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ORIGINAL ARTICLE

Stool dynamics after extrinsic nerve injury during right colectomy with
extended D3-mesenterectomy

Yngve Thorsena,b, Bojan V. Stimecc, Jonas Christoffer Lindstroma,d, Tom Oreslanda,b and Dejan Ignjatovica,b

aDepartment of Clinical Medicine, University of Oslo, Oslo, Norway;; bDepartment of Gastroenterological Surgery, Akershus University
Hospital, Lorenskog, Norway;; cFaculty of Medicine, Anatomy Sector, Teaching Unit, University of Geneva, Geneva, Switzerland;; dHealth
Services Research Unit, Akershus University Hospital, Lorenskog, Norway

ABSTRACT
Introduction: To improve oncological outcome in right colon cancer surgery, an extended mesenter-
ectomy (D3) is under evaluation. In this procedure, all tissue anterior and posterior to the superior
mesenteric vessels from the middle colic to ileocolic artery origin is removed, causing injury to the
superior mesenteric nerve plexus. The aim was to study the effects of this injury on bowel dynamics
and quality of life (QoL).
Methods: Patients undergoing right colectomy with conventional D2- and extended D3-mesenterec-
tomy were asked to record stool number and consistency for 60 d after surgery and complete ques-
tionnaires regarding QoL and bowel function (BF) before and after recovery from surgery. We
compared early postoperative stool dynamics and long-term QoL in the groups and presented graphs
depicting the temporal profile of stool numbers and consistency.
Results: Thirty-three patients operated with a D3-resection and 12 patients with a D2-resection partici-
pated. The results revealed significantly higher stool numbers in the D3-group until day 26, with sig-
nificantly more loose-watery stools until day 40. The most pronounced difference was found on day 9
(Mean difference in the total number of stools: 2.25 stools/day, p¼.004. Mean difference in loose-
watery stools/day: 2.81 p<.001). About 25% in the D2- and 69.7% in the D3-group reported having
more than three stools/day in the early postoperative phase. There were no differences in long-term
QoL and BF between the groups except in stool consistency (p¼.039).
Discussion/conclusions: Denervation following extended D3-mesenterectomy leads to transitory
reduced consistency and increased frequency. It does not affect long-term QoL or BF.
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Introduction

In surgery for colorectal cancer, the right colon represents
a particular challenge. The right colon shares vessels
(superior mesenteric artery [SMA] and vein [SMV]), lym-
phatics and extrinsic nerves (superior mesenteric plexus
[SMP]) with the small bowel [1]. The traditional D2-mesen-
terectomy includes peripheral branches to the right colon
with the surrounding lymph nodes [2]. The extended D3-
mesenterectomy also removes the tissue with the lymph
nodes around the superior mesenteric vessels [3].
Consequently, the SMP in the same area is removed. Since
the small bowel continuity is preserved, the extrinsic
nerves are affected, not the intrinsic nerves (i.e., enteric
nervous system [ENS]).

Two studies concerning bowel function (BF) and quality
of life (QoL) after extended D3-mesenterectomy report excel-
lent long-term results [4,5]. A study with wireless motility
capsules (WMC) revealed a significantly reduced small bowel
transit time 3 weeks after surgery [6]. The clinical correlation
to this early postoperative finding is not studied.

This study’s main aim was to compare the immediate
postoperative changes in BF after right colectomy with and
without extended D3-mesenterectomy. A secondary aim was
to compare the BF and QoL in the groups after recovery
from surgery.

Material and methods

Patients

Inclusion criteria
Patients with right colon cancer scheduled for right colec-
tomy were invited to participate in the study. Inclusion crite-
ria for participation were: good general condition, regular BF
before surgery (not taking cancer-related symptoms into
account) and a normal activity level. Patients who had under-
gone previous bowel resections and patients with pre-exist-
ing conditions known to affect the stool pattern (IBD, IBS,
Celiac disease, anal incontinence, etc.) were not included in
the study. The participation was voluntary.
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Exclusion criteria
Extended bowel resection at surgery, postoperative compli-
cations affecting the postoperative BF.

The experimental group (D3)
Consecutive patients included in the multicenter trial ‘Safe
Radical D3-Right Hemicolectomy for Cancer through
Preoperative Biphasic Multi-Detector Computed
Tomography’. All patients who were 75 years old or younger
were offered the new procedure.

The control group (D2)
Consecutive patients operated with right colectomy with
traditional D2-mesenterectomy and fulfilling the inclusion as
mentioned above. Since patients 75 years or younger were
offered D3 lymphadenectomy, this group of patients is older
than 75 years except for those who did not participate in
the trial mentioned above.

