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Abstract

Introduction

There are a variety of conflicting recommendations in the literature for pre-operative imaging in acute
appendicitis. There is debate over what the ideal imaging protocol is to lower the negative appendicectomy
rate (NAR) without increasing missed appendicitis. The aim of this study is to compare the audited NAR
between two groups with different imaging approaches: (i) mandatory pre-operative computed tomography
(CT) imaging and (ii) selective imaging with CT, ultrasound (US), or no imaging prior to appendicectomy.

Materials and methods

A retrospective chart audit was conducted of 400 patients who underwent an appendicectomy at two
hospitals with different approaches to pre-operative imaging (hospital A and hospital B). The primary
outcome measure was histologically confirmed appendicitis. It was also documented whether there was
radiological (CT or US) evidence of appendicitis.

Results

At hospital A, all 200 patients underwent CT imaging prior to appendicectomy. The total histologically
confirmed NAR for this group was 9.5% (19/200). At hospital B, 97 (48.5%) patients underwent CT, 41 (25.5%)
underwent US, 10 (5%) had both US and CT, and 52 (26%) had no imaging. The total NAR was 11.5%
(23/200).

Conclusion

There was no statistically significant difference (p=0.62) in audited NARs when comparing clinician-guided
selective imaging versus routine CT imaging for all patients undergoing appendicectomy.

Categories: Emergency Medicine, Radiology, General Surgery
Keywords: imaging, computer tomography, ultrasonography, appendectomy, negative appendectomy rate,
appendicitis

Introduction

The reported negative appendicectomy rate (NAR) for acute appendicitis is variable and ranges from 10-40%
[1-3]. A NAR of 10% is generally considered acceptable in practice, with an aim to reduce the number of
missed appendicitis cases and subsequent complications (including perforation). However, a negative
appendicectomy is associated with unnecessarily longer hospital admission, morbidity, cost, and use of
health system resources [4,5]. To reduce the NAR, numerous authors advocate for the use of ultrasound (US)
and/or computed tomography (CT). However, there is debate over the ideal imaging protocol for lowering
the NAR without increasing the rate of missed appendicitis.

Several authors have reported a reduction in NAR with the introduction of CT imaging [6-9]. Given that pre-
operative CT scanning is becoming more accessible and that the risk associated with modern CT radiation
has declined [10], many propose routine CT scan to reduce NARs [4,11].

Alternatively, other studies endorse US as the first-line imaging for patients with suspected appendicitis [3].
The 2010 guidelines released by the Dutch College of Surgeons recommended that prior to appendicectomy
all patients should undergo US imaging, followed by CT if the US is negative or inconclusive [12].

Various other recommendations have been proposed in the literature, including CT or US only for diagnostic
uncertainty [13] and routine CT for male patients with selective imaging for female patients [2,14]. Other
authors argue that clinical assessment unaided by CT reliably identifies patients requiring operative
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management and that pre-operative imaging causes avoidable delay [15]. Finally, the use of diagnostic
laparoscopy for patients with negative imaging findings and an unclear clinical picture has been safely
described without increasing the risk of complications [16,17].

This audit examines the NAR associated with different imaging protocols at two hospitals located in the
same regional town. At hospital A, routine pre-operative CT was implemented following an internal audit
that found the NAR was 17% with clinical diagnosis by five specialist general surgeons versus 1% with CT.
This finding is comparable to reports in the literature of improved NAR with the use of CT [6,9]. On the
other hand, hospital B employs a selective imaging approach where patients may undergo no imaging, US
and/or CT based on clinical assessment prior to appendicectomy. The aim of this audit is to compare the
NAR with both imaging protocols.

Materials And Methods

A retrospective chart review was conducted of 400 consecutive patients aged 18 and over, who underwent
appendicectomy at two regional hospitals, Mater Townsville and Townsville University Hospital, during
2017-2018. Both hospitals are located in Townsville in Queensland, Australia; however, there were
significant differences between the two institutions. Approval for the study was given by Townsville
University Hospital Human Research Ethics Committee (approval number: LNR/QTHS/60983).

