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Abstract

Background: Several studies have shown that the majority of patients with simple appendicitis can be treated effectively and safely
with antibiotics, avoiding unnecessary operation.

Objectives: The objective of this study was to assess the role of diffusion-weighted imaging (DWI) in the follow-up of conservative
treatment of simple appendicitis.

Patients and Methods: Twenty-eight patients (mean age, 35 & 14.6; age range, 18 - 72; M[F: 16/12) with simple appendicitis were
enrolled in this prospective study. After the primary diagnosis by computed tomography (CT) at presentation, they underwent
an initial DWI scan, and intravenous antibiotic therapy was started for all patients by the decision of the attending surgeon. A
total of three control DWI scans were planned during the follow-up period for each patient. CT and DWI images were evaluated by
two radiologists in consensus. B values 0, 500 and 1000 s/mm” were used, and DWI images were analyzed both qualitatively and
quantitatively. During follow-up, changes in the diameter of appendices and laboratory parameters were correlated with apparent
diffusion coefficient (ADC) values.

Results: We found statistically significant correlation between ADC values, maximum appendix diameter and laboratory parame-
ters. During follow-up period four surgical procedures were performed for reccurent appendicitis.

Conclusion: DWI may be used with a significant success for follow-up evaluation of patients with simple appendicitis. As a moni-

toring imaging method, DWI may also aid in determining the recurrences of appendicitis.
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1. Background

Acute appendicitis (AA) is a common surgical emer-
gency, with an estimated lifetime risk of 7% - 8%. Appen-
dicitis is divided into two categories: (a) uncomplicated
(simple) appendicitis and (b) complicated appendicitis.
Surgery is accepted as the best treatment option for AA. Al-
ternatively, it has been reported that simple appendicitis
(SA) is a mild inflammation that may resolve either spon-
taneously or with antibiotics (1). Although most patients
tolerate surgery, risks of postoperative complications have
been reported to occur in up to 23% of patients (2, 3). Addi-
tionally, some studies have shown that 3% of patients un-
dergoing an appendectomy with or without laparoscopy
were readmitted for mechanical obstruction, which is also
a postoperative complication (4, 5). Several studies have
shown that the majority of patients with simple appen-
dicitis can be treated effectively and safely with antibiotics,

thereby avoiding unnecessary surgery (6).

Prompt and early diagnosis is critically important
as delay in the diagnosis may result in several compli-
cations that may increase morbidity, and even mortal-
ity. Pre-operative imaging is reported to decrease false-
positive appendectomy rates; therefore, imaging is com-
monly utilised to assess AA. Ultrasonography (US)and com-
puted tomography (CT) are two types of workhorse imag-
ing modalities that are used for the primary evaluation of
AA patients, and CT is used more often than US (7-11). Of
these two modalities, CT has been reported to be more sen-
sitive than US for primary diagnosis and for identifying po-
tential complications (12,13). Despite these advantages, the
use of CT is limited for patients in the paediatric age group
and pregnant patients in whom US is more commonly be-
ing employed (14, 15). In most patients, the CT features of
AAinclude enlargement of the appendix (over 6 mm), wall
thickening with enhancement, periappendiceal fat strand-
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ing, the presence of an appendicolith and, in some cases,
focal thickening of the terminal ileum or cecum. With
CT, traditionally a cut-off value > 6 mm has been used to
diagnose AA. However, several studies have demonstrated
that a cut-off value of 6 mm is too low on cross-sectional
imaging; instead, an 8 - 9 mm cut-off value has been sug-
gested (12, 13, 16). In simple appendicitis, an appendix ap-
pears as an enlarged, fluid-filled tubular structure with
an intact wall and slight periappendiceal fat stranding or
fluid. Complicated appendicitis is indicated by the pres-
ence of a focal defect in an enhanced appendiceal wall,
periappendiceal fluid collection, pericecal phlegmon, an
extraluminal appendicolith, or air near the appendix. A
pericecal phlegmon or abscess strongly suggests a perfo-
rated appendicitis. However, these findings are nonspe-
cific, and they may be seen with other disease processes in-
volving the cecum and terminal ileum (17). In a study using
a scoring system that combined clinical and CT imaging
features, 95% of patients with SA were correctly diagnosed
(18). It has been reported that the importance of accurate
AA diagnosis and the differential diagnosis of complicated
and SA have led to the widespread use of diagnostic imag-
ing (17).

