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Abstract Optical coherence tomography (OCT) is able to

identify thrombus. We detect the frequency of thrombus

inside the guiding catheter by OCT and its relationship with

clinical and procedural factors. We screened 77 patients who

underwent OCT pullbacks. Only patients with visible guid-

ing catheter were finally included (35) and divided into

thrombus (21) or no-thrombus group (14). Patients within

thrombus group were mostly males (100 vs. 71 %,

p = 0.05), with acute coronary syndrome (76 vs. 36 %,

p = 0.02) and received more frequently percutaneous cor-

onary intervention (86 vs. 43 %, p = 0.01) as compared to

other group. A second dose of heparin was more frequently

administered in thrombus than in other group (86 vs. 50 %,

p = 0.01). Time between first heparin administration and

OCT pullback (41[28–57] vs. 20 min [10–32], p = 0.001),

time elapsed from second heparin administration and OCT

pullback (29 [19–48] vs. 16 min [12–22], p = 0.002) and

total procedural time (47 [36–69] vs. 31 min [26–39],

p = 0.005) were longer in thrombus compared to other

group. At multivariate analysis, total procedural time and

time between first heparin administration and OCT pullback

were only predictors of intra-catheter thrombus (HR 0.6

[0.3–0.9], p = 0.03 and HR 1.9 [1.1–3.2], p = 0.02,

respectively). Thrombus inside guiding catheter may be a

frequent finding in long interventional procedure. Future

studies are warranted to determine its clinical impact.
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Introduction

Over last years, optical coherence tomography (OCT) has

contributed to clarify the pathophysiology of coronary

atherosclerosis [1–6]. Specifically, it is able to identify

plaque rupture, fibrous cap erosion and intracoronary

thrombus in patients with acute myocardial infarction, with

higher resolution as compared with other imaging tech-

niques [6–9]. In particular, OCT represents the gold stan-

dard for intra-coronary thrombus detection, which appears

as a mass attached to luminal surface or floating within the

lumen or as a mass protruding in-between or over stent

struts [4]. OCT is also capable to discriminate between 2

types of thrombus: red thrombus, characterized by high

light attenuation and white thrombus, homogeneous, with

low light attenuation [4].

Thrombus may be localized not only at intra-coronary

level but also in the guiding catheter. It may be caused by a

combination of the following: active and multiple instru-

mentation of the coronary artery during percutaneous cor-

onary intervention (PCI), insufficient flushing of the

guiding catheter; insufficient anticoagulation; instrumen-

tation of the coronary artery by manual thrombectomy

devices with fragmentation and loss of thrombus during

retrieval of the aspiration catheter [10]. However, inci-

dence and predictors of thrombus inside the guiding cath-

eter has not been systematically investigated.

In our study, we sought to define the frequency of

thrombus inside the guiding catheter by OCT and to

investigate its relationship with clinical and procedural

data.
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Department of Cardiology, Thorax Institute, Hospital Clinic,

IDIBAPS, University of Barcelona, Barcelona, Spain

e-mail: sabrugaletta@gmail.com; sabrugal@clinic.ub.es

H. M. Garcia-Garcia

Thoraxcenter, Erasmus Medical Center, Rotterdam,

The Netherlands

123

Int J Cardiovasc Imaging (2015) 31:239–246

DOI 10.1007/s10554-014-0544-3



Methods

Study population

From September 2012 to September 2013, we screened all

consecutive patients who underwent OCT pullback in our

centre, selecting only those patients with visible guiding

catheter on OCT pullback. Study population was therefore

divided into two groups according to the presence of

thrombus inside the guiding catheter or not (thrombus

group and no thrombus group, respectively). Clinical and

procedural data, as well as in-hospital clinical adverse

events related to thrombus were recorded (acute myocar-

dial infarction, cardiac death and intra-stent thrombosis).

Procedural data

All patients were taking dual antiplatelet therapy with

aspirin and clopidogrel at least 24 h before the procedure.

According to the protocol of our Hospital, 5,000 IU of

unfractionated heparin were administered at the beginning

of coronary angiography and then, if PCI or OCT were

decided, a second dose of heparin was immediately

administered, according to patient’s weight, in order to

achieve the full dose of heparin (100 IU/kg). Instead, if

PCI or OCT were already planned before the coronary

angiography (e.g. OCT analysis of a stent previously

implanted, staged PCI, etc.) patients received a full amount

of heparin since the beginning of the interventional pro-

cedure. We did not perform activated coagulation time

(ACT) test. GPIIb/IIIa Inhibitors and bivalirudin were not

administered in any patient. Total procedural time was

measured from arterial puncture up to the removal of the

catheter from the coronary ostium. Thrombolysis in Myo-

cardial Infarction (TIMI) flow grade was also evaluated.

