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A B S T R A C T

Introduction: Renal colic is one of the most common complaints in patients admitted to Emergency Department
(ED). Computed Tomography (CT) is the reference standard for the diagnosis of any stones in the kidneys or
ureters. However, CT has classical disadvantages, such as radiation exposure, cost and availability. Recently,
STONE clinical prediction criteria were suggested to identify uncomplicated ureteral stone cases among patiens
admitted to the ED with abdominal pain. Primary objective of this study was the external validation of the
STONE criteria.
Methods: This was a diagnostic accuracy study conducted on a prospective, observational cohort. All consecutive
patients who underwent a non-enhanced abdominopelvic CT scan in the ED with an initial diagnosis of ureteral
stone disease were enrolled. Using a pre-prepared checklist, all data and the final diagnosis according to the CT
scan were recorded. STONE score was calculated for all patients. The area under the curve (AUC) of the STONE
Score and the CT, the reference standard, were compared using the ROC curve analysis.
Results: Totally, 237 patients (59.9% male) with an average age of 41.54 years (SD: 13.37) were evaluated, and
156 cases (65.8%) were proved to have renal stone. The mean (SD) STONE scores in the groups of patients with
renal stone and in the group of patients without renal stone group were 9.1 (2.6) and 6.0 ( 2.8), respectively
(p < 0.001). The area under the curve (AUC) for the STONE score was 0.789 (95% confidence interval (CI)
0.725 to 0.852). The optimum threshold value of the STONE score for the diagnosis of a renal stone was 8 or
more, which had a sensitivity of 75.0% and a specificity of 70.4%.
Conclusion: Despite the acceptable diagnostic accuracy, further modifications and enhancements of the STONE
score are needed to differentiate patients with low risk prior to imaging.

1. Introduction

Renal colic is one of the most common complaints in patients re-
ferred to the emergency department (ED). The prevalence of the kidney
stones is reported as 1–5% in various areas, which is estimated to be
2–3% in developed countries, and 0.5–1% in developing countries and
these stats have an ascendant trend.1–5 Studies also show that 8–15% of
the American and European people will suffer from kidney stones
during their lives. Studies in white men showed that at the age of 70,
one out of eight people will suffer from this disease.6 Forty-one percent
of the patients with the first renal colic attack will have a second one
within 2–3 years, and 75% of patients will have recurrence in 7–10

years.1,6

Management of these patients is usually limited to pain control, and
in the majority of cases, the stone is expelled by itself without the need
for an invasive intervention. The need for an invasive intervention, and
the possibility of complications is investigated by the help of radiologic
imaging. The reference standard test in suspected ureteral stone is non-
enhanced abdominopelvic computed tomography (CT) scan. However,
it is time-consuming, expensive, leads to unnecessary radiation ex-
posure, and increases the length of ED stay.7,8 Numerous efforts have
been made to identify uncomplicated ureteral stone cases in the ED in
order to reduce unnecessary imaging, reduce costs, and duration of the
stay. In this regard, a clinical prediction score named as STONE was
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designed in 2014 by Moore et al., to determine the probability of an
uncomplicated ureteral stone presence in patients referred with ab-
dominal pain.9 During the first phase (derivation cohort) of their study,
1040 patients who had a non-enhanced CT scan with a probability of
stone in urinary tract between 2005 and 2010 were retrospectively
evaluated with multivariate logistic regression method. Male sex, acute
onset of pain, non-black race, presence of nausea or vomiting, and
microscopic hematuria were found to be the best factors with highest
correlations with stone presence. The value of the STONE clinical pre-
diction criteria and respective risk groups that it predicts were de-
termined as follows: 0–5 low-risk, 6–9 moderate risk, and 10–13 high
risk. In the second phase (validation cohort) which was carried out
between 2012 and 2013, its validity was confirmed by studying 491
patients.9

Due to the novelty of this clinical prediction rule, limited studies
have been made to confirm its external validity and the studies reported
variety of results provides good background for further studies.9–14

Therefore, we conducted this survey to study the external validity of the
STONE clinical prediction criteria in patients with referred to ED with
abdominal pain.

