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ORIGINAL ARTICLE
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As standard bolus triggering in the pulmonary trunk sometimes fails to achieve sufficient
enhancement in the pulmonary arteries, the study investigates an alternative, ‘delayed’ position of

Retrospective analysis of 143 patients suspected of pulmonary embolism investigated with
3 different scanners (16 to 80 rows) in clinical routine. Bolus triggering with 120 hounsfield
units (HU) was performed using the pulmonary trunk (n=70) or descending aorta (n=73) after
application of 70 to 120 mL of contrast agent, Iomeprol 300. Student's t-test was applied to
compare vascular enhancement. Additional factors were analysed by a regression analysis.

Positioning of the tracking ROI in the descending aorta achieved a significantly higher contrast

In CTA, delayed acquisition by using the descending aorta for bolus triggering can improve the
enhancement of the pulmonary trunk to investigate a pulmonary embolism. Furthermore, the scan
protocol simultaneously allows to rule out aortic pathologies as an alternative cause for a similar
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Background

Especially in critically ill patients undergoing computed
tomography angiography (CTA) to rule out or detect a pul-
monary embolism, we observed cases of diminished con-
trast enhancement in the pulmonary arteries although
a diagnostic standard of bolus tracking with a region of
interest (ROI) placed in the pulmonary trunk was used [1].
CTA with modern multi-slice scanners is connected with
several pitfalls like short-term effects of breath-hold
manoeuvres [2,3], thus reliable examination protocols are
of high interest to the radiologists. Unfortunately, literature
reports that about 6.1% of all scans investigating pulmo-
nary embolism lack sufficient enhancement of the pulmo-
nary vasculature resulting in a non-diagnostic image qual-
ity [4]. However, a transfer to alternative imaging methods
(e.g. lung scintigraphy) is time-consuming or not readily

available while repeated scans with further application of
contrast media (CM) potentially increase the risk of con-
trast-associated renal insufficiency [5].

This retrospective study seeks to investigate a potential
improvement in vascular enhancement within the pulmonary
trunk after altering our clinical standard. Here, we utilized a
‘delayed’ position of the bolus tracking ROI in the descend-
ing aorta (also known as thoracic CTA) while maintaining all
other scan parameters of three multi-slice scanners.

Material and Methods

Patient cohort

We examined 143 consecutive patients that were referred
to our department for the investigation of a pulmonary
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Table 1. Patient data and CTA parameters comparing both groups.

Group A, PT tracking Group B, A0 tracking p-value

All patients* n=70 n=73

Female n=40 n=35

Male n=30 n=38 0.18
Mean age +5D in years 66.6+15.6 67.5+15.1 0.75
Major pulmonary embolism detected n=17 n=22 0.46
Contrast injection parameters*

Mean CM volume £SD in ml 90.6+7.7 95.1+8.8 0.13

Mean CM injection rate £5D in ml/s 3.2+05 3404 0.47

* 2 or Student’s t-Test.

embolism suspected on the basis of clinical symptoms. A
total of 75 females and 68 males were included.

All 143 patients included had a mean age of 67.0=15.3
years (range 17-95 years). Examinations were performed
with scanners used in clinical routine, with 16 rows
(n=59), 64 rows (n=49), and 80 rows (n=35). Bolus track-
ing was positioned initially in the pulmonary trunk in 70
patients and later on in the descending aorta in 73 patients.

Multi-slice CTA

Three different multi-slice CT scanners were used in clini-
cal routine: with 16 rows (Aquillion 16%, Toshiba Medical
Systems, Neuss, Germany), 64 rows (Somatom Definition
AS®, Siemens Healthcare Diagnostics, Eschborn, Germany),
and 80 rows (Aquillion Prime®, Toshiba Medical Systems,
Neuss, Germany). The settings were as follows: 120 kV
tube voltage and modulated tube current.