Mater Townsville (Hospital A) is a private hospital with easy access to imaging and consultant surgeon
management of patients. Here, all patients undergo CT imaging reported by a consultant radiologist prior to
appendicectomy. All histology was performed by a consultant pathologist. Townsville University Hospital
(Hospital B), on the other hand, is a public hospital with higher demands for imaging and longer wait times.
Depending on clinical assessment, patients may undergo no imaging, US, CT, or both prior to
appendicectomy. Patients are initially managed by surgical registrars, at variable stages in their training,
under the supervision of consultant surgeons. Imaging is primarily reported by a training radiology registrar
and later reviewed by a consultant radiologist. Some consultant surgeons and radiologists work at hospitals
A and B. All histology was performed by a consultant pathologist.

Data collected included patient demographics (age and gender), imaging performed (CT, US, or both),
whether imaging was positive or negative for appendicitis, and histologically confirmed or disproved
appendicitis. All CT scans were performed with contrast.

Inclusion and exclusion criteria

All adult patients 18 years and over who underwent an emergency appendicectomy were included in the
study. Exclusion criteria were: pregnant patients, incidental appendicectomy during an unrelated procedure,
and patients undergoing elective interval appendicectomy.

Statistical analysis

The primary outcome measure was NAR based on histological diagnoses. The secondary outcome was
radiological diagnosis by US and/or CT. Statistical significance for the analysis of dichotomous variables was
determined using Pearson chi-square tests with a 0.05% significance.

Results
Hospital A

At hospital A, 200 appendicectomies were audited. The results are demonstrated in Table I. There were 102
(51%) male patients and the mean age was 46 years (range 18-80). All 200 patients had a CT prior to
appendicectomy. Of these patients, 182 (91%) had CT-confirmed acute appendicitis and 18 (9%) were
radiologically negative for appendicitis. The total histologically-confirmed NAR for this hospital was 9.5%
(19 patients).
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Imaging (CT) finding
CT positive
CT negative

Total

Pathology positive Pathology negative Total
178 4 182
3 15 18
181 19 (9.5%)t 200

TABLE 1: Hospital A: radiological and pathological findings (histologically confirmed

appendicitis)

1 represents negative appendicectomy rate (NAR)

Imaging finding
Radiology positive
Radiology negative

Total

In the patient population with CT-diagnosed appendicitis, there was a NAR of 2.2% (four out of 182). Three
out of 18 patients who had CT scans negative for appendicitis had histologically confirmed appendicitis, a
rate of 1.5% radiologically missed appendicitis.

Hospital B

At hospital B, 200 appendicectomies were performed. The results demonstrating the imaging prior to
appendectomy are shown in Table 2. There were 91 male patients (45.5%) and the mean age was 39 years
(range 18-79). Fifty-two patients (26%) were assessed clinically to have appendicitis and proceeded to
operation without imaging. Forty-one patients (25.5%) underwent US only, 97 patients (48.5%) had a CT
scan only, and 10 patients (5%) underwent both US and CT scans prior to appendicectomy. Table 3
demonstrates the results based on the imaging and pathological findings.

No Imaging US only CT only US and CT
- 24 90 10

- 17 7 0

52 41 97 10

TABLE 2: Hospital B: imaging prior to appendicectomy
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Imaging Pathology positive Pathology negative Total
No imaging 42 10 (19.2%) 52

US scan only

Positive US 23 1 24
Negative US 10 7 17
Total 33 8 (19_5%T) 41
CT scan only

Positive CT 88 2 90
Negative CT 4 3 7
Total 92 5 (5.2%1) 97

Both US and CT scan

Positive imaging 10% 0 10
Negative imaging 0 0 0
Total 10 0 (0%T) 10
Total 177 23 200

TABLE 3: Hospital B: imaging and pathological findings (histologically confirmed appendicitis)

1 represents negative appendicectomy rate (NAR); T eight CT positive and two US positive

No-imaging Group

Ten out of the 52 patients who underwent no imaging had a normal appendix histologically, a NAR of 19.2%.
US-only Group

Of the 41 patients who underwent US scans only, 24 (58.3%) were radiologically positive for appendicitis and
17 (41.4%) were radiologically negative. The NAR for patients examined by ultrasound alone was 19.5%
(eight out of 41 patients).

