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Abstract: The alterations of coagulation status in patients with Severe Burn Injury are associated with serious 

complications, increased morbidity and mortality. This study aims to compare Rotational 

Thromboelastometry(ROTEM)–a Viscoelastic Coagulation Assays(VCAs) with Conventional Coagulation 

Assays(CCAs) including Prothrombin time(PT), Activated Partial Thromboplastin time(aPTT), International 

normalized ratio(INR), Complete Blood Count(CBC) and Coagulation Factors during the early five post- burn 

days in Survivors and Non- Survivors with Severe Burn Injury in order to correlate these results with Burn 

Coagulopathy and Prognosis. Seventeen Survivors and ten Non- Survivors, with a mean Total Burn Surface 

Area(TBSA) of 33,78% were included in our study. Even though CCAs measurements were abnormal, they 

were unable to detect overall burn patients’ coagulopathy. On the contrary, VCAs from day 2 to day 5 took 

pathological values, especially for Non- survivors. Those changes were underlined through pathological values 

of Coagulation Factors. As a result, CCAs were considered poor indicators of coagulation status in burn injury, 

whereas VCAs were more accurate in demonstrating coagulation alterations from the early post- burn period 

and detecting patients in greater risk of mortality. These advantages of VCAs could be used for timely 

intervention in high risk patients and for the guidance of blood product transfusions. 

Keywords: severe burn injury; coagulation; rotational thromboelastometry; viscoelastic coagulation 

assays; conventional coagulation assays; coagulation factors 

 

1. Introduction 

Coagulation disorders are frequently seen in burn patients with Total Body Surface Area (TBSA) 

> 20%, defined as Severe Burn Injury [1]. These disorders appear immediately after the injury and are 

divided into two entities: traumatic coagulopathy due to systemic inflammatory response, 

hypothermia, platelet dysfunction and tissue injury, and iatrogenic coagulopathy due to 

resuscitation, hemodilution and blood loss after surgical excision [2]. The alterations of coagulation 

status in severe burn patients are associated with serious complications such as thromboembolic 

episodes [3], multiple organ failure [4], increased morbidity and mortality [5,6]. 
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Understanding the importance of early changes in coagulation status of burn patients, it is 

imperative to monitor coagulation and fibrinolytic system. Conventional coagulation assays (CCAs) 

such as Prothrombin time (PT), activated partial thromboplastin time (aPTT) and International 

normalized ratio (INR) are indirect indicators of extrinsic and intrinsic clotting pathway, but they do 

not take into account platelets and fibrinogen, which undergo significant changes during the early 

post-burn period, affecting the equilibrium of clot [7–10].   

Furthermore, the dilution and consumption of coagulation factors is another aggravating factor 

in clotting disorders [11]. A series of processes start as body’s physiologic response vascular 

endothelial injury due to trauma, which are summarized in 3 pathway that are part of the coagulation 

cascade: the intrinsic, the extrinsic, and the common pathway. The first responds to vascular 

endothelium damage whereas the second to external trauma. After their initial activation, they share 

a common cascade called the common pathway. Coagulation Factors XII, XI, IX, and VIII are 

responsible for the intrinsic pathway and Coagulation Factors VII, III are involved in the extrinsic 

pathway. The common pathway Coagulation Factors are X, V, II, I, and XIII [11]. Several studies have 

shown a decrease in coagulation factors for trauma patients but data about burn patients is sparse 

[1,12].  

Viscoelastic coagulation assays (VCAs), such as Rotational Thromboelastometry (ROTEM), 

came to cover this weakness of CCAs by analyzing all stages of hemostasis in whole blood samples 

[10]. Throughout a graphical chart, ROTEM provides information about clot formation, clot progress 

and its lysis, qualitative platelet function and fibrinolysis [11]. In critically ill patients VCAs are 

considered the best perioperative monitoring tests, since they can detect both transfusion needs and 

bleeding disorders [11]. Furthermore, they are successfully used as predictors of mortality in patients 

with severe trauma [12]. However, despite the fact that these assays are well studied and applied in 

trauma and critical ill patients, little is known about their application in severe burn patients.  

The aim of this study is to compare CCAs, Coagulation Factors and VCAs for Survivors and 

Non- survivors the early post- burn period of five days and to interpret those results as part of Burn 

Coagulopathy.  

2. Materials and Methods 

2.1. Study design and participants  

A prospective observational study was conducted at the Burn Intensive Care Unit (BICU) of G. 

