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Abstract: Cold-stunning in sea turtles is a frequent natural cause of mortality and is defined as a hypothermic

state due to exposure to water temperatures ,128C. Derangements of biochemistry and hematology data by cold

stunning have been well documented, although the effects on coagulation have not yet been investigated. The

objectives of this study were to characterize the hemostatic state of non–cold-stunned sea turtles and to compare

cold-stunned sea turtles at admission and after successful rehabilitation via a sea turtle–specific thromboelastog-

raphy (TEG) protocol. TEG enables evaluation of the entire coagulation process, and the methodology has

recently been established in sea turtles. Initially, 30 wild and apparently healthy sea turtles were sampled as

controls: loggerhead sea turtles (Caretta caretta), n¼ 17; Kemp’s ridley sea turtles (Lepidochelys kempii), n¼ 8; and

green turtles (Chelonia mydas), n¼ 5. In addition, paired TEG samples were performed on 32 Ch. mydas and 14 L.

kempii at admission and prerelease after successful rehabilitation from cold stunning. Statistically significant

differences in reaction time, kinetics, angle, and maximum amplitude parameters in L. kempii and Ch. mydas

species demonstrated that the time taken for blood clot formation was prolonged and the strength of the clot

formed was reduced by cold stunning. These findings indicate that cold stunning may cause disorders in

hemostasis that can contribute to the severity of the condition. Early diagnosis of coagulopathies in the clinical

assessment of a cold-stunned sea turtle may influence the treatment approach and clinical outcome of the case.

Key words: Coagulation, coagulopathy, cold stunned, sea turtle, thromboelastography.

INTRODUCTION

Cold stunning is the term used to describe the

effects of hypothermic environmental conditions

on sea turtles, resulting in lethargic-to-moribund

clinical states.16 It is defined as a hypothermic

state due to exposure to cold water temperatures

,128C.5,21,26 Reports indicate cold-stunning affects

Kemp’s ridley sea turtles (Lepidochelys kempii),

green turtles (Chelonia mydas), and loggerhead sea

turtles (Caretta caretta).1,5,6,15,17–19,32 These three

species comprise the vast majority of the marine

turtle population of the east coast of the Unites

States.10 Recent large-scale mortalities, particular-

ly in L. kempii, have been attributed to cold

stunning.16,18 Juvenile sea turtles are the most

affected life stage, usually due to failure to

migrate to warmer waters in late fall after foraging

in shallow waters of the Northwest Atlantic.17

Chronic cold-stunning events typically occur in

higher latitudes, e.g., New England, with exposure

to cold temperatures lasting for more than a 2-wk

period. Acute cold-stunning events typically oc-

cur over a short time frame, e.g., 1 or 2 wk and

occur at lower latitudes, e.g., NC.16 Several studies

have identified hematological, biochemical, and
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acid-base changes in cold-stunned turtles, but to

the authors’ knowledge, hemostatic disorders

have not been clinically assessed.1,5,17,18

Thromboelastography (TEG) remains relatively

unexplored in reptiles due to differences from

mammalian coagulation factors affecting in vitro

clotting in this taxon. The lack of the intrinsic

system and factors XI and XII are unique features

in reptiles in comparison tomammals.20,30,31 TEG is

the only coagulation test to provide global evalu-

ation of the hemostatic process rather than focus-

ing on a specific pathway, such as in the routinely

used prothrombin and activated partial thrombo-

plastin tests.8 TEG focuses on four main parame-

ters: reaction time (R), clot formation time (K), clot

formation rate [angle (a)], andmaximumamplitude

(MA), which indicates clot strength.8,13,36 Recent

investigations using TEG have highlighted the

effects of hypothermia resulting in coagulopathies

as part of cold stress syndrome in the Florida

manatee (Trichechus manatus latirostris).3 Clinical

and pathological findings of disseminated intra-

vascular coagulation (DIC) andhyphema in a small

number of cold-stunned sea turtles a few days after

initial recovery have been reported previously.16

The objectives of this study were to determine

baseline TEG values in three species of sea turtles

and to characterize the hemostasis of cold-stunned

sea turtles at admission and after successful

rehabilitation via a sea turtle–specific TEG proto-

col.

