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Abstract

Objective—Routine CT for patients with acute flank pain has not been shown to improve patient 

outcomes, and it may unnecessarily expose patients to radiation and increased costs. As 

preliminary steps toward the development of a guideline for selective CT, we sought to determine 

the prevalence of clinically important outcomes in patients with acute flank pain and derive 

preliminary decision rules.

Methods—We analyzed data from a randomized trial of CT vs. ultrasonography for patients with 

acute flank pain from 15 EDs between October 2011 and February 2013. Clinically important 

outcomes were defined as inpatient admission for ureteral stones and alternative diagnoses. 

Clinically important stones were defined as stones requiring urologic intervention. We sought to 

derive highly sensitive decision rules for both outcomes.

Results—Of 2759 participants, 236 (8.6%) had a clinically important outcome and 143 (5.2%) 

had a clinically important stone. A CDR including anemia (hemoglobin <13.2 g/dl), WBC count 

>11 000/μl, age > 42 years, and the absence of CVAT had a sensitivity of 97.9% (95% CI 94.8–

99.2%) and specificity of 18.7% (95% 17.2–20.2%) for clinically important outcome. A CDR 
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including hydronephrosis, prior history of stone, and WBC count <8300/μl had a sensitivity of 

98.6% (95% CI 94.5–99.7%) and specificity of 26.0% (95% 24.2–27.7%) for clinically important 

stone.

Conclusions—We determined the prevalence of clinically important outcomes in patients with 

acute flank pain, and derived preliminary high sensitivity CDRs that predict them. Validation of 

CDRs with similar test characteristics would require prospective enrollment of 2100 patients.

1. Introduction

1.1. Background

An estimated two million patients present to the emergency department (ED) for acute flank 

pain annually [1–3]. Currently, computed tomography (CT) scan is the most commonly used 

imaging test, valued for its excellent sensitivity and specificity for ureteral stone and its 

ability to detect important alternative diagnoses, such as appendicitis, diverticulitis, and 

abdominal aortic aneurysm [2,4]. However, CT scan for acute flank pain may be over-

utilized: CT scan is obtained in 70% of ED visits for urolithiasis, but only 10% of patients 

presenting with acute flank pain are admitted for management of a clinically important 

outcome, defined ureteral stone requiring urologic intervention or an alternative (non-kidney 

stone) diagnosis requiring inpatient admission [2,5–7]. The dramatic rise in CT use for acute 

flank pain has not been shown to increase the rate of diagnosis of urolithiasis, alternative 

diagnosis, or hospitalization [3,4]. Also, indiscriminate CT use may lead to costly, inefficient 

care with significant associated harms. Experts have estimated that CT scan radiation may 

cause 3–5% of all future malignancies, and with radiation-vulnerable organs directly in the 

field, CT scan of the flank and abdomen may be especially risky. The dramatically increased 

CT scan use has fueled skyrocketing costs of care – fees from advanced imaging have 

outstripped all other physician service fees [8]. CT scan for flank pain may also trigger 

expensive work-ups for incidental findings, further contributing to inefficient, costly care 

[9].

Evidence is needed to guide CT imaging in patients with acute flank pain. Recently, a panel 

of decision rule experts identified atraumatic flank pain as one of the 10 highest priority 

clinical problems for the development of clinical decision rules [10]. A successful clinical 

decision rule for acute flank pain would help physicians identify which patients with acute 

flank pain benefit diagnostically from CT imaging, and conversely, identify which patients 

in whom CT may be avoided [11]. Investigators recently developed a clinical prediction rule 

for the identification of ureteral stone: the STONE score sorts patients with suspected 

ureterolithiasis into low-, moderate-, and high-risk groups, with those with a high score in 

the original study having an 89% probability of a ureteral stone and a 1.6% probability of an 

important alternative diagnosis [7]. On external validation, the STONE score successfully 

sorted patients into risk groups, but a high score had a sensitivity of only 53% for ureteral 

stone and the upper limit of the 95% confidence interval (CI) for the probability of an 

