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Obijective: To determine and verify how anthropometric variables correlate to ureteric lengths
and how well statistical models approximate the actual ureteric lengths.

Materials and methods: In this work, 129 charts of endourological patients (71 females and
58 males) were studied retrospectively. Data were gathered from various research centers
from North and South America. Continuous data were studied using descriptive statistics.
Anthropometric variables (age, body surface area, body weight, obesity, and stature) were utilized
as predictors of ureteric lengths. Linear regressions and correlations were used for studying
relationships between the predictors and the outcome variables (ureteric lengths); P-value was
set at 0.05. To assess how well statistical models were capable of predicting the actual ureteric
lengths, percentages (or ratios of matched to mismatched results) were employed.

Results: The results of the study show that anthropometric variables do not correlate well to ureteric
lengths. Statistical models can partially estimate ureteric lengths. Out of the five anthropometric
variables studied, three of them: body frame, stature, and weight, each with a P<<0.0001, were
significant. Two of the variables: age (R*=0.01; P=0.20) and obesity (R’=0.03; P=0.06), were
found to be poor estimators of ureteric lengths. None of the predictors reached the expected
(match:above:below) ratio of 1:0:0 to qualify as reliable predictors of ureteric lengths.
Conclusion: There is not sufficient evidence to conclude that anthropometric variables can
reliably predict ureteric lengths. These variables appear to lack adequate specificity as they failed
to reach the expected (match:above:below) ratio of 1:0:0. Consequently, selections of ureteral
stents continue to remain a challenge. However, height (R?=0.68) with the (match:above:below)
ratio of 3:3:4 appears suited for use as estimator, but on the basis of decision rule. Additional
research is recommended for stent improvements and ureteric length determinations.
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Introduction
In the late 1960s, the pioneers of ureteral stents had defined the devices as tubes that
are inserted either in a retrograde or antegrade manner inside abnormally functioning
ureters to maintain patency.'? Today, ureteral stents have become indispensable medical
devices in managing urinary obstructions.’ It is estimated that over 1.5 million stents
are inserted annually in the United States.* A prior study concluded that ureteral stents
may be over used.’

Increased use of ureteral stents has resulted in increased numbers of complications
associated with them.**” For instance, after insertion of the instruments, urinary
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blockages may occur 25% of the time due to biofilm
(encrustation) formation; approximately 11% of the time,
stents may slip off, especially if abnormally short sizes
are fitted.®® Hydronephrosis occurs in approximately 7%
of cases.!® Problems associated with ureteral stents are
significant and are — or should be — of concern.

When a ureteral stent slips off its intended position in
the ureter, it causes discomfort for the patient.”’ To prevent
this complication, stents of the correct dimensions must be
selected.®'" Length determinations have become important
parts of ureteral stent insertion.” However, currently, there
is still no standardized method to determine ureteric
lengths.*!>13 Efforts to address the problem are ongoing.
A number of methods have been proposed including the
use of anthropometric variables based on the Vitruvian-da
Vinci theory. Surprisingly, the answers obtained through
those methods are unpredictable. A previous study concluded
that during endoscopic procedures, the measurement of
individuals’ anthropometric variables, such as stature, does
not correlate well with the appropriate lengths of ureteral
stents.!! Another study even questioned the validity of using
individuals’ anthropometric variables as predictors of the
lengths of ureteral stents.'

In studying the associations between ureteral stents and
anthropometric variables, I noticed that previous research
used homogeneous study populations.'!>" This raises
concerns about the generalizability of those results. To my
knowledge, none of the previous studies used diverse popu-
lations in their work, and none of them have conducted
observational (experimental) trials in order to compare
and verify how well their proposed models can predict or
approximate the actual lengths of the ureters.?

The objectives of this study were to determine how well
anthropometric variables such as stature, age, body weight,
body surface areas, and degree of obesity correlate to ureteric
lengths, and to see how well the results of statistical models
match or mismatch the actual lengths of the ureters.'¢22!
To acquire a diverse study population, people in North
and South America were considered ideal because the
two continents include descendants of Africans, Asians,
Europeans, and Native Americans. Data were obtained
from urological centers and hospitals from Argentina,
Brazil, Canada, Costa Rica, Mexico, and the United States
of America.