Although magnetic resonance imaging (MRI) is not
often used to diagnose AA, several studies have reported
the benefits of utilizing MRI techniques in an emergency
setting (19, 20). Diffusion-weighted magnetic resonance
imaging (DWI) of the abdomen and pelvis has been in-
creasingly used since the 1990s, with the introduction
of stronger diffusion gradients, faster imaging sequences
and improvements in MRI hardware. DWI can be per-
formed in a very short time without using any intravenous
(IV) contrast media, thereby allowing fast, qualitative as-
sessment (21-24). DWI is reported to have a sensitivity of
99% and a specificity of 97% in the diagnosis of AA in adults
using a b value of 500 s/mm? (25). In a DWI study on perfo-
rated versus nonperforated appendicitis, the apparent dif-
fusion coefficient (ADC) values were found to be lower in
perorated than in nonperforated appendicitis (26).

2. Objectives

This prospective study aims to assess the value of us-
ing DWI in the follow-up of antibiotic-treated SA in order
to: 1) evaluate the antibiotic response of the infectious-
inflammatory process of AA, 2) correlate the ADC values
with laboratory parameters and 3) conduct imaging to de-
tect AArelapses.

3. Patients and Methods

3.1. Patient Selection and Inclusion Criteria

For this prospectively designed study, from September
2014 to October 2016, we used CT to scan 328 patients pre-
senting with symptoms that were suggestive of AA. The CT
findings of 186 of those patients showed simple SA. The
type of therapy was based on the decision of the surgi-
cal team. The study design was constructed by radiolo-
gists and surgeons. Patients with the following features of
appendicitis were included in the study: 1) those with SA
without appendicoliths, 2) those with stable clinical sta-
tus, without a serious comorbidity and 3) those only ac-
cepting antibiotic therapy, knowing the potential benefits
and other outcomes of this type of therapy. The general
surgeons asked all the patients meeting these criteria to
undergo a conservative therapeutic approach. Only 31 of
those patients received medical treatment, based on the
decision of the attending surgeon in charge, with IV an-
tibiotics and fluid resuscitation; none of those patients un-
derwent emergency surgery at presentation. Instead, they
underwent DWI after a CT scan. Since the appendices of
three of the 31 patients could not be visualized via DWI,
only 28 patients (mean age, 35 + 14.6; age range, 18 - 72;
M/F:16/12) were included in the present study. These three
patients were put on conservative therapy without screen-
ing by DWI. A total of 297 patients underwent immediate
surgery. Pregnant women, unstable patients, patients un-
der the age of 18 and those with appendicoliths were not
included in the study. This study was approved by the Med-
ical ethics committee of our university hospital. Written
consent was obtained from each patient after a discussion
regarding the potential benefits and disadvantages of the
procedure, and additional written consent was obtained
before the MRI in all 28 patients. During the follow-up,
and if symptoms of recurrent appendicitis developed, only
DWI without IV contrast media was performed. Age, gen-
der, clinical characteristics and laboratory findings of the
patients were documented. The patient characteristics at
presentation are shown in Table 1. After the first DWI was
performed at presentation, a total of three control DWI
scans were planned during the follow-up period. Control
DWI studies were performed at the end of the first, sec-
ond and eighth weeks in the early follow-up period. Two
months after the index study, the patients were called in
for a clinical visit every three months (Table 2).

3.2. Imaging Protocols

CT was performed with a 128-row CT (Somatom Defini-
tion AS, Siemens, Erlangen, Germany). The following CT
protocol was used: 120 kVp, tube current of 150 - 165 mAs,
maximum 2.5 mm collimation, a 3 mm slice thickness and
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Table 1. Patient Characteristics at Presentation (N =28)

Variables No. Percentage, %
Gender
Male 16 57.1
Female 12 42.8

Pain presentation of patients

Generalized abdominal pain 8 28.5
Right lower quadrant pain 12 42.8
Generalized pelvic pain 8 285
Fever
+ 3 10.7
25 89.2
Appendicolith
+
28 100

a 0.5 seconds rotation time, portal venous phase images
(scanning delay, 60-70 seconds) with a total of 100 mLnon-
ionic contrastagent containing an iodine concentration of
300 mg/mL injected via a power injector at a rate of 4 mL/s
r (Medrad®, CT injection system, Bayer). The scanning area
ranged from the diaphragm to the pelvis, with the patient
placed in the supine position. None of the patients were
given oral contrast.

