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Abstract
Crohn’s disease (CD) is an increasingly common disease in clinical practice. The progress of medicine, which has 
resulted in an extension of the survival time of patients, the introduction of new treatment methods, and the nature 
of the disease itself means that we are seeing more and more new, unusual complications of this disease.

We have reviewed three cases of rare complications of CD, with a focus on possible atypical complications that may 
be seen on imaging studies.

Complications of CD and its treatment can occur in various organs and systems, and manifest in very non-specific 
ways. If unnoticed, they can be even life-threatening; therefore, it is important in clinical practice to take into account 
the possibility of their presence when evaluating patients with CD.

When assessing radiological examinations of these people, we should take into account the possibility of atypical 
signs and radiographic features, and consider whether they may be related to the underlying disease.
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Introduction
In recent years, a marked increase in the incidence of in-
flammatory bowel disease (IBD) has been observed, ac-
companied by prolonged patient survival. This trend has 
naturally led to a rise in the number of complications. 
Although contemporary therapeutic approaches in IBD 
management have significantly improved outcomes, they 
are not devoid of adverse effects. Some of these compli-
cations, previously unreported or exceedingly rare, may 
present with severe clinical manifestations, and they can 
be both debilitating and life-threatening [1-5].

Accordingly, the objective of this article is to highlight 
significant, atypical complications with severe clinical 
courses that should be considered in routine radiological 
practice.

Case reports

Case 1

A 54-year-old patient was admitted to the Department 
of Gastroenterology because of exacerbation of Crohn’s 
disease (CD) with symptoms of abdominal pain, diar-
rhoea, nausea, and loss of appetite. The diagnosis of CD 
was made 20 years earlier; at this time, due to stenosis, 
a partial resection of the ileum was provided, approxi-
mately 15 cm long. Until now, she has been treated with 
mesalazine at a dose of 2.0 g daily. 

Toxins A, B and GDH antigen were detected in the 
stool, confirming Clostridioides difficile (C. difficile) infec-
tion. The patient was isolated and treated with vancomy-
cin and metronidazole. 
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On the sixth day of hospitalisation, logical contact de-
teriorated. The patient was confused and presented the first 
in life convulsive seizure with complete loss of conscious-
ness, without urination or defecation. During the attack, 
blood pressure (BP), heart rate (HR), oxygen saturation, 
and blood glucose levels showed no abnormalities. Wide 
pupils with slow reaction to the light, tendency to Babin-
ski’s sign without focal symptoms, and negative meningeal 
symptoms were revealed in neurological examination.

The attacks continued in the following days, 4-2 times 
a day, and the patient was somnolent, unable to commu-
nicate verbally and logically. The patient was treated with 
diazepam and valproic acid 400 mg i.v. twice a day after 
neurological consultation. 

Laboratory tests showed significant electrolyte distur-
bances: hypokalaemia, hyponatraemia, and hypochlorae-
mia and elevated levels of C-reactive protein (CRP). To 
exclude neuroinfection, cerebrospinal fluid (CSF) was ex-
amined, which showed no significant abnormalities.

The EEG examination showed pathological and paro-
xysmal changes with a predominance of the left side. 
A head computed tomography (CT) examination showed 
no abnormalities, so magnetic resonance imaging (MRI) 
was performed, which revealed T2 and TIRM hyperin-
tense areas in the white matter of the occipital and parietal 
lobes, bilaterally; the suspicion of posterior reversible en-
cephalopathy syndrome (PRES) was proposed (Figure 1). 

Methylprednisolone and mannitol were introduced, 
and the antibiotic therapy related to C. difficile was con-
tinued. 

After a few days, the patient showed both EEG and 
clinical improvement.

Case 2 

A 21-year-old patient with history of ulcerative colitis (UC) 
lasting for 2 years reported pain in the chest and abdo-

men, shortness of breath, diarrhoea with blood, and ab-
dominal distension. Upon admission, the patient com-
plained mainly of crushing pain in the chest with an 
intensity of approximately 7/10. In physical and laboratory 
examinations, ECG, and ECHO no abnormalities explain-
ing such a strong pain in the chest were revealed. Due to 
the patient’s psychiatric history and previous somatisation 
disorders, a psychological background was suspected. 

