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Abstract 
 
Introduction/Aim. The disturbances in hemostasis are often 
in open surgical repair (OR) and endovascular repair (EVAR) 
of an abdominal aortic aneurysm (AAA). These changes may 
influence the perioperative and early postoperative period in-
ducing serious complications. The aim of this study was to 
compare the impact of OR and EVAR of AAA on clot quality 
assessed by rotational thromboelastometry (ROTEM®) tests. 
Methods. The study included 40 patients who underwent elec-
tive AAA surgery and were devided into two groups (the OR 
and the EVAR group – 20 patients in each group). The RO-
TEM® test was performed in 4 points: point 1 – 10 min before 
starting anesthesia in both groups; point 2 – 10 min after aortic 
clapming in the OR group and 10 min after the stent-graft 
trunk release in the EVAR group; point 3 – 10 min after the re-
leasing of aortic clamp in the OR group and 10 min after stent-
graft placement and releasing the femoral clamp in the EVAR 
group; point 4 – one hour after the procedure in both groups. 
Three ROTEM® tests were performed as: extrinsically acti-
vated assay with tissue factor (EXTEM), intrinsically activated 
test using kaolin (INTEM), and extrinsically activated test with 
tissue factor and the platelet inhibitor cytochalasin D (FIB-
TEM). All tests included the assessment of the maximum clot 
firmness (MCF) and the platelet component of clot strength 
was presented as maximal clot elasticity (MCE). Results. No 

significant difference in age, gender and diameter of AAA be-
tween groups was found. The time required for the procedure 
was significantly longer and loss of blood was greater in the 
OR group than in the EVAR group (p < 0.001). The significant 
deviation of MCF values in EXTEM test was found mainly in 
the point 3 (p ≤ 0.004) with significant difference between 
groups (p < 0.001). A significant difference of MCF values in 
INTEM test between groups was found in the points 3 and 4 
(p < 0.001), which were dose-dependent by heparin sulfate. 
The MCF values in FIBTEM test were more prominent in the 
OR group than in the EVAR group without significant differ-
ence. The significant changes of MCF values in the FIBTEM 
test were found during time in both groups (p < 0.001). The 
values of MCE were lower in both groups, but without signifi-
cant changes and difference between groups (p = 0.105). Con-
clusion. The disorders of hemostatic parameters assessed by 
ROTEM® tests are present in both the OR and the EVAR 
groups being more prominent in OR of AAA. Vigilant moni-
toring of hemostatic parameters evaluated by ROTEM® tests 
could help in administration of the adequate and target therapy 
in patients who underwent EVAR or OR of AAA. 
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Apstrakt 
 
Uvod/Cilj. Poremećaji hemostaze su česti u otvorenoj (OR) i 
endovaskularnoj rekonstrukciji (EVAR) aneurizme abdominal-
ne aorte (AAA). Ove promene mogu uticati na perioperativni i 
rani postoperativni period uzrokujući ozbiljne komplikacije. 
Cilj studije bio je da se uporedi uticaj OR i EVAR AAA na 
kvalitet koaguluma procenjen testovima rotacione tromboelas-
tometrije (ROTEM®). Metode. Studija je obuhvatila 40 
bolesnika kod kojih je izvedena elektivna operacija AAA, i koji 