MATERIALS AND METHODS

Cold-stunned turtles admitted to New England

Aquarium (NEAQ) in winters 2015 and 2016 were

sampled as part of their admission exam (L.

kempii, n ¼ 20; Ch. mydas, n ¼ 13). Venous blood

was collected from the dorsal cervical sinus by

standard blood sampling techniques,22 into a 3-ml

unheparinized syringe and transferred into a

0.32% sodium citrate tube with appropriate

required filling volume of whole blood (MiniCol-

lect sodium citrate, Greiner Bio-One, Kremsmün-

ster, 4550, Austria). Study inclusion criteria were

a body weight greater than 1 kg and admission

packed cell volume (PCV) greater than 24%.

Turtles either remained at NEAQ for rehabilita-

tion or were transferred to the GA Sea Turtle

Center, the Center for Marine Sciences and

Technology (CMAST), the Karen Beasley Sea

Turtle Rescue and Rehabilitation Center

(KBSTRRC), or the NC Aquarium at Pine Knoll

Shores. A second sample was obtained from each

sea turtle after successful rehabilitation to obtain

paired samples. Additional cold-stunned samples

(Ch. mydas, n¼ 28 total, 21 paired) were obtained

from cases admitted directly to CMAST,

KBSTRRC, and the Sea Turtle Assistance and

Rehabilitation (STAR) Center at the NC Aquar-

ium on Roanoke Island, which remained there for

rehabilitation and were resampled prerelease. The

cold-stunned Ch. mydas in NC are considered a

more acute presentation than those in New

England.16

In addition, during September 2015 and Sep-

tember 2016 wild sea turtle captures were carried

out by National Oceanographic and Atmospheric

Administration biologists in conjunction with

CMAST in NC. Turtles were captured using a

pound net in Core Sound near Harkers Island,

NC (;34.68N, �076.58W) as described previous-

ly.9,14 Caretta caretta, L. kempii, and Ch. mydas sea

turtles were sampled to assess normal wild sea

turtle coagulation (C. caretta, n¼ 16; L. kempii, n¼
8; Ch. Mydas, n ¼ 5).

All whole blood samples were kept insulated in

a cool box during transport to the laboratory for

processing. Whole blood was centrifuged at 800 g

with an IDEXX Statspint centrifuge (IDEXX,

Westbrook, ME 04092, USA) for 6 min to obtain

plasma. Plasma was frozen at�808C, and samples

were shipped to NC State University for TEG

analysis. For each sample, TEG was performed

according to a recently published sea turtle–

specific methodology,4 via two TEG 5000 ma-

chines (TEGt 5000 hemostasis analyzer, Haemo-

netics Corporation, Braintree, MA 02184, USA),

each with two channels. As reptiles are poikilo-

thermic, the operating temperature of both ma-

chines was reduced to 308C instead of the

standard 378C as used for mammalian samples.

Thromboplastin was obtained from a pooled

sample of sea turtle brain. The protocol requires

10 ll of frozen sea turtle brain thromboplastin to

be added to 20 ll of CaCl2 and 340 ll of plasma.

After thawing, plasma samples were allowed to sit

at room temperature for 30 min, and channel

selection was randomized. Preinstalled software

(TEG Analytical Software 4.2.3, Haemonetics

Corporation) was used to generate and capture

variables for the TEG tracing.

Statistical analysis was performed on the paired

samples to assess the effects of cold stunning on

admission values. Before test selection, data were

assessed for normality by the Kolmogorov–Smir-

nov test, and subsequently nonparametric tests

were used throughout statistical analysis. Wilcox-

on signed rank tests were used to compare cold-

stunned samples with prerelease samples. Com-

parison was also performed between Ch. mydas
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turtles admitted to NEAQ (n¼13) with Ch. mydas

turtles admitted in NC (n ¼ 28) to assess for

possible differences between chronic (NEAQ) vs

acute (NC) cold-stunning presentations. A Mann-

Whitney U-test was used to compare these two

groups. All analyses were performed using com-

mercially available statistical software program R

(www.R-project.org), with significance set at P ,

0.05.

