
icine®

ONAL STUDY
Med
OBSERVATI
Does Bowel Preparation for Colonoscopy Affect
Cognitive Function?
, L. Dixon, PGDipH Dobbs, PhD,
ul
P. Wadsworth, MBChB, H. Blackburne, MBChB
T. Eglinton, MMedSci, FRACS, A. Ing, MBChB, R. M
nd

from administration of bowel preparation before colonoscopy.

(Medicine 94(44):e1823)

All endoscopy pr
approached for permiss
data collection ran ov

Editor: Eva Zapata.
Received: January 30, 2015; revised: September 14, 2015; accepted:
September 22, 2015.
From the Colorectal Unit, Department of Surgery, Christchurch Hospital,
Christchurch, New Zealand (PW, HB, LD, BD, TE, AI, RM, RJP, CW,
FAF) and Department of Psychological Medicine, University of Otago,
Christchurch (RM and RP).
Correspondence: F.A. Frizelle, Colorectal Unit, Department of Surgery,

Christchurch Hospital, Riccarton Ave, Christchurch, New Zealand
(e-mail: frank.frizelle@cdhb.govt.nz).

Presented at the (1) Tripartite Colorectal Meeting Birmingham UK, July
2014; (2) Royal Australasian College of Surgeons Annual Scientific
Meeting, Singapore, May 2014.

The authors have no funding and conflicts of interest to disclose.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000001823

Medicine � Volume 94, Number 44, November 2015
ealSC, RN, B.
P, R.J. Porter,
C. Wakeman, MMedSci, FRACS, a

Abstract: Colonoscopy is a common procedure used in the diagnosis

and treatment of a range of bowel disorders. Prior preparation involving

potent laxatives is a necessary stage to ensure adequate visualization of the

bowel wall. It is known that the sedatives given to most patients during the

colonoscopy cause a temporary impairment in cognitive function; how-

ever, the potential for bowel preparation to affect cognitive function has

not previously been investigated. To assess the effect of bowel preparation

for colonoscopy on cognitive function. This was a prospective, nonran-

domized controlled study of cognitive function in patients who had bowel

preparation for colonoscopy compared with those having gastroscopy and

therefore no bowel preparation. Cognitive function was assessed using the

Modified Mini Mental State Examination (MMMSE) and selected tests

from the Cambridge Neuropsychological Test Automated Battery. Indi-

vidual test scores and changes between initial and subsequent tests were

compared between the groups. Age, gender, and weight were also

compared. Forty-three colonoscopy and 25 gastroscopy patients were

recruited. The 2 groups were similar for age and gender; however, patients

having gastroscopy were heavier. MMMSE scores for colonoscopy and

gastroscopy groups, respectively, were 28.6 and 29.5 (P¼ 0.24) at base-

line, 28.7 and 29.8 (P¼ 0.32) at test 2, 28.1 and 28.5 (P¼ 0.76) at test 3.

Motor screening scores for colonoscopy and gastroscopy groups, respect-

ively, were 349.3 and 354.1 (P¼ 0.97) at baseline, 307.5 and 199.7

(P¼ 0.06) at test 2, 212.0 and 183.2 (P¼ 0.33) at test 3. Spatial working

memory scores for colonoscopy and gastroscopy groups, respectively,

were 14.4 and 6.7 (P¼ 0.29) at baseline, 9.7 and 4.3 (P¼ 0.27) at test 2,

10 and 4.5 (P¼ 0.33) at test 3. Digit Symbol Substitution Test scores for

colonoscopy and gastroscopy groups, respectively, were 36.3 and 37.8

(P¼ 0.84) at baseline, 36.4 and 40.0 (P¼ 0.59) at test 2, 38.6 and 40.8

(P¼ 0.76) at test 3.