su bili podeljeni u dve grupe (OR i EVAR grupa – po 20 
bolesnika u svakoj grupi). ROTEM® test urađen je u 4 tačke: 
tačka 1 – 10 min pre uvođenja u anesteziju u obe grupe; tačka 2 
– 10 min nakon klemovanja aorte u OR grupi i 10 min nakon 
otpuštanja trunkusa stent grafta u EVAR grupi; tačka 3 – 10 
min nakon otpuštanja kleme sa aorte u OR grupi i 10 min na-
kon plasiranja stent grafta i otpuštanja klema sa femoralnih ar-
terija u EVAR grupi; tačka 4 – jedan sat nakon operacije u obe 
grupe. Izvedena su tri ROTEM® testa: spoljašnji aktivacioni 
esej sa tkivnim faktorom (EXTEM), unutrašnji aktivacioni test 
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sa kaolinom (INTEM) i spoljašnji aktivacioni test sa tkivnim 
faktorom i trombocitnim inhibitorom citohalazinom D (FIB-
TEM). Svi testovi uključili su procenu maksimalne čvrstine ko-
aguluma (MČK) i trombocitna komponenta jačine koaguluma 
predstavljena je maksimalnom elastičnošću koaguluma (MEK). 
Rezultati. Nije bilo značajne razlike između grupa u godinama sta-
rosti i polu bolesnika i dijametru AAA. Trajanje operacije bilo je 
značajno duže kao i količina izgubljene krvi u OR nego u EVAR 
grupi, (p < 0,001). Nađene su značajne promene u MČF vred-
nostima u EXTEM-u, naročito u tački 3 (p ≤ 0,004), sa značajnom 
razlikom između grupa (p < 0.001). Nađena je značajna razlika iz-
među grupa u vrednostima MČK u INTEM-u u tačkama 3 i 4, što 
je bilo dozno zavisno od heparina. Vrednosti MČK u FIBTEM-u 
bile su izraženije u OR grupi nego u EVAR grupi, ali bez značajne 

razlike između grupa. Značajne promene u MČK vrednostima u 
FIBTEM-u tokom vremena nađene su u obe grupe (p < 0,001). 
Vrednosti MČK bile su niže u obe grupe, ali bez značajnih 
promena i bez značajne razlike između grupa (p = 0,105). Zaklju-
čak. Poremećaji parametara hemostaze procenjenih ROTEM® 
testovi bili su prisutni u OR i EVAR proceduri, ali su bili izraženiji 
u OR AAA. Vigilno praćenje parametara hemostaze uz pomoć  
ROTEM® testova može pomoći u primeni adekvatne i ciljne tera-
pije kod bolesnika podvrgnutih EVAR i OR AAA. 
 
Ključne reči: 
aorta, abdominalna, aneurizma; hirurgija, vaskularna, 
procedure; krv, koagulacija; krv, hirurški gubitak; 
trombociti, funkcijski testovi. 

 

Introduction 

The abdominal aortic aneurysm (AAA) is a common 
disease in the era of a modern medicine and surgery also and 
ussualy occurs in patients with different comorbidity states. 
Those during AAA repair as well as perioperative hemostatic 
disturbances are common and could deterioate during 
surgery and in the early postoperative period. In the periope-
rative period, disturbances of hemostatic parameters such as 
elevated plasma levels of factor VIII, fibrinogen, disorders of 
fibrinolysis with elevated level of d-dimer and platelet 
hyperactivity are reported 1, 2. 

The elective open surgical repair (OR) of infrarenal AAA 
is associated with a perioperative mortality rate of 3% to 10% 3. 
Perioperative bleeding, general hypothermia, the use of anesthe-
tics, as well as ischemia reperfusion injury result in a systemic 
inflammatory response with microvascular and macrovascular 
thrombosis that may cause myocardial infarction, stroke, throm-
boembolism, and multiple organ failure. Thereby, all of these 
could increase the operative mortality rate 4, 5. 

As compared to OR, endovascular aneurysm repair 
(EVAR) of an AAA represents a safer alternative in 
anatomically suitable patients. Thus, the EVAR-1, EVAR-2, 
and Dutch Randomized Endovascular Aneurysm Manage-
ment trials reported a 60% reduction in perioperative 
mortality rate in EVAR compared to OR of AAA, but 
without difference in a long term mortality rate 
postoperatively 6, 7. 

A systematic inflammatory response is observed in a 
significant number of patients after EVAR. The intensity of 
inflammation, assessed mainly by the postoperative high le-
vel of C-reactive protein (CRP) values, correlates with the 
presence of a cardiovascular or any other adverse event du-
ring the first 30 days after the procedure 8. 

The inflammatory response in EVAR could lead to he-
mostatic disturbances, similar to those seen after OR of 
AAA, although it is less invasive surgery 9, 10. The 
explanation for this lies in the use of radiological contrast 
medium, intra-arterial implants (stent grafts) 11, 12, as well 
as manipulations with radiological devices such as introdu-
cers and cathethers for intra-arterial – endovascular procedu-
res 9, 13. The existence of specific complications in EVAR – 

endoleak, could also lead to hemostatic disturbances and 
coagulopathy 14. 

