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Optimization of the scan length
of head traumas on the pediatric
and adult CT scan and proposition
of a new acquisition limit

Fotso Kamdem Eddy'*’, Samba Odette Ngano?, Fotue Alain Jervé! & Abogo Serge?

To propose a new method of reducing the scan length of head trauma while keeping the diagnostic
efficiency of the examination in order to develop DRL in an African context. This is a retrospective
single-center study including 145 patients who had cranial examinations on a 64-barettes scanner. All
head trauma cases were selected. The interpretations of these CT scanners by the three radiologists
of the service were noted to determine the acquisition limit. All patient acquisition lengths have

been recorded. The acquisition limit for head trauma ended in clinical routine at cervical spine 4 (C4).
The average scan length was 23.03 cm. Out of the CT scan results for 145 patients, only 2 (1.37%)

had a C3 level cervical spine fracture and 2 (1.37%) at C4. By respecting the principles of radiation
protection, this result has shown us that it is possible to limit the acquisition length of the CT scanners
indicated for head trauma. The limit of the optimized scan length that we proposed is at cervical
spine 2 (98.62%). Now, all head trauma are limited on cervical vertebra 2 in our hospital. The use of
this new method is beneficial when the clinical indication of the examination and the type of trauma
(multi-trauma) are taken into account. Based on the principles of radiation protection and the clinical
indication for the examination, reducing the scan length from C4 to C2 is an effective way to reduce
the dose absorbed by the patient.

Among medical imaging techniques, Computed Tomography (CT) is the first-line imaging modality for the diag-
nosis of post traumatic cranio-encephalic lesions. Physical and financial inaccessibility are the main limitations
of Magnetic Resonance Imaging (MRI) in most of these hospitals to avoid ionizing radiations. The price to pay
for this frequent use is the increase in doses delivered to patients. The substitution of the CT scan by Magnetic
Resonance Imaging (MRI) or ultrasound is a method of reducing the doses absorbed to patients and is already
mandatory in pediatrics’?. The long life expectancy of pediatric patients is likely to increase their irradiating
doses received™.

Actually, there is currently no pediatric and adult regulatory Diagnostic Reference Level (DRL) in Cameroon
to standardize protocols in hospitals. Published studies have shown that it is possible to reduce the dose using
the Iterative Reconstruction (IR) algorithm®>'!, by lowering the tube current'?™**, increasing the pitch'®, reducing
the tube tension>° and using modulation automatic tube current!®. Other studies have also shown that radiation
doses can be reduced by studying the acquisition length!’-*. Reducing the scan length is an effective means to
reduce the CT scan dose. The limitation of the acquisition lengths can be correctly realized only in knowledge
of the clinical indications of the request for examination. There are currently no regulatory scan lengths in this
country and in black Africa. Identifying the limit of acquisition for head trauma is more complicated.

In this hospital, we reduce the acquisition coverage by trying to locate the cervical spine 4 on the scoot view
image for all head trauma. However, the position of the trauma is often difficult to identify and to our knowledge,
the effectiveness of this method has not yet been evaluated. Find a more reliable method to reduce the acquisition
length in order to avoid the exposure of the thyroid to ionizing radiation, allowed us to evaluate the method used
in this hospital to propose an acquisition limit. The legislative and regulatory frameworks in terms of scan length
on patients are either non-existent or implemented in an approximate manner in our country.
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As part of a project to improve the practices of pediatric CT scan, this work aimed at proposing a new method
to reduce the scan length of head trauma while keeping the diagnostic efficiency of the examination.

Material and method

Patient characteristics. Local ethics committee of the National Social Insurance Fund Hospital authori-
ties approved this study. For the retrospective nature of this study, informed consents for participating in this
study was waived by the Institutional Review Board of the National Social Insurance Fund Hospital. Method
was carried out in accordance with relevant guidelines and regulations. All patients who met the clinical criteria
for head trauma were selected. Between September and December 2019, we identified 160 patients. The age
group used in this retrospective mono-centric study consisted of two sexes between the ages of 5 and 75. For all
patients, the following variables were collected: sex, age (years), weight (kg), height (m), Volume CT Dose Index
(CTDIvol), Dose Length Product (DLP), indication of the examination, the interpretation of the examinations
by the three radiologists of the service, the tube current-time product (mAs) and the scan length.

