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Purpose: Data regarding the incidence of a coagulable state following heat stroke as
assessed by Sonoclot signature analysis are limited. Our purpose was to appraise coagulo-
pathy using a dynamic test capable of analyzing the entire coagulation cascade and to
characterize coagulation in patients with heat stroke prior to transfusion.

Materials and Methods: The data of 106 patients were collected prospectively from the
Critical Care Center of the General Hospital of Guangzhou Military Command. Coagulable
state was defined as normal. Both hyper- and hypo-coagulable states were defined as
coagulation defects. Hypercoagulability was defined as an activated clotting time (ACT)
=195s and a clot rate (CR) >23, and hypocoagulability was defined as an ACT =119s and
a CR < 7. The Sonoclot signature t examination was performed at the time of admission.
Conventional tests, such as the prothrombin time (PT) and activated partial thromboplastin
time (aPTT), were compared with Sonoclot monitoring to identify coagulation defects.
Results: The average age of the 106 patients was 23.2+2.5 years. There were 102 males
(96.3%) and 4 females (3.7%). Thirty-four patients (32.1%) were hypercoagulable and 44
patients (41.5%) were hypocoagulable at the time of admission; 28 patients (26.4%) had no
evidence of a coagulopathy. Patients with hypocoagulability, unlike patients with hypercoa-
gulability, had a higher sequential Organ Failure Assessment score, indicating a more severe
multiple organ dysfunction score. Mortality was 5.9% in patients with hypercoagulability
compared with 3.5% in patients with normal coagulation, and 18.1% in patients with
a hypocoagulable state (P < 0.05). ACT was a predictor of mortality, while the CR and
platelet function did not show statistical significance.

Conclusion: This study determined the clinical outcomes and prognostic value of coagul-
ability in patients with heat stroke, as defined by Sonoclot signature analysis at the time of
admission.

Keywords: heat stroke, coagulopathy, prognosis

Introduction

Heat stroke (HS) resulting from exposure to high ambient temperatures is char-
acterized by a rapid upsurge in core temperature above 40°C and is accompanied by
central nervous system (CNS) changes, such as convulsions, delirium, or coma.'
Bleeding and coagulopathy are common in patients with HS injuries, with 28% of
patients presenting with significant disseminated intravascular coagulation (DIC) in
one case series.”> DIC has been shown to be an important prognostic factor for
mortality in patients with HS.* The recent literature suggests that HS-induced

coagulopathy is a major process that is the result of inflammation and is thought
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to be an important part of the host defense against
hyperthermia and vascular endothelial changes.”°

Diagnosing HS-induced coagulopathy is not straight-
forward using the currently available conventional labora-
tory tests. Indeed, the activated partial thromboplastin time
(aPTT), prothrombin time (PT), fibrinogen level (FL),
platelet count, and specific factor tests only reflect isolated
parts of the coagulation cascade.” Specifically, the plasma
levels of thrombin generation tests or natural anticoagu-
lants, such as protein C, are not readily measurable for
clinical use and not authenticated to detect hypercoagul-
able states. The International Society on Thrombosis and
Hemostasis (ISTH) scoring system is an effective method
for determining the DIC score in severe HS, but the DIC
score is not necessarily good for application due to differ-
ent situations.®’

The Sonoclot analyzer (SIENCO, INC 7985 Vance Dr,
Arvada, CO 80003 USA) is a viscoelastometric point-of-
care testing device that delivers evidence on the complete
hemostasis process in a qualitative signature (Sonoclot
signature) and in quantitative grades, such as the activated
clotting time (ACT), clot rate (CR) and platelet function
(PF). The ACT is the time from sample activation to the
appearance of fibrin, the presence of the coagulation cas-
cade, and the fibrin-platelet interaction progressively used
in trauma to measure for irregularities within the coagula-
tion cascade.'®™'! The Sonoclot signature demonstrates
a real-time viscoelastic property of clot progression.
Sonoclot signature analysis is based on the detection of
viscoelastic variations of the plasma or the whole blood
sample. As a dynamic and comprehensive test, Sonoclot
signature analysis has proven to be clinically valuable in
the appraisal of the hemostatic progression during hepatic
transplantation, cardiac-surgical procedures.'*'* Previous
studies that have investigated the mechanisms underlying
HS-induced coagulopathy used standard laboratory testing
to measure coagulation status, such as degradation pro-
ducts of thrombin and fibrin production or serum factor
levels.'>'® Sonoclot profiling has been used to create and
implement individualized peri-operational anticoagulation
and antiplatelet remedies in patients with acute myocardial
infarction undergoing emergency percutaneous coronary
intervention.'” Sonoclot signature analysis has greater sen-
sitivity in monitoring coagulation factors and platelet func-
tion in patients with coronavirus disease (COVID-19),'®
¥ and ICU point-of-
care coagulation testing.?’ Thromboelastography is

