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Abstract

Background/Aim: There is a limited number of systematic comparisons and comprehensive studies on
auditory outcomes, graft success, and complication rates between traditional microscopic and newer
endoscopic tympanoplasty techniques. Hence, we aim to compare these two techniques, namely endoscopic
and microscopic type-1 tympanoplasty, in terms of anatomical and functional outcomes.

Methods: This prospective randomized clinical trial included 40 adult patients, divided equally between
those undergoing microscopic and endoscopic tympanoplasty. To eliminate selection bias, the sequence of
operations alternated between the two methods based on the patients’ arrival order. Each patient’s pre-
operative conditions and outcomes 6 months post-surgery were evaluated using pure tone audiometry tests
and assessments of the tympanic membrane. For both groups, the tragal perichondrial cartilage composite
graft served as graft material. Functional assessments evaluated the air conduction threshold and bone
conduction threshold averages at frequencies of 500, 1000, 2000, and 4000 Hz, both pre-operatively and 3
months after the operation. Air conduction gain was determined by comparing the air bone gap at application
with that 6 months post-surgery. The size of the tympanic membrane perforation was calculated as a
percentage of the total area using ImageJ, and the correlation with functional gain was assessed. The
condition of the tympanic membrane and graft position were documented 6 months post-surgery using IBM
SPSS Statistics Version 26.

Results: We compared mean (standard deviation [SD]) pre-operative air conduction threshold values
between the endoscopic group (30.11 [5.19]) and the microscopic group (28.45 [5.19]) and found no
significant difference (P=0.404). Similarly, we found no significant difference (P=0.169) in pre-operative
air bone gap values between the endoscopic group (24.58 [5.35]) and the microscopic group (27.17 [6.34]).
Post-operative air conduction threshold values in the endoscopic group (17.09 [11.28]) and the microscopic
group (13.55 [7.99]) also showed no significant difference (P=0.258). The same was true for post-operative
air bone gap values in the endoscopic group (13.97 [10.91]) and the microscopic group (9.63 [7.83])
(P=0.156). The average air conduction gain, an indicator we used to evaluate the functional success of the
surgery, was similarly non-significant between the endoscopic group (13.08 [7.47]) and the microscopic
group (14.90 [5.04]) (P=0.395).

Conclusion: Our study findings suggest that an endoscope is at least as effective as the microscopic method
in type-1 tympanoplasty. Moreover, with advantages like reduced surgical time and broad-angle viewing
capabilities, the endoscopic method is poised to gain popularity.

Keywords: tympanoplasty, endoscopic, microscopic, functional outcome, type-1
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Introduction

Chronic otitis media (COM) is a persistent inflammation
of the middle ear mucosa, typically caused by resistant infections.
If COM is untreated or improperly treated, complications like
tympanic membrane perforation and hearing loss can occur [1]. In
dealing with COM and tympanic membrane perforation,
tympanoplasty is a common surgical method. This procedure was
first introduced by Waullstein in 1952 [2], followed by Zé&lIner in
1955 [3]. Waullstein further classified the technique into five
subtypes in 1956 [4], with Type-1 tympanoplasty being defined as
the repair of only the tympanic membrane without disturbing the
ossicular chain. Unlike myringoplasty, it includes creating a
tympanomeatal flap [5,6]. Various graft materials and surgical
techniques have emerged since the first description of this method.
Temporalis fascia (TF) was the usual graft material for a long time
until cartilage and perichondrium became popular. These two,
having the same origin as TF, offer higher resistance [7] and,
hence, result in a higher graft success rate [8].

Tympanoplasty, a common otology procedure, is highly
successful in treating tympanic membrane perforations with a
success rate of up to 95%, irrespective of chronic inflammation
[9,10]. This procedure uses different incision methods, including
retroauricular, endaural, and transcanal, for membrane
reconstruction. Particularly for anterior quadrant perforations,
many otologists prefer the retroauricular approach [11]. However,
this method often necessitates a canalplasty [12,13]. The endaural
approach is generally effective for posterior perforations, while
the less invasive transcanal approach has limited applicability
[13,14]. Modern surgery is increasingly utilizing minimally
invasive methods. For example, endoscopy in COM surgery is
emerging as a less invasive yet effective approach [15,16]. The
endoscope not only provides a broader field of view but also eases
visibility in areas that are challenging to observe under a
microscope. For instance, it simplifies the control of anterior
marginal perforations and visualization of hard-to-reach areas
such as the attic, hypotympanum, sinus tympani, and facial recess
[17].