Papanikolaou General Hospital, Thessaloniki, Greece from February 2020 to February 2023. The 

inclusion criteria were adult patients with any type of burn injury with TBSA >20% admitted at the 

BICU within the first 24 hours. Patients were excluded if they had other concomitant trauma injuries 

or coagulation dysfunction, including liver damage, anticoagulant drugs, antiplatelet agents or long-

term alcoholism. Those patients, who didn’t survived up to the fifth post-burn day, were also 

excluded. Inhalation injury was defined broncoscopically as inflammatory reaction in the bronchial 

mucosa. 

2.2. Blood sampling 

Through radial or femoral arterial catheters with a continuous flush system, arterial blood 

samples were collected in vacutainer tubes, from day 1 to day 5. For the first five post burn days, 

patients had routine blood and coagulation analyses (PT, INR and aPTT, d-dimers, fibrinogen) and 

Viscoelastic coagulation analysis using Rotational Thromboelastometry (ROTEM; Pentapharm, 

Munich, Germany).  For days 1, 3, 5 coagulation factors: Von Willebrand, V, VII, IX, X, XI, XII were 

analyzed.  

2.3. CCAs and cell counting 

Analysis of blood samples included the Complete Blood Cell count (CBC) (Red blood cell counts 

(RBCs), White Blood Cell counts (WBCs), platelet counts (PLTs)) and Conventional coagulation 

assays (CCAs) (PT, PTT, INR, D-dimers, fibrinogen) over the first five post-burn days.  
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2.4. Coagulation Factors 

Soluble clotting factors were analyzed for day 1, 3 and 5. These comprise the factors Von 

Willebrand, FV, FVII, FIX, FX, FXI, FXII. Factor activity was assessed and given as a percentage of 

standard activity by comparison of the samples with standard human plasma assays of clotting 

factors (SHP, Dade Behring Marburg GmbH, Marburg, Germany).    

2.5. ROTEM Parameters 

For ROTEM analysis, whole blood samples from day 1 to day 5 were collected. Every sample 

was placed into a cuvette. Through a cylindrical pin that is immersed and rotated into the blood, clot 

is formed. ROTEM evaluates the clot firmness via the restriction that appears at the moving pin, in 

an inverse proportional way by measuring kinetic changes of the clot elasticity.14 A graphical chart is 

then extracted with different values: Clotting Time value (CT, in seconds) depicts the time from start 

to initial clot formation, depending almost on clotting factors; The Clot Formation Time (CFT, in 

seconds) is the time to achieve a certain level of clot strength, relating to fibrin polymerization and 

clot stabilization and finally propagation phase though alpha angle (α, in degrees) assesses the rate 

of clot formation.13 Clot amplitude at 10 / 20 min (A10, A20) express the clot firmness at respective 

time points and refer to the fibrinolysis at 10 and 20 min CT. Maximum clot firmness (MCF, in 

millimeters) is defined as the highest amplitude reached before clot dissolving and estimates the 

firmness and the quality of the clot and Maximum Lysis (ML, described in percent of MCF) depicts 

the maximum lysis. 

Modifications of ROTEM that were used: FIBTEM, evaluation of fibrinogen contribution to 

blood clot with tissue factor and cytochalasin D which blocks contribution of platelets to maximum 

clot firmness leaving the impact of fibrin formation and polymerization; EXTEM, evaluation of 

extrinsic coagulation pathways with tissue factor; INTEM, evaluation of intrinsic system of 

coagulation pathway. 

2.6. Statistical analysis  

Descriptive statistics were calculated using mean and standard deviation for continuous 

variables, frequencies and percentages for categorical variables. Data normality was tested using the 

Shapiro-Wilk test. Student’s t-test was used for comparisons of means of continuous variables. 

Levene’s Test assessed equality of variances. For non- parametric values, Mann-Whitney U test was 

used. For all tests, p value < 0.05 was considered to be statistically significant. Statistical analysis was 

performed using the IBM® SPSS® Statistics Version 29.  

3. Results 

3.1. Demographical Data  

During the study period, 27 adults patients were enrolled, 15 males and 12 females. The mean 

cohort age was 58,04 (SD: 16,9). A total of 10 deaths occurred (37,04%). Based on the survival, two 

groups were formed (Survivors, Non-survivors). 10 males and 15 females survived, with a mean age 

of 51,88 (SD: 15,87). The mean age for non-survivors was 68,5 (12,99) and sex was equally distributed. 

All patients were admitted within the first 24 hours and received resuscitation according to Parkland 

Formula (4 x TBSA% x kg).  

