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Abstract

AIM: To establish the frequency of hyperphosphate-
mia following the administration of sodium phosphate
laxatives in low-risk patients.

METHODS: One hundred consecutive ASA 1-1I in-
dividuals aged 35-74 years, who were undergoing
colonic cleansing with oral sodium phosphate (OSP)
before colonoscopy were recruited for this prospec-
tive study. Exclusion criteria: congestive heart failure,
chronic kidney disease, diabetes, liver cirrhosis, intes-
tinal obstruction, decreased bowel motility, increased
bowel permeability, and hyperparathyroidism. The day
before colonoscopy, all the participants entered a 24-h
period of diet that consisted of 4 L of clear fluids with
sugar or honey and 90 mL (60 g) of OSP in two 45-mL
doses, 5 h apart. Serum phosphate was measured be-
fore and after the administration of the laxative.

RESULTS: The main demographic data (mean + SD)
were: age, 58.9 £ 8.4 years; height, 163.8 £ 8.6 cm;
weight, 71 + 13 kg; body mass index, 26 + 4; women,
66%. Serum phosphate increased from 3.74 + 0.56 to
5.58 + 1.1 mg/dL, which surpassed the normal value
(2.5-4.5 mg/dL) in 87% of the patients. The highest
serum phosphate was 9.6 mg/dL. Urea and creatinine
remained within normal limits. Post-treatment OSP se-

rum phosphate concentration correlated inversely with
glomerular filtration rate (P < 0.007, R* = 0.0755), to-
tal body water (P < 0.001, R* = 0.156) and weight (P <
0.013, R* = 0.0635).

CONCLUSION: In low-risk, well-hydrated patients,
the standard dose of OSP-laxative-induced hyperphos-
phatemia is related to body weight.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

The widespread use of colonoscopy for early detection
of colorectal pathology has increased the use of osmotic
laxatives for colonic cleansing. Among these, oral sodium
phosphate (OSP) is the preparation of choice because is
the best tolerated given the small volume in which it is
administered, and it results in better colonic cleansingm.
Under normal conditions, phosphate is absorbed in the
small intestine and eliminated by the kidney as calcium
phosphatem. Several complications associated with the
use of OSP have been reported in recent years, espe-
cially hyperphosphatemia and acute and chronic renal
failure. There is evidence linking these complications to
conditions that increase the absorption of phosphate or
render its renal elimination difficult. Although many of
these complications are facilitated by dehydration and in-
adequate selection of patients when indicating the laxa-
tive ™, some patients without such conditions also have
been reportedm. Most of the information comes from
retrospective studies or case reports.

In this prospective clinical trial, we investigated the
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frequency of hyperphosphatemia in low-risk ASA I -1I
patientsm, who were chosen to avoid high-risk patients. To
avoid dehydration, we administered 4 L of clear liquids.
The main aim was to identify the percentage of patients
with hyperphosphatemia following the administration
of OSP for video colonoscopy, and before anesthesia
induction. A secondary objective was to establish the
frequency of dehydration and hypocalcemia.

MATERIALS AND METHODS

Patients and methods

This study was approved by the Institutional Review
Board. From May to December 2007, 100 consecutive
patients who underwent elective colonoscopy were
enrolled. Inclusion criteria were: 18-75 years of age,
ASA T and @I physical status, written informed consent,
and colon cleansing with OSP.

Individuals with congestive heart failure, chronic kid-
ney disease, diabetes, liver cirrhosis, intestinal obstruc-
tion, decreased bowel motility, increased bowel perme-
ability (Crohn’s disease, ulcerative or ischemic colitis)
and hyperparathyroidism were prevented from entering
this trial. These conditions were ruled out in the pre-
anesthetic evaluation by medical history and anamnesis.
Those patients who refused to participate were also ex-
cluded. Patients who had not undergone colonic cleans-
ing were also excluded.

All the participants received full information re-
garding the study protocol and procedures in the pre-
anesthetic interview and signed the informed consent to
participate. Vital parameters were measured and labora-
tory tests, including hematocrit, hemoglobin concentra-
tion, and serum osmolarity, phosphate, Ca™, electrolytes,
creatinine and urea were carried out.

Forty-eight hours before the test, a fiber- and dairy-
free diet (without fruit and vegetable products) was
prescribed, and from 20 to 26 h before the study, 4 L
of clear liquids (tea, coffee, infusions, jelly, broth and
drained juices, or isotonic drinks™) with sugar or honey
(on demand) were administered up to 2 h before the
test.

The day before colonoscopy, all the participants were
given 90 mL (60 g) of OSP (fosfo-dom®; Laboratorio
Dominguez S.A, Buenos Aires, Argentina) diluted in
400 mL of water in two divided doses, administered
5 h apart (17:00 pm and 22:00 pm) on the day before
colonoscopy. Ten micrograms metoclopramide were also
administered 1 h before the laxative.