Endoscopic tympanoplasty is a relatively newer
procedure that has been gaining popularity in recent years [17].
Initially, the endoscope was primarily used for preliminary
exploration and as an aid in microscopic ear surgeries. The
adoption of the endoscope as a primary tool in such surgeries was
first documented by Marchioni et al. in 2010 [1]. However, the
long-term effectiveness and success rates of endoscopic ear
surgeries are not fully established, leading to varying opinions
regarding its primary use. Numerous studies have been conducted
in recent years to measure the reliability and efficiency of the
endoscopic approach in otologic surgery. Unfortunately,
comprehensive comparisons and established evidence between
traditional microscopic techniques and newer endoscopic
tympanoplasty techniques are still lacking, particularly
concerning auditory results, graft success, and complication rates
[18].

This study directly compares the anatomical and
functional outcomes of both microscopic and endoscopic
tympanoplasty surgical procedures. The study’s primary objective
was to compare the functional and anatomical success rates

between these groups, while the secondary objective was to
examine any possible correlation between the size of a perforation
and functional enhancement.

Materials and methods

Design and Study Population

The Institutional Clinical Research Ethics Committee
approved this prospective randomized clinical trial (protocol
number: 20.478.486). All methods were compliant with the 1964
Helsinki Declaration and its subsequent amendments. The study
was initially intended to consist of 78 patients, as determined by a
power analysis carried out using G*Power 3.1.9.7 software. This
assumed a power of 95% and a significance level of a¢=0.05 and
was based on an effect size for an independent sample t-test.
However, time constraints limited the study to 40 patients.
Consequently, a revised power analysis was conducted, revealing
a power of 70% based on the same effect size and the smaller
sample size of 40.

Between December 2018 and January 2020, 40 adult
patients who presented to the Otorhinolaryngology Clinic of
Manisa Celal Bayar University Hafsa Sultan Hospital had
tympanoplasty ~ performed,  either  endoscopically  or
microscopically (20 patients each). To avoid selection bias,
patients were selected in order of their presentation and alternately
assigned to one of the two surgical approaches. Our study, as per
the CONSORT guidelines, was therefore characterized as a
parallel-design clinical trial with a 1:1 allocation ratio. Patients
were simply randomized into groups, again following CONSORT
guidance, by a single surgeon.

Pre-operative and 6-month post-operative pure tone
audiometry examinations were performed on all patients.
Exclusion criteria included the presence of a retraction pocket or
cholesteatoma, ossicular chain damage, or previous surgery in the
same ear. Pre-operative and 6-month post-operative endoscopic
tympanic membrane examinations allowed us to record
perforation size and location. There were no methodological
changes relating to surgical technique or patient selection
throughout the study.

Surgical Technique

All patients underwent surgery in the hospital’s general
operating theater. A postauricular approach was used for
microscopic Type-1 tympanoplasty in 20 patients, while
transcranial endoscopic Type-1 tympanoplasty was performed on
the remaining 20 patients. Both groups received a tragal
perichondrial cartilage composite graft (Figure 1). General
anesthesia was used in all procedures.

Figure 1: Tragal perichondrial

tilage composite graft, which was used in both groups.
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Figure 2: Calculation of perforation size using ImageJ software.

Functional and Anatomical Evaluation

Our study’s functional evaluation was carried out at our
institution’s audio-vestibular unit, and the otoendoscopic
recordings were taken from the recording room of the inpatient
ward. For functional evaluation, the mean of the air conduction
thresholds (ACT) and the bone conduction thresholds (BCT) at
frequencies of 250, 500, 1000, 3000, and 4000 Hz were calculated
from pre-operative and 3-month post-operative pure tone
audiometry. The air bone gap (ABG) was calculated at the time of
application and the 6-month post-operative audiometry. We
calculated the air conduction gain (ACG) using the formula:
ACG=(ABG!Pre-operative) _ ABG(post-operative) The sjze of the tympanic
membrane perforation as a percentage of the total area was
measured using ImageJ software (Figure 2). Lastly, the integrity
of the tympanic membrane and graft position were examined and
recorded 6 months after the operation.

Statistical Analysis

We compared ACG and post-operative ABG values for
functional evaluations. Anatomical evaluations involved a
comparison of pre- and post-operative otoendoscopic examination
records. We used Shapiro-Wilk and Levene tests to analyze
variance distribution and equality, respectively. Depending on the
results of the Shapiro-Wilk test, we carried out inter-group data
comparison using either an independent samples T-test or a one-
way analysis of variance (ANOVA) test. Data are presented as
mean (standard deviation [SD]), where a 95% confidence interval
and P<0.05 are considered statistically significant (IBM SPSS
Statistics Version 26).