This study did not find evidence of cognitive impairment resulting
der, PhD, FRANZC MD, MRCPsych,
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Abbreviations: ASA = American Society of Anesthesiologists

physical status classification—https://en.wikipedia.org/wiki/ASA_

physical_status_classification_system, CANTAB = Cambridge

Neuropsychological Test Automated Battery, DSST = Digit

Symbol Substitution Test, MANOVA = multivariate analysis of

variance, MMMSE = Modified Mini Mental State Examination,

MMSE = Mini Mental State Examination, MSE = Mental State

Examination, MSL = Motor Screening Latency, SWM = spatial

working memory.

INTRODUCTION

C olonoscopy is a common procedure used in the diagnosis
and treatment of a range of bowel disorders. Prior prep-

aration involving potent laxatives is a necessary stage to ensure
adequate visualization of the bowel wall. This is usually under-
taken by the patient at home within the 24 to 48 hours pre-
procedure, they are then expected to make their own
arrangements to travel to hospital on the day of the procedure.
Consent for the colonoscopy is usually taken and/or confirmed
immediately before the procedure.

It is known that the sedatives given to most patients during
the colonoscopy cause a temporary impairment in cognitive
function1 and that it can be unsafe to discharge patient’s
unaccompanied following sedation.2 Patients are also advised
not to drive or make any significant legal or financial decisions
for 24 hours after sedation. Adverse events relating to bowel
preparation, such as seizures or unconsciousness secondary to
electrolyte imbalance, have been reported.3,4 However, the
potential for bowel preparation to affect cognitive function
has not previously been investigated. If such an effect was
found it would be appropriate to advise patients of this in the
same way as for patients undergoing sedation so that they could
modify their activities accordingly. The capacity of patients to
consent to colonoscopy after undergoing bowel preparation
would also be brought into question.

However, the potential for bowel preparation to affect
cognitive function has not previously been investigated as
assessed by the Modified Mini Mental State Examination
(MMMSE) and Cambridge neuropsychological testing (CAN-
TAB).

METHOD
This was a prospective, nonrandomized, study of cognitive

function in patients having bowel preparation for colonoscopy
compared with patients having gastroscopy who had no bowel
preparation. Ethical approval was granted by the regional ethics
committee.
oviders at Christchurch Hospital were
ion to involve their patients in the study;
er a 2-year period from August 2010.
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Patients were included if they were booked for outpatient
gastroscopy or colonoscopy and their address was deemed to
be within 20 km traveling distance of Christchurch Hospital. To
allow easy travel times for assessment of cognitive function.
Patients were excluded if they were rest home residents, under
18, had known learning difficulties or cognitive impairment,
these having gastroscopy and colonoscopy, and those attending
for bowel preparation as inpatients were also excluded. The
standard agent used for bowel preparation at Christchurch
Hospital at the time of the study was Picosulfate (Picoprep1).
Suitable patients received letters or phone calls inviting them to
participate up to 1 to 2 weeks before the date of their endoscopy.

Patients were tested on 3 occasions, each time in the same
order by the same administrator (LD). Baseline testing was
performed 1 to 3 days before preparation or procedure, test 2
was performed on the day of the procedure before sedation, and
the final test was performed on the day after the procedure
(Fig. 1). Tests used were MMMSE5 and selected CANTAB6

tasks: motor screening (MSL) which measures latency of
response when participants touch a cross appearing on a com-
puter screen therefore lower scores represent better perform-
ance, and spatial working memory (SWM) which involves
searching ‘‘boxes’’ for a ‘‘token’’ without returning to pre-
viously explored boxes, with accuracy and latency being com-
bined to give an overall performance score, where lower score
represents better performance. In addition participants per-
formed the following tasks. Digit Symbol Substitution Test
(DSST) requires the participant to record the correct numbers
under a set of symbols based on predefined pairs with number of
correct pairs in 90 seconds recorded, meaning higher score
represents better performance. Digit span involves memorizing
a series of digit spans, increasing in length from 3 to 9 numbers.
Trial 1 (digit span forwards) requires the participant to repeat
the numbers back in order. In the second trial (digit span
backwards) the subject is asked to repeat each span of digits
in reverse order. The number of spans correct is tallied for a total
score in each component and an overall score therefore higher
scores represent improved performance.

