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Background: The variability in length of the twelfth rib is mentioned in the literature but has never been formally studied. The highly
variable rib length provides a challenge for urologists seeking a consistent landmark for Percutaneous Nephrolithotomy (PCNL). We
set out to determine whether the twelfth rib is safe to use as a consistent landmark for surgery.

Methods: Single centre, cross-sectional retrospective observational study and analysis of CT scans of 100 adults who had imaging
between 23rd March and 12th April 2020. The distance from the mid-sagittal line to the twelfth rib tip in the axial plane was measured
as was the distance from the twelfth rib tip to the kidney, spleen and liver.

Results: Length from the mid-sagittal line to the right twelfth rib tip varied from 46 (percentile 95% CI 40 to 57) to 136mm (percentile 95%
CI 133 to 138). On the left, the distances varied from 55 (percentile 95% CI 50 to 64) to 134mm (percentile 95% CI 131 to 135). Twenty-
three percent of people had an organ lying between the tip of the twelfth rib and the kidney on the right and 11% on the left.
Conclusion: The twelfth rib is highly variable in length. Similar variability was recorded in the distance from the tip to intra-
abdominal organs. Due to the frequency of organs lying between the tip of the rib and the kidney it should not be used as a landmark
for accessing the kidney without prior knowledge of an individual patient’s anatomy as seen on imaging.
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Introduction

Percutaneous nephrolithotomy is the gold-standard procedure for removing large or complex renal stones.'* Despite this,
PCNL carries the risk of significant morbidity, with contemporary series describing a complication rate of 20.5%.> The
use of the twelfth rib as a landmark for puncture during PCNL continues to be described in the surgical literature despite
the twelfth rib being highly variable in its length.* ® The use of an inconsistent landmark, which varies in its relationship
to the target organ, and other nearby viscera, and as a result, PCNL and retroperitoneal access should not be performed
without pre-operative imaging.”*

Injury to abdominal viscera (liver, spleen, colon) is rare but potentially catastrophic complications of PCNL. The
incidence of injury to intra-abdominal organs is low, often reported as case series in the literature and therefore difficult
to accurately quantify. A 2016 literature review reported that colonic perforation occurred in <0.5% of PCNL
operations.'® Nine cases of small bowel perforation have been published worldwide, 11 cases of splenic injury and
one case of liver injury.'® A retro-renal colon was found in 1.9% of patients positioned in a supine position for PCNL."!
A study of 200 patients found that 1% of patients had a retro-renal colon on the left and in 9% of patients part of the
colon passes posterior to the most posterior aspect of the kidney.'*> Colonic perforation is more common in left-sided

PCNL, lower calyceal punctures, horse-shoe kidneys, older patients, puncture posterior to the mid-axillary line and
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patients with colonic dilatation.'""'* Injuries to the colon are not always detected immediately and may necessitate
parenteral nutrition, laparotomy and stoma formation.'® Injury to the liver and spleen may present with haemodynamic
compromise, collapse, or sudden decrease in haemoglobin. Management may include the infusion of clotting factors,
high-dependency care, embolization, prolonged nephrostomy placement, laparotomy, packing and splenectomy.'*'®
Minimising the risk of injury to abdominal viscera is key to performing safe PCNL and retroperitoneal surgery.
Percutaneous access can be achieved fluoroscopically or via ultrasound by a urologist or an interventional radiologist.'”

The debate regarding ideal positioning is controversial and continues'” (Table 1). With regard to anatomy, the medial
displacement of the bowel in the modified supine position has been postulated to reduce the risk of colonic injury. Studies have

shown that there is a 1.9-6% chance of colon lying in the line of access supine, compared to 10—15% in the prone position.'®'*

Anatomy and Embryology of the Twelfth Rib

The cartilage of the ribs begins development in the mesoderm in the sixth week of gestation and ossification begins in the
eighth week.?” The head and tubercle secondary ossification begins at 15 years of age and is complete by 25.27 The
twelfth rib has a single facet joint with the T12 vertebral body’s articular margins and curves anteriorly.?” The variation
in morphology of the rib cage has been well defined; however, no specific study into the variability of the length of the
twelfth rib has been performed.””** The twelfth rib attachments include quadratus lumborum, the costodiaphragmatic
recess of the pleura, latissimus dorsi, the external oblique, iliocostalis, serratus posterior inferior, the lumbocostal
ligament, and the inferior levator costae.”® Recent studies of rib anatomy have been taken from CT images which are
readily available for analysis without the expense and time constraints of cadaver dissection.?’*' A study comparing CT
measurements of rib geometry of cadaveric subjects to the “ground truth” histology of the ribs reported that the use of CT
imaging can be used to define and compare geometric properties of ribs.>> The anatomy of the kidney does not appear to
change significantly from the supine to the prone position as assessed on CT imaging.*”