2. Material and methods

2.1. Study design and setting

This prospective observational cohort study was conducted between
October 2017 and April 2018 in 3 EDs from educational medical centers
affiliated to Tehran University of Medical Sciences (TUMS), Tehran,
Iran. The study protocol was approved by ethical committee of TUMS
and protocol code of “IR.TUMS.MEDICINE.REC.1396.4804” was as-
signed to it. In this study, no interventions were performed by the re-
searchers to the patient's diagnostic and treatment processes. The data
was collected from the patients who agreed to sign informed consent to
this survey and to authorize the use of the data for research purposes.
Patient information were anonymized.

2.2. Definitions

Male sex, acute onset of pain, non-black race, presence of nausea or
vomiting and microscopic hematuria were defined as the components of
the STONE Clinical Prediction Criteria (Table 1).

2.3. Study population

Results of the studies performed by Moore et al. and Daniels et al.

were used for the calculation of the sample size.9,10 The estimated
sample size was 233 patients (155 positives and 78 negatives) to find
and AUC difference of 0.10 in accuracies as statistically significant with
a power of 80% and type 1 error of 5% (PASS version 11, PASS Power
Analysis and Sample Size System, NCSS, USA). All consecutive patients
who underwent a non-enhanced abdominopelvic CT scan in the ED
with an initial diagnosis of ureteral stone disease were enrolled. Pa-
tients whose CT image was not visible in the hospital picture archiving
and communication system (PACS) for any reason, who did not give a
urine sample for dipstick test, and those who left the ED against medical
advice before performing a CT scan were excluded from the study.
Linguistic, racial and generic limitations were not considered.

2.4. Data collection

Data was collected by the researchers, since they were merely ob-
servers and had no intervention in the process of patient's diagnostic
and therapeutic actions. Two emergency medicine specialists with more
than 6-years of work experience collected the data. Researchers at-
tended the ED as an observer at different hours of the day, different
days of the week, and they filled out a standard data collection form for
enrolled patients. Patients' demographic information, starting time of
the pain, presence of nausea or vomiting, history of renal stone disease,
presence of hematuria in dipstick test, and final diagnosis based on the
CT scan were recorded. Two emergency medicine specialists who were
blinded to patient's symptoms, evaluated the CTs for the evidence of
ureteral stones independently. In case of disagreement, the opinion of a
third emergency medicine specialist was used as a tie-breaker. Presence
of any stone in an anatomical location between the renal pelvis and
ureterovesicular junction with patient reported pain on the same side of
the body was interpreted as a complicated renal stone.

2.5. Statistical analysis

The data was manually edited in SPSS software version 23 (IBM
corp., USA) and analyzed. Relative risk and odds ratio calculated using
Amare software version 2.0 (Safa App, Iran). For each patient the
STONE score was calculated. Then, the area under the curve (AUC) of
the STONE score and its 95% confidence internal (CI) was calculated
using the ROC curve analysis considering non-enhanced abdomino-
pelvic CT scan as the reference standard. Categorical variables were
analyzed using chi-square test. Numerical variables were analyzed
using independent t-test (comparing the means) or Mann-Whitney U
test (comparing the ranks) based on being parametric or not, respec-
tively. A p-value of 0.05 of less was considered as statistically sig-
nificant.

3. Results

There were 286 eligible patients, where 237 (%82.9) were enrolled
to this study. In the study population, an ureteral stone was present in
156 (65.8%), and was not present in 81 cases (34.2%). The mean (SD)
age was 41.54 (13.37) years (min-max: 17–70 years), and 142 of the
237 patients (59.9%) were male.