3.2. Type, TBSA and depth of burn injury  

All burn injuries were thermal, apart from two chemicals and one electrical burn injury. Total 

Burn Surface Area (TBSA) ranged from 20% to 71%. Total mean TBSA was 33,78% (SD: 14,56), 32,65% 

(SD: 10,7) for survivors and 35,7% (SD: 19,28) for non-survivors. Regarding depth of burn injury, for 

survivors, 17,53% (SD: 11,19) of TBSA was second degree and 15% (SD: 12,26) was third degree, 

whereas for non-survivors 12,% (SD: 9,5) was second degree and 23,2% (SD: 18,38) was third degree. 
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The incidence of inhalation injury in our Cohort was 25,9%. From the seven patients with inhalation 

injury, 71,43% died. The mortality rate for patients with inhalation injury was 18,5%. (Table 1)  

Table 1. Demographics and burn characteristics. (TBSA = Total Burn Surface Area,*= result with 

statistical significance) . 

 Total Survivors Non- survivors 
 27 17 10 

Sex 
Males: 15 

Females: 12 

Males: 10 

Females: 15 

Males: 5 

Females: 5 

Mean Age (years) 58,04 (SD: 16,9) 51,88 (SD: 15,87) 68,5 (12,99) 

Burn type 

Thermal: 24 

Chemical: 2 

Electric: 1 

Thermal: 14 

Chemical: 2 

Electric: 1 

Thermal: 10 

Chemical: 0 

Electric: 0 

Mean Total TBSA (%) 

2nd degree TBSA (%) 

3rd degree TBSA (%) 

33,78 (SD: 14,56) 

15,67(SD: 10,87) 

18,04 (SD: 15,34) 

32,65 (SD: 10,7) 

17,53 (SD: 11,19) 

15 (SD: 12,26) 

35,7 (SD: 19,28) 

12,5 (SD: 9,5) 

23,2 (SD: 18,38) 

Inhalation injury 7 2 (28,57%) 5 (71,43%) 

3.3. Complete Blood Count results (CBCs) 

From the five post–burn days CBCs results, we compared White Blood cells counts (WBC), 

hematocrit (HT), hemoglobin (HB) and Platelets (PLT) for Survivors and Non- survivors. For the total 

of patients, mean WBCs dropped each day from admission to a nadir at day 5. Comparing the two 

groups, WBCs were higher for Non-survivors during the 5 post- burn period, statistically significant 

for day 3 (Non- survivors; WBC DAY3 13827 SD: 5630,89; Survivors; WBC DAY3 9528,75 SD: 4369,88; p=0,04).  

Mean HB on admission was 15,27 mg/ dl (SD: 2,40) for Non- survivors and 15,09 mg/ dl (SD: 

2,19) for Survivors, and decreased every day. At the fifth post–burn day, mean HB was 9,25 mg/ dl 

(SD: 2,28 mg/ dl) for Non- survivors and 9,74 mg/dl (SD: 1,68 mg/ dl) for Survivors. As expected, HT 

followed a similar pattern as HB. For days one to three, Non- survivors had higher values of HT and 

HB than survivors, statistically significant for day 2 (Non- survivors; HTDAY2 43,16 SD: 8,63; Survivors; 

HTDAY2 37,29 SD:5,16; p=0,02 and Non- survivors; HBDAY2 14,15 SD: 2,71; Survivors; HTDAY2 12,31 SD:1,74; 

p=0,03).  

PLTs had a downward trend from the first post-burn day to the fifth post-burn day, with greatest 

drop in values for Non–survivors (Non- survivors; PLT DAY1 384,10 SD: 308,37; PLT DAY5 138,70 SD: 88,87, 

Survivors; PLT DAY1 236,88 SD: 80,58; PLT DAY5 184,44 SD: 71,79, p=0,02, paired samples t-test analysis). 

(Table 2) 

Table 2. Results of Complete Blood Cell counts for Survivors and Non-survivors for the first five post- 

burn days. (WBC= White Blood Cells counts, HT= hematocrit, HB= hemoglobin, PLT= Platelets, *= 

result with statistical significance). 

