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DYNAMICS OF HEMOSTASIS PARAMETERS AND ENDOTHELIAL DYSFUNCTION MARKERS
IN PATIENTS WITH THERMAL INJURY
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Burn injuries kill thousands of people. The aim of this study was to investigate the dynamics of systemic inflammatory response parameters, endothelial dysfunction
markers and hemostasis impairment in patients with thermal burn injuries. The study was conducted in 51 patients aged 16 to 80 years presenting with moderate
to severe thermal burns. The systemic inflammatory response was assessed based on the levels of tumor necrosis factor a (TNFa), a number of interleukins (IL6,
IL12), the C-reactive protein, and the monocyte chemoattractant protein 1 (MCP-1). Hemostatic impairments were inferred from the results of coagulation tests
that measured the activated partial thromboplastin time (APTT), the prothrombin index (Pl), the prothrombin time (PT) and the platelet count. Endothelial dysfunction
was analyzed based on the levels of vascular endothelial growth factor (VEGF), total endothelin (TE) and circulating endothelial cells. The dynamics of the listed
parameters were studied over 45 days following the injury. Endothelial dysfunction markers peaked on days 3-15 (VEGF 828.9 + 993.2 pg/mL, TE 3.0 + 1.7 fmol/mL,
CEC6.4+£6.010%, IL6 264.4 + 131.2 pg/mL, TNFa 41.4 + 111.9 pg/ml, C-reactive protein 128.3 + 52.4 nmol/mL). Coagulation was significantly impaired during
the same period (APTT 41.4 + 17.7 s, P 83.6 + 15.4%, PT 22.3 + 10.0 s). By day 30-35, blood concentrations of proinflammatory cytokines and inflammation
mediators had declined (TNFa 3.9 + 9.6 pg/mL, IL6 49.0 + 35.9 pg/mL, C-reactive protein 81.9 + 341 nmol/ml); in that phase, the coagulation potential was
continuing to decrease (APTT 51.8 + 34.1 s, P11 82.9 + 19.4%, PT 24.9 + 21.4 s). The study demonstrates that damage to the endothelium results from both injured
tissue breakdown and inflammation mediators. The risk of thromboembolic and hemorrhagic complications is the highest on days 7 through 15 following thermal
injury. Further research is needed to study the mechanisms of endothelial damage in patients with thermal burns.
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OVHAMUKA MOKASATEJIEW TEMOCTASA U SHOOTEJIMANIbHON ANCOYHKLUUN
MPU TEPMUYECKOW TPABME
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O>Koru oCTatoTCS MPUYNHOM CMEPTHOCTU COTEH ThbicAH ofeit. Liensto paboTbl 6bI10 M3y4nTb AMHAMVKY MSMEHEHWI MoKa3aTenen CUCTEMHOM BOCMaMTENbHOM
