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Study design: Longitudinal study among patients with acute and chronic spinal cord injuries
(SCI).
Objectives: To compare total gastrointestinal transit times (GITT) and segmental colorectal
transit times (CTT) in SCI patients with acute and chronic lesions to those of healthy
volunteers. Furthermore, to examine the impact of time elapsed since injury on GITT and
CTT, and ®nally to compare the pattern of colorectal dysfunction in patients with supraconal
versus conal/cauda equina lesions.
Setting: Surgical Research Unit and Department of Neurosurgery, University Hospital of
Aarhus, Denmark.
Methods: Patients took 10 radioopaque markers on six consecutive days and an abdominal
X-ray was taken on day 7. GITT and CTTs were computed from the number of markers in
the entire colorectum and in each colorectal segment respectively. We studied 26 patients with
acute spinal cord lesions (15 supraconal and 11 conal/cauda equina lesions; time since
injury=11 ± 24 days) and 18 patients were available for follow-up 6 ± 14 months later. Results
were compared to 24 healthy volunteers.
Results: In patients with acute supraconal or conal/cauda equina lesions GITT and CTTs of
the ascending, transverse, and descending colon were signi®cantly prolonged, but rectosigmoid
transit time was only signi®cantly prolonged in patients with conal/cauda equina lesions. In
patients with chronic supraconal lesions GITT and CTTs of the transverse colon and the
descending colon were signi®cantly prolonged. In patients with chronic conal/cauda equina
lesions GITT and CTT of the transverse, the descending colon and the rectosigmoid were
signi®cantly prolonged. Thus, supraconal SCI resulted in generalized colonic dysfunction
whereas chronic conal/cauda equina lesions resulted in severe rectosigmoid dysfunction.
Conclusion: SCI results in severely prolonged colonic transit times both in the acute and
chronic phase. However, the type of colorectal dysfunction depends on the level of SCI.
Spinal Cord (2000) 38, 615 ± 621
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Introduction

Colorectal and anal sphincter dysfunction resulting in
constipation, obstructed defecation or fecal inconti-
nence are common complications to spinal cord injury
(SCI).1 ± 5 Only few SCI patients feel normal desire to
defecate and most use laxatives, enemas or digital
stimulation of the rectum and anal canal to initiate
defecation. Furthermore, colorectal problems often
restrict patients social activities and in¯uence their
quality of life.1,2 In spite of the large number of SCI
patients, their colorectal function is very incompletely
understood.

Most studies of segmental colonic transit time in
SCI patients have either been restricted to patients
with complete lesions6,7 or they have contained a very

small number of patients.8 As about 40% of patients
have incomplete lesions,9 colonic transit time after
incomplete SCI is clinically very important too.
Furthermore, colonic transit time in patients with
lesions of the conus medullaris and the cauda equina
needs further study. All previous studies have been in
the chronic phase of SCI.6 ± 8,10 In the acute phase
colorectal function may be more severely a�ected due
to spinal shock, analgesics and immobilization.

The aim of this study was to describe total
gastrointestinal and segmental colonic transit times in
patients with complete or incomplete SCI both in the
acute and the chronic phase. Furthermore, the aim
was to test the hypothesis that constipation in patients
with conal or cauda equina lesions is predominantly
rectosigmoid whereas it is more generalized in patients
with supraconal lesions.
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Methods

Patients
All acute spinal cord injured patients from the Western
part ofDenmark (population: 2.5million) are admitted to
the Department of Neurosurgery at University Hospital
of Aarhus. From February 1st 1996 to December 31st
1997 all patients with acute SCI were asked to participate
in the study if they ful®lled the following criteria:

(1) had sustained a SCI within the last 21 days.
(2) did not have lesions of other organs preventing them

from the intake of transit markers or from transport.
(3) were in a physical and psychological state which

did not make the request to participate in the study
unethical.

(4) were adults less than 65 years of age.
(5) had a permanent address in the Western part of

Denmark.
(6) had neurological de®cit that did not resolve within

2 weeks after injury.