 Survivors Non-survivors P-value 

HTDAY1 45,04 (6,15) 46,14 (6,7) 0,30 

HTDAY2 37,29 (5,16) 43,16 (8,63) 0,02* 

HTDAY3 33,52 (4,79) 35,14 (7,16) 0,32 

HTDAY4 30,20 (7,33) 32,76 (5,81) 0,18 

HTDAY5 30,11 (5,25) 28,61 (6,80) 0,27 

HBDAY1 15,09 (2,19) 15,27 (2,40) 0,4 

HBDAY2 12,31 (1,74) 14,15 (2,71) 0,03* 

HBDAY3 10,97 (1,57) 11,62 (2,29) 0,26 

HBDAY4 11,77 (5,86) 10,77 (1,85) 0,3 

HBDAY5 9,74 (1,68) 9,25 (2,28) 0,2 

WBC DAY1 18749,38 (8982,75) 22467 (6042,72) 0,21 
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WBC DAY2 11747,13 (5562,52) 16486,33 (8455,71) 0,08 

WBC DAY3 9528,75 (4369,88) 13827 (5630,89) 0,04* 

WBC DAY4 8651,2500 (3648,58) 13407 (8381,74) 0,12 

WBC DAY5 8505 (3441,78) 10211 (6184,88) 0,44 

PLT DAY1 236,88 (80,58) 384,10 (308,37) 0,6 

PLT DAY2 188,81 (67,56) 293,30 (256,16) 0,22 

PLT DAY3 161,25 (51,23) 207,90 (186,54) 0,44 

PLT DAY4 161,68 (52,36) 162,00 (109,89) 0,99 

PLT DAY5 184,44 (71,79) 138,70 (88,87) 0,16 

3.4. Conventional Coagulation Assays (CCAs)  

Regarding INR, even though baseline measurements of day 1 were the same between the two 

groups, for Non- survivors became pathological from day 2, without been normalized. This 

difference between the two groups was statistically significant for days 4 and 5 (Non- survivors; 

INRDAY4 1,27 SD: 0,24; Survivors; INRDAY4 1,05 SD: 0,11; p= 0,01 and Non- survivors; INRDAY5 1,23 SD: 0,28; 

Survivors; INRDAY5 1,05 SD: 0,09; p= 0,04). The same pattern, as INR, emerged for PT analysis (Non- 

survivors; PTDAY4 15,17 SD: 2,46; Survivors; PTDAY4 12,48 SD: 1,25; p= 0,04 and Non- survivors; PTDAY5 14,70 

SD: 3,28; Survivors; PTDAY5 12,44 SD: 1,17; p= 0,001) whereas for PTT values no differences were 

observed for the two groups. Finally, both d-dimers and fibrinogen levels were augmented for Non-

survivors the whole time period, statistically different for day 2 (FIBRINOGEN DAY2; Non- survivors: 

4,2 SD: 1,03; Survivors: 2,88 SD: 0,94 p=0,03). (Table 3) 

Table 3. Results of Conventional Coagulation Assays for Survivors and Non-survivors for the first 

five post- burn days. (PT= Prothrombin Time, aPTT= activated Partial Thromboplastin Time, INR= 

International normalized ratio, *= result with statistical significance). 

 Survivors Non-survivors P-value 

INRDAY1 1,12 (0,16) 1,11 (0,28) 0,41 

INRDAY2 1,16 (0,16 1,22 (0,33) 0,16 

INRDAY3 1,10 (0,14) 1,32 (0,42) 0,10 

INRDAY4 1,05 (0,11) 1,27 (0,24) 0,01* 

INRDAY5 1,05 (0,09) 1,23 (0,28) 0,04* 

PT DAY1 13,25 (1,83) 13,27 (2,98) 0,46 

PT DAY2 13,76 (1,95) 14,51 (3,64) 0,91 

PT DAY3 13,10 (1,64) 15,69 (4,54) 0,07 

PT DAY4 12,48 (1,25) 15,17 (2,46) 0,04* 

PT DAY5 12,44 (1,17) 14,70 (3,28) 0,001* 

PTT DAY1 27,69 (4,77) 27,06 (4,38) 0,75 

PTT DAY2 29,38 (5,65) 33,03 (4,51) 0,19 

PTT DAY3 33,48 (4,33) 36,07 (7,44) 0,42 

PTT DAY4 32,19 (4,24) 33,49 (6,27) 0,91 

PTT DAY5 32,06 (4,02) 36,99 (9,66) 0,28 

DDIMERS DAY1 1,15 (0,89) 1,85 (2,16) 0,35 

DDIMERS DAY2 1,11 (0,99) 1,80 (2,48) 0,42 

DDIMERS DAY3 0,93 (0,89) 0,98 (0,63) 0,88 

DDIMERS DAY4 0,46 (0,17) 0,97 (0,68) 0,82 

DDIMERS DAY5 1,14 (1,02) 1,5 (1,17) 0,42 

FIBRINOGEN DAY1 3,06 (0,98) 3,08 (0,88) 0,96 

FIBRINOGEN DAY2 2,88 (0,94) 4,2 (1,03) 0,03* 

FIBRINOGEN DAY3 3,74 (0,88) 4,93 (0,94) 0,07 

FIBRINOGEN DAY4 4,74 (1,87) 5,78 (1,68) 0,33 

FIBRINOGEN DAY5 4,65 (1,26) 5,37 (1,69) 0,26 
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3.5. Coagulation Factors 

