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Different scanning protocol to
assess left atrial appendage
thrombus in patients with atrial
fibrillation by cardiovascular
computed tomography

Chunjuan Sun'?, Junwei Lv'*2, Ming Liu'** & Heng Ma**

To investigate whether we can rule out the left atrial appendage (LAA) thrombus in patients with
atrial fibrillation (AF) using different scanning protocol by Cardiovascular Computed Tomography
(CCT). We retrospectively reviewed the CCT images of 138 patients with AF to assess LAA thrombus.
Patients with no thrombosis diagnosed by preoperative CCT should be confirmed using intraoperative
findings as the reference standard. Patients diagnosed with thrombosis were then compared with TEE
examination. Different CT scanning protocol were used to assess LAA thrombus according to individual
differences. In 126 cases, there was no thrombus in the LAA evaluated by preoperative CCT, and it was
confirmed in the subsequent radiofrequency operation. CCT has the accuracy of 100% in confirming
the absence of thrombus in the LAA. Twelve thrombi were detected by CCT, eleven thrombi were
detected by TEE. Only one patient had different results between CCT and TEE. We could use different
CT scanning protocol to rule out LAA thrombus according to individual differences. In some special
patients, LAA thrombus can be evaluated by CCT instead of TEE.

Keywords Cardiovascular computed tomography, Left atrial appendage, Thrombus, Atrial fibrillation,
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Abbreviations

AF Atrial fibrillation

LAA  Left atrial appendage

CCT  Cardiovascular computed tomography

TEE  Transesophageal echocardiogram

CA Catheter ablation

LA Left atrial

LAA is a clinically important anatomic structure which has diverse and different morphological appearances!.
LAA is the main location of thrombus formation, predominantly in patients with nonvalvular AF. The presence of
a thrombus in LAA is considered an absolute contraindication to catheter ablation (CA), because the navigation
of catheters inside the left atrium may dislodge the thrombus, resulting in thromboembolic complications?®.
Therefore, assessment of LAA thrombus is very important before the various endovascular interventions and
surgical procedures in patients with AF.

Currently, TEE is considered the gold standard technique for the detection of LAA thrombus. It is accessible
and has no special risks. However, the performance of TEE can prove difficult or may be impossible in some
patients, such as those who cannot tolerate TEE process, those have severe esophageal lesions, esophageal
obstruction or anatomical abnormalities. Physicians have longed for an alternative examination technique for
these special groups.

Over the past dozen years, the role of CCT in assessing LAA thrombus has been supported by a growing
number of reports*~!°. However, all the reports use TEE as the reference standard. The patient underwent both
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CCT and TEE at meantime. In this study, we want to investigate whether CCT could rule out LAA thrombus
using different scanning protocol.

Methods
This study was approved by the Institutional Ethics Committee of Yantai Yuhuangding Hospital. Requirement
of informed consent was waived by the Institutional Ethics Committee of Yantai Yuhuangding Hospital, because
it was a retrospective study. All methods were performed in accordance with the relevant guidelines and
regulations.

Patient selection

From June 2022 to August 2023, 138 patients were enrolled in this study. Inclusion criteria: 1. Patient had a clear
diagnosis of non-valvular AF 2. The patient underwent CCT and subsequent CA (If there was no thrombus
in the LAA). Exclusion criteria: 1. Patients were excluded if they had an allergy to the contrast agent, renal
dysfunction, or severe mitral valve disease. 2. Patients without the necessary clinical data.

