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ABSTRACT 

 

With the development of computed tomography, tomography examinations have been replacing other 

modalities of imaging tests. Computed tomography angiography to pulmonary thromboembolism, for ex-

ample, has been replacing pulmonary scintigraphy of ventilation/perfusion and angiography of pulmonary 

vessels. But angiotomography to the pulmonary thromboembolism is a complex examination, where factors 

such as scanning time, contrast injection flow, venous access caliber, venous access puncture site, use of the 

contrast injector, automatic trigger parameters, among others, interfere in the outcome of exam in the stud-

ied population. In this study, we performed the contrast ratio (RZC), relative the opacification of contrast in 

the trunk of the pulmonary artery and the descending aorta, which may vary according to the injection pro-

tocol used, determined by the flow of contrast injection (ml/s) associated with the automatic trigger (HU) pa-

rameters of the density reading in automatic mode of the equipment. For the injection of manual contrast, 

and its mean and standard deviation of RZC (2.66±3.56), for the flow (ml/s) and automatics reading (HU) 

protocols the means and standard deviations RZC consecutively are: 3.5 ml/s and 90 HU (3.68 ± 2.79); 3.5 

ml/s and 70 HU (1.90 ± 0.72); 4.0 ml/s and 70 HU (1.98 ± 0.56); 3.0 ml/s and 80 HU (2.15 ± 0.89); 3.5 ml/s and 

80 HU (1.50 ± 0.36); 4.0 ml/s and 80 HU (3.91 ± 3.22); 4.5 ml/s and 80 HU (4.69 ± 4.82); 5.0 ml/s and 80 HU 

(4.27 ± 3.78). The technique with the larger result in the average level of RZC was the one that used a flow of 

4.5 ml/s and automatic trigger in 80 HU. 

 

Keywords: computed tomography, Computed tomography angiography for TEP, Flux, Contrast ratio, 

Dose optimization 
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 INTRODUCTION  1.

 

With advances in image resolution and scanning time by computed tomography (CT) today, 

many imaging tests that were considered gold standard are being replaced by tomography examina-

tions, either by cost, accessibility or being less invasive in relation to the other methods [1, 2]. 

Computed tomography angiography (CTA) for the diagnosis of pulmonary thromboembolism 

(TEP) has been replacing in most cases, angiography of pulmonary vessels and pulmonary ventila-

tion and perfusion scintigraphy, mainly because it is less invasive and low costly, besides present-

ing diagnostic capacity similar to the others methods [3,4]. 

In Brazil and other Latin American countries there is a considerable lack of epidemiological da-

ta on venous thromboembolism. Between the year 1989 and 2010, approximately 93.000 deaths 

caused by thromboembolism have been reported. Knowing the Brazilian reality, the study points 

out that factors such as inequality in access to health care, the quality of services provided in health 

care and the difficulties of a clinical diagnosis for TEP that contribute to a possible underestimation 

of the mortality rates by TEP, fact reinforced by the low rates of mortality for TEP in Brazil com-

pared to the United States and Europe [5, 6]. 

It is estimated that in the United States, there are more than 520.000 cases of TEPs and around 

290.000 fatal cases occur annually. There are undiagnosed cases as a consequence of nonspecific 

symptoms, such as chest pain, shortness of breath, tachycardia among others, which are confused 

with other pulmonary and cardiac disorders [7, 8]. 

When looking for care services, patients with suspected TEP should be submitted to a clinical 

investigation, with application of clinical decision questionnaires that stratify the specific risk for 

TEP and laboratory tests. With the association of the results of the clinical evaluation, the question-

naires and the laboratory tests, the decision is made of the need for complementary tests to establish 

the diagnosis [9]. 

The lack of standardization and optimization criteria in medical exposures, according to Brazil, 

can generate discrepancies in the results of the exams, because where there are no basic criteria or 

standardization such as the test without the use of the contrast injector, with venous accesses with a 
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smaller caliber than recommended and lower injection flow, puncture site access different from the 

recommended one among others, it is difficult to accomplish out an accurate diagnosis [10]. 

The search for optimization of the exams in which the level of opacification the structure of 

interest is early or late in relation to the ideal point, provides information with a technical-scientific 

basis to adjust the procedures and protocols for the performance of CTA for TEP in a standardized 

form. Decreasing the repetition of the exams and consequently reducing the doses of radiation 

provided to the patient [10]. 

In this scenario, this study was carried out to evaluate the techniques for accomplishment CTA 

exam for TEP in a public hospital in Belo Horizonte - MG, raising and characterizing the data that 

make the implementation of CTA for TEP of metrological parameters to indicate the technique of 

performing the exam that presents to better investigate the structures of interest and to clearly 

visualize such structures so that the investigation is conclusive. 