Scan protocol.  All the examinations were carried out on the same Neusoft 64-Barettes multi-cut CT scan
manufactured in September 2017 and put into operation in April 2018. The examination protocols were stand-
ardized. The acquisition length was changeable and adapted to the patient’s size. All CT scanners were produced
with a range of 100 to 120 kV. Automatic load modulation was adjusted to attenuate the anatomical area to be
explored with a tube current-time product ranging from 149 to 400 mA. The post-acquisition CT scanner pre-
sented a dosimetric report on which appeared the administered doses expressed in CTDIvol and DLP for each
acquisition and for the entire examination. The results of the examinations were noted after interpretation by
the three radiologists.

Scan length evaluation. The scan lengths expressed in mm corresponded to the difference between the
first and the last section of the acquisition (beginning of the skull to the cervical spine 4 (C4)).

Statistical analysis. For all examinations and for a single acquisition, the interpretations of the examina-
tions and the scan length were recorded on the console and processed on Microsoft Excel. We calculated the
average values of the scan lengths of all head traumas selected. All data was analyzed on Microsoft Excel 2016.

Results

The high tube voltage ranged from 110 to 120 kV. 100% of acquisitions were in helical mode. The tube cur-
rent-time product varied between 25 and 260 mA. The iterative reconstruction technique is used. The slice
thickness range is 0.625 and the collimation is 0.625 mm. 145 patients participated in this study (80 children
for age < 18, 65 adults for age <70). We had 50 girls and 95 boys in total. In addition, we study blunt or non-
penetrating trauma. The clinical neurological findings that the clinicians used to request the CT head-scan were
loss of consciousness and cephalalgia post RTA (Road Traffic Accident). We also had 30 EDH (Epidural Hema-
toma), 47 SDH (Subdural Hematom), 2 SAH (Subarachnoid Hemorrhage) and 66 fractures. We didn’t find the
participants with spinal cord injury.

All head trauma scan lengths are routinely delimited to the cervical spine 4. This shows that all head traumas
are cranial-cervical spine examinations. The average scan length of all head traumas is 23.03 Cm (modifiable).
The results of the interpretations of the examinations by the three radiologists in the department showed that on
the 145 patients selected, only 4 had a cervical spine link in C3 and C4. Which gives us respectively a percentage
of 1.37%. This proves that for cases of head traumas, it is possible to limit acquisition coverage to the level of
the cervical spine 2 (98.62%) (Fig. 1). By respecting the principles of radiation protection, we propose to limit
acquisition coverage to C2 to protect the thyroid against these Ionized Radiations (IR) (and diffused radiation).

Table 1 describes the characteristics of acquisition coverage for all selected traumas. The acquisition length
should be centered on the area of interest. In our study, we proposed a new method to place the acquisition limit
for head trauma.

This acquisition limit is made up of the beginning of the skull and the end of the cervical spine 4. With our
acquisition limit, we were able to reduce the number of cervical vertebra in the acquisition length by 50%. Even
if our method has shown that it is possible to have injuries in the cervical vertebra C3 (1.37%) and C4 (1.37%)
(Fig. 1), their percentage remains low (Table 1), this seems acceptable in current clinical practice. We therefore
believe that the new method that we are proposing appears to be a good compromise by allowing a reduction in
the acquisition length greater than the method applied in routine. Now, all head trauma are limited on cervical
vertebra 2 in our hospital.

For adults, best practice is to separately scan the head to C1 then wait 15 s and scan the C-spine from C1
to T1 (thorax 1) to avoid missing any injury. For children the principle is to focus on the head CT scan as the
incidence of Cervical spine injury is very low and a screening lateral plain film is acceptable.

Discussion

This work presents the current practice of CT scan of the head trauma of patients in one hospital in the west
Cameroun. It is most active in terms of pediatric and adult CT scan in the West Cameroon. The main finding
of this study was to propose the limit of the optimized scan length at cervical spine 2 (98.62%). In routine, the
protocol we use for all head trauma involves scanning from the head to the cervical spine 4. So here, we dem-
onstrate this protocol can be reduced to cervical spine 2 for classical head trauma. It is possible that the injury
is beyond this coverage (1.37% for this study) or it is possible that the injury is in the cervical spine 5, 6 or 7 but
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Upper limit

Optimised limit : C2
Routine Iimite : C4

Figure 1. Optimized acquisition limit and position of fractures.