The following procedural data were collected:

1. the amount of the first dose of heparin;

2. the amount of the second dose of heparin;

3. the overall dose of heparin;

4. the time lag between the first and second heparin

administration (‘‘FH-SH time’’);

5. the time lag between the first heparin administration

and the OCT pullback (‘‘FH-OCT time’’);

6. the time lag between the second heparin administration

and the OCT pullback (‘‘SH-OCT time’’);

7. total procedural time.

The type of guiding catheter employed for each OCT

pullback was also reported.

All procedures performed in this study were in accor-

dance with the ethical standards of the institutional and/or

national research committee and with the 1964 Helsinki

declaration and its later amendments or comparable ethical

standards. An informed consent was obtained from all

patients.

Angiographic and OCT image acquisition and analysis

The OCT acquisition was performed using a commercially

available system for intra-coronary imaging (C7XR Fou-

rier-Domain System; LightLab Imaging, Westford Massa-

chusetts). Pullbacks were performed during continuous

injection of contrast medium (3 ml/s, Iodixanol 370,

Visipaque, GE Health Care, Cork, Ireland) through the

guide catheter with an injection pump. The automated

pullback rate was 20 mm/s and the frame rate was 100

frames. Intracoronary nitroglycerin bolus was always

administered before OCT pullback.

All angiographic and OCT images were analysed by two

independent observers blinded to clinical and procedural

data. In particular, OCT images were analysed using an

off-line review system (LightLab Imaging, Wesrford, MA,

USA). In OCT pullback, the length of the imaged guiding

catheter was measured and all frames with the guiding

catheter visible were analysed. The number of total frames

of guiding catheter and with visible thrombus were

recorded.

Thrombus, defined as a mass attached to luminal surface

or floating within the lumen [4] of the coronary or guiding

catheter (Fig. 1a–c) was measured in every frame and

reported as maximal, minimal and median thrombus area.

Thrombus volume and the distance of thrombus from the

ostium of guiding catheter were also reported. Finally,

thrombus images were also analysed on order to charac-

terize them as red, white or mixed thrombus [4].

Statistical analysis

Continuous variables are expressed as mean and standard

deviation (SD) or median and interquartile range (IQR), as

appropriate; categorical variables are reported as numbers

and percentages. Continuous variables were compared

between the two groups using independent t test or Mann–

Whitney U-test, as indicated, whereas proportions were

compared by Fisher’s exact. Linear regression model was

used to investigate the role of clinical and procedural

variables as predictors of thrombus inside the guiding

catheter.

In particular, univariate analysis was performed and

only variables retaining a statistical significant predictive

value (i.e. acute coronary syndrome, percutaneous coro-

nary intervention, number of patients who received a sec-

ond heparin administration, FH-OCT time, SH-OCT time,

total procedural time; two-tailed p value \0.05) were

included in a multivariable backward stepwise regression

analysis.
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The inter- and intra- observer agreement for OCT

measurement was quantified by the Cohen’s Kappa test for

concordance [11].

Data were analyzed using SPSS for Windows version

20.0 software (SPSS Inc. Chicago, USA).

Results

Population study

During the study period, 77 patients underwent OCT ana-

lysis (101 pullbacks overall) (Fig. 2). Forty patients (63

pullbacks) did not have the guiding catheter visible on

OCT pullback, whereas two patients (2 pullbacks) were

excluded due to artifacts on OCT pullback. Eventually, 35

patients (36 pullbacks) were included in this study. Out of

these, 21 patients (60 %) (22 pullbacks) had thrombus

inside guiding catheter (thrombus group) and the remaining

14 (40 %) (14 pullbacks) did not (no-thrombus group). Of

note, one patient of thrombus group received two OCT

pullbacks: at the end of the PCI for acute coronary syn-

drome (ACS), and at follow-up assessment 1 month later.

In both cases, OCT analysis showed thrombus inside the

guiding catheter.