Results

Descriptive Statistics

Our study comprised 40 patients, including 23 females
and 17 males, with an average age of 36.20 (13.29), who received
Type-1 tympanoplasty. Patients were randomly assigned to either
endoscopic or microscopic surgery based on their presentation
order, with ten in each group. We found no statistical difference
in age between the groups (P=0.221), and the Mann-Whitney U
test on gender distribution also indicated no significant
discrepancy (P=0.343).
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Functional Results

The ACT, ABG, and ACG values for both groups
exhibited a normal distribution (P>0.05 for each), suggesting no
significant inter-group difference. Specifically, the pre-operative
ACT values were 30.11 (5.19) and 28.45 (5.19) for the endoscopic
and microscopic groups, respectively (P=0.404). The pre-
operative ABG values were 24.58 (5.35) and 27.17 (6.34) for the
endoscopic and microscopic groups, respectively, and they did not
significantly differ (P=0.169). Post-operative ACT values were
17.09 (11.28) and 13.55 (7.99) for the endoscopic and microscopic
groups, respectively, also revealing no significant difference
(P=0.258). Similarly, post-operative ABG values, 13.97 (10.91)
for the endoscopic group and 9.63 (7.83) for the microscopic
group, showed no significant discrepancy (P=0.156) (Figure 3).
Finally, the mean ACG values used to measure surgery’s
functional success were 13.08 (7.47) and 14.90 (5.04) for the
endoscopic and microscopic groups, respectively, and these did
not significantly differ (P=0.395) (Figure 4).
Figure 3: Comparative box-plot graph showing post-operative ABG values (P=0.156).
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Anatomical Results

Anatomical success, defined as the absence of
perforation, retraction, and lateralization 6 months post-operation,
was achieved in all 20 patients in the microscopic group and 90%
of the patients in the endoscopic group. Using the Mann-Whitney
U test, which is appropriate for ordinal variables, no significant
differences were found in anatomical success between the two
groups (P=0.317). The percentage of perforation size, calculated
with ImageJ, was 45.05 (26) and 48.65 (25) in the endoscopic and
microscopic  groups, respectively. Again, no significant
differences were noted (P=0.658). Furthermore, the Spearman
correlation test revealed no significant association between
perforation percentage and ACG (P=0.169, r=-0.222).

Discussion

The current literature contains comparisons of
endoscopic and microscopic tympanoplasty techniques regarding
functional and anatomical success, but few randomized controlled
trials exist [19-21]. Our study, being a prospective randomized
controlled trial, should significantly contribute to this comparison.
Our patients were alternately randomized to either endoscopic or
microscopic surgeries based on their order of presentation. By
including only Type-1 tympanoplasty cases, we enhanced the
homogeneity of our groups, strengthening our study.

We assessed functional outcomes by calculating the
ACG using the difference between post-operative and pre-
operative ACT values. With this method, we detected no
difference in post-operative functional gains between the two
techniques. Pre-operative ABG values, indicating the level of
conductive hearing loss, also showed no difference between the
groups, further highlighting their homogeneity.

In terms of anatomical success, only two endoscopic
group cases had post-operative perforations, a non-statistically
significant finding. Furthermore, we innovatively used ImageJ
software to calculate the perforation sizes, to our knowledge, the
first usage of such methodology. However, we found no
significant correlation between calculated perforation size and
ACG. We conclude that the perforation size does not impact the
final functional success in both groups.

The microscopic approach has traditionally been the
norm for tympanic membrane reconstruction and hearing
rehabilitation. Despite its widespread use, it presents drawbacks
such as restricted visualization of the surgical area, long operation
times, and scarring due to incisions [22-24]. Conversely, the
endoscopic approach is increasingly preferred as it offers
advantages over the microscopic method. Importantly, the
transcranial approach prevents visible scar tissue and auricular
deformity [25,26]. Research into surgical duration also indicates
its superiority in this aspect.

Furthermore, the superior angular view provided by the
otoendoscopic method is extremely beneficial for cases involving
narrow external auditory canals [27]. A recent meta-analysis has
also demonstrated its merits in terms of dysgeusia [18]. However,
most studies comparing both techniques are retrospective and
exhibit high clinical variability. Our study stands out because it
solely focuses on Type-1 tympanoplasty cases. Shakya et al. [30]
have also compared these techniques in Type-1 tympanoplasty

cases, but their research is retrospective and may be subject to
selection bias.

Certainly, the endoscopic method has its drawbacks. For
instance, it can be challenging to apply in cases where patients
have narrow or difficult-to-navigate external auditory canals.
These conditions can impede visibility and the use of tools
simultaneously. Likewise, managing bleeding can be problematic
due to the difficulty of operating with one hand. Nevertheless,
studies are available on methods to counter these challenges [31].

One drawback of our study is not being able to attain the
intended number of cases within the project’s timeframe.
Consequently, the statistical power is slightly compromised.
However, the forward-looking approach of our study and balanced
randomization of cases between both groups effectively
counteract selection bias.

