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Purpose: This study primarily aimed to evaluate the effectiveness of computational data management and analytical software for 
establishing departmental diagnostic reference levels (DRLs) for computed tomography (CT) scanning in clinical settings, and monitor 
achievable doses (ADs) for CT imaging, particularly during the coronavirus disease 2019 (COVID-19) era. Secondarily, it aimed to 
correlate these standards with national and international benchmarks.
Patients and Methods: This ambidirectional cohort study enrolled 4668 patients (6419 CT-based examinations) who visited King 
Fahd Hospital of the University from May 25, 2021, to November 4, 2021. Participants’ demographic data were acquired from their 
electronic medical charts, in addition to all corresponding CT-dose determinant parameters. The study was divided into two phases 
(pre- and post-data management) based on the implementation of digital data management software.
Results: In both phases of the study, the size-specific dose estimate (SSDE) was the most significant confounder of dose determination 
compared to the dose-length product (DLP) and computed tomography dose index (CTDI) (P = 0.003). The head was the most 
frequently imaged body region (pre-implementation, 1051 examinations [35.1%]; post-implementation, 1071 examinations [31.3%]; 
P = 0.001), followed by the abdominal region (pre-implementation, 616 examinations [20.6%]; post-implementation, 256 examina-
tions [7.48%]; P = 0.001). Based on the SSDE, DLP, and volume CTDI, the average per-section radiation exposure among organ-based 
scanning type was highest for the lumbar spine during the pre- and post-implementation periods.
Conclusion: Data management software enabled the establishment of DRLs and reduction of ADs in CT examinations, which 
consequently improved key performance indicators, despite the ergonomic complexities of COVID-19. Institutions are encouraged to 
apply DRLs and ADs via automatic systems that monitor patient dose indices to evaluate aggregate results.
Keywords: radiation exposure, protocol streamlining, diagnostic reference levels, cross-sectional imaging, radiation protection

Plain Language Summary
This comparative ambidirectional study aimed to establish the diagnostic reference levels (DRLs) and achievable doses (ADs) for 
adult and pediatric patients who underwent computed tomography (CT) imaging at the radiology department of King Fahd Hospital of 
the University. Various CT studies with Siemen’s teamplay data management and analytical software were utilized to develop 
practical-based DRLs of radiation through measured dose parameters and streamline protocols. These references were correlated 
with national and international benchmarks, besides dose indicators of imaging attributed to COVID-19 ergonomics. Employing data 
management software enabled the establishment of DRLs and the reduction of ADs. Embracing the use of DRLs and ADs via 
automatic systems would facilitate monitoring radiation doses and achieve dose reduction.
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Introduction
Radiation dose optimization is a key topic for health-care providers.1 Approaches to radiation dose reduction include 
improvements in imaging protocols, such as the elimination of nonessential acquisitions, enhancement of hardware 
performance, and software development.1 Recent innovative reconstruction algorithms, such as iterative reconstruction in 
computed tomography (CT) imaging, enable a reduction in radiographic noise while enhancing or maintaining image 
quality with the use of reduced radiation dosage compared to filtered back projection reconstruction.1 Nevertheless, 
a principal drawback of the application of iterative reconstruction in medical CT imaging is the need for extensive 
computational resources.1

However, extremely low doses may also be a concern since they cause a significant reduction in image quality.2 

Diagnostic reference levels (DRLs) and achievable doses (ADs) are utilized in measuring the radiation dosage deliv-
ered to the patient.2 The purpose of DRLs and ADs is to provide benchmarks for comparison, rather than to define 
maximum or minimum dose limits.2 The implementation of DRLs and ADs is most effective if a facility is equipped with 
systems to automatically monitor patient dose indices and hence facilitate the evaluation of aggregate results.3

The volume computed tomography dose index (CTDIvol) is a quality assurance measurement for comparison 
of radiation dosages utilized in different protocols, as well as scanner outputs from various manufacturers.3 Recently, 
the American Association of Physicists in Medicine (AAPM) devised a novel CT specification, the size-specific dose 
estimate (SSDE), to more accurately estimate the dosage at the center of the scanned area in each patient with 
consideration of the patient’s size.3