VonWillebrand Factor was elevated in both groups, being higher in Non-survivors than in 

Survivors on the early post-burn period. No critical differences were noticed for Factor ΙΧ. In contrast, 

for all other Coagulation Factors (V, VII, X, XI, XII) Non- survivors’ levels were lower than Survivors, 

beyond normal ranges, with statistically significant results for day 5 (Non- survivors; FactorVDAY5 29,97 

SD: 17,10; Survivors; FactorVDAY5 99,22 SD: 33,04; p= <0,001; Non- survivors; FactorVIIDAY5 50,78 SD: 

30,69; Survivors; FactorVIIDAY5 107,24 SD: 30; p= 0,05; Non- survivors; FactorXDAY5 45,88 SD: 17,13; 

Survivors; FactorXDAY5 112,32 SD: 87,27; p= 0,05; Non- survivors; FactorXIDAY5 50,71 SD: 34,33; Survivors; 

FactorXIDAY5 91,02 SD: 19,50; p= 0,01; Non- survivors; FactorXIIDAY5 27,94 SD: 9,27; Survivors; FactorXIIDAY5 

49,19 SD: 31,96; p= 0,05). (Table 4) 

Table 4. Coagulation Factors measurements for Survivors and Non-survivors during the first five 

post- burn days. (*= result with statistical significance). 

 Survivors Non-survivors P-value 

VonWillebrandDAY1 258,45 (121,91) 295,50 (109,24) 0,46 

VonWillebrandDAY2 243,31 (63,1) 333,94 (174,8) 0,2 

VonWillebrandDAY3 266,54 (132,7) 323,73 (102,01) 0,35 

FactorV DAY1 60,12 (25,78) 41,45 (15,89) 0,55 

FactorV DAY3 80,14 (36,28) 49,12 (20,23) 0,42 

FactorV DAY5 99,22 (33,04) 29,97 (17,10) <0,001* 

FactorVII DAY1 68,91 (27,13) 56,75 (33,71) 0,34 

FactorVII DAY3 72,89 (32,92) 61,17 (25,16) 0,4 

FactorVII DAY5 107,24 (30) 50,78 (30,69) 0,05* 

FactorIX DAY1 97,91 (42,67) 80,36 (50,14) 0,36 

FactorIX DAY3 106,2 (33,48) 112,46 (55,61) 0,79 

FactorIX DAY5 145,95 (40,85) 119,4 (70,44) 0,33 

FactorX DAY1 67,90 (21,80) 55,48 (28,06) 0,24 

FactorX DAY3 73,84 (42,18) 54,35 (28,16) 0,27 

FactorX DAY5 112,32 (87,27) 45,88 (17,13) 0,05* 

FactorXI DAY1 78,62 (27,93) 62,94 (31,17) 0,22 

FactorXI DAY3 67,89 (21,13) 53,06 (28,11) 0,22 

FactorXI DAY5 91,02 (19,50) 50,71 (34,33)  0,01* 

FactorXII DAY1 53,77 (33,10) 43,87 (21,54) 0,42 

FactorXII DAY3 36,37 (24,74) 34,82 (16,24) 0,88 

FactorXII DAY5 49,19 (31,96) 27,94 (9,27) 0,05* 

3.6. ROTEM Parameters 

FIBTEM MCF at day 2 was increased for Non-survivors and statistically different between the 

two groups (p=0,04). This parameter remained augmented for Non- survivors for the whole post- 

burn period. Furthermore, for the same day, FIBTEM A10 and A20 was prolonged for the same group 

(p=0,01 and p=0,01). Regarding day 5, EXTEM A10, EXTEM A20, EXTEM MCF and EXTEM CFT were 

pathologic for Non- survivors (p=0,02, p=0,02, p=0,02, p=0,05 respectively). As long as clot amplitude 

is concerned at 10 and 20 minutes, both in FIBTEM and EXTEM, it increases at the 5 days period for 

Non- survivors.  

