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Background: Hemostatic dysfunction during extracorporeal membrane oxygenation (ECMO) due 
to blood-circuit interaction and the consequences of shear stress imposed by flow rates lead to 
rapid coagulation cascade and thrombus formation in the ECMO system and blood vessels. We 
aimed to identify the incidence and risk factors for cannula-associated arterial thrombosis (CaAT) 
post-decannulation. 
Methods: A retrospective study of patients undergoing arterial cannula removal following ECMO 
was performed. We evaluated the incidence of CaAT and compared the characteristics, ECMO 
machine parameters, cannula sizes, number of blood products transfused during ECMO, and daily 
hemostasis parameters in patients with and without CaAT. Multivariate analysis identified the risk 
factors for CaAT. 
Results: Forty-seven patients requiring venoarterial ECMO (VA-ECMO) or hybrid methods were 
recruited for thrombosis screening. The median Sequential Organ Failure Assessment score was 
11 (interquartile range, 8–13). CaAT occurred in 29 patients (61.7%), with thrombosis in the su-
perficial femoral artery accounting for 51.7% of cases. The rate of limb ischemia complications in 
the CaAT group was 17.2%. Multivariate analysis determined that the ECMO flow rate–body sur-
face area (BSA) ratio (100 ml/min/m2) was an independent factor for CaAT, with an odds ratio of 
0.79 (95% confidence interval, 0.66–0.95; P=0.014). 
Conclusions: We found that the incidence of CaAT was 61.7% following successful decannula-
tion from VA-ECMO or hybrid modes, and the ECMO flow rate–BSA ratio was an independent risk 
factor for CaAT. We suggest screening for arterial thrombosis following VA-ECMO, and further re-
search is needed to determine the risks and benefits of such screening. 
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INTRODUCTION 

Venoarterial extracorporeal membrane oxygenation (VA-ECMO) is being used increasingly 

to support patients with cardiogenic shock refractory to conventional therapies [1]. The use 
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of ECMO can result in hemostatic dysfunction through direct 

exposure of the patient's blood to non-biomaterials inherent 

in the ECMO system. This exposure can activate endogenous 

and exogenous coagulation cascades, platelets, leukocytes, 

and complements. Additionally, the effects of shear stress may 

promote the formation of thrombi, particularly in low blood 

flow positions [2,3]. Moreover, increasing stage of extracorpo-

real circulation increases the risk of thrombosis in critically ill 

patients with multiple disease-related thrombotic risk factors 

[2]. 

Limb ischemia complications with multifactorial etiologies 

can develop at any stage of ECMO support, including during 

cannulation, during support, and after decannulation, result-

ing in increased morbidity and mortality [4-6]. Several studies 

have reported a high prevalence of limb ischemia complica-

tions during ECMO support. The primary risk factors identi-

fied for such complications are female gender, younger age, 

and preexisting peripheral vascular disease. Additionally, us-

ing large cannulas during ECMO can lead to flow obstruction 

[5-8]. However, limb ischemia due to thrombosis can be high 

even after decannulation. The formation of arterial thrombosis 

in VA-ECMO is potentially more frequent in the low-flow space 

segment because of the low blood flow between the arterial 

cannula and the distal perfusion cannula [4,9,10] (Figure 1). If 

left unnoticed and inappropriately managed, arterial lumen 

occlusion could result in acute limb ischemia [4]. 

The risk factors for venous thrombosis following cannula re-

moval have been well documented [11-14]. Conversely, there 

has been limited research into cannula-associated arterial 

thrombosis (CaAT) after decannulation. Reported incidence 

rates of CaAT in patients undergoing VA-ECMO following de-

cannulation have varied widely, ranging from 5% to 41% across 

medical centers. Furthermore, research exploring the preva-

lence of CaAT in Asian countries is scarce [15-18]. To the best 

of our knowledge, there is a lack of studies that have identified 

risk factors associated with development of CaAT after ECMO 

post-decannulation [15]. Therefore, we conducted this study 

to determine the incidence of CaAT and to identify the risk fac-

tors associated with it in patients requiring VA-ECMO. 