The day after colonic cleansing and immediately be-
fore starting anesthesia with propofol and sevofluorane,
blood pressure and heart rate were measured and a sec-
ond venous sample was drawn and sent to the laboratory
to assess hematocrit, hemoglobin, and serum osmolality,
phosphate, Ca™, electrolytes, creatinine and urea. The
results obtained were compared with those obtained at
baseline.

The following formulas were used to calculate plas-
ma volume, total body water and glomerular filtration
rate: Plasma volume (PV) (Beaumont formula)” %PV:

Demographic data

Age (yr) 58.9+8.4
Height (cm) 163.8 + 8.6
Weight (kg) 71+£13

BMI 26+4

Sex (%) 66% women, 34% men
TBW 36.8 +8.63
GFR 95.25 +21.27

BMI: Body mass index; TBW: Total body water; GFR: Glomerular filtration
rate.

100/(100 - HCT1) X 100 (HCT1 - HCT2)/HCT?2.
HCT = hematocrit.

Total body water (I'BW; L) (Watson formula)"”:
Male: TBW - W = 2.447 - (0.09156 X age) + (0.1074 X
height) + (0.3362 X weight); Female: TBW - W =
-2.097 + (0.1069 X height) + (0.2466 X weight).

Glomerular filtration rate (GFR; mL/min) (Cock-
roft-Gault equation)'"; (140 - age) X weight kg (X 0.85
if female)/creatinine X 72.

Statistical analysis

All data are expressed as mean = SD. The Student / test
was used to analyze normally distributed variables. A
univariate linear correlation model that considered post-
treatment OSP serum phosphate as a dependent variable
was also performed. STATA® version 8.0 (StataCorp LP,
http://www.stata.com) statistical software was used to
carry out the statistical analysis. P < 0.05 was considered
as statistically significant.

RESULTS

The main demographic data (mean * SD) were: age,
58.9 * 8.4 years; height, 163.8 * 8.6 cm; weight, 71 £
13 kg; body mass index (BMI), 26 * 4; women, 66%
(Table 1). The main laboratory data (mean * SD) are
shown in Table 2. Serum phosphate (mg/dL; mean & SD)
increased from a basal value of 3.74 £ 0.56 to 5.58 £ 1.1
after OSP (P = 0.001). Hyperphosphatemia appeared in
87% of the patients. The highest serum phosphate was
9.6 mg/dL. Post-OSP serum phosphate had a significant
inverse correlation with GFR (P < 0.007, R = 0.0755,
Figure 1A), TBW (P < 0.001, R* = 0.156, Figure 1B),and
weight (P < 0.013, R® = 0.0635, Figure 1C). No correla-
tion was observed between post-OSP serum phosphate
and creatinine, height or BMI. The prevalence of hyper-
phosphatemia increased in parallel and steadily with stage
of chronic renal disease according to the National Kidney
Foundation classification'”, which approached 80% for
stage 1, 88% for stage 2, and 100% for stage 3.

After OSP, Ca”" decreased significantly (P = 0.001),
although the difference was not clinically relevant. Pre-
and post-OSP urea and creatinine levels remained within
normal limits.

Plasma volume decreased by 3.65% after OSP. This
represents a dehydration of < 1.46%, which was not
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Mean SD Min Max P

Na" (mmol/L) Pre 13926 2.05 135.00 146.00 NS
Post 139.72 295 133.00 146.00

CI' (mmol/L) Pre  104.88  2.68 98.00 111.00 NS
Post 104.46  3.64 95.00  120.00

K" (mmol/L) Pre 446 039 3.50 5.80 0.001
Post 3.62 046 240 5.10

PO: (mg/dL) Pre 374 056 2.60 5.70  0.001
Post 558 110 2.50 9.60

Ca®™ (mmol/L) Pre 114 010 0.76 1.37 0.001
Post 1.04 012 0.50 1.28

Hto (%) Pre 4028  3.13 31.70 4830 0.070
Post 4118  4.00 2710  50.90

Urea (mg/dL) Pre 3257 993 15.00 68.00 0.001

Post 2136 7.3 6.00  43.00

Osm (mosm/kg) Pre 291.03 535 277.00 304.00 0.002
Post 28856  6.01 274.00 307.00

Creatinine (mg/dL) Pre 0.87  0.193 0.40 150 NS
Post 0.87  0.190 0.50 1.40

AP s/p (mmHg) Pre 125/78 14/10 90/60 170/100 NS
Post 128/74 29/12 80/40 185/100

AP s/: Arterial pressure sistolic/diastolic; NS: Not significant.

significant¥, There was a decrease in serum osmolal-
ity (Tables 1 and 2). There was a low incidence (4%) of
hypotension (arterial pressure reduction = 30%) after
colonic cleansing (Table 2).