While the microscopic method is traditionally used, it has
limitations such as prolonged operation times and scarring. The
endoscopic approach is becoming more popular due to its less
scarring and suitability for narrow ear canals. This study’s
findings align with the existing literature, indicating no significant
differences in post-operative functional gains between the two
techniques. Both methods show similar efficacy in air conduction
gains, and the size of tympanic membrane perforations, as
measured by ImageJ software, does not seem to have a significant
impact. The study implies that the endoscopic technique is
functionally on par with the microscopic method, advocating for
its wider use in otologic surgeries due to its operational benefits
and comparable success rate.

Conclusion

This study indicates that the functional success of
endoscopy in Type-1 tympanoplasty is comparable to the
microscopic method. Its various advantages suggest an increased
future popularity for the endoscopic method.
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Abstract

Background/Aim: Appendicitis is a common acute abdominal disease seen in the emergency department
(ED). Early diagnosis of appendicitis can reduce time to treatment and prevent complications. In this
study, we aimed to compare the interpretation of computer tomography (CT) scans between emergency
physicians and radiologists.

Methods: We conducted a retrospective cohort study that enrolled patients with CT scans for suspected
acute appendicitis in an academic hospital from July 2019 to May 2020. Analysis of the accuracy of the
diagnosis of appendicitis and time from completion of CT scan were compared between emergency
physicians and radiologists.

Results: A total of 318 patients with appendicitis were included. Patients arriving at the hospital during
off-hours were younger (mean difference: 5, P=0.016) and more commonly had normal C-reactive protein
(chi-square: 11.19, P<0.001). Neither group’s interpretation of appendicitis was affected by arrival time,
and both groups performed differential diagnosis well (emergency physician area under curve [AUCI:
0.912 vs. radiologist AUC: 0.911). Time to CT interpretation by emergency physicians was significantly
lower than by radiologists (mean difference: -217.37 min, P<0.001).

Conclusions: The interpretation of abdominal CT scans for acute appendicitis by emergency physicians
was more efficient and equally accurate compared to interpretation by radiologists.

Keywords: appendicitis, computed tomography, emergency physicians, radiologists
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Introduction

Appendicitis is a common acute abdominal disease seen
in the emergency department (ED), and the estimated lifetime
risk is around 7-8% [1]. Appendicitis can occur at any age,
though it is most common in patients between 10 and 30 years
old [2]. Obstruction of vermiform appendix, often by a fecalith,
is the classic etiology of appendicitis. Other causes may include
obstruction by tumor, gallstone, lymphoid hyperplasia, or
parasitic infection [3]. Appendicitis is suspected in patients
presenting with acute right lower quadrant pain and leukocytosis.
The final diagnosis depends on histologic findings of the surgical
specimen. There are several diagnostic image exams for
appendicitis,  including  transabdominal  ultrasonography,
computed tomography (CT), and magnetic resonance imaging
(MRI). CT with contrast is frequently used for diagnosis in the
ED. CT is used in 86% of patients in the USA, and the sensitivity
and positive predictive value of CT can reach 96% [4,5]. In
many countries, the standard treatment for appendicitis is
appendectomy, which requires immediate surgical consultation
[6]. A meta-analysis of 11 non-randomized studies showed that
delaying appendectomy for more than 48 hours was associated
with increased surgical site infections and other adverse events,
and that prompt appendectomy provided the fastest resolution of
patients’ pain [7]. Several studies have compared the CT time of
interpretation of appendicitis between emergency physicians and
radiologists [8,9]. The aim of this study was to compare the time
to CT scan and the accuracy of CT scan interpretation between
emergency physicians and radiologists.

Materials and methods

This retrospective study was performed in the ED of a
750-bed tertiary referral and academic hospital in northern
Taiwan, which handles approximately 52,000 ED visits annually.
A preliminary report system for emergency physicians to
document CT scan interpretations was established in June 2019.
The reason for creating this system was to allow emergency
physicians to receive a 20% bonus payment from the national
health insurance if a preliminary report was documented within 2
hours of the completion of the CT scan. In the study, we
reviewed all CT scans conducted from July 2019 to May 2020,
and we recorded the report time for CT related to suspicion of
appendicitis. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines were used during
case enrolment. Report time was defined as the interval from the
CT being ordered to the report being documented, and report
times were recorded separately for the preliminary report system
of emergency physicians and the final report of the radiologists.
In the study’s hospital setting, emergency physicians and
radiologists read CT scans and make preliminary and final
reports independently. Final diagnosis of appendicitis was
determined by the pathologic report of the surgical procedure.
We also collected clinical information such as sex, fever, white
blood cell (WBC) count, and C-reactive protein (CRP). The
definition of weekday hours was 08:00-17:00 from Monday to
Friday, except for holidays; off-time hours were defined as
weeknights (17:00-08:00 the next day) and weekend hours.