The aim of this study was to compare the impact of OR 
of AAA and EVAR on hemostasis, assessed by quality of 
blood clot measured by rotational thromboelastometry – 
ROTEM® (ROTEM® delta, TEM® International GmbH, 
Munich, Germany) parameters. 

Methods 

This prospective observational study included 40 pati-
ents who underwent elective AAA surgery, and divided into 
two groups. The first group included 20 patients with OR of 
AAA (OR group) and the second one included another 20 
patients with EVAR of AAA (EVAR group). Written infor-
med consent was obtained from all patients after a detailed 
description of the procedure. 

Inclusion criteria were as follows: asimptomatic AAA of 
5.5 cm in diameter and more, confirmed by multi-slice compu-
ted tomography (MSCT) scan which was also a parameter for 
the technical feasibility of performing EVAR procedure. The 
study excluded patients with any known significant disorder in 
coagulation, patients on oral antocoagulant and antiplatelet 
therapy in the last 7 days, patients with chronic renal failure (se-
rum creatinin higher than 200 µmol/L), liver disease, acute 
and/or active inflammatory states and malignancy. The classifi-
cation of the American Society of Anesthesiologists (ASA) was 
used for the assessment of perioperative risk. 

The procedure was performed under balanced general ane-
sthesia (propofol, isofluran) in all patients. All patients received 
a dose of 100 IU/kg of heparin sulfate 15 min before aortic 
clamping in the OR group and 5000 IU in a single dose 15 min 
before releasing of stent-graft trunk in the EVAR group (point 2 
in both groups). Patients in the OR group received protamine 
dose of 1 mg/kg for the neutralization of heparin sulfate after the 
end of aortic clamping (10 min before the point 3). In the EVAR 
group point 3 was defined as finished endograft placement. Pe-
rioperative monitoring was performed in both group. During the 
operative procedure each patient received crystalloids substituti-
on of 15 mL/kg/h. Blood derivatives and blood substitution 
therapy were administered according to the results of hemoglo-
bin level perioperatively and amount of intraoperative bleeding. 
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Fig. 1 – The ROTEM® analyses. 

EXTEM® test (extrinsically activated test) and FIBTEM® test (fibrin clot obtained by platelet inhibition with cytochalasin D); 
CT – clot time. The maximum clot firmness (MCF, mm) represents the total amplitude of the clot. 

Table 1 

The demographic and clinical characteristics of operated on patients 

OR EVAR p Patients 
(n = 20) (n = 20)  

Age (years), ґ ± SD 66.2 ± 7.4 68.8 ± 11.01 0.253 
Sex M/F, n (%) 27/3 (11.1%) 29/1 (3.48%) 0.630 
Aneurysm diameter (cm), ґ ± SD 6.6 ± 2.02 7.03 ± 1.23 0.093 
Duration of operation (min), ґ ± SD 167.0 ± 58.1 102.9 ± 34.8 < 0.001 
Bleeding volume (mL), ґ ± SD 
ASA class III or IV, (%) 

1058.21 ± 722.9 
56.5 

389.6 ± 161.6 

EVAR procedure: after surgically exposing both femoral 
arteries for EVAR the angiography was performed in all pati-
ents. The endoprosthesis was inserted and released into the aorta 
using extra stiff 300 cm long 0.035 inch guidewire (Lunderquist 
Extra Stiff Guide Wire, Cook medical, USA), controlled by 
angiography. The exclusion of the aneurysm sac was confirmed 
by angiography immediately following the procedure. Primary 
success criteria were intraoperative survival rate, the absence of 
an open surgical conversion, the exclusion of aneurysmal sac, 
the absence of type I or III endoleaks. We used one or more 
GORE® EXCLUDER® AAA Endoprosthesis (W. L. Gore & 
Associates, Inc. Arizona, USA) for all patients. A bifurcated 
prosthesis was implanted in all patients. 

