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External validation of STONE score and modified STONE score

Dong Wuk Lee?, Beom Sok Seo?, Young Soon Cho? Hoon Lim?, Jun Ho Cho®, Sunhwa Lee*

Department of Emergency Medicine, Nowon Eulji Medical Center, Eulji University, Seoul,
?Department of Emergency Medicine, Soonchunhyang University Bucheon Hospital, Bucheon,
*Department of Emergency Medicine, Yonsei University College of Medicine, Seoul,
‘Department of Emergency Medicine, Inje University Sanggye Paik Hospital, Inje University College of Medicine, Seoul, Korea

Objective: The STONE score and modified STONE score are useful clinical prediction rules for ureteral calculi. This
study performed an external validation of the STONE score and modified STONE score. The purpose of this study was to
minimize the economic cost and radiation exposure of computed tomography.

Methods: The electronic medical records of patients complaining of flank pain from January 2016 to December 2017 at a
single emergency department were reviewed retrospectively. The patients were classified into three groups according to
the STONE score and modified STONE score. The prevalence of urethral calculi and other important alternative diag-
noses were calculated in each group.

Results: Out of 561 patients, 266 patients were enrolled in this study, and 222 patients (83.5%) had a ureteral calculus.
The same 266 patients were compared using the two clinical decision rule, STONE score, and the modified STONE
score. The patients were classified into three groups. The prevalence of ureteral stones in the STONE score was 18.8%
in the low-score group, 81.7% in the moderate-score group, and 91.1% in the high-score group. The prevalence of the
modified STONE score was 20.0% in the low-score group, 54.1% in the moderate-score group, and 93.0% in the high-
score group. The area under the curve of the modified STONE score was 0.779 higher than the area under the STONE
score curve 0.73.

Conclusion: The modified STONE score has superior diagnostic specificity to the STONE score.

Keywords: Ureteral calculi; X-ray computed tomography; Clinical decision support systems
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Capsule Summary

What is already known in the previous study
The modified STONE score is derived from the STONE
score.

What is new in the current study
The modified STONE score has diagnostic specificity
that is superior to the STONE score.
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TEE @ A5 27, dvd AAME @t B9 A 33
o2 A4 (Table 1)

7470l AatEE Feto] W A4 (0-54), U AF
(6-9%4), =2 A4 (10-13%) 175z #Fs5 1, 4
I8 88 A4 FHES g

=3t modified STONE score:= AH, 55 A& A7k
QF AN #AY o CRP 1 183 dv| 34 dx

Table 1. Classification of STONE score and modified STONE

score
Modified
STONE score STONE score

Male sex 2 3
Duration of pain (hr)

<6 3 3

6-24 1 1
Non-black race 3 -
Nausea, Vomiting

Nausea and vomit 2 -

Nausea only 1 -
Hematuria 3 6
History of stone - 2
CRP<0.05 mg/dL 2

CRP, C-reactive protein.
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561 Flank pain

—’ 198 without CT scan

11 Trauma
12 Pediatrics
28 Fever (>37.7)

11 UA data loss
24 Pyuria
6 Azotemia (Cr>1.5)

5 Malignancy hx

266 Inclusion

v
\ 4 v

222 Ureteral stone 44 Other diagnosis
(83.5%) (16.5%)

Fig. 1. Patient flow diagram. Three hundred sixty-three patients out of 266 patients were include and compared by both
STONE score and modified STONE score. Two hundred twenty-two patients (83.5%) were diagnosed ureteral stone.
Other diagnosis were made in 44 patients (16.5%). CT, computed tomography; UA, urine analysis; Cr, creatinine; hx,

history.
Table 2. Baseline characteristics of participants in this vali- A AT AR T3 A 5037, 379 2
dation A 250579, 214%) M= st 2folE Bl

Characiorisic Value (n=266) AfHow F ZJE‘r _E? Atolo M Hrh w2 dwe ®

133 o= o 2lo] WEs xpo]7h A tH(Table 4, 5).

o 2ge (1) 48813 $2) Aol we A 18 719 Aolk glglont
Men 170 (63.9) T AT 25N =& A5 2F 39 Aol7t itk &
Women 96 (36.1) & A OF5eR E59 &A= 47 STONE score

Asian 266 (100) 167, modified STONE score 15°|3lth 3 &S 7+

Nausea 48 (18.0) Z} STONE score®} modified STONE scoreol| A &5 3

Vomiting . 7 arn WO R 18.8%9} 20.0%01 .