MATERIALS AND METHODS 

Study Design and Population 
This was a retrospective observational study. Consecutive 

patients requiring ECMO due to cardiogenic shock at the 

intensive care unit (ICU) were enrolled from January 2019 to 

February 2020. Exclusion criteria were age younger than 18 

years, duration of ECMO support less than 24 hours, pulmo-

nary embolism receiving fibrinolytic therapy, not screened for 

thrombosis after cannula removal, death during ECMO, and 

missing data. 

Data Collection 
We collected patient characteristics, including age; sex; body 

mass index; body surface area (BSA); diagnoses; comorbid-

■ The incidence of cannula-related arterial thrombosis fol-
lowing extracorporeal membrane oxygenation (ECMO) 
decannulation remains high.

■ Screening for arterial thrombosis after venoarterial ECMO 
support is deemed necessary, and further research is 
needed to determine the risks and benefits of such screen-
ing.

■ The ECMO flow rate–body surface area ratio is an inde-
pendent risk factor for cannula-associated arterial throm-
bosis.

KEY MESSAGES

Figure 1. Position of arterial thrombus formation in the low-flow 
space. Created with BioRender.com.
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ities; pre-ECMO severity scores, including Sequential Organ 

Failure Assessment (SOFA), and Acute Physiology and Chronic 

Health Evaluation (APACHE) II scores; and daily hemostatic 

parameters, including platelet count, prothrombin time (PT), 

activated partial thromboplastin time ratio (aPTTr), fibrino-

gen, anti-Xa, antithrombin-III activity, ECMO machine pa-

rameters, and anticoagulation dose. In VA-ECMO, BSA affects 

the ECMO flow rate and the choice of arterial cannula size [6]. 

Therefore, we recorded the cannula–BSA ratio (Fr/m2), which 

is the arterial cannula size divided by BSA, and the ECMO flow 

rate–BSA ratio (100 ml/min/m2), which is the ECMO flow rate 

divided by BSA.  

The primary outcome was limb ischemia complications, 

and the secondary outcomes were local limb complications 

(including infection at removal cannula, pseudoaneurysm, 

and limb amputation), ICU length of stay, hospital length of 

stay, and hospital mortality. 

Definitions 
Cannula-associated arterial thrombosis 
CaAT was diagnosed when one of the following criteria was 

met: (1) Arterial thrombus during decannulation was record-

ed in the documentation of surgical vascular closure in the 

operating room or (2) intraluminal arterial thrombus together 

with abnormal peak systolic velocity distal to the occluded 

segments of limb decannulation was detected by bedside 

Doppler ultrasound within 24 hours of percutaneous vascular 

closure [19-21]. Bedside Doppler ultrasound was performed 

by sonographers, and thrombosis was confirmed by at least 

two sonographers. 

Limb ischemia complications 
A diagnosis of limb ischemia following cannula removal oc-

curred with one of the following criteria: (1) a decrease of 

regional oxygen saturation (rSO2) measured by near-infrared 

spectroscopy (NIRS) less than 50% in the decannulated limb 

for a duration exceeding four minutes or (2) a difference great-

er than 15% between rSO2 values of the decannulated limb 

and the contralateral limb by NIRS [22]. 

ECMO Data 
The ECMO system in our ICU comprised a Rotaflow console, 

a permanent life support membrane, and cannulas from the 

Maquet, Getinge Group. The cannula size ranged from 15 to 17 

Fr for arterial cannulas, from 5 to 7 Fr Super Arrow-Flex sheath 

for distal perfusion cannulas, and from 21 to 25 Fr for venous 

cannulas. The ECMO circuit was implemented in the ICU, and 

cannulas were placed at the bedside by trained intensivists 

using the percutaneous Seldinger technique under ultrasound 

guidance [23]. 

