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Objective: To systematically compare the bowel cleaning ability, patient tolerance
and safety of oral sodium phosphate tablets (NaPTab) and oral polyethylene glycol
electrolyte lavage solution (PEGL) to inform clinical decision making.

Methods: PubMed, Embase, CBM, WanFang Data, CNKI, and VIP databases were
searched for studies that used randomized controlled trials (RCTs) to compare
the roles of NaPTab and PEGL in bowel preparation before colonoscopy. Two
reviewers independently screened the studies, extracted data, and assessed the
risk of bias in the included papers. A meta-analysis was performed using RevMan
5.3 software.

Results: A total of 13 RCTs were eligible for inclusion, including 2,773
patients (1,378 and 1,395 cases in the NaPTab and PEGL groups, respectively).
Meta-analysis revealed no significant difference in the cleansing quality of the
NaPTab and PEGL groups [RR 1.02, 95% CI (0.96-1.08), P = 0.46]. The incidence
of nausea was lower in the NaPTab group than in the PEGL group [RR 0.67, 95%
Cl1(0.58-0.76), p < 0.00001]. Patients rated the taste of NaPTab higher than PEGL
[RR 1.33, 95% CI (1.26-1.40), P < 0.00001]. Willingness to repeat the treatment
was also higher in the NaPTab group than in the PEGL group [RR 1.52, 95% CI
(1.28-1.80), P < 0.00001]. Both serum potassium and serum calcium decreased
in both groups after the preparation; however, meta-analysis revealed that both
minerals decreased more in the NaPTab group than in the PEGL group [MD =
0.38, 95% Cl (0.13-0.62), P = 0.006 for serum potassium and MD = 0.41, 95% Cl
(0.04-0.77), P=0.03 for serum calcium]. Meanwhile, serum phosphorus increased
in both groups after the preparation; however, levels increased more in the NaPTab
group than in the PEGL group [MD 4.51, (95% Cl 2.9-6.11), P < 0.00001].

Conclusions: While NaP tablets and PEGL were shown to have a similar
cleaning effect before colonoscopy, NaP tablets had improved patient tolerance.
However, NaP tablets had a strong effect on serum potassium, calcium, and
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phosphorus levels. For patients with low potassium, low calcium, and renal
insufficiency, NaP tablets should be prescribed with caution. For those at high-risk
for acute phosphate nephropathy, NaP tablets should be avoided. Given the low
number and quality of included studies, these conclusions will require additional
verification by large high-quality studies.

Systematic review registration: 10.37766/inplasy2023.5.0013, identifier:
NPLASY202350013.

KEYWORDS

colonoscopy, bowel preparation, sodium phosphate, polyethylene glycol electrolyte

lavage solution, meta-analysis, systematic review

1. Introduction

Ideal bowel preparation allows for a detailed examination
of the entire colon and should be safe and acceptable to
patients. Insufficient bowel preparation is a cause of incomplete
colonoscopy. Polyethylene glycol electrolyte lavage solution
(PEGL), for example, is associated with inadequate cleaning rates
of >10% (1, 2). Insufficient bowel preparation before colonoscopy
can prevent the cecum from being reached or even approached and
cause the mucous membranes to appear unclear (3). There is no
ideal preparation that is safe, convenient, tolerable, and inexpensive
(4). Oral sodium phosphate (OSP) and PEGL are the main methods
for bowel preparation (5). PEGL has been available since 1980 and
its efficacy was established compared with older diet and cathartic
regimens (6). PEGL are large-volume (2-4 L), osmotically-balanced
non-absorbable solutions that act as purgatives to evacuate the
intestine. Similarly, 2 L PEG/bisacodyl preparations are as effective
as the standard 4 L PEG regimens but are better tolerated (7). OSP
acts as an osmotic purgative, drawing water into the bowel lumen
and stimulating peristalsis and evacuation and OSP solution is a
low volume laxative (8).

Oral sodium phosphate tablets (NaPTab) are convenient and
associated with a lower incidence and severity of nausea than
OSP solution (9). The current study conducted a meta-analysis
of reports conducted to compare the use of NaPTab and PEGL
for colonoscopy preparation. Differences in bowel cleaning effect,
patient tolerance and safety were assessed to inform strategies for
clinical use of the two treatments.

2. Materials and methods

2.1. Registration and search strategy

2.1.1. Registration
The registration number of the systematic review protocol was
INPLASY202350013 in the INPLASY.

2.1.2. Search strategy

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were used to conduct this
meta-analysis (10). A systematic search was performed of
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several databases, including PubMed, China National Knowledge
Infrastructure (CNKI), Chinese Science and Technology Journals
Database (VIP), Chinese Biomedical Literature Database (CBM),
Wanfang Database, and Embase. The search was conducted
using the following keywords: colonoscopy, bowel preparation,
bowel cleaning, sodium phosphate, sodium phosphate tablets,
polyethylene glycol electrolyte lavage solution, and polyethylene
glycol. The retrieval strategy is shown in Box 1 using PubMed as
an example.

2.2. Inclusion criteria

The inclusion criteria included (1) patient populations with
an indication for colonoscopy, including outpatients or inpatients
requiring diagnosis or treatment (those receiving a sigmoidoscopy
were not considered), (2) randomized controlled trial (RCT)
study designs, (3) a sodium phosphate tablet intervention group,
(4) a control group receiving PEGL administered orally or by
nasogastric tube, (5) outcome measures including cleansing quality,
adverse effects (incidence of nausea), patient acceptance (taste
and willingness to repeat the treatment), and changes in serum
electrolytes after preparation, and (6) all included articles were
available in English.

2.3. Exclusion criteria

The exclusion criteria included (1) articles that were not
rigorous or had incomplete data, (2) trials of bowel preparation
treatments other than NaPTab and PEGL, (3) repeated publication
of the same study, and 4)not in the English language.

BOX 1 PubMed retrieval strategy.

