation for disagreement 
between FibTEM MCF and fibrinogen levels could be the lack of inter-
ference of red blood cell in the polymer net of fibrin in the plasmatic 

Table 1 
Results of rotational thromboelastometry analysis (ROTEM) activated by pro-
prietary tissue factor (ExTEM) or ellagic acid and phospholipid (InTEM, 
respectively), ExTEM with cytochalasin D (FibTEM) or aprotinin (ApTEM, 
respectively) were performed for blood samples from 10 healthy Beagle dogs 
before induction and after 3.5 h of sevoflurane anesthesia.   

Before induction After 3.5 h of 
sevoflurane 
anesthesia    

Median Range Median Range p- 
value 

Reference 
interval 

ExTEM  
Clotting time 

(s) 
35 26 – 

57 
30* 24 – 

46 
<

0.01 
23 - 87 

Clot 
formation 
time (s) 

117 53 – 
153 

122 73 – 
138 

0.79 85 - 357 

Alpha angle 
(◦) 

68 62 – 
82 

67 64 – 
81 

0.84 42 - 77 

Maximum 
clot 
firmness 
(mm) 

58 51 – 
66 

57 51 – 
64 

0.3 32 - 65 

Maximum 
lysis (%) 

2 0 – 10 1 0 – 14 >0.99 0 - 12 

FibTEM  
Clotting time 

(s) 
47 29 – 

278 
34* 27 – 

120 
<

0.01 
21 - 112 

Maximum 
clot 
firmness 
(mm) 

4 3– 10 5* 3– 12 <

0.05 
2 - 9 

ApTEM  
Clotting time 

(s) 
36 31 – 

59 
32* 27 – 

47 
<

0.05 
21 - 75 

Clot 
formation 
time (s) 

117 67 – 
164 

117 68 – 
216 

0.93 99 - 485 

Alpha angle 
(◦) 

68 59 – 
80 

67 54 – 
82 

0.48 42 - 79 

Maximum 
clot 
firmness 
(mm) 

59 52 – 
65 

58 48 – 
65 

0.35 32 - 63 

Maximum 
lysis (%) 

1 0 – 3 1 0 – 5 >

0.99 
0 - 10 

InTEM  
Clotting time 

(s) 
154 123 - 

230 
165 128 - 

205 
0.32 133 - 210 

Clot 
formation 
time (s) 

65 45 - 
130 

69 47 - 93 0.85 59 - 201 

Alpha angle 
(◦) 

78 66 – 
81 

76 73 – 
81 

>

0.99 
58 - 78 

Maximum 
clot 
firmness 
(mm) 

64 57 - 69 63 56 - 69 0.33 52 - 71 

Maximum 
lysis (%) 

0 0 - 1 0 0 - 1 1 0 - 3 

*Statistically different from T0 (p < 0.05). 
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tests (Gersh, Nagaswami & Weisel, 2017). 
The coagulation parameter changes have to be interpreted in the face 

of the decrease in hematocrit and platelet count as well as hypothermia 
identified at T3.5. The decrease in hematocrit and platelet count can be 
explained by two concurrent mechanisms. On one hand it has been 
shown in dogs and monkeys under halothane anesthesia that erythro-
cytes are sequestrated in the spleen, as well as in the splanchnic 
vasculature, which led to an anesthetic-induced decrease in hematocrit 
up to 20% (Steffey et al., 1976). This decrease was probably caused by 
vasodilation and is also expected in newer inhalants such as isoflurane 
and sevoflurane. Administration of 17.5 ml/kg crystalloid fluids over 
3.5 h to an estimated blood volume of 85 ml/kg in these healthy dogs 
may have diluted the concentration of erythrocytes and platelets to a 
certain stage (West et al., 2013). The platelet count in dogs has been 
shown to decrease around 15% after administration of a crystalloid 
bolus of 10 ml/kg followed by a constant rate infusion of 10 ml/kg for 
one hour (Chohan et al., 2011). Unfortunately, total solids were not 
measured in our study to support the hemodiluted effect caused by fluid 
administration. 

The temperature dropped significantly and clinically relevant in the 
present study from normal values to 34.2 – 35.8 ◦Celsius. Due to the 
study setting conducted in a 3 Tesla MRI scanner it was not possible at 
the time of the study to provide active warming to the dogs. Hypo-
thermia can impair coagulatory function due to several factors such as 
slowing down of enzymatic processes, platelet adhesion defects, 
disruption of platelet function, delay of thrombin formation and 
decreased fibrinogen synthesis (Martini & Holcomb, 2007; Wolberg 
et al., 2004). An association between hypothermia and coagulation 
variables in healthy dogs has been shown in vitro assessed by TEG 
(Taggart et al., 2012). Clots formed more slowly at decreased temper-
atures (27◦ and 30 ◦C) but the final strength of the clot appeared unaf-
fected. In temperatures comparable to our results (33 ◦C and 36 ◦C), no 
differences to the control group were noted. There is inconsistency 
among published reports with respect to the effect of hypothermia on 
coagulation assessed by TEG or ROTEM in human blood in the literature. 
Some studies noted hypocoagulable changes in all variables when the 
temperature of the blood was decreased (Rundgren & Engström, 2008), 
whereas others did report changes consistent with a decrease in the 
speed of clot formation and an increase in the clot strength in vitro 
(Ramaker et al., 2009). If the increase in FibTEM MCF in our study could 
be caused by hypothermia cannot be answered with the results of these 
studies. In vitro results cannot be extrapolated directly to the in vivo 
hypothermic patient as present in the current study. In vitro the complex 
influences of the hypothermic tissue, endothelium and platelets itself are 
missing (Taggart et al., 2012). Hypothermia of 32 ◦C decreased fibrin-
ogen synthesis by about 50% with no changes in fibrinogen breakdown 
measured by stable isotope technique in an in vivo swine model (Mar-
tini, 2007). Rats subjected to 33 – 34 ◦Celsius had no alteration in 
coagulatory function compared to the control group, measured with 