The recent advent of teamplay™ (Siemens Healthineers, Germany), a performance management web-based portal 
resource that permits the generation of a range of key performance indicators (KPIs) for use in radiology, has been 
instrumental in overcoming this limitation. Internal DRLs can be set in the system and compared to national 
reference levels.4 The system also enables comparisons against a range of global criteria based on information acquired 
from other teamplay™ users.4,5

Therefore, this study aimed to evaluate the use of computational data management resources and analytical software 
for the implementation of departmental DRLs for CT imaging in clinical settings. Secondarily, we aimed to describe the 
ADs and assess efficiency of CT performance based on the number of performed examinations, particularly during the 
coronavirus disease 2019 (COVID-19) era, and to streamline protocols for developing practical-based DRLs of radiation 
based on measured dose parameters in order to correlate these reference values with national and international 
benchmarks.

Materials and Methods
Study Design, Setting, and Patients

● This study was a comparative ambispective (ie, ambidirectional) cohort study of retrospectively retrieved data and 
prospectively collected data.

● The study was conducted over a period of 165 days (5.5 months) during the COVID-19 pandemic.
● The study was conducted at the radiology department of King Fahd Hospital of the University (KFHU), Khobar 

city, eastern province, Saudi Arabia. The hospital is affiliated to Imam Abdulrahman Bin Faisal University is one of 
the largest tertiary academic hospitals in the Eastern Province of Saudi Arabia. The radiology department has been 
operational since 1981.

● On 14 August 2021, our department implemented multiple rectifying strategies controlled with the aid of Cloud- 
based software teamplay™ (Siemens Healthineers, Germany) data management software.6 This software receiver, 
which is a Digital Imaging and Communications in Medicine (DICOM) node, accessed the modalities to retrieve 
the data. Irrespective of the manufacturer, all the imaging devices at our institution (including magnetic resonance 
imaging, CT, single-photon emission computed tomography, radiography and mammography, and interventional 
radiology) were connected to teamplayTM and were monitored remotely for smooth reporting. This setting also 
provided us with deep insights that were used to generate other quality improvement projects, although our results 
on this aspect of CT imaging are beyond the scope of the current study.4,6
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● The implemented rectifying measures included (i) quality control of obtained exams with their radiation exposure 
controlled by the installed data management software (ie, teamplay™) based on references from “The Saudi Food 
and Drug Authority (SFDA) recently established the National Diagnostic Reference Level”7 measured by CTDI and 
DLP, (ii) streamlining protocols, which were measured by the departmental protocols count, and (iii) establishing 
benchmarks of radiation dosage for each scanned body region.

● Hence, the patients were divided into two groups to study the impact of rectifying measures on ADs: A) Pre- 
implementation phase; those imaged on or before August 14, 2021 (May 25 to August 14, 2021 [81 days]) and B) 
Post-implementation phase; those imaged after August 14, 2021 (August 15 to November 4, 2021 [81 days]).

● Since retrieving data by data management software had been conducted after radiation exposure with CT imaging, 
comparative ambispective/ambidirectional design with a fixed interval (ie, 81 days before and 81 days after 
implementation of rectifying measures) possesses a reasonable scientific merit for studying the impact of data 
management software on achievable dose.8,9

Eligibility Criteria
● We enrolled all the patients who underwent CT examinations at the radiology department of KFHU, which were 

performed using commercially available CT machines from Siemens™, Germany (SOMATOM Definition AS 64- 
slice and SOMATOM Definition flash dual source 128-slice) during the study period.

● Patients of all nationalities, sexes, and age groups (children and adults) were included.
● Initially, 4939 patients were included.
● We excluded examinations for which the corresponding demographic data, patient measurements, and/or CT-related 

dose estimation parameters were missing (n = 271 patients). The sample size was determined by nonprobability 
simple sampling technique (1 – β= 0.80) using G*Power version 3.1.9.7. software (RRID:SCR_013726, available 
at: http://www.gpower.hhu.de/) to ensure sufficient statistical power.