Multiple surgical textbooks and articles continue to suggest the use of the twelfth rib tip as a landmark for surgeons when
performing the initial puncture at the start of a PCNL case.*” The use of an inconsistent surface landmark may provide
surgeons false reassurance that they are at less risk of injuring nearby viscera. Advances in medical imaging have allowed
scrutiny of anatomical landmarks which have been recited verbatim by medical students and clinicians for centuries.”'

The aim of this study is to assess the variability in the length of the twelfth rib and its relationship to the kidney and
other organs. For use as a reliable surgical landmark without prior imaging, a bony prominence must be fixed in its
position to both the target organ and organs at risk of injury. We hope to highlight that the twelfth rib should only be used
as a landmark for PCNL puncture when its relationship to other organs is confirmed with imaging.

Table | Supine versus Prone Positioning for Percutaneous Nephrolithotomy

Supine Prone

20,21

Shorter operative time Greater field of access; easier upper pole access?

Avoid complications of transfer of the patient Shorter track?

Avoid anaesthetic complications of the prone patient23 Reduced renal mobility“

Dual access — Lithotomy position Dual Access - Split-leg Modified position
Increase stone free rates® Increase stone free rates?®?'

20
Decrease blood loss

[ 26
Decrease radiation exposure to surgeon

Reduced risk of bowel injury®®

Operate sitting down
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Methods and Materials

Study Design and Selection Criteria

A cross-sectional retrospective observational study of CT scans of 100 adults who had imaging between 23rd March and 12th
April 2020 in an Australian hospital. The study was approved by the University of Tasmania ethics committee to complete the
study with no requirement for informed patient consent as no identifiable images or patient data were collected or stored. The
software used for measurement was IntelliSpace PACS 4.4 Enterprise with ISyntax technology. All patients were in the supine
position and were asked to be at full inspiration for the duration of the scan. Exclusion criteria included previous retroperitoneal
surgery or spinal deformity.

Data Collection

Measurements were taken from each twelfth rib tip to the mid-sagittal line in the axial plane (Figure 1). In the same axial
plane, measurements were taken from the twelfth rib tip to the colon, kidney and liver (on the right), and spleen (on the
left). Note was taken if an organ lay between each twelfth rib tip and kidney in the axial plane (Figures 2 and 3).

Power Analysis

A priori analysis was not performed. However, retrospective power analysis for 100 subjects using one-sample test of
proportions (notional intervening organ rate of 0.05% compared to minimum sought rate of 1.2% compared to actual rate

RJAS mm

-

Figure | Method for measuring twelfth rib tip to mid-sagittal line.

Figure 2 Assessing the tract from the left twelfth rib tip to the left kidney.
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Figure 3 Assessing the tract from the right twelfth rib tip to the right kidney.

of 23% on right and 11% on left; alpha 0.05, power >80%), and using one-sample test of standard deviations (SD) of
twelfth rib length (notional SD of Smm compared to minimum sought SD of 7.5mm compared to actual SD of 19-21mm;
alpha 0.05, power >80%) demonstrated that adequate numbers of participants were included in the study.

Outcome Measurements

The distance from the mid-sagittal line to the twelfth rib tip in the axial plane was measured, and only fully ossified bone
was included. The recorded measurement is a surrogate for true rib length due to the absence of software that can
accurately measure a curved structure across coronal and axial planes. Although this is not a true measurement, it is
equally useful clinically. To highlight the variability in the relationship of the twelfth rib tip and adjacent viscera, the
distance from the twelfth rib tip to the kidney, spleen and liver was also measured in the axial plane.

Statistical Analysis

The distribution of length of the twelfth rib, and its position in relation to other structures was analysed by estimating the
mean, standard deviation, and centile values (1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th, 99th) using bootstrapping
estimates of those values from 1000 bootstrap samples. Bootstrap estimation methods allow estimation of distribution
values without assuming normality of distribution, whilst also providing a better estimation of the underlying population
that might be distorted by outliers. Estimates were made for all cases, and for each gender separately.