severe alcohol-associated hepatitis,

a dependable scheme for evaluating coagulability during

sepsis and trauma;>' however, Sonoclot characterization is
superior to thromboelastography with respect to hypercoa-
gulable state sensitivity,”* practical cost, and usability.'°

The purpose of the current study was to evaluate coa-
gulopathies with a dynamic test capable of examining the
entire coagulation cascade, and to characterize coagulation
prior to transfusion in patients with HS injuries.

Materials and Methods
Study Design and Patients

A prospective observational study was conducted in the
Critical Care Center of the General Hospital of Guangzhou
Military Command from June 2010 to June 2015. All adult
patients who exhibited all three Bouchama criteria,”® as
follows, were eligible for the study: mental status altera-
tion (delirium, disorientation, seizures, and coma); body
core temperature >40.6°C or recognized evidence of cool-
ing prior to the first confirmed temperature measurement;
and a dependable history of well-matched environmental
exposure (hot, dry, or flushed skin). The study exclusion
criteria were as follows: <18 years of age; arrival time to
ICU >1 h; hematopoietic malignancy; undergoing che-
motherapy or radiation treatment; known related disorders
or severe liver disease; anti-coagulation or anti-platelet
therapy; and declined consent to use of data. One hundred
seventy-two patients with excessive sweating, thirst, dizzi-
ness, headaches, and high fevers sought evaluation in the
Critical Care Center and were diagnosed with HS injuries.
The patients had the following characteristics: <18 years
34); mortality (n = 2); death or discharge
within 1 h (n=29); and declined to participate in the

of age (n =
study (n = 1). Finally, 106 patients were analyzed
(Figure 1).

The research project was approved by the Ethics
Committee of Guangzhou General Hospital of
Guangzhou Military Command and the work was under-
taken conforming to the Declaration of Helsinki. All the
subjects gave informed consent and patient anonymity was

guaranteed.

Data Collection

Data on patient demographics and time of arrival to the
ICU were collected prospectively. Standard clinical fea-
tures and biological data were assessed on admission.
A Sonoclot signature examination was performed on
admission. A coagulable state was defined as normal.
Hyper- and hypo-coagulable states were defined as
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172 patients with heatstroke

106 eligible patients

66 patients were excluded:

34 cases aged 18 years or younger;

29 cases died or were discharged within 1
hour;

—| 2 cases were not available on occurrence
of mortality;

1 case declined to participate in this study

MODS (n=44) vs NO MODS (n=62)

Hypercoagulable(n=34) Hypocoagulable (n=44)

Figure | Flow chart of patient enrollment.

coagulation defects. ACT and CR are useful for assessing
coagulation in HS injuries because Sonoclot profiling is
already available for point-of-care applications beyond
DIC diagnosis.** According to the work principle (see
“Supplemental File-Application of Sonoclot”), and pre-

vious experiences of Sonoclot application, we identified
and estimated the following criteria: Hypercoagulability
was defined as an ACT =195s and a CR > 23; and
hypocoagulability was defined as an ACT =119s and
a CR < 7. Thirty-four cases (32.1%) were hypercoagulable
and 44 cases (41.5%) were hypocoagulable at the time of
admission, while 28 cases (26.4%) had no evidence of
a coagulopathy.

