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Introduction
Kidney stone disease is frequently treated in the emergency department due to the symptoms associated with the condition – severe back or flank pain, nausea and vomiting, as well as hematuria. More than one million patients a year present with suspected kidney stone, which accounts for approximately 1% of all visits to the emergency department (ED).1,2 In 1995, CT scan was found to have superior test characteristics for kidney stone compared to IVP. Since then its use has become ubiquitous, increasing dramatically in the last two decades.3,4 However, there is remarkably little evidence to show that the increased use of CT scan has actually improved patient outcomes. A recent retrospective survey of national ED data failed to show any change in the rate of diagnosis of kidney stone, serious alternate diagnosis, or admission despite a 10-fold increase in the use of CT scan over 12 years.3 The harms of CT scan include radiation exposure in a range known to cause cancer, increased cost to health care systems, and decreased efficiency in overcrowded emergency departments.5-8 Therefore, guidelines are needed to help determine which patients should undergo CT scan, and which can be managed without CT scan in the ED. 
Emergency physicians often use clinical decision rules in the form of imaging exclusion criteria to answer the question of “who should undergo imaging?” for a variety of clinical scenarios.9 Examples of broadly adopted clinical decision rules include the NEXUS criteria and Canadian cervical spine rule, which have been created to answer this question in traumatized patients who are at risk of cervical spine fracture.10,11 Recently, the derivation of a clinical prediction rule has been reported which consists of clinical characteristics to predict ureteral stone based on medical record review from two emergency departments, which will require external validation before broad adoption.12
Using prospectively collected data from fifteen emergency department sites, we assessed demographic, clinical, and laboratory characteristics in patients with suspected kidney stones who presented to fifteen United States academic emergency departments in order to determine which variables are predictors for kidney stone. We combined these high-risk variables into a preliminary decision instrument - the San Francisco Kidney Stone Rule - in order to identify patients with a high probability for kidney stone, and therefore unlikely to have a serious alternate diagnosis. The San Francisco Kidney Stone Rule is intended to aid clinician decision-making in the evaluation of suspected nephrolithiasis, and hopefully will reduce CT scan use in these patients.
Methods
Study design and setting:
This was an analysis of data from a randomized controlled trial conducted at fifteen academic emergency departments (Appendix 1) across the Unites States between October 2011 and February 2013. Prospectively collected demographic, clinical, laboratory, and imaging data were used to derive a clinical decision rule.
Study population:
The participants in the parent randomized controlled trial included adult patients (18-75 years old) presenting to one of fifteen emergency departments with a chief complaint of acute flank or abdominal pain for whom imaging was required in order to confirm or exclude the diagnosis of kidney stone. Patients were not eligible if pregnant, had a history of ESRD, solitary kidney, or a prior renal transplant. The UCSF Committee on Human Research approved the study.
Data collection:
During the index emergency department visit, physicians identified the presence or absence of clinical findings, including items form the history, physical examination, or basic laboratory tests (see appendix); missing or erroneous data were corrected in real time. 
Outcome measure:
The primary outcome is kidney stone on CT scan, defined as the visualization of a kidney stone on CT scan obtained during the baseline visit. The secondary outcome is serious alternate diagnosis, defined as the visualization of a non-kidney stone diagnosis on CT scan that required admission to the hospital. Important alternate diagnoses were predefined by the authors and prospectively collected in real time during the ED visit. 
Sample size calculation
1624 participants received a CT scan in the parent randomized controlled trial. The data set was randomly partitioned into a test set and validation set. In the test set, approximately 441 of the 819 subjects were found to have the outcome, a kidney stone on CT scan. Based on the ten events/predictor rule of thumb, there are enough outcome events to construct a model with 44 predictors. Using a more conservative m/20 rule of thumb, I would be able to fit a model with 20 predictor variables. 
Predictor selection for the final model 
Fifty predictors were included in the data collection during the index ED visits (Appendix 1). The general process of predictor selection included the following sequence of steps:
1) Inclusion of predictors based on prior evidence. Based on clinical experience of the investigators, and a review of the literature (including the two prior decision rules to predict kidney stone), we specified an initial set of candidate predictors prior to analysis with the outcome, including race, gender, acuity of pain, radiation of pain, nausea and vomiting, gender, and prior history of kidney stone.