Fig. 1 Thrombotic images by OCT into catheter guide. According

from the last consensus conference, thrombus was defined as a mass

attached to luminal surface or floating within the lumen of the

coronary or catheter guide (see blue arrows). The lengths of guiding

catheter are 10.2 mm (a), 13.2 mm (b) and 0.13.1 mm (c),

respectively

Fig. 2 Flow chart of the study. During the study period, 77 patients

underwent OCT pullbacks (101 pullbacks overall). Forty patients (63

pullbacks) did not show the guiding catheter, whereas two of them (2

pullbacks) were excluded for presence of image artifacts on OCT

pullback. Eventually, 35 patients (36 pullbacks) were enrolled in our

study. Out of these, 21 patients (60 %) (22 pullbacks) had thrombus

inside guiding catheter (thrombus group) and the remaining 14 (40 %)

(14 pullbacks) did not (no-thrombus group)

Table 1 Clinical characteristics of patients

Thrombus

group (21)

No thrombus

group (14)

p

Age, years (mean ± SD) 67.5 ± 10 61.7 ± 12 0.13

Gender, male, n (%) 21 (100) 10 (71) 0.05

Weight, kg, (range) 80 (75–95) 77 (69–83) 0.19

Hypertension, n (%) 14 (67) 11 (78) 0.23

Diabetes mellitus, n (%) 7 (33) 4 (28) 0.60

Dyslipidemia, n (%) 12 (57) 6 (43) 0.42

Smoking, n (%) 9 (43) 8 (57) 0.23

Acute coronary syndrome, n (%) 16 (76) 5 (36) 0.02

Chronic stable angina, n (%) 5 (24) 1 (7) 0.24

Silent ischemia, n (%) 0 (0) 1 (7) 0.38

Therapy

Aspirin, n (%) 21 (100) 14 (100) 1.0

Clopidogrel, n (%)* 21 (100) 14 (100) 1.0

Nitrates, n (%) 2 (9) 2 (14) 0.49

Beta blockers, n (%) 13 (62) 10 (71) 0.29

Calcium antagonist, n (%) 2 (0) 0 (0) 0.38

ACE-inhibitor, n (%) 19 (90) 11 (78) 0.54

Statins, n (%) 12 (57) 6 (43) 0.42

OCT optical coherence tomography, ACE-inhibitors angiotensin-

converting-enzyme inhibitor

* = at least 300 mg, after interventional procedure
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Clinical characteristics

Baseline features of patients are shown in Table 1.

There were no significant differences between groups in

term of age and cardiovascular risk factors (smoking,

hypertension, diabetes, dyslipidemia); however, patients

within thrombus group were preferentially males (100 vs.

71 %, p = 0.05) and admitted for ACS (76 vs. 36 %,

p = 0.02) as compared to no-thrombus group. Of note, in

both groups, ACS consisted only of no ST segment ele-

vation myocardial infarction (NSTEMI). No differences in

terms of medical therapy were reported between the two

groups. Fondaparinux was not administered in any patient.

No in- hospital clinical adverse events were observed.

Procedural characteristics and OCT analysis

Procedural data are reported in the Table 2, whereas the

data from OCT analysis are summarized by Table 3.

All the procedures were performed by radial approach

with 6 French guiding catheter. In the no-thrombus group,

OCT was performed more frequently for follow-up

assessment (50 %), compared to other group (p = 0.008).

Percutaneous coronary intervention was performed more

frequently in thrombus compared to no-thrombus group (86

vs. 43 %, p = 0.016). All patients presented TIMI 3 grade

flow before and after the procedure. No angiographic

images compatible with intra-coronary thrombus were

detected in any case. In particular, no intra-coronary

thrombus were detected in OCT pullbacks performed in

thrombus group. Accordingly, thrombus-aspiration was not

performed in any case.

Median length of imaged guiding catheter, analysed by

OCT, was 11.1 mm [8.07–17.55 mm]. The reproducibility

of thrombus detection inter and intra-observer variabilities

were 0.83 and 0.86 j, respectively. The overall number of

frames with thrombus was 58 (mean value 2.5 ± 1.5), thus

representing about the 4 % of the total guiding catheter

frames (1,463). The mean overall thrombus area was

20 lm2 [10–40 lm2], whereas thrombus median volume

was 0.17 lm3 [0.1–4.3 lm3].

The mean distance of the clots from the ostium of the

guiding catheters was 7.25 ± 5.6 mm.

Moreover, within the thrombus group, 91 % of throm-

bus were defined as white, while the remaining as red

(Table 3). There are no differences in frequency of

thrombus detected in the right compared to left catheters

(p = 0.59) and among the various guiding catheters used

(p = 0.97).

Total procedural time was longer in thrombus group

compared to the other group (p = 0.005, Fig. 3a). There

were no differences between groups in the amount of first,

second and overall dose of heparin. However, thrombus

group patients received more often a second dose of hep-

arin compared to the other group (86 vs. 50 %, p = 0.042).

‘‘FH-OCT time’’ (p = 0.001, Fig. 3b) and ‘‘SH-OCT

time’’ (p = 0.026, Fig. 3c) were longer in the thrombus

compared to no-thrombus group. Conversely, the ‘‘FH-SH

time’’ was the same between groups (Fig. 3d).

