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Despite differences between the porcine and human coagula-
tion systems,15,19 pigs remain a species of choice for translational 
research,10 specifically in thrombosis and hemostasis.5,20,22 
Rotational thromboelastometry (ROTEM; Instrumentation 
Laboratory, Bedford, MA) is a diagnostic tool that allows for 
simple and rapid benchtop evaluation of coagulation function. 
With rotational viscoelastometry, the elastic properties of a clot 
are measured from formation until lysis by immersing a pin 
into the blood sample. Whereas coagulation times provide key 
information regarding coagulation factor activity, rotational 
viscoelastometry is a user-friendly benchtop method that al-
lows evaluation of the entire coagulation cascade (including 
platelet function and fibrinolysis), which is reflective of the 
cell-based coagulation model.2,7 Animal studies have shown 
the potential for ROTEM to assist in understanding, prevent-
ing, and treating various conditions, including acute traumatic 

coagulopathy,12,23,24 cerebral injury,13 cardiopulmonary bypass,9 
and sepsis.31

Translational research bridges the gap between laboratory 
concepts and clinical practice. Biomedical research in animals 
allows for reproducible development and refinement of novel 
therapies. It is important to establish rotational thromboelasto-
metry reference values in species used as models in coagulation 
research. Although many studies report the use of ROTEM 
in pigs, only one reported reference values.30 Furthermore, 
no studies report normal ROTEM values in a large cohort of 
Yorkshire-cross pigs, which are commonly used in our labora-
tory and in translational research in general. In addition, no 
available study satisfies the “National Institute of Health's 
expectation that scientists will account for the possible role 
of sex as a biological variable in vertebrate animal and hu-
man studies.”18 Finally, previous studies do not follow recent 
guidelines regarding the use of viscoelastometry7 or reference 
values determination4 in veterinary medicine, thus limiting the 
scientific impact and reproducibility of their results.

We sought to establish normal ROTEM Intrinsic and Ex-
trinsic (INTEM and EXTEM) values for a large cohort of male 
and female Yorkshire-cross pigs by following the most recent 
veterinary viscoelastometry guidelines.4,7 Furthermore, it is 
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common practice to place samples on a tube rocker for a 30-min 
preanalytical incubation period. Consequently, our secondary 
aim was to assess the effects of preanalytical sample rocking 
on ROTEM values.

Materials and Methods
This study was approved (protocol no. FDG20180031A) by the 

IACUC at David Grant USAF Medical Center (Travis Air Force 
Base, CA). After blood sampling, animals were used for other 
IACUC-approved experiments within our facility. Nonspecific 
pathogen-free animals were procured from the University of 
California-Davis (4%; Davis, CA), S and S Farms (81%; Ranona, 
CA), and Oak Hill Genetics (15%; El Nido, CA). Animals were 
acclimated for 10 d prior to the experiment. All animals were 
housed to provide visual, olfactory, and, when possible, tactile 
contact with conspecifics. All animal care and use were in com-
pliance with the Guide for the Care and Use of Laboratory Animals 
in an AAALAC-accredited facility.14

The study population comprised 81 Yorkshire-cross pigs (Sus 
scrofa; 46 males and 35 females; age, 5 to 6 mo), which were ap-
parently healthy, in light of absence of clinical signs of systemic 
illness (such as inappetence, diarrhea, fever, cough, or lameness) 
and with normal CBC (VetScan HM5, Abaxis, Union City, CA) 
and biochemistry (Vet Axcel, Alfa Wassermann, West Caldwell, 
NJ) profiles. Animals were food-fasted overnight before use but 

had free access to water. Pigs were anesthetized by using tile-
tamine–zolazepam (6.6 mg/kg IM; Fort Dodge Animal Health, 
Fort Dodge, IA). We used an 18-gauge needle attached to a blood 
collection system (Vacutainer, BD Monoject, Franklin Lake, NJ) 
to obtain the following blood samples from the right cranial 
vena cava: 1) 1 mL in a clot tube for fibrinogen quantification, 
2) 2 sodium citrate tubes (2 mL each) for ROTEM analysis, 3) 2 
mL in an EDTA tube for counting platelets. In addition, sodium 
citrate tubes contained 3.2% buffered sodium citrate at a strict 
1:9 ratio of citrate to blood, yielding a final citrate concentration 
of 10.8 mM; 1 of the 2 tubes was selected randomly and placed 
on a rocker during the incubation, and the other was not. For 
samples 2 and 3, the blood was gently mixed with the antico-
agulant in the tube. Fibrinogen concentration was measured on 
the nonagitated tube (VETSCAN VSpro, Abaxis). The methods 
used to collected samples 1 and 3 satisfied current recommenda-
tions regarding reporting of ROTEM results.7

