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Abstract
Purpose: The patency of arterial catheters is essential for reliable invasive blood pressure monitoring. We sought to
determine whether radial catheter failures were associated with intravascular thrombosis in critically ill adult patients.
Methods: This unmatched case-control study was conducted within a prospective cohort of patients admitted to an
intensive care unit. The arterial catheter failure was the main outcome, which identified cases. Controls were patients
with patent catheter until removal or 28 days of follow-up. The prevalence of intravascular thrombosis in cases and
controls was determined by ultrasonography of the cannulated radial artery. Assessors were blinded to clinical find‑
ings. Failing catheters were removed and examined microscopically.
Results: Catheter failures occurred in 25.5% of 200 patients during 584 catheter-days (incidence rate, 87/1000
catheter-days). The median patency duration was 13.1 days. An intravascular thrombosis located in front of the
catheter tip was diagnosed in 42 of 50 cases (84.0%) and 24 of 139 controls (17.3%). In multivariable logistic regres‑
sion analysis, the probability of catheter failure was higher in patients with intravascular thrombosis [odds ratio (OR),
36.52; 95% confidence interval (CI), 12.86–103.74] and females (OR, 3.45; 95% CI 1.32–9.05), increased proportionally to
arterial blood sampling frequency (OR, 1.20; 95% CI 1.04–1.38), and decreased in thrombocytopenia (OR, 0.28; 95% CI
0.10–0.78). After removal, 15.7% of failing catheters had some luminal fibrin deposits, but none were occluded.
Conclusions: Most failing radial arterial catheters had no luminal obstruction, but were associated with an intravas‑
cular thrombosis. Among predictive factors, arterial blood sampling frequency is the most susceptible to intervention.
Keywords: Catheter failure, Critical care, Monitoring, Radial artery, Thrombosis, Ultrasonography
Introduction
Invasive continuous arterial blood pressure monitoring
is common in the management of adult critically ill and
high-risk surgical patients [1–3]. It allows an estimation
of stroke volume and fluid responsiveness [4]. Moreover,
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indwelling arterial catheters (AC) enable repeated blood
gas analyses. Depending on clinical conditions, 10–97%
of patients admitted to an intensive care unit (ICU) have
an arterial monitoring [5, 6]. The most common insertion
site (87%) is the radial artery [7].
Catheter patency is crucial to provide a reliable monitoring and avoid the morbidity related to repeated punctures or catheter replacements. Usually, a continuous flow
of flush solution is infused into the arterial line. Heparinised saline solutions had once been preferred [7–10]. Current data suggest that flushing catheters with 0.9% sodium
chloride alone is as efficacious as but safer than heparin
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[11–15] and more cost-effective [16]. While still controversial [15, 17], national guidelines and many institutions
recommend sodium chloride as a flush solution [18].
Radial AC failures were nevertheless reported in 8–26%
of patients after 3 days [7, 11], with median patency duration of 5–10 days [12, 13]. A common complication of
radial catheters is a temporary arterial obstruction (incidence 19.7%), whereas the rate of serious adverse events
is low [6, 19–22].
The purpose of our study was to investigate the association between the occurrence of radial AC failure and
arterial thrombosis in critically ill patients. The secondary objective was to identify independent predictive factors affecting catheter patency.

Methods
Study design

This unmatched case-control study nested within a prospective cohort of critically ill adult patients was conducted in a 36-bed multidisciplinary ICU at the tertiary
Geneva University Hospitals, Switzerland, between 4
June and 31 July 2012. All consecutive patients with invasive radial blood pressure monitoring were followed daily
as long as their AC was functional, up to 28 days. The
main outcome was partial or complete failure of the AC.
The prevalence of intravascular thrombosis was determined at the end of follow-up.
The Research Ethics Committee of Geneva University
Hospitals approved the protocol (CER 11–254). A waiver of
written informed consent was granted since this observational study was focused on a monitoring device already set
up at enrolment and involved no change in standard care.
Whenever appropriate, information about the study was
provided to patients and/or their surrogate. Reporting of this
study complies with the STROBE statement guidelines [23].
Participants
Cohort