Anticoagulation Strategies and ECMO Weaning 
After a loading dose, unfractionated heparin (UFH) was ti-

trated to target an aPTTr of 1.5–2.5 or an anti-Xa of 0.3–0.7 

UI/ml during ECMO support. To wean a patient from ECMO, 

the ECMO blood flow was gradually decreased by 0.5 L/min 

while the hemodynamic status of the patient, including blood 

pressure, rhythm, and bedside cardiac output measurement, 

was evaluated. Low-flow rates may trigger coagulation in the 

ECMO system; therefore, once the ECMO flow rate was re-

duced to 1.0 L/min, a bolus of UFH or an increase in intrave-

nous heparin dose was needed. Once the decision was made 

to withdraw the cannula, the ECMO blood flow was increased 

to >2.5 L/min, and heparin was stopped during preparation 

for decannulation. The arterial cannula was removed either 

by a percutaneous vascular closure technique using Proglide 

devices (Abbott) at the bedside or by surgical vascular closure 

in the operating room. After decannulation, the dosing of UFH 

or enoxaparin was at the discretion of the attending physician 

based on the risk of bleeding and thrombosis. Our center uses 

the NIRS machine (Nonin SenSmart Model X-100) with sen-

sors placed on the lateral anterior side of the shins to monitor 

the perfusion status of both legs. This monitoring apparatus is 

implemented immediately after ECMO support until the pa-

tient is discharged from the ICU. 

Statistical Analysis 
Statistical analysis was performed using R Statistical Software 

(ver. 3.6.2; R Foundation for Statistical Computing). Categori-

cal variables are presented as numerical data and percentages 

and were analyzed using Fisher’s exact test. Continuous vari-

ables were first tested for normality using the Shapiro-Wilk 

test. Variables with and without a normal distribution are 

reported as the mean±standard deviation and median (inter-

quartile range [IQR]), respectively. Comparisons of contin-

uous variables between two groups with and without CaAT 

were conducted using Student t-test and the Mann-Whitney 

U-test when appropriate. Univariate and multivariate logistic 

regression was used to estimate the odds ratio (OR) with a 95% 

confidence interval (CI) to investigate risk factors for CaAT. For 

all statistical tests, a two-sided P-value <0.05 was considered 

statistically significant.  
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Medical Ethics 
The study was approved by the Ethics Committee in Biomed-

ical Research of the University of Medicine and Pharmacy on 

February 26, 2022 (No. 122/HDĐ-ĐHYD). Informed consent 

was waived due to the retrospective nature of the study.

RESULTS 

Baseline Characteristics of the Patients 
Among the 85 patients who were supported by VA-ECMO and 

hybrid modes from January 2019 to February 2020, 38 were 

eliminated based on exclusion criteria (Figure 2), and 47 pa-

tients (39 receiving VA-ECMO and 8 receiving hybrid ECMO) 

were included in the final analysis. The median age was 33 

years (26–46 years). Fewer patients were male (16 patients, 

34%) than female. Acute myocarditis accounted for 68.1% 

of the main indications for ECMO. The median SOFA and 

APACHE II scores were 11 (IQR, 8–13) and 18 (IQR, 12.5–25), 

respectively. Three patients had a history of diabetes, and one 

patient had peripheral vascular disease. The median cannula–

BSA ratio was 10.1 Fr/m2, and the difference between the two 

groups was not significant. The ECMO system characteristics 

and outcomes between the CaAT and non-CaAT groups are 

presented in Tables 1 and 2. 

CaAT and Outcomes 
Forty-seven patients with arterial cannulas were successfully 

weaned from ECMO. CaAT occurred in 29 patients (61.7%); 

among them, superficial femoral artery thrombosis was re-

ported in 15 (51.7%), and common femoral artery thrombosis 

was reported in 5 (20.6%). The distribution of patients with 

CaAT is shown in Figure 3. Additionally, 21 of 47 patients 

(44.7%) underwent surgical vascular closure in the operating 

room, and 55.3% of patients underwent percutaneous vascular 

closure at the bedside. No significant difference was observed 

in the incidence of CaAT between the two groups, with rates 

of 51.7% and 48.3%, respectively. After cannula removal, 41 

patients (87.2%) were administered UFH or enoxaparin to pre-

vent or treat thromboembolism. 

In our study, limb ischemia occurred in 5 of 29 patients with 

CaAT (17.2%), and none occurred in the other group. Arterial 

thrombosis was detected in all patients with limb ischemia. 

