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Abstract
BACKGROUND
Acute right colonic diverticulitis (ARCD) is an important differential diagnosis of
acute appendicitis (AA) in Asian countries because of the unusually high
prevalence of right colonic diverticula. Due to qualitative improvement and the
high penetration rate of computed tomography (CT) scanning in Japan,
differentiation of ARCD and AA mainly depends on this modality. But cost,
limited availability, and concern for radiation exposure make CT scanning
problematic. Differential findings of ARCD from AA are based on several small
studies that used univariate comparisons from Korea and Taiwan. Previous
studies on clinical and laboratory differences between AA and ARCD are limited.

AIM
To determine clinical differences between AA and ARCD for differentiation of
these two diagnoses by creating a logistic regression model.

METHODS
We performed an exploratory single-center retrospective case-control study
evaluating 369 Japanese patients (age ≥ 16 years), 236 (64.0%) with AA and 133
(36.0%) with ARCD, who were hospitalized between 2012 and 2016. Diagnoses
were confirmed by CT images. We compared age, sex, onset-to-visit interval,
epigastric/periumbilical pain, right lower quadrant (RLQ) pain,
nausea/vomiting, diarrhea, anorexia, medical history, body temperature, blood
pressure, heart rate, RLQ tenderness, peritoneal signs, leukocyte count, and levels
of serum creatinine, serum C-reactive protein (CRP), and serum alanine
aminotrans-ferase. We subsequently performed logistic regression analysis for
differentiating AA from ARCD based on the results of the univariate analyses.
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RESULTS
In the AA and ARCD groups, median ages were 35.5 and 41.0 years, respectively
(p=0.011); median onset-to-visit intervals were 1 [interquartile range (IQR): 0-1]
and 2 (IQR: 1-3) days, respectively (P < 0.001); median leukocyte counts were
12600 and 11500/mm3, respectively (P = 0.002); and median CRP levels were 1.1
(IQR: 0.2-4.1) and 4.9 (IQR: 2.9-8.5) mg/dL, respectively (P < 0.001). In the logistic
regression model, odds ratios (ORs) were significantly high in nausea/vomiting
(OR: 3.89, 95%CI: 2.04-7.42) and anorexia (OR: 2.13, 95%CI: 1.06-4.28). ORs were
significantly lower with a longer onset-to-visit interval (OR: 0.84, 95%CI: 0.72-
0.97), RLQ pain (OR: 0.28, 95%CI: 0.11-0.71), history of diverticulitis (OR: 0.034,
95%CI: 0.005-0.20), and CRP level > 3.0 mg/dL (OR: 0.25, 95%CI: 0.14-0.43). The
regression model showed good calibration, discrimination, and optimism.

CONCLUSION
Clinical findings can differentiate AA and ARCD before imaging studies;
nausea/vomiting and anorexia suggest AA, and longer onset-to-visit interval,
RLQ pain, previous diverticulitis, and CRP level > 3.0 mg/dL suggest ARCD.

Key words: Abdominal pain; Acute abdomen; Appendicitis; Clinical difference; C-
reactive protein; Diverticulitis; Right lower quadrant pain

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Right colonic diverticulitis is an important differential diagnosis of appendicitis
in Asian countries because of the unusually high prevalence of right colonic diverticula;
however, studies reporting clinical differentiation between appendicitis and right colonic
diverticulitis are still limited. Our case-control study using a logistic regression model
shows that nausea/vomiting [odds ratio (OR): 3.89] and anorexia (OR: 2.13) suggest that
appendicitis is more likely. On the other hand, longer onset-to-visit interval (OR: 0.84),
right lower quadrant pain (OR: 0.28), history of diverticulitis (OR: 0.034), and CRP level
> 3.0 mg/dL (OR: 0.25) suggest that right colonic diverticulitis is more likely.