CT-only Group

In the CT-only group, 90 (92.8%) had CT-proven appendicitis. The NAR for patients who underwent a CT was
5.2% (five out of 97). In patients who had a CT positive for appendicitis, the NAR was 2.2% (two out of 90
patients), the same as hospital A. Four out of seven patients had CT missed appendicitis (4%).
Both-CT-and-US Group

Of the 10 patients who underwent both US and CT imaging at hospital B, all 10 patients were radiologically
positive for appendicitis. Eight out of 10 had a positive CT scan and two out of 10 had a positive US scan.

The NAR for this group was 0%.

The total NAR for hospital B was 11.5% (23 out of 200 patients).

Overall NAR

The NAR at hospitals A and B are shown in Table 4. The total NAR for both hospitals is comparable, with
routine use of CT imaging at hospital A having a NAR of 9.5% (95%CI 5.4-13.5%) and selective imaging at
hospital B having a NAR of 11.5% (95%CI 7.1-15.9). There was no statistically significant difference between
routine CT imaging and selective imaging for acute appendicitis (p = 0.62).
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Pathology findings
Pathology Positive
Pathology Negative

Total

Hospital A Hospital B Total
181 177 358
19 (9.5%") 23 (11.5%") 42
200 200 400

TABLE 4: Overall NAR in hospital A and hospital B

1 represents negative appendicectomy rate (NAR)

Discussion

This study compared the audited NAR at two hospitals with different imaging policies prior to
appendicectomy. Mandatory pre-operative CT at hospital A and selective imaging at hospital B were
associated with a NAR of 9.5% and 11.5%, respectively. There was no statistically significant difference in
NAR (p=0.62).

There are multiple reports in the literature of improved NAR with CT [6,9]. Rao et al. presented one of the
earliest studies in 1999 showing a decrease in NAR from 20% to 7% with the use of CT [8]. A meta-analysis of
28 studies in 2011 reported an average NAR of 16.7% with clinical evaluation alone versus 8.7% with the use
of CT [7]. This is comparable to the 2012-2014 internal audit at hospital A that found a NAR of 17% with
clinical diagnosis and 1% with CT.

At hospital B, the NAR in the clinical assessment group was 19.2% versus 5.4% in patients who underwent
CT. An internal audit performed at hospital B in 2012 found the overall NAR was 28% when CT was used in
38% of cases, compared with 11.5% in this current audit with CT used in 48.5% of cases. These findings and
our results further support the use of pre-operative CT imaging to reduce NAR, but not necessarily routine
use of CT.

There are limited studies investigating NAR with mandatory CT versus selective imaging. A large 18-year
retrospective study compared the NAR where CT was used in 1% of cases (1990-1994) with CT in 97.5%
(2003-2007). The NAR improved from 23% to 1.7% with the frequent use of CT [18]. In 2007, Lee et al.
performed a randomised controlled trial comparing selective and mandatory CT in the evaluation of right
lower quadrant pain. For the 82 patients who underwent appendicectomy, there was a NAR of 13.9% in the
selective CT group versus 2.6% in the mandatory group. Although this was not a statistically significant
finding, the result showed a trend toward improvement in NAR with pre-operative CT [11]. These findings
differ from the results of the present study, where there was no significant difference between audited NAR
in routine CT versus selective imaging.