Immediately before the procedure an intravenous cannula
for medications such as sedation and analgesia was inserted;
5 ml of blood was drawn from this before any medication was
administered for testing of urea and electrolytes

Data was analyzed in SPSS for Windows using repeated
measures analysis of variance; multivariate analysis of variance
(MANOVA) with test occasion as a within subject variable and
group (colonoscopy/gastroscopy) as a between subjects vari-
able. Kruskal-Wallis independent samples test was used to
compare groups at the same time point; related samples Wil-
coxon rank test was used to compare performance of each
individual group at the 3 time points.

Wadsworth et al
RESULTS
Seventy-two patients were recruited for the study. Ade-

quate data were collected on 68; 43 for colonoscopy and 25 for
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FIGURE 1. The sequence of testing in the study.
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gastroscopy. The reasons for noninclusion of data were that 1
person was unable to attend for colonoscopy due to heavy snow,
and 3 patients results could not be included in the analysis due to
computer errors. The study population demographics are shown
in Table 1. As shown there were no significant differences
between groups except in weight with gastroscopy patients
being significantly heavier on average. Three subjects who
underwent both colonoscopy and gastroscopy were analyzed
in the colonoscopy group.

Visual inspection of residual plots was used to determine
significant departure from a normal distribution of data and
revealed such a departure only for the results of the MMSE.
These data were therefore analyzed by nonparametric methods.
Kruskal-Wallis independent samples test was used to compare
groups at the same time point. Related samples Wilcoxon rank
test was used to compare performance of each individual group
at the 3 time points.

Median MSE score at baseline was 29 for all patients with
no significant difference between groups (P> 0.1). Median
MSE score increased to 30 at Time 1 and Time 2. There was
a significant improvement in scores in the colonoscopy group
from Baseline to Time 1 and from Baseline to Time 2
(P< 0.01). The difference from Time 2 to Time 3 was not
statistically significant. There were no significant differences
between time points in the gastroscopy group. No patient scored
below 24 points at any time point (Table 2).

For all other tests MANOVA results are shown in Table 3
together with residual mean scores. For SWM between search
errors the significant effect of time represents an improvement
in performance with each subsequent test, in both groups.

Change in score from baseline to test 2 was compared
(Figs. 2–6). Both groups demonstrated improved perform-
ance in all tests with time. No significant difference between
colonoscopy and gastroscopy groups was observed for any
test.

Blood tests taken immediately before the procedure at the
time of cannulation were compared. Potassium was signifi-
cantly lower in the colonoscopy group at 3.8 versus 4.2
(P¼ 0.006) as was urea at 4.2 versus 5.9 (P¼ < 0.0001).
However, both remained within the normal range (Table 4).

DISCUSSION
This is the first study to evaluate the effect of bowel

preparation and cognitive function; the results show that there
is no evidence of cognitive impairment resulting from admin-
istration of bowel preparation before colonoscopy. The signifi-
cance of this is that it confirms bowel preparation for
colonoscopy will not directly impair a patient’s capacity to
consent to the procedure or affect their judgment regarding
other important decisions. It does not indicate the precautions
that are applied following sedation should also be applied before

Medicine � Volume 94, Number 44, November 2015
colonoscopy during the period of bowel preparation.
Groups in our study were matched for age and gender;

however, the gastroscopy group were significantly heavier on
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TABLE 3. Effects of Bowel Preparation on Cognitive Function in Colonoscopy Patients Compared With No Preparation in
Gastroscopy Patients

Baseline
Score

Postpreparation
Score

Day
After Score Time

Time by
Procedure

Test
Colonoscopy,
Mean (SD)

Gastroscopy,
Mean (SD)

Colonoscopy,
Mean (SD)

Gastroscopy,
Mean (SD)

Colonoscopy,
Mean (SD)

Gastroscopy,
Mean (SD)