Citation: Sasaki Y, Komatsu F, Kashima N, Sato T, Takemoto I, Kijima S, Maeda T, Ishii T,
Miyazaki T, Honda Y, Shimada N, Urita Y. Clinical differentiation of acute appendicitis and
right colonic diverticulitis: A case-control study. World J Clin Cases 2019; 7(12): 1393-1402
URL: https://www.wjgnet.com/2307-8960/full/v7/i12/1393.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i12.1393

INTRODUCTION
Because of the unusually high prevalence of right colonic diverticulosis in Asian
countries[1-3], acute right colonic diverticulitis (ARCD) is a very important differential
diagnosis of acute appendicitis  (AA) in Asian countries[4,5].  Thanks to qualitative
improvement and the high penetration rate of computed tomography (CT) scanning
in  Japan[6],  differentiation  of  ARCD  and  AA  mainly  depends  on  this  modality.
However,  cost,  limited  availability  in  primary  care  settings[7],  and  concern  for
radiation exposure in young patients[8]  make CT scanning problematic. Although
prolonged pain, initial right lower quadrant (RLQ) pain, lack of migration of pain,
leukocytosis,  nausea/vomiting, constipation, and systemic toxic signs have been
proposed as differential findings of ARCD from AA[4,9-12], these findings are based on
several small studies using univariate comparisons from Korea and Taiwan[9-12]; we
could not find any previous published studies from Japan or confounder-adjusted
studies. Therefore, this study aimed to reveal useful clinical differentiation points
between  AA  and  ARCD  using  a  logistic  regression  model  that  adjusted  for
confounders based on Japanese data. Given the limitations of CT scanning described
above[7,8], evidence on the clinical differences between ARCD and AA may be useful to
clinicians.

MATERIALS AND METHODS
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Design and patients
In  this  exploratory  single-center  retrospective  case-control  study,  we  evaluated
medical records from patients of the Toho University Medical Center Omori Hospital,
which has 948 beds and is located in Tokyo, Japan. The ethics committee of Toho
University Medical Center Omori Hospital approved the study’s protocol (M17057).
Patients were enrolled if they were ≥ 16 years old and hospitalized for AA or ARCD
between January 2012 and December 2016. All patients were Japanese (immigrants or
tourists were not included). Diagnoses were confirmed by CT scans in all cases and
for both groups. We included both simple and complicated appendicitis in the AA
group. Patients with a history of appendectomy were excluded. We included both
simple and complicated right colonic diverticulitis in the ARCD group.

Study variables
The patients’ medical records were searched to collect data from their first visit, such
as age, sex, time interval from the onset of symptoms until the time of the visit (onset-
to-visit  interval),  epigastric/periumbilical  pain,  RLQ  pain,  nausea/vomiting,
diarrhea, anorexia, medical history (of previous AA treated without appendectomy,
previous acute diverticulitis (including any parts of the colon), diabetes, hypertension,
hyperlipidemia,  liver  cirrhosis,  hemodialysis,  chronic  lung  diseases,  malignant
tumors,  immunosuppressant use,  and antiplatelet use),  body temperature,  blood
pressure,  heart rate,  RLQ tenderness,  peritoneal signs,  leukocyte count,  levels of
serum creatinine, serum C-reactive protein (CRP), and serum alanine aminotransfe-
rase (ALT), and findings of CT and ultrasonography at admission. Body temperature
was measured at the axilla with an electric thermometer (Terumo, Tokyo, Japan). We
reviewed whether the patients had a history of acute appendicitis that was treated
without appendectomy because previous appendicitis is a well-known risk factor of
recurrent appendicitis if appendectomy was not performed[13]. Although ALT has not
been reported as a potential confounder in any previous studies, we collected and
evaluated the ALT level to ensure that liver function abnormality was not a confoun-
der in this study.

Categorization of contentious variables
All  continuous  variables  except  for  onset-to-visit  interval  were  categorized  for
statistical  analyses  as  follows.  Fever  was  defined as  an  axillary  measured body
temperature ≥ 38.0°C[9]. Shock was defined as systolic blood pressure < 12.0 kPa (< 90
mmHg)[14]. Tachycardia was defined as heart rate ≥ 100 beats per minute. Leukocytosis
was defined as a leukocyte count > 11000/mm3[15]. Elevated liver enzyme was defined
as ALT > 29 IU/L[16]. Renal dysfunction was defined as a serum creatinine level > 1.2
mg/dL because of difficulty with retrospectively obtaining the estimated glomerular
filtration ratio. Because we could not find previous studies that defined a specific cut-
off of age groups, we divided the patients into age groups based on the median age of
the patients as follows: young, ≤ 40 years and old, > 40 years; we did not use receiver
operator characteristic (ROC) analysis of age for predicting ARCD because it was
poorly accurate [area under the curve (AUC) was 0.41]. CRP was categorized as low: ≤
3.0 mg/dL or high: > 3.0 mg/dL because ROC analysis of CRP for predicting ARCD
showed that a CRP level of 3.0 mg/dL had the best corrective classification as much
as 71.0% (AUC, 0.76; sensitivity, 75.2%; specificity, 68.6%; Figure 1).