If clinicians had followed the imaging result alone, the NAR would be significantly lower with mandatory CT
at hospital A (2.2%) compared to selective imaging at hospital B (9.5%). However, this would come at the
expense of patients who had a falsely negative CT (i.e. radiologically missed appendicitis). Between the two
hospitals, 25 patients proceeded to appendicectomy despite having a CT negative for appendicitis. Of these,
three out of 18 at hospital A and four out of seven at hospital B with a negative CT had histologically
confirmed appendicitis. Although clinical input was associated with a higher NAR, this was necessary to
avoid missed appendicitis and the associated morbidity for these seven patients (1.75%).

A similar number of patients had a falsely negative CT at both hospitals; however, significantly more patients
with a negative CT underwent appendicectomy at hospital A (18 versus seven). It is beyond the scope of this
audit to assess why patients with a negative CT scan underwent an appendicectomy. However, we
hypothesise that contributing factors may include persistent symptoms, repeat presentations with right iliac
fossa pain, and high clinical suspicion resulting in diagnostic laparoscopy and appendicectomy.

At hospital B, 20.5% of patients underwent US only prior to appendicectomy, 85.4% of these patients were
female. There are mixed reports in the literature on the diagnostic use of US prior to appendicectomy. A
prospective study of 139 patients in Spain published in 2019 reported a NAR of 0% with routine US prior to
appendicectomy [19]. Conversely, in 2016, Sauvain et al. retrospectively analysed 2559 Swiss patients and
found CT significantly reduced NAR (9.3% to 5%), but there was no significant difference with the use of US
[20].

In the present study, the use of US at hospital B resulted in a NAR of 19.5%, which was similar to the NAR of
19.2% for patients who had no imaging prior to appendicectomy. An inconclusive US held little value in
determining whether a patient had appendicitis or not, with a negative predictive value of 41.18%. However,
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a positive US was useful with a positive predictive value of 95.83%.

Interestingly, the NAR for patients who underwent both US and CT imaging was 0%. However, within this
group, 80% of CT scans and only 20% of US scans were positive for appendicitis. It is not possible to make
further comments on this group due to the small sample size of 10 patients.

This study is limited by the fact that it is a retrospective audit. Therefore, other factors were not included in
data collection including associated cost, clinical reasoning for the choice of selective imaging, reasons for
diagnostic laparoscopy, presence or absence of intraabdominal abscess formation, or conversion to open
procedure. US reports are often variable and subjective; a positive or negative radiographic finding can
depend on the experience of the sonographer and this was not examined. Histology reports can be
subjective; however, the reports in this study were binary for histology-confirmed or excluded appendicitis.
Patients who underwent a CT and did not progress to appendicectomy were also not included.

Conclusions

In this retrospective audit, there was no difference in NAR between routine CT imaging and selective
imaging (including no imaging, US, and/or CT). Routine CT imaging was not associated with a reduction in
NAR when overriding clinical judgment is used. These results also highlight the importance of clinical
judgment in preventing missed appendicitis due to false negative imaging.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Townsville University
Hospital Human Research Ethics Committee, Townsville, Australia issued approval LNR/QTHS/60983.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Colson M, Skinner KA, Dunnington G: High negative appendectomy rates are no longer acceptable .
American journal of surgery. 1997, 174:723-6. 10.1016/s0002-9610(97)00183-9

2. Hershko DD, Sroka G, Bahouth H, Ghersin E, Mahajna A, Krausz MM: The role of selective computed
tomography in the diagnosis and management of suspected acute appendicitis. Am Surg. 2002, 68:1003-7.