This study was approved by the IRB, approval number
N201906023 (TMUH number N201909009).

Statistical analysis

All statistical analyses were conducted using SPSS
Statistics version 24 for Windows (IBM Corp., Armonk, New
York, USA). To analyze the association between ED arrival time
(i.e., weekday hours vs. off-time hours) and characteristics, chi-
square test was applied to dichotomous variables such as patient
sex, fever, WBC count, and CRP level, as well as appendicitis
judgment. Due to the imbalanced data on the interpretations of
appendicitis (i.e., very few cases without appendicitis),
precision-recall curves-based area under curve (AUC) were used
to test the appropriateness of the interpretations of appendicitis
by emergency physicians and radiologists. To examine the
difference in review time and age between the two specialties,
data were analyzed using the Wilcoxon test due to non-normal
distribution. Medians with interquartile range (IQR) of review
time were reported for each group, and between-group mean
differences were also presented with the P-value of the Wilcoxon
test.

Results

A total of 2,307 abdominal CT scans were performed
during the study period, including 484 cases with initial clinical
suspicion of appendicitis. A total of 318 patients with
appendicitis were enrolled according to surgical findings (Figure
1).

Figure 1: The algorithm for enroliment of the subjects.

Total 2,307 CT scans
in this period

864 CT of abdomen
* 1,443 CT of other organs
(Head, chest , extremity etc)

484 scans clinically
suspect appendicitis

Diverticulitis: 45

> Gynecologic lesion: 38
Colitis: 36
No significant finding: 41

[ 324 received operation ]

_ Secondary change of appendix due
to pelvic inflammatory disease

318 surgical proved
appendicitis

With regard to patient characteristics, sex, fever, and
abnormal WBC count did not vary in ED arrival time (Table 1).
However, patients who presented to the ED during off-time
hours were younger than those arriving during weekday hours
(mean difference [MD]: 5; P=0.016). Moreover, patients
reporting to the ED during off-time hours more commonly had
normal CRP than those who reported during weekday hours (chi-
square: 11.19; P<0.001). For both emergency physicians and
radiologists, the accuracy of interpretation of appendicitis was
not affected by arrival time. Based on surgical findings, both
emergency physicians (AUC: 0.912) and radiologists (AUC:
0.911) were accurate in diagnosis of appendicitis.

On the other hand, report time of appendicitis was
significantly different between emergency physicians and
radiologists. On average, the report time among emergency
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physicians was significantly lower than among radiologists (MD:
-217.37 min; P<0.001) (Figure 2). This phenomenon did not
vary by patient ED arrival time, fever, abnormal WBC count, or
abnormal CRP (Table 2).

Table 1: Characteristics of patients with appendicitis (n=318)

Arrival time
Characteristic Total? Off-time Weekday hours | Diff P-value
Sex (patient) 2.50 0.114
Female 166 (52.2%) = 110 (49.1%) = 56 (59.6%)
Male 152 (47.8%) @ 114 (50.9%) = 38 (40.4%)
Age 42.07+17.50 = 40.71x17.02 = 45.30+18.28 -5.00 = 0.016
Fever 0 1.000
Yes 42 (13.2%) 30 (13.4%) 12 (12.8%)
No 276 (86.8%) = 194 (86.6%) = 82 (87.2%)
WBC 2.75 0.097
Abnormal 238 (74.8%) 174 (77.7%) 64 (68.1%)
Normal 80 (25.2%) 50 (22.3%) 30 (31.9%)
CRP 11.19  <0.001
Abnormal 212 (66.6%) = 136 (60.7%) 76 (80.9%)
Normal 106 (33.3%) = 88 (39.3%) 18 (19.1%)
Emergency - -
Appendicitis 318 (100%) 224 (100%) 94 (100%)
No appendicitis | 0 (0%) 0 (0%) 0 (0%)
Radiology 0.02 0.887
Appendicitis 316 (99.4%) = 222 (99.1%) = 94 (100%)
No appendicitis | 2 (0.6%) 2 (0.9%) 0 (0%)

anumber (percentage), Diff: Difference, CRP: C-Reactive protein, WBC: white blood cell. Chi-square was
used to test categorical variable and student's t test for continuous variable.