A total of 32 patients ful®lled the inclusion criteria.
Among these, three (9%) did not wish to participate in
the study and another three (9%) were excluded after
inclusion due to severe ileus, pulmonary embolism and a
severe urinary tract infection. Thus, colonic transit time
was measured in 26 patients with acute SCI. Lesions
were caused by trauma (24 patients), acute disc prolapse
(one patient) and spinal thrombosis (one patient).

Forty-one patients (31 with supraconal lesions) were
not asked to participate in the study. The reasons for
this were: patients were unconscious (four patients),
severe respiratory complications (nine patients),
unstable fractures of dens axis (two patients), lesions
caused by suicidal attempts (seven patients), age more
than 65 years (®ve patients) or less than 17 years (®ve
patients), died before inclusion (three patients), severe
trauma to other organs (two patients), severe urinary
tract infections (two patients) or permanent address
outside the Western part of Denmark (two patients).

The International Standards for Neurological and
Functional Classi®cation of Spinal Cord Injury were
used for the description of the level and severity of
lesions.11 According to these, lesions were supraconal
in 15 patients (six with cervical lesions, six with
thoracic lesions above T9, two with lower thoracic
lesions and one with a lumbar lesion). The remaining
11 patients had lesions of the conus medullaris (six
patients) or of the cauda equina (®ve patients).

Before SCI two patients defecated less than twice a
week, all other patients had normal bowel function
without fecal incontinence and with spontaneous
defecation every or every second day. One patient
with a lesion at T4 had had a resection of a part of the
small bowel several years before. Another with a lesion
at C5 had been operated on for a cerebral aneurism 5
years before injury.

Further data about patients are shown in Table 1.

Gastrointestinal and segmental colonic transit times
Gastrointestinal and segmental colonic transit times
were determined by the method described by Abrahams-
son et al.12 Patients ingested 10 ringshaped radioopaque
markers with a diameter of 5 mm (Medifact, Gotenburg,
Sweden) at noon on six consecutive days. On day 7 a
single abdominal X-ray was taken. From bony land-
marks and the gaseous outline of the bowel, the
colorectum was divided into the ascending colon
(including the right colic ¯exure), the transverse colon,
the descending colon (including the left colic ¯exure),
and the rectosigmoid. The number of markers was
counted in each segment and in the entire colorectum.
Thereby the whole gut or gastrointestinal transit time
(GITTd) in days could be computed:

GITTd � �M� �f�D��=D

where D is the number of markers taken each day, M is
the total number of markers counted from the X-ray,
and f is the fraction of the daily number of markers
chosen for estimation of transit. Gastrointestinal transit
time is normally de®ned as the mean half emptying of the
gut. This means that the transit time increases by 1 day
when half the markers taken daily are passed. Therefore,
f is 0.5.12 If for example 15 markers were left on the
abdominal X-ray, the GITTd would be: (15 mar-
kers+(0.5 day71610 markers/day))/10 markers/day=
2.0 days.

Segmental colonic transit times in days were
computed for each colonic segment as N/D, where N
is the number of markers in the segment and D is the
daily intake of markers (D=10). If for example, nine
markers were left in the rectosigmoid the transit time
of that segment would be: nine markers/10 markers/
day=0.9 days.

In order to determine transit times before patients
were transferred to another centre for rehabilitation,
patients started the intake of markers for determina-

Table 1 Patients and healthy controls included in the study

Supraconal lesions
Conus medullaris or
cauda equina lesions Healthy controls

Number of persons: 15 (11 men, 73%) 11 (7 men, 64%) 24 (16 men, 67%)
Age (years): 17 ± 69 (median=34) 22 ± 63 (median=38) 23 ± 60 (median=32)
Complete lesions: 6 (40%) 2 (18%) ±
Days since injury 11 ± 24 (median=18) 11 ± 24 (median=15) ±
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tion of transit time as soon as possible. Thus, some
variability had to be accepted and the intake of
markers for transit time was started 4 to 17 days
(mean=9) after the lesion, and consequently, the
transit times were determined 11 to 24 days
(mean=16) postinjury. Furthermore, as many pa-
tients lived in di�erent parts of the country, it was
impossible to see all at a ®xed time after injury.
However, in all patients available for follow-up,
gastrointestinal and colonic transit times were
repeated six to 14 months after injury, when patients
were assumed to be in the chronic phase. Patients were
compared with 24 healthy volunteers mainly recruited
among hospital sta� and students (Table 1). The same
control group was used in the acute phase and at
follow-up.