Consecutive ICU patients with continuous invasive
monitoring were enrolled if they met following eligibility criteria: radial artery cannulation with a 3- (20-gauge,
6-cm) or 4-French (18-gauge, 8-cm) polytetrafluoroethylene catheter (Seldicath®, Plastimed, Prodimed, Le Plessis Bouchard, France) using Seldinger’s technique, within
48 h; sodium chloride as flush solution; a functional arterial line at recruitment; 75-day delay in case of previous
cannulation of the same artery, allowing dissolution of
temporary thrombosis [19]. Exclusion criteria included
age < 18 years, previous enrolment in the study, patient’s
or surrogate’s refusal to participate.
Palpation or ultrasound-guided arterial catheterisation
were used at the discretion of the attending physicians
[24]. A disposable pressure transducer with a continuous

Take‑home message
In this study, critically ill adult patients with invasive blood pressure
monitoring were affected by a radial arterial catheter failure every
11.5 catheter-days (incidence rate, 87/1000 catheter-days). Most fail‑
ing catheters had no luminal obstruction, but were associated with
an intravascular thrombosis and arterial blood sampling frequency.

and fast flush device ( Transpac® IT, Hospira, Lake Forest,
IL, USA) was connected to the monitor (IntelliVue MP70,
Philips Healthcare, Best, The Netherlands). Attending
nurses routinely checked the flush device, solution bag
and external pressure cuff kept at 300 mmHg.
Cases

Patients with continuous AC failure or recurrent impairment within 12 h despite routine maintenance (fast flush;
wrist position change) were identified as cases. AC failure was defined as one or several of the following criteria,
the first occurrence of whichever one determining the
index time for cases:
••  Flattened or overdamped blood pressure waveform;
••  Sluggish free backflow of blood (> 2 s) when the stopcock of pressure tubing was turned off and open to
atmosphere [7];
••  Inability to draw blood from the arterial line;
••  Inability to flush the catheter.
Recurrent flattened blood pressure waveform and/or
inability to draw blood, reversed only by slight catheter
shifts, were defined as “positional failures”. Inadequate
fast-flush test dynamic responses were not listed as failure criteria since other factors related to the monitoring
system may alter the signal as well [25].
Controls

Unmatched controls consisted of all patients in whom
the AC had remained functional until planned removal,
before change in insertion site or withdrawal of life support or on the 28th day of follow-up. These expected
events determined the index time for controls. Patients
with accidental AC removal or sudden death were considered dropouts. A design without matching was convenient to obtain a representative control group.
Data collection
Clinical evaluation

Demographic characteristics, diagnosis and comorbidities were recorded. We assessed the severity of illness
using the Simplified Acute Physiology Score (SAPS)
II on ICU admission [26] and Sequential Organ Failure Assessment (SOFA) score at AC insertion [27]. The
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Sedation-Agitation Scale (SAS) score was checked every
4 h or as needed [28]. We reported the mean values of
the platelet count, partial thromboplastin time and prothrombin ratio, measured during follow-up. Cumulative
duration of exposure to antiplatelet drugs, therapeutic
anticoagulation or vasopressor agents was reported.
Arterial line assessment

We measured the time lag between AC insertion and
enrolment and the distance between the insertion site
and radio-carpal joint. Mean daily number of arterial
blood gas analyses (ABGA) was recorded. Attending
nurses checked the patency of the arterial line routinely
every 4 h and after each blood sampling. Additional
assessments were performed at the daily study visit and
index time.
Ultrasound imaging

Bedside ultrasonography of the cannulated radial artery
was performed at the index time according to a predefined standard operating procedure (Electronic supplementary appendix, Fig. S1). Briefly, the 3–12-MHz
linear-array transducer (Philips HD11 XE, Philips
Healthcare, Best, The Netherlands) was positioned to
provide a B-mode transverse plane view at the catheter
tip. A 3-s moving sequence and successive static images
at 5-mm intervals were recorded along a 50-mm distance
proximally from the catheter tip. Subsequently, realtime B-mode imaging was performed in the longitudinal
plane, followed by two dynamic sequences: first, a 5-ml
saline flush manoeuvre at a rate of 1 ml per second [29]
and second while drawing blood from the arterial line. All
ultrasound images were stored on a hard disk drive and
reviewed independently by two experts in vascular medicine who were blinded to clinical findings. The diagnosis
of arterial thrombosis was rated according to the following scale: (0) no thrombosis; (1) partial obstruction < 50%;
(2) partial obstruction > 50%; (3) complete obstruction.
Disagreements were subsequently resolved by consensus between the two experts. The proximal thrombotic
extension and distance from the catheter tip were measured. The radial artery depth and lumen diameter were
measured at the level of the catheter tip. Parietal calcifications were reported.
Catheter microscopy