Table 2: Subgroup analysis of review time (minutes) of appendicitis

Emergency physician Radiologist

Subgroup Median I1QR Median | IQR Diff P-value
Time of reporting

Weekday hours 33.00 | 20.00-76.50 70.00 | 41.50-142.50 -71.89 <0.001
Off-time 30.00 | 20.00-49.50 352.00 | 45.50-631.00 -313.07 <0.001
Fever

Yes 23.00 | 20.00-33.00 89 36.00-390.00 -196.67 <0.001
No 31.00 | 20.00-50.00 120.00 | 46.25-478.75 -220.52 <0.001
WBC

Abnormal 32.00 | 20.00-50.00 138.00 | 45.00-559.50 -235.50 <0.001
Normal 23.00 16.75- 475 91.00  44.50-350.50 -163.43 <0.001
CRP

Abnormal 30.00 | 20.00-45.75 94.50 | 45.25-397.50 -194.45 <0.001
Normal 31.00 | 21.00- 60.00 150.00 | 45.00-570.00 -263.21 <0.001

Wilcoxon test, CRP: C-Reactive protein, IQR: interquartile range, Diff: Difference, MD: mean difference,
WBC: white blood cell

Figure 2: Boxplot of review time of appendicitis between emergency physician and
radiologist.

MD =-217.37 (mins.) ; P =<0.001

Median: 30, 1QR: 20-49.5 Median: 115, 1QR: 45 -477.5
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Discussion

Acute appendicitis is a common atraumatic surgical
emergency in the ED [10]. Abdominal CT scan is a diagnostic
tool to detect acute appendicitis, and timely and accurate
interpretation of the CT scan can provide patients with optimal
treatment. We investigated and compared the accuracy and the
time of interpretation of abdominal CT scan for acute
appendicitis between emergency physicians and radiologists in a
Taiwanese cohort. Diagnosis with CT and surgical treatment is
standard treatment for appendicitis in Taiwan [11]. We also
analyzed the results of different admission times and patient
characteristics. One of the most crucial findings in this study is

that the emergency physicians and radiologists showed similar
accuracy but that the emergency physicians had shorter report
times.

Several previous studies have compared the difference
between radiologists and clinical physicians in CT scan results
[8,9,12,13]. In our study of 318 cases, emergency physicians and
radiologists showed similar accuracy results (AUC: 0.912 vs.
0.911). The slightly higher accuracy in emergency physicians
may be due to the clinical approach with patients, involving
history taking, physical examination, and real-time consultation
with radiologists as needed. This result suggests that emergency
physicians’ interpretation of abdominal CT scan for acute
appendicitis can be reliable. One study in the USA found that
overcrowding in the ED is associated with an approximately 2-
hour delay to CT interpretation by radiologists [14]. This delay
may increase the length of stay for the patients, which can cause
a vicious circle and increase the care burden for the staff. It can
also delay the time to operation and ultimately increase
morbidity or mortality. In our study, the overall mean deviation
time between the two groups was 217 min from triage to CT
interpretation. The overall median time for emergency physicians
was 30 min, compared to 115 for radiologists. This difference
may be due to the fact that radiologists have many reports that
need to be documented at the same time, whereas emergency
physicians are normally informed once the CT is done, allowing
them to interpret the result in a timely fashion. The other reason
is that patients’ treatment and disposition depend on the CT
result, so emergency physicians will have more motivation and
time pressure to give an initial report. To differentiate the time
difference in diagnosis, the mean deviation times during
weekday hours and off-time hours were 72 min and 313 min,
respectively. During weekday hours, the median times were 33
min for emergency physicians and 70 min for radiologists;
during off-time hours, the times were 30 min for emergency
physicians and 352 min for radiologists. We found no difference
for emergency physicians between weekday hours and off-time
hours because they are on duty and responsible throughout their
12-hour shifts. By contrast, the hospital where the study took
place had six board-certified radiologists on duty during
weekday hours for CT interpretations but only one radiologist on
duty during off-time hours for emergency procedures and
reports. This explains the significant increase in median times
during off-time hours in the radiologists group. If emergency
physicians can precisely and quickly interpret CT results for
acute appendicitis and seek the opinions of radiologists as
needed, it can decrease patients’ wait times and observation
times, thereby easing the care burden for staff and decreasing
overcrowding in the ED.

Limitations

One limitation of our study is the potential for selection
bias due to its retrospective design and reliance on data from a
single center. This may limit the generalizability of our findings
to broader patient populations or healthcare settings.
Additionally, the retrospective nature of the study may have
introduced inherent biases in data collection and interpretation.
Moreover, while efforts were made to control for various
confounding variables, the possibility of residual confounding
cannot be completely ruled out. Factors not accounted for in our
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analysis may have influenced the observed associations between
arrival time and diagnostic outcomes.

Finally, the analysis of report times was limited to
appendicitis cases, and factors influencing report times for other
conditions were not investigated. Understanding these factors
could provide a more comprehensive perspective on the
efficiency of radiological reporting in the ED.