Scan length Optimized limit (C-spine C2) | Intermediate limit (C-spine C3) | Routine limit (C-spine C4) | Average length
Population (%) 143 (98.62) 2(1.37) 2(1.37) 23.03 cm

Table 1. Characteristics of acquisition coverage for all selected trauma.

this depends on the severity of the accident and these are rare cases. We also limited ourselves to the indication of
the prescribing physician for head trauma. It is important that clinicians ordering CT should do a careful clinical
examination of the cervical spine and inform the radiologists of the findings. This will limit the scan length or the
number of examinations in the patient. The results observed prove that the scan lengths are not optimized. The
absence of regulatory scan lengths in the medical imaging services of this country leads to the overexposure of
certain radiosensitive organs to IR. For radiation protection and patient protection against IR, limiting patient
exposure doses is a priority. Scan length plays a big role in optimizing radiation doses. It is directly related to the
radiation dose delivered by the CT scan and defines the region of patient exposure. Optimizing scan length is a
simple, easy and beneficial technique for reducing radiation doses to all patients. Most radiosensitive organs are
included in and exposed to the acquisition coverage (including the dose of scattered radiation).

The scan length must be strictly adapted to the clinical indication of each patient and must be limited to the
area of interest, previously indicated by the prescribing physician. Optimizing the acquisition length therefore
reduces the radiation dose to the CT scan. There is however the problem of diagnosis and principle of radiation
protection in this concept of scan length.

Ethical rules suggest that any injury with a risk of more than 1% should be identified. It is true that “if you
scan the head for BLUNT trauma you should scan the whole spine” but we have studied cases of mild trauma.
Multiple trauma cases were excluded. In general for these polytrauma victims, the clinicians ask to scan the
whole body. This is normal but for mild trauma we suggest it is not necessary to do so. This is why the results of
our examinations carried out from C2 to C4 were satisfactory. We believe that, for a head trauma whose result
of the examination presents Epidural hematoma, Subdural hematoma and skull fractures, it is not necessary to
scan the whole spine but on the other hand if the spinal cord is affected, it is imperative to go up to the whole
spine. This is not the case in this research. We did not have a spinal cord injury.

All medical imaging technicians delimited as they learned at the training school. Practices are improving every
day through published scientific discoveries, but most of these medical imaging technicians are not informed
of these discoveries. They apply the same protocol to limit the scan lengths they learned during their academic
internship. Clinicians must first properly diagnose patients take into account the circumstances of the head
trauma to indicate the right area of interest. Displaying optimized scan lengths in the control room will help to
control protocol optimization and compare clinical practices. These lengths will reduce the exposure of parts of
patients who are unnecessary in examinations. Medical imaging technicians rely on the notion of diagnosis to
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increase the scan length (the pathology may be beyond the area of interest). Which brings us back to the notion
of uncertainty. This method obviously avoids having to do another exam but also helps to expose other parts of
the body. As far as we are concerned, the choice of patient protection against IR is a priority. It therefore comes
down to asking us questions about the concepts of clinical routine used in our hospitals.

In Cameroon, due to the absence of a legislative framework in this area, national Diagnose Reference Level
(DRL) are not established and made available to the public. In addition, Cameroon does not have a quality
control structure to verify the compliance of the radiation doses delivered to patients. Despite the presence of a
law regulating radiation protection and a national radiation protection agency in Cameroon?!, the limitation of
acquisition coverage remains uncertain in each hospital. The American Association of Physicists in Medicine
(AAPM) Reports 111 and 204 have shown that the radiation dose from patient CT scanners depends on their
size and length of scan’®. Published studies have shown that reducing acquisition coverage?** is a simple and
effective way to limit the dose of patients and is recommended in clinical practice. In addition, by optimizing
coverage, it is also possible to reduce the exposure of radiosensitive organs*. Corwin et al. found that a 24%
reduction in scan coverage corresponded to a 23% dose reduction?”. A shorter scan length means a lower dose
if all the other acquisition parameters are kept constant: “The smaller the exposed area, the smaller the dose™?.