● A final total of 4668 patients (6419 CT-based examinations) were enrolled.

Data Collection
Patients’ charts were retrieved from the electronic medical record archival system at KFHU. Thereafter, the radiology 
department’s database was reviewed using the Picture Archiving and Communication System (PACS) and data retrieved 
automatically (ie, readily available and computed with the aid of teamplay™ data management software), including 
demographic characteristics (age, height, body mass index, and sex), CT protocol, body region scanned, modality type, 
calibration, dose-related events, operator phantom size, dose-length product (DLP; mGy.cm), effective CTDI (mGy), 
size-specific dose estimates (SSDE; mGy), water-equivalent diameter (WED; %), source-to-image distance (cm), source- 
to-object distance (cm), contrast/bolus agent, acquisition time (s), acquisition type, exposure voltage, exposure current, 
exposure time (s), and pitch factor. Thereafter, these data were analyzed to assess the impact on ADs in order to establish 
our departmental DRLs.

Statistical Analysis
Statistical analysis was performed using R v 3.6.3 Counts and Minitab version 17.0. Categorical variables (ie, sex, type 
of protocol, body region) are expressed using percentages, while the continuous variables (ie, DLP, CTDIvol, SSDE) are 
expressed using mean ± standard deviation. Selective outcome reporting was analyzed by reporting mean dichotomous 
and continuous data, respectively. Additionally, counterfactual comparison used to assess outcomes with previously 
reported DRLs. Continuous variables were compared using an unpaired t-test, while categorical variables were compared 
using a Chi-squared test of independence. The unpaired t-test was used to examine data normality when the data is 
abnormally distributed. Statistical tests were conducted at a significance level of 0.05.

Ethical Consideration
This study was performed in accordance with the Declaration of Helsinki of 1975 (revised in 1983). The Institutional 
Review Board of Imam Abdulrahman Bin Faisal University granted the ethical approval for this study to be conducted at 
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KFHU (IRB-2022-01-206) after considering the descriptive and ambispective nature of the study. Informed consent was 
obtained from each patient prior to imaging. Collected data were anonymized, analyzed, and reported solely in aggregate 
form. No identifiable participant information (such as patients’ images, faces, or names) was disclosed in the study.

Results
A total of 4668 patients underwent 6419 CT-based examinations during the study period (5.5 months). Of these patients, 
2207 were recruited during the pre-implementation phase and 2461 during the post-implementation of rectifying 
measures (Table 1).

The SSDE (mGy) was identified as a significant confounder of dose determination (P = 0.003) (Table 1, Figure 1) 
during both phases. The head was the most frequently imaged body region during the study period (pre-implementation, 
1051 examinations [35.1%]; post-implementation, 1071 examinations [31.3%]; P = 0.001), followed by the abdominal 
region (pre-implementation, 616 examinations [20.6%]; post-implementation, 256 examinations [7.48%]; P < 0.001) 
(Table 2).

Based on the SSDE, DLP, and CTDIvol, the lumbar spine region had the highest average per-section radiation 
exposure among various scanned organs during the pre- and post-implementation of rectifying measures (Figure 2, 
Table 3). However, the reduction in these exposure indices (ie, SSDE, DLP, and CTDIvol) in the post-implementation 
phase was not statistically significant (P > 0.05; for SSDE, DLP, and CTDIvol).

In contrast, the head had the second highest average per-section radiation exposure in the pre- and post-implementa-
tion for radiation exposure, and a statistically significant reduction in exposure indices (ie, SSDE, DLP, and CTDIvol) was 
observed in the post-implementation phase (P = 0.001; for SSDE, DLP, and CTDIvol)(Table 3; summary of established 
departmental DRLs).