In the 28 patients that underwent DWI, the DWI studies
were performed with a 1.5-T MR scanner (Magnetom® Aera;
Siemens, Erlangen, Germany). The following DWI protocol
was used: axial diffusion-weighted single-shot echoplanar
sequence (EPI) with fat suppression, without breath hold-
ing (repetition time (TR), 7500; time to echo (TE) 62 - 80
ms; matrix, 192 X 192; slice thickness, 5 mm; gap, 2 mm;
field of view (FOV), 400 mm; parallel acquisition technique
(PAT) factor 2; acquisition time, 3 minutes; b values 0, 500,
and 1000 s/mm?). As in the CT, each patient’s abdomen was
scanned from the diaphragm to the pelvis.

3.3. Image Analysis

Two abdominal radiologists, with 10 and 5 years of ex-
perience, interpreted the CT scans of all patients. Initial
and follow-up MRI studies of the 28 patients enrolled in
this study were also assessed by the same radiologists. All
interpretations were made via consensus. When the deci-
sions were discordant, a collaborative discussion occurred,
and final consensus was reached. The radiologists were
aware of the clinical and laboratory findings. For all CT
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studies (n = 28) performed at the time of initial presen-
tation, sagittal and coronal reformatted images were also
created in addition to standard axial images.

At the time of initial presentation, the following CT fea-
tures, were searched forin all patients with clinical and lab-
oratory findings that were suggestive of AA: the diameter
of the appendix, the integrity of the appendiceal wall, the
presence of appendicolith, surrounding fat stranding and
the presence of abdominal fluid or air or abscess forma-
tion. AA was considered when the appendiceal diameter
exceeded 8 mm with wall thickening and atleast one of the
following was present: abnormal contrast enhancement
of the appendiceal wall and periappendiceal fat stranding
or fluid. The CT criteria for SA were: an enlarged appendix
without a defect of the appendiceal wall and mild periap-
pendiceal fat stranding or fluid. For a follow-up diagnosis
of SA, we also excluded patients with appendicoliths. A di-
agnosis of complicated appendicitis was considered when
a defect of the appendiceal wall was found in the presence
of prominent periappendiceal fat stranding, fluid and any
extraluminal air, phlegmon or abscess.

For DWI, the appendixes were qualitatively assessed in
images acquired at b1000 values. DWI findings suggesting
adiagnosis of AAwere an enlarged hyperintense appendix,
periappendiceal fat stranding and surrounding fluid. At
presentation, after measuring the appendiceal diameter
on CT, a primary measurement was done on the first DWI
and used as an index value for the follow-up DWIs. During
follow-up, we also measured the appendiceal diameter on
b 1000 images. The b 0 and b 500 images were used to ob-
tain anatomical details. ADC maps were also evaluated for
all DWI studies to obtain quantitative diffusion restriction
data. The decision as to whether the diagnosis was sim-
ple or complicated appendicitis was made using CT results
rather than DWI results.

In all 28 patients, the initial CT and the initial and
follow-up DWI datasets were evaluated at an independent
workstation (Syngo.via, Siemens) for CT post-processing
and ADC map analysis. The CT images were evaluated be-
fore the DWI images were analyzed. The initial CT scan pa-
rameters mentioned above were recorded, and then the
corresponding lesions were again evaluated, this time, us-
ing DWI and ADC maps. In the follow-up DWI studies, we
mainly evaluated the size (by measuring the longest diam-
eter on the b 1000 images) and the evolution of the dif-
fusion restriction using ADC maps. The ADC values were
measured by placing a circular region of interest (ROI) on
the inflamed appendix covering both the lumen and the
wall. The size of the ROI was kept as large as possible cov-
ering the most hypointense parts of the appendix on the
ADC maps. The mean of three separate ROl measurements
was accepted as the ADC value for each patient. The same
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Table 2. Changes of Parameters at Presentation and Follow-Up Period