peakunmn, aHAOTENNATBHOM ANCHOYHKLMI 1 HAPYLLEHWI reMocTada y MoCTPafaBLUMX OT OXXOroB. Y 51 nauyeHTa B Bo3pacTe 16-80 neT ¢ TepMUHECKV MU OXXOrami
cpenHel 1 TSKenow CTemneHel n3ydani BbIpaXKEeHHOCTb CUCTEMHOIO BOCMANEHMs MO YPOBHAM hakTopa Hekposa onyxonm o (PHOa), nHTenenkmHos (IL6, 1L12),
C-peaKTVBHOro NpoTerHa, MOHOLMTaPHOMO XeMoaTTpakTaHTHoro npotenHa-1 (MCP-1). CocTosiHMe reMocTasa OLeHBa Ha OCHOBaHWMN KOarynoMeTPUHECKIX
1CCNefoBaHWiA (aKTMBMPOBaHHOE MapLmanbHoe TpoMbonnacTnHoBoe Bpemst (AMTB), npotpomounHoBbIn nHAEKC (TMTTU), mpotpombuHosoe Bpems (MTB) u
[p.), KonmyecTsa TPOMOOLMTOB; AUCHYHKLMIO SHAOTENUS — MO YPOBHSM BaCKYO3HAOTENManbHoro poctoBoro axktopa (VEGF), obuiero aHpotenvHa (3T),
LIIPKYAIVIPYIOLLIMX SHAOTENManbHbIX KNETOK. MokasaTteny ndyy4anm B anHamuke Ha 1-45-e CyTKM C MOMEHTa MOoSly4YeHUst TPaBMbl. HanbonbLLyto BbID&XKEHHOCTb
ONCHYHKLMN SHOOTENNA 1 BOCMAIMTENBHOW peakumn BoisBumm Ha 3—-15-e cytku (VEGF 828,9 + 993,2 nr/mn, obwmn sHootenvH 3,0 + 1,7 dmone/ma, LIGK
6,4 + 6,0 « 10%/n, IL6 264,4 + 131,2 nr/mn, PHOa 41,4 + 111,9 nr/mn, C-peakTvBHbIN 6enok 128,3 + 52,4 HMonb/Mn). B aTOT e nepuof, 6biNo 0TME4eHo
BbIP&XKEHHOE yrHeTeHne koarynaumm (A9TB 41,4 + 17,7 ¢, MTW 83,6 + 15,4%, MTB 22,3 + 10,0 c¢). K 30-45-M cyTkam NpoMCXOAno yMeHbLLEHNE KOHLEHTPaUMM
MPOBOCMAMTENBHbIX LIUTOKMHOB 1 MeAMaTopoB BocnaneHusi B kposu (PHOa 3,9 + 9,6 nr/mn, IL6 49,0 + 35,9 nr/mn, C-peakTnBHbii 6enok 81,9 + 34,1 HMonb/mn)
1 fanbHelLee CHIKEHNEe KoarynsiLMOoHHOrO noTeHumana kposu (AHTB 51,8 + 34,1 ¢, MTIN 82,9 + 19,4%, MTB 24,9 + 21,4 c). OTMeYEHO CHIKEHVe NnokasaTenei
remMokoarynaumn. INokasaHo, YTO MPOVCXOAMT MOBPEXAEHVE SHAOTENMS COCYAOB Kak MPOoAykTamu, nonafaiolMn U3 OXKOroBbIX paH, Tak v Measatopamu
BOCMaMTENBHON peakumn. PUCK TPOMBOIMOONNHECKNX 1 FEMOPPArnHECKX OCNIOKHEHNUIA MakKCUManeH ¢ 7-x No 15-e cyTkn oxxoroBot 6onesHn. Tpebytotcs
[anbHelwne bonee AeTanbHble NCCNEA0BAHNS MEXaH3MOB MOBPEXAEHNS SHAOTENNS MPU OXOrax.
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There is increasing evidence of a complex interplay between
systemic inflammation, hemostasis and endothelial dysfunction
observed in severe pathology [1]. Burn injuries are not an
exception, especially when the burn size exceeds 10% of
total body surface area. The primary cause of death in burned
patients is multiple organ dysfunction syndrome (MODS)
resulting from the inability of adaptation mechanisms to cope
with severe trauma-induced stress, hypermetabolism and
damage done by the toxic products of tissue destruction [2, 3].
Although the pathophysiology of burn injury is relatively well
studied, burns still kill thousands of people each year, posing a
significant economic burden.