alternative diagnoses was 3.6% [6]. The STONE score was not specifically developed to 

exclude clinically important ureteral stones (i.e. ureteral stone with urosepsis) in patients 

with flank pain [11].
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The long-term goal of this research is to reduce unnecessary CT imaging of patients 

presenting with acute flank pain by developing a successful clinical decision rule. Toward 

this goal, this is an exploratory study of participants presenting to the ED with acute flank 

pain, in which we determined the prevalence of clinically important outcomes in patients 

with acute flank pain and identified candidate clinical criteria for potential decision rules 

that predict these outcomes. These initial steps will allow for the planning of a large, 

prospective clinical decision rule derivation and validation study to safely reduce CT 

imaging in patients with acute flank pain, including the determination of the prevalence of 

clinically important outcomes, as well as the identification of important predictors.

2. Methods

2.1. Study design/setting

We performed this retrospective analysis using data from the Study of Ultrasonography 

versus Computed Tomography for Suspected Nephrolithiasis (trial registration number: 

NCT01451931 at clinicaltrials.gov) [5], a randomized comparative effectiveness trial that 

was conducted at 15 academic emergency departments across the United States between 

October 2011 and February 2013. We obtained institutional review board approval for this 

research from the Committee on Human Research.

2.2. Participants

In the parent study, adult patients who required imaging (as determined by an attending 

emergency physician) for acute flank pain suspicious were randomly assigned to receive 

point-of-care (POC) ultrasound, radiology ultrasound, or CT as their initial imaging test. 

Patients were excluded from enrollment if they were pregnant, at high risk of an important 

alternative (non-kidney stone) diagnosis (as determined by the ED provider), had received a 

kidney transplant, required dialysis, had a known solitary kidney, or if they were a male 

weighing >285 lb or female weighing >250 lb.

2.3. Measurements

Prior to patient enrollment, research coordinators, who were blinded to the study hypotheses, 

attended a two-day meeting to receive training regarding study protocol, forms, and data 

collection. They also participated in weekly online meetings to assure ongoing data 

collection consistency. Research coordinators used a standardized data collection form to 

collect detailed demographic, clinical, laboratory, and imaging data during the index ED. 

Patients were directly interviewed by research personnel for the subjective variables during 

the index ED visits (pain level, nausea, vomiting, time since onset of pain in hours, pain 

similar to prior stone, dysuria). All data were recorded on paper forms and faxed to a data-

coordinating center, which provided immediate feedback for form completeness.

2.4. Outcomes

For this analysis, three emergency physicians and a radiologist (RCW, RR, JF, RSB) defined 

the main outcome as clinically important outcomes which required inpatient admission, 

including ureteral stones and non-stone diagnoses such as appendicitis, cholecystitis, 

pyelonephritis, and ovarian pathology requiring inpatient admission (chosen by consensus 
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from the alternative diagnoses identified in the parent randomized trial and prior literature) 

[5,12]. See Table 2 for the list of clinically important outcomes. These participants were all 

admitted as part of their management in the original trial. We defined our second outcome, 

“clinically important stone” - as ureteral stone requiring urologic intervention up to 30 days 

after the index emergency department visit (this cutoff was chosen because most trials and 

studies of observation for ureteral stone passage use this time point) [13–15]. Urologic 

interventions included ureteroscopy, lithostripsy, percutaneous nephrectomy, or stent 

placement. Regarding these outcomes, participants were interviewed during the baseline 

visit, were followed throughout hospitalization and then contacted over the ensuing 30 days 

to assess their occurrence. Research assistants also reviewed medical records for each 

participant at 30 days.

2.5. Predictor variables

The candidate predictor variables captured in the randomized trial are listed in Appendix 1. 