#1 colonoscopy

#2 bowel preparation OR bowel cleaning

#3 sodium phosphate OR sodium phosphate tablets

#4 polyethylene glycol electrolyte lavage solution OR polyethylene glycol
#5#1 AND #2 AND #3 AND #4
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2.4. Data extraction and quality assessment

(Li
independently screened the literature,
cross-checked studies that met both the inclusion and exclusion

Two reviewers Yao-dong and Zhou Zuo-qiong)

extracted data and

criteria. Differences were solved by discussion or consultation
with a third reviewer (Zhu Ling-ling et al.). The researchers began
by reading the titles of the articles and excluding any studies
that were obviously irrelevant before reading the abstract or
full text of remaining articles to determine whether or not they
should be included. Extracted data primarily included: basic
report information (including title, author, publication date),
methodology (including sample size, baseline characteristics,
interventions), outcome evaluation indicators (including adverse
drug events and adverse drug reactions) and key elements
associated with a risk of bias.

Quality assessment was performed using the Cochrane risk-
of-bias tool, which consists of a random distribution method, a
distribution hiding method, a blind method, incomplete results and
other deviations. Each study was rated as “yes” (low risk of bias),
“no” (high risk of bias) or “unclear” (uncertain risk of bias) (11).

2.5. Statistical analysis

Meta-analysis was conducted using RevMan5.3 software.
Quantitative data were presented as the relative risk degree (RR)

10.3389/fmed.2023.1088630

and 95% confidence interval (CI). Measurement data included the
mean difference (MD) and 95% CI as the effect index. The chi-
square and I-square tests were used to measure heterogeneity in
the trials (the test level was o = 0.05). If there was no obvious
heterogeneity (p > 0.10, I> < 50%) then the fixed effect model
was used for analysis. When p < 0.10 and I> > 50%, a random
effect model was used for analysis. Sensitivity analysis were used to
handle obvious clinical heterogeneity. Publication bias was assessed
through the visual check of funnel plots.

3. Results

3.1. Study selection process

Using the specified search strategy, 286 references were initially
retrieved. After removing duplicate articles, 153 articles remained.
Of these, 13 met both the inclusion and exclusion criteria, and were
included in the meta-analysis (9, 12-23). The screening process is
shown in Figure 1.

3.2. Characteristics of included studies

All 13 RCTs were conducted outside of China and were
published in English. The basic characteristics of the RCTs are listed
in Table 1.

samm
=
10 Records identified from: Records removed before
E PubMed(n =232 ) »| screening:
% Embase(n =54 ) Duplicate records removed
i (Total =286) (n=133)
—
A
) Records screened | Records excluded
(n=153) 1 (n=119)
g
c Reports sought for retrieval | » | Reports not retrieved
g [ | n=34 (n=0)
@
Reports excluded:
Reports assessed for eligibility 5 Not RCT (n=1) )
— (n=34) Inappropriate interventions (n =19)
Not in English (n =1)
) l
Studies included in review
g (n=13)
g Reports of included studies
= (n=13)
—
FIGURE 1
Flowchart of the literature search and selection process.
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TABLE 1 Basic characteristics of the included studies.

colonoscopy

Country Publication Number of Average age Intervention measures Follow-up time Outcome
language cases (N/P) (N/P, years)
N (pieces) P (liters)

Aronchick (9) US.A. English 99/100 57.6/58.8 24 or 32 4L From taking laxative to end of ]
colonoscopy

Kastenberg (12) U.S.A. English 420/425 55.8/57 40 4L From taking laxative to end of O
colonoscopy

Kastenberg et al. (15) US.A. English 420/425 56/57 40 4L From taking laxative to end of ooo
colonoscopy

Lichtenstein et al. (16) U.S.A. English 205/206 55.9/56.3 32 2L From taking laxative to end of O
colonoscopy

Johanson (13) US.A. English 205/206 55.9/56.3 32 2L From taking laxative to 24 days after oo
colonoscopy

Aihara (14) Japan English 10/10 49.42/51.58 Maximum 50 grams Maximum4 L From taking laxative to 7 days after 0
colonoscopy

Hosoe et al. (17) Japan English 41/45 56.5/61.0 50 grams 2L From taking laxative to end of oo
colonoscopy

Kambe et al. (18) Japan English 44/48 58.0/56.6 50 grams 2L From taking laxative to end of 0
colonoscopy

Jung et al. (19) Korea English 158/162 46.5/48.6 32 4L From taking laxative to end of oo
colonoscopy

Seung-Hwa (20) Korea English 32/30 40.4/40.6 32 4L From taking laxative to end of oo
colonoscopy

Kumagai (21) Japan English 48/45 45.2/46.2 30 Maximum 2L From taking laxative to end of oo
colonoscopy

Ako etal. (22) Japan English 95/98 50/49.5 30 2L From taking laxative to end of oo
colonoscopy

Chaussade et al. (23) France English 226/226 54/51.5 32 4L From taking laxative to end of oo

N, sodium phosphate tablets; P, polyethylene glycol lavage solution; [J Excellent and good intestinal cleaning quality rating; [J Incidence of nausea; [ Excellent and good taste rating; [ Willingness to repeat treatment rating; [] Changes in serum electrolytes after

intestinal preparation.

1e 12 buop-oe,x

0£9880T'£202 PoW4/685¢°0T


https://doi.org/10.3389/fmed.2023.1088630
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yao-dong et al.

= | Other hias

Aihara 2008

- . Allocation concealment (selection hias)

I8 ]
o
® OO 0000 0 " " ® | e -bindngofpaticipants and personnel (performance bias)

. . Random segquence generation {selection hias)

-

Aronchick 2000

David 2001 | 2 & ?

David 2007 ?
Hosoe 2012 ?

John 2007 i B

Jung 2014 2 ?
Kambe 2012 T

Kumagai 2014

Lee SH 2014

00000 e
-

Linchtenstein 2007

Soichiro 2017

D OO OO0 0 0 0 60| 0| selkctverepoting (reporting bias)
-

Stanislas 2017 | 2 ?