Computed tomography examination
Computed tomography was performed by a third generation dual-source CT (SOMATOM Force; Siemens
Healthineers, Forchheim, Germany). The CT scan parameters were as follows: 0.75 mm X 192 mm X 0.6 mm
acquisition collimation with z-flying focal spot technique. An automated tube current modulation (Care Dose
4D, Siemens Healthcare) was used in scanning. Tube voltage and tube current were adjusted according to the
body mass index. CT scans were performed in cranio-caudal direction at a supine position during a mid-
inspiratory breath-hold. No betablockers were used for regulation of heart rate in any of the enrollees, and
whether patients were in normal sinus rhythm or atrial fibrillation during image acquisition was not recorded.
Contrast media were injected by a dual-syringe injector (Stellant D-CE) using an 18-gauge intravenous
needle placed in the right antecubital vein. Firstly, 75 mL of contrast agent (Loversol Injection, 320 mg/ml, Heng
Rui Pharmaceuticals, Jiangsu, China) was administered. Then, 50 ml of saline was administered. The injection
rate was 5 ml/s. Contrast agent application was controlled by a bolus tracking technique. A region of interest was
placed in LA, and image acquisition was automatically started 6 s after the attenuation reached the predefined
threshold of 100 HU. The standard scan was performed using a test bolus technique for scan timing. To minimize
unnecessary radiation exposure, delayed scans were limited to the LA; the 1-min scan was performed only when
a LAA filling defect was found at a quick review of the obtained images on the angiographic phase, the 3-min
scan when it persisted at 1-min.

Image analysis

The acquired images were transferred to the workstation, CT post-processing was performed by a dedicated
clinical radiology workstation (Syngo Via, VB10_HF07, Siemens Healthcare). All CT images were assessed
by two independent radiologists (> 10 years of experience in cardiovascular imaging) who were blinded to
echocardiographic and clinical information. Disagreements between readers were settled by consensus.

For CT, we defined a thrombus as a filling defect with an oval or convex shape. For TEE, a thrombus was
defined as a well-circumscribed, uniformly consistent echogenic mass with texture different from that of the
LAA wall'. If no thrombus was observed in the LAA by CCT, CA was performed as planned. If the LAA
thrombus was diagnosed by CCT, TEE was subsequently performed to verify it.

Radiation dose

An effective radiation dose for the CT examination was calculated for all patients. The dose-length product
(DLP, measured in milligray-centimetres) is defined as the volume CT dose index multiplied by the image
length and is an indicator of the integrated radiation dose of the entire CT examination. The DLP displayed on
the CT console was recorded. A reasonable approximation of the effective CT radiation dose was calculated by
multiplying DLP by a conversion coefficient for the chest (k=0.017 mSv mGy ! cm™118,

Statistical analysis

All statistical analyses were performed using SPSS, version 26.0 (https://www.ibm.com/cn-zh/spss). Continuous
variables are presented as mean + standard deviation (SD) and categorical variables as absolute values and
percentages.

Results

Study population

A total of 138 patients were assessed (80 men and 58 women, 67.8 +9.1 years). In all cases, image quality was
considered acceptable for evaluation. The average duration between CT scanning to catheter ablation was
4.4+ 1.5 days.

CT scanning methods
Thirty-five patients (25.4%) had only a standard early phase. No thrombus was detected in the LAA in all the
patients (Fig. 1).

Eighty-nine patients (64.5%) had a two-phase CCT protocol (a standard early scan plus a 1-min delayed
scan). Of the eighty-nine patients, seventy-seven (86.5%) patients had a filling defect in the LAA in the early
phase, which disappeared in the delayed scan (Fig. 2). Twelve thrombi were detected by CCT, 11 thrombi were
detected by TEE (Fig. 3). Only one patient had different results between CCT and TEE (Fig. 3).
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Fig. 1. A 76-year-old man without thrombus in the early phase. (A) Axial image obtained through the LAA
and (B, C) curved multiplanar reconstruction image, no filling defect was found in the LAA. LA left atrium,
LAA Left atrial appendage.

Fig. 2. Left atrial appendage pseudo-thrombus in the early phase. There was a filling defect in the LAA (arrow)
in the early phase (A) which disappeared in the delayed scan (B). LA left atrium, LAA Left atrial appendage.