Doy temperaure () o (@39 57 A% 1§02 $RY 845 247 STONE

Creatinine (< 1.5 mg/dL) 252 (94.7) score 937, modified STONE score 379|911, 4

C-reactive protein (<0.5 mg/dL) 227 (85.3) £ 717} STONE score®t modified STONE score®l Al

Previous stone history 131 (49.2) 7697 208 0 & 81.7%9) 54.1%°] 1t}

Presence of ureteric stone 222 (83.5) S AT IwE @ BlaskglS W= STONE score

Important alternative diagnosis 28(1095) ($9% 81.7%) 7} modified STONE score ($3% 54.1%)

Values are presented as mean = standard deviation or num- R} o =& AgSS Hols AAY B 5% 9t} 71
ber (%). At ol A4 BA5E sty w2 d48) B 5

%tk STONE score®] 3t A4 159 A+ 9319
= HF BHo) F2 2669 S STONE scores} o]glom o] 2 76Wo] 9= AAM &zt Modified

modified STONE score ©]43to] 7b7be] 371 Heke STONE scored] 3t A4 159 @& 37401312
2 (low—, moderate—, high—score group) #&3t ¥ Zt w o] = 209e] 28 AA AT STONE scored}
Zho] M Eg vl w B4 5. modified STONE score®] 57t A4 I1FCZ 749 &

STONE score®} modified STONE score® ¥/3}%1 247} STONE score? 939 oA modified STONE
< o A7t e 15 247 167, 15 0% ¥ =38H score?] 37 &2 &3] Fo| & AS EleAtt.
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Wi o] 2 A4 15 A+ STONE score 2t mod—
ified STONE score®lA &zt571 o Bt =2 A4
OFoR EFY #x4E= 247 STONE score 1574,
modified STONE score 2149o|x, fFHES 47
STONE score?} modified STONE scoreolA 14393}
199922 91.1%% 93.0%°1Ath. #4457 STONE
score?] 157W )4 modified STONE score?] 214 ©
5 23] sojd AS Ittt

t}A] #&l, STONE score®.t} modified STONE score

g Boo] BAT RRANUS 9 ¥ A5 2FA W 2L

A7 59 o, ArHo g e d4 a5 T3
A 2759 #2455 Ak =, STONE score”t obd
modified STONE score® A3l S o, 28 Z24%
oA|F&o QoM FS ¢ 15 T
AN 7teAdo] wrta sty =2 A4 1F N
Q= AA 2 7teAol =tia e ¢ Al

STONE score?} modified STONE scoreE 7|02
RS BFeR S W Aok Q244 FHELS Fig.
20 1o} e},

STONE score?} modified STONE score?] ROC 241

Table 3. Patients' demographic characteristics and univariate analysis

Factor Total (n=266) Ureter stone (n=222) Non-ureter stone (n=44) P-value
Sex (men:women) 170:96 148:74 22:22 0.035
Age (yr) 48.8+13.3 49.0£1253 478+16.6 0.65

Symptom duration (min)? 120 (60-240) 90 (45-180) 760 (480-1,050) 0.004
CRP (<0.5 mg/dL) 251 195 (93.3) 32(72.7) 0.004
Presence of hematuria 222 202 (91.0) 20 (45.5) <0.001
Previeous ureteric stone 131 122 (55.0) 9(20.5) <0.001
Nausea 48 37 (16.7) 11 (25.0) 0.189
Vomiting 47 41 (18.5) 6 (13.6) 0.443