Variables Minimum Maximum Mean Std. Deviation
ADC, X 10> mm?[s
First 0.99 153 130 0.14
Second 149 1.86 1.65 0.1
Third 177 214 190 0.07
Fourth 1.94 222 2.04 0.08
CRP, mg(L
First 53 9.3 7.2 11
Second 2.8 5.5 4.4 0.6
Third 1.4 43 29 0.7
Fourth 1.6 3.5 2.4 0.5
DIA, mm
First 8 1.7 9.4 0.9
Second 5.9 9 73 0.7
Third 5.1 6.8 6.1 0.4
Fourth 5 6.5 5.7 0.4
WBC, per mL
First 9700 23690 15876 4044
Second 7320 12000 8611 2170
Third 5030 9500 7318 1120
Fourth 5070 8940 6921 1003

Abbreviations: ADC, apparent diffusion coefficient; CRP, C-reactive protein; DIA, diameter; WBC, white blood cell count.

measurements were repeated on the follow-up MRI stud-
ies, placing the ROIs as much as possible on similar parts
of the appendixes taking the previously measured regions
into account. For each follow-up DWI scan, the radiologists
were aware of the previous imaging findings and the clini-
cal and laboratory findings.

3.4. Clinical Analysis and Type of Conservative Therapy

At presentation, the presence of abdominal pain and
fever, and the levels of C-reactive protein (CRP) and white
blood cell (WBC) counts were noted. The same parameters
were re-assessed in the follow-up visits. All patients (n=28)
were hemodynamically stable, and none were critically ill
at the time of initial presentation. Thus, the attending sur-
geon in charge concluded that conservative therapy was
the appropriate treatment. All 28 patients were initially
hospitalized and administered IV ceftriaxone (1- 2 g/day in
single daily dose) combined with metronidazole (500 mg,

3 times per day). The in-hospital IV antibiotic treatment
was continued for three days for each patient. Afterwards,
oral therapy with the same doses was continued for an ex-
tra seven days to complete the 10-day course of treatment.
To rule out any underlying malignancy, patients over the
age of 40 also planned to have a colonoscopy four weeks
after the index episode.

3.5. Statistical Analysis

All the data were analyzed using Statistical Package
for Social Sciences software (SPSS 13.0 Statistical Software,
SPSS Inc., Chicago, IL, USA). The medians and ranges for
age, CRP levels, WBC, appendiceal diameter and ADC values
were calculated. The Kolmogorov-Smirnov test was used
to show deviation from normal distribution. Spearman’s
correlation analysis was used to analyze the correlation be-
tween ADC values and serum CRP levels, WBC and appen-
diceal diameter. Within each treatment period, changes in
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serum CRP levels, ADC values, WBC, and appendiceal diam-
eter were evaluated using repeated measures ANOVA with
Greenhouse-Geisser correction. Post hoc comparisons be-
tween the first time point and each additional time point
were performed using Student’s t-test followed by Bonfer-
roni adjustment of all probability values on the basis of
the number of comparisons made in each period. The
paired T-test was used to compare the mean values of ap-
pendiceal diameters measured on CT and DWI images at
presentation. The Mann-Whitney U test was used to com-
pare ADC values between patients with appendicitis re-
lapse and those who did not relapse. A p value of less than
0.05 was considered as statistically significant.

4. Results

The patient flow diagram is shown in Figure 1. At pre-
sentation, all patients were hospitalized; the mean hospi-
tal stay was 2.92 (4 0.97; range, 2 - 5 days) days. No statisti-
cally significant difference was found between the means
of appendiceal diameters measured on CT (9.2 mm =+ 0.7)
and DWI (9.4 mm = 0.9) at presentation (P = 0.785).

4.1. Clinical Outcomes

The mean follow-up time was 12 (= 4) months, ranging
from 6 to 20 months. During follow-up, four patients came
to the emergency department with acute right lower quad-
rant pain. They were imaged with DWI and diagnosed with
recurrent AA. All four patients underwent an emergency
appendectomy within a few hours, based on the attend-
ing surgeon’s decision. The DWI for those patients showed
thickened hyperintense appendixes with restricted diffu-
sion on ADC maps. The remaining patients (n =24) did not
develop any relapse or complications; and, when this arti-
cle was written, that was still the case. The patients were
warned about the potential risk of developing a relapse in
the future, and they were informed that they should go
to the emergency department as soon as possible, should
that occur.

Eleven of the patients in our study group were over
the age of 40, and they underwent a colonoscopy the
fourth week after the index presentation. None of those
patients demonstrated any evidence of malignancy or in-
flammatory bowel disease on their elective fourth week
colonoscopy exams.