OO 000 e e e e e | e e bidngofoutcome assessment (detection bias)
OO0 0000 60 e ® | | e  ncompetoutcome data (attrition bias)

FIGURE 2
Quality evaluation of included studies.

3.3. Quality evaluation of included studies

The quality of the 13 RCTs is shown in Figure 2. All articles
mentioned using a “random” design but only ten described
the specific randomization method used. Only two of 13 trials
described the allocation plan. All trials used a blinded method to
evaluate research objects and outcomes, had complete outcome
data and did not describe other potential biases.
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3.4. Results of meta-analysis

3.4.1. Adequate cleansing quality

Eight trials including 2,605 patients used adequate cleansing
quality as an index of bowel cleaning quality (the rate of excellent
and good) (9, 12, 13, 18, 19, 21-23). Heterogeneity testing revealed
significant heterogeneity among the RCTs (P = 0.002), so the
random effect model was used for analysis. Meta-analysis results
showed that the ratio of excellent and good bowel cleaning quality
was similar between the NaPTab and PEGL groups [RR 1.02, 95%
CI (0.96-1.08), P = 0.46] (Figure 3).

Subgroup analysis according to different volumes of PEGL
was conducted, 2L PEGL subgroup and 4L PEGL subgroup.
Heterogeneity testing revealed significant heterogeneity among
each subgroup, so the random effect model was used for analysis.
Meta-analysis results showed that in each subgroup the ratio of
excellent and good bowel cleaning quality was similar between
the NaPTab and PEGL groups [P = 0.93, P = 0.49 accordingly]
(Figure 4).

Subgroup analysis according to different numbers of sodium
phosphate tablets was conducted, 32 or less subgroup and more
than 32 subgroup. Heterogeneity testing revealed significant
heterogeneity among 32 or less subgroup, so the random effect
model was used for analysis. Meta-analysis results showed that in
32 or less subgroup the ratio of excellent and good bowel cleaning
quality was similar between the NaPTab and PEGL groups [P
= 0.89]. However, heterogeneity testing revealed no significant
heterogeneity among more than 32 subgroup, so the fixed effect
model was used for analysis. Meta-analysis results showed that
in more than 32 subgroup the ratio of excellent and good bowel
cleaning quality of the NaPTab group was higher than the PEGL
group [RR 1.09, 95% CI (1.03, 1.16), p = 0.003] (Figure 5).

3.4.2. Nausea

Four trials including 1,531 patients used nausea incidence as
an indicator of side effects (15, 17, 20, 23). Heterogeneity testing
showed no significant heterogeneity among the RCTs (P = 0.26) so
the fixed effect model was used for analysis. Meta-analysis results
showed that nausea incidence was lower in the NaPTab group than
in the PEGL group [RR 0.67, 95% CI (0.58-0.76), p < 0.00001]
(Figure 6).

3.4.3. Taste evaluation

Four trials including 1,530 patients used the rate of excellent
and good taste to compare the two preparations (15, 17, 19, 22).
Heterogeneity testing showed no significant heterogeneity among
the RCTs (P = 0.61), so the fixed effect model was employed for
analysis. Meta-analysis results showed that the taste rating of the
NaPTab group was higher than the PEGL group [RR 1.33, 95% CI
(1.26, 1.40), p < 0.00001] (Figure 7).

3.4.4. Willingness to repeat treatment

Four articles including 1,401 patients assessed willingness
16, 20,
21). Heterogeneity testing showed that there was significant

to receive the same bowel preparation method (15,
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Test for averall effect: Z=0.74 (P = 0.46)

FIGURE 3
Rate of excellent and good bowel cleaning quality.

NaPTab PEGL Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aranchick 2000 a2 99 82 100 10.2% 1.01 [0.89,1.15] -
David 2001 354 420 326 425 158% 1.10[1.03,1.17] —=
John 2007 184 205 169 206 146% 1.0901.01,1.18] i
Jung 2014 147 1488 150 162 164% 1.00[0.95,1.07] -+
Kambe 2012 44 44 45 48 142% 1.06 [0.98, 1.16] ™
Kumagai 2014 44 43 38 45 8.6% 1.09[0.93, 1.26] T
Soichiro 2017 47 95 72 98 4.7% 0.67 [0.53, 0.85] e
Stanislas 2017 1895 226 201 226 155% 0.97 [0.91,1.04] N
Total (95% CI) 1295 1310 100.0% 1.02 [0.96, 1.08] >
Total events 1087 1083
Heterogeneity: Tau®=0.00; Chi*=23.28, df=7 (P=0.002), F=70% UFS 0?? ]

15 2
Favours [PEGL] Favours [NaPTab]

NaPTab PEGL

Study or Subgroup  Events Total Events Total

Weight M-H. Random. 95% CI

10.2.1 2LPEGL

John 2007 184 205 169 206 146%
Kambe 2012 44 44 45 48 14.2%
Kumagai 2014 44 48 38 45 8.6%
Soichiro 2017 a7 95 72 98 4.7%
Subtotal (95% Cl) 392 397 421%
Total events M9 324

Test for overall effect: Z=0.09 (P =0.93)

10.2.2 4L PEGL

Aronchick 2000 a2 99 a2 100 10.2%
David 2001 354 420 326 425 158%
Jung 2014 147 1488 150 162 16.4%
Stanislas 2017 195 226 201 226 155%
Subtotal (95% Cl) 903 913 57.9%
Total events 778 759

Heterogeneity: Tau®=0.00; Chi*=7.59, df= 3 (P =0.068); F=60%
Test for overall effect: Z= 069 (P =0.49)

Total (95% CI) 1310 100.0%
Total events 1087 1083

Heterogeneity: Tau®=0.00; Chi*=23.28, df=7 (P =0.002), F=70%
Test for overall effect Z=0.74 (P = 0.46)

Test for subaroun differences: ChiF=011. df=1{P=07H.F=0%

1295

FIGURE 4
Subgroup analysis according different volumes of PEGL.