We reviewed prior studies of clinical decision rules and studies identifying predictors of 

ureteral stones requiring intervention or serious alternative diagnoses [7,16–19]. Important 

predictors of stone requiring urologic intervention from the literature review included stone 

size, stone location, pain level, signs of urinary tract infection (elevated white blood cell 

count, leukocyte esterase and nitrites on urinalysis), and age. We chose to exclude CT scan 

findings as candidate variables (the presence of ureteral stone, stone size and location) 

because our goal was to develop a decision rule to reduce CT use. We included 

hydronephrosis on imaging as a candidate variable, as hydronephrosis can be identified 

reliably and with moderate to excellent sensitivity on ultrasound [20,21]. Because not all ED 

clinicians are proficient at emergency ultrasound and because predictors obtained from 

routine history, physical exam, and laboratory tests may be the most simple to use and 

acceptable to clinicians, we chose to develop clinical decision rules both with and without 

the finding of hydronephrosis.

2.6. Statistical analysis

Prior to analyses, we delineated our target decision rule sensitivity to be 98%, consistent 

with other decision rules to identify serious outcomes. We developed 4 separate multivariate 

models - 2 to predict clinically important ureteral stones and 2 for the combined clinically 

important diagnoses. Because emergency physicians are concerned with both stone and non-

stone diagnoses in patients with acute flank pain, we designated the combined clinically 

important outcomes as the primary outcome, and clinically important stone as a secondary 

outcome. We used χ2 recursive partitioning to construct a decision tree to identify predictors 

to for both outcomes. χ2 recursive partitioning was chosen as the modeling method (vs. 

logistic regression) because the objective was to derive a highly sensitive decision rule to 

exclude important outcomes. Recursive partitioning has been used to derive a number of 

well-known clinical decision rules, such as the NEXUS Cervical Spine and the PECARN 

head injury rules [22,23].

We used the rpart package in R (R Core Team [36]; R Foundation for Statistical Computing, 

Vienna, Austria), and included all variables as candidate predictors. A list of potential 

predictors, and how the predictors were coded can be found in Appendix 1. For continuous 
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variables (WBC count, hemoglobin, and age), we used k means clustering to choose cut-

points (see Appendix 1) in order to improve accuracy and decrease over-fitting [24,25]. The 

outcomes were coded as binary outcomes. In order to generate a high sensitivity decision 

instrument, we specified a loss matrix of 5:1 to favor false negatives.

2.7. Missing data

The rpart program uses a native algorithm of “surrogate splits” to handle missing data in the 

predictor variables (when a value for a predictor variable is missing, and that variable needs 

to be used to determine a split, an alternative variable that is highly correlated with the 

missing variable is used to determine the direction of the split) [26]. Thus, we used the entire 

cohort for outcomes were recorded regardless of missing data among predictors, depending 

on the surrogate split function. The proportion of missing data is displayed in Appendix 1. 

Four patients out of 2759 (0.1%) were missing data related to admission, the primary 

outcome. All 2759 patients had outcomes recorded for the secondary outcome, urologic 

intervention within 30 days. Less than 2.5% of data was missing for all candidate predictors 

except for the following serum and urine studies, which had approximately 12–13% 

missing: WBC count, hemoglobin level, hematuria and pyuria on urinalysis. We did not 

include urine dipstick as a candidate variable, as there was 40% missing; 6 of 15 ED sites 

from the original trial did not routinely use urine dipstick testing. To determine whether test 

characteristics resulting from rpart classification were sensitive to its use of surrogate splits 

used on missing data, we compared the sensitivity and specificity to that of the 

corresponding model fitted to the subset with complete data on all predictors (Appendix 2).

A second sensitivity analysis was conducted to compare the decision rules for clinically 

important stone including hydronephrosis as a potential predictor. We compared the decision 

rule derived on the entire dataset to a decision rule derived on a cohort who received 

ultrasound as the index test, and those who received CT were removed (N = 1733). This was 

performed to determine whether the test characteristics were sensitive to the imaging 

modality to identify hydronephrosis (Appendix 3).