Statistical analyses
Univariate comparisons: We compared all evaluated patient characteristics with AA
and ARCD to select candidates of independent variables of logistic regression. The
chi-square  test  was  used  for  all  dichotomous/categorical  variables,  while  the
Wilcoxon rank-sum test was used for continuous variables because of their skewed
distributions.

Logistic regression model: Logistic regression analysis was subsequently performed
based on the results of the univariate analyses. As mentioned above, we converted all
continuous variables, except for onset-to-visit interval, into categorized variables for
logistic  regression.  We examined the variance inflation factors  (VIF)  to  evaluate
multicollinearity of the regression model.

Discrimination, calibration, and internal validation of the regression model: We
performed discrimination of the regression model by creating an ROC curve. We also
calibrated the model using the Hosmer-Lemeshow (HL) goodness of fit test. Finally,
we performed internal validation by bootstrap methods with 100 samples for 5 times.

All statistical analyses were performed using Stata/IC software (version 15.1; Stata
Corp.,  College  Station,  TX,  USA).  A  P-value  <  0.05  was  considered  statistically
significant. The statistical methods of this study were reviewed by Takuhiro Moro-
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Figure 1

Figure 1  Receiver operating characteristic curve of C-reactive protein for predicting acute right colonic
diverticulitis. C-reactive protein (CRP) was categorized as low: ≤ 3.0 mg/dL or high: > 3.0 mg/dL because receiver
operating characteristic analysis of CRP for predicting acute right colonic diverticulitis shows that a CRP level of 3.0
mg/dL has the best corrective classification as much as 71.0% (area under curve, 0.76; sensitivity, 75.2%; specificity,
68.6%). ROC: Receiver operating characteristic.

mizato from the Internal Medicine Department, Renal and Rheumatology Division of
the Okinawa Nanbu Medical Center and Children's Medical Center.

The manuscript was written according to the STROBE Statement—checklist  of
items.

RESULTS
The 369 eligible patients consisted of 236 patients (64.0%) with AA and 133 patients
(36.0%) with ARCD. The median age was 38 years and 212 patients (57.5%) were men.
Patient characteristics and the results of the univariate analyses are shown in Table 1.
In  236  patients  with  AA,  38  patients  (16.1%)  were  diagnosed  with  complicated
appendicitis. On the other hand, 10/133 patients (7.5%) with ARCD were diagnosed
with  complicated  right  colonic  diverticulitis.  In  41  patients  with  a  history  of
appendicitis, only 6 patients with a history of appendectomy were excluded before
the study because conservative treatment for AA was the de facto standard treatment
for appendicitis in our hospital; 32 and 3 patients with a history of appendicitis were
eventually included in the AA group and ARCD group, respectively (P < 0.001, Table
1). The univariate analyses revealed that patients aged > 40 years were significantly
less prevalent in the AA group; the median ages were 35.5 years [interquartile range
(IQR), 25.0-50.5 years] in the AA group and 41.0 years (IQR, 31.0-51.0 years) in the
ARCD group (P = 0.011). The onset-to-visit interval was 1 day longer in the ARCD
group; the median interval was 1 d (IQR, 0-1) in the AA group and 2 d (IQR, 1-3) in
the ARCD group (P < 0.001). The numbers of patients with epigastric/periumbilical
pain,  nausea/vomiting,  anorexia,  and  history  of  unresected  appendicitis  were
significantly higher in the AA group. Conversely, the numbers of patients with RLQ
pain, history of diverticulitis, leukocytosis, and high CRP levels were significantly
higher in the ARCD group. Median leukocyte counts in the AA and ARCD groups
were 12600/mm3 (IQR, 10100-15200) and 11500/mm3 (IQR, 9500-13500), respectively
(P = 0.002). Median CRP levels in the AA and ARCD groups were 1.1 mg/dL (IQR,
0.2-4.1) and 4.9 mg/dL (IQR, 2.9-8.5), respectively (P < 0.001). Although RLQ pain
was significantly prevalent in the ARCD group (AA 72.5% vs ARCD 94.0%, P < 0.001),
the prevalence of RLQ tenderness was not different between the groups (AA 97.5% vs
ARCD 95.5%, P = 0.31). In 65 patients with AA without RLQ pain, 61 (93.9%) had RLQ
tenderness. Prevalence of fever (body temperature ≥ 38.0°C) was not significantly
different between the AA and ARCD groups (AA 14.4% vs ARCD 15.0%, P = 0.87).
Because the definition of fever differs among previous studies[9,11,17], we also evaluated
the prevalence of fever with the definition of fever as a body temperature > 37.2°C[11]