Heterogeneity: Tau®= 0.02; Chi®=19.67, df=3 (P = 0.0002); F=85%

Risk Ratio Risk Ratio
M-H, Random. 95% CI

1.00[1.01,1.18] ——
1.06 [0.98, 1.16] T—
1.00[0.93, 1.26] e
067 (053,085 ——————

0.99 [0.85, 1.16] i
1.01[0.89, 1.15] —_—
110[1.03,1.17] ——
1.00 [0.95, 1.07] —+—

0.97 [0.91, 1.04] —

1.02 [0.96, 1.08] »

1.02 [0.96, 1.08] >

07 085 12 15

Favours [PEGL] Favours [NaPTab]

heterogeneity among the RCTs (P = 0.001), so the random effect
model was used for analysis. Meta-analysis results showed that the
NaPTab group had a higher willingness to repeat the treatment
than the PEGL group [RR 1.52, 95% CI (1.28-1.80), P < 0.00001]
(Figure 8).

3.4.5. Serum electrolyte measurements
3.4.5.1. Serum potassium

Two articles including a total of 438 patients assessed the
change in serum potassium levels before and after colonoscopy
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preparation (13, 14) and found that levels decreased in both
groups. Heterogeneity testing showed that there was significant
heterogeneity among the RCTs (P = 0.03) so the random effect
model was used. Meta-analysis results showed that the NaPTab
group had a greater decrease in serum potassium than the PEGL
group [MD = 0.38, 95% CI (0.13-0.62), P = 0.006] (Figure 9).

3.4.5.2. Blood calcium

Two articles including a total of 438 patients assessed the
change in serum calcium before and after colonoscopy preparation
(13, 14) and found that levels decreased in both groups.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1088630
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yao-dong et al.

10.3389/fmed.2023.1088630

NaPTab PEGL Risk Ratio Risk Ratio
Study or Subqroup Events Total Events Total Weight M.H, Random, 95% CI M.-H, Random, 95% Cl
10.3.1 32 or less
Aronchick 2000 82 a9 82 100 102% 1.01(0.89,1.15] -
John 2007 184 205 168 206 146% 1.091.01,1.18] [
Jung 2014 147 158 150 162 16.4% 1.00(0.85,1.07] -T
Kumagal 2014 44 48 38 45 B86% 1.090.93,1.26) -
Solchiro 2017 a7 a5 72 98 47% 067 053,085 ——
Stanislas 2017 195 226 201 226 155% 0.97 10.81,1.04) -1
Subtotal (95% Cl) a3 837 70.0% 0.99 [0.92, 1.08]
Total events 699 72
Heterogeneity: Tau*= 0.01, Chi*=18.74, df= 5 (P = 0.002); I*= 73%
Test for overall effect Z= 0.14 (P = 0.89)
10.3.2 more than 32
David 2001 354 420 326 425 158% 1101.03,117] =
Kambe 2012 44 44 45 48 142% 1.06(0.98,1.16) N
Subtotal (95% Cl) 464 473 30.0% 1.09 [1.03, 1.14] ’
Total events 398 3
Heterogeneity: Tau®*= 0.00, Chi*=043,df=1 (P=051), F=0%
Test for overall effect: Z= 3.08 (P = 0.002)
Total (95% CI) 1295 1310 100.0% 1.02 [0.96, 1.08]
Total events 1097 1083
Heterogenelity: Tau*= 0.00; Chi*= 23.28, df= 7 (P = 0.002); I*= 70% 0=? 0 =85 i 152 1;5

Test for overall effect: Z= 0.74 (P = 0.46)
Test for subaroup differences: Chi*=331. df=1(P=00N.F=69.8%

Favours [PEGL)

Favours [NaPTab)

Study or Subqroup

NaPTab

PEGL
Events Total Events Total Weight M-H, Fixed, 95% ClI

Risk Ratio Risk

M-H, Fixed, 95% CI

Ratio

Testfor overall effact Z=1.42 (P=0.15)

FIGURE 5
Rate of excellent and good bowel cleaning quality.

10.3.1 32 or less
Aronchick 2000 82 99 82 100 76%  1.01[0.89,1.15] S
John 2007 184 205 169 206 157%  1.09[1.01,1.18] ——
Jung 2014 147 158 150 162 138%  1.00[0.95,1.07] -
Kumagai 2014 44 48 38 45 36%  1.09[0.93,1.26] 1T
Soichiro 2017 47 95 72 98 66% 067[053,085 ————

Stanislas 2017 195 226 201 226 187%  0.97[0.91,1.04] ——
Subtotal (95% CI) 831 837 65.9%  0.99[0.95,1.03] L 4

Total events 599 712

Heterogeneity, Chi*= 18.74, df= 5 (P = 0.002); F= 73%

Test for overall effect; Z= 0.58 (P = 0.56)

10.3.2 more than 32

David 2001 354 420 326 425 301%  1.10(1.03,117) —-—
Kambe 2012 44 44 45 48  40%  1.06(0.98,1.16) ——
Subtotal (95% Cl) 464 473 341%  1.09[1.03,1.16] >
Total events 398 n

Heterageneity: Chi*= 043, df=1 (P = 0.51); F= 0%

Test for overall effect: Z= 2.97 (P = 0.003)

Total (95% ClI) 1295 1310 100.0%  1.02[0.99, 1.06] *

Total events 1097 1083

Helerogeneity Chi*= 23.28, df= 7 (P = 0.002); F= 70% 037 0 =35 : 142 145

Test for subaroup differences: Chi#= 7.79. df= 1 (P = 0.005). *= 87.2%

Favours [PEGL] Favours [NaPTab)

Heterogeneity testing revealed significant heterogeneity among the
RCTs (P = 0.006) so a random effect model was used. Meta-analysis
results showed that the decrease in serum calcium was greater in
the NaPTab group than in the PEGL group [MD = 0.41, 95% CI
(0.04-0.77), P = 0.03] (Figure 10).