3. Toorenvliet BR, Wiersma F, Bakker RF, Merkus JW, Breslau PJ, Hamming JF: Routine ultrasound and limited
computed tomography for the diagnosis of acute appendicitis. World J Surg. 2010, 34:2278-85.
10.1007/s00268-010-0694-y

4. D'Souza N, Marsden M, Bottomley S, Nagarajah N, Scutt F, Toh S: Cost-effectiveness of routine imaging of
suspected appendicitis. Ann R Coll Surg Engl. 2018, 100:47-51. 10.1308/rcsann.2017.0132

5. LuY, Friedlander S, Lee SL: Negative appendectomy: clinical and economic implications . Am Surg. 2016,
82:1018-22.

6. DeArmond GM, Dent DL, Myers JG, Chopra S, Mumbower AL, Kumar A, Stewart RM: Appendicitis: selective
use of abdominal CT reduces negative appendectomy rate. Surg Infect (Larchmt). 2003, 4:213-8.
10.1089/109629603766957013

7. Krajewski S, Brown J, Phang PT, Raval M, Brown CJ: Impact of computed tomography of the abdomen on
clinical outcomes in patients with acute right lower quadrant pain: a meta-analysis. Can J Surg. 2011, 54:43-
53.10.1503/cjs.023509

8. Rao PM, Rhea JT, Rattner DW, Venus LG, Novelline RA: Introduction of appendiceal CT: impact on negative
appendectomy and appendiceal perforation rates. Ann Surg. 1999, 229:344-9. 10.1097/00000658-
199903000-00007

9. Webb EM, Nguyen A, Wang Z], Stengel JW, Westphalen AC, Coakley FV: The negative appendectomy rate:
who benefits from preoperative CT?. AJR Am ] Roentgenol. 2011, 197:861-6. 10.2214/AJR.10.5369

10.  Smith-Bindman R, Lipson ], Marcus R, et al.: Radiation dose associated with common computed tomography
examinations and the associated lifetime attributable risk of cancer. Arch Intern Med. 2009, 169:2078-86.
10.1001/archinternmed.2009.427

11. Lee CC, Golub R, Singer AJ, Cantu R Jr, Levinson H: Routine versus selective abdominal computed
tomography scan in the evaluation of right lower quadrant pain: a randomized controlled trial. Acad Emerg
Med. 2007, 14:117-22. 10.1197/j.aem.2006.08.007

12.  Bakker OJ, Go PM, Puylaert |B, Kazemier G, Heij HA: Guideline on diagnosis and treatment of acute
appendicitis: imaging prior to appendectomy is recommended (Article in Dutch). Ned Tijdschr Geneeskd.
2010, 154:A303.

13.  Unlii C, de Castro SM, Tuynman JB, Wiist AF, Steller EP, van Wagensveld BA: Evaluating routine diagnostic
imaging in acute appendicitis. Int J Surg. 2009, 7:451-5. 10.1016/}.ijsu.2009.06.007

14. Bendeck SE, Nino-Murcia M, Berry GJ, Jeffrey RB Jr: Imaging for suspected appendicitis: negative
appendectomy and perforation rates. Radiology. 2002, 225:131-6. 10.1148/radiol.2251011780

2022 Symonds et al. Cureus 14(12): €32389. DOI 10.7759/cureus.32389 60f7


https://dx.doi.org/10.1016/s0002-9610(97)00183-9
https://dx.doi.org/10.1016/s0002-9610(97)00183-9
https://pubmed.ncbi.nlm.nih.gov/12455796/
https://dx.doi.org/10.1007/s00268-010-0694-y
https://dx.doi.org/10.1007/s00268-010-0694-y
https://dx.doi.org/10.1308/rcsann.2017.0132
https://dx.doi.org/10.1308/rcsann.2017.0132
https://pubmed.ncbi.nlm.nih.gov/27779997/
https://dx.doi.org/10.1089/109629603766957013
https://dx.doi.org/10.1089/109629603766957013
https://dx.doi.org/10.1503/cjs.023509
https://dx.doi.org/10.1503/cjs.023509
https://dx.doi.org/10.1097/00000658-199903000-00007
https://dx.doi.org/10.1097/00000658-199903000-00007
https://dx.doi.org/10.2214/AJR.10.5369
https://dx.doi.org/10.2214/AJR.10.5369
https://dx.doi.org/10.1001/archinternmed.2009.427
https://dx.doi.org/10.1001/archinternmed.2009.427
https://dx.doi.org/10.1197/j.aem.2006.08.007
https://dx.doi.org/10.1197/j.aem.2006.08.007
https://www.ntvg.nl/artikelen/richtlijn-voor-diagnostiek-en-behandeling-van-acute-appendicitis
https://dx.doi.org/10.1016/j.ijsu.2009.06.007
https://dx.doi.org/10.1016/j.ijsu.2009.06.007
https://dx.doi.org/10.1148/radiol.2251011780
https://dx.doi.org/10.1148/radiol.2251011780