Patients and controls kept a dietary record for 3
days (2 working days and a day in the weekend) while
taking transit markers. The diet was analyzed by a
dietician by means of the computer programme
Dankost (Danish Catering Center, Herlev, Den-
mark). The average total daily energy intake and the
average daily intake of proteins, fat, carbohydrates,
alcohol and ®bers were computed. Furthermore, the
energy intake covered by proteins, fat, carbohydrates
and alcohol was computed as percentage of the daily
energy intake. The use of oral laxatives, suppositories
and digital evacuation of the rectum was also noted.
Furthermore, patients colorectal function was de-
scribed in a questionnaire. This was done in the
acute phase and at follow-up.

The study was approved by the Ethical Committee
for the County of Aarhus, Denmark (Journalnr. 1995/
3372).

Statistical analysis
For each group of patients and healthy controls,
normal probability plots were made for total GITTd

and all segmental colonic transit times. Results are
shown as mean gastrointestinal and segmental transit
times in days and, for normally distributed data,
standard deviation is shown in addition. The total
number of markers in the colorectum and the number
of markers in each colonic segment were compared
between patient groups and between patients and
controls using the Mann-Whitney test with correction
for ties. Results are shown as level of signi®cance.
P50.05 was considered statistically signi®cant.

To test the hypothesis that conal or cauda equina
lesions mainly cause delayed transit of the rectosig-
moid, whereas supraconal lesions cause more general-
ized colorectal dysfunction, the transit time of the
rectosigmoid (RTT) was divided by the transit time of
the ascending colon (ACTT). This ratio (RTT/ACTT)
was computed in all subjects in the control group and
in patients with chronic lesions, if at least two markers
had passed through the entire colorectum. In some
subjects there were no markers in the ascending colon
and thus the RTT/ACTT would be in®nitely large. To

avoid this the maximal value for RTT/ACTT was
arbitrary set to six, which is 1 day larger than the
maximal observed RTT/ACTT. As the two groups
were compared using a non parametric test (the Mann-
Whitney test with correction for ties) the actual value
of RTT/ACTT in subjects with ACTT=0 was not
important as long as it was chosen to be more than
observed in the remaining subjects.

In patients available for follow-up, total gastro-
intestinal transit times and segmental colonic transit
times were compared between the acute and the
chronic phase by the Mann-Whitney test with
correction for ties.

The total energy intake and the intake of proteins,
fat, carbohydrates, ®bers and alcohol was compared
between patient groups and controls by the Mann-
Whitney test with correction for ties.

Results

Bowel symptoms in patients with acute and chronic
spinal cord lesions

Medication a�ecting colorectal motility At inclusion
one patient with an acute supraconal lesion and two
with acute cauda equina lesion used morphine in doses
from 10 to 20 mg daily because of pain in the back.
One patient with an acute supraconal lesion had
supplementary intake of iron (Ferroduretter, 200 mg
daily) because of anemia. The use of oral laxatives
(Laxoberal, 10 ± 20 drops/day), suppositories (Micro-
lax, 5 ml), or phosphate enema (7.5 ml) in the acute
and chronic phase is shown in Table 2.

Bowel function At the time the abdominal X-rays were
taken, four patients (27%) with acute supraconal lesions
had not defecated since injury. One patient defecated
every day, two every second day, and eight less than
once every second day. Three patients (27%) with acute
conal or cauda equina lesions had not yet defecated,
while eight defecated less than every second day.

In 24 (92%) patients with acute lesions, defecation
was initiated by suppositories, klysma, or digital
stimulation of the rectum. Thus, only two patients
had normal controlled defecation. No patients were
able to empty the bladder normally.