2) Elimination of predictors without using the outcome based on clinical and bio statistical principles. Practical considerations such as missing values and ability to use the predictor in clinical practice allowed for the elimination of some predictors without using the outcome. For example, mean hemoglobin differed significantly in the kidney stone and no kidney stone groups by less than 1mg/dl (13.4 vs. 14.1mg/dl, sd 1.7), and cannot be used as a predictor based on clinical sensibility.
3) Using a selection procedure to identify the best possible combination of predictors based on the best cross-validated measure of the C-statistic. First we used Pearson’s χ2 for categorical variables and the unpaired two tailed t-test for continuous variables as well as univariate logistic regression analyses to determine the presence and strength of the association between each of the remaining potential predictors and the outcome variable. Variables found to be associated with the outcome (p value < 0.10) were selected as candidate predictors (Table 2). After identifying a set of 17 candidate predictors, pairwise tests of interactions were conducted and a single product term was included with the candidate predictors. We then used multivariate logistic regression in STATA to select predictors for a final model. I used a selection procedure that identifies the best combination of predictors among all possible combinations by calculating and ranking the models according to the cross-validated C-statistic and root-mean-squared error. The final model was then selected for by looking for a set of predictors with the highest AUC and lowest RMSE. Models with 5, 6 and 7 predictors were created and compared based on AUC, RMSE, and goodness of fit tests. 
4) Alternate methods, including CART and Randomforests in R. Recursive partitioning has been used to derive several broadly adopted decision rules for trauma. Variables found to be associated at an α <0.10 were evaluated with χ2 recursive partitioning analysis. All variables were used to generate a classification tree using the rpart program. In order to weigh specificity over sensitivity, I included a loss matrix to incorporate unequal costs into the classification tree. The potential predictor variables in Table 2 were included in a random forest analysis, which allowed for the identification of the strongest predictors based on variable importance. This was compared to the predictors in the final logistic regression model. 
[bookmark: _GoBack]The final model was checked using the following tests: 1) Hosmer-Lemeshow goodness of fit, 2) Linktest, 3) Variable inflation analysis for collinearity. There were no missing values for the outcome, kidney stone on CT scan, or of the predictor “sex”. Of the remaining predictors, 11/1639 were missing in race, 9/1639 were missing in vomiting, 12/1639 were missing in hours of pain, 4/1639 were missing in prior stone history, and 138/1639 in hematuria. It is unclear why hematuria is missing more values as compared to other variables, but it may be that clinicians decided to evaluate and treat patients without the results of urine testing in these patients if it took to long to obtain or had received imaging that suggested a diagnosis. The prevalence of the outcome in the participants with missing values for hematuria was 45%, lower than the overall prevalence. We used the default option of complete case analysis to deal with missing data. 
Point system
A point system based on the coefficients of each predictor was created to simplify the decision instrument for ease of use in the clinical setting. Prior decision rules have used this approach, such as the TIMI risk score for unstable angina, which assigns one point for the presence of each predictor; the points are summed up and indicate a probability of the outcome. In this study we assigned a point value for the presence of each predictor by rescaling and rounding such that the presence of strong predictor resulted in more points and subsequently a higher risk category for each individual. 
Validation:
One half of the total sample was reserved to use as the validation data set, and was not used to develop the prediction model. Validation of the logistic model and point score model was performed on this dataset. 
Results
Of 1639 subjects with suspected kidney stone who received a CT scan, 883 (53.9%, 95% CI 51.5-56.3%) were found to have a ureteral stone and 76 (4.6%, 95% CI 3.6-5.7%) were found to have a serious alternate diagnosis requiring admission to the hospital. The validation and derivation dataset appear to be balanced, with similar values for most values, including the outcome as well as alternate diagnosis.
Seventeen variables were found to be significantly associated (p-value < 0.10) with the outcome of kidney stone on CT scan (Table 1). Ten models with six and seven predictor variables ranked by the C-statistic and root mean squared error were identified. The final model was chosen for its high C-statistic, clinical sensibility, and goodness of fit. The C-statistic of models with seven predictors was not substantially improved compared to the six-predictor model, and so we chose the more parsimonious model. The randomforest analysis confirmed the variables in the following order, from more important to less important: prior history of kidney stone, hours since onset of symptoms, hematuria, sex, vomiting, and non African American race.