4. Discussion 

4.1. Demographical Data, Type, TBSA and depth of burn injury  

The results of this prospective observational study regarding Demographical Data, the type, 

TBSA and depth of burn injury of 27 severe burn patients reinforced the existing knowledge that age 

and deep burn area are predictive factors of mortality, since Non- survivors had higher mean age 
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(Non- survivors: 68,5 SD: 12,99; Survivors: 58,04 SD: 16,9) and 3rd degree TBSA (Non- survivors: 23,2 

SD: 18,38; Survivors: 15 SD: 12,26) compared to Survivors [15]. Furthermore, the incidence of 

inhalation injury in our study was 25,9% and mortality rate for patients with inhalation injury was 

18,5%. Our results are comparable with those reported in other studies, where incidence rates range 

between 10-20% [16–19] and mortality rate is 25,6% [20]. Through a systematic review of prognostic 

factors in adults with burn injury, Colohan reported a mortality rate of 27,6% [21] and concluded that 

the best predictors of mortality among the current published literature on burn prognosis are 

increased TBSA, increased age and the presence of inhalation injury [21]. 

4.2. Complete Blood Count results (CBCs) 

Similar trends and several differences were noticed among Survivors and Non- survivors 

regarding CBCs results. The initial systemic inflammation, known as part of the pathophysiology of 

burn injury, leads to increased WBCs on admission for both Survivors and Non- survivors. Indeed, 

WBCs levels of the first day are the highest among the early post–burn period [22]. Non- survivors’ 

response was greater than Survivors, suggesting that more severe burn patients trigger greater 

immune response to burn induced inflammation, leading to higher levels of WBCs [23]. Over the next 

few days, WBCs in both groups are decreasing. Two are the main pathological mechanisms for this 

deflation: the migration of the leukocytes from plasma to the burn areas and the suppression of the 

bone marrow following severe burn injury [24,25]. Comparing the two groups, on day 3, Non- 

survivors had statistically significant higher levels of WBCs (Non- survivors: 13827 SD: 5630; 

Survivors: 9528,75 SD: 4369,88, p=0,04), coming in accordance with results from several studies that 

correlated mortality with reduced WBCs [26,27].  

Both HB and HT of the two groups were augmented on admission and showed decreasing 

values the first five post–burn days. Between groups, there was a statistically significant difference 

for day 2 for both HT, HB. (HT; Non- survivors: 43,16, SD: 8,63; Survivors: 37,29 SD: 5,16, p=0.02; HB; 

Non- survivors: 14,15, SD: 2,71; Survivors: 12,31 SD: 1,74, p=0.03). Soman S. et al. examined trends in 

the components of the CBC in severely burned patients over the first week after injury and concluded 

that survivors had significantly lower measurements of HGB, HCT every day from admission to day 

7 [27]. The depression of bone marrow production, due to inflammation, in combination with 

hemolysis of red blood cells explains the decline [28,29]. Furthermore, the hypovolemic status on 

admission followed by the aggressive fluid resuscitation leads to dilution [26]. 

Non- survivors PLTs on admission were higher than Survivors (PLT; Non- survivors: 384,10, 

SD: 308,37; Survivors: 236,88 SD: 80,58). For the first group, they declined and reached their lowest 

values at day 5, whereas Survivors’ nadir was on day 4 and then started recover. Our findings agree 

with Osuka a. et al. results, with the only difference that the lowest point of the PLTs for Survivors 

was reached at 3 days [26]. PLT consumption due to burn injury is mainly responsible for this decline 

[30]. Undeniably, thrombocytopenia in the early post- burn period is associated with increased 

mortality [26,27,31]. 

4.3. Conventional Coagulation Assays (CCAs)  

Τhe major drawback in the investigation of coagulopathy in burn injury is the absence of a clear 

definition and defined thresholds. In our study, even though INR started from the same baseline for 

both Survivors and Non- survivors, it increased for Non- survivors and remained higher compaired 

to Survivors for the whole 5 days period, but not within coagulopathic range. The same pattern was 

noticed for PT, whereas PTT was within normal ranges for both groups the first five post–burn days. 

Beyond studies, the thresholds for INR differ [2]. One study borrowed the term “acute traumatic 

coagulopathy” from trauma patients in order to describe coagulation disorders in major burn injury 

with thresholds: INR greater than 1.3 and aPTT ratio >1.5 times mean normal [32]. No patient met 

these criteria concluded that major injury is not associated with acute traumatic coagulopathy [32]. 