In the following days, the retrosternal pain increased, 
reported as 10/10 in the intensity scale but again clinical, 
laboratory, and ECG examinations did not show any ab-
normalities. The patient refused to take oral medications. 

CT examination of the thorax and abdomen was per-
formed, which revealed a widened mediastinum with in-
homogeneous increase of fatty tissue density, lymph node 
enlargement with blurred outlines, and most importantly, 
the presence of small air bubbles and irregular contours in 
the oesophagus with slightly increased density of its walls. 
Oesophagitis with the presence of possible fistulas as well 
as mediastinitis with abscess formation was suggested. 
What is more, inflammatory changes of the jejunum and 
ileum were detected (Figure 2).

Due to these suspicions, fluoroscopy and CT examina-
tion of the oesophagus with oral contrast administration 
were performed – in both studies, there was no conclusive 
proof of the presence of a fistula. In gastroscopic examina-
tion followed by microscopic analysis, massive inflamma-
tion of the oesophagus was diagnosed.

Due to oesophageal and small intestine involvement, 
based on clinical, radiological, and histopathological 
findings, the original diagnosis of ulcerative colitis was 
changed to CD.

Parenteral nutrition, antibiotic therapy (ceftriaxone, 
metronidazole), as well as methylprednisolone treatment 
were introduced together with continuity of omeprazole 
administration. Remission of the lesions and improve-
ment of the clinical condition were achieved.

Figure 1. A 54-year-old woman with posterior reversible encephalopathy syndrome (PRES) secondary to treatment of Crohn’s disease. MRI FLAIR axial 
images. FINDINGS: hyperintense, subcortical areas in the white matter in the occipital and parietal regions bilaterally
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Case 3

A 58-year-old patient was admitted to the Department 
of Gastroenterology due to exacerbation of CD with symp-
toms of diarrhoea and pain located in the lower abdomen, 
mainly on the right side, lasting a week. The patient also 
reported pain and swelling in the scrotal area, and recur-

rent urinary tract infections (UTIs). Epididymitis was 
diagnosed, and the patient underwent antibiotic therapy.

During hospitalisation, MR enterography was per-
formed where long-term thickening of the distal ileum 
wall, the formation of an ileo-sigmoid fistula, and the ileo-
urachal fistula were found. The intestinal content leaked 
into the bladder. The patient was qualified for elective sur-

Figure 2. A 21-year-old woman with mediastinitis secondary to Crohn’s disease. Computed tomography with contrast agent administration; axial images. 
FINDINGS: A fluid collection with gas bubbles extending from the thyroid gland to the lower mediastinum (A, B, C, D). Enlarged mediastinum with increased 
density of fatty tissue and enlarged lymph nodes (E, H) as well as strengthening of the oesophageal wall (F, G)
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gery, during which the fistula was cut off. After the opera-
tion and completion of antibiotic therapy, the genitouri-
nary complaints subsided (Figure 3).

Discussion
CD is a chronic relapsing IBD. It is characterised by 
a transmural granulomatous inflammation, which can 
affect any part of the gastrointestinal tract, most com-
monly the ileum, colon, or both. Its prevalence has con-
tinually increased over the past 50 years, with the high-
est incidence being reported in northern Europe and 
North America. Based on epidemiological, genetic, and 
immunological data, CD is considered to be a heteroge-
neous disorder with multifactorial aetiology, in which 
genetics and environmental factors interact to mani-
fest the disease. The risk factors implicated with CD in-
clude smoking, low fibre, high carbohydrate diet, and 
altered microbiome. CD most often presents in patients 
younger than 30 years, although the morbidity has been 
increasing with age. Many studies have failed to find  
any sex predominance in Western countries, whereas the 
incidence of CD has been proven to be higher in Asian 
men than in women. The treatment of CD is multidirec-
tional, so anti-inflammatory, immunosuppressive, bio-
logical, and antibiotic therapies are used together with 
surgery [2,6-8]. 

The complications of the disease are very diverse. 
They include intestinal symptoms as well as extraintes-
tinal ones. The most common are the following: intes-
tine stenosis, abscesses, fistulas, anaemia, osteoporosis/
osteopaenia, peripheral arthritis with arthralgia, aphthous 
stomatitis, gallstones, and urolithiasis. Less frequent com-
plications comprise ankylosing spondylitis, pyoderma 
gangrenosum, and ocular, like uveitis, iritis, episcleritis, 
keratopathy, keratoconjunctivitis, and retinal vasculitis, as 
well as primary sclerosing cholangitis. Apart from those 

mentioned above, it may manifest in rare complications 
related not only to the disease, but also to treatment me-
thods [9-12].