At multivariate analysis, total procedural time and the

‘‘FH-OCT time’’ were the only predictors of thrombus

inside the guiding catheter (HR 0.6 [0.37–0.96], p = 0.03

and HR 1.9 [1.1–3.2], p = 0.02, respectively).

Discussion

In our study we demonstrated that (1) thrombotic images

are detected by OCT in more than half of guiding catheters,

Table 2 Procedural characteristics

Thrombus group

(n 21)

(pullbacks 22)

No thrombus

group (n 14)

(pullbacks 14)

p

PCI, n (%) 19 (86) 6 (43) 0.01

Guiding catheter type 0.97

EBU 3.5, n (%) 6 (27) 3 (21)

JL 3.5, n (%) 8 (36) 6 (42)

JR 4, n (%) 1 (4) 0 (0)

AL 1, n (%) 7 (32) 5 (35)

OCT performed for

follow-up

assessment, n (%)

2 (9) 7 (50) 0.008

First dose of heparin

amount, IU

(mean ± SD)

5,700 (±1,572) 6,107 (±1,903) 0.17

Second dose of

heparin amount, IU,

(mean ± SD)

3,300 (±1,917) 2,800 (±636) 0.81

Total heparin

amount, IU,

(mean ± SD)

8,156 (±1,670) 7,500 (±1,270) 0.63

Patients receiving a

second dose of

heparin, n (%)

19 (86) 7 (50) 0.01

Total procedural

time, min [IQR]

47 [36–69] 31 [26–39] 0.005

FH-SH time, min

[IQT]

14 [12–16] 13 [12–16] 0.80

FH-OCT time, min,

[IQR]

41 [28–57] 20 [10–32] 0.001

SH-OCT time, min,

[IQR]

29 [19–48] 16 [12–22] 0.02

Guide catheter

length, mm, [IQR]

11.1 [7.7–13.2] 11.0 [8.0–12.0] 0.27

PCI percutaneous coronary intervention, IQR inter-quartile range, SD

standard deviation, OCT optical coherence tomography

242 Int J Cardiovasc Imaging (2015) 31:239–246

123



preferentially in ACS patients submitted to PCI; (2)

patients included in thrombus group received more fre-

quently a second dose of heparin compared to those in no-

thrombus group, although no difference in overall dose of

heparin was detected; (3) total procedural time, as well as

the time lag between the administration of each dose of

heparin and OCT pullback, were longer in thrombus than

no-thrombus group.

Over the last years, previous reports have been mostly

focused on thrombotic images localized at intra-coronary

levels [12–15], emphasizing its remarkable etiologic role in

ACS with elevated thrombotic burden and pro thrombotic

milieu [16, 17].

On the other hand, several studies have been focused on

thrombotic images localized at intra-stent level, mostly by

using imaging technique as OCT and Intravascular Ultra-

sound study [18–21].

Afterward, Yusuf et al. [22] reported that thrombus

images might be detected also inside the guiding catheter.

In particular they showed that, in a subgroup of ACS

patients treated with fondaparinux who underwent PCI,

there was an increased incidence of catheter thrombosis-

related events compared to those who received enoxaparin

(0.9 vs. 0.4 %, p \ 0.001). These findings suggest that,

although fondaparinux is beneficial for the overall ACS

patient population, there is a need for additional antico-

agulation treatment during PCI. Accordingly, in the Switch

III trial [23], an open-label prospective, randomized, mul-

ticenter pilot study aiming at comparing treatment with

unfractionated heparin versus bivalirudin in NSTEMI

patients initially treated with fondaparinux and undergoing

PCI, no catheter thrombosis-related events were detected in

both two arms.

Table 3 Data from OCT analysis

OCT parameters

Total guiding catheter frames, n 1,463

Frames with thrombus, n 58

Frames with thrombus, n (mean ± SD) 2.5 ± 1.5

Thrombus characterization

Red thrombus, n (%) 2 (9 %)

White thrombus, n (%) 20 (91 %)

Thrombus area values

Median volume, lm3 [range] 0.17 [0.1–4.3]

Maximal area value, lm2, [range] 40 [20–60]

Minimal area value, lm2, [range] 20 [10–20]

Median area value, lm2, [range] 20 [10–40]

OCT optical coherence tomography

Fig. 3 a. Box plot showing the differences for the total procedural

time, between the two groups, thrombotic group and no thrombotic

group. Data are expressed as median [interquartile range]. b. Box plot

showing the differences for the lag time between the first heparin

administration and the OCT pullback (‘‘FH-OCT time’’) in the two

groups (thrombus group and no thrombus group). Data are expressed

as median [interquartile range]. c. Box plot showing the differences

for the lag time between the second heparin administration and the

OCT pullback (‘‘SH-OCT time’’) in the two groups (thrombus group

and no thrombus group). Data are expressed as median [interquartile

range]. d. Box plot showing the differences for the lag time between

the first heparin and the second heparin administration (‘‘FH-SH

time’’) in the two groups (thrombus group and no thrombus group).