Surgical procedure
The surgical procedure differs in the central lymphadenec-
tomy and has previously been described [3,7,8]. The plane
for the central dissection is between the superior mesenteric
vessels and their sheaths. All tissue anterior and posterior to
the superior mesenteric vessels from 5mm proximal to the

middle colic artery origin to 10mm distal to the ileocolic
artery origin is removed. The medial border follows the left
border of SMA (Figure 1).

Perioperative preparation/medication
Bowel preparation was not given. All patients had antibiotic
prophylaxis (metronidazole/doxycycline). No laxatives were
given after surgery.

Data collection

Diary
The patients were asked to mark all their stools after surgery
(preferably 2 months or at least until stabilization) in a diary,
choosing one out of three predefined characters depending
on the stools’ consistency.

BF and QoL
The patients completed BF and QoL questionnaires twice:
preoperative (regarding the status before the onset of any
cancer-related symptoms, at least 6 months prior to surgery)
and after recovery (1 year after surgery and at least 6 months
after finishing adjuvant chemotherapy).

Figure 1. The D3-dissection. The figure depicts the radicality of the central dissection. (A) After opening the left side of the mesentery along a line following the
medial border of the superior mesenteric artery (SMA), the surgeon opens the artery’s vascular sheath. Dissecting toward the right in the well-defined plane
between the vessels and their sheaths, the surgeon lifts the anterior flap. Here we see that the ileocolic artery (ICA) crosses the superior mesenteric vein in the
front. (B) Now, the ICA and the ileocolic vein are ligated and divided at their origins. SMV is carefully pulled to the left as the posterior flap is dissected out from
behind the SMA, still in the plane between the artery and the vascular sheath. The dorsal delimitation of this flap is Toldt’s fascia. (C) Pictures the specimen with
the vascular groove and the inner surface of the two flaps. (D) Depicts the mesentery, the two flaps, and the vascular groove from another angle.
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The instruments

Diarrhea assessment scale (DAS)
A validated tool for determining four aspects of diarrhea (fre-
quency, consistency, urgency and abdominal discomfort):
0–12, 12 is worst [9].

Gastrointestinal quality of life index (GIQLI; 0–144) with
sub-scores
The following subscales were used: physical role (0–44),
colon function (0–32), emotional role (0–32), upper GI func-
tion (0–32) and meteorism (0–12) [10].

36-Item short-form health survey (SF-36)
From 36 questions, the following scores were calculated:
Physical functioning (0–100), role-physical (0–100), bodily
pain (0–100), general health (0–100), vitality (0–100), social
functioning (0–100), role-emotional (0–100) and mental
health (0–100) [11].

Stool frequency
No separate stool frequency question was included in the
interviews before surgery and after recovery. The DAS stool
frequency score was used to determine stool frequency.
Since the score was truncated at the lower and upper end,
this was under the assumption that few patients had stools
less than once or more than four times daily.

Degree of disturbance
Additional question: ‘Does your bowel function bother you’?
(no: 0, a little: 1, much: 2, very much: 3)

Data analysis

Missing diary data

We instructed the patients to record their stools for 60 d
after surgery or at least until stabilization. When a patient
stopped recording the stools or started adjuvant chemother-
apy earlier than 60 d after surgery, the remaining days were
left out.

Missing questionnaire items

In Gastrointestinal Quality of Life Index (GIQLI), single missing
items were replaced by person-mean imputation.
Questionnaires with multiple missing items were excluded. In
SF-36, the missing items were dealt with according to the
scoring instructions. In DAS, missing items led to the exclu-
sion of the score.

Postoperative stool pattern and dynamics

Graphs representing the temporal profile of stool number
and consistency were used to visualize and compare the

early postoperative BF. An independent samples t-test (SPSS)
was performed to compare the daily stool frequency
between the groups.

QoL and BF after recovery
Postoperative QoL- and BF-scores in the groups were com-
pared with linear regression analysis, controlling for pre-
operative scores.

Ethics committee approval
The multicenter trial for right colectomy with extended D3-
mesenterectomy is registered at ClinicalTrials.gov on 9 May
2011 (NCT01351714) and has ethical committee approval
from the regional ethical committee (REK Sør-Øst No. 2010/
3354). Comparison of BF after D3-and D2-right colectomy
was also approved (REK Sør-Øst No. 2015/403-3). Written
informed consent was acquired from the patients before
inclusion, both for the multicenter trial and the present BF/
QoL-study.