93.1 
< 0.001 
< 0.001 

Abbreviation: OR – open surgical repair; EVAR – endovascular aortic repair; AAA – aortic 
abdominal aneurysm; ASA - American Society of Anesthesiologists.  

OR technique: through medial laparotomy and transperito-
neal approach the AAA and iliac blood vessels were exposed in 
all patients. The femoral blood vessels were exposed through 
inguinal approach on the both sides if the aortobifemoral recons-
truction was necessary. After heparin sulfate administration a 
proximal and distal aortic clamping was performed. After 
aortotomy the aortic reconstruction was done in a typical way. 
Proximal anastomosis was created endoaneurysmatically end-
to-end sided with tubular graft. In cases with aneurysm in iliac 
artery (one or both), or in cases with occlusive iliac disease a di-
stal anastomosis was created end-to-end or end-to-side between 
bifurcated graft and iliac/femoral arteries. After finished recons-
truction, all patients without extensive bleeding received prota-
mine. The aneurysmatic sac was sutured over the graft. 

The ROTEM® tests were performed several times in 
all patients: before intervention, perioperatively and 
postoperatively. 

Three ROTEM® tests were performed: extrinsically ac-
tivated assay with tissue factor (EXTEM), intrinsically acti-
vated test using kaolin (INTEM), and extrinsically activated 
test with tissue factor and the platelet inhibitor cytochalasin 
D (FIBTEM) (Figure 1). Reference ranges for the tests' pa-
rameters have been previously determined in a multi-centre 

investigation 15. The ROTEM® test was performed: 10 min 
before starting anesthesia in both groups – point 1; 10 min 
after aortic clamping in the OR group and 10 min after of 
stent-graft trunk release in the EVAR group – point 2; 10 
min after releasing the aortic clamp in OR group and 10 min 
after finished stent-graft placement and releasing the femoral 
clamp in the EVAR group – point 3; and one hour after the 
operation in both groups – point 4. 

Blood samples for ROTEM® analysis were collected in 
a standard coagulation tube syringe containing a 0.106 M cit-
rate solution, with blood/citrate ratio of 9 : 1. 

ROTEM® tests were performed according to the manu-
facturer's recommendations, and the analyses were perfor-
med within 5 min of blood sampling. The EXTEM, INTEM 
and FIBTEM analyses included the assessment of the 
maximum clot firmness (MCF). The platelet component of 
clot strength was calculated as follows: MCE (platelet) = 
MCE (EXTEM) – MCE (FIBTEM). Maximum clot elasticity 
(MCE) was calculated by formula (MCFx100)/(100-MCF). 

All statistical analyses were performed using SPSS 18.0 
(SPSS Inc., Chicago, IL). The data were presented in number 
(%), median (range) and mean ± standard deviation. The compa-
rison between groups including demographic and clinical charac-
teristic of the patients was assessed with χ2 test ant t-test. Multi-
ple comparisons between measured variables in different points 
were assessed with Bonfferoni test method. The comparison 
between each variable was performed using logistic regression 
and ANOVA test. P value less than 0.05 was considered as signi-
ficant. 

Results 

The demographic and clinical characteristics of patients 
are presented in Table 1. 

There was no in-hospital mortality in both groups of pati-
ents. No significant difference in age, gender and diameter of 
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Table 2 
The values of MCF in EXTEM test in each time point of measurement in both groups 

Group Time point Mean SD Median Range 
1 66.93 5.982 67.0 56–79 
2 63.81 9.108 65.5 35–76 
3 58.50 16.403 61.5 7–74 

EVAR 
(n = 20) 

4 58.71 17.709 63.0 7–78 
1 64.54 10.819 67.0 12–76 
2 62.56 7.048 61.0 48–78 
3 41.77 12.313 43.0 6–59 

OR  
(n = 20) 

4 53.77 9.201 54.0 18–73 
OR – open surgical repair; EVAR – endovascular aortic repair; EXTEM – 
extrinsilally activated assay with tissue factor; MCF – maximum clot 
firmness (normal range 49–71 mm). 
Time points: 1 – 10 min before starting anesthesia in both group; 2 – 10 
min after aortic clamping in the OR group and 10 min after of stent-graft 
trunk release in the EVAR group; 3 – 10 min after releasing the aortic 
clamp in OR group and 10 min after finished stent-graft placement and 
releasing the femoral clamp in the EVAR group; 4 – one hour after the 
operation in both groups. 