Failing catheters were disconnected from the flush
device, removed and immediately fixed in formalin. A
pathologist, who was blinded to the clinical findings, subsequently inspected them macroscopically for the presence of clots. Catheter microscopy was performed in
those with suspected obstruction. Three-millimetre sections of the catheter shaft were embedded in paraffin, cut

3 μm thick on a rotary microtome and stained with haematoxylin and eosin before examination.
Statistical methods

In an unpublished pilot survey performed in 188 consecutive patients admitted to the same ICU during 30 days
in 2009 (ACs in 81%, of which 80% were radial), the incidence of radial AC failure was 25.2% [95% confidence
interval (CI) 17.5–32.8%]. Assuming an 18% incidence of
failure, a sample size of 156 patients (25 cases, 115 controls, and 10% of loss to follow-up) was required to detect
the effect of an absolute difference of 30% in the prevalence of arterial thrombosis between cases (50%) and
controls (20%) [6], with 80% power and a two-sided alpha
level of 5%.
Statistical analyses were performed according to a
predefined plan. The incidence rate of AC failure was
determined in the cohort. We estimated the probability
of catheter patency over 28 days by the Kaplan-Meier
method and compared differences between genders
using the log-rank test. We calculated Cohen’s kappa and
weighted kappa to assess inter-observer agreement for
ultrasound diagnosis of arterial thrombosis and obstruction grade, respectively. We compared categorical variables using the chi-squared test and continuous variables
using the unpaired Student’s t test or Mann-Whitney U
test, as appropriate. A logistic regression analysis was
performed to assess the association between AC failure and arterial thrombosis. Details about selection of
variables are reported in the electronic supplementary
appendix. We tested for all clinically relevant interactions
between selected variables. Associations were reported
using the odds ratios (OR) and 95% CI. Adequacy of
the final model was assessed by the Hosmer-Lemeshow
goodness-of-fit test [30].
Two-sided P values < 0.05 were considered significant.
Analyses were performed using Stata version 11.2 (StataCorp, College Station, TX, USA).
Funding

We received no funding for this study.

Results
Participants

Of 354 ICU patients consecutively admitted during
58 days, 294 had an AC (83%). Overall, 154 patients
were excluded and 200 were enrolled within the cohort.
Eleven patients (5.5%) were lost to follow-up. Finally, 50
cases and 139 controls were analysed (Fig. 1). Baseline
characteristics are shown in Table 1. The control group
was representative of the cohort. Cases had a larger proportion of females than controls (58.0 vs. 40.3%), more
medical patients (64.0 vs. 54.7%), and longer duration
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diagnosed in 42 cases (84.0%) and 24 controls (17.3%).
The obstruction was complete in 28.8% of them (Fig. 2,
Video 1). The thrombosis was ≤ 1 mm distant from the
catheter tip in 66.7% and > 1 up to 11 mm distant in
33.3%. It extended over a median length of 15 (interquartile range 7–21) up to 48 mm proximally into the vessel
(Table S2). Inter-observer agreement on the diagnosis of
thrombosis (77.2%; Cohen’s kappa, 0.53) and obstruction
grade (65.4%; weighted kappa, 0.44) was moderate before
consensus. Among 43 disagreements (22.8%), 62.8% were
associated with arterial calcifications (Table S3). A parietal dissection was found in two patients (Video 2). In
positional failures, the thrombosis was adherent to the
arterial wall (Video 3). On drawing blood, the thrombosis
occluded the catheter tip in 54.8% of cases, but in none of
controls (Fig. 2, Video 4).
Prevalence of intra-arterial thrombosis was 34.1%
in females and 35.6% in males (P = 0.83). Females
had smaller mean (standard deviation) radial artery
lumen diameter than males (2.0 (0.4) vs. 2.3 (0.6) mm,
P = 0.0001), deeper radial arteries [7.8 (3.3) vs. 6.7 (2.1)
mm, P = 0.032] and were less exposed to antiplatelet
therapy (31.8 vs. 48.1%, P = 0.023), respectively (Table
S4).
Fig. 1 Screening and enrolment

of mechanical ventilation (median 3.3 vs. 2.3 days) and
length of stay (4.1 vs. 2.3 days), respectively.
Arterial catheter failures