A final secondary analysis was included to determine if the decision rule for clinically 

important outcomes would differ depending on whether the outcome was defined as patients 

requiring admission at the index visit, if we included those admitted up to day 7 after the 

index visit. Thus we identified subjects admitted to the hospital after the initial admission, 

up to day 7. An additional 47 subjects were identified. Recursive partitioning was used to 

construct a potential decision rule (Appendix 4), and test characteristics were reported in 

Appendix 3.

3. Results

Of the 2759 participants, the median age was 40, 1428 (51.7%) were male, and 1128 

(40.9%) were White. Additional characteristics of the participants are described in Table 1. 

236 (8.6%) participants admitted to the hospital and thus were considered to have the 

primary outcome. Of those admitted, 131 (4.9%) patients were admitted for an important 

alternative diagnosis, such as appendectomy, laparotomy or laparoscopic repair of ovarian 

torsion, cholecystectomy, or biopsy of a suspicious mass. Table 2 displays the list of 
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clinically important outcomes in admitted participants in descending frequency. An 

additional 47 subjects were admitted to the hospital after their index ED visit, up to 7 days. 

143/2759 (5.2%) of participants required a urologic intervention by 30 days after the index 

ED visit, and were considered to have the secondary outcome. Fifty-two (1.9%) participants 

received a urologic intervention during the index visit.

Fig. 1a shows a decision tree constructed to predict clinically important outcomes. This 

figure shows the predictor variables chosen by the recursive partitioning applied to the entire 

cohort until a low risk group with very few cases remains. Predictors of clinically important 

outcomes include anemia (hemoglobin <13.2 g/dl), WBC count >11 000/μl, age > 42 years, 

and the absence of CVAT. Participants with the absence of any predictor are at low risk of 

the outcome, with a prevalence of clinically important stone = 1.1% (95% CI 0.3–2.4%). 

Fig. 1b shows a decision tree to predict clinically important outcomes in which 

hydronephrosis was included as a predictor variable. In this model, predictors of clinically 

important outcomes include WBC count >11 000/μl, age > 42 years, duration of symptoms 

>12 h. Participants with the absence of any predictor are at low risk with a prevalence of 

clinically important outcomes = 1.4% (95% CI 0.6–2.9%). Hydronephrosis was not an 

important predictor of clinically important outcome requiring admission.

Fig. 2a shows a decision tree to predict clinically important stone. Predictors of clinically 

important stone include a prior history of stone, nausea, and maximal pain level of 10/10. 

Participants with the absence of any predictor had a prevalence of clinically important stone 

= 0.2% (95% CI 0–1.1%). Fig. 2b shows a decision tree constructed including 

hydronephrosis as a candidate predictor variable. Predictors of clinically important stone 

include the presence of hydronephrosis, a prior history of stone, and WBC count ≥8400/μl. 

Participants with the absence of any predictor had a prevalence of clinically important stone 

= 0.3% (95% CI 0–1.1%).

Table 3 presents each potential decision rule's respective classification performance. The 

potential decision instrument for clinically important outcomes has a sensitivity of 97.9% 

(95% CI: 94.8–99.2%) and the specificity of 18.7% (95% CI: 17.2–20.2%), and a negative 

likelihood ratio of 0.11 (95% CI: 0.05–0.27). The failure rate, or proportion of subjects 

positive for the outcome that the decision rule identified as negative, was 4/475, or 1.1% The 

5 cases in which the decision rule failed were the following final hospital diagnoses: two 

cases of urolithiasis, one which required intervention during the initial hospitalization, one 

case of appendicitis, one case of pyelonephritis, and one case of suspected cancer. The 

addition of hydronephrosis to the available predictors did not improve the sensitivity or 

specificity. The potential decision instrument for clinically important stone has a sensitivity 

of 99.3% (95% CI: 95.5–100%) and a specificity of 18.1% (95% CI: 16.6–19.6%), and a 

negative likelihood ratio of 0.04 (95% CI: 0.01–0.27). The addition of hydronephrosis as a 

candidate predictor resulted in a decision rule with a similar sensitivity, negative predictive 