In total, 85 CT scan protocols were included in the study, including 49 from the pre-implementation phase, which 
were streamlined to 36 in the post-implementation phase, denoting a 26.5% reduction in the total number of protocols 
during the latter phase (Figure 3). The implementation of rectifying measures facilitated comparison of our institutional 
benchmarks with national (ie, within Saudi Arabia7,10) and international (ie, Ireland,11 UK,12 USA,3 and other European 
countries3,13) benchmarks to establish the ADs (Figure 4). Our departmental registry of DRLs and ADs to perform CT 
examination (ie, DLP) ranked the lowest in both phases (pre- and post-implementation) for head, neck, CT pulmonary 
angiography (CTPA), and chest abdominopelvic (CAP) CT examinations. In contrast to the aforementioned exams, the 
DLP was the highest for CT of the abdomen and pelvis (Figure 4).

Our departmental reference levels of CT-based radiation dose output (ie, CTDIvol) were the lowest in reference to 
national (ie, within Saudi Arabia7,10) and international (ie, Ireland,11 UK,12 USA,3 and other European countries3,13) 

Table 1 Descriptive Statistics of the Study Participants

Pre-Implementation [N=2207] Mean (±SD) Post-Implementation [N=2461] Mean (±SD) P-value

DLP (mGy.cm) 623 (579) 618 (566) 0.774

CTDIvol (mGy) 26.3 (36.6) 27.7 (36.5) 0.195

SSDE (mGy) 30.7 (31.5) 33.6 (32.8) 0.003

Patient age (years) 46.7 (18.0) 45.7 (17.4) 0.054

Sex 0.109

Female 993 (45.0%) 1166 (47.5%)

Male 1214 (55.0%) 1295 (52.6%)

Notes: Data are summarized using counts and percentages for categorical variables and continuous variables were summarized using mean (±SD). Analysis was performed 
using unpaired t-test for mean (±SD). 
Abbreviations: N, number of patients; DLP, dose-length product; CTDIvol, volume computed tomography dose index; SSDE, size-specific dose estimate; SD, standard 
deviation.
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benchmarks (Figure 4) during both periods (pre- and post-implementation of rectifying measures) for head, neck, CTPA, 
and CAP CT examinations. CTDIvol was the highest for CT imaging of the chest during the pre-implementation phase at 
our department, which was monitored during the post-implementation phase. However, there was insufficient data in the 
literature to compare our reference ADs based on the SSDE.

Table 2 Number of CT Examinations Before and After Implementing of Data Management Software (Stratified 
by Body Region)

Pre-Implementation n=2996 Post-Implementation n=3423 P value

Neck 88 (2.94%) 94 (2.75%) 0.7
Chest 217 (7.24%) 218 (6.37%) 0.18

Chest/abdomen/pelvis 55 (1.84%) 67 (1.96%) 0.972
Abdomen/pelvis 175 (5.84%) 578 (16.9%) < 0.001

Head 1051 (35.1%) 1071 (31.3%) 0.001

Sinuses 110 (3.67%) 152 (4.44%) 0.136
Abdomen 616 (20.6%) 256 (7.48%) < 0.001

Head/C-spine 86 (2.87%) 97 (2.83%) 0.99

C-spine 93 (3.10%) 70 (2.04%) 0.009
Temporal bone 9 (0.30%) 55 (1.61%) <0.001

Pelvis 103 (3.44%) 71 (2.07%) 0.001

Spine 77 (2.57%) 70 (2.04%) 0.187
Head/neck 91 (3.04%) 216 (6.31%) <0.001

Arm 27 (0.90%) 36 (1.05%) 0.629

Maxillofacial region 46 (1.54%) 86 (2.51%) 0.008
Chest/abdomen 14 (0.47%) 32 (0.93%) 0.039

Orbits 6 (0.20%) 13 (0.38%) 0.275

Leg 30 (1.00%) 43 (1.26%) 0.399
Heart 20 (0.67%) 36 (1.05%) 0.129

L-spine 34 (1.13%) 39 (1.14%) 1

Colon 29 (0.97%) 86 (2.51%) <0.001
Head/chest 7 (0.23%) 9 (0.26%) 1

T-spine 12 (0.40%) 24 (0.70%) 0.149

Notes: Data are summarized using counts and percentages. Analysis was performed using the Chi-square test of independence. 
Abbreviations: C-spine, cervical spine; L-Spine, lumbar spine; T-spine, thoracic spine; n, number of examinations; CT, computed tomography.