None of them had peripheral arterial disease. Four patients 

were effectively treated with anticoagulant, and one patient 

with progressive limb ischemia required surgical thrombec-

tomy. All five patients survived and were discharged. We ob-

served other vascular complications, such as infection at the 

removal site or pseudoaneurysm, as in Table 2. The hospital 

mortality rates were not different between the two groups. 

Risk Factors for CaAT 
There were no significant differences in age or sex between the 

two groups, and arterial cannula and distal perfusion cannula 

sizes were not significantly different. The number of blood 

products transfused during ECMO was higher in the CaAT 

group, but the difference was not significant. At our center, 

cannula removal is performed using two methods: (1) surgical 

vascular closure and (2) percutaneous vascular closure. There 

is no significant difference in the thrombosis rate between the 

two methods. The duration of ECMO support was similar in 

the groups with and without CaAT (6 days [IQR, 4–8] vs. 6 days 

[IQR, 4–7], P=0.991, respectively). The ICU length of stay was 

9.0 days (IQR, 7.0–12.0) vs. 9.50 days (IQR, 8.0– 21.2) (P=0.582). 

Risk factors among the characteristics of patients and ECMO 

systems are presented in Table 1. 

The hemostasis parameters are presented in Table 3. We 

found that the minimum and maximum fibrinogen concentra-

tions were significantly lower in the group with CaAT (P<0.05). 

In addition, the number of days with platelets <150 g/L as the 

highest count was also significantly different between the two 

groups (P<0.05). 

Figure 2. Flowchart of patient inclusion. ECMO: extracorporeal 
membrane oxygenation; PE: pulmonary embolism; VA: arteriovenous; 
CaAT: cannula-associated arterial thrombosis.

Consecutive patients performed ECMO
due to cardiogenic shock

(Jan 2019–Feb 2020, n=85)

29 CaAT
(61.7%)

18 Non-CaAT
(38.3%)

Exclusion criteria:
12 Patients under 18 yr
  1 Patient with a duration of ECMO support <24 hr 
  1 Patient PE receiving fibrinolysis therapy
18 Patients died during ECMO
  6 Patients missing required data

47 Patients successful ECMO 
decannulation

(39 VA ECMO and 8 hybrid ECMO)
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Table 1. Characteristics of the study population

Characteristics All (n=47)
Cannula-associated arterial thrombosis

P-value
Yes (n=29) No (n=18)