4.2. The Evolution of the Parameters During Follow-Up

CRP levels, WBC,ADC values, and appendiceal diameter
were the main parameters that were recorded during the
follow-up period. The interval evolution of these parame-
ters both at the initial presentation and on the follow-up
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scans was a slope showing a decrease in serum CRP levels,
WBC values and appendix diameter, while ADC values pro-
gressively decreased. Changes in these parameters demon-
strated a significant inverse correlation with ADC values (P
< 0.001). The ANOVA test results indicated a significant
change in the appendix diameter, ADC value, serum CRP
value and WBC value of the 28 patients during follow-up.
For each parameter, the mean difference at presentation
and follow-up was found to be statistically significant (P <
0.01). Serum CRP levels, WBC values and appendiceal diam-
eters showed a strong inverse significant correlation with
ADC values (CRP, r =-0.894, P < 0.001; WBC, r =- 0.746, P <
0.001; appendiceal diameter, r =-0.873, P < 0.001) (Figures
2).

Analysis of the DWI images assessed in patients with
relapses was sufficient to detect the inflamed appendixes
against a suppressed background signal; the hyperintense
signal on the DWI and the corresponding diffusion restric-
tion on the ADC maps were easily discernible for all pa-
tients. We did not find any significant difference in the
change of the means of ADC values between patients with
relapses (n = 4) and the rest of the patients (n =24) during
the follow-up period in which DWIs were conducted (P =
0.681).

5. Discussion

Computed tomography is the type of imaging modal-
ity that is most commonly used to diagnose appendicitis
and its complications. The type of appendicitis (compli-
cated or simple)and the associated anatomic relationships
are well depicted with CT, which also helps determine the
appropriate treatment approach (27-29). In the present
study, the CT images clearly showed SA in all 28 patients
based on the CT criteria mentioned above.

In the surgical literature, appendectomy has been the
gold-standard treatment for AA. However, non-surgical
treatment is the current trend for treating simple appen-
dicitis. This approach aims to reduce healthcare costs and
avoid the potential complications related to surgery. Re-
cently, new studies on adult and pediatric age groups have
been encouraging (30). The Appendicitis Acuta (APPAC)
study is a recently published study of a large adult age
group that reported on antibiotic therapy for simple ap-
pendicitis (6). Their findings showed that most patients
with CT-proven SA who received antibiotic therapy dur-
ing the first one-year follow-up did not require an appen-
dectomy, and those who underwent surgery did not have
significant complications. In our study, the percentage
of recurrent appendicitis was lower than the percentage
reported in the APPAC study (27.3%), while in the present
study only four patients (14.2%) developed acute relapse of
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Figure 1. Patient flow diagram

appendicitis, and they underwent an emergency appen-
dectomy within a few hours of the relapse without any
complications. The higher rate of acute relapse in the AP-
PAC study might be due to the inclusion of patients with
appendicoliths. In arecently published pediatric study, the
recurrence rate was found to be 5.3% for patients with ap-
pendicoliths and 0% for patients without appendicoliths
(31).

In another study (32) reported that appendicoliths
were significantly associated with a greater risk for com-
plicated appendicitis. They concluded that appendicoliths
were associated with antibiotic therapy failure. This find-
ing also emphasizes the significance of imaging to rule
out appendicoliths. Knowing this fact, we excluded ap-
pendicitis associated with appendicoliths even if the pa-
tient was diagnosed with SA. Diffuse peritonitis and intra-
abdominal abscess are the most severe complications of
appendicitis (6). It has been suggested that in CT-proven
SA, adelay in surgery due to antibiotic therapy does not in-
crease the risk of complications (6). To date, none of the
patients in our study have faced any complications during
follow-up.

In the APPAC study, the incidence of tumors was found
to be 1.5%, which is in concordance with the literature (6).
That study stated that imaging facilitated the detection
of incidental tumors (6). In general, colonoscopy is rec-
ommended in patients over the age of 40 to rule out se-

rious conditions when conservative management is uti-
lized. In our study, 11 patients over the age of 40 under-
went colonoscopy during the fourth week follow-up pe-
riod; pathology was not found in any of these patients.
However, during follow-up of SA, even with a colonoscopy,
diagnosis of an underlying tumor or inflammatory bowel
disease may still be problematic, and imaging may be re-
quired. It has been reported that in conditions in which
therapeutic alternatives to surgery are favored, patient sat-
isfaction might be also problematic during follow-up (31).
When considering these facts and patient satisfaction dur-
ing follow-up, imaging may become critical. In this re-
spect, imaging may play a key role. The unique features
of DWI (free of ionizing radiation and no need for a con-
trast agent) may mabke it an alternative imaging method
during follow-up when conservative management of sim-
ple appendicitis is ordered.