Therefore, the aim of this study was to present 3 cases 
of rare complications of CD disease to deepen knowledge 
about disease and improve radiologists’ competences in dai-
ly clinical practice. The chosen situations are coming from 
the nervous, gastrointestinal, and genitourinary systems.

Case 1

PRES is a serious neurological disorder of acute or sub-
acute onset, diagnosed mainly on the base of MRI imag-
ing. It is potentially reversible, but if left untreated, it can 
even result in death [13-15]. 

The exact aetiopathogenesis is unknown; it is usually 
associated with acute or chronic hypertension, but also 
with acute autoimmune diseases, dyselectrolytaemia, re-
nal failure, and sepsis. It also occurs after contact with 
cytotoxic drugs, immunomodulators, or monoclonal anti-
bodies [14,16,17].

The symptoms are various and numerous; they include 
headache, convulsions, disturbances of consciousness or 
vision, nausea, vomiting, and less commonly, hemiparesis, 
and cerebellar or truncal syndromes. The severity of signs 
also varies – consciousness disorders range from mild dis-
orientation, through agitation, to coma [13-15].

On imaging studies PRES typically manifests as white 
matter vasogenic oedema. It can be visible on non-contrast 
CT scans, but MRI T2-sequences play a leading role in es-
tablishing diagnosis due to much higher tissue resolution. 
MRI shows diffuse areas of increased signal in the typical 
location of parieto-occipital regions, which are involved 
in more than 90% of cases; much less often the frontal 
and temporal lobes, deep brain nuclei, brainstem, and 
spine are enclosed. The lesions are almost always bilateral,  
often symmetric, and subcortical. Non-typical presenta-

Figure 3. A 58-year-old man with ileo-urachal fistula secondary to Crohn’s disease. Magnetic resonance imaging, T2 sequences, fat sat, sagittal (A, B) and 
coronal (C) images. FINDINGS: Patent urachus (A) with fistula between the urachus and the ileum (B, C)
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tions can include diffusion restriction, contrast enhance-
ment, or haemorrhage, which are not related to vasogenic 
oedema [15,18-21].

Due to nonspecific features, the differential diagnosis 
of PRES is broad and comprises entities with confluent  
T2 white matter hyperintensities like ischaemia, infarc-
tion, demyelinating or infectious diseases, vasculitis, and 
various metabolic disorders [18,19,21].

In our case, PRES manifested as a typical, bilateral, 
a little bit asymmetrical, parieto-occipital pattern of vaso-
genic oedema with left hemisphere dominant (correlated 
with EEG results), which, combined with clinical symp-
toms, allowed us to establish a diagnosis.

Cases of PRES in the course of CD have been reported 
to be associated with development of sepsis or use of im-
munomodulatory drugs: infliximab, ustekinumab, or 
mesalazine. In our case, the most likely reason for PRES 
was an electrolyte disorder, but mesalazine treatment 
could aso have caused the complication [22-27]. To sum 
up, when the neurological condition deteriorates in IBD 
patients, especially during immunosuppressive or biologi-
cal therapy, PRES must be considered as one of the most 
likely complications.

Case 2

Due to diagnostic difficulties, indeterminate colitis has 
been identified – this term refers to IBD cases in which 
the histological examinations do not allow a definite dif-
ferentiation between CD and UC. In practice, patients 
are often diagnosed with UC, but after some time, based 
on clinical symptoms or imaging studies, the primary di-
agnosis is changed to CD, as in our case, where disease 
mani fested as a relatively rare form of oesophagitis [28-30]. 

Due to the earlier diagnosis of UC and non-specific 
symptoms of chest pain, which could be correlated with 
previously diagnosed mental illness, the diagnosis of  
oesophagitis was delayed, which most likely resulted in 
a severe complication in the form of mediastinitis. 

An oesophageal CD can lead uncommonly to fistulous 
formation between the digestive tube and tracheobron-
chial tree or mediastinum causing pneumonias, para-
oesophageal abscesses, and general inflammation of me-
diastinal structures. Searching the PubMed database, we 
found only 2 cases of mediastinitis in the course of CD 
– in each there was the presence of a fistula [31,32]. 