Future research

Further investigations are warranted to explore the
factors contributing to the observed differences in report times
and to develop strategies aimed at optimizing radiological
reporting efficiency without compromising diagnostic accuracy.

Conclusion

The accuracy of interpreting CT scans for appendicitis
by both emergency physicians and radiologists remained
consistent irrespective of arrival time, demonstrating consistently
high diagnostic precision. Implementation of protocols or
interventions aimed at reducing reporting disparities could lead
to improved patient outcomes and resource utilization in the
management of acute abdominal conditions.
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Abstract

Fournier’s gangrene (FG) is a localized form of necrotizing fasciitis that originates in the perineum and
external genitalia. Its incidence is low, at 1.6 per 100,000, contributing to less than 0.02% of hospitalizations,
and it is particularly rare in women. This report focuses on a case of FG in a 34-year-old woman who had
recently undergone a cesarean delivery. The patient, a second-time mother with one previous birth, arrived
at our hospital complaining of hip pain during her full-term pregnancy. Post-delivery, she was diagnosed
with FG. Her most likely risk factor was a prior anal fissure and home-applied herbal therapy to the affected
area. It is important to keep in mind that FG should be considered if an abscess develops in the urogenital
region. FG is a potentially fatal infection that necessitates immediate diagnosis and treatment. Its effective
management typically includes frequent and thorough debridement, broad-spectrum antibiotics, and diligent
wound care.

Keywords: anal fissure, Fournier gangrene, infections, wound therapy, vacuum-assisted closure
Introduction

Fournier’s gangrene (FG) is a condition involving a skin, fascia, and subcutaneous tissue
infection. Contributing risk factors include prior surgical procedures, diabetes mellitus,
intravenous drug use, physical trauma, chronic illnesses, and alcohol abuse [1].

The initial infection begins in the genitourinary system and can spread rapidly. If not
addressed, it can lead to toxic shock syndrome, sepsis, and multi-organ failure. Diagnosis
techniques include clinical examination, imaging methods to detect gas in soft tissue, and tissue
culture. Therapies for treatment include surgical debridement, broad-spectrum antibiotics, and
vacuum-assisted closure therapy [2].

The Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) is a scoring system
utilized to determine the prognosis after diagnosing this condition. The system, first introduced
by Wong C and his team [3], signifies a high risk of necrotizing fasciitis when the score reaches
6 or more. The assessment involves six factors: leukocyte count, hemoglobin and sodium levels,
glucose and serum creatinine measures, and C-reactive protein value. As indicated by a study
conducted by Kincius et al. [4], a LRINEC score above 5 can potentially be fatal. This report aims
to document a case of necrotizing fasciitis in a 34-year-old woman post-cesarean delivery.
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Case presentation

A 34-year-old woman, who had previously given birth
via cesarean section and was pregnant for the second time,
attended our emergency department. She complained of hip pain
and vaginal leakage. Given her history of cesarean section and
membrane rupture, another cesarean section was performed. A
necrotic skin area was identified in the right gluteal region 12 h
post-operation, accompanied by severe infection, discharge, and a
sizeable, hardened abscess (Figure 1). A computerized
tomography (CT) scan was carried out on her abdomen, and a
diagnosis of FG was made (Figure 2).

Figure 1: The gluteal region at the 12th hour postoperation, when symptoms first begin.
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Figure 2: CT scan image showing gas bubbles in the perianal soft tissue

Air values were observed in the subcutaneous soft tissue
in the perineal region, in both ischioanal fossae and in the right
gluteal region, and diffuse heterogeneity was observed in the
subcutaneous adipose tissue. Also, fluid collection was noted in
the perineum at the 3-9 o’clock position, compatible with an
abscess. Heterogeneity was observed in the perirectal fat tissue.
The mesorectal fascia was thick. The bone structures in the section
looked natural.

The LRINEC score that is used for The patient’s
LRINEC prognosis score stands at 8. The leukocyte count is 22 x
10%/mm?3, and the C-reactive protein (CRP) measurement is 188
mg/dL. The infection consultant recommended that the patient
receive piperacillin+tazobactam at 4 x 4.5 g intravenously and
teicoplanin at 1600 mg intravenously every 12 h. A culture from
the wound site showed growth of Enterobacter cloacae.

The patient was transferred to the general surgery
department, where she was sedated and her abscess was drained.
No connection to the rectum was discovered during a rectal tap.
The wound was regularly debrided and re-dressed every other day
in surgery. On non-surgical days, dressing changes were carried

out at the patient’s bedside (Figure 3). Upon further investigation
into her medical history, it was revealed that she had applied a
stinging nettle solution to her anal region a week prior due to a
long-term anal fissure.

