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Acute appendicitis in overweight patients:
the role of preoperative imaging
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Abstract

Background: The diagnosis of acute appendicitis in overweight patients is challenging due to the limited value of the

clinical examination. The benefits of ultrasonography and abdominal CT have been studied in the general population,

but there is limited data regarding their use in overweight and obese patients with suspected appendicitis. This study

analyzes the role of preoperative radiological modalities in overweight patients with suspected appendicitis.

Methods: Retrospective analysis of a prospectively acquired database including 705 patients operated for suspected

acute appendicitis. Patients were divided into two groups according to their BMI (BMI ≥25 kg/m2 (n = 242) and BMI

<25 kg/m2 (n = 463)). The use of preoperative radiological modalities, laboratory findings and outcome parameters

were analyzed.

Results: Ultrasonography was the preferred radiological assessment in our cohort (68 % in BMI <25 kg/m and 52.4 % in

BMI ≥25 kg/m2). However, it was non-conclusive in 42 % of overweight as compared to 6 % in patients with a BMI < 25

(p < 0.0001). This difference was particularly obvious between female patients (8 % of non-conclusive US for BMI <25 kg/

m2 vs 52 % for BMI ≥25 kg/m2, p < 0.0001). Significantly more CT scans were performed in overweight patients (37 % vs.

20 %; p <0.0001). The accuracy of CT did not differ according to BMI (85 % vs. 88 %; p = 0.76). Preoperative radiological

imaging did not significantly delay surgery. Laparoscopy was the preferred approach for both groups (98.2 % vs 98.7 %,

P = 0.86) with an overall conversion rate of 4 %. The overall rate of negative appendectomy was 10 %.

Conclusions: The role of ultrasonography in patients with BMI ≥25 kg/m2 with suspected acute appendicitis is

questionable due to its high rate of non-conclusive findings. Therefore, abdominal CT scans should be preferred to

investigate suspected appendicitis in overweight patient if clinical findings are not conclusive.
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Background

In Switzerland, 51 % of men and 32 % of women present

a Body Mass Index (BMI) ≥25 kg/m2 and the percentage

of obese patients (BMI ≥30 kg/m2) nearly doubled over

the last 20 years [1]. Overweight patients presenting with

an acute abdomen are a real challenge for clinicians as

larger volumes of intra-abdominal and subcutaneous fat

can affect the accuracy of physical examination [2–4].

The benefits of ultrasonography and abdominal CT scan

in the diagnosis of acute appendicitis have been studied

in the general population [5–14]. However, there is lim-

ited data regarding their role in overweight patients with

suspected acute appendicitis [4].

The aim of this study was to analyze the role of pre-

operative radiological modalities in overweight patients

with suspected appendicitis.

Methods

We present a retrospective analysis of a prospectively

acquired database of all consecutive patients operated

for suspected appendicitis at a teaching hospital between

January 2005 and March 2011. The data are part of a

quality assessment project held by the “Verein outcome”

(http://www.vzk-qualitaetsbericht.ch/). This non-profit

organization was founded by the State of Zurich to
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monitor the health care quality of various interventions

in public hospitals. Included were all patients older than

16 years operated for suspected appendicitis.

The “Verein outcome” did not give recommenda-

tions on any aspect of the medical process. The indi-

cation for surgery was made by the attending surgeon

on call based on the patient’s personal history, clinical

status, imaging and laboratory findings. There was no

standardized diagnostic algorithm or predefined surgi-

cal strategy. Indication for radiological investigations

was at the discretion of the surgeon.

The following variables were collected: age, gender, BMI,

laboratory parameters (white blood count, C-reactive pro-

tein), histological findings, preoperative radiological mo-

dalities when used, operation method, delay between

admission and surgical incision. This time difference be-

tween admission and surgery was used to calculate the

door to scalpel time. Surgical specimens were analyzed by

a trained pathologist and classified as no appendicitis or

appendicitis.

The data collection was anonymized and collected by

the outcome association in accordance with the local

ethical comity.

The term non-conclusive was used when the radio-

logical report could neither confirm nor exclude an ap-

pendicitis. We determined the accuracy of the radiological

modality by comparing to histological findings and the

radiological reports.

