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3H).

Colonic pseudo-obstruction without definable  
transition zone (transition zone [–] group) 

Of 39 patients, 2 (5.4%) showed no identifiable TZ (Table 3). 
In patient No. 37, diffuse hypoganglionosis with ischemic changes 
was observed (Fig. 4A and 4B). In patient No. 39, there was a se-
vere loss of smooth muscle fibers and interstitial fibrosis, suggesting 

degenerative myopathy (Fig. 4C and 4D). In cases of the TZ (–) 
group and atypical TZ without hypoganglionosis (patient No. 38 
with heterotopic myenteric plexus), we hypothesized that the dif-
ferences in ICC number might explain the CPO symptoms. How-
ever, the ICC number was not decreased in the TZ of the resected 
specimen of patient No. 38 and was not significantly decreased in a 
patient in the TZ (–) group (patient No. 40) compared to normal 
segments present in the typical TZ group (Supplementary Table 1).

Table 3. Pathologic Classification of Colonic Pseudo-obstruction Patients With and Without Transition Zone

Classification TZ
Hypogan-
glionosis

Disease recurrence
after surgery (n [%])

Comment

TZ (+) group (n = 37) 5 (15.6)
    Classic TZ group (n = 31) + + 2 (6.5)
    Atypical TZ group (n = 6) + + 3 (50.0) Eosinophilic ganglionitis (n = 2)

Ulcers with combined CMV infection (n = 2)
Ischemic change (n = 1)
Heterotopic myenteric plexus (n = 1)

TZ (–) group (n = 2) 2 (100.0)
    Diffuse hypoganglionosis (n = 1) - + 1 (100.0)
    Degenerative myopathy (n = 1) - - 1 (100.0)

TZ, transition zone; CMV, cytomegalovirus.
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Figure 3. Representative photomicrographs for segmental hypoganglionosis cases with other specific features. (A, B) A segmental hypogangli-
onosis case with eosinophilic ganglionitis (patient No. 24). Colonic segment distal to the transition zone shows reddish discoloration (arrow) (A). 
Several eosinophils are observed along the hypoganglionic myenteric plexus (arrow) (B) (H&E, ×20 objective lens, scale bar = 100 mm). (C, D) 
A segmental hypoganglionosis case with cytomegalovirus (CMV) infection (patient No. 16). Several geographic ulcers (arrow) are observed in 
distal ganglionated segment (arrow) (C). CMV immunostaining reveals several CMV inclusions (brown dots) (D) (CMV immunohistochemistry, 
×20 objective lens, scale bar = 100 mm). (E, F) A segmental hypoganglionosis case with ischemia (patient No. 12). Proximal dilated segment 
shows reddish mucosal discoloration and loss of semilunar folds (E). Transmural ischemic changes are seen (F) (H&E, ×4 objective lens, scale 
bar = 500 mm). (G, H) An intestinal pseudo-obstruction case with transition zone without hypoganglionosis (patient No. 38). Marked dilatation 
of proximal colon with prominent transition zone (G). Heterotopic ganglions are observed in outer longitudinal muscle layer (arrows) (H) (H&E, 
×4 objective lens, scale bar = 500 mm).
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Differences in Clinical Characteristics and Outcomes 
According to Pathology

We compared clinical characteristics according to pathologic 
groups. In classic TZ group, 35.8% of patients presented with 
acute-onset obstructive symptoms. Whereas, only one patient of 
atypical TZ group had acute-onset symptoms and 66.7% of atypi-
cal TZ group complained progressive medically-refractory chronic 
constipation, although the difference did not reach statistical sig-
nificance (P = 0.140). The specific types of presenting symptoms 

including abdominal distension and abdominal pain was not sig-
nificantly different between the 2 groups. In addition, underlying 
comorbidities were not significantly different between the 2 groups 
as well. In the classic TZ group, the TZ was observed most fre-
quently in the descending colon (48.4%). However, the TZ was 
often located in the rectosigmoid area in patients with atypical TZ 
compared to the classic TZ group (50.0% vs 13.0%, P = 0.065). 