Fourteen patients (10.1%) had an additional delayed scan in supine position (10 patients, 3-min delayed
scan) or prone-position (4 patients, uncertain delayed time), if a filling defect was showed persistently in a 1-min
delayed scan, which disappeared in the additional delayed scan (Fig. 4). No thrombus was detected in the LAA
in all 14 patients. The different scanning methods and results are summarized in Table 1.

Diagnostic accuracy of CCT

Of the 138 enrolled patients, CCT demonstrated thrombus in 12 (8.7%) and no abnormality in 126 (91.3%)
patients. Among the 126 patients without a filling defect, CA was performed on schedule. The absence of
thrombus was reconfirmed. CCT has the accuracy of 100% in confirming the absence of thrombus in the LAA.
Among 11 patients, thrombi were also observed by TEE after the CT scanning. Only one filling defect in CT was
not depicted as a thrombus by TEE.

Radiation effective dose

The mean estimated radiation effective dose was 4.2+0.6 mSv for an early phase scan. The mean estimated
radiation effective dose for the dual-phase protocol was 7.3+ 1.0 mSv. The mean estimated radiation effective
dose for the three-phase scan was 10.7 + 1.3 mSv.

Discussion
AF is among the major risk factors for intracardiac thrombi that can lead to cerebral or systemic embolism.
The majority of intracardiac thrombi are formed inside the LAA due to turbulence and lower blood flow rates?.
CA has become the first AF treatment choice in the last few decades. Before CA, whether a thrombus is present
in the LAA must be evaluated?!.

It is well known that the absence of a LAA filling defect on CCT allows confident exclusion of thrombus
with a sensitivity and negative predictive value of 100%, thus obviating the need for further TEE assessment
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Fig. 3. Left atrial appendage thrombus and pseudo-thrombus. There was a filling defect in the LAA (arrow) in
the early phase (A) which persisted in the delayed scan (B) and was confirmed on the TEE (C) (arrow). There
was a filling defect in the LAA (arrow) in the early phase (D) which persisted in the delayed scan (E) and was
not detected on the TEE (F) (arrow). LAA Left atrial appendage. TEE transesophageal echocardiogram.

at the time of intervention???*. Our study demonstrates that we can get the accuracy of 100% to exclude LAA
thrombus by using different CT scanning protocol according to individual differences.

If no filling defect is found in the LAA on standard early scan, thrombus can be ruled out definitively and
additional delayed scanning is not necessary. In our study, no filling defect was detected in thirty-five patients at
the standard early phase. As a result, the additional radiation dose associated with delayed scanning is avoided.
The mean estimated radiation effective dose was 4.2 + 0.6 mSv. This is similar to some previous studies®3°.

Conversely, filling defects on CCT do not always correspond to a thrombus and may represent sludge due
to circulatory stasis. The addition of a delayed acquisition is useful if filling of the LAA for the early phase is
incomplete (called stasis, a frequent situation) and if the presence of a thrombus in the LAA cannot be ruled
out. Both stasis and thrombus appear as filling defects in the early scan, whereas only thrombus is seen as a
persistent filling defect in the delayed scan. Diagnostic specificity is much improved by this strategy. Notably, for
the two-phase scan protocol, an optimal acquisition time for the second scan is most crucial but difficult aspects
because the circulation time depends on the individual involved. If the acquisition time is not properly chosen,
the contrast medium will run out or will not be fully filled in LAA. We adopted the 1 and 3-min delayed phase
technology implemented by most centers?*. In our study, seventy-seven patients had a filling defect in the LAA
in the early phase, which disappeared in the 1 min delayed scan, while ten patients had an additional 3-min
delayed scan in supine position, if a filling defect was showed persistently in a 1-min delayed scan. An early
study thought a 3-min delay might be appropriate for optimal CT for detection of LAA thrombus, however, there
are no scientific pilot data from human or animal studies about the basis for 3-min delay for the late phase for
detection of LAA thrombus®. A CCT protocol adding a 6-min delayed phase to the angiographic phase can be
considered optimized for the diagnosis of LAA thrombi in a recent study'. Li et al.!® suggest that early contrast-
enhanced CT scanning with 1 and 3-min delay is necessary for the diagnosis of LAA thrombus, which could
significantly improve the diagnostic efficiency. There is a controversy over the scan time of the late phase. The
optimal time for the late phase for detection of LAA can vary according to individual differences, the kind of
contrast medium, intravenous injection rate, total injection volume, and so on. Therefore, further study about
the optimal acquisition time for the delayed phase for the detection of LAA thrombus is needed.