Neurologic dysfunction was defined by the Glasgow
coma score. DIC was defined according to the scoring
algorithm criteria established by the ISTH.® Acute
Physiology and Chronic Health Evaluation (APACHE) II
score and Sequential Organ Failure Assessment (SOFA)
were recorded during the first 24 h after admission, and the
ICU and hospital lengths of stay were also calculated. The
primary outcome measure was the occurrence of multiple
organ dysfunction score (MODS), as assessed by the
SOFA score, which reliably assessed organ failure in
patients with HS injuries and febrile strokes. The second-
ary outcome was mortality at day 28.

Blood Sampling
Peripheral venous blood samples were collected immedi-
ately upon admission to the ICU. Platelet counts were
performed using a hematology

analyzer (Sysmex

Normocoagulable (n=28)

XT1800i; Kobe, Japan) using EDTA anticoagulated
blood samples. PT and FL. were measured using CA7000
(Blood Coagulation Analyzer, Sysmex, Japan). Plasma
quantitative D-dimer assays were performed on a mini-
VIDAS analyzer (BioMe'rieux, Marcy 1'E’toile, France)
using the VIDAS D-dimer exclusion kit (quantitative
enzyme-linked  fluorescence  assay; BioMe rieux).
Sonoclot characterization was performed as follows:
A 0.4 mL fresh non-heparinized sample was immersed in
the containing cuvette to a fixed depth and vibrated verti-
cally at a frequency of 200 Hz. When the sample coagu-
lated, the free vibration was impeded and the electronic
circuitry driving the probe sensed the increase in impe-
dance, which was transformed into an output signal on
a paper chart recorder signaling the viscoelastic properties
of the clot. A celite-activated cuvette was used (Sienco,
Inc., Boulder, CO, USA) because it exhibited minimal
differences from fresh native whole blood (data not
shown). Records were obtained from the Sonoclot
Signature viewer (Sienco, Inc.).

Conventional tests, such as the PT and aPTT, were
compared with Sonoclot monitoring to identify coagula-

tion defects.

General Treatment

Upon arrival at the ICU, all patients with HS injuries were
immediately treated with a series of cooling treatments,
such as continuous manual spraying with a thin stream of
water, external cooling with inguinal and axillary ice
packs, and intravenous infusions of cold fluids (<4°C).>
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All patients were aggressively resuscitated to optimize
fluid status and blood pressure maintenance. DIC treat-
ment included the combination of anticoagulants, coagula-
tion

inhibitor concentrate, and plasma and platelet

substitution therapy according to ISTH guidelines.?

Statistical Analysis

Sonoclot Signature data were analysed using SPSS 20.0
for Windows (IBM, Armonk, NY, USA). Data are reported
as the mean + standard deviation if not otherwise speci-
fied. The variables that were not normally distributed are
shown as the median and interquartile range (IQR), and
categorical variables are shown as n (%). Descriptive
statistics were used to describe the study population.
Continuous variables were analyzed using Fisher’s exact
test, one-way ANOVA, and Bonferroni test. In addition, to
judge independent factors affecting mortality and prog-
nosis in DIC, Cox proportional hazards and multivariate
regression models were used for analysis. The variable
screening method was the Forward:LR method. P values
<0.05 were deemed statistically significant. A death-censor
strategy was used in this study. If there were missing or
abnormal data, the mean replacement method was used, ie,
replacing the missing data with the average of the

observed value of the variable.?”-*8

Results
The average age of the 106 patients was 23.242.5 years.
One hundred six patients were enrolled (males [96.3%]

and 4 females [3.7%]). The majority of the patients were
males undergoing military training. The average transport
time from the field to the ICU was 26.1£10.3 min. The
mean body temperature was 41.842.2°C. The systolic
blood pressure (SBP) and GCS on admission were 101.4
+31.6 mmHg and 10, respectively. The mean APACHE II,
SOFA, and ISTH scores on admission were 22.4+6.6, 9,
and 4, respectively. The mean lengths of stay in the ICU
and hospital were 6.8+5.6 and 13.2 + 16.5 days, respec-
tively. The mortality rate was 10.4%. The patient charac-
teristics are shown in Table 1.