3.4.5.3. Blood phosphorus
Two articles including 438 patients assessed the change in
serum phosphorus (inorganic) before and after colonoscopy
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preparation (13, 14). While patients in the NaPTab group had high
serum phosphorus levels after preparation, some patients in the
PEGL group had increased serum phosphorus levels while others
had decreased levels. Heterogeneity testing revealed significant
heterogeneity among the RCTs (P < 0.0001) so the random
effect model was employed. Meta-analysis results showed that the
NaPTab group had a greater increase in serum phosphate than
the PEGL group [MD 4.51, (95% CI 2.9-6.11), P < 0.00001]
(Figure 11).
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FIGURE 6
Incidence of nausea.
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FIGURE 7
Rate of excellent and good taste.
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FIGURE 8
Willingness to repeat treatment.
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FIGURE 9
Changes in serum potassium (mEq/L).
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Test for averall effect: Z=2.20 (P =0.03)

FIGURE 10
Changes in blood calcium (mg/dL).
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FIGURE 11
Changes in blood phosphorus (mg/dL).
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FIGURE 12
Funnel chart of bowel cleaning quality.

3.5. Sensitivity analysis and publication bias

A sensitivity analysis of adequate cleansing quality by omitting
one study at a time did not fundamentally influence the pooled
RR, suggesting that the combined RR was valid and credible. No
evidence of publication bias was observed when the difference
of adequate cleansing quality between NaPTab and PEGL were
assessed (Figure 12).

4. Discussion

Colonoscopy has been used in medicine for over half a century.
Many primary hospitals are now implementing this technique
since it allows direct examination of the colonic mucosa. However,
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inadequate bowel preparation can make it difficult to clearly
observe mucous membranes (3), resulting in missed diagnosis,
or wasted time repeating the examination. Inadequate intestinal
preparation can also increase the risk of intestinal perforation
and peritonitis. If the intestine still includes a high amount of
feces, high-frequency electronic resection can risk igniting any
intestinal gas and result in explosion (24). A systematic review
of 18 randomized controlled trials comparing sodium phosphate
and polyethylene glycol solution was published in 2005. This
review showed no differences in intestinal cleaning quality between
the two groups. Sub-group analysis showed that the intestinal
cleaning quality of NaPTab was significantly higher than PEGL
(25). However, only 1,044 cases were included and no quantitative
analysis of adverse reactions, patient acceptance, or electrolyte
changes were assessed.

The current study collected 13 RCT studies that compared the
success of intestinal preparation using NaPTab or PEGL prior to
colonoscopy. Eight trials including 2,605 patients compared the
effects of intestinal cleaning. Meta-analysis results showed that
the NaPTab group was more likely to have an excellent and good
rating of intestinal cleaning quality than the PEGL group (RR 1.02,
95% CI 0.96-1.08); however, the difference was not significant.
Subgroup analysis showed that the NaPTab subgroup of more than
32 had a higher excellent and good rating of intestinal cleaning
quality than the PEGL group (p = 0.003), but only two studies was
included. The NaPTab group also had a lower incidence of nausea,
a higher excellent and good taste rating and a higher willingness to
repeat the treatment than the PEGL group, and these differences
were significant. Two trials including 438 patients detected changes
in serum potassium, calcium, and phosphorus levels before and
after intestinal preparation. Serum potassium and calcium levels
decreased after intestinal preparation with both treatments but the
change was statistically greater for the NaPTab group than the
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PEGL group. Meanwhile, blood phosphorus increased following
both treatments but the rise was significantly higher for the
NaPTab group.

Currently, there are both oral sodium phosphate solutions and
tablets available on the market. This treatment provides a low-
capacity method of intestinal preparation and is convenient for
patients to use. NaPTab also has a good taste, is well-tolerated and
has a similar effect on intestinal cleaning than PEGL. Subgroup
analysis showed that higher dose NaPTab may have better cleaning
effect. Constipation is an important and highly common risk factor
for poor quality of intestinal preparation (26). At present, there is
little consensus on bowel preparation for constipation patients. A
recent meta-analysis found that OSP may result in superior colonic
cleanliness when compared to PEGL, however, quality of evidence
was low (27). OSP may be a better choice for patients with chronic
constipation and colonic diverticulum. The reason may be that
OSP is a hyperosmotic agent, which can cause intestinal dilatation,
peristalsis and evacuation of intestinal contents by inhaling water
into the lumen of bowel (28).

Polyethylene glycol based intestinal lavage is an isosmotic
solution that passes through the bowel without absorption or
secretion. PEGL has been safely used in patients with serum
electrolyte imbalance, advanced liver insufficiency, acute and
chronic renal failure and congestive heart failure. PEGL does not
change the histological characteristics of colon mucosa and can be
used in patients suspected of having inflammatory bowel disease
without obscuring the diagnostic capabilities of colonoscopy or
biopsy analysis. However, patients have to take large volumes of
fluid in order to achieve a cathartic effect, and the taste of PEGL
is poor. In order to avoid the problem of volume and taste, a
PEGL containing ascorbic acid (ACS) was developed. Large doses
of ascorbic acid that are not fully absorbed remain in the colon
cavity, where it plays an osmotic role, so a small amount of PEG
is required (29).

