A novel biomarker panel to rule out acute appendicitis in pediatric patients with
abdominal pain
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Child appendicitis

¢ Appendicitis is common pediatric disease
— Peak incidence in the second decade of life
o [FhEZE pediatric appendicitisfy[E e
— MR EE AR IOER
— 50% HY 53 E 74 4 adult appendicitis FHYELEIE TR (e.g. shifting
pain, focal RLQ tenderness)
— Lab results(CRP, WBC count, others): highly variable in
sensitivities or specificitiy
o Zrappendicitisil S {{cFEimaging study
— US: suboptimal sentivity:78-100%, speciticity:88-98%
— CT: sentivity:92-100%, speciticity:87-100%
* lonizing radiation exposure : 10-15 times lifetime risk for
malignancy compared between 1 y/o to 50 y/o
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o BFftiiE tebiomarker$fCT scan{i F A EERY
=2 (potential impact on CT scan utilization
rate)

Method

¢ 12 academic and academically affiliated community hospital ER
across U.S.

e 2011/3-2011/11
* Prospective observational investigation

¢ WBC and plasma protein marker in possible acute appendicitis
case

method

¢ Inclusion criteria:

— S/S like acute appendicitis(RLQ, generalized
abdominal pain)

— JEAR<72 hr
—2y/o-20y/o

¢ Exclusion: previous appendectomy, metastatic
cancer, bleeding disorder, active autoimmune
disease, abdominal trauma, invasive abdominal
procedure, prior diagnostic imaging

Outcome collection

¢ Primary outcome: appendicitis or not
— Surgical pathology
— Discharge diagnosis
— Result of plasma protein biomarker
— Study end point: diagnostic accuracy of biomarker
as negative predictor
¢ Secondary outcome and end point

— Potential reduction of unnecessary CT scan for
negative biomarker result




biomarker

WBC count

CRP

Myeloid-related protein 8/14 complex (calprotectin)
Hyaluronan

Serum amyloid A protein

Matrix metallopeptidase 9

-> Analysis were blinded to clinical information, result were not
showed to treating physician at clinical study site

Optimal cutoff point

¢ Value(A): x(WBC)+y(CRP)+z(MRP 8/14)
¢ Cutoff value selection

— Maximizing true negative test result
— Minimizing false negative test result

Patient characteristics Appendidtis n Not appendidtis P value
(n/N%) n (n/NE)
Total N = 503 n=144 (286%) n=350(714%)
Age.y
Median (IQR) 12(10-16) 12(8-16)
<12 77(53%) 189(53%) 9214
Sex
—) Male 87 (60%) 156 (43%) 0008
Ethnicity
White 90 (63%) M7 (69%) 3510
£ test
Black 10(7%) 30(8%)
Hispanic 32(22%) G4 (18%)
Asian 4(3%) 3(1%)
Otherjunreparted 8(5%) 15 (4%}
symptom duration, h
0-12 34 (24%) 102(28%) 6676
7 test
1224 55 (38%) 122 (34%)
2448 31(22%) 72 (20%)
4872 24(17%) 63 (18%)
Similar abdominal
pain previouely
Yes 14(10%) 60(17%) 0511
Assodated symptoms
) Periumbilical pain with 100 ( 69%) 141 (39%) <0001
migration to RLQ
Anorexia 105 (73%) 198 (55%) 0003
) Vomiting 92 (B4%) 132(38%) <0001
Nausea 109 (76%) 25(63%) 0065
Physical
36 (25%) 59(16%) 320
s 143 (%) 309 (86%) <0001
Rebound tenderness 73 (53%) 73(21%) <0001
Rigidity and guarding 102137 (73%)  110/343 (2%) <0001
Rovsing sign 49/137 (36%) 38340 (11X) <0001

Patient characteristics Appendidtis n Not appendidts P value
(n/NE) n (n/ME)

Total N = 503 n=144 (286%) n=359(714%)
Imaging

us 68 (47%) 231 (64%) 0006
r 53(37%) 132 (37%) 10
Both US and CT 21(15%) 76(21%) 1042
No imaging 41(28%) 65(18%) OM3
Other 3(2%) 7(2%) n oo

small

Alternative diagnoses

Abdominal pain 186 (53%)
Constipation 29 (9%)

Ovarian cyst 27 (8%)
Gastroenteritis 25 (7%)

uTl 13 (4%)

Colitis 4(1%)

Perforated appendix by symptom n"/n (%)

duration (n'}, h

0-12 1/34 (3%)
1224 0/55 (%)

2448 6/31(19%)
4872 6/24 (25%)

Age distribution
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Fig. 1. Age distribution.