The association between the incidence of intervening organ between twelfth rib tip and kidney and the mid-sagittal
line to twelfth rib tip (MSL-12RT) distance evaluated by estimating the incidence rate ratio using Poisson regression,
adjusted for age and MSL-12RT distance: Z-scores [(patient value minus mean)/standard deviation] of age and gender-
specific MSL-12RT distances were used as predictors in the regression models. The sensitivity and specificity of
optimum risk score thresholds were estimated again using a bootstrap procedure. First, the mean coefficient values for
the risk scores for the left and right kidneys were estimated using a Poisson model for prediction of an intervening organ
as outcome and the midline to twelfth rib tip distance (MSL-12RT) and twelfth rib tip to kidney distance (12RT-K)
z-scores. One thousand bootstrap samples were created; the Poisson regression model estimated; the mean values of the
regression constants for the model from the 1000 samples were estimated; those coefficients were then applied to each of
a new 1000 bootstrap samples with risk scores for the 100 cases in each of the 1000 samples calculated. Twenty-one
possible threshold values ranging from —3.0 to —1.0 were then used to classify the risk scores, and 2-by-2 case-exposure
tables for each of the thresholds in each of the 1000 samples were created. The mean values for the four cells in the 2-by-
2 tables were calculated, and percentile 95% confidence intervals were estimated from the 1000 samples.
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Results

Demographics
Data was collected from 48 men and 52 women with an average age of 63.5 years, one patient was under 25 years old (Table 2).

Twelfth Rib Length

Length from the mid-sagittal line to the right twelfth rib tip varied from 46mm (percentile 95% CI 40 to 57) to 136mm
(percentile 95% CI 133 to 138) (Table 3). On the left, the distances varied from 55 (percentile 95% CI 50 to 64) to
134mm (percentile 95% CI 131 to 135). The mean distances were 101mm on the right (standard deviation 21; median
105; inter-quartile ranges were 25mm (92 to 117mm)) and 102mm on the left (SD 19; median 104; inter-quartile ranges
were 27mm (90 to 117mm)).

Relationship to Abdominal Viscera
The distance between the tip of the twelfth rib and abdominal organs was measured if the organ in question was visible
on the same axial image as the tip of the twelfth rib. In 97% of CT series, the right kidney was visible in the same axial
plane as the twelfth rib tip and 100% on the left. The length from the right twelfth rib tip to the kidney ranged from
5.1mm (percentile 95% CI 4.8 to 7.3) to 62mm (percentile 95% CI 48 to 64). The length from the left twelfth rib tip to
the kidney ranged from 4.0mm (percentile 95% CI 3.5 to 5.0) to 52mm (percentile 95% CI 44 to 59).

On the left, the spleen was visible in 28% of patients in the same axial plane as the twelfth rib tip and 94% of
patients had colon visible on the same plane (Table 4). The distance between the left twelfth rib tip and the spleen

Table 2 Demographics Table

Age Groups Males (n=48) | Females (n=52) | All (n=100)
Age 20-34 2 3 5
Age 35-44 4 9 13
Age 45-54 6 6 12
Age 55-64 8 9 17
Age 65-74 13 15 28
Age 75-84 13 6 19
Age 85-100 2 4 6
Total 48 52 100

Indication for CT imaging

~

Abdominal pain

Suspected bowel obstruction
Gastrointestinal bleeding
Fever or sepsis

Trauma

Diverticulitis progress scan
Known pelvic collection
Cancer staging

Jaundice

Nausea

Cellulitis

Diarrhoea

Operative planning

Colitis

Abdominal wall hernia

—_ —_ - = —m —m —m — —m N NN AMXANOO

Aneurysm

Total 100
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Table 3 Estimate of the Mean, Standard Deviation and Centile Values of the Position of the Twelfth Rib Tip in Relation to Other
Structures: All Subjects, Axial View

ALL Estimate® N Mean SD | Median | IQR (25th to 75th) Ist | 5th | 10th | 90th | 95th | 99th
R_MSL_I2RT Mean | 100 101.1 | 21.3 104.5 (90.7 to 115.3) 46.1 | 58.2 679 | 1270 | 131.8 | 136.0
2.5th centile 96.7 | 18.2 99.1 (81.9 to 110.1) 39.8 | 504 573 | 120.7 | 127.7 | 1332

