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Gangrenous Appendicitis
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Introduction. *is manuscript aims to investigate the amount of intraluminal gas in acute, nonperforated appendicitis identified on
computed tomography (CT) in diagnosing gangrenous appendicitis.Methods. *is is a retrospective observational, case-control study
with consecutive data collected at a tertiary institution over a two-year period, of patients with CT-diagnosed acute appendicitis who
subsequently went on for surgery within 48 hours. Patients whowere less than 16 years old, who had an interval between CTand surgery
of more than 48 hours, or with CT evidence of appendiceal perforation were excluded. Images were independently assessed by 3
radiologists for intraluminal gas, and the results were then correlatedwith reference standards obtained from surgical and histopathology
reports for the diagnosis of nongangrenous versus gangrenous appendicitis. *e sensitivity, specificity, and predictive values of CT
intraluminal gas in gangrenous appendicitis were calculated. Results. Our study identified 93 patients with nonperforated acute ap-
pendicitis who underwent surgery within the stated timeframe. Intraluminal gas in the appendix was identified in 26 patients (28%), of
which 54%hadmacroscopic and/ormicroscopic evidence of gangrenous appendicitis.*is is in contrast to the subgroup of patients who
did not have intraluminal gas (72%), of which only 33% had gangrenous appendicitis.*e specificity of intraluminal gas for gangrenous
appendicitis is 79%, with a negative predictive value of 86% and likelihood ratio of 1.85. Conclusion. In cases of established acute
appendicitis, the presence of intraluminal gas is a moderately specific sign for gangrenous complication.*is is worth reporting as it can
help prognosticate and triage patients accordingly, for a timelier surgical management and a better outcome.

1. Introduction

Acute appendicitis is an important cause of acute abdominal
pain, with appendectomies being the most common
emergency procedure performed in Australia [1]. Whilst
acute appendicitis is a clinical diagnosis, CT scanning has
become an important imaging tool to reduce the rate of
negative or unnecessary surgeries by identifying other causes
of abdominal pain which can mimic appendicitis. Appen-
dicitis can have different clinical presentations, with over-
lapping clinical features between acute uncomplicated and
complicated appendicitis such as perforation and abscess
collection [2], and hence, imaging also plays an important
role in differentiating between the simple and complicated
cases [3]. *ese have important implications for patient

management pathways, prognosis, and length of hospital
stay.

*ere have been many studies focusing on CT signs
differentiating perforated from nonperforated cases of ap-
pendicitis; however, few studies have focused on signs that
differentiate simple phlegmonous appendicitis from gan-
grenous appendicitis in the nonperforated appendix [4].*is
distinction is important as these two classifications of
nonperforated appendicitis are associated with very different
prognoses, with time-sensitive treatment pathways. Gan-
grenous appendicitis is estimated to occur in 17% of cases of
acute appendicitis [5] and is associated with increased rates
of complications such as intra-abdominal abscesses and
appendiceal perforation [1] if surgical management is
delayed.
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*e presence of intraluminal air within the appendix
was traditionally thought to be a useful sign to exclude
appendicitis, indicating that the appendix was patent,
nonobstructed, and not inflamed [6]. However, there is
increasing evidence that intraluminal gas on CT is common
in appendicitis and may be seen in 19–27% of cases [7, 8].
One hypothesis is that there is an absence of intraluminal air
in an acutely inflamed appendix due to gas displacement by
intraluminal fluid and increased pressure. However, as the
inflammation progresses towards gangrenous complication,
intraluminal air develops in a similar pathophysiology as in
the development of pneumatosis intestinalis.

*is study aims to assess the presence of intraluminal air
in the appendix on CT, an indicator for the gangrenous
appendix in cases of acute nonperforated appendicitis.

2. Materials and Methods

Statement of Ethics. Ethical approval was granted for this
project by the Institutional Human Research Ethics Com-
mittee (R20190408).

Data Collection. Data were collected from the picture ar-
chiving and communication system (PACS) of a tertiary
hospital in South Australia using the keyword search “ap-
pendix, appendiceal inflammation, appendicitis.” Consec-
utive patients over a two-year period (2018 and 2019) with
CT prior to appendectomy for acute appendicitis were in-
cluded in the study. Data extracted from existing databases
included patient age, sex, time of CT, abdomen CT images,
time of surgical intervention, operation report, and surgical
histopathology report.

Exclusion Criteria. Exclusion criteria included the following
patients with Ct-diagnosed appendicitis who did not pro-
ceed with surgery within 48 hours of CT scan, patients
younger than 18 years of age, and patients with appendiceal
perforation evident on CT at time of presentation.