Comparison of patient's basic data is summarized in Table 2 in order
to compute the STONE score in two groups of with stone and without
stone. The average age of patients in two groups didn't have significant
statistical difference. Also distribution according to gender in two
groups was not significantly different but the frequency of male sex in
patients with stone was significantly higher than without stone patients
(p < 0.001). The mean time from the onset of pain until the time of
admittance to the ED was significantly in the stone group compared to
the group with no stones (p= 0.001). The frequency of nausea and
vomiting, and presence of RBC in the urine test were both significantly
higher in the stone group, as well (p < 0.05). The mean STONE score
in the stone and no stone groups were 9.1 (SD: 2.6) and 6.0 (SD: 2.8),

Table 1
STONE Clinical Prediction Criteria.

Variable Points

Sex
Female 0
Male 2

Duration of pain to presentation
> 24 hours 0
6–24 hours 1
< 6 hours 3

Race
Black 0
Non-black 3

Nausea and vomiting
None 0
Nausea alone 1
Vomiting alone

Hematuria (on urine dipstick)
Absent 0
Present 3

Total 0–13
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respectively, which was found to be statistically significant
(p < 0.001).

Fig. 1 shows the ROC curve of the STONE score according to pre-
sence of stone for studied patients. The area under the curve (AUC) of
the STONE score for the diagnosis of a renal stone was 0.789 (95%
confidence interval 0.725 to 0.852). The optimal threshold value of the
STONE score for the diagnosis of a stone was greater than or equal to 8,
with a sensitivity of 75% and a specificity of 70.4%. Positive predictive
value (PPV), negative predictive value (NPV), positive likelihood ratio
(LR+), negative likelihood ratio (LR-) and accuracy were 82.9%,
60.2%, 2.53, 0.355 and 74.26, respectively.

The frequencies of the stone presence in low, moderate and high risk
groups accordin to STONE score in this study was 31.7% (n=19/60),
65.6% (n=61/93) and 90.5% (n= 76/84), respectively. Fig. 2 shows
the number of patients in each STONE risk group stratified according to
presence of stones. There was a statistically significant difference

between the frequencies of stone presence among STONE risk groups
(chi-squared, p < 0.0001). Proportion of patients with a renal stone
was significantly higher in the STONE high risk group compared to low
and moderate risk groups (p < 0.001). Relative risk of a renal stone
was 2.86 (95% CI: 1.96 to 4.17) in the STONE high risk, and 2.07 (95%
CI: 1.39 to 3.10) in the STONE moderate risk groups compared to low
risk group, and both were statistically significant (p < 0.005).

Diagnoses in the no stone group were gastroenteritis, Mittelschmerz,
menstrual pain, uncomplicated urinary tract infection, and biliary colic.
No patients were diagnosed with a critical diagnosis or required
emergent surgical intervention. Details of those diagnoses in the group
of patients with a negative CT scan were listed in Table 3.

4. Discussion

Current study aimed to investigate the external validity of the
STONE score in patients referred to the ED with probability of ureteral
stone. According to the results, the mean and the standard deviation of
the STONE score in the group with stone (9.1) were significantly higher
than the patients without a stone (6.0).

Either in the original study by Moore et al. in which the STONE
clinical prediction rule was designed, or in the present study, only pa-
tients evaluated with non-enhanced abdominopelvic CT, as it was ac-
cepted as the reference standard for the diagnosis of ureteral stones,
were included. This method is sensible and already preferred in many
other similar studies. The three primary predictors of stone passage
without the need for surgical intervention are calculus size, location,
and degree of patient's pain. The most important factor that relates to
passage of a calculus though the genitourinary tract is its size.
Apparently there is no other diagnostic method, except CT for size
measurement; so, it has become a routine approach for all suspected
patients in most of academic centers such as our study. 11To the best of
our knowledge, there are no criteria defined to differentiate low versus
high risk patients, and usually decision was reached according to the
patients' history and physical exam, and if the possibility of kidney
stone is raised, a CT scan is requested for the patient.

