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Abstract. Background/Aim: The diagnostic score models
(DMs) for patients with acute diverticulitis (AcDi) have been
rarely evaluated. Therefore, we tried to develop diagnostic
models (DMs) to enhance the diagnostic accuracy (DA) of
AcDi. Patients and Methods: In this AAP (acute abdominal
pain) cohort, 30 AcDi patients were compared to 1,303 non-
AcDi patients, with regard to their i) clinical symptoms (n=22),
i) signs and tests (n=14) as well as iii) laboratory analyses
(n=3). The triage was performed at patient arrival to the
emergency department (ED) (triage I) and at follow-up (triage
1) before final decision. The triage included a suggested
diagnosis of the AAP patient. Bivariate random effects meta-
analysis was performed separately for 1) the pooled symptoms
(n=22), 2) signs & tests (n=17) as well as 3) pooled DMs (I-
V) with different cut-offs (with or without triage) to assess the
diagnostic accuracy (DA) in detection of AcDi by HSROC
(hierarchical summary receiver operating characteristic)
curves. Results: In the conventional receiver operating
characteristic (ROC) analysis (for test optimization and finding
optimal cut-off points), the area under curve (AUC) reached
the following values for AcDi: i) DM without triage,
AUC=0.843, ii) DM with triage I, AUC=0.866 and iii) DM
with triage I and I, AUC=0.926. In the HSROC analysis, the
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AUC values for detection of AcDi were as follows; i) pooled
clinical symptoms, AUC=0.540, ii) pooled clinical signs &
tests, AUC=0.556 and iii) pooled DMs globally, AUC=0.853.
In roccomp analysis for differences in AUC values: i) and iii)
p<0.0001; between ii) and iii) p<0.0001. Conclusion: As
confirmed by ROC and HSROC analysis, the new DMs with
triage mode proved to be far superior in their DA for AcDi as
compared to both symptoms and signs & tests. In the lack of
earlier studies, these data report the first evidence that the DM
including triage at an ED could improve the detection of AcDi.

Of all AAP (acute abdominal pain) patients referred to the
emergency department (ED), acute diverticulitis (AcDi) is
one of the most common diagnoses and among the main
gastroenterological causes of hospitalization in the Western
world (1-9), thus requiring more attention. AcDi is portrayed
by an acute inflammation of the colonic diverticulum leading
to focal necrosis of the diverticular wall, with a potential to
result in a microscopic or macroscopic perforation of a
diverticulum. In addition, the diverticulum itself and the
adjacent inflamed colon could obstruct, leading to the full-
blown clinical picture of a large bowel obstruction.
Because of these divergent clinical presentations,
descriptions of the clinical appearances of AcDi in the
literature are somewhat fragmentary and even contradictory.
Although lower abdominal (Lab) pain, increased body
temperature (Tax), abdominal guarding and absence of
vomiting are suggested to predict AcDi in some reports (3-
5), international guidelines for diagnosis and treatment of
AcDi do not advocate basing the diagnosis of AcDi on only
the clinical symptoms, signs, and laboratory tests of the
patient (1-9). Therefore, some authors have tried to develop
diagnostic models (DMs) to enhance the diagnostic accuracy
(DA) of AcDi, but these DMs have not yet been validated
and the most studies are based on a small sample size (10-
15). In addition, some of the introduced DM scores, e.g.,
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Table 1. The clinical history of the acute diverticulitis (AcDi) versus other causes of acute abdominal pain.