F,
P-Value

F,
P-Value

Motor screening

latency

1082 (540) 1011 (491) 1009 (458) 938 (535) 939 (480) 1040 (647) 1.76, 0.18 2.9, 0.06

SWM between

search errors

43.0 (23.7) 40.6 (22.4) 35.9 (22.8) 35.8 (20.0) 34.8 (20.9) 32.7 (20.4) 10.7, <0.001 0.24, 0.78

SWM strategy score 34.7 (7.9) 35.1 (6.9) 34.0 (7.7) 34.4 (8.2) 33.8 (8.8) 34.1 (8.6) 1.7, 0.19 0.01, 0.99

DSST total 33.8 (9.0) 33.7 (11.5) 34.7 (9.3) 34.3 (10.7) 37.3 (9.8) 36.6 (9.3) 13.9, <0.001 0.14, 0.86

Digit span forwards 6.4 (1.1) 6.4 (1.1) 6.5 (1.2) 6.5 (1.2) 6.7 (1.1) 7.0 (1.1) 6.0, 0.004 0.84, 0.43

Digit span backwards 4.5 (1.2) 4.5 (0.7) 4.4 (1.2) 4.4 (1.4) 4.6 (1.2) 4.7 (1.3) 1.9, 0.16 0.4, 0.66

DSST¼Digit Symbol Substitution Test, MANOVA¼multivariate analysis of variance, SD¼ standard deviation, SWM¼ spatial working
memory. The F statistic is used to generate the P-value.

TABLE 1. Description of Study Population

Colonoscopy, N¼ 43 Gastroscopy, N¼ 25 P-Value

Age (years) 0.97
Median 62 62
Range 19–81 29–84
Gender (F/M) 25/17 17/8 0.49
Weight (kg) 78.8 (15.7) 87.7 (30.4) 0.035

Main indication
Anemia/Fe Def 13 18
Abdominal pain 5 6
Change in bowel habit 16 1
Previous polyps/cancer 9 0

ASA
1 21 17
2 20 6
3 2 2

ASA¼Anesthesiologists Physical Status.

TABLE 2. Changes Between Tests in Sessions 1 and 2

Mean SD P-Value

MSL change Gastroscopy �7.925 116.2834
Colonoscopy �109.9 185.9885 0.345

SWM change Gastroscopy �0.5 5.916
Colonoscopy �4.63 5.755 0.273

MMSE change Gastroscopy �0.25 2.062
Colonoscopy 0.38 1.188 0.513

Digit change Gastroscopy 0.5 4.933
Colonoscopy 1.38 4.502 0.764

Total digit change Gastroscopy �0.25 1.708
Colonoscopy 0.75 2.659 0.514

MMSE¼Mini Mental State Examination, MSL¼motor screening latency, SWM¼ spatial working memory.
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that they lost on average 1.5 kg with the preparation; however,
despite this degree of dehydration, all cognitive tests were
within 1 SD of the population mean of normal values. This
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FIGURE 4. Spatial working memory (SWM) scores for colono-
scopy and gastroscopy groups, respectively, were 14.4 and 6.7
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FIGURE 2. Modified Mini Mental State Examination (MMMSE)
scores for colonoscopy and gastroscopy groups, respectively, were
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FIGURE 5. Overall Digit Symbol Substitution Test (DSST) scores
for colonoscopy and gastroscopy groups, respectively, were 36.3
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average. There was no statistically significant difference in
performance at baseline testing which demonstrates the groups
were matched for baseline cognitive function. Colonoscopy and
gastroscopy groups also demonstrated no significant difference
in subsequent tests, which shows that cognitive function
remained comparable to control following bowel preparation.
Furthermore, there was no significant difference in change of
score from baseline to test 2; therefore, patients in the colono-
scopy group demonstrated the same ability to improve their
performance with practice as the gastroscopy group. The tests
were all conducted within a short time, around 1 week. This has
the advantage of removing any significant possibility of devel-
oping a separate condition which could affect cognitive func-
tion. Although this did allow patients to become familiar with
the tests with a resultant improvement with practice, this
opportunity was the same for both groups therefore should
not bias either group.