 
Table 3 

Bonferroni test for multiple comparison (MCF values in EXTEM) 
Time point 

1 2 3 4 Group Time point 
Sig. Sig. Sig. Sig. 

1  1.000 0.691 0.397 
2 1.000  1.000 0.647 
3 0.691 1.000  1.000 EVAR 

4 0.397 0.647 1.000  
1  1.000 0.000 0.116 
2 1.000  0.000 0.061 
3 0.000 0.000  0.004 

OR 

4 0.116 0.061 0.004  
Based on estimated marginal means; Dependent variable: tExtem MCF; Adjustment 
for multiple comparisons: Bonferroni statistical significance;  
For abbreviations and explanations see Table 2. 

Table 4 
The values of INTEM MCF in each time point of measurement in both groups 

Group Time point Mean SD Median Range 
1 66.25 5.183 65.50 56–78 
2 62.31 9.112 64.50 42–80 
3 56.81 8.998 59.50 40–67 

EVAR 
(n = 20) 

4 51.88 15.064 52.00 15–72 
1 64.87 6.400 66.00 47–76 
2 41.05 20.109 45.00 6–72 
3 55.63 11.504 57.50 8–70 

OR  
(n = 20) 

4 62.49 6.104 63.00 47–73 
INTEM – intrinsically activated test using kaolin; MCF – maximum clot firmness (normal 
range 52–72 mm). 
For abbrevations and explanations see Table 2. 

 

AAA between groups was found. The time required for the pro-
cedure was significantly longer in the OR group than in the 
EVAR group. Blood loss during the procedure was present in 
both groups, and significant difference between groups was fo-
und. As it was expected, blood loss during surgery was greater 
in the OR group (p < 0.001). Only one patient in the EVAR 
group required blood transfusion of erythrocyte concentrate. 
There were more patients with ASA class III or IV in OR group 
with significant difference between groups (p < 0.001). 

The values of MCF in EXTEM test in each point of meas-
urement are presented in Table 2 and analysis of values com-
parison is presented in Table 3. The dynamic of MCF values 
change in EXTEM test in both groups and in all points of as-

sessment (dynamics in clot quality in each point of measure-
ment) is shown in Table 2. There were no significant deviations 
in MCF values in EXTEM in the EVAR group and these values 
were in the normal ranges mainly. Significant changes were in 
MCF value in EXTEM test in the OR group during procedure 
with maximum noted deviation in the point 3 (p ≤ 0.004) 
(Table 3), with significant difference between groups 
(p < 0.001). The values of MCF in EXTEM test in the OR 
group after the point 3 gradually returned in the normal ran-
ges in the point 4 (one hour after procedure). 

The values of MCF in INTEM test in each point of 
measurement are presented in Table 4 and analysis of values 
comparison is presented in Table 5. The dynamic of MCF 
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values change in INTEM test in both groups and in all points 
of assessment (dynamics in clot quality in each point of 
measurement) is shown in Table 4. 

Analysis of MCF values in INTEM test showed diffe-
rent dynamics of clot quality due to influence of heparin sul-
fate on hemostasis and coagulation status as well. After ad-
ministration of heparin sulfate (point 2) in the EVAR group 
there was an evident slow decrease in MCF values which 
continued to decline in the point 3 and 4 (patients in the 
EVAR group did not received protamine for the neutralizati-
on of heparin sulfate). After a decrease in MCF values in the 
point 2 in the OR group, a normalisation of MCF values in 
the point 3 and 4 was evident, which were in normal ranges 
in the point 4 (protamine administration). 

