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Ulcerative colitis (UC) is an idiopathic disease characterized by 
chronic and relapsing inflammation of the colon, and is one of 

the major conditions belonging to the broad group of inflammatory 
bowel diseases (IBDs) (1). It is generally accepted that UC always 
involves the rectum and may progress to involve more proximal por-
tions of the colon in a continuous, nonsegmental fashion (2). 
However, there are a few exceptions to this general rule. First, endo-
scopic and histological patchiness and rectal sparing are quite common 
in treated UC patients (3-5). Second, pediatric, but not adult, patients 
with new-onset, previously untreated UC often show relative or com-
plete rectal sparing and/or a patchy/segmental involvement of the 
colon (6-8). Furthermore, absolute or relative rectal sparing is fre-
quently observed (up to 65%) in both pediatric and adult patients with 
UC associated with primary sclerosing cholangitis (9-12). Finally, up 
to 75% of patients with distal UC show evidence of periappendiceal 

inflammation as a ‘skip lesion’, often referred to as a cecal patch 
(13,14), appendiceal orifice inflammation (AOI) (15-17) or a peri-
appendiceal red patch (18). 

With the increased awareness of these situations and the concomi-
tant advances in endoscopic technologies, studies from Japan identified 
endoscopic evidence of skip lesions (other than AOI) in newly diagnosed 
UC patients that manifest as patchy or segmental involvement of the 
disease in the colon that is discrete from the distal main lesion (19,20). 
Moreover, ‘right-sided’ or ‘segmental’ colitis represent subgroups of UC 
defined according to extent in Japan (21). However, these lesions some-
time lead clinicians to a false diagnosis of other IBDs, such as Crohn 
disease (CD), because discontinuity of lesions is a characteristic feature 
in the differential diagnosis of CD and UC (1). 

The clinical features and natural course of UC in patients with skip 
lesions remain unclear. Therefore, we analyzed the endoscopic findings 
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BACKGROUND: Appendiceal orifice inflammation (AOI) is a com-
mon ‘skip lesion’ in patients with ulcerative colitis (UC). However, 
other skip lesions are less well known. 
OBJECTIVE: To evaluate the atypical distribution of UC lesions, 
other than AOI, in terms of their frequency, pattern, risk factors and 
prognostic implications. 
METHODS: A retrospective analysis of colonoscopic findings and 
clinical course of 240 adult UC patients who were initially diagnosed 
at Asan Medical Center (Seoul, South Korea) was performed. 
RESULTS: Of 240 patients, 46 (19.2%) showed an atypical distribu-
tion of lesions at initial colonoscopy: eight (3.3%) had rectal sparing 
(segmental-type UC); and 38 (15.8%) had patchy/segmental skip 
lesions other than AOI. Skip lesions were detected more frequently in 
proximal segments of the colon than in distal segments (P=0.001). An 
atypical distribution was more common in patients with AOI (31.3%) 
than in those without AOI (10.6%; P<0.001). The clinical course of 
patients with an atypical distribution was not different from that of 
patients with a typical distribution in terms of remission, relapse, disease 
extension, colectomy and mortality. In addition, of the 36 patients with 
an atypical distribution of lesions at diagnosis who underwent follow-up 
colonoscopy, 24 (66.7%) demonstrated a typical distribution of 
lesions. 
CONCLUSIONS: Patchy/segmental skip lesions and rectal sparing 
occur not infrequently in adult patients with newly diagnosed, untreated 
UC. As such, these features alone should not be considered to be 
definitive evidence against a diagnosis of UC. There does not appear to 
be a prognostic implication of an atypical distribution of lesions.

Key Words: Colonoscopy; Diagnosis; Prognosis; Skip lesion; Ulcerative 
colitis

La répartition atypique de l’inflammation n’est pas 
rare dans les cas de colite ulcéreuse nouvellement 
diagnostiquée 