Age (yr) 33 (26–46) 33 (26–39) 38 (28–52) 0.185
Male 16 (34) 7 (24.1) 9 (50) 0.068
  BMI (kg/m2) 21.3 (19.5–22.7) 20.8 (19.5–22.2) 22.0 (20.8–23.4) 0.100
  BSA (m2) 1.54 (1.46–1.66) 1.49 (1.41–1.66) 1.63 (1.51–1.68) 0.098
Comorbidity
  Hypertension 5 (10.6) 3 (10.3) 2 (11.1) 0.644
  Diabetes 3 (6.4) 2 (6.9) 1 (5.6) 0.680
  Peripheral vascular disease 1 (2.1) 0 1 (5.6) 0.383
  ≥2 Comorbidities 3 (6.4) 2 (6.9) 1 (5.6) 0.680
Severity scores on ICU admission
  SOFA score 11 (8–13) 10.0 (7.0–13.0) 11.0 (9.0–13.8) 0.397
  APACHE II score 18 (12.5–25) 18.0 (11.0–21.0) 17.5 (13.8–25.2) 0.661
Reason for ECMO
  Myocarditis 32 (68.1) 21 (72.4) 11 (61.1) 0.419
  Myocardial infarction 3 (6.4) 2 (6.9) 1 (5.6) 0.680
  Other 12 (25.5) 6 (20.7) 6 (33.3) 0.265
Blood products transfusion during ECMO
  Red blood cells (unit) 2.0 (2.0–6.0) 3.0 (2.0–6.0) 4.5 (4.0–5.75) 0.285
  Fresh frozen plasma (unit) 1.0 (0–5.5) 2.0 (0–6.0) 2.5 (0–4.0) 0.660
  Cryoprecipitate (unit) 0 (0–0) 0 (0–0) 0 (0–0) 0.621
  Platelets (unit) 0 (0–0) 1 (0–3.25) 2 (0.25–4.5) 0.565
  Cannula–BSA ratio 10.1 (9.47–10.70) 10.1 (9.72–10.78) 10.1 (9.19–10.53) 0.418
Arterial cannula diameter 0.429
  15 Fr 27 (57.4) 19 (65.5) 8 (44.4)
  17 Fr 16 (34.1) 8 (27.6) 8 (44.4)
  19 Fr 4 (8.5) 2 (6.9) 2 (11.1)
Distal perfusion cannula diameter 0.203
  5 Fr 12 (26.1) 9 (31.1) 3 (17.6)
  6 Fr 31 (67.4) 17 (58.6) 15 (83.3)
  7 Fr 3 (6.5) 3 (10.3) 0
Cannulation technique 0.275
  Surgery 3 (6.4) 3 (10.3) 0
  Seldinger 44 (93.6) 26 (89.7) 18 (100)
Infection before the start of ECMO 11 (51.1) 6 (51.7) 5 (50.0) 0.456
  Pulmonary 7 (63.6) 5 (83.3) 2 (40)
  Other 4 (36.3) 1 (16.6) 3 (60)
Infection during ECMO 22 (36.2) 11 (34.5) 12 (38.9) 0.270
  Pulmonary 18 (81.1) 11 (100) 7 (58.3)
  Other 5 (22.7) 0 5 (41.7)
Hybrid 8 (17.0) 5 (17.2) 3 (16.7) 0.642
IABP 7 (14.9) 5 (17.2) 2 (11.1) 0.449
Pacing 18 (38.3) 14 (48.3) 4 (22.2) 0.070
ECPR 7 (14.9) 4 (13.8) 3 (16.7) 0.550
Rotations of ECMO (rotations/min) 2,800 (2,701–2,895) 2,800 (2,720–2,865) 2,793 (2,632–2,999) 0.895
Flow rate of ECMO–BSA ratio (100 ml/min/m2) 17.8 (14.9–21.5) 16.8 (14.9–18.6) 21.2 (16.0–24.7) 0.044
Mean dose UFH (100 IU/hr) 6.09 (4.01–7.15) 6.26 (4.03–7.73) 5.96 (3.91–6.90) 0.662
Decannulation technique 0.217
  Surgical vascular closure 21 (44.7) 15 (51.7) 6 (33.3)
  Percutaneous vascular closure 26 (55.3) 14 (48.2) 12 (66.7)

Values are presented as median (interquartile range) or number (%).
BMI: body mass index; BSA: body surface area; ICU: intensive care unit; SOFA: Sequential Organ Failure Assessment; APACHE: Acute Physiology and Chronic 
Health Evaluation; ECMO: extracorporeal membrane oxygenation; ECPR: extracorporeal cardiopulmonary resuscitation; UFH: unfractionated heparin.
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Table 2. Outcomes of patients in two groups

Variable All (n=47)
Cannula-associated arterial thrombosis

P-value
Yes (n=29) No (n=18)

Limb ischemia complication 5 (10.6) 5 (17.2) 0 0.141
  Limb ischemia required surgical thrombectomy 1 (20) 1 (20) 0 1.000
  Anticoagulation therapy 4 (80) 4 (80) 0 1.000
Infection at removal site 3 (6.4) 2 (6.9) 1 (5.6) 1.000
Pseudoaneurysm 0 0 0 1.000
Limb amputations 0 0 0 1.000
ECMO support (day) 6 (4–7.5) 6 (4–8) 6 (4–7) 0.991
ICU length of stay (day) 9.0 (8–13) 9.0 (7.0–12.0) 9.5 (8.0–21.2) 0.582
Hospital length of stay (day) 16.0 (12.0–24.5) 16.0 (12.0–22.0) 15.5 (12.0–29.5) 0.709
Hospital mortality 5 (10.6) 1 (3.4) 4 (22.2) 0.063

Values are presented as number (%) or median (interquartile range).
ECMO: extracorporeal membrane oxygenation; ICU: intensive care unit.