All parametric data are presented as median values with

interquartile rages (IQR). Comparison of data between

groups of patients was performed using the Chi square

test for discrete variables and the Mann- Whitney-U-test/

Student’s t-Test for parametric data. A p-value <0.05 was

considered significant.

Results

Patient demographics

A total of 805 consecutive patients were diagnosed for

suspected acute appendicitis and underwent appendec-

tomy. One hundred patients were excluded for the

following reasons: 99 had no BMI in the database and

one patient was transferred to another hospital before

surgery. In total, 705 patients with complete data were

included in the final analysis (Table 1). The median age

was 33 (25–43) years. Three hundred eighty-eight

patients (55 %) were male and 317 were female (45 %).

Patients were divided in two groups according to their

BMI with a cut off value of 25 kg/m2, corresponding to

the overweight value defined by the WHO [15]. Four hun-

dred sixty-three patients (66 %) had a BMI <25 kg/m2 and

242 (34 %) were overweight or obese. The BMI <25 group

had a median BMI of 22 kg/m2 (20–23) whereas the BMI

≥25 group had a median BMI of 28 kg/m2 (26–31).

Patients within the former group were younger (29 years

(23–38) vs. 37 years (30–51); p < 0.0001). The overweight

group was composed of 157 men (65 %) and 85 females

(35 %), whereas in the Group with a BMI < 25 kg/m2 the

gender distribution was even (231male vs 232 female).

The laboratory parameters indicative for inflammation did

not show any clinically relevant differences between both

groups (Table 1).

Pre-operative imaging

Pre-operative imaging was performed in 624 patients

(89 %). Eighty-one patients (11 %) were operated without

preoperative imaging, among which 28 patients were fe-

males (35 %) and 53 were males (65 %; p = 0.6). Only 44

females (51 %) in the BMI ≥25 group were operated

without CT scan compared to 190 (81 %) in the other

group (p < 0.0001) (Table 2). Ultrasonography and CT-

scan were used as single radiological modality in 443

(63 %) and 101 (14 %) patients, respectively.

Pre-operative imaging by BMI

Three hundred sixteen (68 %) BMI <25 patients and 127

(52 %) BMI ≥25 patients were assessed by ultrasonog-

raphy (p < 0.0001). In the latter group ultrasonography

was significantly more often used for male than female

(72 % vs. 28 % respectively; p < 0.0001). Sixty patients

(25 %) underwent CT in the BMI ≥25 group, whereas 41

(9 %) patients in the BMI <25 group (p < 0.0001). In 80

(11 %) patients, ultrasonography and computed tomog-

raphy were performed at the same frequency within both

groups (11 % vs. 12 %, p = 0.25) (Table 2).

Table 1 Patients demographics

BMI <25 kg/m2 BMI≥25 kg/m2
p-value

N (%) 463 (66 %) 242 (34 %) -

BMI kg/m2 (median) 22 (20–23) 28 (26–31) ≤0.0001

Age (years) 29 (23–39) 37 (30–51) ≤ 0.0001

Gender (male/female) 231/232 157/85 ≤ 0.0001

Leucocytes count (103 G/l) 13.2 (10.6–15.8) 13.1 (10.6–16.0) 0.52

CRP (mg/l) 21 (5.0–70.0) 27.0 (8.9–95.5) 0.02

Door to scalpel time (min) 485 (335–720) 508 (354–757) 0.63

All results presented in median (interquartile range)

Table 2 Pre-operative imaging according to BMI

BMI < 25 kg/m2 BMI≥ 25 kg/m2
p-value

No radiological examination 55 (11.9 %) 26 (10.7 %) 0.75

Sonography only (%) 316 (68.2 %) 127 (52.4 %) <0.0001

CT only (%) 41 (8.8 %) 60 (24.7 %) <0.0001

Both: sonography & CT (%) 51 (11 %) 29 (12 %) 0.25

No CT in female 190 (81 %) 44 (51 %) <0.0001
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Accuracy of the radiological modality

If ultrasonography was performed the diagnosis of ap-

pendicitis was confirmed histologically in 61 % in the

BMI <25 group (Table 3). The percentage of non-

conclusive ultrasonography increased from 6 % for BMI

<25 up to 42 % for BMI ≥25 patients (p < 0.0001). The

rate of non-conclusive ultrasonography increased espe-

cially for overweight female patients (52 % vs 8 % for

BMI <25, respectively p < 0.0001).