 

 MATERIALS AND METHODS 2.

 

In this context, the different techniques of CTA for TEP exams were analyzed in a public hospi-

tal in Belo Horizonte to determine the best method to be followed, in order to reduce the number of 

exams with indeterminate diagnoses due to the low contrast of the structures of interest. This study 

was approved both by the Research Ethics Committee/UFMG and by the Hospital's Teaching and 

Research Department (CAAE- 86446218.4.1001.5149). 

 

2.1. The CTA for TEP exam 

The CTA for TEP is a scanning of the patient's chest by means of a CT, simultaneously with the 

automated injection of iodinated contrast for the purpose of contrasting the pulmonary artery and its 

branches, evidencing or not the presence of thrombus that obstruct the blood circulation in the lung. 

For the accomplishment of CTA for TEP examination was used Toshiba
®
 CT scanner with 64 

rows which began operating in 2010 and two Medrad
®

 power injection contrast media but with the 
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same contrast injection protocol performance characteristics, was used to perform CTA for TEP 

exams. 

 

2.2. Technical characteristics of the exam for CTA for TEP and its parame-

ters that constitute the research 

The parameters established and pre-set of the institution's routine protocols for CTA for TEP 

examinations are: 

• Examination in the caudecranial direction covering all pulmonary area; 

• automatic trigger (surestart
1
) programming for the automatic start of CTA for TEP 

when the density of the structure of interest reaches 80 Hounsfield Unit (HU); 

• Voltage 120 kV fixed; 

• Modulated electric current; 

• The 360° rotation of the X-ray tube around the examination table is 0.5 second; 

• The ratio between table dislocation, X-ray tube rotation and slice thickness (spiral 

pitch is 0.828); 

• without command for patient apnea. 

 

2.3. Methods of accomplishment the examination for CTA for TEP 

The CTA for TEP protocol was initially setup with 90 HU in the surestart, and the 

recommendations of the injector manufacturer are for the use of a venous access per plastic cannula 

device of at least 18 gauge and injection flow of venous contrast of 3.5 ml/s [12]. With the initial 

configuration, it was observed that the tests had low staining in the structure of interest, and 

attempts were made to modify the protocol, mainly in relation to contrast injection flow and 

surestart, to try to improve the level of contrast ratio the structures of interest. These attempts did 

not have the expected effects, then the radiologists and radiology residents did a bibliographic 

                                                                 
1
 CT - Density reading tool in HU (Toshiba

®
) and responsible for the automatic start of the examination 

when reaching the programmed density reading [11]. 
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review on angiotomographies and CTA for TEP, with changes in the values flow of injection and 

automatic start of the exam. The current configuration of the protocol it is with surestart of the exam 

at 80 HU and flow of not less than 4.0 ml/s. 

 

2.4. Image analysis program 

The Horos computer program was used to analyze the tomographic images. Horos is an open 

source computer program, and its main purposes are to visualize medical images, 3D rendering, 

multiplanar reconstructions and curves. One of its main restrictions is the lack of licensing by the 

Food and Drug Administration (FDA) for use in medical diagnostics, however it is widely used in 

the medical environment as a diagnostic aid. The program is licensed by the GNU Lesser General 

Public License, which is approved by the Free Software Foundation [13]. 

 

2.5. Image analysis 

The image analysis methodology will be performed by comparing the opacification in the pul-

monary artery and aorta, fig. 1. In the same image, where a density reading tool ellipses in green 

(ROI) will be generated in HU to compare the averages of the two structures. 

 

Figure 1: Contrast ratio 

 

 
Source: Own 
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The comparison will be done by selecting the image that best visualizes the pulmonary artery 

and positioned an ROI in the trunk of this artery (ROIt) and in the same image will be positioned 

another ROI of size and shape equal to the previous one fig. 1 In the descending aorta (ROIa) estab-

lishing the contrast ratio (RzC) between the two areas according to the equation (1) below.  

 

ROIt / ROIa = RZC           (1) 

 

 

The contrast ratio (RzC) was the form found to compare the level of pulmonary artery contrast 

with the aorta that ideally should not be opacification. 

 

2.6. The contrast and opacification level 

The tomography department uses non-ionic iodinated contrast in 50 ml vials with an iodine 

concentration of 300 mg/ml. 

The level of contrast of the structure of interest for CTA for TEP should be between 300 and 

350 HU so that the radiologist responsible for the report can confirm or refute the presence of TEP 

[14]. Another recommendation is the use of contrast with iodine concentration of 350 mg/ml or 

higher [15, 16]. 