RESULTS

Baseline mean, SD, median, and range for TEG

data from all three species are presented in Table

1. Prerelease results from Ch. mydas and L. kempii

were combined with results from healthy free-

ranging turtles for baseline values. Paired citrated

plasma samples (cold-stunned admission and

postrehabilitation) were obtained for 32 Ch. mydas

and 14 L. kempii. Comparison of cold-stunned

admission samples with prerelease samples re-

vealed statistically significant differences in both

Ch. mydas (Table 2) and L. kempii (Table 3). The

P-values showed significantly slower a in cold-

stunned individuals, with P¼ 0.0016 in Ch. mydas

and P ¼ 0.00107 in L. kempii. The MA was also

significantly lower at the time of cold stunning in

both species, with P¼ 0.00034 and P¼ 0.00032 in

Ch. mydas and L. kempii, respectively.

Two L. kempii and one Ch. mydas that were

severely debilitated died shortly after admission

sampling and therefore were not available for

paired sampling prerelease. In comparison of

their data with the average data for the respective

species, they demonstrated severe abnormalities

with a markedly prolonged R and reduced a and

MA, that may have served as a marker for severity

of disease, although some survivors had similarly

low values for a and MA. The contrasting

thromboelastograms, compared to a normal Ch.

mydas turtle, are demonstrated in Figure 1.

Insufficient numbers prevented statistical analy-

sis relative to the cases which survived.

Sample comparison between the NEAQ

‘‘chronically’’ cold-stunned Ch. mydas turtles and

NC ‘‘acutely’’ cold-stunned Ch. mydas turtles did

not demonstrate statistically significant differenc-

Table 1. Baseline data for plasma thromboelastography on normal wild green turtles (Chelonia mydas), Kemp’s
ridley sea turtles (Lepidochelys kempii), and loggerhead sea turtles (Caretta caretta), with samples consisting of
prerelease rehabilitated turtles in addition to wild caught turtles for Ch. mydas and L. kempii.

Species Componenta Mean Median SD Minimum Maximum

Ch. mydas, n ¼ 37 R (min) 1.50 1.20 0.67 0.8 3.2

K (min) 0.96 0.80 0.84 0.8 5.8

a (8) 80.38 82.30 6.62 56.8 85.5

MA (mm) 37.92 36.70 9.09 9.5 55.7

L. kempii, n ¼ 24 R (min) 2.38 2.50 0.98 1.1 4.3

K (min) 0.84 0.80 0.20 0.8 1.8

a (8) 82.4 83.45 4.56 66.3 86.7

MA (mm) 55.1 59.30 13.24 30.9 79.7

C. caretta, n ¼ 17 R (min) 1.9 1.40 1.46 0.8 6.6

K (min) 0.8 0.8 0.34 0.8 2.2

a (8) 80.1 82.8 6.46 58.2 85.6

MA (mm) 44.6 42.7 10.69 27.6 69.0

a R indicates reaction time; K, clot formation time; a, clot formation rate; MA, maximum amplitude.

Table 2. Paired admission and prerelease plasma thromboelastography values for cold-stunned and
rehabilitated green turtles (n ¼ 32 except for clot formation time, where n ¼ 27; Wilcoxon matched pairs signed
rank test). Values in bold indicate significance P , 0.05.

TEG measurementa

Admission Prerelease

PMean (SD)
Median (10th,
90th percentile) Mean (SD)

Median (10th,
90th percentile)

R (min) 1.57 (0.82) 1.25 (0.83, 2.96) 1.54 (0.70) 1.30 (0.8, 2.77) 0.39

K (min) 1.69 (2.09) 0.80 (0.80, 5.02) 1.01 (0.97) 0.80 (0.80, 0.96) 0.0139

a (8) 73.2 (11.5) 77.8 (57.5, 82.1) 80.0 (7.0) 82.3 (64.7, 85.2) 0.0016

MA (mm) 27.7 (12.7) 26.8 (12.7, 38.3) 37.7 (9.5) 36.4 (28.8, 52.7) 0.00034

a TEG indicates thromboelastography; R, reaction time; K, clot formation time; a, clot formation rate; MA,maximum amplitude.
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es (Table 4). Clot strength or MA showed the

greatest difference between the two groups, with

P ¼ 0.058.