value and negative likelihood ratio 0.05 (95% CI 0.01–0.24), but significantly higher 

specificity - 26.0% (95% CI 24.2–27.7%). The failure rates of the clinically important stone 

decision rules were 1/474 (0.2%) and 2/671 (0.3%), respectively.
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Appendix 2 presents a sensitivity analysis for the robustness of the four models with 

alternative treatment of missing data. We compared test characteristics of decision trees 

derived from the full dataset (using rpart and its native surrogate splits algorithm to classify 

all observations) to those of decision trees derived from a subset of the data that excluded 

observations with missing predictor data. The resulting classification trees produced the 

same variables, with similar cut points. Overall, the models performed similarly in the 

complete data, with the exception of the clinically important stone -hydronephrosis rule, 

which had a significantly lower specificity (26% vs. 16%), likely because this rule included 

WBC as a predictor, which had significant missing values. Otherwise, the results do not 

appear sensitive to the missing data in the predictors, as the potential decision instruments 

are identical, with similar test characteristics.

Appendix 3 also shows the sensitivity analysis in which those who received CT scan were 

removed – an ultrasound only cohort. The decision rule that was derived only consisted of 2 

variables, hydronephrosis, and nausea. The low risk group (no hydronephrosis, no nausea) 

had a similar, or even superior test characteristics compared to the decision rule derived on 

the entire cohort, including those who received CT scan. Appendix 3 also shows the test 

characteristics of a decision rule for clinically important outcomes, when the outcome 

includes those admitted up to 7 days after the index visit. The test characteristics are similar 

to those of the decision rule for those admitted at the index visit. Appendix 4 is a figure, 

displaying this additional decision rule model.

4. Limitations

The primary limitations of this study arise from the retrospective design with data derived 

from a clinical trial, which led to high rates of missing candidate criteria. Optimal clinical 

decision rule development utilizes prospective candidate criteria assessment with data 

collection forms designed specifically for the purpose of decision rule development [11,27]. 

Other variables (abnormal vital signs, urine nitrites, leukocyte esterase, and serum creatinine 

level) that were not captured in the parent trial are potentially strong predictors of clinically 

important outcomes and to lesser degree, clinically important stones. Their inclusion could 

produce decision instruments with potentially improved sensitivity and specificity. We plan 

to capture these variables in future prospective studies. We conducted an analysis to 

determine whether the results are sensitive to missing predictors by applying our decision 

rules to only the subset of the cohort that had complete predictor data, which resulted in 

nearly identical test performance. Other limitations of this retrospective analysis include the 

lack of assessment of inter-rater reliability of candidate criteria.

Aside from sensitivity and specificity, another means to assess the value of a clinical 

prediction rule is to weigh the miss rate (proportion of subjects in which the outcome was 

present and the decision rule identified the patient as low risk) and the potential 

improvement in efficiency (proportion of subjects in which the test was negative/the entire 

cohort). Successful clinical decision rules should have a low miss rate and substantial 

improvements in efficiency. In the decision rule for clinically important outcomes, the 

reduction in CT ordering of 17% vs. miss rate of 1.1% would suggest that this decision rule 

needs additional refinement.
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The long-term goal is to develop a decision instrument to evaluate all patients with acute, 

atraumatic flank pain in which ureterolithiasis is suspected. However, the cohort of patients 

used for this study is not precisely representative of the patients on which a clinical decision 

rule would be applied. Patients at high risk for alternative diagnoses and certain stone related 

emergencies were excluded from the randomized trial, as were those who clinicians did not 

intend to image. Despite these limitations, our cohort is similar to those in previously 

published reports; approximately 5% of subjects enrolled in the randomized trial were 

suspected of an alternative diagnosis [7] Also, the rate of admission to the hospital was 

approximately 9%, which is similar to the 10% hospitalization rate reported by prior reports 

using the National Hospital Ambulatory Care Survey [1,4].