or > 37.3°C[17].  However,  all  results  showed that  the prevalence of  fever was not
significantly different between AA and ARCD (P = 0.77-0.78).

On the basis of the results of univariate analysis, we performed logistic regression
analysis to compare AA and ARCD using the following ten factors as explanatory
factors: Age, onset-to-visit interval, epigastric/periumbilical pain, RLQ pain, nausea/
vomiting, anorexia, history of unresected appendicitis, history of acute appendicitis,
leukocytosis (leukocyte >11000/mm3), and high CRP level (> 3.0 mg/dL). As shown
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Table 1  Patient characteristics n (%)

Characteristics Appendicitis (n = 236) Diverticulitis (n = 133) P-value

Age > 40 (yr) 96.0 (40.7) 70.0 (52.6) 0.027a

Age (years) 35.5 [25-50.5] 41.0 [31.0-51.0] 0.011a

Male sex 129 (54.7) 83 (62.4) 0.149

Onset-to-visit interval (d) 1 [0-1] 2 [1-3] < 0.001a

Epigastric/periumbilical pain 119 (50.4) 47 (35.3) 0.005a

RLQ pain 171 (72.5) 125 (94.0) < 0.001a

Nausea/vomiting 123 (52.1) 19 (14.3) < 0.001a

Diarrhea 46 (19.5) 25 (18.8) 0.871

Anorexia 64 (27.1) 21 (15.8) 0.013a

History of unresected appendicitis 32 (13.6) 3 (2.3) < 0.001a

History of diverticulitis 2 (0.9) 22 (16.5) < 0.001a

Diabetes mellitus 11 (4.7) 2 (1.5) 0.114

Hypertension 24 (10.2) 14 (10.5) 0.914

Dyslipidemia 21 (8.9) 15 (11.3) 0.459

Liver cirrhosis 0 1 (0.8) 0.182

Hemodialysis 0 1 (0.8) 0.182

Chronic lung diseases 2 (0.9) 1 (0.8) 0.922

Malignancy 1 (0.4) 2 (1.5) 0.267

Immunosuppressant use 1 (0.4) 3 (2.3) 0.103

Antiplatelet use 0 0 N/A

Fever 34 (14.4) 20 (15.0) 0.869

Shock 6 (2.5) 3 (2.3) 0.864

RLQ tenderness 230 (97.5) 127 (94.5) 0.306

Peritoneal signs 137 (58.1) 72 (54.1) 0.466

Leukocytosis 159 (67.4) 72 (54.1) 0.012a

Leukocyte count (103/mm3) 12.6 [10.1-15.2] 11.5 [9.3-13.5] 0.002a

High CRP level (> 3.0 mg/dL) 74 (31.4) 98 (73.7) < 0.001a

CRP level (mg/dL) 1.1 [0.2-4.1] 4.9 [2.9-8.5] < 0.001a

Creatinine level > 1.2 (mg/dL) 7 (3.0) 5 (3.8) 0.68

ALT level > 29 (IU/L) 38 (16.1) 24 (18.1) 0.632

aP  value  <  0.05.  AA:  Acute  appendicitis;  ALT:  Alanine  aminotransferase;  ARCD:  Acute  right  colonic
diverticulitis; CRP: C-reactive protein; N/A: Not applicable; RLQ: Right lower quadrant.