ROTEM at the temperature of 37 ◦C or 33 ◦C respectively (Park, Lee & 
Kim, 2013). This is similar to our findings, where ROTEM analysis and 
standard plasmatic coagulation tests were carried out at 37 ◦C and not 
corrected for the dogs’ actual rectal temperatures. The difference be-
tween the in vivo and the in vitro analysis temperature may lead to 
misinterpretation of obtained results. The warming of samples before 
analysis could eventually have masked hypothermia-induced coagulo-
pathies in the present study. Nevertheless, the authors of a study 
investigating adjustment of analysis temperature to the in vivo value 
during hypothermia in humans using TEG, concluded that the impor-
tance of temperature adjustment in clinical routine is low because of the 
precision limits of TEG measurement itself (Cundrle et al., 2013). Clot 
strength and fibrinolysis variables had low ranges of bias both in 
normothermia and hypothermia. Clot formation variables were influ-
enced by temperature adjustment during hypothermia with wide limits 
of agreement, which made interpretation of results difficult. 

In vitro evaluation of different resting temperatures before analysis of 
canine whole blood samples revealed that samples rested at room tem-
perature required a longer time to warm up to 37 ◦C when placed in the 
reaction cup and therefore the rate of enzymatic reactions was variable. 
This resulted in a longer lag until thrombin generation, but effects of 
resting temperature techniques on TEG appear to have a minimal clin-
ical impact (Ralph et al., 2012). The same might apply to hypothermic 
blood samples. In our study the samples were analyzed within a similar 
time frame of 9 to 13 min after collection for both the normothermic 
(T0) and the hypothermic (T3.5) samples. Theoretically the samples 
from T3.5 starting at a lower temperature had less time to rewarm before 
analysis. As only the temperature of the device and not the temperature 
of the blood can be measured during analysis, this cannot be answered 
with the current study. However, no drop of temperature of the device 
was displayed during analysis. 

The pH stayed within reference range throughout the time course of 
anesthesia although it decreased significantly between T0 and T3.5 
(Table 2). The change of pH can be explained with minor increase in 
lactate values between T0 and T3.5. A negative influence on coagulation 
formerly described in a canine trauma model after in vitro acidification 
(Burton et al., 2018) can probably be excluded as the observed changes 
were minimal. 

In the current study triglyceride concentrations were measured to be 
able to exclude an influence of propofol on the results. Propofol is a 
lipid-based solution and was used as induction agent .When investi-
gating the in vitro effects of supra-clinical doses of lipid emulsion (10 or 
30 mg mL− 1 concentration) on TEG in canine blood samples, the 
maximum amplitude (corresponding to maximum clot firmness in 
ROTEM) was significantly reduced (Tonkin, Parnell & Hogan, 2013). In 
the present study, triglyceride concentrations dropped slightly (Table 2) 
and stayed within normal limits at all timepoints, therefore an influence 
can be excluded. 

The current study contains several limitations. 

Table 2 
Temperature and results of plasmatic coagulation assays, platelet count, hematocrit, ionized calcium, pH, lactate and triglycerides from 10 healthy Beagle dogs before 
induction and after 3.5 h of sevoflurane anesthesia.   

Before induction After 3.5 h of sevoflurane anesthesia    
Median Range Median Range p-value Reference interval 

Temperature ( ◦C) 38.3 37.7–38.7 34.9* 34.2–35.8 < 0.0001  
Prothrombin Time (s) 6.9 6.5–7.8 6.9 6.4–7.9 0.91 6.3 - 8.5 
Activated Partial Thromboplastin Time (s) 11.5 10.7–13.4 12.6* 10.7–14.3 < 0.05 9.6 - 16.1 
Fibrinogen (g L − 1) 2.2 1.4–3.3 1.9* 1.1–3.1 < 0.01 1.0 - 2.5 
Platelet Count (103 µL− 1) 314 235–513 258* 207–333 < 0.01 130 - 394 
Hematocrit (%) 49 44–59 37* 30–41 < 0.0001 42 - 55 
Ionized Calcium (mmol L − 1) 1.32 1.2–1.41 1.34 1.41–1.39 0.41 1.23 - 1.40 
pH 7.39 7.36–7.42 7.36* 7.33–7.4 < 0.01 7.32 - 7.45 
Lactate (mmol L − 1) 0.95 0.31–1.45 1.37* 0.5–1.83 < 0.01 0.43 - 2.1 
Triglycerides (mmol L − 1) 0.4 0.3–1.3 0.3* 0.2–0.5 < 0.01 0.4 - 1.5 

*Statistically different from T0 (p < 0.05). 
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Due to the paired samples and very standardized conditions even 
very small and probably not clinically relevant differences in variables 
assessing coagulation reached significance. 

With the chosen study design and the lack of total solids measure-
ment, it is not completely possible to differ between the influence of 
fluid administration and the influence of anesthesia per se. However, 
fluid administration at the chosen rate is common during anesthesia and 
therefore our results have clinical relevance. 

In conclusion, general anesthesia with concurrent haemodilution 
and hypothermia induced significant but clinically irrelevant changes in 
coagulation variables measured at 37 ◦Celsius in healthy Beagle dogs. 
Blood samples from anaesthetized animals can be used to assess the 
general coagulation status of dogs. 
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