Analysis of MCF values in FIBTEM test showed im-
pact of fibrinogen on the clot firmness during OR and EVAR 
of AAA. It was evident that the value of MCF in FIBTEM 
test declined slowly in EVAR group with normalisation after 
one hour postoperatively (point 4). However, normal ranges 
were in each point. The changes in MCF values in FIBTEM 

test were more prominent in the OR group, mainly in the po-
int 3. The dynamics of MCF values in FIBTEM test in both 
groups and in all points of assessment (dynamics in clot 
quality in each point of measurement) are shown is Table 6. 

A significant difference in MCF values changes in FI-
BTEM test in all patients was found (F = 50.402; p < 0.001), 
with no significant difference between groups (F = 0.179; 
p = 0.674). However, there was a significant impact of ope-
rative procedures (OR and EVAR) on MCF values changes 
in FIBTEM test in time (F = 4.986; p < 0.001). 

Using the above mentioned formula in Methods, the 
platelet component of clot strength and MCE were calcula-
ted. Tables 7 and 8 represent the dynamics of clot elasticity 
and the platelet component of clot with its influence on clot 
quality in each point of measurement in both groups. 

The significant influence of operative procedures on MCE 
value changes during the time was not found (F = 1.853; 
p = 0.105). The amount of platelet and other factors in the clot and 
their influence on clot elasticity was without significant changes in 
both groups, and with no difference between groups (p = 0.105). 

Table 5 
Bonferroni test for multiple comparison (MCF values in INTEM) 

Time point 
1 2 3 4 Group Time point 

Sig. Sig. Sig. Sig. 
1  1.000 0.013 0.000 
2 1.000  1.000 0.183 
3 0.013 1.000  0.840 

EVAR 

4 0.000 0.183 0.840  
1  0.000 0.000 0.782 
2 0.000  0.000 0.000 
3 0.000 0.000  0.012 

OR 

4 0.782 0.000 0.012  

Based on estimated marginal means; Dependent variable: Intem MCF; Adjustment for 
multiple comparisons: Bonferroni. 
For abbrevation see and explantations Tables 2 and 4. 

 
Table 6 

The dinamycs of MCF values (mm) in FIBTEM test in both groups 
Time pointGroup 

1 2 3 4 
OR 20.53 16.53 13 17.89 
EVAR 21.89 18.5 18.31 18.37 

FIBTEM – fibrin clot obtained by platelet inhibition with cytochalasin D; MCF – maximum 
clot firmness (normal range 9–25 mm). 
For abbrevations and explanations see Table 2. 

Table 7 
Maximum clot elesticity (MCE) in each time point of measarement in the EVAR group 

Time pointMCE 
1 2 3 4 

Extem 202.38 177.23 140.96 142.18 
Fibtem 27.89 22.69 22.41 22.5 
Platelet 174.49 153.54 118.55 119.68 

For abbrevation and explantations see Tables 2 and 6. 
 

Table 8 
Maximum clot elasticity (MCE) in each time point of measurement in OR group 

Time pointMCE 
1 2 3 4 

Extem 198.86 167.09 71.73 116.3 
Fibtem 25.83 19.66 14.94 21.78 
Platelet 173.03 147.43 56.84 94.52 

For abbrevation and explantations see Tables 2 and 7. 
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Discussion 

AAA is almost always associated with disorders of hemos-
tasis. It was reported that a lot of patients with AAA had eleva-
ted serum levels of d-dimer, fibrinogen, as well as altered plate-
let functions. Also, a relationship between diameter of AAA, 
thrombus volume and serum level of d-dimer was found 16. 
Aging may affect the changes in hemostasis also 17. All those 
disorders can lead to disturbances in hemostasis during the 
surgical procedure and/or after the procedure with dangerous 
consequences (bleeding, thromboembolism, etc). Generally, 
OR of AAA is accompanied with greater trauma of the body 
as compared to EVAR. Also, the implantation of prosthetic 
material in both OR and EVAR techniques has an impact on 
hemostasis. General hypothermia during surgical procedure 
has influence on hemostasis and can lead to hemostatic distur-
bances and coagulopathy 18. Bleeding and blood substitution 
therapy lead to changes in hemostatic parameters per se 19. The 
immune system is affected also with altered immunologic pa-
rameters. A high concentration of IL-1, IL-6 and TNF in 
AAA, and elevated serum level of CRP were shown 20, 21. 