In modern medical practice, imaging is widely used to
diagnose AA; with the widespread use of modern imaging
technology, false positive appendectomy rates have signif-
icantly decreased (2, 13). With the increasing use of imag-
ing, an alternative diagnosis that might mimic AA may be
made with high success rates. In patients who receive con-
servative medical treatment for SA rather than undergo-
ing immediate surgery, imaging may play a fundamental
role in the follow-up. In reviewing the literature, we have
not found any well-studied standard imaging method for
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Figure 2. Graphs show the correlation between A, C reactive protein (CRP) and apparent diffusion coefficient (ADC) values; B, White blood cell (WBC) and ADC values and C,

Appendiceal diameter and ADC values.

follow-up for antibiotic-treated simple appendicitis. Con-
ventionally, CT and US are the most commonly used modal-
ities for the diagnosis of AA and its complications. In spite
of this, imaging during follow-up is still controversial. This
is critical when considering the risks of alternative diag-
noses (e.g. tumors or inflammatory bowel disease) and
the risk of recurrence of appendicitis that is reported to
be 25% - 30% during first-year follow-up (1). An initial CT
scan has been reported to improve patient care and re-
duce costs, regardless of whether the patient receives an-
tibiotic therapy or undergoes surgery (6). However, there
are disadvantages to both US and CT. US is highly operator-
dependent, and it may be less sensitive, especially in pa-
tients with large body habitus. Bowel distension is another
limiting factor in US, obscuring the underlying posteriorly

Iran ] Radiol. 2018;15(1):e56033.

located pathologies. CT is an excellent tool for abdominal
imaging; it can be quickly performed in a matter of sec-
onds and it is also widely available. However, the main dis-
advantage of using repeat CT scans is the overall accumula-
tion of radiation, especially in the pediatric age group and
young adults. The cumulative IV contrast load may also be
problematic in patients who are allergic to contrast media
or who have low renal reserves. In such cases, a low-dose
CT scan may be an option; however, the use of cumulative
radiation and contrast media will be still problematic with
repeated scans.

Magnetic resonance imaging may be a perfect method
in these groups of patients, with its lack of radiation and
excellent soft tissue resolution. There are also disadvan-
tages to using MR, including longer imaging time, lack of
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Figure 3. A 26-year-old male with right lower quadrant pain for a day. Clinical and laboratory findings suggested acute appendicitis. Antibiotic therapy was started for the
patient. A, Contrast-enhanced axial CT reveals an enlarged appendix with some periappendiceal fat stranding compatible with simple appendicitis (arrows). B, Diffusion
weighted imaging (DWI) at presentation, shows the inflamed appendix with surrounding hyperintense edema. C, Apparent diffusion coefficient (ADC) map at presentation
shows diffusion restriction. D, Control DWI at the end of first week depicts regression of inflammation with decrease of appendiceal diameter and surrounding edema. E, ADC
map shows an increase of ADC value. F, Control DWI at the end of fourth week shows that the appendiceal inflammation and surrounding edema has completely decayed. G,
ADC map reveals the progressive increase of ADC value.
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local expertize and other logistical challenges. The use of
DWI as the only imaging sequence for follow-up of these
patients may significantly help in overcoming some of the
limitations of MRI. DWI is a very fast imaging sequence,
which also helps patients avoid the burden of cumula-
tive radiation and contrast media. DWI provides qualita-
tive and quantitative analysis at the cellular level. While
it is considered to be an effective type of functional imag-
ing (33), some morphological information may also be ac-
quired. Conventionally, DWI is most commonly used in
neuroimaging applications; however, with the recent ad-
vances in MRI technology, body applications are becom-
ing more common. Restricted diffusion is commonly ob-
served if high cellularity is found within the lesion (e.g.
tumors, abscesses, fibrosis and cytotoxic edema). DWI is
sensitive to the micro-environmental changes in tumors
at the molecular level that result from treatment; thus, it
may predict tumor response to treatment (34). DWI may
also be used as an imaging tool to monitor infectious-
inflammatory processes to evaluate the evolution of dis-
ease during a conservative treatment period, as we tried to
determine whether DWI could be used to monitor the evo-
lution of simple appendicitis with antibiotic therapy.