Figure 3. The distribution of cannula-associated arterial thrombosis.

Univariate logistic regression showed that the maximum fi-

brinogen concentration, number of days with fibrinogen >4 g/dl,  

and ECMO flow rate–BSA ratio were associated with CaAT. A 

multivariable logistic regression model for CaAT prediction 

revealed that only the mean ECMO flow rate–BSA ratio was an 

independent risk factor for CaAT, with an OR of 0.79 (95% CI, 

0.66–0.95; P=0.014) (Table 4). 

DISCUSSION 

VA-ECMO use for refractory cardiogenic shock has markedly 

increased over the last decade, but hemostatic dysfunction in 

ECMO-supported patients remains a challenge for clinicians 

[9,23]. In particular, thrombotic complications after ECMO 

decannulation are underdiagnosed [24]. The cannula-asso-

ciated deep vein thrombosis (CaDVT) rate following ECMO 

cannula removal ranges from 18% to 85%, and risk factors for 

CaDVT have been reported [11-14]. However, the incidence of 

CaAT after VA-ECMO decannulation has not been clearly de-

fined. Recent studies have shown that the incidence of CaAT 

ranges from 5% to 41.0% [15,16,18]. The different incidence 

rates of CaAT among studies depend on two main causes: (1) 

the difference in diagnostic techniques among studies, in-

cluding Doppler vascular ultrasound, vascular computed to-

mography (CT) scan, clinically demonstrated hypoperfusion, 

and surgical protocol records at the time of ECMO cannula 

removal and (2) the different rate of thrombosis screening 

post-ECMO weaning among centers. Some centers investi-

gate CaAT based on suggestive clinical signs of limb hypoper-

fusion after cannula removal. Thrombosis is identified less 

frequently by Doppler vascular ultrasound or clinical signs of 

hypoperfusion than by surgical/autopsied visualization. The 

underestimation of arterial thromboembolic events can occur 

in more than 25% of patients [9,24]. In recent reports, Dop-

pler vascular ultrasound or CT scanning of blood vessels was 

used to screen for CaAT when symptoms and signs of limb 

ischemia appeared, leading to a relatively low CaAT rate of 

5%–12.5% [18,25]. In contrast, Cartwright et al. [16] reported 

that routine arterial thrombosis screening by Doppler vascu-

lar ultrasound could detect CaAT in up to 41% of patients after 

cannula removal. The present study found a higher rate of 

CaAT (61.7%) than in other studies [15-18]. Surgical vascular 

closure was performed in the operating room for up to 44.6% 

of patients undergoing cannula removal. Vascular surgeons 

routinely used a Fogarty catheter to screen for thrombosis 

during the operation, which may explain the higher rate 

of thrombosis detection. All patients whose cannulas were 
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Table 3. Results of the blood coagulation parameters

Parameter All (n=47)
Cannula-associated arterial thrombosis

P-value
Yes (n=29) No (n=18)