During 584 catheter-days (median 1.8, maximum
20.8 days), a failing catheter affected 51 patients, with
distinct clinical presentations: exclusively sluggish blood
backflow (3.9%) was a minor failure; a flattened pressure
waveform (7.8%) and positional failures (21.6%) were
moderate; inabilities to draw blood (62.8%) and to flush
the catheter (3.9%) were severe failures (Table S1). The
cumulative incidence of failure was 25.5% (95% CI 19.4–
31.6). The incidence rate of failure was 87/1000 catheter-days (95% CI 66–115) and higher in females than in
males [119 (83–171) vs. 63 (41–97)/1000 catheter-days,
respectively]. The median patency duration was 13.1 days
and shorter in females than in males (7.2 vs. 13.1 days,
respectively, P = 0.012) according to the Kaplan-Meier
method (Fig. S2).
Radial artery ultrasonography

An intravascular thrombosis located in front of the
catheter tip, without local pain or hand ischaemia, was

Case‑control analysis

The probability of AC failure was increased in patients
with intravascular thrombosis (OR 36.52; 95% CI 12.86–
103.74) according to the extent of arterial obstruction
(Table 2). Moreover, the outcome was higher in females
(OR 3.45; 95% CI 1.32–9.05), increased proportionally to
the daily ABGA frequency (OR 1.2; 95% CI 1.04–1.38)
and decreased in thrombocytopenia (OR 0.28; 95%
CI 0.10–0.78). The interactions between intravascular
thrombosis and the catheter-to-arterial diameter ratio,
platelet count or ABGA frequency, respectively, were
not statistically significant. The final model had good
adequacy (Hosmer-Lemeshow test, chi-squared = 6.70,
P = 0.57). Other variables did not affect the outcome significantly (Table S5–S7).
Catheter microscopy

After removal, 38 failing catheters had an empty lumen
(74.5%), 3 were filled with stagnant blood (5.9%), and 8
had luminal fibrin deposits or platelet aggregates (15.7%)
on microscopy (Fig. 3). None of them were occluded. In a
subset of six control patients (4.0%), an empty lumen was
found in one, stagnant blood in two and fibrin deposits
in three catheters. Failing catheters with fibrin deposits
were less exposed to thrombocytopenia than empty catheters (0 vs. 23.7%, respectively) (Table S8).
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Table 1 Baseline and clinical characteristics of cases and unmatched controls, nested within the cohort
Variable

Cohort
(n = 200)

Cases
(n = 50)

Controls
(n = 139)

Gender, n (%)
Male

113 (56.5)

21 (42.0)

83 (59.7)

Female

87 (43.5)

29 (58.0)

56 (40.3)

60.5 (16.2)

61.9 (16.2)

60.1 (15.7)

41.8 (21.2)

42.9 (19.2)

41.1 (21.3)

6.7 (3.6)

6.4 (2.9)

6.8 (3.8)

Age, years
Mean (SD)
SAPS II s corea
Mean (SD)
SOFA scoreb
Mean (SD)
Comorbidities, n (%)
Hypertension

102 (51.0)

22 (44.0)

73 (52.5)

Diabetes mellitus

40 (20.0)

8 (16.0)

30 (21.6)

Hyperlipidaemia

58 (29.0)

12 (24.0)

44 (31.6)

Smoking

66 (33.0)

18 (36.0)

45 (32.4)

Chronic renal failure

29 (14.5)

4 (8.0)

25 (18.0)

61 (30.5)

14 (28.0)

43 (30.9)

Cumulative cardiovascular risk factorsc, n (%)
0
1

63 (31.5)

22 (44.0)

39 (28.1)

2

38 (19.0)

8 (16.0)

27 (19.4)

3

25 (12.5)

2 (4.0)