A point score was constructed consisting of the final predictors, which included the presence of hematuria, male gender, non-African American race, hours since the onset of pain (less than six hours, six to twenty four, and greater than 24), vomiting, and the presence of a prior history of kidney stone or prior history of urologic intervention for kidney stone. Points for each predictor are shown in table 3. A total of 14 points are possible, which correspond to a prevalence of kidney stone, with increasing points indicating greater prevalence. Patients with a score of eight or above would be considered high risk (0.76 – 1.0). 
Characteristics of the 820 subjects in the validation set were similar to those of the derivation set, including the prevalence of the outcome. The final model was used to predict the outcome, stone on CT scan. An ROC curve was constructed and the AUC was calculated to be 0.81, 95% CI 0.78-0.84. If the criterion value of 0.75 is selected as the cutoff value to discriminate between those with a kidney stone and those without a kidney stone, the sensitivity = 48% and specificity = 90%. If the criterion value of 0.8 is selected, the sensitivity = 35% and specificity = 93%. The discrimination of the point score was also assessed using a ROC curve. The AUC of the point score on the validation set was found to be 0.80, 95% CI 0.77-0.83.
Conclusion
We report the derivation and internal validation of the San Francisco Kidney Stone Rule. Using data from a randomized controlled trial conducted at 15 academic United States emergency departments we derived a decision instrument to identify which patients with acute flank pain suspicious for kidney stone do not require CT scan to identify kidney stone and exclude serious alternate diagnoses. The high-risk characteristics identified in this study include prior of kidney stone and urologic intervention for a kidney stone, recent onset of symptoms, nausea or vomiting, non-black race, hematuria, and male gender. The presence of these findings in a patient with suspected kidney stone indicate a high likelihood of kidney stone and a very low likelihood of serious alternate diagnoses. If validated, this decision instrument should provide physicians with evidence to safely avoid CT scan testing for this subset of patients. Beyond healthcare costs, this should result in decreased exposure of patients to radiation, decreased incidental findings, and improve emergency department efficiency. 
Two prior decision rules to predict the diagnosis of kidney stone have been derived but not externally validated. The more recent “STONE” rule by Moore is promising, as a high score indicates a high probability of kidney stone, and perhaps more importantly, a low probability of serious alternate diagnoses (1.6% in the validation cohort). The STONE rule includes five predictors, sex, timing, race, nausea/vomiting, and hematuria on dipstick. The discrimination of the STONE rule would be considered fair to good, with a C-statistic of 0.79. The main differences in the STONE rule include the method of derivation, validation, as well as the set of predictors. The STONE rule was derived using chart review of records of patients who underwent unenhanced CT scan selected from two emergency department sites in Connecticut; the validation included a prospective analysis of participants presenting to the same emergency departments with suspected kidney stone. This is in contrast with our study, which was an analysis of a randomized trial of imaging tests for patients presenting with suspected kidney stone conducted at fifteen ED sites across the US, divided into a derivation and validation cohort of approximately the same size. Using different data, we identified essentially the same five predictors and an additional predictor not included in the STONE score: prior history of kidney stone and urologic intervention. This additional variable was our strongest predictor; without the inclusion of this item, the C-statistic in the validation set is reduced (0.81 to 0.76), a substantial loss in predictive ability, with a decreased sensitivity of the decision instrument 35% to 31%. Interestingly, the prior history of kidney stone variable was present in 43% of our subjects, and present in only 31% of subjects in the Moore study. This difference likely reflects differences in the respective study populations and perhaps method of data collection (retrospective vs. prospective). Studies suggest that the prior history of stone is an important predictor for the diagnosis of stone in a patient with recurrent symptoms, which is supported by clinical experience.13 
Implications
We report the derivation and internal validation of a clinical decision rule to predict patients with suspected kidney stone who are at high risk for kidney stone and low risk for serious alternate diagnoses. This study confirms the rule derived by Moore, and in addition, suggests that a history of prior stone and urologic intervention for kidney stone is an important predictor for the outcome. The next step in the development of the San Francisco Kidney Stone Decision Rule for the diagnosis of kidney stone is prospective validation.