DISCUSSION

This is the first report of the use of a species-

specific TEG protocol in cold- stunned sea

turtles. As an investigational technique, it is

premature for use in establishing formal refer-

ence intervals or making cross-species compari-

sons of clotting parameters. It does however

effectively demonstrate clear differences in blood

coagulation between normal and cold-stunned

sea turtles within species. Cold stunning in sea

turtles has been well reported to affect biochem-

istry, hematology, and blood gas analysis; how-

ever, coagulopathies have not been previously

confirmed via laboratory testing.6,17,32 Clinical

observations consistent with coagulopathies have

been described in cold-stunned turtles with

hyphema and other signs typically associated

with DIC such as intracoelomic hemorrhage,

plummeting PCV, and histopathology findings.16

Comparison of TEG results between admission

and prerelease demonstrated a significantly re-

duced a and MA in cold-stunned animals com-

pared with the time of release. Chelonia mydas

turtles also showed significant differences in R

andK, demonstrating that the time to initiate clot

formation is also affected by cold stunning;

however, this may be more species specific. It is

possible that this acquired coagulopathy is adap-

tive in extreme cold conditions and serves to

maintain microcirculation by inhibiting micro-

thrombi formation, but at the expense of the

potential for increased bleeding tendency.12,23

Effects of hypothermia on coagulation are well

documented in humans and dogs, with core

temperatures below 358C resulting in platelet

dysfunction, decreased plasminogen activation,

and delayed thrombus formation.23,25,27,28,33–35,37

Statistically significant effects of hypothermia in

mammals, including a delay of thrombus initia-

tion at 248C, occurred at an approximately 36%
decrease in core temperature.28 Admittance tem-

peratures of the sea turtles were as low as 1.68C

(Fig. 2), indicating a much greater proportionate

reduction in normal functional core body tem-

perature; therefore, it is possible the coagulation

parameters would be affected by this degree of

hypothermia. Although turtles are poikilother-

mic and would naturally sustain large tempera-

ture fluctuations, hypothermia does appear to

affect coagulation, as demonstrated by these

results.

Despite there being no statistically significant

differences between admission data of NEAQ

(chronic) and NC (acute) cold-stunned Ch. mydas

turtles (Table 4), there were suggestive differences

in the thromboelastograms produced, with chron-

ic cases showing longer time to reach maximum

clot strength and acute cases achieving less

overall blood clot strength. There were signifi-

cantly different values in K, a, and MA in

comparison with normal Ch. mydas turtles for

both acute and chronic cases (Table 2). These

results indicate that both acute and chronic cold

stunning has similar effects on green turtle (C.

Table 3. Paired admission and prerelease plasma thromboelastography values for cold-stunned and
rehabilitated Kemp’s ridleys (n ¼ 14 except for clot formation time, where n ¼ 12; Wilcoxon matched pairs
signed rank test).

TEG measurementa

Admission Prerelease

PMean (SD)
Median (10th,
90th percentile) Mean (SD)

Median (10th,
90th percentile)

R (min) 4.79 (3.36) 3.90 (1.55, 11.15) 2.91 (0.83) 2.80 (1.65, 4.25) 0.158

K (min) 1.43 (0.82) 1.10 (0.80, 2.94) 0.87 (0.27) 0.80 (0.80, 1.30) n/sb

a (8) 67.8 (14.1) 74.7 (42.7, 80.5) 81.0 (5.5) 82.4 (70.7, 86.4) 0.00107

MA (mm) 30.4 (8.4) 30.0 (13.4, 42.4) 62.5 (8.7) 62.4 (49.8, 76.8) 0.00032

a TEG indicates thromboelastography; R, reaction time; K, clot formation time; a, clot formation rate; MA, maximum

amplitude.
b Too many tied pairs to compute a P-value. As the statistical test is a matched pairs test if the majority of the pairs are identical

(such as in K) then a P value cannot be computed.