21 (15.1)

4

13 (6.5)

4 (8.0)

9 (6.5)

Admission category, n (%)
Medical

114 (57.0)

32 (64.0)

76 (54.7)

Emergency surgery

43 (21.5)

9 (18.0)

31 (22.3)

Elective surgery

43 (21.5)

9 (18.0)

32 (23.0)

Main diagnosis, n (%)
Heart failure

11 (5.5)

1 (2.0)

9 (6.5)

Cardiac arrest

10 (5)

2 (4.0)

7 (5.0)

Aortic aneurysm or dissection

3 (1.5)

0

3 (2.2)

Cardiovascular, other

33 (16.5)

10 (20.0)

23 (16.6)

Severe sepsis, septic shock

10 (5)

2 (4.0)

8 (5.8)

Pneumonia

17 (8.5)

6 (12.0)

10 (7.2)

Acute respiratory distress syndrome

2 (1.0)

0

2 (1.4)

Chronic obstructive pulmonary disease

11 (5.5)

5 (10.0)

6 (4.3)

Haemorrhagic stroke

10 (5.0)

2 (4.0)

6 (4.3)

Ischaemic stroke

7 (3.5)

1 (2.0)

6 (4.3)

Neurological, other

33 (16.5)

8 (16.0)

24 (17.3)

Gastro-intestinal

10 (5.0)

4 (8.0)

6 (4.3)

Liver transplantation

8 (4.0)

0

8 (5.8)

Renal transplantation

5 (2.5)

0

5 (3.6)

Trauma

12 (6.0)

4 (8.0)

5 (3.6)

Metabolic

8 (4.0)

2 (4.0)

5 (3.6)

Post-partum

2 (1.0)

0

2 (1.4)

Other diagnosis

8 (4.0)

3 (6.0)

4 (2.8)

2.6 [1.5–5.8]

4.1 [2.6–7.5]

2.3 [1.2–4.9]

Length of stay in the ICU, days
Median [IQR]
Mechanical ventilation
Need at any time during ICU stay, n (%)

159 (79.5)

41 (82)

108 (77.7)

Days of ventilation, median [IQR]

2.3 [1.3–5.3]

3.3 [1.3–7.3]

2.3 [1.2–4.2]
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Table 1 continued
Variable
Sedation-agitation Scaled
Score ≤ 3, ever, n (%)

Cumulative sedation (1–3), hours, median [IQR]
Score ≥ 5, ever, n (%)

Cumulative agitation (5–7), hours, median [IQR]

Cohort
(n = 200)

Cases
(n = 50)

Controls
(n = 139)

161 (80.5)

41 (82.0)

111 (79.9)

15.8 [8.0–36.3]

15.8 [7.8–31.0]

15.4 [8.0–43.4]

73 (36.5)

19 (38.0)

48 (34.5)

7 [2.8–16.5]

7 [2.0–13.5]

6.7 [2.3–16.9]

173 [131–221]

196 [165–229]

163 [119–218]

37 [31–44]

33 [29–41]

39 [32–47]

88 [77–97]

91 [79–100]

87 [76–96]

Platelet count, G/l
Median [IQR]
Partial thromboplastin time, seconds
Median [IQR]
Prothrombin ratio, %
Median [IQR]
Therapeutic anticoagulation
Ever exposed, n (%)

81 (40.5)

18 (36.0)

61 (43.9)

Cumulative duration, hours, median [IQR]

15.4 [3.5–58.2]

15.6 [4.5–45.0]

17 [3.3–60.0]

Ever exposed, n (%)

80 (40.0)

23 (46.0)

54 (38.9)

Cumulative duration, hours, median [IQR]

36.8 [24.3–69.7]

29 [21.3–51.8]

43.3 [26.5–72.3]

Antiplatelet therapy

Vasopressor agent
Ever exposed, n (%)

88 (44.0)

20 (40.0)

62 (44.6)

Cumulative duration, hours, median [IQR]

18.8 [5.1–34.3]

19.8 [4.6–33.1]

22.0 [6.0–34.6]

Arterial blood gas analyses
Total number, median [IQR]

18 [9.0–31.5]

15 [8.0–30.0]

19 [10.0–33.0]

Daily number, median [IQR]