Table 1. Baseline Characteristics of Participants with Suspected Kidney Stone in the Derivation and Validation Samples. Figures are numbers (percentages) unless stated otherwise.

	Characteristics
	Derivation Sample
N = 819
	Validation Sample
N = 820

	Mean age in years, (sd)
Age range in years
	42(13)
18-72
	41(13)
18-81

	Male
	421(51)
	418(51)

	Race
     White
     African-American
     Hispanic 
     Asian
     Mixed 
     Native Am Indian
     Pacific Islander
	
336(41)
211(26)
196(24)
40(5)
14(2)
1(0.1)
17(2)
	
334(41)
200(25)
200(25)
42(5)
15(2)
3(0.4)
19(2)

	Characteristics of pain 
     Severity of pain (sd)
     Hours of pain since onset
         >24 hours
         6 – 24 hours?
         1 – 6 hours
     Worse with movement
     Nausea
     Vomiting
     Pain with urination
     Back pain
     Pain radiating to groin
	
8(2)

407(50)
161(20)
244(30)
182(22)
523(64)
308(38)
234(29)
481(66)
340(43)
	
8(2)

377(46)
186(23)
252(31)
192(25)
515(63)
309(38)
261(32)
472(64)
378(47)

	Prior history of kidney stone
Prior test for kidney stone
Prior intervention for stone
Family history of kidney stone
	325(41)
336(42)
112(14)
305(42)
	320(40)
350(43)
118(15)
323(44)

	Laboratory finding
Hematuria on UA (>3 rbc/hpf)
Hematuria on dipstick (> 1+)
Proteinuria (>1mg/dl)
Pyuria (>50wbc/hpf)
WBC Count (>109/L)
     Hemoglobin (sd)
	
425(57)
298(66)
374 (46)
79(11)
9.1(3.4)
13.8(1.7)
	
440(59)
317(70)
347(43)
80(11)
9.4(3.6)
13.8(1.8)

	Diagnoses on CT scan
     Kidney stone
     Ureteral stone
     Serious alternate diagnosis
	
442(54)
XXX
39(5)
	
441(54)

37(5)







Table 2. Univariate Association of Potential Predictors for Kidney Stone on CT Scan with p-value < 0.10 in Derivation Sample

	
	
Kidney stone of CT scan (n=819)

	P-value
	OR

	
	No (n = 377)
	Yes (n = 442)
	
	

	Potential predictors from History

	Gender
    Male
	
160(42)
	
260(59)
	
< 0.001
	
2.0(1.5-2.6)

	Race
    African-American
    Asian
    Hispanic
    Mixed
    Nat Am/Pac Isl
    White
	 
124(33)
23(6)
93(25)
8(2)
7(2)
118(31)
	
87(20)
17(4)
103(23)
9(2)
8(2)
218(49)
	
< 0.001

	
Ref
1.1(0.5-2.1)
1.6(1.1-2.3)
1.6(0.5-4.3)
1.9(0.6-5.7)
2.6(1.8-3.8)

	Characteristics of flank pain
    Constant pain
    Hours of pain since onset
        >24h
        6-24h
        <6h
    Restless
    Nausea
    Vomiting
    Pain radiating to groin
    Pain level (sd)
	
138(37)

242(65)
66(18)
65(17)
66(18)
204(54)
95(25)
141(38)
8.0(2)
	
137(31)

165(38)
95(22)
179(41)
116(26)
319(73)
213(49)
199(47)
8.4(2)
	
0.061

< 0.001


< 0.001
< 0.001
< 0.001
0.012
0.08
	
0.8(0.6-1.0)

ref
2.1(1.5-3.1)
4.0(2.9-5.7)
1.7(1.2-2.4)
2.2(1.7-3.0)
2.8(2.1-3.7)
1.4(1.1-1.9)

	History of kidney stone
Prior kidney stone
Similar to prior stone
Prior intervention 
	
88(24)
63(74)
21(6)
	
237(55)
205(92)
91(21)
	
< 0.001
< 0.001
< 0.001
	
3.9(2.9-5.4)
3.8(1.9-7.4)
4.5(2.7-7.4)

	Past medical History
    Prior hypertension
	
127(34)
	