On the other hand, Mitra et al. [33] modified the thresholds of INR>1.5 and aPTT>60s according to 

recent studies of acute traumatic coagulopathies [34]. The same rigorous thresholds were used by 

Kaita et al. [6] Sherren et al., [35,36] Kang et al. [37] and Muthukumar et al.’s [38] study used the same 
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cut-off points: INR>1.2, PT>14.6s, aPTT>45s for acute burn induced coagulopathy (ABIC). These cut-

off values were consistent with the International Definition of Acute Traumatic Coagulopathy (ATC) 

by Davenport et al. [39] The incidence was 39.3% and 31% respectively. For Tejiram et al. [40] 

abnormal coagulation was defined as: INR>1.5 and PTT>45s, with 0% incidence on admission, 22% 

after. In our study, even though there was a statistically significant difference of INR between the 

two groups for days 4 and 5 (INRDAY4; Survivors: 1,05 SD: 0,11; Non- survivors 1,27 SD: 0,24 p=0,01; 

INRDAY5; Survivors: 1,05 SD: 0,09; Non- survivors 1,23 SD: 0,28 p=0,04), values were lower than any of 

the above definitions of coagulopathy except Muthukumar et al.’s study [38]. When the ABIC criteria 

were applied, both for INR and PT using the cut- off points of 1,2 and 14,6s respectively, for days 3,4 

and 5, Non- Survivors were coagulopathic (PTDAY3; Survivors: 13,10 SD: 1,64; Non- survivors 15,69 SD: 

4,54; PTDAY4; Survivors: 12,48 SD: 1,25; Non- survivors 15,17 SD: 2,46 p=0,04; PTDAY5; Survivors: 12,44 SD: 

1,17; Non- survivors 14,7 SD: 3,28 p=0,001;). It is obvious that different thresholds in the diagnostic 

criteria are responsible for the inconsistency of the results. 

As long as d-dimers and fibrinogen levels are concerned, they reflect fibrinolytic activity. Both 

d-dimers and fibrinogen concentrations were increased for both groups, but remained elevated for 

Non- survivors. Our results agree with several studies where hypercoagulable status and increased 

clot formation was found through augmentation of these two parameters [10,40,41]. Martini et al. 

making isotope infusion of 1-13C-phenylalanine and d5-phenylalanine in severe burn patients to 

quantify fibrinogen production and consumption,  proved that both fibrinogen synthesis and 

breakdown were increased after burn, but the magnitude of synthesis was larger than that of 

fibrinogen breakdown, resulting in the increase of fibrinogen availability after burn injury [42]. 

Fibrinogen levels were significantly increased when compared to the control group throughout 

the observation period, statistically significant for day 2 (Non- survivors: 4,2 SD: 1,03; Survivors: 2,88 

SD: 0,94; p=0,03). This has been described previously and corresponds to increased fibrinogen 

synthesis and hyper coagulable status [40]. 

4.4. Coagulation Factors 

Primary hemostasis initiates through platelet adhesion via Von Willebrand Factor (vWF) and 

proceeds the intrinsic coagulation cascade, as it stabilizes VIII coagulation factor [43]. This 

glycoprotein is also released from the injured endothelium and increases in inflammatory situations 

[44,45]. In our study, vWF levels were increased in both groups from day 1, with an upward trend 

for days 3 and 5. Considering that burn injury involves major endothelial damage and activation of 

the cytokine cascade, enhancing the inflammation response, this augmentation is rational. 

Furthermore, Non- survivors had higher values of vWF for the whole post–burn period. This fact can 

be associated with greater TBSA%, deeper burn injury and worse prognosis. vWF has been associated 

with inflammatory situation, such as diagnosis of Acute Respiratory Distress Syndrome, in which 

increased levels were associated with bad outcomes- long mechanical ventilation time and mortality, 

46 but not with burn injury [46]. Our study is the first depicting the great impact of severe burn injury 

in vWF levels. 

Coagulation Factor V levels were lower in admission for Non- survivors, compared to Survivors 

whose values were within normal range, and remained decreased for the 5 days post–burn period, 

statistically significant for day 5 (Non- survivors: 29,97 SD: 17,10; Survivors: 99,22 SD: 33,04; p<0,001). 

The present study identifies an association between mortality and low levels of Factor V. This 

association is already known for trauma patients, whose increasing traumatic injury severity is 

associated with decreased FV antigen levels [47]. Regarding burn patients and Factor V, our 

knowledge is limited. Tejiram et al. found normal range FV activity in all burn patients on admission, 

but there was no follow-up for the next post- burn days [40]. Keyloun et al. evaluated Factor V 

dynamics following burn and nonburn trauma, found that burn severity was not associated with 

Factor’s levels, but no correlation for mortality was studied. Since data on Factor V in burn patients 

are limited, indirect conclusions can be drawn from studies of Protein C in this population. The 

endogenous anticoagulant activated Protein C (aPC) is a serine protease that inactivates several 

factors in the coagulation cascade, including factor V. Activated protein C increases from day 3 
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following a severe burn injury [48]. Based on these findings, we would expect a decrease in Factor V 

levels which is consistent with our results. 