Changes in electrolyte levels are more obvious for patients in
the NaPTab group after intestinal preparation. This is a particular
concern for high blood phosphorus, which is associated with
severe kidney damage. A study identified 21 patients with acute
renal failure a few weeks after a colonoscopy preparation using
OSP. While renal function improved for most patients, four
patients required renal replacement therapy (30). In addition,
between January 2006 and December 2007, the Food and Drug
Administration (FDA) reported 171 patients with acute renal
failure after using OSP. The Huashan Hospital of Fudan University
described a 61-year-old male who suffered from acute phosphate
nephropathy (APN). His serum creatinine was normal before the
colonoscopy but increased to 248 pmol/L within 4 months after
taking OSP. Von Kassa staining of his renal pathology indicated
APN (31). Another study found that the risk of acute renal
failure was three times higher for OSP than PEGL. After nearly
9 months, the serum creatinine levels of most patients did not
return to baseline levels (32). The US FDA has published high risk
factors associated with acute renal failure from sodium phosphate
including advanced age, hypovolemia, acute and chronic kidney
disease, using diuretics and other drugs that influence renal blood
flow, and ACEI/ARB. Advanced age and renal function were also
highly correlated with APN (33). High blood pressure (30) and
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inflammatory bowel disease (IBD) (34) are predisposing factors.
Drugs that alkalize urine can decrease the precipitation threshold
of calcium phosphate, so are was not recommended for use with
OSP (35). OSP for bowel preparation was not recommended
by the 2019 Guide of the European Society of Gastroenterology
(ESGE) for routine use, but the quality of support studies was
poor (36). While patients do not favor PEGL for intestinal
preparation because of its poor taste and large oral capacity, this
treatment carries a lower risk of electrolyte disorders and kidney
damage than sodium phosphate and is preferred over OSP for
high-risk patients (37).

There are various ways for bowel preparation before
colonoscopy, and different population need different volume
of lavage or dose possibly. Westerners are heavier in body weight
and need larger in dose when preparing. In addition, many cases
require individualized bowel preparation based on risk factors.
There are many risk factors for poor intestinal preparation,
such as history of abdominal surgery. There are some possible
explanations for the poor intestinal preparation in patients with
a history of abdominal surgery. First of all, the patient has a
decreased intestinal motility after intestinal resection. Second,
after abdominal surgery, intra-abdominal adhesion may lead to
the fixation of flexible intestine, which may lead to local retention
of fecal substances. A study shown that gastric/small intestinal
surgery was a potential risk factor for poor bowel preparation
(38). According to the different conditions of abdominal surgery,
except for using appropriate amount of intestinal cleanser, we can
also choose prokinetic drugs, diet restrictions and other measures.
Increased BMI is not predictive of poor bowel preparation for
colonoscopy (39). In fact, the opposite is true for a particular group
of patients, as it shows that the quality of bowel preparation is
reduced for underweight females who are older than 70 years and
have constipation, thus causing unfavorable colonoscopy outcomes
(40). For such patients, if she has no risk factors of electrolyte
disorder and acute phosphate nephropathy, she can consider using
OSP. If yes, consider PEGL-ACS.

In conclusion, the current meta-analysis showed that NaPTab
and PEGL have a similar cleaning effect before colonoscopy and
that the tolerance of NaPTab is superior to PEGL. However, NaP
tablets have a stronger effect on serum potassium, calcium and
phosphorus levels. For patients with low potassium, low calcium
and renal insufficiency, NaP tablets should be prescribed with
caution. For patients at high risk for acute phosphate nephropathy,
NaP tablets should be avoided. These conclusions are limited by
both the number and quality of included studies and require
verification by larger and more high-quality studies. Individualized
bowel preparation based on risk factors is required for special cases.
Good cleaning effect, low capacity, good taste, few adverse reactions
and high security are goals to consider for the design of future
intestinal preparations before colonoscopy. More clinical trials are
required to evaluate relevant drugs or methods.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1088630
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yao-dong et al.

Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it

for publication.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

References

1. Marshall JB, Pineda JJ, Barthel ]S, King PD. Prospective, randomized
trial comparing sodium phosphate solution with polyethylene glycol-
electrolyte lavage for colonoscopy preparation. Gastrointest Endosc. (1993)

39:631-4. doi: 10.1016/S0016-5107(93)70213-8

2. Church JM. Effectiveness of polyethylene glycol antegrade gut lavage bowel
preparation for colonoscopy-timing is the key! Dis. Colon Rectum. (1998) 41:1223-
5. doi: 10.1007/BF02258217

3. Toledo TK, Dipalma JA.
gastrointestinal ~ procedures.  Aliment
11. doi: 10.1046/j.1365-2036.2001.00966.x

Colon
Pharmacol

cleansing
Ther.

preparation  for
(2001)  15:605-

4. DiPalma JA, Brady CE. Colon cleansing for diagnostic and surgical procedures:
polyethylene glycol-electrolyte lavage solution. Am J Gastroenterol. (1989) 84:1008-16.

5. Saltzman JR, Cash BD, Pasha SE, et al. Bowel preparation before colonoscopy.
Gastrointest Endosc. (2015) 81:781-94. doi: 10.1016/j.gie.2014.09.048

6. Thomas G, Brozinsky S, Isenberg JI. Patient acceptance and effectiveness of a
balanced lavage solution (Golytely) vs. the standard preparation for colonoscopy.
Gastroenterology. (1982) 82:435-7. doi: 10.1016/S0016-5085(82)80390-9

7. Barkun A, Chiba N, Enns R, Marcon M, Natsheh S, Pham C, et al. Commonly
used preparations for colonoscopy: efficacy, tolerability, and safety—A Canadian
Association of gastroenterology position paper. Can J Gastroenterol. (2006) 20:699-
710. doi: 10.1155/2006/915368

8. Hookey LC, Depew WT, Vanner S. The safety profile of oral sodium phosphate
for colonic cleansing before colonoscopy in adults. Gastrointest Endosc. (2002) 56:895-
902. doi: 10.1016/S0016-5107(02)70367-2

9. Aronchick CA, Lipshutz WH, Wright SH, Dufrayne E Bergman GA.
novel tableted purgative for colonoscopic preparation: efficacy and safety
comparisons with Colyte and Fleet Phospho-Soda. Gastrointest Endosc. (2000)
52:346-52. doi: 10.1067/mge.2000.108480

10. Moher D, Liberati A, Tetzlaff ], Altman DG, Group TP. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009)
6:¢1000097. doi: 10.1371/journal.pmed.1000097

11. Clarke M, Oxman AD. “Cochrane Reviewers Handbook 4, 1.” [updated June
2000], in Review Manager (RevMan) [computerprogram] [CD/M]Version 4.1. Oxford,
England: The Cochrane Collaboration (2000).