At follow-up, seven of 10 (70%) patients with
supraconal and four of eight (50%) patients with conal
or cauda equina lesions had to initiate defecation by
suppositories, klysma or digital stimulation or empty-
ing of the rectum. Three of nine (33%) patients with
supraconal and three of eight (43%) with conal or
cauda equina lesions needed more than 30 min for
each defecation. Furthermore, four of 10 (40%) and
three of eight (43%) respectively su�ered from
episodes of fecal incontinence. At follow-up, bladder
function was abnormal in seven of 10 (70%) patients
with supraconal lesions and in four of seven (57%)
with conal or cauda equina lesions.
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Further information about symptoms are shown in
Table 2.

Total gastrointestinal and colonic transit times in
patients with acute SCI
Total gastrointestinal transit time was signi®cantly
prolonged in patients with acute supraconal lesions
and in patients with acute lesions of the conus
medullaris or cauda equina (Table 3). In patients with
acute supraconal SCI, transit times of the ascending
colon, the transverse colon, and the descending colon,
but not the rectosigmoid were signi®cantly prolonged
(Table 3). In patients with acute lesions of the conus
medullaris or cauda equina all segmental colonic
transit times were signi®cantly prolonged (Table 3).

Among healthy volunteers the mean total gastro-
intestinal transit time was 1.76 days and the
corresponding 95% con®dence interval was 0.19 to
3.33 days. Only ®ve (33%) patients with acute
supraconal lesions and two (18%) patients with acute
conal or cauda equina lesions had total gastrointestinal
transit times within this range. Thus, 19 (73%) patients
with acute SCI (supraconal or conal/cauda equina) had
prolonged total gastrointestinal transit times.

Comparing patients with acute supraconal lesions to
those with acute lesions of the conus medullaris or
cauda equina, no signi®cant di�erences were found.
Furthermore, in the acute phase, no statistically
signi®cant di�erences in neither total gastrointestinal
transit time nor segmental colonic transit times were
found between patients with complete and patients

with incomplete SCI. Total gastrointestinal transit
time was not correlated to the number of days (range
11 ± 24) since injury (r2=0.004).

Total gastrointestinal and colonic transit times in
patients with chronic SCI
Nineteen patients were available for follow-up. In one
of these, the assessment of colonic transit time was
invalid because his dog had swallowed half the
markers. Thus, total gastrointestinal and segmental
colonic transit times were determined in 10 (67%)
patients with chronic supraconal lesions and in eight
(73%) patients with chronic conal or cauda equina
lesions. Time since injury was 8 ± 14 months
(mean=11.6) in patients with supraconal lesions and
6 ± 14 months (mean=11.1) in patients with conal or
cauda equina lesions. The reason why some patients
were not followed up was mainly that they lived far
from our center. Others felt that adjusting to their new
situation required all their energy and they did not
have the strength needed for further visits at hospital.

In patients with chronic supraconal lesions; total
gastrointestinal transit time and transit times of the
transverse and descending colon were signi®cantly
prolonged (Table 3). However, restricting the analysis
to patients with complete supraconal lesions (n=5);
total gastrointestinal transit time (P50.001) and
transit times of the ascending colon (P50.05),
transverse colon (P50.001), descending colon
(P50.01) and rectosigmoid (P50.01) were all sig-
ni®cantly prolonged. Comparing patients with com-

Table 2 Colorectal function in patients with acute and chronic spinal cord lesions

Defecation
less than

every second
day

Suppositories
of Klysma
every or

every second
day

Daily use of
oral

laxatives

Digital
stimulation
of the rectum

Fecal
incontinence

Need4 30
min per
defecation

Neurogenic
bladder

dysfunction

Patients with acute
supraconal lesions
(n=15) 9 (60%) 14 (93%) 12 (80%) 1 (7%) 5 (50%)b ± 15 (100%)

Patients with acute
conal or cauda
equina lesions
(n=11) 4 (36%) 8 (73%) 8 (73%) 1 (9%) 4 (36%) ± 11 (100%)

Patients with
chronic supraconal
lesions (n=10) 0a 5 (50%) 5 (50%) 6 (60%) 4 (40%) 3 (33%)b 7 (70%)

Patients with
chronic conal or
cauda equina lesions
(n=9) 0a 2 (22%) 0 4 (44%) 3 (43%)b 3 (43%)b 4 (57%)b

aIn ®ve (50%) patients with chronic supraconal lesions and four (44%) patients with chronic conal or cauda equina lesions
defecation was usually initiated by suppositories or digital stimulation of the rectum; bDue to missing values the percentage of
patients with this symptom is not of the total number of patients
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plete supraconal lesions (n=5) to those with
incomplete lesions (n=5); total gastrointestinal transit
time (P50.05), descending colonic (P50.05) and
rectosigmoid (P50.05) transit times were signi®cantly
longer in patients with complete lesions.