Clinical history variable Positive endpoint Negative endpoint TP FN FP TN
1. Location of initial pain Left lower and lower abdomen Other 12 18 222 682
2. Location of pain Upper abdomen Other 12 18 201 1,102
at diagnosis
3. Duration of pain <24 hours >24 hours 15 15 768 535
4. Intensity of pain Subjectively moderate or intolerable pain Weak pain 22 8 851 452
5. Progression of pain from Subjectively same or worse pain Weaker pain than 18 12 870 433
onset to diagnosis at the onset
6. Type of pain Subjectively steady or intermittent pain Colicky pain 20 10 895 408
7. Aggravating factors Movement, coughing, respiration or food No aggravating factors 6 24 350 953
8. Relieving factors Rest, vomiting or none Food, antacid or other 28 2 1,183 120
9. Previous similar pain Yes No 6 24 441 848
10. Vertigo No Yes 30 0 1,259 40
11. Nausea Yes No 13 17 753 550
12. Vomiting Yes No 8 22 567 736
13. Appetite Poor appetite Normal appetite 22 8 955 348
14. Previous indigestion Yes No 5 25 274 1,027
15. Jaundice No Yes 30 0 1,270 33
16. Bowels Diarrhea, constipation Blood, mucus, white stools 4 26 2901 1,012
or normal
17. Micturition Normal Abnormal 29 1 1,298 85
18. Drugs for abdominal pain No Yes 28 1 1,250 53
19. Previous abdominal surgery No Yes 22 7 977 326
20. Previous abdominal diseases Yes No 4 25 230 1,073
21. Use of alcohol No Yes 28 1 1,237 66
22. Sex Male Female 15 15 682 621

FN: False-negative; FP: false-positive; TN: true negative; TP; true positive.

those of Andeweg et al. (12) and Bolkenstein et al. (14)
include C-reactive protein (CRP) level (12) or leucocyte
count (Leuc) (14). Although their proposed DMs could
slightly enhance the DA in ruling out non-AcDi diagnoses,
the laboratory tests included in these DMs are a
disadvantage, because many of these are not available at the
ED settings, thus precluding an accurate prediction of the
disease progression by the emergency physicians.

The present study is the first where the DA of the i)
symptoms, ii) signs & tests, as well three DM score models
(without triage, with one triage and with two triages) were
compared among AcDi and non-AcDi patients, included in
a cohort of 1,333 AAP patients (16, 17).

Patients and Methods

The AcDi study group comprised of 30 patients with AcDi and
1,303 patients in the non- AcDi group. The clinical symptoms
(n=22), signs and tests (n=14) as well as laboratory analyses (n=3)
were recorded for each patient. The diagnosis of AcDi was
confirmed by considering all clinical history-taking details, clinical
findings, and results of the laboratory tests together and following
the diagnostic criteria of AAP (acute abdominal pain) and AcDi. The
triage was performed at arrival to ED unit (triage I) and at follow-
up (triage II) before final decision. The triage included a suggestion
of possible diagnosis for AAP patient.

DM models. In a multivariate logistic (stepwise) regression analysis
SPSS software was used (SPSS statistics 26.0.0.1; IBM, Armonk, NY,
USA) and the clinical features shown in Table I and Table II were
included in the stepwise analysis as binary data e.g., AcDi=1 and other
diagnosis of AAP=0. Using the coefficients of the stepwise model, a
DM was built and its predictive value for AcDi was estimated.

1. The DM for AcDi without triage (PE=positive endpoint and
NE=negative endpoint):
DM=-0.75%Progression of pain (PE=1, NE=0)-0.92xVomiting
(PE=1, NE=0)+2.35xTenderness (PE=1, NE=0)+2.37xRigidity
(PE=1, NE=0)-1.18xLeuc (PE=1, NE=0)-4.79.

2. The DM for AcDi with triage at ED (Triage 1):
DM=-1.10xProgression of pain (PE=1, NE=0)-0.79xPrevious
similar pain (PE=1, NE=0)+1.57xTenderness
(PE=1, NE=0)+1.22xGuarding (PE=1, NE=0)+1.49xRigidity
(PE=1, NE=0)-1.51xLeuc (PE=1, NE=0)+4 .44xTriage 1
(PE=1, NE=0)-4.34.