In the present study, we evaluated DWI as an imag-
ing tool to assess changes in inflamed appendices, qual-
itatively and quantitatively, during follow-up (Figure 3).
We evaluated the relationship between ADC values of ap-
pendixes, and we correlated the imaging data with the lab-
oratory results (CRP and WBC). We also used morphologi-
cal information provided by DWI to assess the dimensions
of the appendixes. We found a statistically significant cor-
relation between ADC values and laboratory parameters.
We observed that, as ADC values increased (which suggests
decreased cellularity within the appendix) serum inflam-
matory markers (i.e., CRPand WBC) normalized and the ap-
pendix diameter decreased (Figure 2). A statistically signif-
icant correlation was found between the increase in ADC
values and the decrease in the appendix diameter, WBC
counts and serum CRP levels (P < 0.001). These findings
may show that utilization of DWI may allow practitioners
to evaluate the clinical response to conservative therapy
by providing qualitative and quantitative data about ap-
pendixes. Knowing the primary infectious-inflammatory
focus (in this case, SA during the early period of follow-up
of conservative therapy might support the use of DWI as
an effective monitoring tool instead of analyzing serum
inflammatory markers. However, this needs to be investi-
gated with a larger patient population with detailed data
analysis.

During follow-up, four patients developed acute right
lower quadrant pain and were found to have recurrent ap-
pendicitis visualised by DWI. The DWI findings were com-
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patible with the clinical findings and the laboratory re-
sults. All four patients underwent emergency surgery, and
the pathological specimens revealed SA without perfora-
tion. Knowing that there was no statistically significant dif-
ference in the ADCvalues of the relapse and non-relapse pa-
tients during the early periods of follow-up, DWI did not
help in anticipating recurrent appendicitis. However, this
must be further studied with larger patient groups.

In the present study, the length of the primary hospital-
ization at presentation was similar to what was reported in
the APPAC study (mean 3 days) with a mean of 2.92 (£ 097)
days. In the APPAC study (6), the length of hospital stay
was statistically significantly shorter in the surgical group
than in the antibiotic-treated group (P < 0.001). Unfortu-
nately, our study did not have a surgical control group, so
we were unable to compare that variable with the hospi-
tal stay length of surgical patients reported in the APPAC
study.

Our study had several limitations. We only included
28 patients in this study, and this limited number may de-
crease the accuracy of our findings. For a better statisti-
cal assessment, larger patient groups with longer follow-
up periods should be enrolled into future studies based
on the information provided in this study. Our study did
not have a control group withoutany screening protocol to
compare the DWI results of the patients during the follow-
up period to address the potential benefits of DWI. Another
important limitation of this study was that we did not as-
sess inter-observer variability. Moreover, we did not in-
clude other MRI sequences that could provide morpholog-
ical information; as such, the lesion borders could have
been more effectively identified, especially with the use of
IV contrast media. However, the inclusion of other MRI se-
quences would go against the aim of this study, as we tried
to implement the fastest MRI method without the use of IV
contrast media. Finally, in the present study, the concept of
performing repeated DWIs contradicts the efforts of con-
servative therapy for simple appendicitis, which aims to re-
duce healthcare costs.

In conclusion, we think that DWI would be highly
successful for the follow-up of patients with SA who re-
ceived antibiotic therapy instead of undergoing emer-
gency surgery. Although medical history, physical exami-
nation findings and serum inflammatory markers are crit-
ically important for the diagnosis and follow-up of AA, DWI
may be highly effective during early periods of conserva-
tive therapy. Furthermore, the lack of radiation in MRI may
be especially useful in the follow-up of pregnant patients
and pediatric patients. Although not present in our study
patients, DWI may also help in diagnosing alternative con-
ditions mimicking AA such as cecal cancer or inflamma-
tory bowel disease, during follow-up. Finally, as DWI does
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not require IV contrast media, its use may be critical in pa-
tients with renal impairment.
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