Materials and methods
This was a data-oriented type of research. No human partici-
pants were directly involved in the study. As such, institutional

review was not sought. The study used retrospective data
obtained by contacting a number of urological centers
and hospitals with internationally recognized credentials
(eg, teaching hospitals) from many countries as mentioned
above. Contacts of potential sources were obtained from
hospital guides. Sources of the data were primary researchers
who (in some cases) had tried to carry out similar studies,
but could not get enough data and had abandoned the work.
When contacted, the researchers were generous enough to
share their data. The data were collected and rechecked for
accuracy and processed for analysis.

Modes of communications were through telephone and/
or email. The nature of the study and the rights to decline
were explained to the potential parties. Questionnaires were
then sent to those parties who agreed to perform retrospec-
tive reviews of their records and share their data. After
answering the questionnaires, the respondents returned them
via email. This strategy presented a few problems, such as
it was very time consuming, and lasted for approximately
3 years (October 2011-November 2014). Secondly, there
were language barriers. Some of the respondents answered
their questionnaires in languages other than English, in which
cases | had to rely on translators. Thirdly, the respondents
used different units to report results. For example, only
38% (40/129) of the respondents used the metric system
(kilograms, meters, centimeters, and millimeters). Sixty-two
percent of the respondents (80/129) used the British/American
units (pounds, yards, feet, and inches). For that reason, it
seemed reasonable to adopt both the metric system and the
British/American units in this paper. Fourth, there were dif-
ferences in the way respondents reported ages. Some used
whole numbers, while others included fractions or decimals
when reporting ages. For example, a patient who was 20 years
and 6 months of age was reported to be 20.5 years old. To
avoid working with fractions and rounding off decimals,
I decided to present all ages in months. For the same reason,
measurements of the heights of subjects and ureteric lengths
are presented in inches as well. Individuals’ body weights are
reported in pounds (and kilograms).

An individual’s total body size and his/her degree of obe-
sity were derived from anthropometric measures.?? Body frame
was computed and is presented in this paper as surface body
area (sBA measured in in%). The computations were performed
using the method provided in DuBois and DuBois* and
Mostellar.?* Degree of obesity was calculated and presented
using the body mass index (BMI measured in lbs/in?). These
calculations were performed using the method provided by
the Centers for Disease Control (CDC).
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Respondents also used different methods to measure
ureteric lengths. Forty-seven percent (60/129) stated that
they used traditional intravenous urography. Thirty percent
(39/129) reported using axial computerized tomographic
techniques, and 23% (30/129) reported using either catheter-
ization or other methods. The kind of stent that was inserted
most frequently was the double pigtails type.

As shown in Tables 1 and 2, the study included the records
of 129 patients (71 females; 58 males) who had sought uro-
logical care in various centers in North and South America.
The data were subjected to statistical and graphical analyses.
Continuous data were analyzed using descriptive statistics.
Regressions and correlations were used to study the relation-
ships between the variables, and P-value was set at 0.05.

Inclusion/exclusion criteria

Each questionnaire sought specific pieces of information,
including demographic data for each patient, the chief
complaint for which the patient had sought care, the
method used for measurements (eg, ultrasonography,
traditional intravenous urography, computed tomography
urography, 5-Fr ureteral catheterization, guidewire, etc),
any noticeable defects in the kidneys and/or ureters, any
evidence of sepsis and/or infectious diseases, and the type
of stent inserted.

To be included in the study, data sets must have been
collected from a verifiable hospital or a urological center under
the guidance of, at least, a physician; and the record had to be
from a patient who had sought care for urological problems
that required stent insertion. Further, at the time when care was
provided, the patient had to be an adult (ie, at least 18 years of
age or older). Finally, the practitioners had to have used the
right method(s) of measurements showing clear units.

There were two guiding definitions. Ureteric length was
defined as the continuous distance between the ureteropel-
vic and ureterovesicular points. Stature was defined as the
continuous distance from the heels upwards to the apex,
measured while the same individual was standing with his/
her back against an upright tape measure.