3. The DM for AcDi with triage at ED (triage 1) and at follow-up
(triage 11):

DM=-1.11xProgression of pain (PE=1, NE=0)-0.73xVomiting
(PE=1, NE=0)-1.09xBowels (PE=1, NE=0)+1.66xTenderness
(PE=1, NE=0)+0.96xGuarding (PE=1, NE=0)+1.57xRigidity

(PE=1, NE=0)-0.65xBody temperature (PE=1, NE=0)-1.41xLeuc
(PE=1, NE=0)+3.72xUrine (PE=1, NE=0)+4.07xTriage I
(PE=1, NE=0)+1.16xTriage II (PE=1, NE=0)-8.26.
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Table II. The clinical signs and investigations of the acute diverticulitis (AcDi) patients versus other causes of acute abdominal pain.

Clinical signs and investigations Positive endpoint Negative endpoint TP FN FP TN
1. Mood Distressed or anxious Normal 6 24 221 1,082
2. Color Normal Jaundiced, pale, flushed 27 3 1,154 149
or cyanosed
3. Abdominal movement Poor/nil Normal 2 28 91 1,211
4. Scar No Yes 23 7 963 339
5. Distension Yes No 3 27 90 1,209
6. Tenderness Left lower and lower abdomen Other 15 15 181 1,113
7. Mass Yes No 2 28 32 1,271
8. Rebound Yes No 18 12 613 690
9. Guarding Yes No 22 8 685 618
10. Rigidity Yes No 15 15 279 1,023
11. Murphy's positive Yes No 1 29 123 1,179
12. Bowel sounds Abnormal Normal 7 23 182 1,121
13. Renal tenderness Left or both sides. No 3 27 118 1,165
14. Rectal digital tenderness Normal Abnormal 19 11 950 350
15. Body temperature =37.5°C <37.5°C 13 16 673 550
16. Leucocyte count (LC) >9 200/mm?3 <9 200/mm?3 8 19 541 513
17. Urine Normal Abnormal 25 0 1,071 72

FN: False-negative; FP: false-positive; TN: true negative; TP; true positive.

Table III. Diagnostic score models (DM) for acute diverticulitis (AcDi) patients. The DM shown at six different cut-off levels of symptoms, signs,
and tests. DM I and II; only symptoms and signs without triage at emergency department (ED). Cut-off levels: DM 1=—4.00, DM 11=-3.41, DM III
and IV; symptoms and signs with triage at ED (triage I). Cut-off levels: DM 111=—4.00, DM IV=-3.17. DM V and DS VI; symptoms and signs with
triage I and with triage at follow-up (triage 1I). DM V=-5.00, DM VI=—4.13.

Diagnostic score (DS) Positive endpoint Negative endpoint TP FN FP TN
1. DM I, no triage. Acute diverticulitis Other cause of abdominal pain 23 7 349 954
2. DM 11, no triage. Acute diverticulitis Other cause of abdominal pain 21 9 244 1,059
3. DM III, triage at ED. Acute diverticulitis Other cause of abdominal pain 23 7 292 1,011
4. DM 1V, triage at ED. Acute diverticulitis Other cause of abdominal pain 21 9 156 1,147
5.DM V, triage at ED and at follow-up. Acute diverticulitis Other cause of abdominal pain 29 1 464 839
6. DM VI, triage at ED and at follow-up. Acute diverticulitis Other cause of abdominal pain 25 5 267 1,036

FN: False-negative; FP: false-positive; TN: true negative; TP; true positive.

Statistical analysis. STATA/SE version 17.1 (StataCorp, College
Station, TX, USA) and SPSS statistics 26.0.0.1 (IBM, Armonk, NY,
USA) was used for statistical analysis. The statistical tests presented
were two-sided, and p-values <0.05 was considered statistically
significant. Using 2x2 tables, sensitivity (Se) and specificity (Sp)
with 95% confidence intervals (95% CI) for each clinical history-
taking variables, findings or tests were determined. Meta-analytical
technique (metaprop) was used to create separate forest plots for Se
and Sp for each set of data, including each diagnostic variable.
Roccomp test (STATA) was used to compare the AUC values of the
SROCs between the 3 diagnostic sets (history-taking, clinical signs,
DMs). Conventional ROC analysis was used to find the optimal cut-
off values for each of the DMs.