A routine chest X-ray radiograph can reveal features 
of mediastinitis like widening of the middle shadow, 
changes of the right paratracheal lane, emphysema, sub-
cutaneous emphysema, or pleural effusions, but the dia-
gnostic quality of this technique in terms of sensitivity 
and specificity is very low. Therefore, CT stands as a gold 
standard diagnostic method when the slightest suspicion 
of acute mediastinitis arises [29,30]. CT enables the de-
tection of all the findings mentioned above but also even 
small fluid collections, gas bubbles, increased attenuation 

of fat, enlarged lymph nodes, as well as others related to 
the specific aetiology [33-35].

Because in our case, radiological examinations with 
oral contrast administration did not confirm the presence 
of a fistula, most likely due to its small size, conservative 
treatment was provided. 

Case 3

The urachus is a fibrous remnant of the allantois, a ca-
nal that drains the urinary bladder of the foetus that 
runs within the umbilical cord. Patent urachus belongs 
to the spectrum of rare anomalies that result from fail-
ure of involution of the embryologic tissues. Maintaining 
patency in adult life may lead to several developmental 
abnormalities such as the following: urachal cysts, umbili-
cal fissures or full fistulas, and tumours of this structure. 
Urachal anomalies are usually the source of nonspecific 
clinical symptoms, typically mimicking other abdominal 
or pelvic pathological processes [36,37]. 

Creation of fistulas is a common complication of CD, 
especially between adjacent bowel loops, or between the 
bowel and bladder or vagina. Among all fistulas to the uri-
nary system in CD, entero-vesical ones represent 8-12% 
of them, while entero-uracho-cutaneous 0.6-1% only [38]. 

They manifest clinically as pneumaturia, dysuria, 
UTIs, fecaluria, haematuria, and urorrhea. They can also 
be asymptomatic [38]. In our case, the fistula was formed 
between the ileum and the urethra, which created the pos-
sibility of passing intestinal contents into the bladder, and 
thus – most likely – recurrent urinary tract infections and 
orchitis.

MRI is a method of choice in evaluating fistulas. They 
are visible as an abnormal tubular connection between  
2 organs, vessels, or tissues with preserved lumen. Some-
times it is impossible to detect fistulas directly due to 
technical limitations of imaging or the fact that fistulas 
can open and close. Then indirect signs like the presence 
of gas bubbles in the urinary bladder coming from to 
the gastrointestinal tract establish diagnosis [37,39,40].

Conclusions
Complications of CD and its treatment can occur in vari-
ous organs and systems and manifest in very non-specific 
ways. If unnoticed, they even be life-threatening; there-
fore, it is important in clinical practice to take into ac-
count the possibility of their presence when evaluating 
patients with CD.

Disclosures 
1.  Institutional review board statement: Not applicable.
2. Assistance with the article: None.
3. Financial support and sponsorship: None.
4. Conflicts of interest: None. 



Filip Kwiatkowski, Marcin Łubiński, Piotr Kowalski, et al.  

e372 © Pol J Radiol 2025; 90: e367-e373

References

1. Torres J, Mehandru S, Colombel JF, Peyrin-Biroulet L. Crohn’s dis-
ease. Lancet 2017; 389: 1741-1755. 

2. Gajendran M, Loganathan P, Catinella AP, Hashash JG. A compre-
hensive review and update on Crohn’s disease. Dis Mon 2018; 64: 
20-57. 

3. Peyrin-Biroulet L, Loftus EV, Colombel JF, Sandborn WJ. Long-term 
complications, extraintestinal manifestations, and mortality in adult 
Crohn’s disease in population-based cohorts. Inflamm Bowel Dis 
2011; 17: 471-478. 

4. Simoes CC, Ghouri YA, Merwat SN, Stevenson HL. Budd-Chiari 
syndrome: a rare and life-threatening complication of Crohn’s 
disease. BMJ Case Rep 2018; bcr-2017-222946. DOI: 10.1136/bcr-
2017-222946.

5. Sáez-González E, Salavert M, Cerrillo E, Moret I, Iborra M, Nos P, 
et al. Secondary haemophagocytic syndrome and overlapping 
immune reconstitution syndrome: life-threatening complications 
of anti-TNF-α treatment for Crohn’s disease. Am J Gastroenterol 
2019; 114: 177-179. 