HISTORIQUE : L’inflammation de l’orifice appendiculaire (IOA) est 
une lésion discontinue courante chez les patients atteints de colite 
ulcéreuse (CU). Cependant, il existe d’autres lésions discontinues, qui 
sont moins connues.
OBJECTIF : Évaluer la fréquence, l’aspect, les facteurs de risque et les 
conséquences pronostiques de la répartition atypique des lesions de CU 
autre que l’IOA.
MÉTHODOLOGIE : Les chercheurs ont procédé à une analyse rétro-
spective des observations coloscopiques et de l’évolution clinique de 
240 patients adultes atteints de CU d’abord diagnostiqués au centre 
médical Asan de Séoul, en Corée du Sud.
RÉSULTATS : Sur 240 patients, 46 (19,2 %) présentaient une réparti-
tion atypique des lésions lors de la coloscopie initiale : chez huit d’entre 
eux (3,3 %), le rectum était épargné (CU de type segmentaire), tandis 
que 38 (15,8 %) avaient des lésions discontinues, irrégulières et segmen-
taires autres qu’une IOA. Les chercheurs ont décelé plus de lésions dis-
continues dans les segments proximaux que dans les segments distaux du 
côlon (P=0,001). La répartition atypique était plus courante chez les 
patients ayant une IOA (31,3 %) que chez ceux sans IOA (10,6 %; 
P<0,001). L’évolution clinique des patients dont la répartition était 
atypique ne différait pas de celle des patients qui présentaient une réparti-
tion classique sur le plan de la rémission, des récidives, de la dissémina-
tion de la maladie, de la colectomie et de la mortalité. De plus, sur les 
36 patients dont la répartition des lésions était atypique au diagnostic et 
qui ont subi une coloscopie de suivi, 24 (66,7 %) ont présenté une répar-
tition classique des lésions.
CONCLUSIONS : Les lésions discontinues irrégulières et segmentaires et 
l’épargne du rectum ne sont pas rares chez les patients adultes atteints d’une 
CU non traitée nouvellement diagnostiqués. Ainsi, ces seules caractéris-
tiques ne devraient pas être considérées comme des raisons catégoriques 
de réfuter un diagnostic de CU. La répartition atypique des lésions ne 
semble pas avoir d’effets pronostiques.
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and pattern of distribution of lesions in patients with newly diagnosed, 
untreated UC to determine the clinical implications and to evaluate 
the risk factors associated with this atypical distribution.

METHODS
Patients
Data obtained from the medical and endoscopic records of all patients 
who were first diagnosed with UC at the Asan Medical Center, a uni-
versity hospital in Seoul, South Korea, between January 2001 and 
December 2009 were analyzed retrospectively. UC was definitively 
diagnosed in those who met all three of the following criteria: a typical 
history of diarrhea or blood and pus, or both, in the stool for >4 weeks; 
a typical colonoscopic picture showing diffusely granular, friable or 
ulcerated mucosa; and characteristic histopathological signs of inflam-
mation on biopsy (22-25). In addition, patients with rectal sparing or 
skip lesions (either patchy or segmental) were included and considered 
to have an atypical distribution of UC if their main lesions were typ-
ical of UC and their skip lesions had the same characteristics as the 
main lesions, both endoscopically and histologically. Because AOI is a 
common feature of UC (found in >50% of patients in some studies 
[13,16,26]) and requires no further diagnostic workup to exclude CD 
(as stated in the European consensus [27]), AOI was not considered to 
be an atypical UC lesion in the present study. Subjects were excluded 
if they had been prescribed systemic steroids or immunosuppressive 
agents for any disease at the time of UC diagnosis, or if they did not 
undergo complete ileocolonoscopy at the time of UC diagnosis. 
Subjects were also excluded if they had received nonsteroidal anti-
inflammatory drugs at the time of UC diagnosis. Thirty-four patients 
from the authors’ previous AOI studies (16,17) were also included in 
the present study.