Results

The history taking in AcDi. The overall Se of the clinical
symptoms for AcDi was 61% (95% CI=45-76%) (Figure 1).
The Se was higher than 61% for 10 of the symptoms. The
six most sensitive clinical history-taking variables (relieving
factors, vertigo, jaundice, micturition, drugs for abdominal
pain, use of alcohol) showed 93-100% Se in diagnosis of
AcDi (Figure 1). The overall Sp of the history-taking for
detecting AcDi was only 39% (95% CI1=25-53%) (Figure 2).
Altogether, 11 symptoms showed Sp higher than 39%. The
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Figure 1. Sensitivities of history-taking in acute diverticulitis (AcDi) (random-effects model). ES: Estimated sensitivity; CI: confidence interval.

six most specific symptoms of AcDi (location of initial pain,
location of pain at diagnosis, aggravating factors, previous
similar pain, previous indigestion, bowels, previous
abdominal diseases) showed 73-85% Sp (Figure 2).

Examination and tests in AcDi. The overall Se of the signs
& tests for AcDi was 41% (95% CI=25-59%) (Figure 3), and
9 signs & tests had Se exceeding 41%. The six most accurate
signs & tests (colour, scar, rebound, guarding, rectal digital
tenderness, urine) showed 60-100% Se (Figure 3). The
overall Sp of the signs & tests was 65% (95% CI=48-80%)
(Figure 4), while 9 signs & tests showed Sp higher than
65%. The five most specific signs & tests (abdominal
movement, distension, mass, Murphy’s positive, renal
tenderness) showed 91-98% Sp (Figure 4).

DM without triage in AcDi. The most prominent features
of AcDi in stepwise analysis without triage mode were
progression of pain, vomiting, tenderness, rigidity and
Leuc. The best diagnostic level for DM score without triage
[DM I; Se=77%, Sp=73%, efficiency (Eff)=73%] was
reached at cut-off level —4.0 for DM (Figure 5 and Figure
6; Table III).

DM with triage I mode in AcDi. The most prominent features
of AcDi in stepwise analysis with triage I mode were
progression of pain, previous similar pain, tenderness,
guarding, rigidity, Leuc and triage I (AcDi versus non-
AcDi). The best diagnostic level for DM with triage I mode
(DM 1V; Se=70%, Sp=88%, Eff=88%) was reached at cut-
off level —3.17 for DM (Figure 5 and Figure 6; Table III).
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Figure 2. Specificities of history-taking in acute diverticulitis (AcDi) (random-effects model). ES: Estimated specificity; CI: confidence interval.

DM with two triage modes (triage I+triage II) in AcDi. The
most prominent features of AcDi in stepwise analysis with
triage I+II mode were progression of pain, vomiting, bowels,
tenderness, guarding, rigidity, body temperature (Tax), Leuc,
urine, triage I and triage II (AcDi versus non-AcDi). The best
diagnostic level for DM with triage I+II mode (DM VI;
Se=83%, Sp=80%, Eff=80%) was reached at cut-off level —4.13
for DM (Figure 5 and Figure 6). The overall Se and Sp of these
six DM formulas was 80% (95% CI=70-88%) and 78% (95%
CI=71-84%), respectively (Figure 5 and Figure 6). Two of these
formulas showed Se =80% and four formulas had Sp =78%.