Patients younger than 18 were excluded due to the small
number of pediatric cases presenting to this adult institution
and the increasing evidence that CT is not the recommended
imaging modality in this cohort [4, 9].

Retrospective Image Review. *e CT images, comprising
volumetric CT scans with multiplanar reconstruction at 1
and 3mm slices, were independently reviewed by three
radiologists, including two registrars and one consultant
radiologist with 4 years of experience, for the presence of
appendiceal gas and perforation. Other signs of inflam-
mation were noted to confirm diagnosis of appendicitis, and
these included increased appendiceal diameter, wall thick-
ness and enhancement, and associated appendicolith and
periappendiceal fat stranding or collection [11].

Cases with CT-evident perforated appendicitis were then
excluded.*e CT findings indicative of perforation include a
focal defect in the enhancing appendiceal wall, surrounding
phlegmon or abscess, extraluminal air, and extraluminal
appendicolith [10].

*e reviewers were provided patient age and sex but
were blinded to the original CT report and the subsequent
surgical and histopathology reports. Any disagreements
between the three reviewers were resolved by reviewing and
discussing the images and correlating with the original CT
report.

Reference Standards. Reference standards included the
existing surgical records and histopathology reports. A
definitive diagnosis of appendicitis was determined by the
histopathologic documentation of transmural inflammation,
ulceration, or thrombosis [12]. Gangrenous appendicitis was
defined macroscopically as either a friable appendix with
green, purple, or black colour changes or microscopically as
the presence of transmural inflammation with necrosis. *e
presence of appendiceal perforation was determined by
surgical documentation of visible perforation that was not
caused by surgical handling or histopathologic documen-
tation of appendiceal wall defect due to transmural necrosis.

Statistical Analysis. A readily available statistics calculator
was used to calculate the sensitivity, specificity, positive and
negative likelihood ratios, and positive and negative pre-
dictive values of CT intraluminal gas in nonperforated
gangrenous appendicitis.

For sample size estimation, as gangrenous appendicitis is
estimated to occur in 17% of cases of acute appendicitis [5],
we had a minimum target of 100 total studies. *is would
result in an estimated 17 cases of gangrenous appendicitis and
83 cases of nongangrenous appendicitis. *is sample size
would be adequate to demonstrate a medium-to-large effect,
with an estimated power of 0.8 and an alpha value of 0.05. An
effect of this scale would be sufficient for our hypothesis.

3. Results

Demographic Information. *e PACS database search
yielded 305 patients. Of these, 135 patients had CT-diag-
nosed appendicitis prior to appendectomy within 48 hours
of the CTscans. Of these, 3 patients younger than 18 years of
age were excluded. 6 patients who underwent negative
appendicectomies (four cases of histopathologically non-
inflammed appendixes, one case of leukaemia with
appendiceal involvement, and one case of appendiceal ad-
enocarcinoma) were excluded. Finally, there were 31 cases of
CT-evident perforated appendicitis which were also
excluded.

*e final study group comprised 93 patients with a mean
(±SD) age of 49.0± 14.7 years (range, 19–95 years). *ere
were 38 women (mean age, 52.6± 16.9 years; range, 20–95
years) and 55 men (mean age, 46.6± 12.3 years; range, 19–71
years).

Retrospective Review. *ere were 57 cases of surgically or
pathologically confirmed simple (nongangrenous) acute
appendicitis and 36 cases of nonperforated gangrenous
appendicitis. *e prevalence of gangrenous appendicitis in
our study group was 39% (26/93).
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Appendiceal intraluminal air on CT was present in 26
patients (26/93; 28%) and absent in 67 (67/93; 72%).

Of the 26 with appendiceal intraluminal air detected on
CT, 14 patients (14/26; 54%) had histological/surgical evi-
dence of gangrenous appendicitis and 12 patients (12/26;
46%) did not. Of the 67 without CT findings of appendiceal
intraluminal air, 22 patients (22/67; 33%) had evidence of
gangrenous appendicitis intraoperatively or surgically and
45 patients (45/67; 67%) did not (Table 1).

Figures 1–3 exhibit cases of CT-evident acute appen-
dicitis with the presence of appendiceal intraluminal gas;
gangrenous appendicitis was confirmed intraoperatively
within 24 hours for all three patients and then histologically.
Figure 4 exhibits a false-positive case; the appendix has low-
grade surrounding fat stranding with appendiceal intra-
luminal gas; uncomplicated suppurative appendicitis was
confirmed within 24 hours both surgically and histologically.