In patients with chronic lesions of the conus
medullaris or cauda equina total gastrointestinal
transit time and transit times of the transverse colon,
the descending colon, and the rectosigmoid were
signi®cantly prolonged (Table 3). No comparison was
made between patients with complete and incomplete
chronic conal or cauda equina lesions because only
one patient had a complete lesion at follow-up.

No correlation was found between total gastro-
intestinal transit time and months (range 6 ± 14) since
injury (r2=0.08).

Ratio: rectosigmoid transit time/ascending colonic
transit time
The median ratio: rectosigmoid transit time/ascending
colonic transit time (RTT/ACTT) as 1.91 in the control
group, 0.69 in patients with chronic supraconal lesions
and 3.44 in patients with chronic conal or cauda
equina lesions. The di�erence between patients with
supraconal and patients with conal or cauda equina
lesions was statistically signi®cant (P50.05).

The e�ects of sympathetic denervation
Mean (SD) total gastrointestinal transit time was 2.92
(2.41) days in patients with chronic lesions above the
sympathetic out¯ow for the colorectum (above T9) and
2.84 (1.93) days in patients with chronic lesions located
within the spinal segments providing sympathetic
out¯ow for the colorectum (T10 to L2) (P=0.20).
Comparing patients with lesions above T10 to those

with lesions between T10 and L2, mean transit times
were 0.84 vs 0.83 days (P=0.79) in the ascending
colon, 0.60 vs 0.39 days (P=0.44) in transverse colon,
1.17 vs 1.00 (P=0.52) days in the descending colon and
0.48 vs 0.66 days (P=0.20) in the rectosigmoid.

Acute versus chronic lesions
In both patient groups, mean total gastrointestinal
transit time was longer in the acute than in the chronic
phase (Table 3), but di�erences were not statistically
signi®cant (P=0.43 for supraconal lesions and P=0.28
for conal/cauda equina lesions). In patients with
supraconal lesions, no statistically signi®cant differ-
ences were found between segmental colonic transit
times in the acute and chronic phase (transit times of:
the ascending colon P=0.08, transverse colon P=0.50,
descending colon P=0.25, and rectosigmoid P=0.60).
Also in patients with conal or cauda equina lesions no
statistically signi®cant di�erences were found between
acute and chronic segmental colonic transit times
(transit times of: ascending colon P=0.09, transverse
colon P=0.08, descending colon P=0.25, and
rectosigmoid P=0.10).

Energy intake
In the acute phase, total energy intake (kJ/day), the
intake of fat (g/day) and ®bers (g/day) were
signi®cantly lower among patients than in the control
group (Table 4). In the chronic phase, the total energy
intake (kJ/day) and the intake of fat (g/day) were
signi®cantly lower among patients with supraconal
lesions than in the control group (Table 4). This
di�erence was not found for patients with chronic
conal or cauda equina lesions. Further information
about energy intake is found in Table 4.

Table 3 Total gastrointestinal and segmental colonic transit times in acute and chronic spinal cord injured

Ascending
colonic transit
time (in days)
Mean and (SD)

Transverse
colonic transit
time (in days)
Mean and (SD)

Descending
colonic transit
time (in days)
Mean and (SD)

Rectosigmoid
transit time
(in days)
Mean and (SD)

Total gastrointestinal
transit time (in days)
Mean and (SD)

Healthy controls 0.44a 0.10a 0.38a 0.34a 1.76 (0.80)