Factor VII was within normal values for both groups but at the lower normal for Non- survivors. 

Our results are consistent with Tejiram et al. who found that admission Factor VII remained within 

normal range and severely burned patients demonstrated decreased mean activity compared with 

the low burn size group VII (96.2 ± 27.4% versus 70.5 ± 11.9%) [40]. 

Factors IX, X, XI for the study period were within normal values for both groups, but Non- 

survivors levels were lower compared to Survivors. Again, these Factors have not been studied in 

relation to burn injury. A recent narrative review evaluating coagulation alterations in Major Burn 

Patients summarized burn Coagulation Factors over time and concluded that Factor IX is usually 

within normal range of high during the first 4 post–burn days, with no data for Factors X, XI [49]. 

Finally, Factor XII was deficiency was noticed in both groups, higher for Non- Survivors. Once 

more, little are known for this Factor in burn patients. For decades, Factor XII was considered to have 

no function for coagulation in vivo, explaining the lack of study interest [50]. Nowadays, we do know 

that even though it does not contribute to “physiologic” hemostatic fibrin formation at sites of vessel 

injury, Factor XII has a crucial role in fibrin formation during “pathologic” thrombosis. Low levels of 

this Coagulation Factor are associated with thrombosis [51].  

4.5. ROTEM Parameters 

In our study, FIBTEM MCF was increased for Non- survivors, indicating an increased fibrinogen 

concentration. Indeed, for day 2, both FIBTEM MCF and fibrinogen levels were statistically 

significant different between the two groups. FIBTEM isolates fibrinogen function, by using a platelet 

inhibitor -cytochalasin D, blocking the platelet contribution to clot formation. A FIBTEM MCF in 

excess of 25mm suggests that there is an excess of fibrinogen and a procoagulable state [51]. These 

results are constant with Schaden et al. results, in which mean FIBTEM MCF was within the reference 

range until 24h after burn trauma but increased significantly 48h after [51]. At the same study, the 

same pattern was observed for fibrinogen levels, concluded that FIBTEM MCF could be used as a 

point- of- care assay sensitive for fibrinogen function, in turn patients at risk of hypercoagulability 

[51].  The limitations of this study is that patients are investigated only for the first 48hours after burn 

injury.  

Clot amplitude at 10 and 20 minutes is a measure of clot strength, with higher values depicting 

a strengthen clot, a hypercoagulable status. In our case, according to results, Non- survivors were 

more coagulopathic compared to Survivors at the 5 days post- burn. Wiegele et al. performing a 7 

day study on burn patients, concluded that there is a 20% increase in clot strength, assessed through 

ROTEM [10]. 

In conclusion, fibrinogen levels augmented from day 1 to day 5 and by the end of the 5 day post-

burn period, a hypercoagulable status is shown for Non- survivors. A recent systematic review on 

ROTEM values for the diagnosis of coagulopathy, prediction and guidance of blood transfusion and 

prediction of mortality in trauma patients, after evaluation of 13 observational studies involving 2835 

adult trauma, concluded that abnormal FIBTEM clot amplitude and MCF are capable of diagnosing 

acute trauma coagulopathy predict the need for massive transfusion, and predict mortality [52]. 

Furthermore, in a randomized control study evaluating ROTEM versus clinical judgment in burn 

patients undergoing excisional surgery, the use of ROTEM was associated with decreased blood 

product transfusions. Unfortunately, there are no studies evaluating blood product transfusions 

according to ROTEM values during the early post-burn period. 

5. Conclusions 

Several changes occur within the first 5 post- burn days. Our study is the first assessing those 

changes throughout CCAs, VCAs, Coagulation Factors and CBCs. Even though changes in CCAs 

exist, they are unable to detect burn patients’ coagulopathy. On the contrary, VCAs from day 2 to 

day 5 take pathological values, especially for Non- survivors. Those changes are underlined through 

pathological values of Coagulation Factors and fibrinogen products. As a result, CCAs are considered 
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poor indicators of coagulation status in burn injury, whereas VCAs are more sensitive tests in 

demonstrating coagulation alterations from the early post- burn period and detecting patients who 

are in greater risk of mortality. These advantages of VCAs could be used for timely intervention in 

high risk patients and for the guidance of blood product transfusions. Further interventional 

randomized studies are required, demonstrating the superiority of either approach in the treatment 

of severe burn injury patients. 
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