The CANTAB tests are a reliable validated tool in the
assessment of a wide range of cognitive functions.6,7 Tests are
computerized yet supervised by an administrator allowing
reliable recording of results and correct performance by partici-
pants. They are sensitive enough to detect early subtle changes
in cognitive function.8 The applications of the CANTAB tests

28.6 and 29.5 (no significant difference P¼0.24) at baseline, 28.7
and 29.8 (no significant difference P¼0.32) at test 2, 28.1 and
28.5 (no significant difference P¼0.76) at test 3.
are wide ranging and have previously been used to assess the
cognitive effects of other drugs.9 The CANTAB test battery
therefore provides an appropriate and reliable method of
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FIGURE 3. Motor screening (MSL) scores for colonoscopy and
gastroscopy groups, respectively, were 349.3 and 354.1 (no
significant difference P¼0.97) at baseline, 307.5 and 199.7
(no significant difference P¼0.06) at test 2, 212.0 and 183.2
(no significant difference P¼0.33) at test 3.
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detecting whether bowel preparation has any effect on cognitive
function.8

A similar but different study published in 2008 looked at
the effect of dehydration with bowel preparation and cognitive
function.10 They found that in the 38 patients that they studies

(no significant difference P¼0.29) at baseline, 9.7 and 4.3 (no
significant difference P¼0.27) at test 2, 10 and 4.5 (no significant
difference P¼0.33) at test 3.
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FIGURE 6. Overall digit span scores for colonoscopy and
gastroscopy groups, respectively, were 14.3 and 11.5
(P¼0.36) at baseline, 14.7 and 12.3 (no significant difference
P¼0.33) at test 2, 14.9 and 14.5 (no significant difference
P¼0.92) at test 3.

and 37.8 (no significant difference P¼0.84) at baseline, 36.4 and
40.0 (no significant difference P¼0.59) at test 2, 38.6 and 40.8
(no significant difference P¼0.76) at test 3.
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TABLE 4. Results of Electrolyte Tests Taken at Time of Inter-
vention

Gastroscopy Colonoscopy T-Test P M-W P

Na 141 140 0.0751 0.1184
K 4.2 3.8 0.0059 0.0103
Urea 5.9 4.2 <0.0001 <0.0001
PO4 1.0 1.2 0.5154 0.8374
Cr 84 84 0.9657 0.8663
Ca 2.6 3.7 0.5532 0.5975

Medicine � Volume 94, Number 44, November 2015
was quite a different study with an assumed population control,
as opposed to this study which used the patient without bowel
preparation and also another endoscopic procedure as a control.

The study is limited by size due to difficulties in recruit-
ment. Shortly after the study commenced in 2010 a magnitude
7.1 earthquake hit causing significant damage within the city,
and a large number of invitations to take part went unanswered.
Following a further 6.3 magnitude earthquake in February 2011
the study was placed on hold due to disruption to the endoscopy
service and displacement of a large number of people within the
city. Further to this 1 person was unable to attend for colono-
scopy due to heavy snow, and 3 patients’ results could not be
included in the analysis due to computer errors. Patients with
significant frailty (eg, those who required inpatient bowel
preparation) or preexisting cognitive impairment were excluded
therefore conclusions cannot be drawn regarding these groups.
The results of the study may not be generalizable to all types of
the bowel preparation, and further studies may be required of
other preparation, however given the previous 200810 study and
this the results are likely to be similar.

This is the only clinical study so far to address the
important clinical issue of bowel preparation and its effect

T-test P¼ t test probability, M-W P¼Mann-Whitney test prob-
ability.
tions for consent and the safety of the patient in the preproce-
dure period. This study did not find evidence of cognitive

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
impairment resulting from administration of bowel preparation
before colonoscopy. Further work could investigate whether
bowel preparation before colonoscopy does affect cognition in
higher risk groups.
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