The patient’s infectious process subsided, prompting the
application of a vacuum-assisted closure (VAC) to the wound
area. VAC replacements occurred every 2 to 3 days, with
continuous monitoring of the wound. Despite the patient’s FG’s
proximity to the perianal region, a colostomy was not performed
due to the patient’s young age. Instead, frequent wound dressing
changes and close monitoring were employed. As the VAC
treatment proceeded, granulation tissue developed at the wound
site. The wound’s size gradually decreased until it was able to be
secondarily sutured (Figure 4). The wound eventually completely
healed and the patient was discharged. Consent for publishing the
patient’s images was properly obtained both verbally and in
written form.

Figure 3: Debridement and vacuum-assisted closure application every other day in the
general surgery service

Figure 4: After debridement, vacuum-assisted closure application and suture application

Discussion

The mortality rate for FG is 8.3%. Factors such as a high
body mass index, abnormal leukocyte, CRP and platelet counts, as
well as impaired renal function, are determinants of infection
severity [5]. A study indicated that a poor prognosis is likely due
to elevated urea levels, along with low albumin and hematocrit
levels [6]. Similarly, in our case, we observed high CRP levels
together with low albumin and hematocrit levels.

Fournier gangrene is typically observed in individuals
over the age of 50, yet research suggests that advanced age is not
a direct contributing factor to the disease [7]. The condition is
more common in men, with a reported male-to-female incidence
ratio of 5.3:1 [8]. This is attributed to more effective secretion
drainage in the female pelvic region. However, the absence of
colles’ fascia on a woman'’s anterior wall can lead to severe spread
to the anterior abdominal wall. Thankfully, our patient is young
and shows no signs of abdominal wall involvement.
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The spread of infection locally is crucial in the disease’s
pathogenesis. Uncommon in the normal flora of the anogenital
region, anaerobic bacteria are often found in wound cultures,
along with Gram-negative and Gram-positive pathogens. Frequent
pathogens include Escherichia coli, Enterococcus faecium,
Staphylococcus aureus, and Pseudomonas aeruginosa [9]. In our
patient’s case, the present bacteria was Enterobacter cloacae. A
multiple antibiotic regime is typically recommended, including
third-generation cephalosporins, 5-nitroimidazole derivative
antibiotics, and aminoglycoside [8]. We advised our patient to
commence treatment of piperacillin, Tazobactam (4 x 4.5 g iv),
and teicoplanin (1600 mg iv), administered every 12 h initially for
the first three doses. These therapies are given empirically and
should be adjusted based on culture and antibiogram reports. The
regulation of blood sugar in diabetes mellitus (DM) is linked with
disease progression, so particular attention needs to be paid to
predisposing conditions such as DM and kidney failure. Our
patient did not have diabetes or other systemic diseases. The most
likely risk factor for our patient was a history of anal fissure and
herbal therapy applied to that region by the patient.

Early diagnosis is crucial for effectively treating FG. The
differential diagnosis can sometimes be challenging, as the
infection progresses at a rate of up to 2—-3 cm/h and is linked to a
high mortality rate. Septicemia can develop within 1 h of disease
onset. Early diagnosis depends on evaluating clinical signs,
radiological findings, and laboratory analyses. A lack of gas image
in the soft tissue during an ultrasound examination does not
categorically exclude FG as a diagnosis. In our case, a CT scan
was performed immediately as the patient’s symptoms emerged,
which was pivotal for diagnosis.

In doubtful cases, it is recommended to adopt an
aggressive surgical procedure due to the invasive infection’s
tendency to spread through the fascial planes. The purpose of the
surgical intervention is to effectively drain the infection and
eliminate any necrotic tissue. However, the debridement should
not stop at the normal skin surface but instead continue until a
healthy fascia tissue layer is exposed. In the case described,
General Surgeons implemented VAC for effective drainage and
wound care. The wound was debrided and freshly dressed on
alternate days, whereas the VAC was replaced every 2-3 days.

The use of fecal diversion is currently a controversial
topic. Despite the patient’s FG being situated near the perianal
area, a colostomy was not carried out due to her young age.
Instead, we adopted a comprehensive follow-up approach that
included frequent wound dressings. Through regular patient
monitoring and the application of VAC, granulation tissue
developed at the wound site, leading to wound regression.
Subsequently, the wound was sutured. In our case, care was taken
to meticulously execute all surgical procedures.

Conclusions

FG is a serious infectious disease requiring swift
diagnosis and aggressive surgical treatment. High-risk patients
should be diagnosed through clinical evaluation, imaging, and
LRINEC score. The treatment involves aggressive surgical
debridement, usage of broad-spectrum antibiotics, careful wound
care, and wound closure procedures.
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