97.5th centile 105.1 | 24.6 108.3 (96.3 to 119.7) 573 | 67.9 838 | I131.7 | 135.0 | 1377

L_MSL_I12RT Mean | 100 102.1 19.0 103.7 (89.5 to 116.6) 55.1 | 66.7 754 | 1253 | 129.5 | 1340
2.5th centile 984 | 16.6 99.0 (83.6 to 113.2) 504 | 57.9 67.0 | 122.0 | 1244 | 1306

97.5th centile 105.7 | 21.5 1.2 (95.8 to 120.8) 644 | 77.1 839 | 1292 | 1335 | 1354

R_I2RT_L Mean | 82 314 | 252 24.0 (10.4 to 46.5) 3.1 5.2 6.8 68.6 822 | 101.8
2.5th centile 26.0 | 208 14.5 (8.1 to 38.9) 2.7 32 5.1 53.8 65.0 81.5

97.5th centile 369 | 29.2 344 (1'1.9 to 54.9) 5.0 74 84 81.5 | 100.1 104.7

R_I2RT_C Mean 58 73.1 | 31.0 72.8 (50.3 to 96.0) 15.1 | 20.3 31.3 | 1131 1214 | 1435
2.5th centile 646 | 259 62.4 (43.4 to 85.0) 143 | 143 16.6 | 101.1 107.1 119.8

97.5th centile 81.0 | 364 83.7 (62.4 to 103.6) 186 | 355 45.6 | 120.0 | 1559 | 1559

R_I2RT_K Mean | 97 250 | 124 23.8 (15.5 to 32.1) 5.1 79 9.7 41.2 48.1 62.4
2.5th centile 226 | 105 21.8 (1'1.4 to 28.3) 4.8 5.0 8.2 36.4 414 47.5

97.5th centile 274 | 144 26.5 (20.3 to 36.4) 7.3 9.7 11.4 46.8 62.4 64.3

L_I2RT_S Mean 28 19.5 | 142 14.8 (8.5 to 29.3) 33 4.3 55 40.5 46.3 522
2.5th centile 143 | 103 9.0 (6.0 to 15.4) 25 25 2.5 320 32.1 41.9

97.5th centile 252 | 179 26.5 (12.8 to 41.9) 6.0 83 8.6 58.3 58.3 58.3

L_I2RT_C Mean | 94 59.0 | 327 588 (31.2 to 81.2) 55 ] 109 154 | 1028 | 1164 | 137.7
2.5th centile 524 | 288 49.8 (244 to 71.5) 38 77 .1 914 | 102.7 | 122.7

97.5th centile 65.1 | 365 68.1 (433 0 91.4) 94 | 154 244 | 110.1 138.6 | 140.2

L_I2RT_K Mean | 100 237 | 120 22.7 (14.2 to 32.7) 4.0 5.7 8.0 39.8 43.2 51.6
2.5th centile 214 | 105 19.8 (10.9 to 29.2) 35 4.3 5.3 36.2 39.1 43.7

97.5th centile 263 | 133 27.7 (16.6 to 36.6) 5.0 7.7 11.0 43.0 47.0 58.8

Notes: *Mean (standard deviation), median (50th centile), interquartile range (25th to 75th centiles), other centile values estimated using bootstrap summary estimates from
1000 bootstrap samples; percentile 95% confidence intervals for bootstrap estimates were made by estimating the position of the 2.5th and 97.5th centile values as
a description of the uncertainty of the estimated values.

Table 4 Raw Number of Cases Where an Organ Was Seen Between the Twelfth Rib-Tip and
Kidney on CT Scan Axial and Coronal Views

Organ None Seen | Bowel | Liver | Pleura | Spleen | Total
Right axial view Organ present 77 0 22% I 0 100
Left axial view Organ present 89 4 0 0 7% 100

Note: *Liver or spleen only seen in these positions on the right and left, respectively.

ranged from 3.3mm (percentile 95% CI 2.5 to 6.0) to 52mm (percentile 95% CI 42 to 58). The distance between the
left twelfth rib tip and the colon ranged from 5.5mm (percentile 95% CI 3.8 to 9.4) to 138mm (percentile 95% CI 123
to 140). Eighty-two percent of patients had their liver visible in the same axial plane as the right twelfth rib tip and
58% of patients had the colon visible in the same plane as the twelfth rib tip. The distance between the right twelfth rib
tip and the liver ranged from 3.1mm (percentile 95% CI 2.7 to 15) to 102mm (percentile 95% CI 82 to 105). The
distance between the right twelfth rib tip and the colon ranged from 3.1mm (percentile 95% CI 2.7 to 5.0) to 144mm
(percentile 95% CI 120 to 156).