Figure 1 Comparison of overall computed tomographic exposure parameters between pre- and post-The introduction of rectifying measures. SSDE (A), CTDI (B), and 
DLP (C). Lines represent the average.
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Figure 2 CT indices pre- and post-implementation of corrective measures based on imaged body region. SSDE (A), CTDI (B), and DLP (C). Overlapping bars from both 
time points indicate the difference in exposure between the two time points. 
Abbreviations: SSDE, size-specific dose estimate; CTDI, computed tomography dose index; DLP, dose-length product; CT, computed tomography.
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Discussion
This study identifies the role of data management analytical software in rationalizing exposure to ionizing radiation in CT 
scan by establishing reference DRLs for maintaining premium diagnostic imaging. The results demonstrated that SSDE 
was a significant confounder of dose determination in both phases compared to other exposure indices, such as CTDIvol, 
and DLP (Table 1, Figure 1). Additionally, head and lumbar imaging were found to have the highest radiation exposure 
among other body parts owing to the characteristic of traveling photons through a bony material. The low-energy photons 
of the polychromatic x-ray beams are preferentially attenuated, unlike the high-energy photons. This difference increases 
the mean energy of the x-ray beam.14 Higher tube voltage scanning (ie, an x-ray beam of higher-energy photons) without 
data management rationalization results in less-pronounced artifacts from beam hardening owing to lower-energy x-ray 
quanta contribution. However, increasing the tube voltage will cause a higher radiation dose if other scan parameters are 
not changed.14 The lumbar spine and head imaging ranked high in radiation exposure since the extent of these scans 
would involve a higher count of CT scan cuts involving a bony material. For example, the lumbar spine imaging would 
extend to cover parts of the lower rib cage and pelvic brim. As per our results, post-implementation of data management 

Table 3 Radiation Exposure Indices by Imaged Body Region

Body 
Region

SSD DLP CTDI

N1 N2 M1 M2 P N1 N2 M1 M2 P N1 N2 M1 M2 P

Abdomen 616 256 15.70 13.86 0.00 616 256 530.91 464.08 0.00 616 256 10.86 10.16 0.12

Abdomen/ 
pelvis

175 578 16.94 14.35 0.00 175 578 532.26 471.11 0.03 175 578 11.05 10.24 0.14

Arm 27 36 12.75 13.75 0.69 27 36 173.41 185.04 0.78 27 36 7.54 8.47 0.55

C-spine 93 70 27.85 17.30 0.00 93 70 609.23 468.39 0.00 93 70 18.93 11.09 0.00
Chest 217 218 13.03 9.72 0.00 217 218 340.85 256.17 0.00 217 218 9.27 7.08 0.00

Chest/ 

abdomen

14 32 11.30 10.73 0.75 14 32 389.81 269.63 0.10 14 32 9.03 7.09 0.13

Chest/ 

abdomen/ 

pelvis

55 67 15.70 13.15 0.04 55 67 397.47 374.37 0.65 55 67 10.21 8.80 0.09

Colon 29 86 14.62 16.14 0.35 29 86 559.62 541.76 0.84 29 86 12.26 11.69 0.72

Head 1051 1071 42.51 54.48 0.00 1051 1071 777.89 878.47 0.00 1051 1071 39.16 46.06 0.00