ROC, HSROC and AUC values. In the conventional ROC
analysis for test optimization and finding optimal cut-off points,
the AUC values for AcDi; i) DM without triage, AUC=0.843,
ii) DM with triage I, AUC=0.866 and iii) DM with triage I and

II, AUC=0.926. HSROC curves were used to visualise the
pooled overall accuracy of the symptoms (Figure 7), signs &
tests (Figure 8) and different DM models (Figure 9) in detecting
AcDi. In SROC analysis, the AUC values for 1) symptoms ii)
signs & tests iii) DM were as follows: i) AUC=0.540 (95%
CI=0.490-0.590); ii) AUC=0.556 (95% C1=0.496-0.616), and
iii) AUC=0.853 (95% CI=0.813-0.893). The differences
between these AUC values (roccomp analysis) are as follows:
between i) and ii) p=0.664; between i) and iii) p<0.0001;
between ii) and iii) p<0.0001.

Discussion
Prompted by the difficulty of AcDi diagnosis among the

AARP patients, some authors have attempted to develop DMs
in order to enhance the DA, but these DMs remain still
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15 ( Body temperature) : * 0.45(0.26,0.64) 5.88
16 ( Leucocyte count (LC)) + : 0.30 (0.14, 0.50) 5.85
17 ( Urine) : —— 1.00 (0.86, 1.00) 5.82
Overall (1"2 =93.54%, p = 0.00) <> 0.41 (0.25,0.59) 100.00

Figure 3. Sensitivities of signs and tests in acute diverticulitis (AcDi) (random-effects model). ES: Estimated sensitivity; CI: confidence interval.

unvalidated and most are based on studies with a small
sample size (10-15). Lameris et al. (10) recorded clinical
picture in AAP patients presenting at the ED and identified
features associated with AcDi. They developed a DM based
on Lab pain, vomiting, and increased CRP. The calculated
AUC values of the individual clinical features ranged from
0.51 for diarrhea to 0.74 for CRP. Unfortunately, they did not
provide a HSROC analysis for their DM.

Toorenvliet et al. (11) assessed 57 patients with AcDi
diagnosis to compare the DA of clinical evaluation,
abdominal ultrasound (AUS) and computed tomography
(CT). They concluded that the DA of the clinical diagnosis
for AcDi is low, because the tentative diagnosis of AcDi
changed in 37% of their AcDi patients. Although AUS and
CT show a higher DA in AcDi, these procedures rarely
changed the initial management proposal for the AcDi
diagnosis in their study (11). Unfortunately, these authors did

not provide any AUC values for the diagnostic tests applied.

Andeweg et al. (12) recorded the clinical picture of their
AAP patients seen on the ED attempting to find predictors
for AcDi and to create a DM. They proposed a DM
including 1) the number of previous episodes of AcDi, 2)
aggravation of pain, 3) absence of vomiting, 4) Lab pain
and 5) CRP >50 mg/l and developed a nomogram using
these features. They calculated the AUC values of the
individual clinical features in all patients ranging between
0.52 for sex and 0.73 for Lab pain. They did not perform
HSROC analysis for their DM or nomogram.

Jamal Talabani et al. (13) investigated the DA of AcDi
among AAP patients admitted to an ED in Norway. The
probability of AcDi was assessed by the examining doctor,
using a scale from O (zero probability) to 10 (100 %
probability). They reached the AUC values for their
probability score; AUC=0.95 for AcDi patients <65 years
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17 ( Urine) - : 0.06 (0.05, 0.08) 5.88
Overall (1"2 =99.85%, p = 0.00) <> 0.65 (0.48, 0.80) 100.00

Figure 4. Specificities of clinical signs and tests in acute diverticulitis (AcDi) (random-effects model). ES: Estimated specificity; CI: confidence

interval.

and AUC=0.86 for older AcDi patients. The AUC values for
the laboratory tests in AcDi are ranging from 0.59 for Leuc
to 0.83 for CRP. Again, HSROC analysis with AUC values
available of the individual clinical features was not made.
Albeit that the authors admit that there could be a selection
bias due to the ED doctors’ awareness of the study, this
study demonstrates that clinical evaluation based on
symptoms, signs and tests on admission provides a high DA
in AcDi patients.