in Table 2 and Figure 2, the logistic regression revealed that nausea/vomiting and
anorexia had significantly high odds ratios (ORs), suggesting that AA is more likely.
On the other hand, longer onset-to-visit interval, RLQ pain, history of diverticulitis,
and high CRP level had significantly low ORs, suggesting that ARCD is more likely.
Age,  epigastric/periumbilical  pain,  history  of  unresected  appendectomy,  and
leukocytosis were not significant. The regression model showed good calibration (HL
chi-square: 8.14, P = 0.42) and good discrimination (AUC = 0.86, Figure 3), and there
was no multicollinearity because the VIF of all explanatory variables were 1.2 or less
and the mean VIF was 1.10. Optimism, as calculated by the bootstrap method, was
0.00003.

DISCUSSION
Previous studies have reported prolonged pain and higher age as predictors of ARCD
and nausea/vomiting and leukocytosis as predictors of AA; most of our results were
consistent with the results  of  previous studies[9-12].  On the other hand,  history of
diverticulitis,  RLQ  pain,  and  high  serum  CRP  levels  have  not  been  previously
established as predictors of ARCD.

In order to discuss the clinical differences of AA and ARCD, we would like to begin
with discussing the association between clinical findings and the pathophysiologies of
AA and ARCD,  especially  the  differences  between them,  because  we think that
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Table 2  Logistic regression for differentiating acute appendicitis from acute right colonic
diverticulitis

OR [95%CI] P-value

Age >40 (yr) 0.62 [0.35-1.08] 0.093

Onset-to-visit interval (d) 0.84 [0.72-0.97] 0.021a

Epigastric/periumbilical pain 1.14 [0.65-2.00] 0.64

RLQ pain 0.28 [0.11-0.71] 0.007a

Nausea/vomiting 3.89 [2.04-7.42] < 0.001a

Anorexia 2.13 [1.06-4.28] 0.033a

History of unresected appendicitis 3.09 [0.82-11.63] 0.095

History of diverticulitis 0.034 [0.0059-0.20] < 0.001a

Leukocytosis 1.50 [0.86-2.60] 0.15

High CRP level (>3.0 mg/dL) 0.25 [0.14-0.43] < 0.001a

aP-value < 0.05. CRP: C-reactive protein; OR: Odds ratio; RLQ: Right lower quadrant.

clinical differences are based on differences in pathologies of AA (localized peritonitis
following  intraluminal  pressure  elevation  of  the  appendix)  and  diverticulitis
(localized peritonitis due to microperforation of the affected diverticulum).

While  contradicting  evidence  has  been  proposed[18],  most  cases  of  AA  are
traditionally thought to be initiated by elevation of the intraluminal pressure of the
appendix  (with  concurrent  inflammation),  which  can  be  caused  by  luminal
obstruction  associated  with  fecalith,  enlarged  lymphoid  tissue,  barium,  worms,
tumors, or appendiceal ulcer due to unknown etiology[18,19]. These conditions cause
poorly localized visceral epigastric/periumbilical pain that is conducted by slow-
conducting C fibers that enter the spinal cord at T8-T10[19,20]. Anorexia, nausea, and
vomiting  soon  follow  as  the  distension  exacerbates[21].  Persistent  elevation  of
intraluminal pressure of the appendix causes ischemia and subsequently proceeds to
necrosis  of  the  appendix  and  localized  peritonitis  around  the  adjacent  parietal
peritoneum, which cause somatic pain localized to the RLQ that is conducted by A
delta fibers (fast-conducting and unilateral)[19]. Previous studies comparing AA and
ARCD reported that the prevalence of the migration of pain in AA was 39.2%-82.0%,
which is  a  significantly  higher  prevalence  than that  in  ARCD (15.4%-54.0%)[9-11].
Another review on AA reported that the sensitivity and specificity of the migration
for the diagnosis of AA were 64% and 82%, respectively[21]. Although we lacked the
prevalence of  the migration of  pain in the present  study,  our result  indicating a
significantly high OR of nausea/vomiting and anorexia in the logistic regression
model for differentiating AA from ARCD is compatible with the generally accepted
pathophysiology described above and that discussed in previous studies. In four
previous studies,  two studies showed a significantly high proportion of nausea/
vomiting in AA cases; the proportions were 8%-16% in ARCD groups and 32%-72% in
AA groups[10,12]. The proportions were insignificant in the other two studies[9,11].