5. Discussion

In this exploratory study, we identified participants who had clinically important outcomes, 

which we defined as inpatient admission for ureteral stone or an important alternative 

diagnosis. We found that approximately 9% of participants in the multi-center trial had a 

clinically important outcome, and 5% had a clinically important stone. Using recursive 

partitioning, we derived a potential decision rule for clinically important outcomes, which is 

highly sensitive, with an excellent negative predictive value and a negative likelihood ratio of 

approaching 0.1. The specificity of the decision rule for clinically important outcomes is 

disappointing, likely due to missing variables such as vital sign abnormalities, and creatinine 

level. The addition of hydronephrosis did not improve the accuracy of the decision rule, 

likely because hydronephrosis is a strong predictor of ureteral stone requiring intervention 

but not of alternative diagnoses. Nonetheless, we identified important predictors of clinically 

important outcomes, such as increasing age, the absence of CVAT, elevated WBC, and 

anemia. These predictors should be measured in similar efforts in the future. The 2 

preliminary decision rules for clinically important stones have excellent sensitivities and 

negative predictive values with clinically useful negative likelihood ratios of less than 0.1. 

The decision rule incorporating hydronephrosis exhibits significantly higher specificity: 

26.0% (95% CI 24.2–27.7%) vs. 18.1% (95% CI: 16.6–19.6%), and could ultimately result 

in a higher proportion of patients being identified as low risk using ultrasound and thereby 

spared CT. If such a rule was validated with similar test characteristics, approximately a 

quarter of CT scans could be avoided while missing 0.3% (95% CI 0.04–1.1%) clinically 

important stones. Important predictors to be considered would be prior history of stone, the 

presence of hydronephrosis, 10/10 pain level, nausea, and elevated WBC count.

This study differs from other CDRs or predictor-finding studies for acute flank pain as it 

seeks to explicitly address 2 important clinical outcomes in patients who present to the ED 

with acute flank pain without information from CT scan. First, we derived a high sensitivity 

decision rule for clinically important outcomes – a combined outcome of ureteral stone and 

non-stone alternative diagnoses that require admission. This is the first study to identify 

clinical predictors of a combined stone and non-stone outcomes, which we believe is 

conceptually important as emergency physicians order CT scan to identify both stones that 

require management as well as non-stone alternative diagnoses [12,28–30]. Other studies 

have predicted the need for urologic intervention, but require information from CT scan, and 

thus cannot be used to avoid CT [17,18]. Our results confirm findings from prior studies 
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using urologic intervention as the outcome. The absence of hydronephrosis on ultrasound 

has been reported to predict low rates of urologic intervention among those with suspected 

stone [16,17]. The finding of hydronephrosis on renal point-of-care limited ultrasonography 

was shown to have a sensitivity of 66% and specificity of 58% for urologic intervention; 

moderate to severe hydronephrosis had a modest specificity (86%), but the sensitivity was 

diminished (36%). The addition of renal point-of-care limited ultrasonography modestly 

improved risk stratification of the STONE score [31]. Age and elevated white blood cell 

count are known predictors of ureteral stone requiring urologic intervention [17,32]. A prior 

history of kidney stone is known to increase the risk of ureteral stone in patients with 

suspected kidney stone [33]. By combining several important predictors using recursive 

partitioning, we developed a multivariable test with a near perfect sensitivity and acceptable 

specificity.

These decision instruments are not ready for clinical use. While we have shown that it is 

feasible to derive decision rules for acute flank pain, all of these decision instruments require 

further refinement and validation. However, we believe that this exploratory study provides a 

conceptual blueprint to develop a successful CDR for acute flank pain. Similar to prior 

studies of successful decision rule development, such as the PECARN head injury rule, we 

selected the study outcomes by focusing on clinical outcomes in patients with acute flank 

pain who require intervention or inpatient treatment [28, 30,34]. We used recursive 

partitioning to derive a decision instrument with a high sensitivity, could exclude clinically 

important diagnoses at the bedside, similar to the PECARN head injury rule [27,35], 

potentially allowing clinicians to avoid CT if validated. In order to validate a similar 

decision rule with a desired sensitivity for clinically important outcomes of 98% or greater 

(with a 95% confidence interval width of 2% [96–100%]), approximately 2100 participants 

would need to be enrolled.