9.2 [7.8–11.0]

10.0 [9.0–12.8]

8.9 [7.5–10.6]

Arterial catheter size, n (%)
3 French (20 gauge)

175 (87.5)

46 (92.0)

122 (87.8)

4 French (18 gauge)

22 (11.0)

4 (8.0)

17 (12.2)

Missing

3 (1.5)

–

–

Catheter to radio-carpal joint distance, cm
Median [IQR]

1.7 [1.3–2.6]

1.7 [1.2–2.5]

1.7 [1.3–2.5]

Missing, n (%)

10 (5.0)

1 (2.0)

4 (2.9)

Insertion-enrolment time lag, hours, median [IQR]
All patients

8.6 [4.3–12.8]

6.1 [2.9–9.8]

9.3 [5.1–13.7]

Medical patients

5.5 [2.8–10.8]

4.2 [1.6–9.0]

6.0 [3.3–11.4]

Surgical patients

10.5 [8.3–14.2]

8.9 [5.5–10.3]

11.5 [8.5–15.3]

Duration of follow-up, days
Median [IQR]

1.8 [1.1–3.3]

1.4 [0.7–2.6]

2.0 [1.1–3.8]

Mean (SD)

2.9 (3.1)

2.3 (2.5)

3.2 (3.3)

IQR interquartile range, SD standard deviation, ICU intensive care unit; cm, centimetres
a

Simplified Acute Physiology Score II (SAPS II), on a scale from 0 to 163, with increasing severity of disease and risk of death [26]

b

Sequential Organ Failure Assessment (SOFA) score, on a scale from 0 to 4 for each organ dysfunction, with increasing severity, leading to an aggregate score of 0 to
24 [27]

c

Cardiovascular risk factors: hypertension, diabetes mellitus, hyperlipidaemia, smoking

d

Sedation-Agitation Scale (SAS), with a score from 1 to 3 for sedation (lower values indicating deeper sedation), a score of 4 if the patient is calm and cooperative,
and a score from 5 to 7 with increasing agitation [28]

Distinction between arterial catheter failures

The severity of AC failure was proportional to the
prevalence of arterial thrombosis, obstruction grade
and length of thrombus (Table S9). Most catheters

with severe failures had an empty lumen. Inability to
draw blood was associated with dynamic occlusion of
the catheter tip in 72.4%. Positional failures occurred
predominantly in males with large radial arteries and
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Fig. 2 Ultrasonography of the cannulated radial artery. a Normal radial artery (arrow) with two adjacent veins seen in B-mode transverse view
recorded in front of the catheter tip (upper panel). Indwelling arterial catheter seen in longitudinal view (lower panel). b Obstructive intra-arterial
thrombus (thin arrows) observed in front of the catheter tip (upper panel), with 18-mm proximal extension and along the distal catheter shaft
(lower panel) (Video 1). c Partial thrombosis adherent to the arterial wall and 3 mm distant from the catheter tip. d Arterial wall dissection (large
arrow) with intravascular thrombus (thin arrow) in front of the catheter tip (Video 2). e Positional catheter failure with intravascular thrombus (thin
arrow) adherent to the arterial wall and occluding the catheter tip (upper panel). Extension of the hand released the catheter tip (lower panel),
resulting in restoration of a pulse wave, and enabled blood drawing from the arterial line (Video 3). f Large intra-arterial thrombosis (thin arrows)
extending proximally into the vessel (upper panel), with dynamic occlusion of the catheter tip (large arrow) while trying to draw blood with a
syringe (lower panel) (Video 4)

560

Table 2 Factors associated with radial artery catheter failures in critically ill patients
Exposure
Factors in final model

Cases
(n = 50)

n (%)

Controls
(n = 139)

Odds ratio
(95% CI)a

P

Adjusted odds ratio
(95% CI)b,*

P

n (%)

Intra-arterial thrombosis
  Negative

8 (16.0)

115 (82.7)

  Positive

42 (84.0)

24 (17.3)

1.00 (ref )
25.16 (10.49-60.33)

–
< 0.001

1.00 (ref )
36.52 (12.86–103.74)

–
< 0.001

Gender
  Male

21 (42.0)

83 (59.7)

1.00 (ref )