aPTT ratio
  Median aPTTr 1.49 (1.36–1.73) 1.59 (1.35–1.80) 1.44 (1.38–1.68) 0.393
  Day with aPTTr <1.2 (%) 0.17 (0–0.25) 0.20 (0–0.25) 0.13 (0–0.31) 0.614
  Day with aPTTr ≥1.2 and <1.5 (%) 0.28 (0.13–0.50) 0.25 (0.12–0.33) 0.33 (0.25–0.50) 0.142
  Day with aPTTr ≥1.5 and <2 (%) 0.33 (0.14–0.42) 0.33 (0.12–0.38) 0.29 (0.20–0.46) 0.667
  Day with aPTTr ≥2 (%) 0.2 (0–0.33) 0.25 (0–0.38) 0.17 (0.03–0.20) 0.194
Anti-Xa activity
  Day with anti-Xa activity <0.2 UI/ml (%) 0 (0–0.13) 0 (0–0.12) 0.10 (0–0.16) 0.224
  Day with anti-Xa activity ≥0.2 và <0.5 UI/ml (%) 0.10 (0–0.29) 0.10 (0–0.25) 0.13 (0–0.36) 0.654
  Day with anti-Xa activity ≥0.5 UI/ml (%) 0 (0–0) 0 (0–0) 0 (0–0) 0.403
Fibrinogen (g/L)
  Lowest fibrinogen level 2.47 (1.74–3.1) 2.02 (1.44–2.60) 2.96 (2.44–3.35) 0.006
  Highest fibrinogen level 4.52 (3.88–6.01) 4.01 (3.60–4.99) 5.64 (4.52–6.47) 0.011
  Day with fibrinogen <2 g/L (%) 0 (0–0.13) 0 (0–0.25) 0 (0–0.1) 0.018
  Day with fibrinogen ≥2 and <4 g/L (%) 0.63 (0.37–0.86) 0.75 (0.50–0.88) 0.50 (0.27–0.67) 0.051
  Day with fibrinogen ≥4 g/L (%) 0.17 (0–0.58) 0.11 (0–0.25) 0.50 (0.33–0.67) 0.005
Platelets (G/L)
  Lowest platelet count 82 (56.5–110) 85 (60–132) 80 (52–93) 0.158
  Highest platelet count 189 (159.5–258) 226 (172–258) 164 (131–231) 0.048
  Day with platelets <150 (%) 0.8 (0.58–0.88) 0.75 (0.33–0.87) 0.83 (0.71–1.00) 0.039
  Day with platelets ≥150 và <400 (%) 0.2 (0.12–0.42) 0.25 (0.12–0.67) 0.17 (0.10–0.29) 0.036
  Day with platelets ≥400 (%) 0 (0–0) 0 (0–0) 0 (0–0) 0.707

Values are presented as median (interquartile range).
aPTT: activated partial thromboplastin time; aPTTr: aPTT ratio.

Table 4. Multivariable analysis of factors associated with CaAT
Variable aOR (95% CI) P-value
Cannula–BSA ratio (Fr/m2) 1.31 (0.62–2.79) 0.476
Flow rate of ECMO–BSA ratio (100 ml/min/m2) 0.79 (0.66–0.95) 0.014
Highest fibrinogen level (every g/L) 0.75 (0.41–1.37) 0.351
Days with fibrinogen ≥4 g/L (%) 0.24 (0.01–6.21) 0.393

CaAT: cannula-associated arterial thrombosis; aOR: adjust odds ratio; 
CI: confidence interval; BSA: body surface area; ECMO: extracorporeal 
membrane oxygenation.

removed by percutaneous vascular closure with Proglide de-

vices (Abbott Vascular) were routinely screened by vascular 

Doppler ultrasound for thrombosis, which also explains the 

high rate of CaAT in this study (Figure 4). In addition, a distal 

perfusion cannula, inserted in a common site of thrombus 

formation, was routinely inserted at our ECMO center. 

The arterial cannula inserted from the common femoral 

artery and the distal perfusion cannula inserted from the su-

perficial femoral artery can create a low-flow or absent-flow 

between them (Figure 1). Low or absent flow at this space of 

the femoral artery leads to an extremely high risk of throm-

bus formation. This may explain why some clinicians favor 

surgical decannulation over percutaneous decannulation to 

remove thrombi [9]. In our center, a distal perfusion cannula is 

routinely inserted in patients supported by VA-ECMO. There-

fore, the superficial and common femoral arteries were the 

most common sites of CaAT, with thrombosis rates of 51.7% 

and 20.6%, respectively. Although the incidence of CaAT was 

high, only 17.2% of this group had limb ischemia complica-

tions. The routine use of a Fogarty catheter at surgical vascular 

closure, daily Doppler vascular ultrasound, and appropriate 

heparin dosing after decannulation can explain the low inci-

dence of limb ischemia. Furthermore, based on the principle 

of "less is more," our center tends to choose arterial cannulas 

with a small size of 15–17 Fr (92.5%) to minimize vascular wall 

damage and thrombus formation [5,6]. Additionally, BSA is an 

essential factor to consider, as it can influence the selection of 

arterial cannula size and flow rate in VA-ECMO supports [6,26]. 
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A higher cannula–BSA ratio (>11 Fr/m2) is associated with an 

increased incidence of lower limb ischemia [6]. In our study, 

the median cannula–BSA ratio was 10.1. This ratio was less 

than 11 Fr/m2 and was similar in the two groups, suggesting 

that BSA may not affect the discriminative ability of ECMO 

flow rate for arterial thrombosis. We suggest screening for 

arterial thrombosis following VA-ECMO support for early de-

tection of complications, optimal utilization of anticoagulation 

after decannulation, and early thrombectomy when necessary. 