In conclusion, we have determined the prevalence of clinically important outcomes and 

derived preliminary clinical decision rules to guide selective imaging in patients presenting 

with acute flank pain to the ED. These results should inform future prospective studies to 

derive and validate such rules.
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Appendix 1 List of candidate predictors

Candidate predictors Missing observations (%) Coding

Gender 0 Male = 1

Age 0 18–24 yrs

25–32 yrs

33–41 yrs

42–52 yrs

53–81 yrs

Race 16 (0.6) White

African American

Asian

Native American

Pacific Islander

More than one

Hispanic

Missing

Wang et al. Page 11

Am J Emerg Med. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.R-project.org/


Candidate predictors Missing observations (%) Coding

Duration of pain since onset 23 (0.8) 1–2 h

3–6 h

7–12 h

13–24 h

25–48 h

>48 h

Refused

Pain level 2 (0.1) 1–10

Abdominal guarding 58 (2.1) Yes = 1, Voluntary = 2

Murphy's sign 80 (2.9) Yes = 1

RLQ tenderness 31 (1.2) Yes= 1

LLQ tenderness 33 (1.2) Yes = 1

Nausea 8 (0.3) Yes = 1

Vomiting 12 (0.4) Yes = 1

Dysuria 32 (1.2) Yes = 1

Prior kidney stone 58 (2.1) Yes = 1

Prior urologic intervention 72 (2.6) Yes = 1

Pain similar to prior stone 110 (4.0) Yes = 1

Prior history of cancer 11 (0.4) Yes = 1

CVAT, any 45 (1.6) Yes = 1

Hematuria on urinalysis 339 (12.6) <3 rbc/hpf

>3 rbc/hpf

TNTC

Urine WBC 351 (12.8) <50 wbc/hpf

>50 wbc/hpf

TNTC

White blood count 365 (13.3) 2.2–6 thousands/μl

6.1–8.3 thousands/μl

8.4–11 thousands/μl

11.1–14.7 thousands/μl

14.8–29.7 thousands/μl

Hemoglobin (sd) 337 (12.1) 3.9–11.2 g/dl

11.3–13.2 g/dl

13.3–14.6 g/dl

14.7–15.9 g/dl

16–19.8 g/dl

Hydronephrosis/hydroureter 60 (2.2) Yes = 1
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Appendix 2 Test characteristics of decision instruments for acute flank pain 

in complete data

95% CI

Sensitivity Specificity Negative predictive value Positive predictive value Negative likelihood ratio Positive likelihood ratio

Clinically important outcome (Flank pain requiring admission, prevalence = 9.9%)

TP: 231 97.8% 16.0% 98.5% 8.5% 0.14 1.16

TN: 329 (94.6–99.2%) (14.4–17.6%) (96.3–99.4%) (8.4–8.7%) (0.06–0.33) (1.13–1.20)

FP: 1733

FN: 5

Clinically important outcome (Hydronephrosis included as a predictor)

TP: 229 97.0% 19.1% 98.6% 10.1% 0.15 1.2

TN: 482 (93.7–98.7%) (17.6–20.7%) (96.9–99.4%) (8.9–11.4%) (0.07–0.32) (1.16–1.23)

FP: 2037

FN: 7

Clinically important stone (Requiring urologic intervention, prevalence = 5.2%)

TP: 140 99.3% 18.4% 99.8% 6.3% 0.04 1.2

TN: 473 (95.5–100%) (16.9–20.0%) (98.6–100%) (5.3–7.4%) (0.01–0.27) (1.18–1.24)

FP: 2099

FN: 1

Clinically important stone (Hydronephrosis included as predictor)

TP: 137 100% 19.5% 100% 6.4% 0.00 1.24

TN: 485 97.3–100% 18.0–21.1% 99.0–100% 5.4–7.5% (0.01–NA) (1.22–1.27)

FP: 2003

FN: 0

TP = true positive; TN = true negative; FP = false positive; FN = false negative.