We evaluated clinical outcomes according to pathologic groups 
during the follow-up period (median 5.1 years; IQR, 1.8-8.0 years). 
In the classic TZ group, 29 patients (93.5%) completely recovered 
without any residual symptoms after colectomy. However, 3 patients 
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Figure 4. Microscopic appearance of 
colonic pseudo-obstruction without transi
tion zone. (A, B) Diffuse hypogangli-
onosis with ischemia (patient No. 37). 
Transmural ischemic necrosis is seen (A) 
(H&E, ×4 objective lens, scale bar = 
500 μm). Note that ganglion cell is ab-
sent in the myenteric plexus (arrow) (B) 
(hematoxylin and eosin [H&E], ×400 
objective lens, scale bar = 50 μm), (C, 
D) Myopathic changes without hypo-
ganglionosis (patient No. 39). Proper 
muscle layer shows severe loss of smooth 
muscle fibers and marked interstitial 
fibrosis (C) (Masson’s Trichrome, ×10 
objective lens, scale bar = 200 μm). 
Ganglion cells are present in the myen-
teric plexus (arrow) (D) (H&E, ×20 
objective lens, scale bar = 100 μm).

Table 4. Clinical Course of Colonic Pseudo-obstruction Patients

Variables Overall

TZ (+) group
TZ (–) group

(n = 2)
P-valueClassic TZ group 

(n = 31)
Atypical TZ group 

(n = 6) 

Duration of follow up (yr) 5.1 (1.8-8.0) 5.0 (1.5-8.8) 6.0 (3.3-7.0) 4.8 (1.1-4.8) 0.825
Number of sub-occlusive episodes before surgery 3.0 (3.0-4.0) 3.0 (3.0-4.0) 2.5 (2.0-3.3) 5.0 0.282
Post-surgical outcomes 0.022
    Without disease recurrence 32 (82.1) 29 (93.5) 3 (50.0) 0 (0.0)
    With disease recurrence 7 (17.9) 2 (6.5) 3 (50.0) 2 (100.0)
        Re-hospitalization 7 (17.9) 2 (6.5) 3 (50.0) 2 (100.0)
        Re-operation 2 (5.1) 0 (0.0) 0 (0.0) 2 (100.0)

aP-value: classic transition zone (TZ) group vs atypical TZ group.
Values are expressed as median (interquartile range) or n (%).
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(50.0%) of the atypical TZ group were treated for recurrent sub-
occlusive episodes after colectomy (P < 0.001; Table 4 and Supple-
mentary Fig. 3). Only 2 patients were in the TZ (–) group and 
both complained of chronic intractable constipation at diagnosis. 
After colectomy, recurrent obstructive symptoms occurred in these 
patients and both underwent additional abdominal surgery during 
follow-up (Table 4). One patient died from severe electrolyte imbal-
ance despite prolonged total parenteral nutrition. 

Clinical Factors Associated With Symptom 
Recurrence After Surgery in the Transition Zone (+) 
Group

We evaluated factors associated with symptom recurrence after 
colectomy in the TZ (+) group (Supplementary Table 2). The 
presence of combined additional pathologic features other than typi-
cal hypoganglionosis was the only statistically significant associating 
factor of disease recurrence (OR, 14.5; 95% CI, 1.692-124.239; P = 
0.015). 

Discussion 	

In this retrospective study including 39 Korean CPO patients, 
we evaluated the pathologic characteristics of TZ and its relation-
ship with patient outcomes. Overall, 37/39 (94.9%) patients showed 
evidence of TZ on pathological analysis and segmental hypogangli-
onosis was demonstrated in the TZ of these Korean CPO patients. 
Moreover, detection of additional specific pathologic features in as-
sociation with TZ-associated hypoganglionosis was associated with 
poor post-surgical outcomes.

Previous reports have described differences in disease char-
acteristics between Korean and Western CIPO patients. The age 
at diagnosis of Western patients was between the ages of 15 and 
30, whereas in Korean CPO patients’ age ranged between 40 to 
50 years.1,2 Small bowel abnormalities identified by the dilatation 
observed in radiologic studies was rare in Korean CPO patients. In 
Western patients, 36.4-100% showed abnormal findings on small 
bowel manometry. However, in Korean CPO patients, only 20-
60% of patients showed small bowel abnormalities.14,15 The most 
notable difference regarded disease outcomes. In Western studies, 
the course of disease has been reported to be severe.1-3,19,20 However, 
only a limited number of studies evaluated disease outcomes, CPO 
patients from Korea showed relatively favorable post-operative 
outcomes.13,15 The TZ, a colonic segment connecting proximally 
dilated and distally non-dilated segments has been described in Ko-
rean CPO patients.9,10,13-15,21

Consistent observations of the TZ in previous studies evaluat-
ing Korean CPO patients implied that the distinct clinical char-
acteristics of these patients may be associated with the presence of 
TZ.9,10,13-15,21 Through detailed pathological analysis of the resected 
specimens, we found that the ganglion cell density, was significantly 
decreased in TZ compared to proximal dilated and distal non-di-
lated segments (P < 0.001). Interestingly, the ganglion cell density 
in the dilated colon located proximal to the TZ was not decreased 
as in the non-dilated distal colon. These results are consistent with 
our previous study, which suggested the TZ was the principal site of 
functional obstruction.10 We found that the circular muscle from the 
TZ was less responsive to contractile stimuli and nNOS-positive 
cells were depleted in the TZ.10