Table 2
Comparison of patient's basic information to compute the stone score in patient
with stone and without stone.

Variable Group p

With stone
(n=156)

Without stone
(n= 81)

Age (year), mean (SD) 41.4 (14.2) 41.6 (12.9) 0.713
Sex, n (%)
Male 107 (68.6) 35 (43.2) < 0.001
Female 49 (31.4) 46 (56.8)

Pain onset (minute), mean
(SD)

33.5 (70.9) 52.4 (65.2) 0.001

Nausea, n (%)
Yes 113 (72.4) 37 (45.7) < 0.001
No 43 (27.6) 44 (54.3)

Vomiting, n (%)
Yes 76 (48.7) 24 (29.6) 0.005
No 80 (51.3) 57 (70.4)

RBC presence in urine dipstick, n (%)
Yes 92 (59.0) 10 (12.3) < 0.001
No 64 (41.0) 71 (87.7)

STONE score, mean (SD) 9.1 (2.6) 6.0 (2.8) < 0.001

Fig. 1. ROC curve of the STONE score for a renal stone in studied patients.

Fig. 2. Number of patients with and without stone in each STONE risk group.

Table 3
Diagnoses in the group of patients with a negative CT scan.

Diagnosis Male (n= 35) Female (n= 46)

Number (%)

Gastroenteritis 4 (11.4) 1 (2.2)
Mittelschmerz – 6 (13.0)
Menstrual pain – 9 (19.6)
Uncomplicated urinary tract infection 9 (25.7) 7 (15.2)
Biliary colic 13 (37.1) 18 (39.1)
Unknown 9 (25.7) 5 (10.9)
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In the literature, there are five other studies present aimed to de-
termine the external validity of the STONE score, besides the original
study by Moore at al. The results are summarized in Table 4.

In the validation study conducted by Moore et al. 491 patients were
evaluated. The AUC was 0.792 (95% CI: 0.756 to 0.828). In 1.6% of
high risk patients, there was another acutely important alternative
finding beside ureteral stone.9 Findings of our study are consistent with
the study of Moore et al., however, in our study the AUC and diagnostic
accuracy was slightly lower. The reason for this difference may be due
to the difference in the sample size of two studies and the difference in
the demographic indices of individuals in the studies. Comparison of
the findings of current study and Moore's is shown in Fig. 3.

Daniels and colleagues studied 835 patients in a prospective ob-
servational study. In addition to evaluating the STONE score, patients
also underwent an ultrasonic examination to evaluate the presence of
hydronephrosis. The impact of adding presence of hydronephrosis was
evaluated and it resulted in a slight increase in sensitivity among low
and moderate risk groups. It also improved specificity from 67% to
98%, and 42% to 98% in low and moderate risk groups, respectively.
However, the presence of hydronephrosis didn't change the sensitivity
and specificity of the STONE score in high risk patients. They also used
the findings of 491 studied patients to validate the STONE criteria and
reported similar results with Moore et al. in all three risk groups.10

Hernandez et al. in a retrospective study investigated 536 patients
in order to confirm the external validity of the STONE score.12 The
results of our study regarding the diagnostic accuracy of the STONE
score in high risk patients is consistent with the findings of Hernandez's,
but differ in respect of overall diagnostic accuracy.

While examining external validity of the STONE score, Kim and
colleagues also have been trying to create a new rule in this field. They
retrospectively studied 700 patients that 555 (79%) of them had a ur-
eter stone. The AUC of the STONE score was 0.92, and the sensitivity
for a high risk STONE score was 0.56. By removing nausea, vomiting
and racial properties, and replacing them with the presence of a CRP
level less than 0.5, the AUC increased to 0.94 and sensitivity to 0.80.13

The results of the Kim's study are similar to the findings of our study.
However, in our study the AUC, therefore the diagnostic accuracy, was
modestly lower. The reason for this variation may be due to the dif-
ference in the sample size, the difference in the demographic indices of
individuals and the difference in the implementation method.