–

1.00 (ref )

–

  Female

29 (58.0)

56 (40.3)

2.05 (1.06-3.94)

0.032

3.45 (1.32–9.05)

0.012

50 (100)

139 (100)

1.19 (1.08–1.32)

0.001

1.20 (1.04–1.38)

0.011

Arterial blood gas analyses
  Daily frequency
Platelet count, G/l
  16–149 (median, 112)

11 (22.0)

57 (41.0)

0.41 (0.19–0.86)

0.018

0.28 (0.10–0.78)

0.014

  150–711 (median, 201)

39 (78.0)

82 (59.0)

1.00 (ref )

–

1.00 (ref )

-

8 (16.0)

115 (82.7)

1.00 (ref )

–

1.00 (ref )

–

Arterial obstruction grade c
No thrombosis
Partial obstruction < 50 %

8 (16.0)

7 (5.1)

16.43 (4.74–56.88)

< 0.001

25.53 (5.92–110.21)

< 0.001

Partial obstruction > 50%

20 (40.0)

12 (8.6)

23.96 (8.70–65.97)

< 0.001

36.93 (11.35–120.16)

< 0.001

Complete obstruction

14 (28.0)

5 (3.6)

40.25 (11.56–140.14)

< 0.001

46.89 (11.37–193.40)

< 0.001

CI confidence interval, ref reference group
*Final model: interactions among intravascular thrombosis, arterial diameter, platelet count and daily blood samples, respectively, were not significant
No multicollinearity: variance inflation factor: ≤ 1.85 for each variable. Good adequacy: Hosmer–Lemeshow goodness-of-fit test: chi-squared test = 6.70, P = 0.57
a

Univariable logistic regression analysis of cases and unmatched controls. The following variables were not significant and had no confounding effect: partial
thromboplastin time; prothrombin ratio; therapeutic anticoagulation; antiplatelet therapy; vasopressor agents; catheter-to-artery diameter ratio; radial artery depth;
arterial wall calcifications; duration of catheter patency; catheter size; catheter insertion site to radio-carpal joint distance; age; cardiovascular comorbidities

b

Multivariable logistic regression analysis: variables with P < 0.05 were considered to be associated with a significantly increased probability of catheter failure

c

Additional multivariable logistic regression analysis, adjusted for daily number of arterial blood gas analyses, platelet count and gender

Fig. 3 Microscopic examination of failing catheters after removal from the radial artery (haematoxylin and eosin). a Catheters with an empty lumen
on either macroscopic (n = 33, 64.7%) or microscopic examination (n = 5, 9.8%). b Luminal stagnant blood without any sign of obstruction. c Lumi‑
nal fibrin deposits (arrow) or platelet aggregates
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thromboses > 1 mm distant from the catheter. Transient
AC impairment has been reported in 16.7% of controls
with thrombosis (Table S10). Among eight cases without
arterial thrombosis (15.7%), six were females with radial
artery depth > 10.0 mm in three and diameter < 1.8 mm
(catheter-to-artery diameter ratio > 0.60) in four. Among
five cases with an empty catheter and no thrombosis,
three were exposed to vasopressor agents (Table S11).

Discussion
In this study, critically ill patients were affected by a failing radial catheter every 11.5 catheter-days. AC failures
were strongly associated with an intra-arterial thrombus lying in front of the catheter tip. Furthermore, the
probability of dysfunction was independently higher in
females, increased proportionally to the arterial blood
sampling frequency and decreased in thrombocytopenia.
These findings provide a new insight into the pathogenesis of radial AC failures.
Surprisingly, fibrin was found within a minority of
failing catheters after removal, and none of them were
occluded. Our findings suggest that the precipitating
mechanism of most AC failures was an intravascular
thrombosis. The severity of failure was proportional to
the thrombus size. Inability to draw blood was common
and related to a dynamic occlusion at the catheter tip
with a valve effect, as assumed in a few reports [31, 32].
Positional failures frequently resulted from catheter shifts
towards or away from a parietal thrombus in large radial
arteries. Conversely, in the few cases without intravascular thrombosis, both deep and small radial arteries were
likely determinants of failure. In deep radial arteries, the
angle of insertion might contribute to catheter kinking.
In small radial arteries, disturbances may result from a
high catheter-to-artery diameter ratio and concomitant
atherosclerotic stenosis or vasoconstriction. A linear
relationship between the catheter-to-artery diameter
ratio and incidence of intravascular thrombosis was previously reported [32, 33]. In our multivariable analysis,
the arterial depth and diameter ratio were not significant.
The higher probability of catheter failure in females is
consistent with previous studies [7, 31, 34]. Despite lower
exposure to antiplatelet therapy, females had a similar
prevalence of arterial thrombosis as males, but more AC
failures without thrombosis. Smaller and deeper radial
arteries are likely additional factors involved in catheter
failure in females.
Several pathogenic pathways may lead to an arterial
thrombosis, despite flush solutions. First, fibrin deposits
may arise within the catheter lumen from blood backflow, owing to frequent blood sampling, a kinked catheter or reduced flush pressure [7, 10]; subsequently, fibrin
may be washed away into the vessel during fast flushing,