Results

Patients

Forty-one (18 men) were included in the experimental group
(D3) and 18 patients (8 men) in the control group (D2).

Exclusion
D3: Anastomotic leakage: 2 men. Five patients (2 men) did
not return the diary. One woman stopped recording the
stools after having a bleeding ulcer.

D2: Anastomotic leakage: 1 man. Two men underwent
reoperation due to postoperative bleeding and bowel
obstruction. Three women did not return the diary. When
dropouts are in concern, overall rate was 13.6% (D2: 16.7%;
D3: 12.2%).

Patients after exclusion
Thirty-three D3-patients (14 men) with a median age of 70
years and 12 D2-patients (5 men) with a median age of
77.3 years completed the study. The groups were comparable
for gender (p¼.964, Chi-square test of independence). There
was a small, but statistically significant difference of
6.77 years between the groups (Mean age: D2¼ 73.50 ± 8.91
years, D3¼ 66.73 ± 8.57 years, independent samples T-
test: 0.03).

Histopathology
The mean length of the resected colon was comparable
(D2¼ 23.89 cm, D3¼ 26.16 cm (formalin-fixed specimens).
The difference between the resected ileum mean lengths is:
5.09 cm (Mean length: D2¼ 6.94 ± 4.35 cm,
D3¼ 12.03 ± 4.07 cm, independent samples T-test: 0.01).

Diaries
All patients recorded stools for at least 3 weeks (the period
with the most significant postoperative changes). Twenty-five

SCANDINAVIAN JOURNAL OF GASTROENTEROLOGY 3



out of 33 D3-patients completed the diary for the whole
period (60 d). Three D3-patients stopped due to a stabiliza-
tion of the stool frequency. Five D3-patients stopped due to
the initiation of adjuvant chemotherapy. Eight out of 12 D2-
patients completed the diary for the whole period. Three
patients stopped due to a stabilization of the stool fre-
quency. One patient ended the recording due to the initi-
ation of adjuvant chemotherapy.

Diary data

The median time from surgery to the first bowel movement
was equal in the two groups: 3 d (1–8) for the D3-group and
3 d (2–5) for the D2-group (p¼.653, Whitney–Mann). In the
first postoperative days, the diaries revealed significantly
higher stool frequencies in the D3-group than in the D2
group. The most pronounced difference was found on day 9,
with 2.25 more stools per day (mean) in D3-group than in
the D2-group (p ¼.004, CI ¼ 0.740–3.760). At that time, most
of the stools in the D3-group were loose or watery. The
mean difference in loose or watery stools per day between
the groups on day 9 was 2.81 (p<.001, CI ¼ 1.635–3.986). In
the early postoperative period, the D2-group presented a
regular stool pattern with mainly formed stools (Figure 2(a)),
whereas the D3-group had frequent stools with watery and
loose consistency (Figure 2(b)). In the D2-group, 75% of the
patients never had more than three stools per day. 16.7%
had a maximal stool frequency between four and six stools
per day, and only one patient (8.3%) reported having more
than seven bowel movements on 1 d. In the D3-group,
30.3% of the patients never had more than three stools per
day in the postoperative period. About 27.3% had a maximal
stool frequency between four and six stools per day, and
42.4% of the patients reported having more than seven
bowel movements on 1 d. The difference between the
groups continued over the next weeks with significantly
higher total stool frequency in the D3 group up to day 26
(p< .05) and significantly more loose or watery stools in the
D3 group up to day 40 (<0.05). The differences slowly dimin-
ished until the frequency and consistency were approxi-
mately the same in both groups after 60 d.

QoL and BF after recovery

The postoperative QoL- and BF-questionnaires were
completed17 months (median; 10–25) after the operation in
the D2-group and 18 months (median; 10–24) in the D3-
group. The mean time from chemotherapy to completion
was 11 months in the D2-group (one patient) and 9.3 months
in the D3-group. No forms were completed earlier than
6 months after ended chemotherapy. When controlled for
the preoperative scores, we found no significant difference
between the groups in SF-36 scores, GIQLI or GIQLI sub-
scores. We found no significant difference in the total DAS-
score, even though the consistency score (DAS-item) was
0.48 higher in the D3 group than in the D2 group (p¼.036).
There was no significant difference in stool frequency. For a
complete overview, see Table 1.