Head/ 
C-spine

86 97 38.38 35.40 0.19 86 97 704.53 567.05 0.00 86 97 33.20 30.27 0.31

Head/chest 7 9 22.97 23.32 0.98 7 9 684.16 769.36 0.61 7 9 31.46 38.32 0.52

Head/neck 91 216 26.05 19.71 0.01 91 216 618.00 480.36 0.00 91 216 26.91 17.01 0.00
Heart 20 36 7.83 9.53 0.31 20 36 423.83 259.87 0.01 20 36 8.74 6.61 0.38

L-spine 34 39 206.00 169.16 0.30 34 39 3646.22 2793.67 0.06 34 39 230.30 188.96 0.17

Leg 30 43 11.99 9.78 0.38 30 43 223.55 283.79 0.33 30 43 5.22 5.33 0.85
Maxillofacial 46 86 26.63 29.86 0.40 46 86 594.03 599.55 0.94 46 86 28.83 25.99 0.41

Neck 88 94 23.69 20.71 0.00 88 94 389.11 349.79 0.04 88 94 14.02 12.77 0.03

Orbits 6 13 18.91 16.83 0.81 6 13 318.92 229.77 0.46 5 10 12.77 11.50 0.07
Pelvis 103 71 14.07 14.38 0.83 103 71 488.17 481.06 0.86 103 71 10.90 10.18 0.49

Sinuses 110 152 7.79 7.93 0.71 110 152 113.74 99.49 0.01 110 152 7.44 7.13 0.15

Spine 77 70 24.42 23.94 0.76 77 70 494.69 503.52 0.83 77 70 16.12 15.35 0.48
T-Spine 12 24 22.01 27.58 0.56 12 24 551.02 741.99 0.36 12 24 15.36 23.14 0.54

Temporal 
bone

9 55 19.79 19.43 0.96 9 55 388.89 302.87 0.18 9 55 17.04 19.07 0.57

Note: These counts represent our departmental diagnostic reference levels for imaged body region. 
Abbreviations: DLP, dose-length product (mGy.cm); CTDI, CT dose index (mGy); SSDE (mGy), size-specific dose estimate; C-spine, cervical spine; L-Spine, lumbar spine; 
T-spine, thoracic spine; N1, number of data points (ie, examinations) in the pre- implementation period; N2, number of data points (ie, examinations) in the post- 
implementation period; M1, average exposure in the pre-implementation period; M2, average exposure in the post-implementation period.
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Figure 3 CT indices pre- and post-implementation of corrective measures based on imaging protocol. SSDE (A), CTDI (B), and DLP (C) (only protocols that were 
performed more than 10 times were included). Overlapping bars from both time points indicate the difference in exposure between the two time points. 
Abbreviations: SSDE, size-specific dose estimate; CTDI, computed tomography dose index; DLP, dose-length product; CT, computed tomography.
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software ameliorated this issue owing to better monitoring and adjustment of other scan parameters (eg, the automatic 
exposure control algorithm being turned off and the effective mAs setting being fixed).

Our study period coincided with widespread global changes resulting from the COVID-19 pandemic declared by the 
World Health Organization on March 11, 2020.15 The world has endured substantial changes in all aspects of life due to 
the ergonomic effects associated with COVID-19, and health-care facilities are among the most significantly impacted 
organizations. In addition to personal restrictive measures, such as curfews and quarantine established by governments, 
health-care centers have delayed elective surgeries and procedures, as well as outpatient visits to maximize the resources 
available for patients with COVID-19. These precautions and restrictions have significantly decreased visits to health- 
care centers, consequently decreasing radiological imaging flow volume globally.

Sharperson et al16 and Houshyar et al17 reported an overall reduction of 12–35% in the total number of imaging 
requests placed by emergency departments in the USA during the pandemic compared to the pre-pandemic period. 
Similarly, Naidich et al18 reported a 12.29% decline in imaging volume across various modalities. Nevertheless, studies 
addressing the impact of COVID-19 on imaging volume in Saudi Arabia are scarce. An observational study conducted by 
Alelyani et al19 demonstrated a 21.27% reduction in the overall imaging conducted across chief hospitals in the Aseer 
region (located in the southern part of Saudi Arabia). Our study depicted the way our facility-based experience and data, 
which utilized management software for the standardization and optimization of CT protocols, helped to overcome the 
downward trend in the frequency of imaging reported by other hospitals during the COVID-19 pandemic.