resulting in proximal thrombus growth. Second, indwelling catheters generate an accelerated and turbulent flow
in the narrowed arterial lumen, giving rise to a fibrin
layer along the catheter shaft [31]; the proximal extension of this “encasement” may lead to an occluding flap.
This condition may prevail in small radial arteries [32,
33]. Third, multifactorial intimal injuries may result in
thrombus adhesion to the arterial wall. Mechanical injuries occur at the puncture site [35]. The guidewire used
in Seldinger’s technique may cause parietal dissection
or intimal lesions. Recurrent friction of the catheter tip
against the arterial wall during wrist movements may
induce local endothelial damage [10], as suggested by
positional failures. Finally, the stream of the fast-flush
solution against pulsatile blood flow may lead to local
shear stress disturbances, disrupt adjacent endothelial
glycocalyx and modulate shear-dependent endothelial
expression of mediators involved in platelet adhesion
[36–38]. Thrombocytopenia may prevent subsequent
thrombus growth. Antithrombotic agents did not have a
similar effect. Among preventive measures, ultrasoundguided arterial catheterisation may reduce the incidence
of vascular mechanical injuries [19, 24]. Guidelines
aimed at improving the appropriateness for ABGA [39]
could minimise the adverse effects of repeated sampling.
Our study has several limitations. A potential information bias, arising from unblinded bedside ultrasonography, was counterbalanced by a standard imaging
procedure and blinded review by independent experts.
The moderate inter-observer agreement illustrated the
difficulty of assessing some radial arteries using ultrasound. However, all disagreements were resolved by consensus between the two experts. Catheter microscopy
could have limited sensitivity, as some intra-luminal clots
may have been stripped off at catheter removal, and was
performed merely in catheters with suspected obstruction, leading to potential selection bias. This observational study could not ascertain the causal relationship
between intravascular thrombosis and subsequent catheter failure as ultrasonography was performed only at
index time. Nevertheless, some results may support this
assumption and rather preclude inverse causality: inability to flush the catheter was uncommon; most failing
catheters had an empty lumen; dynamic obstruction of
the catheter tip affected half of the cases, but none of the
positive controls; positional failures were associated with
parietal thrombosis. Finally, the subgroup analysis would
have required a larger sample size.
Our findings apply to polytetrafluoroethylene indwelling radial ACs inserted by Seldinger’s technique. However, intravascular thrombosis should be suspected in
failing ACs of other types as well, even though different aetiologies may prevail depending on the catheter
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properties, size and biocompatibility [31, 32, 40]. Consequently, clinicians should remove failing catheters
promptly [19, 33] and consider subsequent insertion in a
different vessel to avoid early recurrent failure. Furthermore, they should be aware that the accuracy of radial
pulse wave analysis might be compromised in case of
asymptomatic intravascular thrombosis.

Conclusion
Most failing radial arterial catheters had no luminal
obstruction, but were associated with an intravascular
thrombosis located in front of the catheter tip. The severity of catheter failure was proportional to the thrombus
size. Among predictive factors, arterial blood sampling
frequency was the most susceptible to intervention. A
multimodal strategy, including ultrasound-guided arterial catheterisation, arterial line maintenance and blood
sampling guidelines, may improve patient safety and prolong the reliability of invasive monitoring.
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