Cureus

15.

16.

17.

18.

19.

20.

Hong JJ, Cohn SM, Ekeh AP, Newman M, Salama M, Leblang SD: A prospective randomized study of clinical
assessment versus computed tomography for the diagnosis of acute appendicitis. Surg Infect (Larchmt).
2003, 4:231-9. 10.1089/109629603322419562

Serensen AK, Bang-Nielsen A, Levic-Souzani K, et al.: Readmission and reoperation rates following negative
diagnostic laparoscopy for clinically suspected appendicitis: the "normal" appendix should not be removed -
a retrospective cohort study. Int J Surg. 2019, 64:1-4. 10.1016/j.ijsu.2019.02.001

Mulita F, Plachouri KM, Liolis E, Kehagias D, Kehagias I: Comparison of intra-abdominal abscess formation
after laparoscopic and open appendectomy for complicated and uncomplicated appendicitis: a retrospective
study. Wideochir Inne Tech Maloinwazyjne. 2021, 16:560-5. 10.5114/wiitm.2021.103942

Raja AS, Wright C, Sodickson AD, et al.: Negative appendectomy rate in the era of CT: an 18-year
perspective. Radiology. 2010, 256:460-5. 10.1148/radiol.10091570

Benedetto G, Ferrer Puchol MD, Llavata Solaz A: Suspicion of acute appendicitis in adults. The value of
ultrasound in our hospital. Radiologia (Engl Ed). 2019, 61:51-9. 10.1016/j.rx.2018.08.007

Sauvain MO, Slankamenac K, Muller MK, et al.: Delaying surgery to perform CT scans for suspected
appendicitis decreases the rate of negative appendectomies without increasing the rate of perforation nor
postoperative complications. Langenbecks Arch Surg. 2016, 401:643-9. 10.1007/s00423-016-1444-x

2022 Symonds et al. Cureus 14(12): €32389. DOI 10.7759/cureus.32389

7of7


https://dx.doi.org/10.1089/109629603322419562
https://dx.doi.org/10.1089/109629603322419562
https://dx.doi.org/10.1016/j.ijsu.2019.02.001
https://dx.doi.org/10.1016/j.ijsu.2019.02.001
https://dx.doi.org/10.5114/wiitm.2021.103942
https://dx.doi.org/10.5114/wiitm.2021.103942
https://dx.doi.org/10.1148/radiol.10091570
https://dx.doi.org/10.1148/radiol.10091570
https://dx.doi.org/10.1016/j.rx.2018.08.007
https://dx.doi.org/10.1016/j.rx.2018.08.007
https://dx.doi.org/10.1007/s00423-016-1444-x
https://dx.doi.org/10.1007/s00423-016-1444-x

	Routine Computed Tomography Versus Selective Imaging: An Audit of Negative Appendicectomy Rates in Two Hospitals
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Inclusion and exclusion criteria
	Statistical analysis

	Results
	Hospital A
	TABLE 1: Hospital A: radiological and pathological findings (histologically confirmed appendicitis)

	Hospital B
	TABLE 2: Hospital B: imaging prior to appendicectomy
	TABLE 3: Hospital B: imaging and pathological findings (histologically confirmed appendicitis)

	Overall NAR
	TABLE 4: Overall NAR in hospital A and hospital B


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