The accuracy of CT did not differ according to BMI (88 %

in BMI <25 group vs. 85 % in BMI ≥25 group; p= 0.76). Re-

gardless of the BMI, CT scan was more accurate for male

patients (91 and 90 % in BMI <25 and BMI ≥25) than for

female patients (82 and 80 %, respectively).

Operative data and histological findings

Laparoscopic appendectomy was performed on 694

(98 %) patients with a conversion rate of 4 % (n = 27)

(Table 4). The surgical approach did not differ signifi-

cantly between both groups (98.2 and 98.7 % laparo-

scopic appendectomy (p = 0.22) for BMI < 25 and ≥25,

respectively). The conversion rate was higher in the BMI

<25 group than the BMI ≥25 group without reaching

significance (5 %, n = 21 vs. 2.6 %, n = 6; p = 0.25).

The overall rate of negative appendectomy was 10 %.

The rate of negative appendectomy did not differ be-

tween overweight and non-overweight patients (Table 4).

In patients without any preoperative imaging appendi-

citis was confirmed by pathology in 94 % of the cases

independently of both BMI (91 and 100 % for BMI <25

and ≥25 respectively, p = 0.27) and gender (female 90

and 96 % male, p = 0.33) (data not shown).

Door to scalpel time

The median door to scalpel time in our cohort is

495 min (340-740) and does not significantly differ

between groups (Table 1). Moreover, in both groups the

preoperative imaging did not delay surgery (Table 5). It

took no longer if ultrasonography (500 min.; p = 0.87),

CT scan (490 min.;p = 0.71) or both investigation were

performed (513 min.; p = 0.59) compared to no imaging

455 min.

Discussion

This study demonstrated that the BMI influenced the

choice of primary preoperative imaging in patients

with suspected appendicitis. Patients with a BMI

≥25 kg/m2 had nearly twice as many CT scans per-

formed as patient with a BMI <25 kg/m2 (37 % vs.

20 % respectively, p < 0.0001). In addition, the per-

centage of non-conclusive ultrasonography increased

from 6 to 42 % in patients with a BMI ≥25 kg/m2,

with an accuracy rate of only 53 %. Performing radio-

logical imaging did not delay surgery in this study.

Fifty seven percent of the world’s adult population are

expected to be overweight or obese in 2030 [16]. These

rapid and dramatic physical changes will have an impact

on the clinical evaluation of patients, also for common

problems such as appendicitis. A careful history and a

meticulous physical examination remain the cornerstone

in diagnosis of an acute appendicitis. However, the phys-

ical examination of obese patients is challenging and

provides less reliable information increasing the need of

additional exams [17].

Numerous studies have demonstrated the superiority of

CT scan over ultrasonography to detect acute appendicitis

in the general population [8–14], but not in overweight

patients. In studies from the Netherlands and Belgium

(prevalence BMI ≥25 kg/m2of 47.8 %, in 2008) ultrasonog-

raphy was recommended as first-line preoperative modal-

ity for reasons of costs and availability, even if computed

tomography was more accurate. Portmann et al. advised

to add computed tomography only when ultrasonography

Table 3 Accuracy of imaging modality

BMI < 25 kg/m2 BMI≥ 25 kg/m2
p-value

Sonography accuracy 223 (61 %) 83 (53 %) 0.12

Non-conclusive sonography

- for female 21 (6 %) 66 (42 %) <0.0001

15 (8 %) 25 (52 %) <0.0001

CT accuracy

- for female 81 (88 %) 76 (85 %) 0.76

37 (82 %) 33 (80 %) 0.89

Non-conclusive CT

- for female 10 (11 %) 5 (6 %) 0.31

6 (13 %) 4 (4 %) 0.78

Table 4 Operative procedure and histology

BMI < 25 kg/m2 BMI≥ 25 kg/m2
p-value

Type of surgery

- open (%) 8 (1.7 %) 3 (1.2 %) 0.86

- laparoscopy (%) 434 (98.2 %) 233 (98.7 %) 0.13

- conversion (%) 21 (5 %) 6 (2.6 %) 0.25

Negative appendicectomy 49 (10.5 %) 21 (8.7 %) 0.50

- for female 33 (7.1 %) 10 (4.1 %) 0.16

Table 5 Door to scalpel time according imaging modality

Imaging No imaging p-value

Sonography (min) 500 (335–720) 455 (335–737) 0.87

CT (min) 490 (345–783) 455 (335–737) 0.71

Sonography & CT (min) 513 (364–742) 455 (335–737) 0.59

All results presented in median (interquartile range)
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was negative or non-conclusive [14]. However, it is known