On  the  other  hand,  acute  diverticulitis  is  thought  to  be  caused  by  localized
peritonitis around the diverticulum due to micro-macroperforation from invasion or
ischemia of the affected diverticulum via fecalith[22,23]. Therefore, acute diverticulitis
generally  presents  as  “localized  peritonitis”  without  the  preceding  phase  of
symptoms caused by visceral nerve stimulation. This difference of pathophysiology
from AA may explain the reason why our study showed that RLQ pain, a typical
symptom of localized peritonitis around ascending colonic diverticula, was more
prevalent  in  ARCD at  the time of  visit  while  some patients  with AA visited the
hospital due to other symptoms associated with elevated intraluminal pressure, such
as nausea/vomiting or epigastric/periumbilical pain before complaining of RLQ pain.
The results of comparing the prevalence of RLQ pain between AA and ARCD patients
differs  among  previous  studies[9,11,12].  Our  logistic  regression  model  showed  a
significantly lower OR, implying that RLQ pain was a better predictor of ARCD.

Although  a  previous  study  showed  that  ARCD  had  prolonged  symptoms
compared to AA (ARCD 68.4 ± 23.3 h vs AA 29.8 ± 20.2 h, P < 0.01)[9], we could not
find the cause of the difference. We think that rapid progression of AA may explain
the shorter onset-to-visit interval in AA cases; approximately 90% of patients with AA
reportedly developed localized inflammation or necrosis within 24 h after onset of
symptoms[24]. Namely, rapid exacerbation and changing symptoms might motivate
patients to visit the hospital early.
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Figure 2

Figure 2  Forest plot of the logistic regression model for differentiating acute appendicitis from acute right colonic diverticulitis.aLonger onset-to-visit
interval, right lower quadrant pain, history of diverticulitis, and high serum C-reactive protein level (>3.0 mg/dL) at the time of visit have significantly low odds ratios
(ORs), which suggests that acute right colonic diverticulitis (ARCD) is more likely rather than acute appendicitis (AA) (left side of the figure). bNausea/vomiting and
anorexia have significantly high ORs, which suggests that AA is more likely rather than ARCD (right side of the figure). AA: Acute appendicitis; ARCD: Acute right
colonic diverticulitis; CRP: C-reactive protein; OR: Odds ratio; RLQ: Right lower quadrant.

Diagnostic ability of CRP in AA patients has been extensively studied[25]. Although
it  is  frequently  elevated,  recent  reviews  have  concluded  that  serum  CRP  has
insufficient diagnostic utility of simple appendicitis, especially in the early phase[8,25].
Some studies showed that an elevated CRP level and persistent elevation of the CRP
level  reportedly  serve  as  predictors  of  perforated  appendicitis  or  appendicitis
complicated with an intra-abdominal abscess[8,25]. On the other hand, recent reviews
concluded that the CRP level is associated with diverticulitis severity[26]. Similar to
appendicitis, the CRP level was also significantly higher in patients who required
surgery  or  cases  with  perforated  diverticulitis  compared  to  mild  or  simple
diverticulitis[27]. Although previous studies suggested that lack of systemic signs of
toxicity and fever make ARCD more likely compared to AA[4,11], they did not mention
CRP.  Therefore,  to  the  best  of  our  knowledge,  this  is  the  first  study  to  discuss
differences  of  CRP between appendicitis  and diverticulitis.  We think our  result
aligned with previously explained CRP elevation in proportion to progression and
severity of peritonitis or intra-abdominal inflammation[8,28]. Namely, the CRP value
was lower in the AA group because it included patients with simple appendicitis who
had a  low CRP level  due to  the absence of  peritoneal  inflammation,  while  most
patients  with  ARCD  had  an  elevated  CRP  level  associated  with  peritonitis.
Considering the chronological elevation of CRP levels in AA[8,29], a longer onset-to-
visit  interval  may confound the  higher  CRP at  the  time of  visit  in  ARCD cases.
However, our logistic regression indicated that the CRP level was independent from
the onset-to-visit interval.