If the patient was clinically stable and oriented, informed
consent to a contrast-enhanced scan was obtained and an
intravenous cannula (at least 20 GA, preferable 18 GA) was
placed. Intubated emergency patients typically had a cen-
tral venous catheter with a distal lumen of at least 18 GA
capable of high-pressure injections.

After positioning of the patient in the CT scanner and
acquisition of an axial slice slightly below the aortic arc,
the region of interest (ROI) to track the CM bolus was set.
After initially using the central pulmonary trunk (group A),
we sequentially altered the clinical standard in favour of
the descending aorta (group B) within the same slice.

The contrast agent used in all patients was Iomeprol at
a concentration of 300 mg iodine per mL (Imeron 300°,
Bracco Imaging, Konstanz, Germany). The injection flow
was selected in concordance with the available central
or peripheral catheter with a mean rate of 3.3 mL/s, and
a flush with 30 mL of saline followed at the same rate.
The volume of the contrast medium was adjusted to the
patient’s body mass, i.e. 1 mI/kg within a range of 70 mL
to 150 mL.

When achieving a peak of at least 120 HU within the
ROI, the CTA scan was initiated after a single breath-hold
manoeuvre. Primary image reconstruction in all scanners
included axial 5-mm and 1-mm slices. If required, second-
ary coronary or sagittal reconstruction was performed
individually on a workstation (Infinitt® PACS, Infinitt
Healthcare Europe, Frankfurt/Main, Germany).

Assessment of contrast enhancement

Subsequent image analysis for the study included the
measurement of the minimum, mean and maximum den-
sity (HU) within a representative ROI set to the pulmonary
trunk (primary variable) as well as the descending aorta.
Additionally, presence of attenuation of at least 150 HU
was used as a reference for diagnostic image quality [6].

Besides, we recorded the diagnosis of pulmonary embolism
as well as other differential diagnoses.

Statistical analysis

All measurements were entered into a database using SPSS
21.0 (IBM®, New York, USA). Apart from descriptive statis-
tics, primary analysis was performed using the Student's
t-test for ROI measurements presented as means * stand-
ard deviation (SD) and range.

A stepwise linear regression included the total volume of
contrast medium administered, injection rate, patient age
and sex to investigate potential cofactors for vascular
enhancement.

The frequency of attenuation of at least 150 HU was com-
pared using the Chi-Square test.

Results

Patients and scan details

A mean contrast medium volume of 92.9+8.6 mL (range
70-120 ml) was administered at a mean injection rate of
3.3£0.5 mL/s (range 2-4). In 39 patients (27%), a major
pulmonary embolism compromising the main branches of
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Group A Group B

Figure 1. Enhancement of the pulmonary trunk
depending on the bolus tracking spot.
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the pulmonary arteries was diagnosed (group A, n=17 vs.
group B, n=22, p=0.46). Other, relevant diagnoses for the
clinical condition were found in 2 patients of group B (left
atrial thrombosis, n=1; insufficiency of an aortic anasto-
mosis after reconstruction surgery, n=1).

Gender and age showed no significant differences (p=0.18
and p=0.75, respectively) between both groups. Neither the
injection rate (mean 3.2 vs. 3.4 mL/s) nor the contrast medi-
um volume (mean 90.6 vs. 95.1 mL) had any significant
influence on the density reached in the pulmonary trunk
(p=0.47 and p=0.13, respectively) (Table 1). Furthermore,
a higher contrast medium enhancement was not associated
with a specific type of CT scanner (p=0.14).

Pulmonary trunk enhancement

Minimum, mean and maximum density within a represent-
ative ROI was measured for each patient and the means
were calculated (Figure 1). The positioning of the tracking
ROI within the pulmonary trunk (group A, n=70) resulted
in a mean density of 289+97 HU with a mean maximum
of 340+101 HU and a mean minimum of 241+95 HU. A
significantly higher (p<0.001) density was achieved in
the scans using the descending aorta (group B, n=73) as a
tracking spot with a mean of 352+107 HU, a maximum of
398+113 HU and a minimum of 309106 HU.