Methods
Baseline demographic and clinical features, including sex, age, dur-
ation of symptoms, smoking habits, perinuclear antineutrophil cyto-
plasmic antibody (pANCA) status, extent of disease, endoscopic 
disease activity and AOI status at the time of UC diagnosis were 
evaluated. Total colonoscopy, including evaluation of the terminal 
ileum, was performed in all patients using a video colonoscope 
(CF-H260AL/CF-240L/CF-230L, Olympus Optical Co, Japan) after 
bowel preparation using 4 L of polyethylene glycol-electrolyte lavage 
solution. Photographs were taken of each segment including the ter-
minal ileum, cecum, ascending colon and onward. Colonoscopic 
photographs were analyzed by one author (SKY) who was blinded to 
the clinical course of the patients. The extent of disease was classified 
as proctitis, left-sided colitis or extensive colitis on the basis of the 
colonoscopic findings. Proctitis was defined as disease involving up to 
15 cm from the anal verge; left-sided colitis as disease up to the splenic 
flexure; and extensive colitis as disease beyond the splenic flexure. The 
term ‘pancolitis’ was used to indicate extensive colitis involving the 
entire colon. In addition, segmental-type UC was defined as UC-like 
inflammatory lesions (of any extent) in the colon without endoscopic 
evidence of rectal involvement. AOI and other skip lesions were not 
considered when classifying the extent of disease. Endoscopic disease 
activity was classified as mild, moderate or severe according to the 
endoscopy subscore of the Mayo score (28). Mild disease was charac-
terized as erythema, a decreased vascular pattern and mild friability; 
moderate disease as marked erythema, an absent vascular pattern, fri-
ability and erosions; and severe disease as spontaneous bleeding and/or 
ulceration. 

To investigate changes in the atypical distribution of lesions and 
the extent of the disease over time, follow-up colonoscopy was per-
formed at one- to three-year intervals, with shorter intervals if clinic-
ally indicated. Proximal disease extension was defined as the extension, 
at any follow-up colonoscopy, of macroscopic inflammation beyond 
the initially involved segment (ie, from proctitis to left-sided or exten-
sive colitis, or from left-sided colitis to extensive colitis). The subse-
quent clinical features and follow-up colonoscopic findings were 
analyzed and compared according to the initial atypical distribution of 

lesions. The study protocol was approved by the Institutional Review 
Board of the Asan Medical Center.

Statistical analysis
Database management and statistical analyses were performed using 
SPSS version 17.0 (IBM Corporation, USA) for Windows (Microsoft 
Corporation, USA). When appropriate, results were expressed as pro-
portions or medians and compared using the Mann-Whitney U test. 
The χ2 test or Fisher’s exact test were used to compare categorical 
variables. The cumulative rate of disease relapse was calculated using 
the Kaplan-Meier method, and the values were compared between 
groups using the log-rank test; P<0.05 was considered to be statistically 
significant. 

RESULTS
Baseline characteristics
During the study period, 2200 patients with UC visited the outpatient 
clinic of the Asan Medical Center. Of these, 267 (12.1%) were 
initially diagnosed with UC at this institution. Twenty-seven patients 
were excluded: 10 had received systemic steroids or immunosuppres-
sive agents for diseases other than UC; and 17 did not undergo total 
colonoscopy at diagnosis. The remaining 240 patients were included 
in the analysis. 

Of the 240 patients, 132 (55.0%) were male and 108 (45.0%) 
were female, yielding a male-to-female ratio of 1.22:1. The median 
age at diagnosis was 41 years (range 16 to 79 years) and the median 
interval from onset of symptoms to diagnosis was 5.3 months (range 
0 to 369 months). Of the 240 patients, 44 (18.3%) were current smokers 
and 87 (36.3%) were pANCA seropositive. At diagnosis, 125 patients 
(52.1%) had proctitis, 51 (21.3%) had left-sided colitis and 56 (23.3%) 
had extensive colitis. The remaining eight (3.3%) patients had 
segmental-type UC. Of the 56 patients with extensive colitis, 39 had 
pancolitis.

Within the total cohort, 99 (41.3%) patients (54 male and 45 female) 
were identified as having AOI at diagnosis. If the 39 patients with 
pancolitis from the total cohort were excluded, AOI was present in 
49.3% of patients (99 of 201). Endoscopic disease activity at diagnosis 
was mild in 101 (42.1%) patients, moderate in 88 (36.7%) and severe 
in 51 (21.3%). 

Atypical distribution of lesions
Of the 240 patients, 46 (19.2%) showed an atypical distribution of 
lesions at the initial colonoscopy. Eight (3.3%) patients had rectal 
sparing (segmental-type UC), with no evidence of skip lesions; the 
distribution of the lesions in these eight patients is summarized in 
Table 1. The remaining 38 (15.8%) patients had skip lesions other than 
AOI: 23 (60.5%) had patchy skip lesions (Figure 1A); 13 (34.2%) had 
segmental skip lesions (Figure 1B); and two (5.3%) had both patchy 
and segmental skip lesions. Skip lesions were found in 19 (15.2%) of 
125 patients with proctitis, nine (17.6%) of 51 with left-sided colitis 
and 10 (17.9%) of 56 with extensive colitis. Figure 2 shows the loca-
tion and proportion of lesions in 19 patients with proctitis and skip 
lesions. Skip lesions were discovered more frequently in the proximal 
segments of the colon (transverse colon and ascending colon) than at 
the distal segments (sigmoid colon and descending colon) (P=0.001) 
(Figure 2). 