MODS is driven by a cytokine storm resulting from
hyperproduction of cytokines. This phenomenon leads to
systemic endothelial damage, disrupts microcirculation and
transcapillary exchange [4, 5]. Therefore, endothelial dysfunction
should be regarded as an important MODS manifestation and
its contributor [6].

This study aimed to investigate the dynamics of hemostasis,
systemic inflammatory response and endothelial dysfunction
markers in patients with thermal injury.

METHODS

This prospective study was conducted in 51 patients (37 males
and 14 females) aged 16 to 80 years undergoing treatment
at Saratov Center of Thermal Injuries. The mean age of the
participants was 40.5 + 36.2 years (M + o). The study included
patients with fire or scald burns with a prognostic index over
30 calculated as an area of small first to third degree burns
+ 3 areas of deep third to fourth degree burns (the index was
proposed by G. Frank in 1960). On average, the Frank index
was 80.1 + 63.2 (M £ o). The following exclusion criteria were
applied: age under 16 and over 80 years (age significantly
affects the organism’s response to thermal injury); electrical
or inhalation injury (the lesion size did not correlate with the
severity of the condition); pregnancy; clinically uncompensated
comorbidities at the time of admission. The death rate among
the patients was 37%.

The patients were brought to the hospital within 1 h to 3 days
after sustaining injury. Their serum samples were collected
and assayed for endothelial dysfunction biomarkers, including
vascular endothelial growth factor (VEGF) (reagents by
Biosource, EuropeS.A; Belgium), monocyte chemoattractant
protein 1 (MCP-1) (reagents by Vector Best; Novosibirsk) and
total endothelin (reagents by BiomedicaGruppe; Austria). ELISA
assays were performed in a StatFax 2100 microplate reader
(Awareness Technology Inc.; USA). We also measured the
levels of IL6, IL12 and tumor necrosis factor a (TNFa) using the
kits by Biosource, EuropeS.A, Belgium. Circulating endothelial
cells (CEC) were counted by phase-contrast microscopy
using a method proposed by J. Hladovec and modified by
N. Petrischev [7]. The severity of inflammation was inferred
from C-reactive protein (CRP) levels measured by solid-phase
enzyme immunoassay (Vector Best; Novosibirsk). Hemostasis

Table 1. Markers of endothelial dysfunction

dynamics were assessed based on fibrinogen levels, the
prothrombin time (PT), the prothrombin index (PI), the activated
partial thromboplastin time (APTT), and platelet count. Some
factors of endothelial dysfunction are described in Table 1.

Fasting blood samples were collected from central or
peripheral veins at 8 am. The tests were performed on days
1, 3, 5, 15, 30, and 45 following the injury. The number of
patients fluctuated at different stages of the study because
some of them were admitted to the hospital later than 1 day
after the injury, some were discharged when their condition
had improved, and some died. All of them received treatment
according to the standard procedures for burn care adopted
in the hospital.

Blood samples of 20 healthy volunteers were used as a
control. Of those individuals, 12 were men and 8 women with a
mean age of 37.5 + 18.4 years.

Statistical analysis

The obtained data were processed in Statistica v10.0 (StatSoft;
USA) and expressed as a mean and a standard deviation from
the mean (M + o). The groups were compared using Student’s
t-test, which is usually applied to the samples with normal
distribution. Differences were considered significant at p < 0.05,
a standard value used in medical and biological research. The
distribution type was determined by the Shapiro-Wilk test. The
distribution in the sample was considered normal at p > 0.05.

RESULTS

Coagulation parameters were quite stable during the entire
post-injury period. Over time, though, Pl started to decline
gradually, whereas PT and APTT started to grow. This may
have been caused by the depletion of protein reserve, infusion
therapy and antithrombotic agents.

The levels of fibrinogen, one of the acute-phase
proteins, peaked on day 7 (5.6 = 2.2 g/L) during the acute
autointoxication phase.

The dynamics of platelet levels were different. The highest
platelet count was observed on days 15 through 30 (5655.3 +
344.9 « 10%L). Platelets were also significantly elevated in the
survivors, in contrast to non-survivors.

The most pronounced hemostatic changes were seen
during the acute autointoxication phase or sepsis (days 7
through 15). That period was marked by hypercoagulation and
an increasing risk of thromboembolic complications (Table 2).

The highest concentrations of proinflammatory cytokines
and acute-phase mediators (TNFa, CRP, IL6) were observed on
days 3 through 7, corresponding to the acute autointoxication
phase of the burn injury (Table 3).

In contrast, the levels of IL12, which stimulates proliferation
and differentiation of lymphocytes, reached their peak in the
recovering patients (131.3 + 70.7 pg/mL) and demonstrated
the lowest values in the acute autointoxication phase or sepsis
(85.7 = 22.9 pg/mL).