that ultrasonography is less accurate in obese patients

[13]. This is in accordance with our data showing that

overweight patients had more non-conclusive ultrasonog-

raphy. Therefore, the cost/effectiveness of ultrasonog-

raphy as the first line modality for overweight patients

with suspected appendicitis should be analyzed in the fu-

ture. Even more so as our data suggested that patients

with a BMI >25 kg/m2 would benefit from an abdominal

CT rather than ultrasonography if clinical examination is

non-conclusive. In the United States, a country with a

high prevalence of overweighed population, computed

tomography is well established as the preoperative modal-

ity of choice (70 % use of CT) [16].

If the history and clinical examination clearly suggests an

acute appendicitis, additional imaging is not necessary. All

twenty-six overweight patients who did not undergo any

preoperative radiological examination in this study had an

acute appendicitis confirmed by pathology (zero negative

appendectomy). This might be surprising and one might

expect a higher negative appendectomy rate. Especially, as

the literature suggests that the negative appendectomy rate

had decreased since the introduction of preoperative radio-

logical modality [9, 18, 19]. This is even more true for over-

weight patients [4]. One reason could be that the mean

BMI of these 26 patients was 29 kg/m2 which could allow

a better clinical evaluation than in obese patients. We can

also speculate that those patients had clear signs of periton-

itis as the mean CRP was 86 mg/l which was nearly three

times more than the median for the group of patients with

radiological imaging.

Despite the benefits of CT regarding the diagnostic

accuracy of appendicitis, the radiation exposure for the

patient is not insignificant. The percentage of radiation in-

duced cancer by increased used of CT is estimated to be at

2 % in the U.S.[20]. This must be taken into account espe-

cially in overweight children and woman in childbearing

age. Improved CT protocols have been published and low

dose CT for all patients might be a solution in the future

[21, 22]. The use of MRI could become an alternative in

the future but its costs and its poor availability are

not yet compatible with an emergency setting. In this

study, we showed that the time from admission to

surgery was not delayed by the use of preoperative

imaging. If easy accessible and in the case of non-

conclusive clinical findings an abdominal CT should

be performed in the overweight patients.

As mentioned earlier, computed tomography leads to

higher costs compared to ultrasonography. However, con-

sidering the percentage of inconclusive ultrasonography in

overweight patients, the number of false positive diagno-

ses would increase without CT and the number of nega-

tive appendectomies would rise. This again is associated

with higher costs for health care system [23]. In addition,

the risk of perioperative mortality could increase, when an

inconclusive acute and severe intra-abdominal process is

mistakenly considered as an appendicitis [24]. Appendec-

tomy for appendicitis was the treatment of choice over the

past 120 years and is currently being debated. Recent

studies indicated that acute non perforated appendicitis

could be successfully treated conservatively without oper-

ation [25, 26]. In the future, we will need to differentiate

uncomplicated from perforated appendicitis and tailor

the treatment accordingly. Computed tomography will

most likely gain further importance, given the en-

demic nature of overweight patients and the change

of treatment of acute appendicitis.

The costs of the health care are increasing dramatic-

ally worldwide and this trend will not decline in the

future [27]. One challenge of future clinical practice lies

in rethinking established preoperative evaluations and to

adjust them for overweight patients in order to improve

the cost/benefits ratio.

The sub-group analysis of female patient with a BMI

≥25 kg/m2 is particularly interesting as the US was non-

conclusive in more than 50 % of the cases. This contrast

with the 8 % non-conclusive US for female with BMI

<25 kg/m2. The complex anatomy of the women coupled

with the low lead of US in obese patients should prompt

the clinicians to perform rather a CT scan if the clinical

evaluation of these patients is not obvious.

This study has several limitations. First, the indication

to perform radiological imaging was not standardized.