4. Statistical Analysis

As a marker for the gangrenous appendix in nonperforated
appendicitis, intraluminal air on CT was found to have a
specificity of 79% (95% CI, 66–89%), positive likelihood
ratio of 1.85 (95% CI, 1.0–3.5), and negative predictive value
of 86% (95%CI, 82–89%) (Table 2).*e accuracy of correctly
classifying the patient’s appendicitis based on CT findings of
intraluminal gas is 72%.

5. Discussion

Gangrenous appendicitis is associated with higher rates of
complications such as perforation, abscess, and faeculent
peritonitis.*ese have significant implications in patients, as
they are associated with increased length of hospital stay,
higher morbidity and mortality, and higher rates of open
incision surgery and hospital readmission [1].

Due to the wide variation of clinical findings on ex-
amination in cases of acute appendicitis, CT has been a
useful imaging modality to decrease the rate of negative
appendicectomies and identify complicated cases such as
perforation [13, 14]. *ere are many studies researching CT
markers to differentiate perforated versus nonperforated
appendicitis. However, when there is no CT evidence of
perforation, there is scant data on whether there are CT
markers which can differentiate between acute suppurative
appendicitis and gangrenous appendicitis. It would be useful
if radiologists could make this distinction, as accurately
identifying patients with a higher risk for gangrenous
complication would warrant more urgent appendicectomies
which can, down the line, provide better service for the
patients.

It is widely acknowledged that intraluminal gas in the
appendix on CT is very commonly seen in the normal
appendix [6, 7] as well as in a smaller percentage of patients
with acute appendicitis [7, 8]. *e diagnosis of acute ap-
pendicitis is often first made utilising a combination of other
CT signs of appendiceal inflammation such as increased
appendiceal diameter (6mm), wall thickening and altered
enhancement, and associated appendicolith and

periappendiceal fat stranding or collection. In fact, it is much
more common in cases of nonperforated acute appendicitis
to have an absence of intraluminal air in the appendix (up to
66%) [7] as appendiceal inflammation from luminal ob-
struction leads to intraluminal fluid collection and dis-
placement of prominent gas locules. Histologically, this is
seen as transmural inflammation with infiltration of neu-
trophils. Further inflammation with gangrenous transfor-
mation, histologically seen as progression to focal necrosis,
can then lead to the development of new gas locules from the
gas-forming organisms, which can then be evident on CT.

Our study identified 93 consecutive patients with CT
prior to appendectomy for nonperforated acute appendicitis
between 2018 and 2019. Of these, 67 patients (67/93; 72%)
demonstrated no gas in the appendix on CT. *is is in
keeping with other studies showing that intraluminal gas is
more commonly absent in acute appendicitis. From this
subgroup, only 33 percent (22/67) had macroscopic and/or
microscopic evidence of gangrenous appendicitis. *is is
relatively less than the subgroup of patients with gangrenous
appendicitis with intraluminal gas on CT, 54 percent (14/
26).

From our results, intraluminal gas in nonperforated
acute appendicitis on CT has a moderately high specificity of
79 percent, with a negative predictive value of 86 percent.
*is means that presence of gas is suggestive of suppurative
appendicitis. As intraluminal gas may be present in either of
these pathologies, it is within expectations that this marker
has a lower sensitivity (39%) and positive predictive value
(27%).

Even so, our data suggest that patients with acute ap-
pendicitis with intraluminal gas on CT are 1.85 times more
likely to have gangrenous appendicitis and that the overall
probability that an appendix is properly classified as gan-
grenous vs suppurative based on CT findings of intraluminal
gas is 72% (62–81%).

Our study has focused on the intraluminal gas as a
standalone finding in predicting gangrenous appendicitis.
*e specificity and likelihood ratio were externally validated
and were similar to the recently published meta-analysis by
HY Kim et al., using CT features to differentiate between
complicated and uncomplicated appendicitis [11]. *e
group found that whilst being assessed in isolation, the
sensitivity for intraluminal gas in complicated appendicitis is
poor; however, if pooled with the other features of appen-
dicitis that we know of, such as periappendiceal fat stranding
and appendicolith, the presence of intraluminal gas is a
useful feature in predicting complicated appendicitis.

*e other limitations included the variability in
reporting detail within database surgical and histopatho-
logical reports contributed to uncertainty when used as a
reference standard. Only reports which stated the specific
findings of either a friable appendix with green, purple, or
black colour changes or the presence of transmural in-
flammation with necrosis were deemed positive results. *is
could have contributed to type II error and increased false-
negative cases.