Twenty-three percent of people (95% CI 15% to 32%) had an organ lying between the tip of the twelfth rib and the
kidney on the right, in 22 cases this was the liver and in one was the pleura. Eleven percent of people (95% CI 5.6% to
19%) had an organ lying between the tip of the twelfth rib and the kidney on the left. Seven percent had a spleen between
the twelfth rib tip and the kidney, and four patients had colon between the rib-tip and the kidney.
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Discussion

Percutaneous nephrolithotomy is a potentially morbid procedure. Large international series shows that the majority are
undertaken with fluoroscopy (85.7%) and by a urologist (93%).> The learning curve has been quoted up to 60 cases to
achieve competency.”* The use of the twelfth rib as a landmark for percutaneous access continues to be described in the
surgical literature.*”’

Our study demonstrates that the twelfth rib is highly variable in its length. Similar variability was recorded in the
distance from the tip to intra-abdominal organs. Due to the high likelihood of organs lying between the tip of the twelfth
rib and the kidney, the tip of the twelfth rib should not be used as a puncture point landmark for percutaneous access
without confirmation, with imaging, that the tract is safe. We demonstrate that 23% of our cohort would risk liver or
pleura injury when accessing the right kidney using the twelfth rib tip as the location for puncture if the needle passes in
the same axial plane towards the kidney. Eleven percent of patients would risk splenic or bowel injury as the needle
passed from the twelfth rib tip to the kidney on the left in the same axial plane.

Our study, as well as being the first to objectively measure the variability in twelfth rib anatomy, also emphasises that
scrutiny of individual patients’ cross-sectional imaging is mandatory prior to any retroperitoneal percutaneous approach.
The urologist should assess individual patient anatomy, stone burden and plan a route to access a favourable calyx for
stone extraction, avoiding nearby structures. The twelfth rib should be used as a landmark, but only in conjunction with
cross-sectional imaging, to guide safe puncture of the kidney. Future literature needs to reflect this.

Limitations

The use of CT imaging in our study, compared to studying cadavers is justified both due to the time and expense of using
cadavers. Using CT imaging rather than cadavers allows visualisation of the relationships between anatomical structures
in living subjects without post-mortem changes in anatomical relationships. The rib length using our surrogate measure
(mid-sagittal line to rib tip) is as useful to describe variability as the true length.

The line to the kidney from the twelfth rib tip was measured in only one axial plane, whereas retroperitoneal surgery
and PCNL are three-dimensional procedures and surgeons may avoid intervening viscera by targeting a calyx for
puncture that is in a separate plane. The length between the twelfth rib tip and the kidney will be affected by the extent
of muscularity or obesity of patients, and in this study, this will be specific to this Australian population. Tasmanian
adults, from which the cohort was selected, had a 32.3% obesity rate between 2014 and 15 compared with 39.6% of US
adults between 2015 and 16.%°¢ All patients in this study were in the supine position during their CT, and therefore the
anatomical relationships may differ in prone and lateral PCNL positions. Analysis of the surrogate rib length in the
supine position has demonstrated the variability in its length and relationship to viscera in the supine position and future
studies could analyse the relationship between the twelfth rib tip and viscera in prone positions.

Images of the participants were taken at full inspiration, as per the local CT imaging protocol. As all the patients in
the scan were under the same conditions, it is unlikely to affect analysis of variability between participants; however, we
did not have record of patient adherence to breath holding during imaging. Patients undergoing PCNL puncture typically
are not at maximal inhalation, and therefore the incidence of organs lying between the twelfth rib tip and the kidney may
be different to our findings based on CT imaging. We did not have access to the individual patients’ ethnicity data;
however, our rib length variability is likely to be similar amongst individuals of all ethnicities.

Conclusion

The twelfth rib is highly variable in its length, and in its relationship to intra-abdominal viscera. Therefore, as an
inconsistent landmark, it is not safe to rely on the twelfth rib tip as a puncture site for retroperitoneal and percutaneous
renal surgery without first assessing the nearby anatomy with imaging. Our study reinforces the need to plan individua-
lised access, with cross-sectional or ultrasound imaging, and for surgeons not to rely solely on the twelfth rib as

a landmark.
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