Figure 4 Exposure parameters (ie, DLP (A) and CTDI (B)) used in our radiology department compared to national.7,10 and international used parameters; from Ireland,11 

United Kingdom,12 United States (American College of Radiology (ACR)),3 and European countries.3,13.
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The Saudi Food and Drug Authority (SFDA) recently established the National Diagnostic Reference Level7 and 
Essential Requirements for Medical Radiation Protection Programs20 to secure efficient radiation sources and minimize 
radiation risk to patients.7 Furthermore, we anticipate optimal radiation reduction in imaging examinations that does not 
compromise the diagnostic acceptability for reading radiologists (as confirmed by several clinical studies),21 owing to the 
abundance of CT scanners with greater dose reduction options such as automatic effective control systems. Radiation 
dose reduction can be achieved by optimizing scanning specifications (such as tube current, kilovoltage peak, and pitch) 
and employing strategies to enhance image quality with low CT dosages.22 The AAPM23 recommends the use of other 
alternatives to bismuth shielding while using automatic direct exposure control systems to avoid undesirable dose levels 
and ensure acceptable image quality. Additionally, adaptive statistical model reconstruction has been reported to facilitate 
radiation dose reduction.22 Thus, establishment of both regulatory and technical controls can facilitate radiation dose 
reduction.

TeamplayTM software facilitates improvements in clinical practice by defining the patient dose for a large population. 
Moreover, it conducts scripted data analysis within a short time, provides accurate visualization with variable doses, and 
identifies patients whose doses deviate significantly from reference levels.4,6 From a facility-based perspective, this data 
management software functions as a powerful tool for the standardization and optimization of CT protocols and serves as 
a platform for instant and efficient integration of dose-relevant data acquired from other national and international 
studies24 (Figure 4).

We experienced several advantages of using performance management applications, including improved radiation 
efficiency, enhanced consistency in image quality across patients of different sizes, decreased starvation artifacts, and 
reduced load on the tube exposure current, which increased its longevity.21 In addition, increasing the number of 
performed CT studies within a set time frame and reducing ADs with maintaining diagnostic image quality are indicators 
of efficiency improvements in KPIs, ie, 427 more CT examinations were performed in the post-implementation phase 
during COVID-19 ergonomics (Table 2).

Our findings coincide with the AAPM’s recommendation that the SSDE is an accurate parameter for dose estimation 
at the center of the scanned region of an individual patient based on patient size.3,25 Our study demonstrated that the 
SSDE was the most significant confounder of exposure dose determination compared to other proposed parameters (ie, 
CTDI and DLP), which reflected the magnitude of the exposure dose during both study phases (Table 1, Figure 1).

Discussions by medical professionals and manufacturers are currently underway to automatically obtain patient 
dimensions, apply them to the CTDIvol, and acquire the SSDE for each patient.3 We have already commenced performing 
this procedure at our facility using teamplay™. CTDIvol is a valuable quality assurance tool that enables comparison of 
doses from different protocols and scanner outputs from different manufacturers.3,25 Anam et al26 demonstrated that 
CTDIvol and SSDE can be estimated using the average tube current extracted from the DICOM headers using the tube 
current modulation technique, and the average tube current can be estimated using the WED.17,26 Studies have reported 
that certain DRLs can be derived from standard phantom measurements (eg, CTDI100, weighted CTDI, and CTDIvol), 
which provide estimates of the dose delivered to phantoms of a specific size and material and cannot be used as 
a substitute for estimating specific doses delivered to the patient. Thus, these metrics depend on the X-ray output of the 
CT scanner but do not represent the patient dose. In contrast, the SSDE accounts for the variation in patient size but is 
only an indicator of patient dose.2 Size-based DRLs permit protocol optimization; hence, the resultant dose is propor-
tional to patient size, thereby avoiding unnecessary radiation exposure. The SSDE (for body examinations) adjusts the 
phantom-based CTDIvol according to patient size and provides a more realistic estimation of patient dose.3