ROTEM analysis was conducted in accordance with the most 
recent guidelines for the establishment of reference values4 and 
the use of rotational viscoelastometry in veterinary medicine.7 
All samples used for ROTEM measurement were held at room 
temperature for 30 min prior to analysis, which was performed 
according to manufacturer’s guidelines. ROTEM quality con-
trol was performed once daily prior to analysis. The following 
INTEM and EXTEM parameters were analyzed according to 

Figure 1. Statistically significant relationships between serum fibrinogen concentration and various (A) INTEM and (B) EXTEM ROTEM pa-
rameters in swine.
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the manufacturer’s recommendations: clotting time (CT), clot 
formation time (CFT), α angle, clot firmness after 10 min (A10), 
clot firmness after 20 min (A20), maximal clot firmness (MCF), 
maximum lysis (ML), lysis index at 30 min (Li30), and lysis 
index at 45 min (Li45).

Statistical analysis. Methodology for establishing reference 
values for laboratory testing in veterinary species has been 
standardized by the American Society for Veterinary Clinical Pa-
thology.4 Data were analyzed by using Reference Value Adviser 
version 2.1.6 This freeware assesses data distribution normality 
according to the Anderson–Darling test. Symmetry distribution 
is verified by robust methods. Outliers are detected by using 
the Dixon and Tukey tests. Accordingly, reference intervals are 
reported as either mean ± 2 SD or the 2.5th to 97.5th percentiles. 
In addition, the 90% CI of the lower and upper reference limits 
are reported for both distributions.4 The effects of sex, sampling 
order, and sample agitation on individual ROTEM parameters 
were assessed through logistic regression. Significance was set 
as a P value less than 0.01, to adjust for multiple comparisons. 
The effects of Hct, fibrinogen concentration, and platelet count 
were assessed by using linear regression.

Results
The median (2.5th to 97.5th percentiles) platelet count (× 

109/L) was 235 (52 to 401), 233 (66 to 423), and 234 (68 to 407) 

in male pigs, female swine, and combined for both sexes, 
respectively. The median (2.5th to 97.5th percentiles) Hct (%) 
was 27.8 (22.5 to 30.1), 26.9 (21.7 to 31.5), and 27.0 (21.7 to 31.3) 
in males, females, and both sexes combined, respectively, and 
serum fibrinogen concentration (mg/dL) was 385 (300 to 529), 
420 (340 to 570), and 400 (300 to 534). Preanalytical sample 
agitation and Hct had no effects on INTEM or EXTEM results 
(P > 0.01). Sampling order had no influence on INTEM param-
eters but significantly affected the EXTEM results for CFT (P = 
0.005) and α (P = 0.006). Fibrinogen concentration influenced 
the INTEM results for A10 (r2 = 0.33, P < 0.001), A20 (r2 = 0.30, 
P < 0.001), and MCF (r2= 0.33, P < 0.001) and the EXTEM results 
for A10 (r2 = 0.38, P < 0.001), A20 (r2 = 0.38, P < 0.001), MCF (r2 
= 0.38, P < 0.001), α (r2 = 0.12, P < 0.001), and CFT (r2 = 0.08, P 
= 0.003; Figure 1).

Sex and platelet count did not influence any of the ROTEM 
results (P > 0.01). Because preanalytical sample agitation had 
no effects on INTEM or EXTEM results, combined reference 
intervals were established for each ROTEM parameter by 
merging data from the nonagitated tubes of male and female 
pigs (Tables 1 and 2).

Discussion
Following the most recent veterinary guidelines, we estab-

lished ROTEM (INTEM and EXTEM) reference intervals in a 

Table 1. INTEM reference intervals in swine

CT (s) CFT (s) α (°) A10 (mm) A20 (mm) MCF (mm) ML (%) Li30 (%) Li45 (%)

Male pigs
Mean 165 55 79 66 66 67 14 95 89
1 SD 51 15 2 4 5 4 5 3 6
CV (%) 30.9 27.3 2.5 6.1 7.6 6.0 35.7 3.2 6.7
Median 167 52 80 66 67 68 14 96 90
Range 78–338 40–135 74–82 58–73 46–74 58–74 5–23 87–99 60–97
RI 78–326 40–126 74–82 58–73 48–74 58–74 5–23 87–99 64–97
LRL 90% 78–83 40–42 74–77 58–59 46–60 58–61 5–7 87–89 60–82
URL 90% 221–338 65–135 82–82 71–73 71–74 72–74 21–23 99–99 95–97

