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Abstract

Background and aim

Non-contrast computed tomography of kidneys, ureters, and bladder (CT KUB) is the gold standard
radiological imaging for nephrolithiasis. It significantly contributes to the total radiation exposure of a
population. This is well known to be linked to increased cancer risk over time and as such should be
minimized in line with Ionising Radiation (Medical Exposure) Regulations (IR{ME}R). Previous works have
explored a number of avenues to reduce the total radiation exposure such as the cranial extent of the scan;
however, at present, there are no formalized guidelines. This study aimed to compare the cranial extent of
local CT KUB imaging with previously established thresholds and assess whether total radiation can be
reduced through local intervention.

Results

In the first cycle, a total of 102 non-contrast CT KUB scans were included. Of these, 51% (n=52) commenced
from the superior border of the T10-T12 vertebral levels, 48% (n=49) commenced above the T10 vertebral
level, and only 1% (n=1) started below the T12 vertebral level.

In the second cycle, a total of 105 non-contrast CT KUB scans were assessed. Of these, 21.9% (n=23)
commenced above the T10 vertebral level, and 75.2% (n=79) commenced from the superior border of T10-
T12 vertebrae. A further 2.9% (n=3) commenced below T12 vertebral level. The findings of this study
demonstrate that starting the upper extent of the CT KUB at the T10 vertebral level showed a reduction in
radiation dose in millisievert (mSv) delivered to patients while maintaining adequate diagnostic utility.

Conclusion

Limiting the cranial extent of CT KUB imaging to T10 has consistently captured the upper pole of both
kidneys across different patient cohorts, including ours, thus making it an effective way of limiting radiation
exposure without sacrificing diagnostic accuracy. In order to achieve robust evidence-based guidelines,
further studies would be beneficial.

Categories: Radiology, Urology, Quality Improvement
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Introduction

Nephrolithiasis poses a growing challenge for the National Health Service (NHS) in the United Kingdom
(UK), with an estimated 10-15% of the population experiencing renal stones during their lifetime and a 50%
recurrence rate within five years [1]. Non-contrast computed tomography of the kidneys, ureters, and
bladder (CT KUB) is an accessible and highly accurate imaging modality for patients with suspected renal
colic with a sensitivity of 95-96% and a specificity of 98% in the diagnosis of nephrolithiasis [2]. There are,
however, concerns regarding the use of CT KUB scans as they involve significant exposure to ionizing
radiation, with estimates indicating that such scans contribute to over 70% of total radiation doses from
medical procedures [3]. In the case of urolithiasis, this poses two problems. First, a significant proportion of
patients are young, and second, the risk of recurrent stones is 50% in five to 10 years and 75% in 20 years
[4]. One can therefore assume that patients may require multiple scans during their lifetime to assess
disease recurrence and/or interval scans prior to intervention thus incurring a greater cumulative radiation
exposure. It is therefore important to establish strategies to minimize radiation exposure while not
detracting from diagnostic benefits. One strategy to reduce radiation exposure explored in previous works
was implementing guidelines stating anatomical landmarks for the cranial extent of CT KUB scans. This
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method could limit over-scanning and hence reduce unnecessary radiation exposure without any reduction
in diagnostic accuracy.

In the initial part of this study, data were gathered with regard to the cranial extent of CT KUB and the actual
level at which the kidneys commenced. The second part of the study recommenced a specific level (T10) at
which all scans commenced and measured how much radiation was theoretically minimized and whether

the diagnostic benefit of the scan was affected due to the change.

Materials And Methods

We undertook a retrospective analysis of non-contrast CT KUB in a District General Hospital in the United
Kingdom. The first cohort consisted of 102 patients who underwent non-contrast CT KUB scans for
suspected renal calculi during a one-week period in July 2022. Following data collection, the PACS imaging
system was utilized to individually review each scan and assess the vertebral level at which the scan
commenced and the vertebral level at which the superior pole of the kidneys began. The effective radiation
dose per scan in millisievert (mSv) was calculated by multiplying the dose length product (DLP) by a factor
of 0.015. Data were extrapolated to Microsoft Excel (Redmond, WA: Microsoft Corp.). Following the initial
phase, the findings were presented to the urology and radiology departments, and a new protocol was
devised to commence CT KUB scans from the T10-T12 vertebral level. In the second cycle, 105 scans were
reviewed in the same manner and the parameters measured were as follows: the number of scans
commencing from T10-T12, the level at which kidneys were fully included, and radiation dose per scan.