A mean enhancement below 150 HU was found in 2 scans
of group A and 1 scan of group B. Within this small number
of cases (2% of all patients), no significant difference in fre-
quency was found (p=0.6).

Rortic enhancement
As tracking ROI in the pulmonary trunk (group A, n=70)

leaves little time for the contrast medium bolus to
reach the aorta, only a mean density of 197+66 HU was

achieved (maximum 243=65 HU, minimum 150+71 HU).
In contrast, the tracking spot in the descending aorta
(group B, n=73) ensured a significantly higher enhance-
ment (p<0.001) which was seen with a mean density of
301+90 HU (maximum 344=92 HU, minimum 258=91
HU) (Figure 2). Correspondingly, a significantly higher dif-
ference between the mean enhancement in the descending
aorta and the pulmonary trunk was observed in group A
(93 vs. 51 HU; p=0.008).

Higher opacification of the aorta compared to the pulmo-
nary trunk was found in 22 examinations, occurring signif-
icantly more frequent after bolus tracking in the descend-
ing aorta (p=0.01). In total, 17 scans (23%) had an inter-
mittent reduction of contrast medium enhancement of the
pulmonary trunk in comparison to the aorta and central
veins after bolus tracking in the descending aorta (group B)
while only 5 exams (7%) showed such an effect after track-
ing in the pulmonary trunk (group A).

Regression analysis

Linear regression was used on potential cofactors
influencing the enhancement of the pulmonary trunk
(Table 2). In the univariate step, only age (p<0.001) and
scanner type (p=0.033) indicated a significant influ-
ence besides the bolus tracking position (study groups,
p<0.001). Correlations revealed a significantly better
contrast enhancement for patients at higher age (r=0.29)
and suggested a dependence on the scanner type (r=0.18).
Those initially significant factors underwent a multivari-
ate regression analysis further on. Here, the scanner type
failed to show any influence (p=0.34) as nearly all patients
examined with an 80-row scanner belonged to group B and
were thus linked to better results, as proven by a highly
positive correlation (0.34, p<0.001).
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Figure 2. Enhancement of the descending aorta
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Table 2. Regression analysis, factors influencing the enhancement of the pulmonary trunk.

Regression analysis N or mean 5D r-value** p-value

Univariate analysis

Sex

Male n=68

Female n=75 0.03 0.70
Age in years 67.0£15.3 0.29 <0.001*
(M volume in ml 92.948.6 -0.03 0.70
(M injection rate in ml/s 3.3+0.5 0.09 0.26
Bolus tracking
PT tracking (Group A) n=70
AQ tracking (Group B) n=73 0.30 <0.001*
Scanner type
16-row (Toshiba) n=59
64-row (Siemens) n=49
80-row (Toshiba) n=35 0.18 0.033*
Multivariate analysis*
Age 0.29 <0.001
Bolus tracking 0.18 0.002
Scanner type 0.30 0.34

*Including factors p<0.1 in the univariate analysis; ** correlation coefficient.
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Figure 3. ROl measurement in the pulmonary trunk following bolus tracking in the descending aorta yielding sufficient opacification (A) with
confirmation of a large thrombus in the left main pulmonary artery and upper lobar artery. Spared opacification in the pulmonary trunk
after bolus tracking at this particular point (B) despite sufficient contrast enhancement in the aorta, mainly due to a deep inspiration.

In summary, only the tracking position (p=0.002) and the
patients’ age (p<0.001) were confirmed as factors influenc-
ing the pulmonary trunk enhancement.

Discussion

Value of CTA protocols

Suitable strategies for the pulmonary CTA are still being
discussed. Conflicting cases, also seen in our study
(Figure 3), emphasize the demand for further investigations.

Examinations with a relatively low, yet diagnostic con-
trast enhancement were actually found in both groups of
our study. Regarding a substantial number of scans, our
protocol alteration presented an improvement of diagnos-
tic quality in comparison to the standard method of bolus
tracking in the pulmonary trunk [1].