Schoenfeld et al., in a retrospective study evaluated the external
validity of the STONE score in patients aged 18 to 50 years. Of the 134
patients who were included into the study, 56.7% were women, the
average age was 37 years, and 52% had a kidney stone causing an
obstruction. The AUC of the STONE score was 0.87, and the sensitivity
and specificity of a STONE score of 8 or more for the diagnosis of renal
stone was 78.6% and 84.4%, respectively.14 The results of this study are
consistent with the findings of our study.

In a retrospective study, Wang et al. evaluated the external validity
of the STONE score, and 331 of the 845 patients participated in the
study (39%) had ureteral stone. The overall accuracy of the STONE
score was higher than the physician's gestalt (the AUC of 0.78 versus
0.68). The presence of stone in low, moderate and high risk groups were
14%, 32% and 73%, respectively. The sensitivity and specificity of a
high score for the presence of a stone were respectively 53% and 87%.15

The results of the study are equivalent with the findings of our study.
However, in our study the sensitivity achieved was 75%, which was
higher than the aforementioned study.

As discussed above, all previous studies, and the current study,
showed that the STONE score successfully stratified patients into three
consecutive risk groups (low, moderate and high) for ureteral stone,
and it was more accurate than the physician's prediction. There was a
slight difference between the results of the studies, which may be due to
the difference in sample sizes and different demographic indices. For
instance, although racial status is one of the items in the STONE scoring
system, there were no patients from the black race in our study, which
was due to the topological state of the centers where the study was
performed. Moreover, in comparison with the original study, the
sample size of our study was lower. These observations suggest that in
order to defer a CT scan for a patient referred to the emergency de-
partment with a complaint of renal colic, the STONE score can help
physicians to have a more effective decision making with lesser harms
for the patients. Nevertheless, further development of the STONE score
is needed to produce a more successful decision rule.

4.1. Limitations

First, although we prospectively evaluated a smaller sample size
compared to previous studies, it seems that the kappa coefficient of the
STONE score is moderate, and may be improved by adding other pre-
dictors estimating the presence of a stone in future studies to achieve a
better scoring system for the estimation of stone disease. Second, de-
spite being rare, those who did not have a CT scan (decided by the
physician) for evaluation were not included in this study, which may
have led to a work-up bias. Third, short-term follow-up was also limited
to the hospital admission period, and this is the most important lim-
itation of the current study. Fourth, we have no information on the re-
admission, superinfection, stone passage, or further interventions. Last,

Table 4
The results of the validation studies on STONE criteria.

Study Sample size Sampling Low Moderate High AUC

Moore et al., 2014 1040 retrospective 8.3% 51.6% 89.6% 0.82
Moore et al., 2014 491 prospective 9.2% 51.3% 88.6% 0.79
Schoenfeld et al., 2015 134 retrospective 13.3% 58.0% 89.7% 0.87
Daniels et al., 2016 835 prospective 10.77% 44.53% 87.50% N/R
Hernandez et al., 2016 536 retrospective 14.0% 48.3% 75.8% N/R
Kim et al., 2016 700 retrospective 21.8% 80.1% 98.7% 0.92
Wang et al., 2016 845 retrospective 13.5% 32.2% 72.7% 0.78

AUC: area under the curve; N/R: not reported.

Fig. 3. Prevalence of renal stone in the original validation study, and our study
stratified according to STONE score risk groups.
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STONE score has a race-dependent component, and non-black race gets
3 points. However, there were no black patients present in this study.
This is another important limitation, since all non-black patients had an
initial score of 3 points at baseline.

5. Conclusion

Based on the results obtained from this study, although the diag-
nostic accuracy of the STONE score is acceptable, the STONE score
needs to be modified in order for it to differentiate patients with low
risk prior to imaging.
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