Prior to the implementation of our new rectifying measures, manual methods were utilized for data collection and 
analysis to establish the DRLs and ADs at our center.4 Data were collected using hardcopy records of each CT scan, 
which was particularly challenging during the study period, given that the spread of COVID-19 necessitated social 
distancing, or using information derived from the Radiology Information System and PACS for manual analysis.4 

However, we recommend the discontinuation of manual analysis due to its labor-intensive and time-consuming 
nature.4

The results of our study promote the comprehension of advanced reconstruction options for achieving patient dose 
reduction while maintaining acceptable diagnostic image quality. This approach may enhance patient care and preclude 
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unnecessary hazardous radiation exposure, particularly for the head imaging, which was the most frequently imaged body 
region at our facility. Nationally, with regard to DLP and CTDI, our institution ranked lower than the latest published 
reference levels established by the SFDA6 for high-resolution CT, CTPA, and CAP CT. After implementation of the data 
management software, the CTDI and DLP for chest scans also declined to levels below the national standards. The 
international DLP and CTDI of head CT were lower than those during the pre-implementation phase at our institution; 
however, the average DLP and CTDI of neck, CTPA, and CAP examinations were the lowest during the post- 
implementation phase (Figure 4).

DRLs should be used as an indication rather than direct proof of excessive radiation dose. Our findings suggest that 
DRLs can be used as a model of practice quality with respect to diagnostic and technical performance to ensure greater 
standardization of procedural efficiency.10 Moreover, the DRLs indicated that compared to other institutions, our 
institution demonstrated better compliance with the “As Low As Reasonably Achievable principle”. The implementation 
of this standard may assist busy physicians, technicians, and consulting medical physicists in workload management. In 
this regard, smaller practices and centers lacking on-site medical physicists would have to bear the heavy workload.

Strengths and Limitations
The design adopted for the current study is scientifically apt as it enables appreciable gains in statistical power for vast 
cohorts, even in the absence of censoring, and serves as a control strategy for potential recall bias in cohort studies.8,9

Nevertheless, the study was limited by the retrospective phase that was dependent on documentation of medical 
charts, which may have introduced substantial observer bias. Further, the cohort was limited by the fact that the data 
management software only computed patients body mass index (BMI) and did not account for the patients exact weight 
(kg), which may occasionally be required as an indicator of patient size. Therefore, adaptation of the tube current to body 
weight was not implemented. Within this limitation, our departmental DRLs (eg, SSDE) were established based on 
counts of patients’ BMI.27

Although beyond the scope of the current study, it is noteworthy that teamplayTM lacks the ability to calculate organ 
dosage, which is a capability of other dose management systems. Caution should be exercised when comparing global 
data, as the identification of studies and mapping of protocols for certain procedures may be problematic. Moreover, this 
study was limited to two CT scanners.

Scope for Future Research
Further research is warranted to confirm whether the SSDE is the optimal tube parameter of radiation dose. DRLs should be 
calculated on a routine basis to assess trends in CT scanners and radiation dose. Future studies should expand the analysis to 
include high-dose CT examinations and various scanner configurations. Furthermore, evaluating the effects of different noise 
levels using this management software will provide useful information to reduce variability and increase precision.

Conclusion
Implementing rectifying measures for radiation exposure using data management software applications provide a method 
for establishing DRLs and reducing ADs for CT in clinical settings. These approaches improve KPIs, despite the 
ergonomic complexities of COVID-19. Facilities are encouraged to effectively apply DRLs and ADs via automatic 
systems that monitor patient dose indices to enable evaluation of aggregate results. In accordance with ongoing 
improvements in dose reduction, novel protocols to lower the dose may be developed if the DRL is exceeded to ensure 
adequate image quality during diagnostic tasks.
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