 RESULTS AND DISCUSSIONS  3.

 

From the beginning of the CTA for the diagnosis of TEP, to the present day these tests are not 

performed in a standardized form. Modifications in the way of execution are according to the expe-

rience of the technician who is conducting the examination, or following the advice of the radiolo-

gist responsible. 

The variations of achievement in the techniques of the exams happen basically for three reasons: 

• The adaptation of the protocol of the tomograph by modifying the HU value of the 

surestart for the purpose of improving the quality of the examination or increasing the injection 

flow; 



 Felix et al. ● Braz. J. Rad. Sci. ● 2021 8 

 

• Decrease in injection flow when the access caliber is smaller than recommended; 

• To accomplishment the examination manually by defective in the contrast injector. 

 

This variation in the realization technique also produces a variety of reasoning results as shown 

in table 1 and graph 1. 

Table 1: Mean opacification for flow. 

 Statistics 

Flow (ml.s
-1

) /  

Surestart (HU)       Samples
*
       RZC     SD

**
 

Manual injection 5 2,66 3,56 

3,0/80 3 2,15 0,89 

3,5/70 3 1,90 0,72 

3,5/80 3 1,50 0,36 

3,5/90 19 3,68 2,79 

4,0/70 2 1,98 0,56 

4,0/80 389 3,91 3,22 

4,5/80 67 4,69 4,82 

5,0/80 7 4,27 3,78 

  *Exams performed under the same conditions as injection contrast flow and surestart 

**SD –standard deviation [17] 
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Graph 1: Contrast ratio by flow 

 

 

By analyzing the results obtained from the average test results, the protocol with the larger re-

sult at the mean level of opacification is the one that uses the injection flow of 4.5 ml/s and the den-

sity of 80 HU for surestart. 

Based on the staining of the structure of interest, CTA for TEP angiography can be classified as 

precocious, fig. 2, structure of interest (long red arrow) with low contrast where the contrast is 

insufficient for the diagnosis, ideal fig. 3, where the contrast in the structure to be studied is well 

visualized without overlapping other structures with close contrast, and late fig. 4, where the 

contrast reached structures (short re arrow) that overlap the ideal, making diagnosis difficult. 
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Figure 2: Precocius CTA for TEP 

 

 
Source: Own 

Figure 3: Ideal CTA for TEP  

 

 
Source: Own 

In the fig. 3 (a) structure of interest with ideal contrasts (red arrow); fig. 3 (b) reformatting in 

maximum intensity projection (MIP). 
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Figura 4: Late CTA for TEP 

 

 
Source: Own 

In the fig. 4 (a) structure of interest with contrasting (long red arrow) and high contrasting 

structure that is not of interest (short red arrow); fig. 4 (b) reformatting in maximum intensity 

projection (MIP). 
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 CONCLUSIONS 4.

 

It is verified that the selection of the appropriate technique plays a fundamental role in the 

outcome of CTA for TEP, greatly contributing to the quality of the examination to establish a 

definitive diagnosis to the patient, avoiding the repetition of examinations or even if it is submitted 

to other tests in radiology the dose of radiation to which the patient may be exposed. 

The technique that presents the larger contrast ration of the structure of interest is the use of the 

flow of 4.5 ml/s and an surestart configured in 80 HU reaching a mean of contrast ratio of 4.69 ± 

4.82 an increase when we compared the results of the mean RZC of the techniques used at the 

beginning of CTA for TEP at the hospital where the study was performed, which was the 3.5 ml/s 

contrast injection flow technique with surestart 90 HU, obtaining a mean level of contrast ratio of 

3.68 ± 2.79.  

Another important fact is that the techniques that do not establish an adequate ratio of contrast, 

making it impossible for the radiologist to establish a diagnosis, are abolished in order to reduce 

inconclusive exams, techniques such as manual injection of contrast that presents an RZC of 2.66 ± 

3.56 and other techniques that did not reach the minimum level of contrast established by the 

bibliography. 

There are also other providence that the department of computed tomography can implement in 

order to improve the overall quality of CTA for TEPs, such as the acquisition and use of contrasts 

with higher iodine concentration, improving the level of opacification the structure of interest and 

even decreasing the amount of contrast used in patients, reducing costs and the risks of adverse ef-

fects through the use of contrast, establish minimum parameters for the realization of CTA for TEPs 

and guide the clinical staff of the hospital of the importance of observing these conditions for quali-

ty assurance diagnosis and reduction of dose of ionizing radiation in the patient by repetition of ex-

ams. 
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