Results

Results of the continuous data showed that females were 22
to 89 years of age, with a mean age of 55.4 years (Table 1).
Their weights ranged from 134.48 lbs (61.13 kg) to 207.23 lbs
(94.2 kg). They were of medium height (ranging from 5 feet
2 in [157 cm] to 6 feet 0 in [183 cm]). The lengths of the
ureters for the women ranged from 9.45 in (24 cm) to 10.83
in (27.6 cm). The women had small body frames, although
some of them could be described as obese according to the
CDC standards (BMI >25.0).

The male subjects ranged in ages from 18 to 78 years
(Table 2). Their weights ranged from 136.69 Ibs (62.30 kg)
t0207.23 lbs (94.2 kg). For the males, the shortest height was
5 feet 2 in (160 cm) and the tallest was 6 feet 0 in (183 cm).
The remainder of the measurements was also similar to those
carried out in women, as shown in Table 1.

For the anthropometric variables, the results showed that
three of the variables were statistically significant (Table 3).
The scatter plot for body surface area versus ureteric length
is shown in Figure 1. As shown in Table 3, the results of body
surface area had a correlation coefficient (r) of 0.55 and a
correlation of determination (R?) of 0.30 (P<<0.0001; 95%
CI [confidence interval] =0.41-0.66). The results of the
experimental trial, shown in Table 4, show that the regression
model for body surface area versus ureteric length was able
to predict the reported actual ureteric lengths only 12.4%
(16/129) of the time.

Second, the scatter plot for ureteric length versus body
weight (Ibs) is shown in Figure 2. The graph of body weight
versus ureteric lengths indicates that the variable had a 7 of 0.40
and a R? 0f 0.16 (P<<0.0001; 95% CI =0.24-0.53) (Table 3).
The results of the experimental trials of the models, shown
in Table 4, indicate that body weight predicted the reported
actual lengths of the ureters 9.3% (12/129) of the time.

Third, the scatter plot for ureteric length and height is as
shown in Figure 3. The curve of the association between the
two variables showed a r 0f 0.83 and a R? 0f 0.68 (P<<0.0001;
95% CI =0.76—0.87). This is shown in Table 3. Using the
regression model for the experimental trial, the variable

Table | Descriptive statistics of the 71 females included in the study

Variables Min Max Mean 95% CI of mean SD Median Mode
Age (months) 264 1068 665.58 621-710 189.15 684 0
Body weight (Ibs) 134.48 207.23 168.05 164-173 18.94 163.14 180.8
Height (in) 62.60 71.65 68.52 68-69 222 69.29 69.3
Ureteric lengths (in) 9.45 10.83 10.31 10.2-10.4 0.33 10.43 10.4
Body frame (sBA) (in?) 1.723 2.171 1.915 1.9-2.0 0.125 1.861 1.94
Obesity (BMI) (Ibs/in?) 19.25 29.01 25.16 25-26 242 25.53 24.9
Abbreviations: Cl, confidence interval; Min, minimum; Max, maximum; SD, standard deviation; in, inches; sBA, surface body area; BMI, body mass index.
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Table 2 Descriptive statistics of the 58 males included in the study

Variables Min Max Mean 95% CI of mean SD Median Mode
Age (months) 216 936 650.69 606-695 169.08 696 0
Body weight (Ibs) 136.99 207.23 164.43 159-169 18.97 160.94 149.9
Height (in) 62.99 72.05 67.59 6768 267 68.5 69.29
Ureteric lengths (in) 9.45 10.63 10.20 10.1-10.3 0.37 10.24 10.43
Body frame (sBA) (in?) 1.71 2.18 1.88 1.85-1.92 0.13 1.83 1.74
Obesity (BMI) (Ibs/in?) 20.48 30.18 2531 24.6-25.9 2.55 25.49 26.23

Abbreviations: Cl, confidence interval; Min, minimum; Max, maximum; SD, standard deviation; in, inches; sBA, surface body area.

of height predicted 24.8% (32/129) of the reported actual
ureteric length correctly (Table 4).

Again, as can be seen from Table 3, the results of the two
remaining anthropometric variables, age and obesity, were
not significant (P>0.05). Also, both variables showed low
percentage of correct ureteric length predictions (Table 4).