Values are presented as mean= standard deviation or number (%).
3 Symptom duration is defined by quartile deviation. ® C-reactive protein (CRP) was grouped as under <0.05 or >0.05, 15

cases of data loss was present.
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®STONE score O Modified STONE score
Fig. 2. Prevalence of ureteral stone by STONE score group and modified STONE score group.
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v @A modified STONE score’} STONE score®.th
A Solxrt FAACR on QA A YErsth(Fig.
3). T3, modified STONE score? =43l W4 (area
under curve)< 0.779% STONE score %413} W4
0.738t 1 =8t} dntdgor F43s W42 0.7-0.8
74 &8d e 0.8-0.97F HH - }‘jri’”
sttt 7 A"k 58] ROCFHA & ¥ w388l 2 o I
Aol apol= 0.04932 F Ak = Afo]e] on] gl
°]7} AT (P=0.04).
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10 ROC cur_ve
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0.21 Source of the curve
-=-- STONE score
/. — Modified STONE score
OG T T T
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1-Specificity

Fig. 3. Compare of receiver operating characteristic (ROC)
curve between STONE score and modified STONE
score in the external validation.
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B o A= STONE score?} modified STONE score
9] 914 ElFAd S Hrlstel @2 AN st At S =
T2M 7HXE A539 Y. modified STONE score”}
STONE score®tt Atk o & =424 o &3 A5
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B oF ETE 2R AHE AR o Seel 7
Bett o £ Erh ot BALW AFHBEHYL
Fol BN wFHE WAAFE F 5 ALE O
AAR P EH FU F 9L Aolh Te ME ko]
o WE Am W HAR 5 $RA 1AH B F
shbel SHEahE oA g 5 ek 1A B 9
WAL A 5 EFEH B A FolYT P S

£ A= STONE score® modified STONE score®
]%0}0% 5}1}: S TR H AFHESEY AR 8%
£ FAfT A7t R 82 44
2 = E7ERY AsE b
53 vl #A] st
JZ}E qOIL——g 8} E} STONE score$} modified
STONE score®] WIZEE 242 64.4%9) 68.2% 021,
Eo|T 92.9%9} 65.9%%th o) 914 EFgA 7t
A 7 7H 9] ROC #4& #2443}o] modified STONE score
7} STONE score®t} Q7 A48 AA o F Ad &G 2
CU RS i i o v SIS - | ‘3}

A BFAE FolA 85 A4 o]99] A
st 71 Mg W xS e vgE AT
zko] 7k 13l .

Ao R F% 7|E B kg ke $xe] 7
Moore 5°9 H%x AT ZAAE AA 329 3.7%,

Table 4. Comparison of ureter stone and other diagnosisin STONE score subgroup

STONE score Total Ureter stone Other diagnosis
Low 16 3(18.8) 13(81.3)
Moderate 93 76 (81.7) 17 (18.3)
High 157 143 (91.1) 14 (8.9)
Values are presented as number (%).
Table 5. Comparison of ureter stone and other diagnosisin modified STONE score subgroup
Modified STONE score Total Ureter stone Other diagnosis
Low 15 3(20.0) 12 (80.0)
Moderate 37 20 (54.1) 17 (45.9)
High 214 199 (93.0) 15(7.0)

Values are presented as number (%).
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Table 6. Types and frequency of acutely important alterna-
tive findings

Important alternative cases No. of cases

IS

Ileus

Acute appendicitis
Acute diverticulitis
Ulcerative colitis
Enterocolitis
Uterine myoma
Pyelonephritis
Crohn disease
Acute cholangitis
Ovary cyst rupture
Ovary torsion
Ovary cancer
Acute cholecystitis
Endometrioma
Herpes zoster
Adrenal malignancy
Pleural effusion
Gallbladder stone
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