Name Description
A potent angiogenic and mitogenic factor; its levels rise in response to hypoxia or cancer, during wound healing or gestosis. It is secreted
VEGF N N
by endothelial cells, macrophages, fibroblasts, and some other cells [8]
CEC CEC levels rise in response to vascular endothelial damage, increased necrosis of endothelial cells, hypoxia, sepsis, sever intoxication,
atherosclerosis, other cardiovascular diseases, and gestosis [9]
ET is involved in the local regulation of vascular tone. It is an antagonist of endothelium-derived relaxing factor NO and an indirect indicator
Endothelin of its activity. Contributes to the progression of cardiovascular pathology and is involved into blood flow centralization during massive
blood loss. ET is secreted by endothelial cells [10, 11]
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Monocyte chemoattractant protein 1 (chemokine) is secreted
by a variety of cells, including fibroblasts, endothelial cells and
macrophages and recruits monocytes to an inflammation site.
MCP-1 had two peaks: during acute autointoxication (381.7 +
560.49 pg/mL) and during recovery (514.7 + 740.9 pg/mL).
The second peak was more pronounced.

The highest concentrations of endothelial dysfunction
markers were observed on days 3-7. On day 7, VEGF rose
30-fold, in comparison with the controls (828.9 + 993.2 pg/mL).
That period was also marked by an elevated blood plasma count
of desquamated endothelial cells (as high as 5.9 + 6.0 « 10%/L;
Table 4). This suggests acute hypoxia of the endothelium, its
intense desquamation and increased apoptosis or necrosis.

The concentrations of cytokines and endothelial dysfunction
markers were compared in the patients with normal coagulation
and coagulopathy. Hypocoagulation was inferred from APTT >
35 s and Pl < 85% (Tables 5, 6). Decreased coagulation co-
occurred with significantly increased levels of acute-phase
proteins (CRP, IL6, TNFa), VEGF, CEC, and low (in comparison with
patients with normal coagulation) IL12, MCP-1, and endothelin.

Table 2. Hemostasis dynamics in patients with burn injuries, M + o
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DISCUSSION

We have found that a rise in the levels of proinflammatory
cytokines co-occurs with coagulopathy and an increase in
endothelial dysfunction markers. Previously, we studied cytokine
concentrations in patients with thermal burn injuries of different
severity and noticed that endothelial dysfunction markers
followed a phase pattern. Those markers rose significantly in
patients with mild and moderate burns, peaked in patients with
severe but not fatal burn injuries, and declined in the end stage
of MODS in non-survivors [12]. It is known that endothelial
dysfunction triggers activation of prothrombotic mechanisms
and increases coagulability, promoting disseminated
intravascular blood coagulation. Compromised vessel wall
integrity results in the hyperproduction of endothelin, which
stimulates activation of all phases of hemostasis; endothelin
levels rise in patients with severe trauma [13, 14].

Our findings suggest that the levels of proinflammatory
cytokines and endothelial dysfunction factors in severe burn
injuries are inversely proportional.