After stratification according to blood coagulation on
the basis of the Sonoclot signature, no differences in age,
gender, body temperature, SBP, GCS, or transport time to
the ICU were detected. Patients with hypocoagulation had
a higher incidence of severe HS, as evidenced by increased
APACHE 11, SOFA, and ISTH scores on admission (P <
0.05). Patients with hypocoagulation had longer ICU and
overall lengths of stay (P < 0.05; Table 1).

No statistical differences were observed in the interna-
tional normalized ratio (INR) and D-dimer when the coa-
gulation parameters were compared between the three
groups. Furthermore, patients with hypercoagulability on
admission had shorter ACT (124.5+22.1 seconds vs 285.2
+32.1 seconds, P < 0.05), longer CR (35.1£6.3 sig/min vs
3.541.1 sig/min, P < 0.05), and higher PF values (1.4+0.8
vs 0.840.3, P < 0.05) compared to hypocoagulable
patients. Hypocoagulable patients had a longer aPTT
(74.2£35.1 seconds vs 32.8+15.2 seconds, P < 0.05), PT

Table | Characteristics of Patients with Hyper-, Hypo- and Normo-Coagulable Sonoclot Signatures at the Time of Admission

Total Hypercoagulable Hypocoagulable Normocoagulable P value
(n=106) (n=34) (n=44) n=28
Age(years) 232425 21.143.2 22.7+4.8 21.942.2 0.741
Gender(female/male) 4/106 (3.7%) 2/34 (5.8%) 1/44 (2.2%) 128 (3.6%) 0.425
Body temperature, °C 41.8+2.2 40.415.6 41.2+6.8 40.1+4.9 0.658
Time to ICU (minutes) 26.1 £10.3 27.1 £10.2 30.8 £ 10.6 242+ 6.8 0.072
SBP(mmHg) 101.4£31.6 107.8 + 23.4 90.6 + 27.6 108.4 + 47.4 0.212
GCS 10 (3-15) 10 (8-15) 9 (3-12) 12 (10-15) 0.252
APACHE Il 22.416.6 18.1£3.5 23.816.1 16.5+5.5 <0.05
SOFA 9 (4-16) 8 (6-9) 12 (8-16) 6 (4-10) <0.05
ISTH 4 (2-8) 3 (24) 6 (5-8) 3 (24) <0.05
ICU length of stay (days) 68156 98t 6.5 12.6 + 104 36128 <0.05
Hospital length of stay (days) 132+ 16.5 18.5 + 15.1 2341216 6.1 £72 <0.05
Mortality (%) 117106 (10.4%) 2/34 (5.9%) 8/44 (18.1%) 1/28 (3.5%) <0.05

Notes: All variables are expressed as the median and interquartile ranges or mean and standard deviation. Hypercoagulable ACT value =195s and CR >23; normocoagulable

ACT value of 119-195s and CR 7-23; hypocoagulable ACT value 2119s and CR <7.

Abbreviations: SBP, systolic blood pressure; GCS, Glasgow coma score; APACHE I, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure

Assessment; ISTH, International Society on Thrombosis and Hemostasis.
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(20.848.4 seconds vs 15.2+6.1 seconds, P < 0.05), and
lower platelet counts (50.4+30.2x10°/L vs 75.2+28.4
x10°/L, P < 0.05) compared to hypercoagulable patients
(Table 2).

MODS developed in 41% of patients with HS. Of
patients with hypercoagulation or normal coagulation on
admission 5.6% (6/106) developed MODS compared with
35.8% (38/106) of patients with hypocoagulation.
APACHE 11, ISTH, and SOFA scores were higher in
patients with hypercoagulable or normocoagulable
MODS compared with patients with hypocoagulable
MODS (26.8+6.0 vs 18.5£5.5, 6 vs 3, and 12 vs 6, respec-
tively; P < 0.001).