In comparison to OR of AAA, EVAR technique is less 
traumatic with lower incidence of serious perioperative and 
early postoperative complications 22. However, the usage of 
radiographic contrast medium could change the homeostasis of 
hemostasis and platelet functioning 23. Manipulation into arte-
rial blood vessels and endoprothesis implantation lead to the 
activation of immune system as well as disturbances in hemos-
tasis with development of well known post-implantation 
syndrome 23, 24. In contrast to OR of AAA whereas the throm-
bus is removing with all active substances, in EVAR technique 
it remains in situ and represents a source of inflammatory me-
diators with all their systemic effects. The existence of specific 
complications in EVAR (endoleaks), especially the endoleak 
type 2, could lead to a leakage of cytokines into systemic cir-
culations. This is one of the reasons for the hemostasis distur-
bances occurrence, and in some cases the appearance of 
coagulopathy 25. All mentioned suggests that the changes in 
hemostasis during and after EVAR are similar or slightly less 
than those during OR of AAA. 

The results of our study showed the active changes in 
the coagulation system throughout both EVAR and OR of 
AAA. We analyzed the firmness of clot in several points in 
EVAR and OR of AAA assessed with ROTEM® tests. This 
is the first study which assessed the clot firmness in all EX-
TEM, INTEM and FIBTEM tests in both EVAR and OR of 
AAA. MCF values by ROTEM® were evaluated and reported in 
the study with cardiac surgery patients but not in all tests 26, 27. 
These studies suggested that ROTEM® may be used to ma-
nage anticoagulation and transfusion therapy for bleeding. 
The tests we used for MCF assessment were EXTEM, IN-
TEM and FIBTEM, and we calculated the MCE with math-
ematic model, as well as compound of platelet in clot 
elasticity – MCE platelet. Generally, we found that both 
techniques, EVAR and OR, for AAA solving changed the 
whole system of hemostasis, evaluated by ROTEM® tests. 
Also, we found a change in the blood clot composition in 
term of clot quality reduction. The reduction in clot quality 

(MCF) was found in all tests in both groups. It was reported 
an active fibrinolysis, platelet and coagulation factors con-
sumption in patients with aortic pathologies who were trea-
ted by EVAR technique 28. We found a coagulation distur-
bances not only in the EVAR but in the OR group, too. 

The equivalent of MCF value in ROTEM® tests is a value 
of maximum amplitude (MA) in thrombelastography (TEG®) 
test. The changes in these parameters in patients who 
underwent AAA reconstruction were reported by Franks et 
al. 29. They found a reduced clot quality during OR of AAA, 
whereas clot quality has been improving two hours after 
EVAR technique. Our findings are similar but not identical. In 
the OR groups Franks et al. 29 showed continuous reduction of 
clot quality in EXTEM test during surgical procedure and two 
hours after. We found a similar trend of MCF, however clot 
quality had started improving one hour after the procedure 
with subsequent upward trend. This could be explained by ac-
tive substitution of blood and blood derivates in our patients 
during and after the surgery. The intraoperative changes in 
MCF values in EXTEM test were more prominent in the OR 
group than in the EVAR group, whereas clot quality and 
elasticity were decreasing until the end of the procedure. If the 
blood loss is greater during surgery, the clot quality and 
elasticity will be more changed. That was the conlusion of Plo-
tkin et al. 30 also, who sugessted that clot quality could be pos-
sible predictor of bleeding and blood transfusion. Our results 
correspond to these findings. In the Medline database we co-
uld not find a study that analyzed MCF parameters in INTEM 
test during EVAR nor during OR of AAA. However, 
Mittermayr et al. 31 assessed influence of heparin sulfate on 
INTEM parameters (ROTEM®) and reported dose dependence 
of parameters. In our study we found significant difference in 
MCF values in INTEM test in both groups and between gro-
ups. Also, MCF values in INTEM test were influenced by he-
parin sulfate. Both groups received heparin sulfate in the point 
2 when the MCF values dropped. The declining in MCF valu-
es in the EVAR group was linear until the end of procedure. 
After finished EVAR, MCF values did not normalized due to 
the absence of heparin sulfate neutralization by protamine. 
These findings were similar with dynamics of clot time (CT) 
values in INTEM test reported by Mittermayr et al. 31. In the 
OR group the values of MCF started normalizing after the po-
int 3 (administration of protamine) and were in normal ranges 
one hour after the end of the procedure. Parameters in INTEM 
test were dose dependent by heparin sulfate, so INTEM test 
can be used for monitoring of heparin sulfate and protamine 
administration. 