However, further research is needed to determine the risks and 

benefits of such screening. 

Patients undergoing VA-ECMO are susceptible to multiple 

complications that can arise at different stages, with post-de-

cannulation complications being underdiagnosed [9,24]. 

Bidar et al. [15] observed a post-decannulation CaAT rate of 

14% in patients receiving VA-ECMO who were examined using 

Doppler vascular ultrasonography, despite the absence of risk 

factors. To the best of our knowledge, the current literature 

reports no risk factor for CaAT [15,16,18]. We analyzed risk 

factors for CaAT to minimize the possibility of thrombosis 

formation. Univariate logistic regression analysis showed that 

the maximum fibrinogen concentration, number of days of 

fibrinogen >4 g/dl, and ECMO flow rate–BSA ratio were asso-

ciated with CaAT. In multivariate logistic regression analysis, 

the ECMO flow rate–BSA ratio was an independent risk factor 

for CaAT. For every 100 ml/min/m2 increase in ECMO flow 

rate–BSA ratio, the odds of developing CaAT decrease by 21%. 

The ECMO flow rate is the velocity at which the ECMO system 

pumps blood into the circulation of the patient through the 

arterial cannula. The higher is the ECMO flow rate, the high-

er is the blood flow through the low-flow space between the 

arterial cannula and the distal perfusion cannula, decreasing 

the possibility of blood clots. Moreover, the lower is the ECMO 

flow rate, the more slowly is the blood pumped through the ar-

terial cannula, resulting in reduced shear pressure and longer 

residence time around the artery cannula, leading to increased 

platelet adhesion and thrombus formation [2,27]. These 

changes may explain the increased cannula arterial thrombus 

formation in the low-flow state and warrant adequate anti-

coagulation during the phases of low ECMO flow rates and 

weaning trials. 

Several limitations should be noted in our investigation. 

First, it was a single-center retrospective study with a limited 

sample size. Second, some anti-Xa data were missing, so the 

complete assessment of anticoagulation during ECMO may 

not have been accurate. Third, arterial cannulas were removed 

either by the percutaneous vascular closure technique using 

ProGlide devices (Abbott) at the bedside or by surgical vascu-

lar closure in the operating room. We did not have clear selec-

tion criteria for these procedures. The preferred method was 

at the discretion of the attending physician; therefore, the rate 

of arterial thrombosis could be underestimated in the percuta-

neous vascular closure group because of the lower sensitivity 

of vascular ultrasound in evaluating the femoral to iliac artery 

Figure 4. Detection of thrombus on bedside Doppler ultrasound on a 42-year-old male patient after supported extracorporeal membrane 
oxygenation due to acute myocarditis. (A) The transverse view depicts the color Doppler spectrum in the femoral vein. (B) The longitudinal view 
revealed nearly complete occlusion of the common femoral artery and superficial femoral artery and the absence of arterial flow by pulsed 
Doppler, indicating cannula-associated arterial thrombus (red arrow).

AA BB
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segment. Finally, the presence of these incidental small linear 

thrombi, detectable through surgical exploration or vascular 

ultrasound, may not have a substantial influence on patient 

outcomes or warrant specific interventions. Although limb 

ischemia can be devastating and cause disability, the criteria 

of thrombus that result in complications remains uncertain, 

warranting further investigation. 

Our study showed that the incidence of CaAT after ECMO 

decannulation was 61.7%. Moreover, the ECMO flow rate–BSA 

ratio was an independent risk factor for CaAT. We suggest that 

screening for arterial thrombosis following VA-ECMO support 

is necessary, and that further research is needed to determine 

the risks and benefits of such screening.  
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