Discussion

To give a bit of background here, Vitruvian-da Vinci theory
has held the view that there is consistent proportionality in
the physical attributes of a normal human.?**>2¢ The artists
(as well as the architects) used the simplified version of
the theory and argued that since proportionality exists,
human figures could be drawn using simple geometrical
representations such as rectangles and circles.”” Practitioners
of the art of healing have held that proportionality of the
normal human body does exist, but they [practitioners]
argued that such proportionality gets disrupted in the pres-
ence of certain illnesses (eg, spinal deformity, physical
structural malformations, and in respiratory or lungs abnor-
malities).”* 3! In other words, the absence of proportionality
in humans may be the basis for suspecting the presence of
certain health conditions.

However, in the past 200 years, standardized methods of
measurements began to emerge.?® With the results obtained
through better methods of measurements, researchers began
to question the validity of some of the suppositions or the
artists’ simplified concepts of pictorial representations based
on Vitruvian-da Vinci theory.?® As a result, doubts about
the reliability of Vitruvian-da Vinci theory began to emerge

too. To understand reliability or validity of Vitruvian-da
Vinci theory, researchers have continued to investigate,
for example, the relationships between arm span and
stature.?’3? There have been reports that arm span did
exceed heights, even among normal individuals, although
in some cases, arm spans were found to equal height.?
Bonomi? also studied the relationship between arm span
and stature. He had a reasonable sample size (N=84).2 The
results of Bonomi’s work showed that arm span matched
height only 7% (6/84) of the time, while it fell below height
29% (24/84) of the time, and exceeded height 64% (54/84)
of the time.?® In the form of a ratio, Bonomi’s?® results
may be summarized as 1:6:3 (matched:above:below).
Arguably, if arm span could reliably predict height, then
the results of the study would have been in the ratio of
1:0:0 (matched:above:below).

Since Bonomi’s work,” a number of investigators have
come to the same conclusion that arm span does exceed
height, even among normal individuals.?*?*3! Thus far, the
results of those studies have challenged the reliability of the
Vitruvian-da Vinci theory of proportionality in the normal
human body.>!2%

In this study, I used retrospective data and relied on
regression models to verify anthropometric variables (as pre-
dictors) versus ureteric lengths (as outcome). From Table 4,
it can be seen that whether measures of anthropometric
variables against ureteric lengths are taken individu-
ally or collectively, the ratio of the results categorized as
“matched:above:below” is/are still not in the form of 1:0:0.
The results appear to suggest that no anthropometric variables

Table 3 Results of the correlations of anthropometric variables with ureteric lengths

Variables Regression models r (RY» P-value (95% CI)
Age (months) Ureter (in) =10.408 + (-0.00022) (age month) —0.11 0.01 0.20 (-0.29, 0.06)
Body Frame (sBA) (in?) Ureter (in) =7.4367 + 1.4876 (sBA) 0.55 0.30 <0.0001 (0.41, 0.66)
Height (in) Ureter (in) =2.3183 + 0.1 167 (height in) 0.83 0.68 <0.0001 (0.76, 0.87)
Obesity (BMI) (Ibs/in?) Ureter (in) =10.8583 + (-0.02358) (BMI) -0.17 0.03 0.06 (-0.33,0.01)
Body Weight (Ibs) Ureter (in) =9.0593 + 0.007235 (wgt Ibs) 0.40 0.16 <0.0001 (0.24, 0.53)

Abbreviations: BMI, body mass index; Cl, confidence interval; r correlation coefficient; R? correlation of determination; in, inches; sBA, surface body area; BMI, body mass

index; in, inches; wgt, weight.
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Ureteric length vs body surface area
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Figure | Scatter plot depicting a weak positive association between body frame
(quantified as body surface area in square inches) and ureteric lengths (inches) for
the entire study population.

are able to predict ureteric lengths reliably.!>!7-182033 However,
the anthropometric variable of height may continue to be used
to predict or approximate ureteric lengths, but the reliability
and/or validity of the variable remains questionable.!”*

Despite the belief that there may be a relationship between
ureteric lengths and anthropometric measures, a number of
researchers who have tried to verify such a relationship have
reported negative findings.'-1%2627:35 Some studies challenged
the validity of using individuals’ anthropometric variables as
predictors of the lengths of ureteral stents.'*!*3* Hruby et al'®
reported that they were unable to find any strong correlations
between anthropometric measures and ureteric lengths. Also,
in the study where researchers evaluated lengths of ureters in
adult cadavers in a Brazilian population, the authors reported
finding no correlations between the two variables.