The influence of fibrinogen on coagulation could be as-
sessed by FIBTEM parameters, as well as concentration and 
amount of fibrinogen and platelet in clot, and clot elasticity 
and quality. Besides analyses of the clot quality and elasticity 
it is important to determine the influence of other coagulati-
on factors on coagulation. The assessment of ethiopathogene-
sis of the quality changes in hemostasis should includes factor 
XIII 32, usage of antiplatelet drugs, fluid resuscitation 33, body 
temperature during surgery, duration of the procedure, blee-
ding, blood substitution therapy, radiological contrast medi-
um in EVAR 19, 22, etc, in addition to ROTEM® and TEG® 
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analyses. Schochl et al. 34 reported significantly decreased 
values of MCF in FIBTEM test (less than 6 mm) in patients 
with trauma and massive bleeding. These values of MCF 
should correspond values of fibrinogen less than 1 g/L. We 
found that MCF values in FIBTEM test were more promi-
nent in the OR group than in the EVAR group without signi-
ficant difference between groups. However, there were signi-
ficant changes of MCF values in FIBTEM test during the ti-
me in both groups of patients (p < 0.001), and significant 
impact of group on MCF values in FIBTEM test (p < 0.001). 
The greatest decline in MCF values in FIBTEM test was no-
ted in the point 3, mainly in the OR group, when the largest 
amount of bleeding was recorded. 

Shenkman et al. 35 recorded that the clot quality may be 
improved by administration of factor XIII in cases with low 
level of platelet, but improving of clot quality was limited. In 
such cases where the level of platelets was extremely low, 
clot quality could not be improved. Our results showed that 
clot quality declined during intervention, and that was more 
significant in the OR than in the EVAR group due to higher 
blood loss in the OR group of patients. The amount of plate-
let and other factors in the clot and their influence on clot 
elasticity were without significant changes in both groups 
without difference between groups. The ROTEM® test du-
ring EVAR and OR can indicate a disturbances in hemostasis 
and may predict possible conversion of EVAR in OR of 
AAA. Vigilant and timely monitoring of hemostatic parame-
ters with the adequate and target substitution of blood and 
blood products therapy in patients who underwent EVAR 

and OR of AAA can reduce disturbances in hemostasis and 
subsequent lower incidence of complications. 

Conclusion 

The results of our study show active changes in the co-
agulation parameters during both EVAR and OR of AAA 
evaluated by ROTEM® analysis. In the OR group a signifi-
cant deviation of MCF values was found with maximum de-
viation noted in the point 3. The reduction in clot quality 
(MCF) was present in all tests in both groups. A significant 
difference of MCF values in INTEM test between the EVAR 
and the OR group was found. The MCF values in INTEM 
test were dose dependent by heparin sulfate, so INTEM test 
can be used for monitoring of heparin sulfate and protamine 
administration. The MCF values in FIBTEM test were more 
prominent in the OR group than in the EVAR group but 
without significant difference. The significant changes of 
MCF values in FIBTEM test during time were found in both 
groups. A decline in MCF values in FIBTEM test was noted 
in the OR group patients when the largest amount of blee-
ding was recorded. The clot quality declined during interven-
tion in both groups, mainly in the OR group due to higher 
blood loss. The values of MCE were lower in both groups, 
but without significant changes and without difference 
between the groups. Vigilant and timely monitoring of he-
mostatic parameters by ROTEM® tests could help in admini-
stration of the adequate therapy with subsequent reduction of 
disturbances in hemostasis and incidence of complications. 
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