Previous studies have proposed leukocytosis as an important differential factor of
AA rather than ARCD based on univariate analyses[9,10,12]. Our study also showed a
higher leukocyte count in the AA group than in the ARCD group. However, it was
not a significant predictive factor in our logistic regression model (Table 2 and Figure
2).

We believe that our findings will provide new evidence on the utility of CRP and
leukocytosis for diagnosing acute abdomen. However, considering the inconsistent
clinical significance of CRP for diagnosing acute abdomen in previous studies and the
discrepancy of significance of leukocytosis between previous studies and the present
study,  a  cautious  attitude  is  required  when  applying  our  results  to  individual
patients.  We  will  separately  discuss  the  heterogeneity  of  cases  (simple  and
complicated)  in  the  present  study in  the  following paragraphs  about  our  study
limitations.

Similar to a previous study[9],  our univariate comparison showed that a higher
median age of patients in the ARCD group was comparable to that in the AA group.
Yet, it was insignificant in logistic regression. Increase of diverticulosis in proportion
to patients’ age[23] and higher prevalence of AA in younger patients[21] may explain the
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Figure 3

Figure 3  Receiver operating characteristic curve of the logistic regression model for differentiating acute
appendicitis from acute right colonic diverticulitis. Receiver operating characteristic curve of the regression
model for differentiating acute appendicitis from acute right colonic diverticulitis shows good discrimination, with an
area under the curve as high as 0.86, as shown above. ROC: Receiver operating characteristic.

difference of age. On the other hand, the age of the patients with ARCD is reportedly
younger than the age of patients with left colonic diverticulitis[5]. Given that our study
included only patients with ARCD, this age difference among the site of diverticulum
may explain the insignificance in our logistic regression.

Our study has some limitations. First, because the present study was a retrospective
case-control study that used medical records, we could not collect some previously
reported important information, such as parameters included in the Alvarado score[17],
e.g., migration of abdominal pain or neutrophilia/left shift, despite previous studies
clearly showing a high prevalence of pain migration and higher Alvarado score in AA
compared to ARCD[9,11,12].  Furthermore, because the patient groups in the present
study were limited to patients with AA and ARCD instead of including all patients
with differential diagnoses of RLQ pain, our results should be cautiously applied to
patients with RLQ pain.

As mentioned earlier, we diagnosed AA and ARCD based on the findings of CT
because it has been the most common diagnostic tool of AA and ARCD in Japanese
clinical practice thanks to the fact that CT is the most available modality[6]. We believe
that we could appropriately diagnose AA and ARCD by CT because its respective
sensitivities and specificities are reportedly 90%-100% and 91%-99% for diagnosing
AA[20], and 94% and 99% for diagnosing colonic diverticulitis[30]. Of note, we lacked the
confirmation of  diverticula by colonoscopy or barium enema examination in the
present retrospective study.

Second,  the  cut-off  value  of  the  CRP  level  in  our  study  can  be  regarded  as
arbitrarily defined because it was not previously defined. However, we determined
3.0 mg/dL as the cut-off value based on the result of ROC analysis (Figure 1) because
of the lack of commonly used cut-off values of the CRP level; the cut-off values for
diagnosing AA or ARCD vary widely between 3.0 and 20 mg/dL depending on the
study[8,25-27].