Inclusion and exclusion criteria

The inclusion criteria for this study were adult patients who underwent non-contrast CT KUB scans for
suspected renal colic. The exclusion criteria included any scans that were not non-contrast CT KUB, such as
ultrasound (USS), MRI, or contrast CT scans, as well as any CT KUB scans performed for indications other
than renal colic.

Results

All raw data were collated into Microsoft Excel where it was analyzed, as presented in Table ! for the first
cycle (2022). The raw data for the post-intervention cycle (2024) are presented in Table 2.

2. Vertebral ) i 5. Endpoint ) i
level at which 3. l?atlent dose values 4. Patient fiose ST 6. Patient flose i E.ffe:ctlve
topogram (Hars) (vl moy (hars) PSS oL e Sy
commenced (Y/N)

L1 0.13 4.45 Y 165 2.475
T10 0.03 9.51 Y 464 6.96

T10 0.03 9.09 Y 415 6.225
T10 0.01 2 Y 90.2 1.353
T10 0.13 8.57 Y 428 6.42

T10 0.01 6.35 Y 2725 4.0875
T10 0.03 9.85 Y 426 6.39
T10 0.01 8.49 Y 369.3 5.5395
T10 0.03 4.69 Y 205 3.075
T10 0.03 11.8 Y 563 8.445
T10 0.01 3.32 Y 132.9 1.9935
T10 0.01 10.47 Y 484.2 7.263
T10 0.03 5.76 Y 137 2.055
T10 0.01 4.67 Y 197.9 2.9685
T10 0.03 5.39 Y 249 3.735
T10 0.03 4.83 Y 244 3.66

T10 0.03 7.87 Y 311.1 4.6665
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T12 T9 0.03 3.75 Y 672 10.08
T12 T9 0.01 5.39 Y 236.8 3.552
T12 T9 0.01 8.21 Y 394.6 5.919
T12 T9 0.03 4.95 Y 238.9 3.5835
T12 T9 0.01 3.99 Y 166.5 2.4975
T12 T9 0.13 6.08 Y 258 3.87

TABLE 1: Raw data from cycle 1 (2022).

CTDI: computed tomography dose index; DLP: dose length product; mGy: milligray; mGycm: milligray centimeter; mSv: millisievert; Y: yes; N: no
1. Vertebral level I2 VTn:br:_l h 3. Patient dose values 4. Patient dose > ItE;\dpoint 6. Patient dose 7. Effective
at which kidneys :(:’:n atwhie as in CTDI (vol) mGy values as in CTDI :;mI;:hysis values as in radiation
fully included commenced topogram (liters) (vol) mGy (liters) (YIN) DLP mGycm dose (mSv)
L1 T12 0.06 3.96 Y 69.39 1.04085
L2 L1 0.01 7.48 Y 294.7 4.4205
Not fully visualized L1 0.01 3.6 Y 152.7 2.2905
T12 T10 0.03 5.81 Y 251 3.765
T12 T10 0.03 7.4 Y 344 5.16
T12 T10 0.03 717 Y 283 4.245
T12 T10 0.03 4.55 Y 191 2.865
T12 T10 0.01 6.24 Y 289.8 4.347
T12 T10 0.03 5.53 Y 235 3.525
T12 T10 0.03 3.2 Y 146.5 2.1975
T11 T10 0.03 4.22 Y 166.6 2.499
T12 T10 0.03 4.72 Y 210.7 3.1605
L1 T10 0.03 6.75 Y 305 4.575
T12 T10 0.03 8.38 Y 363 5.445
T11 T10 0.01 5.45 Y 235.7 3.5355
T12 T10 0.03 111 Y 470 7.05
T12 T10 0.01 6.19 Y 263 3.945
L1 T10 0.03 6.93 Y 319 4.785
T11 T10 0.03 9.77 Y 443 6.645
T12 T10 0.03 6.09 Y 270 4.05
L1 T10 0.03 5.47 Y 243 3.645
T12 T10 0.03 6.7 Y 277 4.155
T11 T10 0.03 17.5 Y 729 10.935
T12 T10 0.03 4.87 Y 214 3.21
T11 T10 0.01 7.76 Y 384.1 5.7615
T12 T10 0.03 4.97 Y 21 3.165
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TABLE 2: Raw data from post-intervention cycle (2024).