12. Kastenberg D. Efficacy and safety of sodium phosphate tablets compared with
PEG solution in colon cleansing: two identically designed, randomized, controlled,
parallel group, multicenter phase III trials. Gastrointest Endosc. (2001) 54:705-
13. doi: 10.1067/mge.2001.119733

13. Johanson JF. A randomized, multicenter study comparing the safety and
efficacy of sodium phosphate tablets with 2L polyethylene glycol solution plus
bisacodyl tablets for colon cleansing. Am ] Gastroenterol. (2007) 102:2238-
46. doi: 10.1111/j.1572-0241.2007.01363.x

14. Aihara H. Comparison of two sodium phosphate tablet-based regimens
and a polyethylene glycol regimen for colon cleansing prior to colonoscopy:
a randomized prospective pilot study. Int ] Colorectal Dis. (2009) 24:1023-
30. doi: 10.1007/s00384-009-0735-x

15. Kastenberg D, Barish C, Burack H. INKP-00 Study Group. Tolerability and
patient acceptance of sodium phosphate tablets compared with 4-L PEG solution in
colon cleansing: combined results of 2 identically designed, randomized, controlled,
parallel group, multicenter phase 3 trials. J. Clin. Gastroenterol. (2007) 41:54-
61. doi: 10.1097/01.mcg.0000212662.66644.76

16. Lichtenstein GR, Grandhi N, Schmalz M, Zhang B. Clinical trial: sodium
phosphate tablets are preferred and better tolerated by patients compared to

Frontiersin Medicine

11

10.3389/fmed.2023.1088630

that could be construed conflict

of interest.

as a potential

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

polyethylene glycol solution plus bisacodyl tablets for bowel preparation. Aliment
Pharmacol Ther. (2007) 26:1361-70. doi: 10.1111/§.1365-2036.2007.03496.x

17. Hosoe N, Nakashita M, Imaeda H, Ogata H. Comparison of patient
acceptance of sodium phosphate versus polyethylene glycol plus sodium
picosulfate for colon cleansing in Japanese. ] Gastroenterol Hepatol. (2012)
27:1617-22. doi: 10.1111/§.1440-1746.2012.07190.x

18. Kambe H, Yamaji Y, Sugimoto T, Yamada A, Watabe H, Yoshida
H, et al. A randomized controlled trial of sodium phosphate tablets
and polyethylene glycol solution for polyp detection. J Dig Dis. (2012)
13:374-80. doi: 10.1111/j.1751-2980.2012.00588.x

19. Jung YS, Lee CK, Kim HJ, Eun CS, Han DS, Park DI, et al. Randomized controlled
trial of sodium phosphate tablets vs polyethylene glycol solution for colonoscopy
bowel cleansing. World ] Gastroenterol. (2014) 20:15845-51. doi: 10.3748/wjg.v20.i42.
15845

20. Seung-Hwa L. Comparison of the efficacy and safety of sodium phosphate tablets
and polyethylene glycol solution for bowel cleansing in healthy Korean adults. Yonsei
Med ]. (2014) 55:1542-55. doi: 10.3349/ym].2014.55.6.1542

21. Kumagai E. A Randomized prospective study of bowel preparation
for  colonoscopy  with  low-dose sodium  phosphate tablets  versus
polyethylene glycol electrolyte solution. Gastroenterol Res Pract. (2014)
2014:879749. doi: 10.1155/2014/879749

22. Ako S, Takemoto K, Yasutomi E, Sakaguchi C, Murakami M, Sunami
T, et al. Comparing reduced-dose sodium phosphate tablets to 2L of
polyethylene glycol: a randomized study. World ] Gastroenterol. (2017)
23:4454-61. doi: 10.3748/wjg.v23.124.4454

23. Chaussade S, Schmocker C, Toulemonde P, Henri F. Phosphate
tablets or polyethylene glycol for preparation to colonoscopy? A multicentre
non-inferiority randomized controlled trial. Surg Endosc. (2017) 31:2166-
73. doi: 10.1007/s00464-016-5214-1

24. Bond JH, Levitt MD. Colonic gas
necessary?  Gastroenterol.  (1979)  77:1349-50.
90178-1

explosion-is
doi:

a fire extinguisher
10.1016/0016-5085(79)

25. LiY, Wang Y, Pan T, Tian L. Oral sodium phosphate versus polyethylene glycol-
electrolyte lavage solution for colonoscopy preparation: a systematic review. Chin
JEBM. (2005) 7:555-61.

26. Anderson JC, Messina CR, Cohn W, Gottfried E, Ingber S, Bernstein G,
et al. Factors predictive of difficult colonoscopy. Gastrointest Endosc. (2001) 54:558-
62. doi: 10.1067/mge.2001.118950

27. Dang JT, Moolla M, Dang TT, Shaw A, Tian C, Karmali S, et al. Sodium
phosphate is superior to polyethylene glycol in constipated patients undergoing
colonoscopy: a systematic review and meta-analysis. Surg Endosc. (2021) 35:900-
9. doi: 10.1007/s00464-020-07464-0

28. Mamula P, Adler DG, Conway JD, Diehl DL, Farraye FA, Kantsevoy
SV, et al. Colonoscopy preparation. Gastrointest Endosc. (2009) 69:1201-
9. doi: 10.1016/j.gie.2009.01.035

29. Shawki S, Wexner SD. Oral colorectal cleansing preparations in adults. Drugs.
(2008) 68:417-37. doi: 10.2165/00003495-200868040-00003

30. Markowitz GS, Stokes MB, Radhakrishnan J. Acute phosphate nephropathy
following oral sodium phosphate bowel purgative:an underrecognized cause of chronic
renal failure. ] Am Soc Nephrol. (2005) 16:3389-96. doi: 10.1681/ASN.50496