Female pigs
Mean 168 51 80 67 68 68 14 96 90
1 SD 66 7 3 5 5 4 4 3 4
CV (%) 39.3 13.7 3.8 7.5 7.4 5.9 28.6 3.1 4.4
Median 157 50 80 67 68 68 13 96 90
Range 70–359 40–71 68–83 54–77 56–78 56–78 8–23 86–99 80–95
RI 72–338 40–69 74–86 57–76 58–77 59–77 7–23 90–102 83–98
LRL 90% 62–88 38–42 71–77 54–60 56–61 56–62 7–8 88–92 81–85
URL 90% 278–399 63–77 83–87 74–78 74–79 75–79 20–25 100–104 96–99

Both sexes combined
Mean 166 54 79 66 67 68 14 95 89
1 SD 57 15 3 5 5 5 5 3 5
CV (%) 34.3 27.8 3.8 7.6 7.5 7.4 35.7 3.2 5.6
Median 162 52 80 67 68 68 14 96 90
Range 70–359 40–135 64–83 42–77 46–78 46–78 5–23 86–99 60–97
RI 78–337 40–123 68–83 54–76 55–77 56–77 6–23 87–99 80–96
LRL 90% 70–82 40–41 64–76 42–58 46–60 46–61 5–8 86–90 60–82
URL 90% 269–359 78–135 82–83 73–77 72–78 73–78 22–23 99–99 95–97

α, α angle; A10, clot firmness after 10 min; A20, clot firmness after 20 min; CFT, clot formation time; CT, clotting time; Li30, lysis index at 30 min; 
Li45, lysis index at 45 min; LRL 90%, 90% confidence interval of the lower fence of the reference limit; MCF, maximal clot firmness; ML, maximal 
lysis; RI, reference interval; URL 90%, 90% confidence interval of the upper fence of the reference limit.
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large cohort of male and female adult pigs.4,7 In addition, we 
demonstrated that neither sex nor platelet count significantly 
altered ROTEM results in our cohort, and preanalytical sample 
agitation and sampling order did not affect most INTEM and 
EXTEM results.

Swine are frequently used in translational medicine for sever-
al reasons. First, their cardiovascular and coagulation functions 
are close to those of humans. Second, large tissue samples can 
be acquired, which is a major advantage when compared with 
smaller mammals, such as rats and mice. In addition, due to 
their comparable size to humans, device development in pigs 
can be rapidly converted to clinical medicine in both pediatric 
and adult patients. Swine are thus a well-established model 

for coagulation and thrombosis research in various fields.5,20,22 
Therefore, having establishing normal reference intervals for 
pigs is important to interpretation of relevant data.

Human and pigs do show some differences in coagulation and 
thrombosis. Several studies have described a more procoagulant 
profile in pigs when compared with humans. In one study, CT 
was more than twice higher in humans than in pigs,27 and in 
another, MCF was higher in pigs than in humans.27 Indeed, in 
our current study, pigs exhibited a faster rate of fibrin formation 
evidenced by higher EXTEM A10, A20, and MCF values when 
compared with humans (Table 3), although no direct comparison 
could be made due to the design of the study. In addition, pigs 
demonstrated stronger clots with better viscoelastic properties, 

Table 2. EXTEM reference intervals in swine

CT (s) CFT (s) α (°) A10 (mm) A20 (mm) MCF (mm) ML (%) Li30 (%) Li45 (%)

Male pigs
n 46 46 45 45 45 45 46 46 46
Mean 59 55 80 68 69 70 9 98 94
1 SD 8 13 2 4 4 4 3 2 3
CV (%) 13.6 23.6 2.5 5.9 5.8 5.7 33.3 2.0 3.2
Median 60 54 80 68 70 70 9 99 95
Range 39–76 40–127 76–82 60–74 62–75 62–75 3–16 94–100 88–98
RI 40–75 40–118 76–82 60–74 62–75 62–75 3–16 94–100 88–98
LRL 90% 39–47 40–46 76–76 60–62 62–64 62–63 3–4 94–96 88–90
URL 90% 70–76 69–127 81–82 73–74 74–75 74–75 14–16 100–100 98–98

Female pigs
n 35 35 35 35 35 35 35 35 35
Mean 59 54 80 69 70 71 8 99 95
1 SD 8 9 2 4 4 4 3 1 2
CV (%) 13.6 16.7 2.5 5.8 5.7 5.6 37.5 1.0 2.1
Median 59 56 79 68 69 70 8 99 96
Range 39–71 35–74 76–83 61–79 64–80 64–80 4–16 95–100 90–98
RI 42–76 35–74 76–83 62–79 63–78 63–78 4–15 96–101 91–100
LRL 90% 38–46 31–40 75–77 60–63 61–78 62–65 3–5 95–97 89–92
URL 90% 72–80 69–78 82–84 75–82 76–80 75–80 13–17 100–102 99–100