We assumed that preoperative radiological assessment

was only used, when the clinical presentation was not

clear. Secondly, we do not know the outcome of patients

who had a negative radiology examination and did not

undergo appendectomy. Finally, BMI was unknown for

12.3 % of patients (they were therefore excluded from

the present analysis). However, the negative appendec-

tomy rate in this group was comparable to the rest of

our cohort (data not shown).

Conclusion

The role of ultrasonography in patients with BMI ≥25 kg/

m2 with suspected acute appendicitis is questionable due

to its high rate of non-conclusive findings. Therefore,

abdominal CT scans should be preferred to investigate

suspected appendicitis in overweight patient if clinical

findings are not conclusive.
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US: ultrasonography.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

M-OS: Study conception and design, Analysis and interpretation of data,

Drafting of manuscript. ST: Analysis and interpretation of data, Drafting of

manuscript. MAP Critical revision of manuscript. P-AC: Critical revision of

manuscript. DH: Critical revision of manuscript, Drafting of manuscript. MKM:

Study conception and design, Analysis and interpretation of data, Drafting of

manuscript. All authors read and approved the final manuscript.

Author details
1Department of Visceral and Transplantation Surgery, University Hospital

Zurich, Zurich, Switzerland. 2Department of Visceral Surgery, University

Hospital CHUV, Switzerland Rue du Bugnon 46, CH- 1011 Lausanne,

Switzerland. 3Radiology, Klinik Hirslanden, Zurich, Switzerland. 4Cantonal

Hospital Frauenfeld, Frauenfeld, Switzerland.

Received: 12 April 2016 Accepted: 3 May 2016

References

1. Ascierto PA, Grimaldi AM, Acquavella N, Borgognoni L, Calabro L, Cascinelli

N, Cesano A, Del Vecchio M, Eggermont AM, Faries M, et al. Future

perspectives in melanoma research. Meeting report from the “Melanoma

Bridge. Napoli, December 2nd-4th 2012”. J Transl Med. 2013;11:137.

2. Edwards ED, Jacob BP, Gagner M, Pomp A. Presentation and management

of common post-weight loss surgery problems in the emergency

department. Ann Emerg Med. 2006;47:160–6.

3. Tayal VS, Crean CA, Norton HJ, Schulz CJ, Bacalis KN, Bliss S. Prospective

comparative trial of endovaginal sonographic bimanual examination versus

traditional digital bimanual examination in nonpregnant women with lower

abdominal pain with regard to body mass index classification. J Ultrasound

Med. 2008;27:1171–7.

4. Coursey CA, Nelson RC, Moreno RD, Patel MB, Beam CA, Vaslef S.

Appendicitis, body mass index, and CT: is CT more valuable for obese

patients than thin patients? Am Surg. 2011;77:471–5.

5. Irvin TT. Abdominal pain: a surgical audit of 1190 emergency admissions.

Br J Surg. 1989;76:1121–5.

6. Gwynn LK. The diagnosis of acute appendicitis: clinical assessment versus

computed tomography evaluation. J Emerg Med. 2001;21:119–23.

7. Sezer TO, Gulece B, Zalluhoglu N, Gorgun M, Dogan S. Diagnostic value of

ultrasonography in appendicitis. Adv Clin Exp Med. 2012;21:633–6.

8. Flum DR, McClure TD, Morris A, Koepsell T. Misdiagnosis of appendicitis and

the use of diagnostic imaging. J Am Coll Surg. 2005;201:933–9.

9. Collaborative S, Cuschieri J, Florence M, Flum DR, Jurkovich GJ, Lin P, Steele

SR, Symons RG, Thirlby R. Negative appendectomy and imaging accuracy in

the Washington State Surgical Care and Outcomes Assessment Program.

Ann Surg. 2008;248:557–63.

10. Reich B, Zalut T, Weiner SG. An international evaluation of ultrasound vs.

computed tomography in the diagnosis of appendicitis. Int J Emerg Med.

2011;4:68.

11. Keyzer C, Zalcman M, De Maertelaer V, Coppens E, Bali MA, Gevenois PA, Van

Gansbeke D. Comparison of US and unenhanced multi-detector row CT in

patients suspected of having acute appendicitis. Radiology. 2005;236:527–34.