Discussion/conclusion

Whereas the length of the postoperative ileus and the hos-
pital stay after bowel surgery have been well documented
[12], there are no publications concerning stool frequency
and consistency during the first weeks after right colectomy.
This is the first diary-based study to describe BF dynamics
throughout the early postoperative period after right colec-
tomy, and the first study to compare the early postoperative
BF in two groups operated with right colectomy with and
without extrinsic denervation. The study reveals a signifi-
cantly higher stool frequency and reduced stool consistency
in the early postoperative phase in the group operated with
extended D3-mesenterectomy. Since both procedures are
identical, except for the central mesenterectomy involving
the SMP, we conclude that the denervation causes this sig-
nificantly different stool pattern. Within the first month, the
frequency and consistency nearly normalize. This work adds
to our general understanding of the consequences of super-
ior mesenteric nerve plexus denervation. Knowing how BF is
affected will also be paramount to our patients, should the
D3 resection become the recommended preferred operation
for right-sided colon cancer. The study design does not allow
us to draw any conclusions about the mechanisms of the
postoperative diarrhea nor the normalization. A generally
accepted hypothesis for diarrhea after extrinsic denervation
is a loss of the sympathetic nerves’ dampening effect leading
to a parasympathetic overactivity [13]. Given the tremendous
complexity that has been revealed in recent decades, this is,
of course, a simplification. Since SMP is part of the hard wir-
ing of the microbiome–gut–brain axis, nerve injury could
influence this axis in many ways. Moreover, enhanced transit
could affect the microbiome. Nevertheless, compensatory
mechanisms, not a reinnervation must cause the early rapid
improvement observed in the graphs. The bowel is known to
have remarkable plasticity. The constant fast renewal of the
endothelium enables rapid modifications related to the num-
ber and differentiation of the cells. These modulations can
change the absorptive and secreting functions within a few
days [14]. The early improvement is probably a result of this
adaptation, adjusting for the significantly reduced postopera-
tive transit time documented in the study with the WMC [6].
Previous animal studies have shown that the ability to adapt
absorptive and morphometric remains after extrinsic denerv-
ation [15,16].

Whereas this early rapid improvement most certainly
reflects compensatory mechanisms, the late and slow nor-
malization leading up to the results at the second interview
(and the last test in the motility study) [6] might be a result
of an adaptation of the remaining autonomic nervous system
(ENS and/or remaining nerves in the SMP following branches
of the SMA emerging proximal to the injury) or even reinner-
vation [17,18]. Our results reveal that the D3-group still has
looser consistency in the long-term follow-up than the D2-
group (p¼.039), which accords with our previous studies and
theory. Nevertheless, it does not affect stool frequency
or QoL.
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Strengths and limitations

The prospective design and the use of the diary to provide
detailed day-by-day information concerning stool frequency
and consistency are important strengths. The main limitation
of the study was the relatively small control group (D2). The
reason is that the extended D3-mesenterectomy has become
our standard procedure, limiting the number of D2-patients.
All patients who are 75 years or younger are offered the new
procedure. Since most of the younger patients receive the

extended D3-mesenterectomy, the control group is slightly
older than the experimental group. During a lifetime, one
can expect a certain change in the bowel pattern. The short
period represented by the age difference between the
groups (6.77 years), will, in this context, hardly constitute a
significant change in intestinal function in such a highly
selected group of patients [19]. The small difference in
length of the small bowel resection accounts for only about
1% of the total length of the small bowel and is, therefore,

Figure 2. (A) The graphs depict the stool trends during the first 60 d after right colectomy with a traditional D2-mesenterectomy using a 3-points moving average.
The graphs represent the total number of stools per day, as well as the number of formed, loose and watery stools per day. (B) The graphs depict the stool trends
during the first 60 d after right colectomy with extended D3-mesenterectomy using a 3-points moving average. The graphs represent the total number of stools
per day, as well as the number of formed, loose, and watery stools per day.
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not expected to affect the results. The overall dropout rate
was high, but was similar between the groups. The age dif-
ference can perhaps explain the slightly higher dropout rate
in the D2-group.

Conclusion

This study shows that patients undergoing right colectomy
with extended D3-mesenterectomy – in the early postopera-
tive period – experience significantly higher stool numbers
per day with looser consistency than patients undergoing
the traditional D2-mesenterectomy. This finding correlates
well with the earlier mentioned motility study, which
revealed a significantly reduced small bowel transit time
3 weeks after the procedure [5]. The fast, steady improve-
ment beginning around ten days after surgery probably
reflects the great plasticity of the bowel to compensate for
the reduced transit time. The long-time results concerning
BF and QoL are comparable in the groups.

Disclosure statement

The authors declare that they have no conflict of interest.
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-Frequency score (0–3) 0.42 0.71 0.29 0.120 �0.30 to 0.54 .57
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