In addition, the admission Sonoclot signature in
patients who developed MODS showed hypocoagulation
compared to patients who did not develop MODS.
Conventional coagulation screening has also shown that
MODS tend to have
a hypocoagulable state. The coagulation parameters, such
as aPTT, PT, ACT, and INR, were longer in the MODS
group than the non-MODS group (aPTT: 72.6+43.2s v.s
41.7+25.1s, P < 0.001; PT: 20.4+£6.5s vs 16.1£3.2s, P <
0.001; ACT: 389.6+112.8s vs 150.5+89.6s, P < 0.001;
INR: 2.1£1.1 vs 1.540.6, P < 0.001). The FL, platelet
count, and PF were lower in the MODS group than the
non-MODS group (fibrinogen: 2.6+2.0 g/L vs 5.2+2.1g/L,
P < 0.001; platelet count: 51.3+28.2x10°L vs 134.1
+80.4x10°/L, P < 0.001; PF: 1.1+0.7 vs 1.51.2, P <
0.05; Table 3, Figures 2-5).

In addition, 28-day mortality was lower in patients

patients who  develop

with hypercoagulation at the time of admission compared
with patients with hypocoagulation (5.9% vs 18.1%,

respectively, P < 0.05) and was not statistically different
compared to the normocoagulation group.

The demographic variables (age and gender), scores,
and the coagulation variables were analyzed by Cox
regression. We showed that increased APACHE II (odds
ratio [OR]: 1.038, 95% CI: 1.003-1.064; P < 0.05), SOFA
(OR: 1.125, 95% CI: 1.081-1.324; P < 0.05), and ISTH
scores (OR: 1.312, 95% CI: 1.041 —1.811; P < 0.05),
delayed ACT (OR: 1.003, 95% CI, 1.002 —1.004; P <
0.01), shortened CR (OR: 0.811, 95% CI: 0.697 —1.032;
P <0.01), and lower PF (OR: 0.743; 95% CI: 0.614-0.928;
P < 0.05) were independent variables affecting survival in
patients with HS injuries (Table 4).

Discussion

Coagulopathies occur in patients with HS injuries, and the
mechanism underlying thermal injury to the vascular
endothelium has recently been reviewed.””=® Patients
undergoing HS are also at high risk for hemorrhage com-
plications, which remains a leading cause of mortality. The
standard coagulation test represents the initial creation of
thrombin in plasma and is not disturbed by any of the
corpuscular elements in the blood.>' Our study indicated
that patients with hypocoagulation had a higher incidence
of severe HS, longer ICU and overall lengths of stay, and
a higher rate of MODS than normal or hypercoagulation
patients. Our findings suggest that the commonly used
coagulation function determined by standard coagulation
testing may be inadequate. Therefore, how to effectively
discriminate coagulability in HS patients is important for
reduction in thrombotic or hemorrhagic risk.

Table 2 Comparison of Conventional Coagulation Test and Sonoclot Signatures

Hypercoagulable Hypocoagulable Normocoagulable P value
(n=34) (n=44) (n=28)
aPTT(s) 32.8£15.2 74.2+35.1 38.7x10.1 <0.05
PT(s) 15.246.1 20.8+8.4 15.8+3.3 <0.05
INR 1.7+0.4 2.0£0.9 1.5+0.7 0.275
D-dimer(ng/L) 4952.8+2232.4 5194.9+2632.4 4695.0£2510.3 0.385
Fibrinogen(g/L) 4.5+1.2 29425 4.2+42.1 <0.05
Platelet count(x 10°/L) 75.2128.4 50.4+30.2 84.1+30.4 <0.05
ACT(s) 124.5£22.1 285.2+32.1 134.8171.3 <0.05
CR(Sig/min) 35.1+6.3 3511 25.7+14.4 <0.05
PF 1.4+0.8 0.840.3 2.8%1.2 <0.05

Notes: All variables are expressed as the median and interquartile ranges or mean and standard deviation. Hypercoagulable ACT value =195s and CR >23; normocoagulable

ACT value |19-195s and CR 7-23; hypocoagulable ACT value 2119s and CR <7.