Day 1 Day 3 Day 7 Day 15 Day 30 Day 45 Controls
Parameter n=>50 n=51 n=49 n=40 n=236 n=19 n=20
APTT s 39.6+25.4 M4£177 419+253 40.2+27.0 5045314 51.8+34.1 262428
(p, = 0.02) (p=0.5; p, = 0.05) (p=0.88; p, = 0.03 (p=048;p,=027) | (p=0.001;p =0.03" | (o=0.80;p,=0.04y
Pl 90.9 = 14.1 86.5+13.3 83.6+15.4 83.1 165 823175 82.9+19.4 1011563
h (p, = 0.25) (p=0.03;p =002/ | (p=0.09; p =0.01y (p=0.86; p, = 0.01)¢ (p=0.07; p, = 0.01) (p=0.82; p, = 0.03)" A0
T s 195+ 6.3 22.2+17.6 22.3+10.0 21.8+8.0 24.9+21.4 22.9+135 1264 0.9
' (p, = 0.04) (p=0.22; p, = 0.04y p=0.82; p_=0.03) (p=096; p, = 0.01) (p=0.11; p, = 0.04) (p=0.52; p, = 0.04y 00
Fibrinogen, 3414 5220 56+2.2 50+ 2.1 47:18 4217 335069
gL (p,=0.11) (p=0.001; p,=0.04y | (p=043;p =0001¢ | (p=006;p, =0.001) | (p=0.22;p,=0.001) (p=0.03; p, = 0.05) ke
Platelets, 319.6 +197.0 209 + 122.9 316.0+214.6 555.3 + 344.9 467.8 = 237.9 454.3+294.4 0304 29949
o 10°/L (p,=0.27) (p=0.001; p, =047 | (p=0.001;p,=009)" | (0=0.001;p, =004 | (p=0.04;p,=0.03"* (p=0.03; p, = 0.03) i

Note: p — the specified and the previous stages of the study are compared; * — the differences between the specified and the previous stages of the study are
significant (o < 0.05); p, — the patients compared to the controls at the specified stage of the study; © — the differences between the patients and the controls are

significant (p < 0.05).

Table 3. Cytokine dynamics in patients with burn injuries, M + @

Day 1 Day 3 Day 7 Day 15 Day 30 Day 45 Controls
Parameter n=50 n=51 n=49 n=40 n=36 n=19 n=20
TNFa. pa/mL 42.3 +46.6 32.2+99.3 4141119 17.8 +47.9 39+9.6 82=+121 02403
' P9 (b, = 0.04) (p=0.79; p, = 0.03) (p=0.85; p, = 0.02) (p=0.45; p = 0.03) | (p=0.26; p =0.003) | (p=0.30; p, =0.01) e
IL6, 1141 +172.8 264.4 +131.2 203.8 + 180.9 67.8 +63.4 49.0 +£35.9 68.9 + 66.3 42 +34
pg/mL (b, = 0.008) (p=0.05; p_=0.001) (p=10.39; p,=0.001)¢ (p=0.07; p,=0.001) | (p=0.51;p,=0.001) | (p=0.51; p =0.001) .
IL12, 46.9 +53.8 39.4 +32.9 35.7+£22.9 549+41.0 81.83 +50.0 131.3+70.7 31432
pg/mL (b, = 0.001)< (p=0.63; p, = 0.001) (p=0.45; p,=0.001) | (p=0.03; p,=0.001)* [ (p=0.06;p, =0.001) | (p=0.02; p, =0.001)< T
C-reactive protein, 43.2 + 46.6 128.1 + 49.6 128.3 + 52.4 85.1 +41.7 81.9 + 34.1 110.3 £ 57.7 19411
nmol/mL (p, = 0.001)< (p=0.001; p,=0.001)* [ (p=0.93; p =0.001) | (p=0.001; p, =0.001)" | (p=0.79; p_=0.001) [ (p=0.08; p_=0.001) T
MCP-1. po/ml 198.9 + 191.7 319.1 £ 238.3 381.7 + 560.49 229.9 +210.3 287.1 £231.9 514.7 + 740.9 141+365
P9 (b, = 0.001)¢ (p=0.04; p_=0.001) (p=0.5; p_=0.009) (p=0.11; p =0.001) [ (p=0.29; p,=0.001) | (p=0.11; p = 0.009) I

Note: p — the specified and the previous stages of the study are compared; * — the differences between the specified and the previous stages of the study are
significant (o < 0.05); p, — the patients compared to the controls at the specified stage of the study; © — the differences between the patients and the controls are

significant (p < 0.05).