In contrast, some researchers have reported finding cor-
relations between anthropometrics and ureteric lengths. Ho

et al'® reported finding a correlation between anthropometric
variables and ureteric lengths among the Chinese population.
Lee et al*® also reported finding similar correlations among
Korean populations. Further, similar correlations were
reported among the Japanese populations.”” However, as
in some of the previous studies,'>!'*!* Kawahara et al'’ also
questioned the validity/reliability of using such a correlation
to predict ureteric length. Notably, among the studies that
reported finding correlations between height and ureteric
lengths, none has reported the categorized ratio of the vari-
ables as “matched:above:below”.?

Statistically, correlations describe associations between
random variables and do not reflect causal relationships.
For example, the results presented in Figure 1 show a weak
positive association between ureteric length and body surface
area. Likewise, Figure 2 shows a weak positive association
between ureteric length and body weight. In those two results,
both body surface area and body weight are measures that
reflect growth. The growth may be in the form of parenchy-
mal cells that lead to changes in axial or linear dimensions
of the ureters.?? Thus, changes in growth of the body may
be reflected in the ureters, causing dilatation that results in
what researchers have referred to as a “megaureter”.’¢’
Nonetheless, based on the data used in this study, variables
such as body surface area and/or body weight do not appear
suitable for predicting ureteric lengths.

Obesity is growth of another kind. Figure 4 shows a
diminishing association between ureteric length and obesity,
which was quantified as BMI. This is another way of saying
that obesity is a measure of adiposity. As can be seen from
the scatter plot in Figure 4, obesity is also not well suited as
a variable to predict ureteric length.

Just as in Figure 4, Figure 5 also shows a diminishing
association between ureteric lengths and age (months).

Table 4 Results of the experimental trials to determine the number of times that the predictions of the models matched or did not

match the actual ureteric length

Variables Number of predictions
that matched the actual

reported ureteric lengths

Number of predictions
that fell above the actual

Number of predictions
that fell below the actual

reported ureteric lengths reported ureteric lengths

Age (months)

Body Frame (sBA) (in?)
Height (in)

Obesity (BMI) (Ibs/in?)
Body Weight (Ib)
Total

3.9% (5/129)
12.4% (16/129)
24.8% (32/129)
11.6% (15/129)
9.3% (12/129)
(80/645)

Ratio |

39.5% (51/129)
40.3% (52/129)
31.0% (40/129)
35.7% (46/129)
37.2% (48/129) 53.5% (69/129)
(237/645) (328/645)

4 5

56.6% (73/129)
47.3% (61/129)
442% (57/129)
52.7% (68/129)

Notes: Whether the variables above are viewed individually or collectively, the ratio of “matched:above:below” is not in the form of 1:0:0. This indicates that none of the
variables is the best predictor of ureteric lengths. Of the five variables, height was the best predictor in approximating ureteric lengths.

Abbreviations: BMI, body mass index; in, inches; sBA, surface body area.
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Figure 2 Scatter plot showing a weak positive association between ureteric lengths
(inches) versus weight (Ibs).

Notably, the slope of the line in Figure 5 is near zero, thus
suggesting that the association between the two variables, if
any, is negligible. Given that limitation, age also may not be
used as a predictor of ureteric length.

A statistical authority pointed out that in linear regres-
sion, one of the variables (say Y) is considered to be random,
while the other (say X) is fixed.*® In a correlation study, on
the other hand, both variables Y and X are considered to be
random.*® In view of that, it does seem reasonable to infer
that correlations or associations between anthropometric
variables and ureteric lengths may be interpreted as random
events that seem to vary together. This type of phenomenon is
commonly seen where Vitruvian-da Vinci theory is applied.?
The results of the experimental trials shown in Table 4 appear
to confirm that. That is, there are times when a variable may

Ureteric length vs height
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Figure 3 Scatter plot showing a positive, fairly good association between ureteric
lengths and the heights of the subjects measured in inches.

Notes: Of the five variables investigated, height is the best predictor of ureteric
lengths.

Abbreviation: In, inches.