6. Thia KT, Sandborn WJ, Harmsen WS, Zinsmeister AR, Loftus EV Jr. 
Risk factors associated with progression to intestinal complications 
of Crohn’s disease in a population-based cohort. Gastroenterology 
2010; 139: 1147-1155.  

7. Flynn S, Eisenstein S. Inflammatory bowel disease presentation and 
diagnosis. Surg Clin North Am 2019; 99: 1051-1062. 

8. Roda G, Chien Ng S, Kotze PG, Argollo M, Panaccione R, Spinelli A, 
et al. Crohn’s disease. Nat Rev Dis Primers 2020; 6. DOI: 10.1038/
s41572-020-0156-2.

9. Yu YR, Rodriguez JR. Clinical presentation of Crohn’s, ulcerative 
colitis, and indeterminate colitis: symptoms, extraintestinal man-
ifestations, and disease phenotypes. Semin Pediatr Surg 2017; 26: 
349-355.

10. Veauthier B, Hornecker JR. Crohn’s disease: diagnosis and manage-
ment. Am Fam Physician 2018; 98: 661-669.

11. Tonolini M, Villa C, Campari A, Ravelli A, Bianco R, Cornalba G. 
Common and unusual urogenital Crohn’s disease complications: 
spectrum of cross-sectional imaging findings. Abdom Imaging 
2013; 38: 32-41. 

12. Mazziotti S, Ascenti G, Scribano E, Gaeta M, Pandolfo A, Bombaci F, 
et al. Guide to magnetic resonance in Crohn’s disease: From com-
mon findings to the more rare complicances. Inflamm Bowel Dis 
2011; 17: 1209-1222. 

13. Yuya A, Yosuke O, Azusa S. Posterior reversible encephalopathy 
syndrome: a review of the literarure. Intern Med 2022; 61: 135-141.

14. Różycki M, Tomczak A. Zespół tylnej odwracalnej encefalopatii – 
opis przypadku. Pol Przegl Neurol 2018; 14: 244-248.

15. Fugate JE, Rabinstein AA. Posterior reversible encephalopathy syn-
drome: clinical and radiological manifestations, pathophysiology, 
and outstanding questions. Lancet Neurol 2015; 14: 914-925.

16. Sudulagunta SR, Sodalagunta MB, Kumbhat M, Settikere Nataraju A. 
Posterior reversible encephalopathy syndrome(PRES). Oxf Med 
Case Reports 2017; 2017: omx011. DOI: 10.1093/omcr/omx011.

17. Burnett MM, Hess CP, Roberts JP, Bass NM, Douglas VC, Joseph- 
son SA. Presentation of reversible posterior leukoencephalopathy 

syndrome in patients on calcineurin inhibitors. Clin Neurol Neuro-
surg 2010; 112: 886-891.

18. Anderson RC, Patel V, Sheikh-Bahaei N, Liu CSJ, Rajamohan AG, 
Shiroishi MS, et al. Posterior reversible encephalopathy syndrome 
(PRES): pathophysiology and neuro-imaging. Front Neurol 2020; 
11: 463. DOI: 10.3389/fneur.2020.00463.

19. Pilato F, Distefano M, Calandrelli R. Posterior reversible encepha-
lopathy syndrome and reversible cerebral vasoconstriction syn-
drome: clinical and radiological considerations. Front Neurol 2020; 
11: 34. DOI: 10.3389/fneur.2020.00034.

20. Fugate JE, Claassen DO, Cloft HJ, Kallmes DF, Kozak OS, Rabin-
stein AA. Posterior reversible encephalopathy syndrome: associated 
clinical and radiologic findings. Mayo Clin Proc 2010; 85: 427-432.

21. Hugonnet E, Da Ines D, Boby H, Claise B, Petitcolin V, Lannareix V, 
et al. Posterior reversible encephalopathy syndrome (PRES): features 
on CT and MR imaging. Diagn Interv Imaging 2013; 94: 45-52. 

22. Jordan A, Kinnucan J. Ustekinumab-associated posterior reversible 
encephalopathy syndrome in a patient with Crohn’s disease. ACG 
Case Rep 2022; 9: e00867. DOI: 10.14309/crj.0000000000000867.