CTDI: computed tomography dose index; DLP: dose length product, mGy: milligray; mGycm: milligray centimeter; mSv: millisievert; Y: yes; N: no

The effective dose in mSv was calculated by multiplying DLP by a factor of 0.015.

First cycle (pre-intervention)

In the initial cycle in 2022, a total of 102 non-contrast CT KUB scans were included. We examined the
vertebral level at which the upper pole of the kidney was visualized. For all of the studies, 99% (n=101) of the
kidneys were fully visualized from the vertebral level of T10 or below. A total of 98% (n=100) of kidneys were
fully visualized from T11, whereas at the vertebral level of T12, this number was 77.5% (n=79). One scan
commenced from the L1 vertebral level and did not fully visualize the kidneys (Figure ).

Cycle 1: Vertebral level at which kidneys fully visualised (n=102)

70
61

60

50
P
c
S
@ 40
“—
(=]
el
2

30
£
]
= 21

20 17

10

0 1 1 1
) — — —
T T10 Ti1 T12 L1 L2 not visualised

Vertebral levels

FIGURE 1: Chart demonstrating the level at which kidneys are fully
visualized in cycle 1 (pre-intervention).

With regards to the cranial level at which the scans commenced, 48% (n=49) of scans commenced above the
T10 vertebral level. The highest vertebral level of scan commencement was the superior border of the T6.
Furthermore, 51% (n=52) of scans commenced between the superior border of T10 and the inferior border of
T12. A further 1% (n=1) of scans started below T12 vertebral level (Figure 2).
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Cycle 1: Number of scans per vertebral level (n=102)

m Above T10 = Between T10-T12 w Below T12

FIGURE 2: Chart to demonstrate vertebral level at which scans start in
cycle 1 (pre-intervention).

On examination of the radiation exposure, the average effective radiation dose for scans commencing above
T10 was 6.37 mSv. For scans starting from the superior border of T10 to the inferior border of T12, the
average dose was 4.56 mSv. Scans performed below the vertebral level of T12 had an average radiation dose

of 2.47 mSv (Figure 3).
Cycle 1 : Average radiation dose per vertebral level (mSv)
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Verbtebral level at which scan starts

FIGURE 3: Cycle 1: average exposure to radiation per vertebral level
groups (n=102).

The effective dose in mSv was calculated by multiplying DLP by a conversion factor of 0.015.

mSV: millisievert; DLP: dose length product

Second cycle (post-intervention)

In the post-intervention (second cycle), there were a total of 105 non-contrast CT KUB scans. A total of
98.1% (n=103) studies showed kidneys fully visualized from vertebral level of T10 or below. In 97.1% (n=102)
of CT studies, it was shown that the kidneys were fully visualized at or below T11 vertebrae. In 80% (n=85),
the kidneys were visualized at T12 vertebrae or below. For 1.9% (n=2) of studies, the kidneys were not fully
visualized but this was due to the scan commencing too low (Figure 4).
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Cycle 2 : Vertebral level at which kidneys are fully visualised (n=105)
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FIGURE 4: Chart demonstrating vertebral level at which kidneys are
visualized in cycle 2 (post-intervention).

The post-intervention data collection demonstrates that 21.9% (n=23) of scans commenced above the
vertebral level of T10, highest at the vertebral level of T6. The majority of scans, 76.19% (n=80), started from
the superior border of T10 to the inferior border of T12 level. A further 1.9% (n=2) of scans began from
vertebral level below T12 (Figure 5).