Table 2 summarizes the baseline characteristics of patients with 
typical and atypical UC. There were no statistically significant differ-
ences between the two groups in terms of demographic findings such 
as sex distribution, age at diagnosis, duration of symptoms before diag-
nosis and smoking status. In addition, there were no differences 
between the two groups regarding clinical features at diagnosis, includ-
ing pANCA status, disease activity and disease extent. However, AOI 
was identified in 68 (35.1%) of the 194 patients with typical UC and 
in 31 (67.4%) of 46 patients with the atypical distribution (P<0.001). 
If the 39 patients with pancolitis were excluded from the calculations, 
AOI was present in 68 (43.9%) of the 155 patients with typical UC 
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and in 31 (67.4%) of 46 patients with an atypical distribution 
(P=0.007). Thus, an atypical distribution was more common in patients 
with AOI (31.3%) than in those without AOI (10.6%; P<0.001).

Clinical course
The clinical courses of UC according to lesion distribution are 
summarized in Table 3. The median duration of clinical follow-up 
was 67 months (range one to 139 months) in the 240 patients. There 

was no difference in the type of treatment during follow-up, the initial 
remission rate, the cumulative rate of disease relapse, the rate of 
colectomy or the mortality rate between the two groups. 

Follow-up colonoscopic examinations were performed in 160 (66.7%) 
of the original cohort of 240 patients (Table 4). The median duration 
of colonoscopic follow-up was 38 months (range 0.1 to 112 months), 
with the median number of follow-up colonoscopies being two (range 
one to seven). There were no differences in baseline characteristics, 
such as age, sex and endoscopic findings, between patients who were 
and were not followed-up endoscopically (data not shown). Among 
the 194 patients with typical UC, 124 (63.9%) underwent follow-
up colonoscopy, with proximal extension of the disease detected in 
21 (16.9%): from proctitis into left-sided colitis in 12 patients; from 
proctitis into extensive colitis in four; and from left-sided colitis into 
extensive colitis in five. 

Of the remaining 46 patients with an atypical distribution of 
lesions (38 with skip lesions, eight with rectal sparing), 36 (78.3%) 
underwent follow-up colonoscopy, including 30 with skip lesions and 
six with rectal sparing. Of these 36 patients, 24 (66.7%) showed a 
typical distribution of lesions on follow-up colonoscopy. Proximal 
extension of the disease occurred in five (16.7%) of the 30 patients 
with skip lesions (excluding the six patients with rectal sparing): from 
proctitis into left-sided colitis in three patients; and from proctitis into 
extensive colitis in two patients. The proportion of patients with prox-
imal extension was not different between patients with typical distri-
bution and those with skip lesions (P=1.000). In the six patients with 
rectal sparing, there was evidence of rectal involvement at follow-up, 
with proctitis being detected in four patients, left-sided colitis in one 

TAble 1
Initial endoscopic findings and follow-up results of eight patients with segmental-type ulcerative colitis

Patient Age/sex

Initial location of lesions
Findings on  

follow-up colonoscopyCecum
Colon

RectumAscending Transverse Descending Sigmoid
1 34/male + + Extensive colitis
2 33/female + + Left-sided colitis*
3 42/male + + Proctitis
4 38/male + + Proctitis
5 50/male + + + Proctitis*
6 50/male + Proctitis*
7 44/female + + + + No follow-up
8 71/male + No follow-up

*Initial proximal lesions remained even after the appearance of rectal involvement, thereby resulting in skip lesions

Figure 1) A Patchy skip lesion in the ascending colon. B Segmental skip 
lesion in the transverse colon

Figure 2) Location of ‘skip lesions’ in 19 patients with proctitis and skip 
lesions. Skip lesions were found more frequently in the proximal segments of 
the colon (transverse colon and ascending colon) than in the distal segments 
(sigmoid colon and descending colon) (P=0.001)
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patient and extensive colitis in one patient (Table 1). The median 
interval from the initial colonoscopy to the identification of rectal 
involvement was 23.7 months (range 5.8 to 36.6 months) in these six 
patients. However, initial proximal lesions remained, even after the 
appearance of rectal involvement, thereby forming skip lesions in 
three of these six patients. The final diagnosis was not changed to CD 
in any of the 46 patients who showed an atypical distribution of 
inflammatory lesions at initial colonoscopy.