*ere may also be a discrepancy between the CT images
and the surgical/histopathology reports due to
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multifactorial extrinsic delays to surgery. *e patient’s
clinical presentations which could influence management
options, were not available to us. Furthermore, CT abdo-
men scans without contrast were not excluded, and this
may have affected reporting accuracy with missed cases of
CT perforation.

Ultimately, appendicitis remains a clinical diagnosis, and
currently, CT is employed predominantly in atypical pre-
sentations to identify cases suspected to have complications
or to exclude other differentials. *is could be one of the
reasons for our study population having a higher prevalence
of gangrenous appendicitis (39%) when compared with
other studies (17%).

Whilst the sample size is smaller than what we have
initially hoped to achieve, it was calculated based on
prevalence of 17%, for 17 cases of gangrenous appendicitis.
Given the difference in prevalence of gangrenous appen-
dicitis in our cohort, this study is still considered sufficiently
powered.

Future studies in this area may include a large pro-
spective multicentre cohort study, with collaboration be-
tween radiologists, surgeons, and pathologists to create a pro
forma and standardised criteria for reporting appendicitis,
and in particular for gangrenous change.*is would provide
external validation to our hypothesis. Future studies may
also investigate gas patterns and exact location of the

Table 1: Cases of appendicitis with or without CT-detected intraluminal gas, correlated with the final histopathological report of absence or
presence of gangrenous appendicitis.

Intraluminal gas on CT Gangrenous appendicitis Nongangrenous appendicitis
Present 14 12
Absent 22 45

(a) (b)

Figure 1: A 64-year-old man with axial (a) and coronal (b) CTabdomen in the portal venous phase showing periappendiceal fat stranding
and appendiceal wall hyperenhancement, confirming the clinical suspicion of acute appendicitis. *ere is a focus of intraluminal gas in the
body of the appendix (arrow). Gangrenous appendicitis was confirmed intraoperatively and on subsequent histopathology.

(a) (b)

Figure 2: A 58-year-old woman with clinical suspicion of acute appendicitis. Coronal (a) and axial (b) CT abdomen in the portal venous
phase shows a distended appendix with periappendiceal fat stranding. *ere is intraluminal gas adjacent to the appendicolith towards the
tip. Gangrenous appendicitis was confirmed on subsequent histopathology report and intraoperatively.
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(a) (b)

Figure 3: A 45-year-old man with appendiceal intraluminal gas (arrow) on noncontrast CT in axial (a) and coronal (b) projections.
Histological and surgical evidence of gangrenous appendicitis. Note the distended appendix with a thickened wall and surrounding fat
stranding.

(a) (b)

Figure 4: A 33-year-old man with appendiceal intraluminal gas on CT (arrow). Coronal (a) and sagittal (b) CT abdomen in the portal
venous phase. *e appendix diameter is still within normal limits, but there is low-grade surrounding fat stranding. *is is a false-positive
case, with histological/surgical reports confirming uncomplicated suppurative acute appendicitis, without gangrenous complication.

Table 2: Statistical analysis of intraluminal gas in predicting gangrenous appendicitis.

Statistics Value 95% confidence interval
Specificity 78.95% 66.1–88.6%
Sensitivity 38.89% 23.1–56.5%
Negative likelihood ratio 0.77 0.6–1.0
Positive likelihood ratio 1.85 1.0–3.5
Negative predictive value∗ 86.32% 82.5–89.4%
Positive predictive value∗ 27.45% 16.5–42.0%
∗Disease prevalence� 17% [5] (Emil 2012).
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appendiceal gas and the relationship of this CTmarker with
the development of complications (e.g., abscess, perforation,
and peritonitis) depending on CT to surgery time. *is
would aim to provide further evidence for utilising this sign
to triage patients for urgent appendicectomies.

6. Conclusion

*is finding of intraluminal air as an indicator of gangre-
nous appendicitis is not well known amongst the radiology
community, and the manuscript hopes to increase the
awareness of this CT feature in the setting of acute ap-
pendicitis. Our study demonstrates a moderately high level
of specificity (79%) but low sensitivity of intraluminal gas as
a CT marker for gangrenous appendicitis in the setting of
acute, nonperforated appendicitis. If there is intraluminal
gas present, the appendix is 1.9 times more likely to be
gangrenous, with moderate accuracy.