Acute supraconal lesions 1.15 (0.65)
P50.01

0.50a

P50.01
1.61 (0.69)
P50.0001

0.84a

P=0.11
4.25 (1.72)
P50.0001

Acute conus medullaris
or cauda equina lesions

1.46 (0.96)
P50.01

0.78 (0.43)
P50.0001

1.38 (0.66)
P50.001

0.81 (0.50)
P50.01

4.91 (1.48)
P50.0001

Chronic supraconal
lesions

0.96a

P=0.06
0.52 (0.38)
P50.01

1.27a

P50.05
0.69a

P=0.15
3.93 (2.24)
P50.05

Chronic conus medullaris
or cauda equina lesions

0.55 (0.36)
P=0.36

0.40a

P50.05
1.07 (0.73)
P50.05

1.14 (0.64)
P50.01

3.61 (1.80)
P50.05

Total gastrointestinal and segmental colonic transit times in days are shown as mean and standard deviation. a means that
results were not normal distributed. P values are level of signi®cance when compared to healthy controls using Mann-Whitney
test with correction for ties
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Discussion

As shown in this study, SCI causes profound changes
in colorectal luminal transport. Accordingly, colorectal
problems are common among SCI patients1 ± 4 and also
the incidence of colorectal cancer is increased.13

Colorectal transit times in patients with acute SCI
have not been studied before. We found that mean
total gastrointestinal transit times were more than
twice as long in patients with acute supraconal or
conal/cauda equina lesions as in the control group.
This was in spite of the widespread and necessary use
of oral laxatives and suppositories. Some patients had
not yet defecated when the X-rays were taken at least
11 days after injury and most others had only had a
few defecations. Our ®ndings are in accordance with a
computer search for serious gastrointestinal complica-
tions among acute SCI patients in which Gore et al14

found that re¯ex ileus was the most common
gastrointestinal complication. In the acute phase,
transit times were prolonged throughout the colon
and not only in the left colon receiving its para-
sympathetic innervation from the sacral segments of
the spinal cord. This could be due to combinations of
spinal shock, immobilization, a general reaction to a
large trauma, the use of opoid analgesics in some
patients, and reduced dietary intake of energy and
®bers. Rectosigmoid transit time was signi®cantly
prolonged in patients with acute conal or caudal
equina lesions but not in patients with acute
supraconal lesions. This is probably because supraco-
nal SCI leave the re¯ex arc between the rectum and
the sacral spinal cord intact facilitating re¯ex emptying
of the rectum by suppositories, klysma or digital
stimulation. The same ®ndings could also indicate that
patients were no longer in the spinal shock phase when
studied 11 to 24 days after injury. The duration of the
spinal shock phase is very variable and it depends on

the level of the lesion and on which organ system is
studied.15 Its duration within the colorectum is
unknown, but Denny-Brown and Robertson16 found
a hypotonic rectum in a patient 4 days after SCI and
Kuhn found that, clinically, re¯ex defecation occurred
after a mean period of 2 months.17

The need for su�cient intake of energy in the acute
phase of SCI has been recognized for many years,17

but the reduced intake found in our study warrants
further study.

Previously, ®ve studies of colonic transit times
among patients with chronic SCI have been pub-
lished. In four patients with incomplete lumbosacral
lesions, Devroede found prolonged transit time of the
entire colon and rectum.8 Colorectal transit time was
also generally prolonged in two studies among patients
with cervical or thoracic lesions.6,18 In contrast Beuret-
Blanquart, studying 19 patients with complete thor-
acic, lumbar or sacral lesions, found neither mean
right colonic nor mean left colonic transit time
prolonged.7 Mean rectal transit time was prolonged
in patients with lesions below T9 (ie within or below
the spinal segments providing sympathetic innervation
for the colorectum), but not in those with lesions
above this level. In patients with cervical or thoracic
lesions Nino-Murcia10 found that total and left, but
not right, colonic transit times were prolonged. Thus,
some controversy exists about the extent of colorectal
involvement after SCI.