We also examined cases where pulmonary embolism was
not the cause of the patient’s condition while the addi-
tive diagnostic contrast enhancement of the aortic arch
revealed a severe pathology (e.g. dissection, active bleed-
ing after aortic valve replacement as demonstrated in
Figure 4). Thus, our protocol offers a possibility to assess
pulmonary or aortic pathologies in cases where not only
the pulmonary embolism might be the cause of a certain
clinical condition.

Another key difference to ‘early’ tracking positions in the
right atrium or pulmonary trunk is the enhancement of the
pulmonary veins which complicates identification of the
pulmonary arteries but on the other hand enables assess-
ment of venous and left atrial thrombosis.

Figure 4. CTA using the descending aorta for bolus tracking in clinical
routine. The patient was readmitted to the emergency
department after aortic valve replacement demonstrating
dyspnea and circulatory instability. Postoperative
pulmonary embolism was suspected, yet an insufficiency of
the aortic suture with consecutive hematoma was present
as clearly shown by a diagnostic contrast in the thoracic
aorta.

Moreover, our study investigated the relationship of vas-
cular enhancement and key parameters of contrast medi-
um application. The injection rate and CM volume, both
confounding factors for vascular enhancement, had no
significant influence on the opacification of the pulmo-
nary vessels. Although the contrast medium administra-
tion was adjusted to the patient’s body mass resulting in
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a total volume of up to 120 mL (300 mg Iodine per mL), a
reduction of contrast medium volume might be possible as
seen in cases with only 70 ml of contrast medium applied,
resulting in a high opacification. As already investigated by
Hunsaker et al., 75 mL of contrast medium with a higher
density of 370 mg Iodine per mL may be adequate [9]. Other
authors suggest that even the application of only 40 mL
with 320 mg Iodine per mL might be sufficient for a diag-
nostic pulmonary contrast enhancement [10].

Finally, bolus tracking in the descending aorta showed sim-
ilar results in scanners with 16 to 80 physical rows which
underlines its reliability in shorter and longer acquisition
times.

Limitations

First of all, our study is a retrospective observation with
sampling and indication bias. We could rule out differ-
ences in certain aspects of contrast media application (e.g.
injection flow rate, overall volume), yet the vessel cali-
bre and catheter position (e.g. antecubital, central) were
not sufficiently reported in our database. Furthermore, a
fixed amount of 30 mL saline was used to flush the con-
trast medium out of the afferent peripheral veins as well as
central lines. Although no important influence on arterial
enhancement in other regions is shown [11], the effect of
saline flushes and different intravenous access devices on
pulmonary artery enhancement is still unknown.

The positive influence of shallow breathing as reported by
Renne et al. was neglected as all patients were examined
during inspiration as a clinical routine [2]. It is described
that a deep inspiration may lead to an increased flow of
unopacified blood from the inferior vena cava to the right
ventricle which results in an interruption of contrast medi-
um enhancement in the pulmonary trunk [12]. A dimin-
ished enhancement of the pulmonary trunk compared to
both aorta and central veins might therefore indicate an
increased blood flow from the lower body as seen in 17
examinations (23%) after bolus tracking in the descending
aorta. Regarding this substantial number, further studies
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using shallow breathing or expiration should investigate
possible benefits of thoracic CTA.

As non-diagnostic scans appeared in only 3 cases (2% of all
patients) both protocols presented in our report are at least
consistent as regards diagnostic quality with previous stud-
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Conclusions

We believe that bolus tracking in the descending aorta
with a relatively low trigger of 120 HU will achieve a
high vascular opacification within the pulmonary vessels.
Especially in the presence of other clinical conditions than
pulmonary embolism, our alteration of the standard bolus
tracking in the pulmonary trunk can yield a diagnostic
benefit.

As the number of non-diagnostic scans remains the most
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gate such protocol alterations in a prospective or even ran-
domised setting.
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