When the filling defect is relatively large after the second delayed scan, CT performed in the prone position
could also be tried. Some reports have shown that CT performed in the prone position is more useful in the
differentiation of thrombi from stasis than scans performed in the supine position, as gravity can increase the
spread of contrast dye into the top area of the LAA?>?. Four patients in our study were suspected of thrombus in
the supine position, and the absence of thrombus was confirmed by prone position. However, prone scanning,
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Fig. 4. Filling defect changes in association with the CT position and scanning phase. A filling defect (arrow)
was detected in both the early and delayed phases (A) and (B) in the supine position, which disappeared in the
prone position (C). A filling defect (arrow) was detected in both the early phase (D) and the second phase (E
1-min delayed) in the supine position, which disappeared in the third phase (F 3-min delayed) in the supine
position. LA left atrium, LAA Left atrial appendage.

One phase | Two phase | Three phase

Number of patients | 35 89 14
Thrombus 0 12 0
TEE - 11 -

Radiation dose(mSv) | 4.2+0.6 73+1.0 10.7+1.3

Table 1. The different scanning methods and results. TEE: transoesophageal echocardiography.

which requires changing the patient’s position, is a bit difficult to operate. Moreover, the contrast medium will
run out because of the long operation time. Therefore, this type of scanning should not be used as a routine scan.

To minimize radiation, an alternative dual-enhanced protocol was proposed by only one scan after two
separate bolus injections of contrast agent (a 50 ml timing bolus followed by a 70 ml bolus) with a 180 s delay
between injections®. On the basis of this approach, excellent diagnostic performance in detecting LAA thrombus
hasbeen reported. Although average radiation exposure is acceptable with this technique (4.11 mSv), the contrast
dosing nearly doubles the common single-dosing clinical protocol, therefore, it is unsuitable for patients with
impaired renal function. This protocol was not used in our study.

Of the 138 enrolled patients, twelve thrombi were detected by CCT, 11 thrombi were detected by TEE. Only
one patient had different results between CCT and TEE. Possible explanation is prominent muscle tissue in the
LAA with misinterpretation as thrombus (Fig. 3). Prior to CA, if LAA thrombus is suspected by CCT, TEE can
be further selected for definitive diagnosis.

Our study had some limitations. First, our study was conducted retrospectively with data from a single
institution. As a confirmatory experiment to improve diagnostic accuracy, the retrospective research results are
relatively reliable. However, the results are encouraging, multicenter and multiethnic research is still needed to
improve regional and ethnic representation. The second limitation is radiation exposure. In our study, the total
radiation dose was calculated to be approximately 10 mSv for the three-phase scan. In the future, we will do our
best to reduce the radiation dose while maintaining image quality. Furthermore, Transesophageal ultrasound
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can identify a patent foramen ovale before an atrial fibrillation ablation, which allows avoiding a transseptal
puncture; the measurement of the velocities in the left ear allows establishing some prognostic data in the patient
with atrial fibrillation. CCT does not have these advantages.

Conclusions

CCT is a useful and noninvasive modality for detecting LAA thrombus. We can use different CT scanning
protocol to rule out LAA thrombus according to individual differences. In some special populations, such as
patients with esophageal lesions and those who cannot tolerate TEE process, LAA thrombus can be evaluated
by CCT instead of TEE.
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