23. Mishra A, Seril DN. Posterior reversible encephalopathy syndrome 
following ustekinumab induction for Crohn’s disease. Case Rep Gas-
troenterol 2018; 12: 521-527. 

24. Papaconstantinou I, Mantzos DS, Pantiora E, Tasoulis MK, Vassi-
lopoulou S, Mantzaris G. Posterior reversible encephalopathy syn-
drome following sepsis in a Crohn’s disease patient: a case report. 
World J Clin Cases 2016; 4: 103. DOI: 10.12998/wjcc.v4.i4.103.

25. Haddock R, Garrick V, Horrocks I, Russell RK. A case of posterior 
reversible encephalopathy syndrome in a child with Crohn’s disease 
treated with Infliximab. J Crohns Colitis 2011; 5: 623-627. 

26. Chow S, Patnana S, Gupta NK. Posterior reversible encephalopathy 
syndrome in a patient with Crohn’s disease on infliximab. J Clin 
Gastroenterol 2016; 50: 687. DOI: 10.1097/mcg.0000000000000557.

27. Cherian A, Soumya CV, Iype T, Mathew M, Sandeep P, Thadam JK,  
et al. Posterior reversible encephalopathy syndrome with PLEDs-plus 
due to mesalamine. J Neurosci Rural Pract 2014; 5: 72-75.

28. Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal 
classification of inflammatory bowel disease: controversies, consen-
sus, and implications. Gut 2006; 55: 749-753. 

29. Cichoz-Lach H. Esophageal Crohn disease. South Med J 2008; 101: 
886. DOI: 10.1097/smj.0b013e3181806c65.

30. Geboes K, De Hertogh G. Indeterminate colitis. Inflamm Bowel Dis 
2003; 9: 324-331. DOI: 10.1097/00054725-200309000-00007.

31. Wespi SP, Frei R, Sulz MC. A very rare cause of a relapsing para-oe-
sophageal abscess. Case Rep Gastroenterol 2016; 10: 137-143. 

32. Wang W, Ni Y, Ke C, Cheng Q, Lu Q, Li X. Isolated Crohn’s dis-
ease of the esophagus with esophago-mediastinal fistula formation. 
World J Surg Oncol 2012; 10: 208. DOI: 10.1186/1477-7819-10-208.

33. Tenorio Gallardo A, Quispe Mauricio AP, Joaquín Laguna A, Uribe 
Heredia M. Acute mediastinitis: what a radiologist need to know. 
European Congress of Radiology; 2017. Poster number: C-2519. 
DOI: 10.1594/ECR2017/C-2519.

34. Akman C, Kantarci F, Cetinkaya S. Imaging in mediastinitis: a sys-
tematic review based on aetiology. Clin Radiol 2004; 59: 573-585. 



 Rare complications of Crohn’s disease – a series of three cases

e373© Pol J Radiol 2025; 90: e367-e373

35. Exarhos DN, Malagari K, Tsatalou EG, Benakis SV, Peppas C, Kota-
nidou A, et al. Acute mediastinitis: spectrum of computed tomog-
raphy findings. Eur Radiol 2005; 15: 1569-1574. 

36. Briggs KB, Rentea RM. Patent Urachus Apr 10. Treasure Island (FL): 
StatPearls Publishing; 2023.

37. Parada Villavicencio C, Adam SZ, Nikolaidis P, Yaghmai V, Miller FH. 
Imaging of the urachus: Anomalies, complications, and mimics. 
Radiographics 2016; 36: 2049-2063. 

38. Solem CA, Loftus EV, Tremaine WJ, Pemberton JH, Wolff BG, Sand-
born WJ. Fistulas to the urinary system in Crohn’s disease: clinical 
features and outcomes. Am J Gastroenterol 2002; 97: 2300-2305. 

39. Yu JS, Kim KW, Lee HJ, Lee YJ, Yoon CS, Kim MJ. Urachal remnant 
diseases: spectrum of CT and US findings. Radiographics 2001; 21: 
451-461. 

40. Das JP, Vargas HA, Lee A, Hutchinson B, O’Connor E, Kok HK, et al. 
The urachus revisited: multimodal imaging of benign & malig nant 
urachal pathology. Br J Radiol 2020; 93: 20190118. DOI: 10.1259/
bjr.20190118.