DISCUSSION
To our knowledge, the present study was the first to evaluate the fre-
quency and clinical implications of an atypical distribution of inflam-
matory lesions other than AOI in a large number of adult patients with 
newly diagnosed UC. The initial colonoscopy showed that 19.2% of 
patients had rectal sparing (3.3%) or skip lesions other than AOI 
(15.8%). This atypical distribution is very high if we consider the clas-
sical concept that UC always involves the rectum and may progress 
proximally in a continuous fashion. We hypothesize that this high rate 
is due to an increased awareness of skip lesions, such as AOI in UC, as 
well as improved methods used for bowel preparation and advances in 
endoscopic technology. 

Clinical examiners have a tendency to discontinue a colonoscopic 
evaluation when they reach the margin between the distal inflamed 
area and the proximal normal mucosa (29). Additionally, total colon-
oscopy is not recommended for patients with severely active disease for 
fear of perforating the colon or exacerbating the colitis (30). However, 
because we previously performed three studies investigating AOI in 
patients with UC (15-17), we routinely examine the entire colon of 
UC patients for the presence or absence of periappendiceal skip 
lesions. Moreover, in our previous prospective study (16), we recog-
nized and briefly discussed the presence of skip lesions other than AOI 
(16). Since then, we have maintained a consensus among our endos-
copists to describe all skip lesions, including AOI, which has led to the 
frequent discovery of other skip lesions in addition to AOI. 

Mutinga et al (31) identified patchy, right-sided colonic inflamma-
tion in 12 (3.4%) of 352 patients with UC. This figure is much lower 
than the findings presented in the present study. Also, in contrast to 
the present study, Mutinga et al included patients with AOI, and nine 
patients had only microscopic (but not endoscopic) lesions in the right 
side of the colon. Therefore, the frequency of macroscopic skip lesions 
other than AOI in the present study is much higher than that reported 
by Mutinga et al (31). In contrast, retrospective studies from Japan 
identified skip lesions other than AOI in 23 (29.9%) of 77 patients 
with newly diagnosed UC (19) and in 20 (45.5%) of 44 UC patients 
with AOI (20). Unlike the present study, this Japanese study classified 
aphthous ulcers at the margin between the distal inflamed area and the 
proximal normal mucosa as skip lesions, which may account for the 
higher reported incidence. In addition, if analyzed among the patients 
with AOI, the frequency of an atypical distribution in the present 
study would increase to 31.3% (31 of 99), which makes our findings 
comparable with those of these other Japanese studies.

TAble 4
Follow-up colonoscopic findings according to distribution of lesions

Typical distribution (n=194)
Atypical distribution (n=46)

Skip lesion (n=38) Rectal sparing (n=8)
Colonoscopy follow-up 63.9 (124/194) 78.9 (30/38) 75.0 (6/8)
Proximal extension of disease 16.9 (21/124) 16.7 (5/30) N/A
Change to typical distribution N/A 70.0 (21/30) 50.0 (3/6)

Data presented as % (n/n). N/A Not applicable

TAble 3
Clinical course of patients with ulcerative colitis according 
to distribution of lesions

Distribution
PTypical (n=194) Atypical (n=46)

Duration of clinical  
  follow-up, months*

66 (1–139) 69 (2–138) 0.108

Treatment during follow-up
   5-ASA (topical and/or  
      oral)

194 (100) 46 (100)

   Systemic corticosteroids 68 (35.1) 15 (32.6) 0.864
   Azathioprine/ 
      6-mercaptopurine

10 (5.2) 5 (10.9) 0.173

   Infliximab 2 (1.0) 0 (0.0) 1.000
Initial remission rate 193 (99.5) 46 (100.0) 1.000
Cumulative rate of disease relapse, % 0.368
   1-year relapse rate 34.8 50.5
   3-year relapse rate 60.2 66.1
   5-year relapse rate 72.6 80.9
Total proctocolectomy 2 (1.0) 2 (4.3) 0.167
Mortality 3 (1.5) 1 (2.2) 0.576