Abbreviations: APTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; ACT, activated clotting time; CR, clot rate; PF,

platelet function.
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Table 3 Sonoclot Signatures on Admission for Patients Who Did
and Did Not Develop MODS

MODS (n=44) | No MODS (n=62) | P value

Hypercoagulable(%) 5/44 29/62 NA

Hypocoagulable(%) 38/44 16/62 NA

Normocoagulable(%) 1/44 27/62 NA

GCs 9 (3-15) 10 (8-15) 0.658
SOFA 12 (8,16) 6 (49) <0.001
APACHE I 26.8+6.0 17.4+7.5 <0.001
ISTH 6 (58) 3 (24) <0.001
aPTT(s) 72.6+43.2 41.7+25.1 <0.001
PT(s) 16.1£3.2 20.4+6.5 <0.05
INR 2.1%1.1 1.5+0.6 <0.05
D-dimer(ng/L) 5280.2+2613.5 4995.1£2522.3 0.582
Fibrinogen(g/L) 2.6£2.0 5.2+2.1 <0.001
Platelet count(x 10°%) 51.3%£28.2 134.1£80.4 <0.001
ACT(s) 389.6+112.8 150.5+89.6 <0.001
CR(Sig/min) 8.7+49 22.8+10.2 <0.001
PF 1.1£0.7 1.5£1.2 <0.05

Notes: All variables are expressed as the median and interquartile ranges or mean +
standard deviation. Hypercoagulable ACT value =195s and CR >23; normocoagulable
ACT value 119-195s and CR 7-23; hypocoagulable ACT value Z119s and CR <7.
Abbreviations: MODS, the multiple organ dysfunction score; GCS, Glasgow coma
score; APACHE I, Acute Physiology and Chronic Health Evaluation; SOFA,
Sequential Organ Failure Assessment; ISTH, International Society on Thrombosis
and Hemostasis; aPTT, activated partial thromboplastin time; PT, prothrombin time;
INR, international normalized ratio; ACT, activated clotting time; CR, clot rate; PF,
platelet function.

Compared to conventional laboratory tests, the DIC
score, and thromboelastography, Sonoclot has advantages
such as real-time dynamic viscoelastic property of clot
progression, and higher sensitivity, as stated in the
Introduction section.”'"*!*? Furthermore, Sonoclot profil-
ing does not require a special solid platform to absorb
shocks. In the
a hypercoagulable state identified by Sonoclot signature

current study, we demonstrated
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Figure 2 Example of normocoagulopathy (ACT192, CR20, PF3.6). Clot signals
changed relatively smoothly during the testing time of 30 min.
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Figure 3 Example of hypercoagulopathy (ACT 161, CR44, PF4.8). Clot signals grew
and had peaks during the testing time of 30 min.
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Figure 4 Example of hypocoagulopathy (ACT318, CR5.2, PF0.4). Clot signals
climbed slowly and kept low during the testing time of 30 min.
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Figure 5 Example of hypofibrinolysis (ACT 119, CR 1.0, PF 3.7).
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Table 4 Cox Regression Model Analyzing the Prognosis of Patients with Heat Stroke
Parameters B SE Wald P RR 95% CI

Low High

Age (years) -0.03 0.006 0.204 0611 0.967 0915 1010
Gender 0.104 0.231 0.593 1.012 1.002 1.041
GCs 0.068 0.117 0.352 0.513 1.509 1.212 1.907
SOFA 0.011 0.118 5.112 0.021 1.125 1.081 1.324
APACHE Il score 0.042 0.020 4.237 0.039 1.038 1.003 1.064
ISTH score 0.352 0.159 4.934 0.025 1.312 1.041 1.811
ACT (s) 0.002 0.001 10.895 0.001 1.003 1.002 1.004
CR (sig/min) 0.014 0.009 2712 0.001 0.811 0.697 1.032
PF -0.273 0.115 5.646 0.015 0.743 0.614 0.928
APTT (s) 0.001 0.003 0.122 0.717 1.002 0.997 1.005
PT (s) —0.019 0.015 I.146 0.213 0.977 0.948 1.014
Platelet count (x107) 0.003 0.003 0.828 0.353 1.004 0.988 1.005
Fibrinogen (g/L) 0.113 0.058 3.778 0.054 1104 0.993 1.247
D-dimer (ng/L) 0.000 0.000 0.303 0.571 1.000 1.000 1.000
INR 0.071 0.119 0.351 0.531 1.068 0.843 1.342

Note: Cox regression analysis applied with Enter method.