31. Wang Y, Xie Q, Liu S, Xux J, Hao C. A case of acute phosphate
nephropathy (APN) caused by oral sodium phosphate (OSP). Fudan Univ ] Med Sci.
(2020) 2:297-300.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1088630
https://doi.org/10.1016/S0016-5107(93)70213-8
https://doi.org/10.1007/BF02258217
https://doi.org/10.1046/j.1365-2036.2001.00966.x
https://doi.org/10.1016/j.gie.2014.09.048
https://doi.org/10.1016/S0016-5085(82)80390-9
https://doi.org/10.1155/2006/915368
https://doi.org/10.1016/S0016-5107(02)70367-2
https://doi.org/10.1067/mge.2000.108480
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1067/mge.2001.119733
https://doi.org/10.1111/j.1572-0241.2007.01363.x
https://doi.org/10.1007/s00384-009-0735-x
https://doi.org/10.1097/01.mcg.0000212662.66644.76
https://doi.org/10.1111/j.1365-2036.2007.03496.x
https://doi.org/10.1111/j.1440-1746.2012.07190.x
https://doi.org/10.1111/j.1751-2980.2012.00588.x
https://doi.org/10.3748/wjg.v20.i42.15845
https://doi.org/10.3349/ymj.2014.55.6.1542
https://doi.org/10.1155/2014/879749
https://doi.org/10.3748/wjg.v23.i24.4454
https://doi.org/10.1007/s00464-016-5214-1
https://doi.org/10.1016/0016-5085(79)90178-1
https://doi.org/10.1067/mge.2001.118950
https://doi.org/10.1007/s00464-020-07464-0
https://doi.org/10.1016/j.gie.2009.01.035
https://doi.org/10.2165/00003495-200868040-00003
https://doi.org/10.1681/ASN.2005050496
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yao-dong et al.

32. Hurs FP, Bohen EM, Osgard EM. Association of oral sodium phosphate
purgative use with acute kidney injury. ] Am Soc Nephrol. (2007) 18:3192-
8. doi: 10.1681/ASN.2007030349

33. Aainley EJ, Winwood PJ, Begley JP. Measurement of serum electrolytes and
phosphate after sodium phosphate colonoscopy bowel preparation:an evaluation. Dig
Dis Sci. (2005) 50:1319-23. doi: 10.1007/s10620-005-2780-9

34. Hookey LC, Vanner S. Recognizing the clinical contraindications to the use of
oral sodium phosphate for colon cleansing: a case study. Can J Gastroenterol. (2004)
18:455-8. doi: 10.1155/2004/787515

35. Desmeules S, Bergeron MJ, Isenring P. Acute phosphate nephropathy and renal
failure. N Engl ] Med. (2003) 349:1006-7. doi: 10.1056/NEJM200309043491020

36. Hassan C, East J, Radaelli F. Bowel preparation for colonoscopy: European
society of gastrointestinal endoscopy (ESGE) guideline—Update 2019. Endoscopy.
(2019) 51:775-94. doi: 10.1055/a-0959-0505

Frontiersin Medicine

12

10.3389/fmed.2023.1088630

37. Kan WC, Wang HY, Chien CC. Intermediate bioelectrolyte changes
after phospho-soda or polyethylene glycol precolonoscopic laxatives in a
population undergoing health examinations. Nephrol Dial Transplant. (2012)
27:752-7. doi: 10.1093/ndt/gfr189

38. Kim B, Kim BC, Kim J, Oh HJ, Ryu KH, Park BJ. Quality of bowel preparation
for colonoscopy in patients with a history of abdomino-pelvic surgery: retrospective
cohort study. Yonsei Med J. (2019) 60:73-8. doi: 10.3349/ymj.2019.60.1.73

39. Anklesaria AB, Ivanina EA, Chudy-Onwugaje KO, Tin K, Levine CM, Homel
P, et al. The effect of obesity on the quality of bowel preparation for colonoscopy:
results from a large observational study. J Clin Gastroenterol. (2019) 53:e214-
20. doi: 10.1097/MCG.0000000000001045

40. Mohammed RA, Lafi SY. Effect of body size on quality of bowel preparation
among patients experiencing colonoscopy. Gastroenterol Nurs. (2021) 44:122-
8. doi: 10.1097/SGA.0000000000000557

frontiersin.org


https://doi.org/10.3389/fmed.2023.1088630
https://doi.org/10.1681/ASN.2007030349
https://doi.org/10.1007/s10620-005-2780-9
https://doi.org/10.1155/2004/787515
https://doi.org/10.1056/NEJM200309043491020
https://doi.org/10.1055/a-0959-0505
https://doi.org/10.1093/ndt/gfr189
https://doi.org/10.3349/ymj.2019.60.1.73
https://doi.org/10.1097/MCG.0000000000001045
https://doi.org/10.1097/SGA.0000000000000557
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Comparison of oral sodium phosphate tablets and polyethylene glycol lavage solution for colonoscopy preparation: a systematic review and meta-analysis of randomized clinical trials
	1. Introduction
	2. Materials and methods
	2.1. Registration and search strategy
	2.1.1. Registration
	2.1.2. Search strategy

	2.2. Inclusion criteria
	2.3. Exclusion criteria
	2.4. Data extraction and quality assessment
	2.5. Statistical analysis

	3. Results
	3.1. Study selection process
	3.2. Characteristics of included studies
	3.3. Quality evaluation of included studies
	3.4. Results of meta-analysis
	3.4.1. Adequate cleansing quality
	3.4.2. Nausea
	3.4.3. Taste evaluation
	3.4.4. Willingness to repeat treatment
	3.4.5. Serum electrolyte measurements
	3.4.5.1. Serum potassium
	3.4.5.2. Blood calcium
	3.4.5.3. Blood phosphorus


	3.5. Sensitivity analysis and publication bias

	4. Discussion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