Third, we included 38 (16.1%) patients with complicated appendicitis in the AA
group.  As  discussed,  symptoms,  physical  findings,  and  laboratory  data  of
uncomplicated cases should be different from those of complicated appendicitis;
complicated  appendicitis  should  manifest  similarly  to  ARCD  because  of  the
progression of peritonitis. Thus, the mixed results in the AA group might affect the
study results. We initially considered dividing the AA group into simple appendicitis
and complicated appendicitis groups, as done in a previous study[10]. However, we
eventually took priority in examining our simple question, “Does this patient have
appendicitis or diverticulitis?” Therefore, we eventually included all cases in one AA
group, regardless of complications/stages. We will evaluate the clinical differences of
simple and complicated appendicitis in a separate clinical study. We also included 10
(7.5%) patients  with complicated right  colonic diverticulitis  in the ARCD group.
Although we took priority in examining appendicitis or diverticulitis in the present
study, further studies on the clinical difference of simple and complicated ARCD are
required. Because this study included potentially different cases in the same groups,
we have to be cautious in applying our results to individual cases. Because previous
studies  focused  on  differences  between  each  single  parameter [9 -12],  further
multivariable analysis or scoring system studies that address the limitations of the
present study are warranted.
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In conclusion, our logistic regression model for differentiating AA from ARCD
showed that nausea/vomiting and anorexia increase the probability of AA rather than
ARCD. Conversely, longer onset-to-visit interval, RLQ pain, history of diverticulitis,
and CRP level > 3.0 mg/dL at the time of visit increase the probability of ARCD
rather than AA (Figure 2).  Because of the lack of previous studies on the clinical
differences between AA and ARCD (especially from Japan), and the cost, limited
availability, and concern for radiation exposure of CT scanning, we believe that our
findings provide important evidence for many physicians managing acute abdominal
pain.
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ARTICLE HIGHLIGHTS
Research background
Because of the high prevalence of right colonic diverticulosis in Asian countries, acute right
colonic diverticulitis (ARCD) is an important differential diagnosis of acute appendicitis (AA) in
Asian countries. However, studies on the clinical differentiation of AA and ARCD are limited.

Research motivation
Given the cost, limited availability in primary care settings and concern for radiation exposure in
young patients of computed tomography (CT) scan, evidence on the clinical differentiation of
ARCD and AA based on history, physical signs, and easily available laboratory data will be
useful for clinicians who care for Asian patients with acute abdomen.

Research objective
This study aimed to reveal clinical findings, such as symptoms, physical signs, and widely
available laboratory data that are useful for differentiating AA from ARCD.

Research methods
We performed a single-center retrospective case-control study that evaluated 236 patients with
AA and 133 patients with ARCD, who were hospitalized in Toho University Medical Center
Omori Hospital  between 2012 and 2016.  We compared patients’  characteristics,  symptoms,
physical  signs,  and widely available laboratory data.  We performed logistic  regression for
clinical differentiation between AA and ARCD.

Research results
Median ages were 35.5 and 41.0 years in the AA and ARCD groups, respectively (P = 0.011).
Median onset-to-visit intervals were 1 and 2 days in the AA and ARCD groups, respectively (P <
0.001). Prevalences of epigastric/periumbilical pain, nausea/vomiting, anorexia, and history of
unresected appendicitis were significantly higher in the AA group, whereas RLQ pain and
history of diverticulitis were more prevalent in the ARCD group. Median leukocyte counts in the
AA and ARCD groups were 12600 and 11500/mm3, respectively (P = 0.002). Median CRP levels
in the AA and ARCD groups were 1.1 and 4.9 mg/dL, respectively (P  < 0.001). The logistic
regression model showed a significantly high odds ratio (OR) in nausea/vomiting (OR: 3.89) and
anorexia (OR: 2.13). ORs were significantly lower with a longer onset-to-visit interval (OR: 0.84),
RLQ pain (OR: 0.28), history of diverticulitis (OR: 0.034), and CRP level > 3.0 mg/dL (OR: 0.25),
suggesting that ARCD was more likely.

Research conclusions
Our logistic regression model for differentiating AA from ARCD showed that nausea/vomiting
and anorexia increase the probability of AA rather than ARCD. Conversely, longer onset-to-visit
interval,  RLQ pain, history of diverticulitis,  and CRP level > 3.0 mg/dL at the time of visit
increase the probability of ARCD rather than AA. Our study suggests that clinical findings can
differentiate AA and ARCD based on clinical information in advance of imaging studies.

Research perspectives
Given the lack of previous study on clinical differences between AA and ARCD, and the cost,
limited availability,  and concern for  radiation exposure  of  CT scanning,  our  findings  will
provide useful evidence for physicians managing Asian patients with acute abdomen.
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