Bolkenstein er al. (14) performed a retrospective study
including AcDi patients presented at ED. Clinical signs and
laboratory parameters were collected and they developed a
DM to distinguishing complicated AcDi from uncomplicated
AcDi patients. Their DM score included abdominal guarding,
CRP level and Leuc. Although, proposed DM could slightly
enhance the DA in ruling out complicated AcDi, the

laboratory tests needed in this DM includes a significant
limitation. Sigurdardottir et al. (15) investigated patients with
clinical suspicion of AcDi, proposing a DM for AcDi that
includes sex, age, urinary symptoms, vomiting, body
temperature, CRP, and Lab tenderness. AUC for this DM was
0.82, with the AUC values for the individual clinical features
varying from 0.50 for obstipation to 0.65 for CRP (15).

The present study is a comprehensive analysis of the DA
in AcDi, by taking into account the role of i) history-taking,
ii) examination and iii) laboratory analyses, all used to build
up a diagnostic score model for AcDi. As to the symptoms,
a special meaning should have abdominal pain, which in
AcDi tends to begin in the Lab and often remains in the Lab
until the AcDi patient is seen at the hospital. In our study,
40% (12/30) of the AcDi patients had location of initial pain
and pain at diagnosis at Lab. The pain of AcDi is sometimes
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%

Study ES (95% ClI) Weight
|

1 (Logistic model DS 1) — 0.73 (0.71, 0.76) 16.67
|
|

2 (Logistic model DS 1) |- 0.81(0.79, 0.83) 16.67
|
1

3 (Logistic model DS 111 - 0.78 (0.75, 0.80) 16.67
l

4 (Logistic model DS V) | - 0.88 (0.86, 0.90) 16.67
1
|

5 (Logistic model DS V) —— X 0.64 (0.62, 0.67) 16.67
|
1

6 (Logistic model DS VI) - 0.80 (0.77, 0.82) 16.67
1

Overall (12 = 97.92%, p = 0.00) <> 0.78 (0.71, 0.84) 100.00
1
1
1
1
|

T T T T T T T S T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

2604

Figure 6. Specificities of diagnostic scores at six different cut-off levels (DS I-VI). ES: Estimated specificity; CI: confidence interval.
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Figure 7. Hierarchical summary receiver operating characteristic
(HSROC) curve of the history-taking in acute diverticulitis (AcDi).

quite severe, and in our study 73% (22/30) of AcDi patients
had moderate or intolerable pain. One variable important in
distinguishing AcDi from peritonitis (Perit) is that the pain
in AcDi is mostly steady or intermittent as in 67% (20/30)
of patients in this study, whereas this type of pain is rare in
Perit. In 20% (6/30) of AcDi patients, the pain is aggravated
by movement and this variable does not distinguish AcDi
from the Lab diseases such as acute appendicitis or acute
small bowel obstruction.

Nausea and vomiting are usually lacking in AcDi.
However, the DA of these symptoms has not been considered
in AcDi before. In our study, 43% (13/30) of the AcDi
patients had nausea and 27% (8/30) had vomiting. Most
patients with AcDi have not noticed any abnormality of
bowel habits (bowels normal in 26/30) or micturition on
admission (micturition normal in 29/30). AcDi tends to be
associated with poor appetite. In this investigation, 73%
(22/30) of the AcDi patients had positive clinical history of
poor or lacking appetite.

The patient with AcDi is unlikely to have a fully non-
mobile abdomen at abdominal palpation (Ap). This happens
only in about every 13th patient with AcDi in our study

0.8 1.0
1

Sensitivity
0.6
1 1

0.4

0.2

0.0
I

T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
Specificity

° Study estimate |
— HSROC curve ———-—

95% prediction
region

Summary point

95% confidence
region

Figure 8. Hierarchical summary receiver operating characteristic
(HSROC) curve of the clinical signs and tests in acute diverticulitis (AcDi).