12. Park JS, Jeong JH, Lee JI, Lee JH, Park JK, Moon HJ. Accuracies of diagnostic

methods for acute appendicitis. Am Surg. 2013;79:101–6.

13. Gaitini D, Beck-Razi N, Mor-Yosef D, Fischer D, Ben Itzhak O, Krausz MM,

Engel A. Diagnosing acute appendicitis in adults: accuracy of color Doppler

sonography and MDCT compared with surgery and clinical follow-up. AJR

Am J Roentgenol. 2008;190:1300–6.

14. Poortman P, Oostvogel HJ, Bosma E, Lohle PN, Cuesta MA, de Lange-de

Klerk ES, Hamming JF. Improving diagnosis of acute appendicitis: results of

a diagnostic pathway with standard use of ultrasonography followed by

selective use of CT. J Am Coll Surg. 2009;208:434–41.

15. Wittekind C, Compton C, Quirke P, Nagtegaal I, Merkel S, Hermanek P, Sobin

LH. A uniform residual tumor (R) classification: integration of the R classification

and the circumferential margin status. Cancer. 2009;115:3483–8.

16. Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, Shah ND, Nasir K,

Einstein AJ, Nallamothu BK. Exposure to low-dose ionizing radiation from

medical imaging procedures. N Engl J Med. 2009;361:849–57.

17. Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden of obesity in

2005 and projections to 2030. Int J Obes (Lond). 2008;32:1431–7.

18. Guss DA, Behling CA, Munassi D. Impact of abdominal helical computed

tomography on the rate of negative appendicitis. J Emerg Med. 2008;34:7–11.

19. Livingston EH, Woodward WA, Sarosi GA, Haley RW. Disconnect between

incidence of nonperforated and perforated appendicitis: implications for

pathophysiology and management. Ann Surg. 2007;245:886–92.

20. Berrington de Gonzalez A, Mahesh M, Kim KP, Bhargavan M, Lewis R,

Mettler F, Land C. Projected cancer risks from computed tomographic scans

performed in the United States in 2007. Arch Intern Med. 2009;169:2071–7.

21. Kim K, Kim YH, Kim SY, Kim S, Lee YJ, Kim KP, Lee HS, Ahn S, Kim T, Hwang

SS, et al. Low-dose abdominal CT for evaluating suspected appendicitis. N

Engl J Med. 2012;366:1596–605.

22. Kim HC, Yang DM, Kim SW, Park SJ. Reassessment of CT images to improve

diagnostic accuracy in patients with suspected acute appendicitis and an

equivocal preoperative CT interpretation. Eur Radiol. 2012;22:1178–85.

23. Flum DR, Koepsell T. The clinical and economic correlates of misdiagnosed

appendicitis: nationwide analysis. Arch Surg. 2002;137:799–804. discussion 804.

24. Drake FT, Flum DR. Short- and long-term mortality after appendectomy in

Sweden 1987-2006: influence of appendectomy diagnosis, sex, age, co-

morbidity, surgical method, hospital volume, and time period–a national

population based cohort study. World J Surg. 2013;37:982–3.

25. Vons C, Barry C, Maitre S, Pautrat K, Leconte M, Costaglioli B, Karoui M, Alves A,

Dousset B, Valleur P, et al. Amoxicillin plus clavulanic acid versus

appendicectomy for treatment of acute uncomplicated appendicitis: an open-

label, non-inferiority, randomised controlled trial. Lancet. 2011;377:1573–9.

26. Varadhan KK, Neal KR, Lobo DN. Safety and efficacy of antibiotics compared

with appendicectomy for treatment of uncomplicated acute appendicitis:

meta-analysis of randomised controlled trials. BMJ. 2012;344:e2156.

27. Bertakis KD, Azari R. Obesity and the use of health care services. Obes Res.

2005;13:372–9.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Sauvain et al. Patient Safety in Surgery  (2016) 10:13 Page 5 of 5


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Patient demographics
	Pre-operative imaging
	Pre-operative imaging by BMI
	Accuracy of the radiological modality
	Operative data and histological findings
	Door to scalpel time

	Discussion
	Conclusion
	Ethics approval
	Source of funding
	Abbreviation

	Competing interests
	Authors’ contributions
	Author details
	References