Furthermore, it would be imperative to introduce in Cameroon, comprehensive legislation for the radiation
protection of patients in order to have national pediatric and adult DRL. Create regional quality control structures
and train medical physicists in radiology for public* and private hospitals to improve practice in our country.
In addition, it would be necessary to set up compulsory continuing education for the medical and paramedical
staff concerned?.

Conclusion

To our knowledge, this study is the first to focus on the evaluation of patient acquisition lengths in diagnostic
CT practice in Cameroon. This is a retrospective and evaluative study of head trauma in a single hospital. It will
serve as a guide for other hospitals in the country. In clinical practice, medical imaging technicians will now
rely on the clinical indication of the trauma and the causes of the accident before limiting the length of patient
acquisition. According to the principles of radiation protection, reducing the scan length from C4 to C2 is an
effective way to reduce the dose absorbed by the patient.

Received: 5 July 2020; Accepted: 10 May 2021
Published online: 26 May 2021

References
1. SFIPP. Critéres de Qualité et Optimisation des Doses en Scanographie chez lenfant (2006). http://www.sfipradiopediatrie.org/images/
stories/docs_telechargement/guideprocedurestdmpedi06.pdf (Accessed 19 March 2020).
2. SFR. Guide Pratique a l'usage des Médecins Radiologues (2009). http://www.sfrnet.org/sfr/societe/2-publications/publications-sfr/
01Guides2009/index.phtml (Accessed 19 March 2020).
3. National Cancer Institute. Radiation Risks and Pediatric Computed Tomography (CT): A Guide for Health Care Providers (National
Cancer Institute, 2008).
4. International Commission on Radiological Protection (ICRP). Recommandations of the ICRP. IRCP Publication 103 Annals of the
ICRP Vol. 37, 2-4 (Pergamon Press, 2007).
5. Kulkarni, N. M., Uppot, R. N., Eisner, B. H. & Sahani, D. V. Radiation dose reduction at multidetector CT with adaptive statistical
iterative reconstruction for evaluation of urolithiasis: How low can we go?. Radiology 265, 158-166 (2012).
6. Gervaise, A. et al. Low-dose CT with automatic tube current modulation, adaptive statistical iterative reconstruction and low tube
voltage for the diagnosis of renal colic: Impact of body mass index. Am. J. Roentgenol. 202, 553-560 (2014).
7. Fontarensky, M. et al. Reduced radiation dose with model-based iterative reconstruction versus standard dose with adaptive
statistical iterative reconstruction in abdominal CT for diagnosis of acute renal colic. Radiology 276, 156-166 (2015).
8. McLaughlin, P. D. et al. Noncontrast CT at comparable dose to an abdominal radiograph in patients with acute renal colic; impact
of iterative reconstruction on image quality and diagnostic performance. Insights Imaging 5, 217-230 (2014).
9. Wang, J. et al. Half-dose noncontrast CT in the investigation of urolithiasis: image quality improvement with third-generation
integrated circuit CT detectors. Abdom. Imaging 40, 1255-1262 (2015).
10. Glazer, D. L. et al. Assessment of 1 mSv urinary tract stone CT with model-based iterative reconstruction. Am. J. Roentgenol. 203,
1230-1235 (2014).
11. Winklehner, A. et al. Iterative reconstructions versus filtered back-projection for urinary stone detection in low-dose CT. Acad.
Radiol. 20, 1429-1435 (2013).
12. Tack, D., Sourtzis, S., Delpierre, I., de Maertelaer, V. & Gevenois, P. A. Low-dose unenhanced multidetector CT of patients with
suspected renal colic. Am. J. Roentgenol. 180, 305-311 (2003).
13. Kluner, C. et al. Does ultra-lowdose CT with a radiation dose equivalent to that of KUB suffice to detect renal and ureteral calculi?.
J. Comput. Assist. Tomogr. 30, 44-50 (2006).
14. Poletti, P. A. et al. Lowdose versus standard-dose CT protocol in patients with clinically suspected renal colic. Am. J. Roentgenol.
188, 927-933 (2007).
15. Diel, J. et al. Unenhanced helical CT using increased pitch for suspected renal colic: An effective technique for radiation dose
reduction?. J. Comput. Assist. Tomogr. 24, 795-801 (2000).
16. Mulkens, T. H. et al. Urinary stone disease: Comparison of standard-dose and low-dose with 4D MDCT tube current modulation.
Am. ]. Roentgenol. 188, 553-562 (2007).
17. Eddy, E K. et al. Reduce absorbed doses and protection of radiosensitive organs of children exposed to ionizing radiation on adult
scanners. Insights Med. Phys. 4(1), 4 (2019).
18. Li, X,, Yang, K., DeLorenzo, M. C. & Liu, B. Assessment of radiation dose from abdominal quantitative CT with short scan length.
Br. J. Radiol. 90, 20160931 (2017).
19. Gervaise, A., Teixeira, P, Hossu, G., Blum, A. & Lapierre-Combes, M. Optimizing z-axis coverage of abdominal CT scans of the
urinary tract: A proposed alternative proximal landmark for acquisition planning. Br. J. Radiol. 89, 20160197 (2016).
20. Weiss, J. et al. Effect of reduced z-axis scan coverage on diagnostic performance and radiation dose of neck computed tomography
in patients with suspected cervical abscess. PLoS ONE 12(7), €0180671. https://doi.org/10.1371/journal.pone.0180671 (2017).