Cycle 2: Number of scans per vertebral level (n=105)

= Above T10 = Between T10-T12 = Below T12

FIGURE 5: Chart to demonstrate vertebral level at which scans start in
cycle 2 (post-intervention).

The average effective radiation dose for scans commencing above T10 was 6.76 mSv. Radiation for scans
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starting from the superior border of T10 to the inferior border of T12 was 4.12 mSv, and for scans
commencing from below T12 was 3.35 mSv (Figure 6).

Cycle 2 : Average radiation dose per vertebral level (mSv)

6.760565217

4120925

Effective radiation dose (mSv)

Above T10 (n=23) Between T10-T12 (n=80) Below T12 (n=2)
Verbtebral level at which scan starts

FIGURE 6: Cycle 2: average exposure to radiation (mSv) per vertebral
level groups (n=105).

mSv: millisievert; DLP: dose length product

The effective dose in mSv was calculated by multiplying DLP by a conversion factor of 0.015.

Discussion

The standard radiation dose from a CT KUB in literature is stated to be 4.3-14 mSv [5]. As medical
professionals and in line with the Ionising Radiation (Medical Exposure) Regulations (IR{ME}R), one has a
responsibility to minimize unintended, excessive, or incorrect medical exposures [6]. It is therefore
incumbent to continuously evaluate practice to enable the development of standardized, safer, and more
efficient strategies to minimize radiation exposure while maintaining diagnostic benefits. The effective
radiation dose was calculated for this study by multiplying the DLP by a factor of 0.015 based on online
radiology tools [7].

Anatomically, the kidneys are retroperitoneal structures that are typically found between the T12 and L3
vertebral levels [8]. It would be reasonable to utilize these vertebral levels as a basis to delineate the
landmark of the cranial extent of CT KUB scans. The results of this study, however, demonstrated that
starting the scan at the T12 vertebral level may risk under-scanning and not visualizing parts of the kidneys,
which, in turn, causes further exposure to radiation by requiring repeat scans. This study showed that both
kidneys were fully visualized from the T10 vertebral level in 98.6% (n=204) of cases. The remaining 1.4%
(n=3) of scans did not fully visualize the kidneys due to commencing the scan too low (one at T12 vertebral
and two at L1 vertebral level), therefore the upper extent of the kidney could not be established. From the
T11 vertebral level, 97.6% (n=202) of scans fully visualized the kidneys, while from the T12 vertebral level,
only 79.2% (n=164) of scans fully visualized the kidneys. The first cycle results also demonstrate a
discrepancy between the cranial extents of the scans, which is evident as some scans commenced between
one to six vertebral levels above the radiological superior aspect of the kidneys, the highest of which was
recorded at the T6 vertebra. Of the 102 patients scanned in the first cycle, 48% (n=49) were scanned above
T10. This may be an indication of a lack of standardized scanning protocol which has also been
demonstrated by Ahmad et al. in their audit of 100 CT KUB scans, of which 76% commenced above T10,
adding no diagnostic benefit [9]. In the post-intervention cycle of this study (cycle 2), 21.9% (n=23) were
scanned above the T10 vertebral level compared to 49.5% (n=50) in the pre-intervention cycle. This
demonstrates a reduction in the proportion of scans that were commenced higher than necessary compared
to the initial cycle.

One can question whether the T10 or T11 vertebral levels would be more suited to form the cranial start
point. Though the T10 vertebral level may expose patients to potentially increased radiation, starting at the
T11 vertebral level has an increased risk of under-scanning.