Both sexes combined
n 81 81 80 80 80 80 81 81 81
Mean 59 54 80 68 70 70 9 98 95
1 SD 8 8 2 4 4 4 3 1 3
CV (%) 13.6 14.8 2.5 5.9 5.7 5.7 33.3 1.0 3.2
Median 59 54 80 68 69 70 8 99 95
Range 39–76 35–74 76–83 60–79 62–80 62–80 3–16 94–100 88–98
RI 39–71 40–73 76–82 61–78 63–79 63–79 4–16 95–100 90–98
LRL 90% 39–44 35–42 76–77 60–62 62–64 62–64 3–4 94–96 88–90
URL 90% 70–76 68–74 82–83 74–79 75–80 75–80 114–16 100–100 98–98

α, α angle; A10, clot firmness after 10 min; A20, clot firmness after 20 min; CFT, clot formation time; CT, clotting time; Li30, lysis index at 30 min; 
Li45, lysis index at 45 min; LRL 90%, 90% confidence interval of the lower fence of the reference limit; MCF, maximal clot firmness; ML, maximal 
lysis; RI, reference interval; URL 90%, 90% confidence interval of the upper fence of the reference limit. n < 81 pigs for some parameters due to 
the presence of outliers.

Table 3. INTEM and EXTEM reference intervals in humans8

CT (s) CFT (s) α (°) A10 (mm) A20 (mm) MCF (mm) ML (%) Li30 (%) Li45 (%)

INTEM RI 100–240 30–110 70–83 44–66 50–71 50–72 < 15 94–100 not done

EXTEM RI 38–79 34–159 63–83 43–65 50–71 50–72 < 15 94–100 85–100

α, α angle; A10, clot firmness after 10 min; A20, clot firmness after 20 min; CFT, clot formation time; CT, clotting time; Li30, lysis index at 30 min; 
Li45, lysis index at 45 min; MCF, maximal clot firmness; ML, maximal lysis; RI, reference interval.
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indicated by shorter CFT, greater α angle, and higher MCF 
values; these alterations are associated with higher serum fibrin-
ogen concentrations in pigs compared with humans. Elevation 
of serum fibrinogen concentration is a significant contributor 
to hypercoagulable profiles in humans21 and dogs,28 because it 
provides a direct substrate for the clot, improves platelet bridg-
ing, and increases blood viscosity.17 The reference intervals for 
the porcine lysis indices include values of 100% for Li30 and 
Li45. These results suggest, as previously mentioned for dogs,11 
that viscoelastic evaluations seem poorly sensitive to detect 
hypofibrinolysis. Some authors have proposed adding tissue 
plasminogen activator to blood samples to increase the ability 
of the viscoelastic assays to identify alterations of fibrinolysis 
in humans16 and dogs.3

Our results did not show significant differences in ROTEM 
parameters between male and female pigs. These results are 
similar to those of a previous study in dogs that was aimed 
at establishing reference intervals for thromboelastographic 
parameters.1 Some human studies suggest that women have a 
more hypercoagulable profile than men.26,29 Our study did not 
take into account the stage of the sexual cycle of the pigs, which 
could have influenced our results.

Sampling order had an effect on CFT and α in the EXTEM 
panel. This unexpected finding can be attributed to variation in 
platelet activation. The biologic significance of this observation 
remains unknown. Researchers should use consistent technique 
when sampling blood for ROTEM analysis.

Our study has several limitations. First, we evaluated a 
heterogeneous cohort of animals procured from 3 farms. Ge-
netic variability may lead to different results for animals from 
other sources. Second, blood was sampled after induction of 
general anesthesia, which is common in porcine biomedical 
research. Although no available study describes the effects 
of tiletamine and zolazepam on porcine rotational viscoelas-
tometry, anesthesia with ketamine, halothane, nitrous oxide, 
and oxygen has no effect on conventional coagulation param-
eters.25 Finally, we did not establish reference intervals for the 
other cartridges available for the ROTEM system (FIBTEM, 
HEPTEM, APTEM).

This study is the first to establish ROTEM normal values in a 
large number of male and female adult Yorkshire-cross pigs by 
following the most recent guidelines regarding the use of viscoe-
lastometry7 and reference interval determination4 in veterinary 
medicine. Preanalytical agitation and animal sex had no effect 
on ROTEM results. Our findings provide valuable information 
for researchers using porcine models.
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