(abdominal movement normal 93.3%) (28/30). With regard
to tenderness at Ap, half of AcDi patients have Lab
tenderness (15/30, 50%), whereas rebound was present in
60% (18/30) of the AcDi patients. Importantly, rigidity was
present in half (50%) of the AcDi patients and this is a
difference from Perit, where rigidity is a rule rather than
exception. On abdominal auscultation, about one fourth
(7/30, 23%) of the AcDi patients in our study had abnormal
bowel sounds, while the rest of the AcDi patients had bowel
sounds, indistinguishable from normal sounds.

In the severity grading of AcDi, there are some formulas
that have been used as predictors of organ failure,
complications, and survival in AcDi patients (19-21).
However, the DMs for patients with AcDi have been rarely
evaluated and the DMs with the triage performed at patients’
arrival to the ED (triage 1) and at follow-up (triage II) before
final decision are even more rare.

Meklin et al. (18) have recently introduced HSROC
analysis in distinguishing DA of traditional and new-
generation fecal immunochemical tests used in colorectal
cancer screening. Their experience also suggests that
HSROC could assist the clinician in differentiating non-
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Figure 9. Hierarchical summary receiver operating characteristic
(HSROC) curve of the six diagnostic score models (DMs).

specific abdominal pain from acute appendicitis (16, 17) and
other causes of AAP, and improve the DA in following AAP
patients; acute cholecystitis, acute renal colic, acute small
bowel obstruction, non-organic dyspepsia, and acute
pancreatitis (22-29). The HSROC analysis displays Se as a
function of the false positive (FP) rate (1- Sp). HSROC
curve for clinical symptoms in AcDi detection almost
parallels the diagonal reference line (AUC=0.5) with low
AUC value (AUC=0.540) (Figure 7). The DA of the signs &
tests is practically similar as that of the clinical symptoms
(AUC=0.556) (Figure 8). These data implicate that neither
the clinical symptoms nor signs & tests are helpful in
diagnosis of AcDi in an ED setting.

The present results clearly confirm that the DMs are highly
accurate measures in diagnosing AcDi. As shown in Figure 9,
the HSROC curve for the pooled DMs (I-VI), is shifted towards
the upper left corner, indicating a significantly better diagnostic
accuracy AcDi (AUC=0.853) than obtained by the clinical
examination alone. The conventional ROC curves were used for
selecting the optimal cut-off points for each DM, i.e., the best
balance between Se and Sp. In the present series, the DA of the
single DM with two triage (AUC=0.926) was the highest of all
DMs, far exceeding that (AUC=0.853) of the HSROC analysis

for the pooled DMs in diagnosis of AcDi. Estimating the
clinical usefulness of DM formulas for AcDi, we have
calculated the usefulness index (UI) (30) for six different
formulas. The Ul is defined as dx(d-r), where d is the incidence
of the finding in the disease (=Se) and r is the incidence of the
finding in a reference population (1-Sp). It runs coherently
from —1 to 1 and tests where the Ul is over 0.35 are regarded
as useful (30-33). In the UI analysis of this study, the UI values
for the individual DM formulas ranged from 0.357 for DM II
to 0.59 for DM V and about 0.45 median Ul values were
reached in different DM formulas. Taken together, the DM for
AcDi performed well considering the simple nature of its
structure, but the present AcDi cohort is far too small to draw
final conclusions. The results are encouraging enough to
warrant a new prospective study with a larger number of AcDi
patients, to assess the validity of this DM and to provide
additional data for possible revisions of these models.

Conclusion

As confirmed by ROC and HSROC analysis, the new DMs
with the triage mode proved to be far superior in their DA
for AcDi compared to both symptoms and signs & tests. In
the lack of earlier studies, these data report the first evidence
that the DM including triage at an ED could improve the
detection of AcDi.
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