Data presented as n (%) unless otherwise indicated. *Data presented as 
median (range). 5-ASA 5-aminosalicylic acid

TAble 2
baseline characteristics of patients with ulcerative colitis 
according to distribution of lesions

Distribution
PTypical (n=194) Atypical (n=46)

Age at diagnosis, years* 41 (17–80) 41 (17–71) 0.217
Sex 1.000
   Male 107 (55.2) 25 (54.3)
   Female 87 (44.8) 21 (45.7)
Smoking 0.880
   Never smoker 105 (54.1) 26 (56.5)
   Current smoker 37 (19.1) 7 (15.2)
   Ex-smoker 52 (26.8) 13 (28.3)
Duration of symptoms 

before diagnosis, 
months*

4.0 (0–123) 5.6 (0–369) 0.530

pANCA 0.306
   Positive 67 (34.5) 20 (43.5)
   Negative 127 (65.5) 26 (56.5)
Initial disease extent 0.816
   Proctitis 106 (54.6) 19 (41.3)
   Left-sided colitis 42 (21.6) 9 (19.6)
   Extensive colitis 46 (23.7) 10 (21.7)
   Segmental 8 (17.4)
Initial endoscopic disease activity 0.310
   Mild 79 (40.7) 22 (47.8)
   Moderate 70 (36.1) 18 (39.1)
   Severe 45 (23.2) 6 (13.0)
AOI 68 (35.1) 31 (67.4) <0.001

Data presented as n (%). *Data presented as median (range). AOI Appendiceal 
orifice inflammation; pANCA Perinuclear antineutrophil cytoplasmic antibody 
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The presence of skip lesions contradicts the conventional concept 
of UC as a strictly continuous disease. Pathologists may prefer the 
diagnosis of CD to that of UC when they encounter skip lesions. 
However, over a median follow-up of 67 months, none of our patients 
developed any features consistent with CD such as ileal lesions, peri-
anal disease or granuloma. In addition, of the 36 patients with an 
atypical distribution of lesions at diagnosis who underwent follow-up 
colonoscopy, 24 (66.7%) showed a typical distribution of lesions, 
which could be due to the disappearance of skip lesions and/or to the 
appearance of rectal involvement. As such, we are confident that all of 
our patients with skip lesions or rectal sparing had UC rather than 
CD. 

The results of the present study have important implications with 
regard to the diagnosis of IBD. Because our results clearly show that 
patchy or segmental skip lesions and rectal sparing occur not infre-
quently in adults with newly diagnosed, untreated UC, these features 
alone should not be considered definitive evidence against a diagnosis 
of UC. However, what are the prognostic implications of skip lesions 
or rectal sparing in UC? Rajwal et al (7) suggested that rectal sparing 
in pediatric patients with UC indicated a more aggressive disease that 
is less responsive to medical treatment. However, no study has 
addressed this issue in the adult population. In our previous study, we 
found no prognostic implications for the presence of AOI skip lesions 
on the clinical course of UC (16). Similarly, the present study showed 
that the presence of an atypical distribution of inflammatory lesions in 
UC patients had no prognostic implications in terms of rates of remis-
sion, relapse, disease extension, colectomy and mortality. Instead, we 
identified a clear correlation between the presence of an atypical dis-
tribution and AOI; however, we cannot offer a logical explanation as 
to the biological meaning of this relationship.

The present study had several limitations. First, it was retrospective 
in design. Although there was a consensus among our endoscopists to 

describe all skip lesions, including AOI, throughout the study period, we 
cannot exclude the possibility that some minor skip lesions were missed. 
Therefore, the actual frequency of an atypical distribution of lesions may 
be higher than reported. Second, we did not evaluate the small bowel 
using small-bowel follow-through or computed tomography/magnetic 
resonance enterography to exclude CD. However, we did evaluate the 
terminal ileum in all patients using colonoscopy; no patients had ter-
minal ileal lesions. Third, we did not perform histopathological analy-
sis in the present study; therefore, some of our patients who were 
classified as having skip lesions may show histological evidence of 
continuous lesions. However, the extent of UC is usually classified 
according to endoscopic appearance rather than histological findings, 
as set out in the Montreal classification (32) and in the European (30) 
and American guidelines (33).
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