Imaging utilization

Hospital type, prevalence of appendicitis, imaging utilization

Hospital N Appendicitis T% Us% CT and US
type % (n/N) (n/N) (n/N) % (n/N)
All hospitals 503 28.6% 36.8% 59.4% 19.3%
(144/503) (185/503) (299/503) (97/503)
Children's 216 32.9% 27.8% 45.4% 10.2%
hospitals (71/216) (60/216) (98/216) (22/216)
Tertiary care 135 26.7% 39.3% 79.3% 28.1%
centers (36/135) (53/135) % (107/135) (38/135)
Community 152 24.3% 47.4% 61.8% 24.3%
hospitals (37/152) (72/152) (94/152) (37/152)

Imaging totals greater than 100% because those with both CT and US are also included

in individual totals for CT and US
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Biomarker and duration of S/S
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Appendicilis
Non-Appendicitis
Appendicitis
Mon-Appendicitis
Appendicitis
Mon-Appendicilis
Appendicills
Non-Appendicitis

0-12h 12-24h 24-48n 48-72h
Diagnosis within Duration of Symploms

Biomarker panel result

Biomarker panel negative  Biomarker panel positive  Total

Mo appendicitis 155 204 358
Acute appendicitis 5 139 144
Total 160 343 503

Duration of symptoms (n) Sensitivity (95% C1) Specificity (95% C1) NPV (95% CI) MNLR [95% Cl)

All patients (503) 96,5% (925-99%)  43.2% (38%-48%)  96.9% (93X-99%) 008 (0.03-0,19)
<24 h (313) 94.4% (88%-98%)  43.3% ( 95, 0.13 (0.06-0.31)
=24 h (190) 100% (94%-100%)  43.0% 100%

NPV = negative predictive value; NLR = negative likelihood ratio.

WBC (<10 k/ul)+normal CRP

-senstivity:97.2%(93-99%), NPV: 96.8%(92-99%), specificity:
33.7%(29-39%)

-True negative :121, false negative:4
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False negative biomarker results

Pt. Agefsex Duration sx at enrollment, h us T PCI VAS
A 16/F 0-12 P P 47
B 2M 12-24 ND* N* 100°
C 14/F 12-24 | ND 67
D 13M 12-24 P ND 37
E 8/M 0-12h 1 P 23
Pt. Agefsex Clinical course Pathology results
A 16/F Surgery at index visit “Mild acute appendicitis”
B 12M  Discharged, returned in 48 h, CT neg. “Mild mucosal acute appendicitis™
Surgery after sx duration 60-72 h
C 14/F Surgery at index visit “Mild acute appendicitis”
D 13/M  Surgery at index visit “Appendicitis”
E /M Surgery at index visit “Acute appendicitis and periappendidtis™

discussion

¢ (T scan in negative biomarker panel: 32.4%(60/185)

» False negative biomarker results (5/185, 3.5%): JiE IR &8 4= B
< 24/N\iF

¢ Perforated appendix: 1.1 % (1/89) for symptoms< 24 hr, 0% in
negative biomarker results

- Negative biomarker panel result in patient

symptoms>24 hour reliably excluded acute appendicitis




Limitation
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[N Esacute appendicitis with false negative
biomarker HY{E#{E/)>, one missed false
negative patient S5 & HE 52

Conclusion

* BRI 8% Eappendicitis (5L E K 75 VA RES, 3 marker

panel of WBC+ CRP+ MRP 8/14 A S UM, = FaETONIE
Jz low negative likelihood ratio
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