Appendix 3 Test characteristics of decision instruments for acute flank 

pain, sensitivity analyses

95% CI

Sensitivity Specificity Negative predictive value Positive predictive value Negative likelihood ratio Positive likelihood ratio

Clinically important stone in the ultrasound only cohort (n = 1733)

TP: 81 98.8% 28.2% 99.8% 6.4% 0.04 1.4

TN: 466 (92.5–99.9%) (26.1–30.5%) (98.6–100%) (5.1–7.9%) (0.01–0.30) (1.32–1.43)

FP: 1185

FN: 1

Clinically important outcomes, all admitted patients up to day 7

TP: 276 97.5% 16.5% 98.3% 11.8% 0.15 1.2

TN: 407 (94.8–98.9%) (15.0–18.0%) (96.4–99.3%) (10.5–13.2%) (0.07–0.31) (1.14–1.20)

FP: 2056

FN: 7

TP = true positive; TN = true negative; FP = false positive; FN = false negative.
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Appendix

Appendix 4. 
Decision tree for clinically important outcome admission up to day 7
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Fig. 1. 
a. Decision tree for clinically important outcome. b. Decision tree for clinically important 

outcome – hydronephrosis.
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Fig. 2. 
a, b. Decision tree for clinically important stone.
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Table 1

Baseline characteristics of the 2759 participants.

Median age (IQR) 40 (30–50)

Male 1428 (51.8)

Race

 White 1128 (40.9)

 African American 690 (25.0)

 Asian 125 (4.5)

 Native American 38 (1.4)

 Pacific Islander 6 (0.2)

 More than one 88 (3.2)

 Hispanic 668 (24.2)

 Refused 16 (0.6)

Median pain level (IQR) 9 (7–10)

Duration of pain since onset (hours)

 1–2 445 (16.1)

 3–6 465 (16.9)

 7–12 270 (9.8)

 13–24 284 (10.3)

 25–48 292 (10.6)

 >48 980 (35.5)

 Refused 23 (0.8)

Nausea 1750 (63.4)

Prior diagnosis of kidney stone 1149 (41.7)

Prior urologic intervention 375 (13.6)

Costo-vertebral angle tenderness 1448 (52.4)

Hematuria on urinalysis

 <3 rbc/hpf 949 (34.4)

 >3 rbc/hpf 1215 (44.0)

 Too numerous to count 256 (9.3)

 Not obtained 339 (12.2)

WBC on urinalysis

 <50 wbc/hpf 2160 (78.3)

 >50 wbc/hpf 192 (6.9)

 Too numerous to count 56 (2.0)

 Not obtained 351 (12.7)

The presence of hydronephrosis on imaging

 None 1897 (68.8)

 Present 802 (29.1)

 Not reported 58 (2.1)

Admitted to hospital 236 (8.6)

Urologic intervention
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 Received urologic intervention at baseline 52 (1.9)

 Received urologic intervention by 30 days 143 (5.2)
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Table 2

List and frequency of clinically important outcomes requiring admission, N = 236.

Urolithiasis requiring admission 105

Pyelonephritis/UTI 34

Cancer evaluation 14

Appendicitis 11

Diverticulitis/colitis 10

Symptomatic cholelithiasis/cholecystitis 9

Non-specific pain 6

Pancreatitis 5

Pneumonia/pleural effusion 5

Musculoskeletal 5

Cardiovascular 4

Peptic ulcer disease/non-specific vomiting 4

Testicular/ovarian torsion 4

Genitourinary abnormality (i.e. ureterocele) 4

Intra-abdominal abscess 4

Soft tissue infection/hematoma 3

STD/PID 2

Pulmonary embolism, deep vein thrombosis 2

Kidney disease 2

Hepatitis/portal hypertension 1

Small bowel obstruction 1

Diabetic keto-acidosis 1
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