Figure 4 Scatter plot showing a diminishing or limited negative association between
ureteric length (inches) and obesity (quantified as BMI [Ibs/in]) in the study population.
Abbreviation: BMI, body mass index.

show matching results. The results of this study seem to
agree with the findings reported in a number of previous
Studies.ll’13’14’18’20

In the experimental trials, the results shown in Table 4 that
were considered a “match” could be interpreted as the conse-
quences of random events, in that it is possible for people of
a certain stature to have identical (or almost identical) ureteric
lengths. However, that fact alone does not mean that one of the
variables may be predicted by the other.3® This is so because
it is possible that there is a broader range of variations in stat-
ure among individuals than can be accounted for by ureteric
lengths.'® One reason for saying so is that there is no cause
and effect in this type of relationship.*® Tall individuals may
have long ureteric lengths, and short people may have short
ureteric lengths, but based on those observations alone, it is

Ureteric length vs age
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Figure 5 Scatter plot depicting diminishing association between ureteric lengths and
age (months) for the entire study population.

Notes: The line is almost horizontal. Age was the worst predictor of the five
variables.
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difficult (if not impossible) to make accurate predictions of
ureteric length using an individual’s height or another form of
anthropometric variable.'® A previous study reported, what they
found in their study of a Brazilian population, that even some
tall individuals have shorter than expected ureteric lengths.'

One may be tempted to use an individual’s stature to
approximate ureteric length on the basis of decision rule,
and that may be acceptable.’* However, the distinction to
be made clear is that approximations are not accurate/
reliable predictions. In endourology, accurate predictions
of ureteric length are necessary in order to determine the
ideal length (or comfortable range) of indwelling stents.!!
By relying on approximations, one is more likely than
not to select a ureteral stent that is either too long or too
short for a particular purpose. It is perhaps needless to add
that inserting indwelling stents of improper lengths may
not be comfortable or beneficial to the patients who need
them.”4

Recommendation

A common form of discomfort for this group of patients is
associated with the insertion of stents of improper sizes. It
is important to fit stents of the right size (and of the right
material), and thus far, the practice of estimating the lengths
of stents to be inserted has been based on anthropometric
variables (eg, heights) of the patients. More often than not,
this type of approximation has led to the insertion of stents
that are either too long or too short, both of which increase a
patient’s discomfort, pain, morbidity, or other complications.
The reliability of height as a variable for predicting ureteric
lengths continues to be debatable.!'” Height can continue
to be used on the basis of decision rule, especially if reliable
cutoff points could be developed.*” That, however, requires
standardization.'>!” Therefore, it is recommended that fur-
ther work be directed at finding ways to standardize ureteral
measurements.'>!” The idea of using a statistical formula to
predict the actual lengths of the ureters is appealing because
itis aradiation-free procedure.!® Apparently, what needs to be
done is to find reliable conversion factors that may be used
with statistical models.

Limitations

The first limitation of the study is that I used retrospective
data on events that were provided by primary sources. This
may raise two concerns. First, it is possible that some of
the information about the variables might be questionable
or that some of the data were measured in ways that could

be interpreted as inappropriate.'” I had no way of knowing
and correcting those types of anomalies (if they existed).
Secondly, there was no way of proving that the grading of
the final stent position or the predicted lengths fell within an
acceptable range that did not cause the patients discomfort.
This study method was adopted because it is an economical
way of obtaining data from a diverse population. Although
it did not directly involve human participants, the strength
of the study includes its ability to pinpoint the limitations of
some of the anthropometric variables that have been used to
measure ureteric lengths.

Conclusion

The five anthropometric variables appear to be generic in
the sense that they lack adequate specificity for predicting
ureteric lengths. I was unable to find adequate evidence
to conclude that any of the five anthropometric variables
correlate well with ureteric lengths or are reliable enough
for predicting ureteric lengths. Although statistical models
can approximate, and in some cases predict, the length of
the ureters, more work is necessary in order to achieve
the strength of mathematical models for application to the
reliable prediction of the actual lengths (or range of lengths
of stents) acceptable for patients. Ways of addressing these
patients’ discomfort, pain, and complications appear to
include standardizing the methods of selecting the lengths
of indwelling ureteral stents.
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