Previously, a group of pediatric patients, mainly from Japan, 
similar to Korean CPO patients with TZ has been described.11,22-24 
These patients were classified as having “allied disease of 
Hirschsprung’s disease”23 or more commonly as having “acquired 
isolated hypoganglionosis (AIHG).”22 Although given a differ-
ent label and patients had a different age range, similar clinical 
and pathological characteristics as Korean CPO patients with TZ 
were observed in pediatric AIHG patient group. Above all, a focal 
intestinal segment with a reduction in the number of ganglion cells 
was found.11,22,23,25,26 Second, the involved segment was mainly the 
colon,11,25,26 and the clinical course of this group of patients was rela-
tively favorable.23 We think Korean CPO patients with TZ may be 
a late-onset form of pediatric AIHG. Taken together Korean CPO 
with TZ and pediatric AIHG may be a subtype of CPO with fa-
vorable outcome, which is more prevalent in Asian countries.

In some cases of pediatric AIHG, eosinophilic infiltration and 
ischemic changes in addition to segmental hypoganglionosis have 
been observed.22,25 We found specific pathologic features includ-
ing, eosinophilic ganglionitis, CMV infection, ischemic changes, 
heterotopic myenteric plexus in addition to TZ-associated hypo-
ganglionosis in 16.2% of the TZ (+) group. Pediatric AIHG can 
be ascribed to ischemia and viral infection,22 which may also con-
tribute to ganglion cell degeneration and loss in our CPO patients. 
An autoimmune mechanism triggered by viral infections, such as 
herpes simplex virus (HSV) or CMV, may indeed result in loss of 
ganglion cells as also occurs in some peculiar neuropathies, such as 
achalasia.27 To confirm this hypothesis, we performed HSV immu-
nostaining in selected cases. However, no HSV positive cells were 
identified. Further studies with larger sample sizes will be needed to 
evaluate the etiology and pathogenesis of CPO with TZ.

Herein, a quantitative decrease in ICC along with hypogan-
glionosis was identified in a subset of cases. However, the ICC 
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decrease was much milder than that of the ganglion cell density and 
was neither directly proportional to the decrease of ganglion cells 
nor associated with post-operative outcome. Contrary to our results, 
there have been conflicting results about the relationship between 
neuropathy and ICC.11,28 Thus, the clinical impact of ICC depletion 
in the context of hypoganglionosis should be further evaluated.

Our study has some limitations that should be addressed. First, 
because we only included patients who were refractory to medical 
treatment and ultimately underwent surgery, the impact of TZ on 
the response to medical treatment in Korean CIPO patients was not 
evaluated. Second, only 2 patients belonged to the TZ (–) group 
and only one patient with visceral myopathy. This might be due to 
the lower prevalence of visceral myopathy in the Korean popula-
tion than in Western countries (5% vs 20%).6,13,15,29 Third, we used 
H&E staining to detect ganglion cells and did not perform im-
munostaining using anti-Hu C/D antibody, which is a more precise 
method. However, the differences in ganglion cell density between 
hypoganglionic and non-hypoganglionic segments were significant; 
thus, the inferior precision of H&E staining may be tolerated and 
would not affect the analysis result as a whole.

In summary, our study determined that Korean CPO patients 
present distinct characteristics from Western CIPO patients, 
namely: (1) mainly colon involvement in Korean patients vs small 
bowel involvement in Western patients; (2) TZ with hypogangli-
onosis, commonly observed in Korean patients, but rare in Western 
patients; and (3) relatively good prognosis after removal of the TZ 
in Korean patients. Considering the decreased ganglion cell density 
observed in the TZ of most Korean CPO patients, the TZ could 
be the main site of obstructive symptoms. Mechanisms including 
ischemia, inflammatory (eosinophilic ganglionitis), and neurotropic 
virus (CMV) infection can lead to hypoganglionosis. This subset of 
patients was associated with poor post-operative outcomes. Further 
studies involving genetic evaluation are required to better elucidate 
the pathophysiology and specific characteristics of CPO with TZ, 
which manifests as a typical Eastern phenotype of severe dysmotil-
ity.
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Note: To access the supplementary tables and figures men-
tioned in this article, visit the online version of Journal of Neurogas-
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