Figure 1. Thromboelastograms of a cold-stunned

green turtle that died (light grey line) in comparison

with normal green turtle (black line). Note the marked

difference in clot strength. K is N/A as MA was ,20

mm which is the predetermined value to obtain K.
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mydas) clotting capabilities. Further research is

needed to tease out whether the time taken to

return to a normal coagulation status is affected

by the duration of cold stunning. In addition, as

the TEG was performed using plasma instead of

whole blood, the effects of thrombocytes cannot

be assessed, only coagulation factors and func-

tional fibrinogen.7 Performing whole blood TEG

would enable a more holistic analysis; however, it

is practically more challenging when working with

wild species, leading to the choice of plasma in

this study. As TEG machines are not readily

available in veterinary medicine, providing a

methodology to use plasma instead of whole

blood enables freezing of plasma to allow delayed

processing in comparison to the use of whole

blood, which requires immediate analysis. Sample

results were not affected after a period of

prolonged storage (1 yr at �808C), thereby allow-

ing frozen/archived samples to be used.4

Disseminated intravascular coagulation can be

triggered by any disease process that decreases

endogenous anticoagulants, increases prothrom-

botic factors, causes fibrinolysis, or causes endo-

thelial dysfunction.24 Identifying the effects of

hypothermia on coagulation in sea turtles may

have potential in rapidly diagnosing developing

DIC. It is well documented in mammalian species

that one of the concurrent changes when DIC is

present is thrombocytopenia.2,24,29 A reduction in

thrombocytes has also been associated with

disease in sea turtles,11 and anemia has been

confirmed as one of the clinicopathological

changes that occurs during cold-stunning events.15

As this study used plasma TEGs, the effects of

thrombocytopenia due to hypothermia could not

be quantified. In addition, a fatal hemolytic

syndrome has been documented by clinicians at

NC, the New England Aquarium, and the GA Sea

Turtle Center.16 Necropsy and histopathological

findings include diffuse intracoelomic hemor-

rhage and multiorgan intravascular thrombosis,

respectively (Harms, unpublished data). Further

research and exploration of coagulopathies in

cold-stunned sea turtles, including fibrinogen

concentrations and D-dimer validation, may de-

termine the extent of DIC in these species.

Based on the stark differences observed in TEG

values for cases that did not survive (Fig. 1),

performing TEG at the time of admission could

provide the clinician with useful information for

treatment and monitoring and potentially im-

prove rehabilitation outcome. For example, ob-

serving a very abnormal TEG in conjunction with

poor clinical signs and low PCV may encourage

more extensive therapy such as a whole blood

transfusion rather than continued monitoring.

There were however other individuals with ab-

normal TEG values as severe as the non-survivors

that did survive. They demonstrated a marked

improvement in their TEGs at the time of release.

Lack of change or improvement over time in

successive TEGs may be more indicative of a poor

prognosis than a single TEG. Successive TEGs

that demonstrate deterioration and progressive

Table 4. Comparison of thromboelastography values for cold-stunned green turtle admitted at New England
Aquarium (n ¼ 13) to those admitted in NC (n ¼ 28) (Mann-Whitney U-test, on two unpaired groups).

TEG measurementa

NEAQb NC

PMean (SD)
Median (10th,
90th percentile) Mean (SD)

Median (10th,
90th percentile)

R (min) 1.78 (0.95) 1.3 (0.8, 3.6) 1.52 (0.84) 1.25 (0.80, 3.26) 0.459

K (min) 2.02 (2.29) 1.15 (0.80, 7.28) 1.35 (1.70) 0.80 (0.80, 2.52) 0.076

a (8) 71.28 (13.1) 71.15 (45.34, 82.68) 72.27 (12.77) 77.85 (54.21, 81.81) 0.0696

MA (mm) 32.25 (15.74) 28.9 (17.98, 63.34) 23.31 (9.78) 25.3 (10.0, 34.03) 0.0587

a TEG indicates thromboelastography; R, reaction time; K, clot formation time; a, clot formation rate; MA, maximum

amplitude.
b NEAQ indicates New England Aquarium.

Figure 2. Hypothermia on arrival with core tem-

perature 1.98C. Photo credit Dr. Craig Harms.
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increase in LY30 (increased fibrinolysis) could be

candidates for antifibrinolytic therapy such as

aminocaproic acid; however, this has not been

documented in reptiles.

Further research is required to establish spe-

cies-specific reference intervals and to determine

survival thresholds. This study uses TEG as an

effective investigational diagnostic tool to identify

coagulopathies in cold-stunned sea turtles and

highlights the severity of the condition. By

characterizing the effects of cold-stunning this

study adds to considerations for treatment proto-

cols and improves understanding of the patho-

physiology of this condition.
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