With regards to the effective radiation dose at the various levels, combined data from both cycles
demonstrate individuals with CT scans commencing above the level of T10 vertebrae receive an effective
dose of radiation equalling 6.5 mSv on average. However, individuals with scans commencing between T10
and T12 vertebrae receive a dose equalling 4.3 mSv on average. These findings suggest that scanning above
the level of the T10 vertebra adds no diagnostic value while exposing individuals to an added dose of
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radiation. This is important as patients with nephrolithiasis, as aforementioned, often have recurrent stones
and thus will require repeat scans. Limiting the exposure to radiation by only scanning areas of diagnostic
benefits can reduce their cumulative radiation exposure. Ferrandino et al. investigated the cumulative
radiation exposure from CT KUB scans among patients with kidney stones, particularly focusing on those
who undergo frequent imaging. Their results revealed that the median dose of radiation individuals were
subjected to was 29.7 mSv with nearly one-fifth of patients reaching cumulative doses above 50 mSv, a level
linked with increased cancer risk over time. This heightened exposure raises specific concerns for younger
patients who may need repeated scans throughout their lives. To address these risks, the study advocates the
use of lower-dose imaging protocols or, wherever possible, alternative methods like ultrasound to balance
diagnostic needs with patient safety over time [10].

Though there is sparse literature studying this topic, some previous works have been conducted. Maguire
and Gray assessed the optimal cranial extent for CT KUB scans, focusing on reducing unnecessary radiation.
Their study analyzed the coverage of the kidneys starting at various vertebral levels, emphasizing that
initiating scans at T10 adequately captured the kidneys' upper poles in all patients. By limiting scans to T10
instead of extending higher, they achieved an approximately 16% reduction in radiation dose. Additionally,
they reported that starting at T10 reduced exposure to unnecessary thoracic anatomy [11].

Uldin et al. explored an even more conservative approach by suggesting T11 as a starting point for CT KUB
scans. Their findings revealed that using T11 resulted in a substantial 62.4% reduction in mean scanning
length between the two phases of the study, effectively decreasing radiation exposure without
compromising diagnostic integrity. This research indicates that T11 may serve as a safer alternative to T10
[12]. Similarly, Cavenagh et al. indicated that T10 serves as the upper boundary for CT KUB imaging to
prevent underscanning. However, they also noted that utilizing the vertebral level of T11 would also ensure
that both kidneys are completely captured [13].

In line with Uldin et al., Ghoshal and Gaikstas assessed 88 patients and found that 89.8% of the scans
exceeded the target of less than 10% over scanning above the highest kidney, resulting in an average over-
scan of 16.4%. Consistent with the aforementioned study, their findings suggest that beginning scans at the
upper border of the T11 vertebra could effectively minimize unnecessary radiation while ensuring
comprehensive imaging of the kidneys [12,14].

Marrying the findings of this study with the findings of previous studies, it is evident that a robust scanning
protocol is required. There is some debate as to which vertebral level should form the cranial limit of CT
KUB. Given that the kidneys are always fully visualized at T10, it is certain that scans should not extend
above this point, and, in fact, it may be argued that T10 should form the cranial extent.

Limitations

There are several potential limitations of this study. Firstly, the scans were reviewed by multiple individuals
thus there is a risk of inter-observer variability as to the exact cranial extent measured. Secondly, factors
such as patient body mass index (BMI), height, etc., have not been taken into account with regard to
measuring radiation. Thirdly, as the CT scan procedures were not under direct supervision, adherence to the
protocol could not be ensured. Lastly, the patients in both cycles were not case-matched for age, height, and
BMIL.

Conclusions

Given the high prevalence of patients with nephrolithiasis, CT KUB scans are increasingly common.
Additionally, a large cohort of patients are recurrent stone formers and, thus, require repeated scans and
subsequent exposure to ionizing radiation. This exposure as discussed is potentially harmful over their
lifetime. A standardized approach is needed with regard to performing a CT KUB in order to limit excess
ionizing radiation while maintaining its diagnostic value. From the few studies relating to this topic, there is
some debate as to whether the cranial extent of the scan should be at the T10 or T11 vertebral level. Though
the T11 vertebral level certainly may expose patients to less radiation, this study found that there are rare
instances of the upper level of kidneys commencing at T10 radiologically. For this reason, the T10 vertebral
level may result in an acceptable balance between radiation dose and maintaining scan adequacy.

Though a number of studies and audits have demonstrated local protocol implementation with a successful
reduction in radiation doses, a standardized guideline is not available to allow national implementation. In
order to achieve evidence-based guidelines with regard to the cranial extent of CT KUB scans, larger multi-
centered studies would be beneficial.
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