What is more important is that combined with other CT
findings for acute appendicitis such as increased appendiceal
diameter, wall enhancement, or adjacent fat stranding,
intraluminal air is an important CT tool as it is a good
predictor for gangrenous complication, before progression
to perforated appendicitis [11]. *erefore, the presence of
this sign in patients is an important feature for radiologists to
note and convey to our surgical colleagues, to prompt amore
timely surgical management and a better patient outcome.
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Data are available from the corresponding author on
request.

Ethical Approval

Ethical approval was granted for this project by the Insti-
tutional Human Research Ethics Committee (R20190408).

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

References

[1] T. Arthur, R. Gartrell, B. Manoharan et al., “Emergency ap-
pendicectomy in Australia: findings from a multicentre,
prospective study,” ANZ Journal of Surgery, vol. 87, no. 9,
pp. 656–660, 2017.

[2] O. O. Rasmussen and J. Hoffmann, “Assessment of the re-
liability of the symptoms and signs of acute appendicitis,”
Journal of the Royal College of Surgeons of Edinburgh, vol. 36,
no. 6, pp. 372–377, 1991 Dec 1.

[3] Australian Commission on Safety and Quality in Health Care,
Australian Atlas of Heathcare Variation 2017: 4.5 Appendi-
cectomy, pp. 293–304, Sydney, NSW, 2017, https://www.
safetyandquality.gov.au/sites/default/files/migrated/4.5-
Appendicectomy.pdf.

[4] D. P. Ariza, E. M. Chamorro, J. C. Zornoza et al., Intraluminal
Gas in Non-perforated Acute Appendicitis: A CT Sign of
Gangrenous Appendicitis, European Congress of Radiology-
ECR, 2012.

[5] S. Emil, F. Gaied, A. Lo et al., “Gangrenous appendicitis in
children: a prospective evaluation of definition, bacteriology,
histopathology, and outcomes,” Journal of Surgical Research,
vol. 177, no. 1, pp. 123–126, 2012.

[6] T. Rettenbacher, A. Hollerweger, P. Macheiner et al., “Pres-
ence or absence of gas in the appendix: additional criteria to
rule out or confirm acute appendicitis-evaluation with US,”
Radiology, vol. 214, no. 1, pp. 183–187, 2000.

[7] M. Cabarrus, Y.-L. Sun, J. L. Courtier, J. W. Stengel,
F. V. Coakley, and E. M. Webb, “*e prevalence and patterns
of intraluminal air in acute appendicitis at CT,” Emergency
Radiology, vol. 20, no. 1, pp. 51–56, 2013.

[8] H. C. Kim, D. M. Yang, S. W. Kim, and S. J. Park, “Reas-
sessment of CT images to improve diagnostic accuracy in
patients with suspected acute appendicitis and an equivocal
preoperative CT interpretation,” European Radiology, vol. 22,
no. 6, pp. 1178–1185, 2012.

[9] R. R. Van Rijn, “Imaging pediatric appendicitis: time to put
the discussion to bed?” Radiology, vol. 286, no. 3,
pp. 1030–1032, 2018.

[10] M.M. Horrow, D. S.White, and J. C. Horrow, “Differentiation
of perforated from nonperforated appendicitis at CT,” Ra-
diology, vol. 227, no. 1, pp. 46–51, 2003.

[11] H. Y. Kim, J. H. Park, Y. J. Lee, S. S. Lee, J.-J. Jeon, and
K. H. Lee, “Systematic review andmeta-analysis of CTfeatures
for differentiating complicated and uncomplicated appendi-
citis,” Radiology, vol. 287, no. 1, pp. 104–115, 2018.

[12] A. Bhangu, K. Søreide, S. Di Saverio, J. H. Assarsson, and
F. T. Drake, “Acute appendicitis: modern understanding of
pathogenesis, diagnosis, and management,” 6e Lancet,
vol. 386, no. 10000, pp. 1278–1287, 2015.

[13] S. Akbulut, C. Koc, T. T. Sahin et al., “An investigation into the
factors predicting acute appendicitis and perforated appen-
dicitis,” Ulus Travma Acil Cerrahi Derg, vol. 27, no. 3,
pp. 315–324, 2021.

[14] A. S. Raja, C. Wright, A. D. Sodickson et al., “Negative ap-
pendectomy rate in the era of CT: an 18-year perspective,”
Radiology, vol. 256, no. 2, pp. 460–465, 2010.

6 Radiology Research and Practice

https://www.safetyandquality.gov.au/sites/default/files/migrated/4.5-Appendicectomy.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/4.5-Appendicectomy.pdf
https://www.safetyandquality.gov.au/sites/default/files/migrated/4.5-Appendicectomy.pdf