Scientific Reports |

(2021) 11:10958 | https://doi.org/10.1038/s41598-021-90529-4 nature portfolio


http://www.sfipradiopediatrie.org/images/stories/docs_telechargement/guideprocedurestdmpedi06.pdf
http://www.sfipradiopediatrie.org/images/stories/docs_telechargement/guideprocedurestdmpedi06.pdf
http://www.sfrnet.org/sfr/societe/2-publications/publications-sfr/01Guides2009/index.phtml
http://www.sfrnet.org/sfr/societe/2-publications/publications-sfr/01Guides2009/index.phtml
https://doi.org/10.1371/journal.pone.0180671

www.nature.com/scientificreports/

21. Ongolo-Zogo, P., Nguehouo, B. S., Yomi, J. & Nkoo Amvene, S. Connaissances en matiére de radioprotection: Enquéte aupres des
personnels des services hospitaliers de radiodiagnostic, radiothérapie et médecine nucléaire & Yaoundé. Communication orale
Journées Franqaises de Radiologie 21-25 Octobre 2011 (2011).

22. Corwin, M. T., Chang, M., Fananapazir, G., Seibert, A. & Lamba, R. Accuracy and radiation dose reduction a limited abdomin-
opelvic CT in the diagnosis of acute appendicitis. Abdom. Imaging 40, 1177-1182 (2015).

23. Campbell, ], Kalra, M. K,, Rizzo, S., Maher, M. M. & Shepard, J. A. Scanning beyond anatomic limits of the thorax in chest CT:
Findings, radiation dose and automatic tube current modulation. Am. J. Roentgenol. 185, 1525-1530 (2005).

24. Van der Molen, A. J. & Geleijns, J. (2007) Overranging in multisection CT: Quantification and relative contribution to dose—
Comparison of four 16-section CT scanners. Radiology 242, 208 (2007).

25. Gervaise, A., Kortesniemi, M. & Pekarovic, D. Optimization of scan length to reduce CT radiation dose. European society ofra-
diologie. Ask EuroSafe Imaging. Tips & Tricks. CT Working Group. Accessed March 19, 2020.

26. JORE. Décision du 11 Mars 2011 Modifiant la Décision du 22 Novembre 2007 Fixant les Modalités du Contréle de Qualité des Scanog-
raphes (JORE, 2011).

27. Esseghaier, S., Ben Mabrouk, A., Mrabet, A. & Daghfous, M. H. Evaluation de la dose patient au scanner multicoupe dans un centre
hospitalo-universitaire tunisien: Etude de 250 patients adultes. Radioprotection 51(4), 271-277 (2016).

Acknowledgements
We greatly appreciate the help of these hospitals with the experiments and valuable discussion.

Author contributions
EK.E. and S.O.N. conceived of and designed experiments; conducted experiments; collected and analyzed data;
wrote and edited paper. EA.J. and A.S. contributed to conception and design of experiments; edited paper.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to EK.E.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:10958 | https://doi.org/10.1038/s41598-021-90529-4 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Optimization of the scan length of head traumas on the pediatric and adult CT scan and proposition of a new acquisition limit
	Material and method
	Patient characteristics. 
	Scan protocol. 
	Scan length evaluation. 
	Statistical analysis. 

	Results
	Discussion
	Conclusion
	References
	Acknowledgements