Data are expressed as median [interquartile range]
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In our series, where heparin was the only anticoagulant

used during coronary angiography, we identified thrombus

images in 60 % of patients with unintentional guiding

catheter image acquisition by OCT.

The higher rate of catheter thrombosis in comparison

with Yusuf’ data (60 vs. 0.6 %) might be explained by the

use, in our study, of the most sensitive imaging technique

for thrombus detection.

Of note, we should also speculate that, just before OCT

analysis, the interventional manouvers and also the inten-

sity of flushing might have impact on these tiny thrombus

formations inside the guiding catheter.

In detail, we showed that patients with thrombus image

inside the guiding catheter performed OCT more fre-

quently at the end of PCI, requiring two doses of heparin

for the achievement of full amount. On the contrary,

patients without thrombus inside guiding catheter, per-

formed OCT more preferentially for follow-up assessment,

thus receiving a full amount of heparin since the beginning

of the interventional procedure. Of note, the same total

amount of heparin was detected in both study groups.

Moreover, a longer total procedural time, as well as the

longer time between the administration of each dose of

heparin and OCT pullback, were detected in patients with

compared to those without intra-catheter thrombus image.

Finally, the multivariate analysis showed that total proce-

dural time and time between the administration of first dose

of heparin and OCT pullback were independent predictors

of intra-catheter thrombus. Taken together, our data high-

light the crucial role of a long-lasting interventional pro-

cedure in intra-catheter thrombus formation.

Anticoagulant therapy is necessary in trans radial

approach, to reduce the risks of radial artery occlusion

after trans-radial catheterisation. In this context, Spaulding

et al. showed that 5,000 IU of heparin are able to reduce

the incidence of radial artery occlusion [24, 25]. According

to these results, in the routine clinical practice of our

Hospital, 5,000 IU of heparin are currently administered

immediately after radial sheath introduction, at the begin-

ning of the coronary angiography. Optimal anticoagulation

is paramount during interventional procedures and ACT

monitoring during long-lasting procedures is endorsed

from the guidelines [26]. For PCI, the recommended target

ACT is 250–300 s; unless abciximab is used, when a lower

target ACT value (about 200 s) is recommended [26]. ACT

could play therefore a remarkable role both for the timing

of administration and the choice of the proper dose of

heparin.

In our study, thrombus formation could probably be

associated with an insufficient anticoagulation. A possible

explication of this phenomenon might be found in the

considerable individual variability of heparin clearance

from the bloodstream [27].

In particular, after parenteral injection, heparin is

removed from the blood via two mechanisms, saturable and

non-saturable. At dose of 5,000 IU, unfractionated heparin

is removed mainly via the saturable mechanism. In our

context, only after a complete saturation of its degradation

systems, the increase of heparin concentration becomes

linear [27]. The saturable clearance of this drug, accounts

for the dose-dependent half-life of the heparin. For this

reason, it is reasonable to choose a starting weight or body

surface area based dose.

These data might explain the more frequent incidence of

intra-catheter thrombus in patients receiving two fractioned

sub-optimal doses of heparin compared to cases treated

with a single weight based dose, administered from the

beginning.

In this context, our data seem to suggest that, especially

when a long-lasting interventional procedure is expected, it

is reasonable to choose directly a starting weight based

heparin dose in order to avoid an insufficient anticoagulation.

However, future larger dose-ranging studies, providing a

systematical ACT monitoring during PCI, are required to

clarify this point.

Study limitations

Our study presents several limitations: (1) although it

represents the first contribution to detect the incidence of

thrombus inside the guiding catheter by OCT, the small

simple size requires to be expanded in future larger studies;

(2) we did not provide a systematical evaluation of the

heparin effect by ACT during the procedure; (3) new

anticoagulants, as bivalirudin, were not used; (4) the small

sample size does not allow to properly evaluate clinical

events related to thrombus; (5) considering the retrospec-

tive nature of the study, we were not able to perform the

histological analysis of the guiding catheter.

Conclusion

Thrombus inside guiding catheter represents a frequent

finding in unintentional OCT image acquisition, especially

in long-lasting interventional procedure. Future studies are

warranted to determine its clinical impact.
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