We found that total gastrointestinal transit time was
signi®cantly prolonged in patients with chronic
supraconal as well as in patients with chronic conal/
cauda equina lesions. However, patients with chronic
supraconal SCI had signi®cantly prolonged transit
times of the transverse and the descending colon but
not the rectosigmoid. Ascending colonic transit time
tended to be prolonged, though the di�erence did not
reach statistical signi®cance (P=0.06). In patients with

Table 4 Energy intake

Total
energy
intake
(kJ/day)

Protein
(g/day)

Protein
(% of
energy
intake)

Fat
(g/day)

Fat
(% of
energy
intake)

Carbonhydrates
(g/day)

Carbonhydrates
(% of energy

intake)
Fibres
(g/day)

Alcohol
(% of
energy
intake)

Healthy controls 10094 78 13 91 34 290 49 23 4

Acute supraconal
lesions

7550
P50.05

63
ns

14
ns

63
P50.01

31
ns

233
ns

54
ns

15
P50.05

1
ns

Acute conal or cauda
equina lesions

8414
P50.05

68
ns

14
ns

73
P50.05

34
ns

259
ns

51
ns

16
P50.05

1
P50.01

Chronic supraconal
lesions

6556
P50.05

57
ns

15
ns

52
P50.05

33
ns

208
ns

52
ns

15
ns

1
ns

Chronic conal or
cauda equina lesions

9437
ns

85
ns

15
ns

89
ns

36
ns

241
ns

43
P50.05

18
ns

6
ns

Mean energy intake in healthy controls and patient groups. Level of signi®cance is when patient groups are compared to the
control group
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chronic conal or cauda equina lesions transit times
were signi®cantly prolonged in the transverse colon,
the descending colon and in the rectosigmoid, but not
in the ascending colon. Thus, supraconal SCI caused
left and right colonic dysfunction but less severe
rectosigmoid dysfunction, whereas conal or cauda
equina lesions also caused very severe rectosigmoid
dysfunction. In contrast, patients with conal or cauda
equina lesions are usually mobile and have a normal
daily intake of energy and dietary ®bers restricting
colorectal problems to the left colon and rectum
receiving innervation from the sacral spinal cord.
However, as the re¯ex arc from rectum to the spinal
cord is directly a�ected, rectal evacuation becomes
severely compromised resulting in very prolonged
rectosigmoid transit times.

No statistically signi®cant di�erences were found in
total gastrointestinal or segmental colonic transit times
between patients with lesions directly a�ecting the
sympathetic out¯ow for the colorectum and those with
lesions above this level. This is in contrast to a
previous study7 and may con®rm that parasympathetic
stimuli are more important to colorectal transport
than sympathetic stimuli. This is in accordance with
the clinical observation that total bilateral sympathect-
omy does not result in any obvious alterations of
bowel habits.19 However, in our study the number of
patients with supraconal lesions located below T9 was
too small to allow any de®nite conclusions about the
e�ect of sympathetic innervation on colorectal
transport.

In a previous questionnaire study among 424
patients with chronic supraconal lesions,2 we found
that the factor most strongly associated to colorectal
dysfunction was complete SCI. Accordingly, in the
chronic phase left colorectal and total gastrointestinal
transit times were signi®cantly longer in patients with
complete than in patients with incomplete supraconal
lesions. However, the numbers in each group were
small and many patients with supraconal lesions were
unable to participate in the study.

The method used for the assessment of gastrointest-
inal and segmental colonic transit times is based upon
the assumption, that the 6 day period in which patients
take markers is longer than the total gastrointestinal
transit time.12 Therefore, the method is only valid if
some markers have passed through the segment
studied. In all patients but two at least two markers
had passed through the rectosigmoid and consequently,
we ®nd the assumption of steady state valid.

As many patients with acute SCI have multiple
lesions of other organs, making them unable to
participate in such a study, selection bias will always
be a problem. We studied 26 patients out of 73
admitted to the department. The patients unable to
participate generally had more severe spinal cord

lesions than those included in the study. Therefore,
we probably underestimated the impact on colorectal
function especially in patients with supraconal lesions.

In conclusion, SCI whether supraconal or located at
the conus medullaris or cauda equina, causes severe
colonic dysfunction. However, chronic conal or cauda
equina lesions mainly result in prolonged rectosigmoid
transit times. This indicates di�cult evacuation of the
rectum that may be due to direct injury to the re¯ex
arc from the rectum to the sacral spinal cord. In
contrast, supraconal lesions cause more generalized
prolonged colonic transit times and less severe
rectosigmoid dysfunction, probably due to an intact
re¯ex arc between the rectum and sacral spinal cord.
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