Table 4. Dynamics of endothelial dysfunction markers in patients with burn injuries, M + o

Day 1 Day 3 Day 7 Day 15 Day 30 Day 45 Controls
Parameter n=50 n=51 n=49 n=40 n=36 n=19 n=20

VEGF, 546.4 + 692.8 476.4 + 626.9 828.9 + 993.2 544.4 + 570.9 505.6 + 551.1 958.1 + 1025.6 287 1 157

pg/mL (0,=002¢ | (p=068;p,=0.003 | (p=0.06;p,=0.001) | (p=0.11;p,=0.001) | (p=0.77; p,= 0.001) | (p=0.04; p,=0.001y | 271>
Endothelin, 32:32 30£17 297 £1.32 24412 23+1.1 2413 042504

fmol/mL (p,= 0001y | (p=088;p =000t | (p=076;p =0001y | (p=0.11;p =0001y | (p=0.71:p =000y | (p=0.93; p =000y | *42*0:

33:25 47:33 59+4.9 6.4+6.0 37+3.1 29:16
.
CEC, 101 (b, = 0.48) (p=009;p,=005 | (p=028p =003 | (p=062;p =00d¢ | (p=002p =029 | (p=033p =078 | 28*19

Note: p — the specified and the previous stages of the study are compared; * — the differences between the specified and the previous stages of the study are
significant (o < 0.05); p, — the patients compared to the controls at the specified stage of the study; * — the differences between the patients and the controls are

significant (o < 0.05).
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Table 5. Differences in the values of blood coagulation parameters in burn patients with normal coagulation and coagulopathy, M + o

Group

APTT, s

PT, s

Pl, %

Fibrinogen, g/L

Platelets, « 10%/L

Normal coagulation

31.3+29

19.0 + 3.6

89.1+13.4

42+12

391.5+215.4

Hypocoagulation

54.5 + 27.9 (p = 0.001)*

20.9 = 5.0 (p = 0.01)"

81.8 + 12.8 (p = 0.001)*

4.9 +1.4 (p=0.001)"

391.2 + 216.9 (p = 0.99)

Note: * — the difference between the two groups is significant (o < 0.05).

Table 6. Differences in the levels of cytokines and endothelial dysfunction markers in burn patients with normal coagulation and coagulopathy, M + o

Group CRP, nmol/mL IL6, pg/mL TNF, pg/mL | IL12, pg/mL | MCP-1, pg/mL | VEGF, pg/mL ET, fmol/mL CEC, « 10%/L
Normal coagulation | 75.0 + 49.1 50.3 + 63.9 9.1+285 | 68.6+556 | 308.2+231.6 | 5785+523.9 | 296+27 4.4+36
Hybocoagulation 97.4+47.7 | 14521383 | 455+ 114.3 | 48.3+46.4 | 252.8+238.2 | 712.3+7450 | 2.41=1.3 5.0+ 4.9
ypocoag (p = 0.04)* (p =0.35) (p=0.10) (o =0.08) (o =0.26) (p = 0.35) (p=0.21) (p=0.37)

Note: * — the difference between the two groups is significant (o < 0.05).

Cytokines stimulate production of free radicals, lysosomal
enzymes and cationic proteins by phagocytes and cytotoxic
lymphocytes and activate humoral factors (complement
components, properdin, kinins), causing endothelial dysfunction.
In response, endothelial cells secrete autocrine and paracrine
regulatory factors, such as VEGF and endothelin. When
activated by proinflammatory cytokines, endothelial cells
increase expression of adhesion molecules and launch
degranulation of Weibel-Palade bodies (vesicles inside a
vascular endothelial cells), thereby destabilizing the endothelial
lining, reducing resistance to blood clotting and increasing
permeability of blood vessels [15]. Damage to the vascular
endothelium results in excessive cell desquamation. Growing
VEGF concentrations aim to regulate neoangiogenesis in
response to the endothelial damage induced by hypoxia in the
acute autointoxication phase of burn injury and to promote
tissue regeneration in the recovery period (days 30-45) [13].
Most likely, the function of the inducible NO synthase is also
altered significantly, because there is evidence that blood NO
metabolites decline following thermal injury [16]. Therefore, a
rise in endothelin levels could be compensatory. Also, there are
reports that this factor participates in blood flow centralization
in other severe pathologies [10].
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