205(24)
	
0.002
	
0.6(0.5-0.8)

	Family hx of kidney stone
	123(36)
	182(46)
	0.010
	1.5(1.1-2.0)

	Potential predictors from laboratory testing
	

	Laboratory findings
Hematuria on UA/dip
Hematuria on UA
    >3 rbc/hpf
    TNTC
Hematuria on dip
     Proteinuria
         1+ to 3+
         3+ or greater
WBC Count 109/L
Hemoglobin (sd)
	
142(42)

117(37)
29(9)
105(53)

103(28)
54(15)
8.5(3.4)
13.4(1.8)
	
683(69)

217(56)
70(18)
193(77)

144(34)
73(17)
9.5(3.2)
14.1(1.6)
	
< 0.001

<0.001

<0.001

     0.070

<0.001
<0.001
	
3.1(2.3-4.2)

3.0(2.2-4.2)
4.0(2.4-6.5)
3.0(2.0-4.4)

1.4(1.0-1.9)
1.4(0.8-2.0)




Table 3. Point Score for Kidney Stone on CT scan
	Predictor Variable
	OR
	Points in point score

	Hematuria 
    No 
    Yes
	
Ref
2.7(1.9-3.9)
	
0
2

	Gender
    Female
    Male
	
Ref
1.9(1.4-2.7)
	
0
1

	Race
    African-American
    Non African-American
	
Ref
1.8(1.2-2.7)
	
0
1

	Prior History of Kidney Stone
    No history of kidney stone
    Positive for History of Kidney Stone
 Positive for History of Urologic   Intervention for Kidney Stone   
	
Ref
3.4(2.3-5.1)
7.6(4.2-13.9)
	
0
3
5

	Vomiting
    No 
    Yes
	
Ref
2.6(1.8-3.8)
	
0
2

	Hours since onset of pain
    > 24 hours
    6-24 hours
    < 6 hours
	
Ref
1.8(1.1-2.7)
3.5(2.3-5.3)
	
0
1
3



The score ranges from 0 points to 14 points. The a score of 8 and above indicates a risk of 0.76-1.0, and a score of 9 and above indicates a risk of 0.8-1.0 for the presence of kidney stone on CT scan. 
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Appendix 
List of predictors 
	Mean age in years, (sd)
Age, categorized
	

	Gender
	

	Race
    White
    African-American
    Hispanic 
    Asian
    Native Am Indian
    Mixed
    Pacific Islander
	Prior surgical history
   Prior appendectomy
   Prior cholecystectomy
 Prior hysterectomy
    Prior oophorectomy

	Characteristics of pain 
    Severity of pain (0-10)
    Hours of pain since onset (categorized)
    Hours of pain since onset (binary, cut at 12h)
    Constant vs. intermittent pain
    Nausea
    Vomiting
    Pain with urination
    Symptoms of UTI
    Back pain
    Pain radiating to groin
    Labial pain
	Physical exam findings
     Guarding on exam
CVA tenderness – may need to be modified into any CVAT vs. right/left
Murphy’s sign
McBurney’s Point 
RLQ tenderness
LLQ tenderness
Testicular tenderness
Penile discharge
Prostatic tenderness
Cervical motion tenderness
Vaginal discharge
     Adnexal tenderness

	History of kidney stone
Prior kidney stone
Pain similar to prior stone
Prior urologic intervention 
Number of stones passed (continuous)
Age when first passed stone (continuous)
   Age when last passed stone (continuous)
	Laboratory findings
Hematuria on urinalysis (categorized)
Hematuria on urinalysis (yes/no cut at 3rbc/hpf)
Hematuria on dipstick (binary)
Urine ph (continuous)
Proteinuria (binary cut at 1+)
WBC Count (continuous)
WBC Count (binary cut at 10)
     Hemoglobin (continuous)

	Prior medical history
    Myocardial infarction
    Stroke
    Peripheral vascular dis
    Hypertension
    Hypercholesterolemia
    Taking calcium supplements
    Taking statins
    Family history of kidney stone
	





Remaining analyses to be conducted:
1) CART with loss matrix
2) Alternate diagnoses
3) Validation with point score
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ROC Curve of Final Model with Prior History vs Without