Abbreviations: HR, hazard ratio; GCS, Glasgow coma score; APACHE I, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment;
ISTH, International Society on Thrombosis and Hemostasis; APTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; ACT,

activated clotting time; CR, clot rate; PF, platelet function.

analysis occurring in 34 patients (32%) at the time of
admission prior to blood product transfusion. This indicates
that early HS-induced coagulopathy is initially described by
hypercoagulability because of increased thrombin and
fibrin generation, as reported previously in another
study.*> Hypofibrinolysis was also found in our series
because 10 (9.4%) patients had normal ACT values and
CRs <7 based on Sonoclot signature. This finding supports
previous evidence that thrombin-dependent mechanisms
may contribute to hypofibrinolysis during HS.>*-**
Previous studies have shown that HS is accompanied
by intense activation of inflammation and coagulation,
which both contribute to organ dysfunction.?%*>-
Coagulopathy with diagnostic features can be observed at
early stage after heat exposure and before MODS through
accessible biomarkers. However, the clinical manifesta-
tions and consequences of coagulability after HS are not
entirely clear. Our data indicate that patients with hypo-
coagulability on admission developed more severe organ
dysfunction and had increased mortality in the future.
Whether the occurrence of hypercoagulability was asso-
ciated with MODS requires further study. Our data also
showed that hypocoagulability predicted 28-day survival
in patients with HS. Our finding that prolonged ACT was
predictive of the mortality in HS suggests that the
Sonoclot signature can be used to identify patients for

whom hemostasis treatment may be promising. The rea-
sons that CR and PF were not statistically significant
might be due to the small sample size and single center
study, thus further studies are warranted. What is more,
hypocoagulable patients had a longer aPTT, and aPPT was
longer in the MODS group than non-MODS group, which
demonstrated aPTT might be a risk factor for severe HS as
previous report stated.’’

It is concerning that in many cases, anticoagulation may
have been inadequate, highlighting the need for alternative or
additional therapies. Many ongoing studies investigating the
pathophysiology underlying COVID-19-associated coagula-
tion may provide mechanistic insights that can guide appro-
priate interventional strategies.*® For example, based on the
Sonoclot signature, which has the advantage of
a comprehensive assessment of whole blood coagulation
capacity, the role of various factors, such as platelets and
clotting factors, on thrombosis can be assessed and targeted
with effective anticoagulation prophylaxis to reduce the risk
of thrombotic complications. Individuals with COVID-19
may have a number of complex and varied coagulation
abnormalities that create a hypercoagulable state, presenting
questions about proper evaluations and interventions to pre-
vent or treat thrombosis. Normal or mildly prolonged aPTT
and PT, slight thrombocytopenia or thrombocytosis, or
a normal platelet count or elevated FL and D-dimer are
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typically noticed.*>>” The clinical significance of these
aforementioned findings were also discovered to relate to
the 28-day mortality rate based on multivariate regression
testing of 447 patients in a retrospective investigation;*’
however, the mechanisms underlying hypercoagulable state
caused by HS and COVID-19 may be similar or completely
different, and although both manifest as a hypercoagulable
state, further evidence is needed.

Our study had some limitations: 1. The occurrence of
venous thromboembolism was not systematically studied
and Sonoclot signature analysis was performed in each
patient at only one time point, ie, immediately after admis-
sion. 2. There was no thromboelastometry group to com-
pare and no thromboelastography was shown. 3. It was not
possible to assess the effect of late hypercoagulability on
the development of organ dysfunction. 4. Power calcula-
tion was not proceeded and might have led to some devia-
tion in statistical analysis.

Conclusions

Sonoclot signature analysis is a relatively reliable
method for assessing coagulability. The presence of
early hypocoagulability is associated with the develop-
ment of MODS. In addition, Sonoclot characteristics
indicating a hypocoagulable state on admission may be
predictive of the development of death. This study
determined the prognostic value of the clinical outcome
and coagulation of HS as defined by Sonoclot signature
analysis at the time of admission. Further large studies
with large samples should aim at developing transfusion
protocols based on Sonoclot signature and using antic-
oagulants or even prophylactic medication for patients
with HS.
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