DISCUSSION
E]

The osmotic effect of OSP causes dehydration' ”; an av-
erage loss of 3-4 L of fluids is estimated during colonic
cleansing with 60 ¢ OSP"*'" In support of these data,
increases in the concentration of hemoglobin“sj, hemat-
ocrit and serum osrnolalityﬂs] have been reported. Several
authors have stated that maintaining appropriate hydra-
tion is possible to dilute the urine, and reduce its calcium
and phosphate concentration”*". Tn consequence, the
risk of calcium phosphate crystalluria and precipitation
in the renal tubules is diminished"**". Sanders ez a/'"
have corroborated the efficiency of intravenous hydra-
tion (average 2 L) during colonic cleansing for surgery,
but this requires a hospital stay and makes ambulatory
procedures difficult. Markowitz ez al”" has suggested that
patients must be encouraged to drink eight cups of flu-
ids (1920 mL) and Rex ¢ a/"” have promoted taking 3.6 L
of clear fluids.

Following the 1999 American Society of Anesthesiol-
ogists recommendations for all interventions that require
general anesthesia or sedation, oral fluid intake is allowed
up to 2 h before colonoscopic evaluation™. The rationale
for the preoperative fasting is to reduce the content and
acidity of the stomach, thus avoiding the risk of aspira-
tion pneumonitis at induction of anesthesia™*",

Since the seminal studies of Beaumont in 1833, it
is widely known that emptying of clear liquids is passive,
without the need for gastric motility, and is completed
in < 60 min®". Clear fluids have a washing and drag-
ging effect that allows the gastric content to move easily
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Figure 1 Correlation among phosphorus post-oral sodium phosphate
(OSP) with glomerular filtration rate (GFR), total body water (TBW), and
weight. A: Between phosphorus post-OSP and GFR; B: Between phosphorus
post-OSP and GFR and TBW,; C: Between phosphorus post-OSP and weight.

to the duodenum™. Patients with 2 h fasting with clear
liquids (i.e. no liquid intake for 2 h before colonoscopy)
had less volume and gastric acidity than those with
complete 8 h fasringlzg’sz]. These results also have been
reported in children™ ",

The absence of fluid intake before surgery favors the
development of hypotensive reactions during anesthesia
induction, as well as dehydration, hypoglycemia and a
strong sensation of thirst and hunger that leads to irri-
tability, especially in older patients and infants™”. Clear
liquid intake not only diminishes the risk of aspiration
pneumonia and notably improves patient wellbeing, but
it also facilitates adequate hydration.

To evaluate the changes produced by the administra-
tion of OSP, it was vital to avoid dehydration. We encour-
aged patients to freely take 4 L of clear liquids during
colonic preparation, up to 2 h before the test. This did not
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lead to a significant incidence of dehydration and hypo-
tension, which was reinforced by no significant modifica-
tions in haemoglobin and hematocrit. The average reduc-
tion in PV was 3.65%, which represented dehydration
of < 1.46%, which was not signiﬁcantm’m. Besides, in
contrast to Gutierrez Santiago’s study'”, we observed a
decrease in the average osmolality. Only 4% of the pa-
tients developed hypotension, a degree of blood pressure
reduction of 20%-30%. These results support the efficien-
cy of this oral hydration regime for avoiding dehydration.

At the onset of our study, the suggested interval be-
tween doses was 5-10 h, and we used a 5-h interval. As
28% of the phosphate taken is retained by the body for
up to 18 h" tecent studies have recommended longer
intervals between doses!”.

The maximum safe dose of sodium phosphate is
90 mL"”. Several studies on the adverse effects of high
doses of OSP have suggested that these should be avoid-
ed™ as is the case with their association with phosphate
enemas™ . If the recommended dose of 60 g (90 mL) is
surpassed, or if the interval between doses is < 5 h, severe
hyperphosphatemia could develop'”*,

Many authors make reference to the fact that ad-
ministering laxatives and sodium phosphate enemas! !
leads to a slight though statistically significant increase
in phosphorus and a decrease in calcium concentra-
tion™"”"**"* " due to intestinal absorptionm. However,
they have also suggested that well-hydrated adults who
have normal renal function tolerate the amount of phos-

hate loading without showing significant adverse ef-
fects ™. This trend was confirmed in our study, with a
maximum registered plasma phosphate level of 9.6 mmol/L
and a minimum calcium level of 0.5 mmol/L.

The serious electrolyte disturbances reported have
appeared in patients in whom sodium phosphate was
contraindicated: inflammatory colonic diseases (Crohn’s
disease, ulcerative colitis)[53’54], delayed intestinal transit
(megacolon, obstruction), and in conditions with intesti-
nal vascular alteration (congestive heart failure, ischemic
colitis)m]. It also has been reported in patients with

55-57]

impaired renal function™ ", or who receive drugs that
affect kidney perfusion (diuretics, angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers). To
avoid the administration of OSP in the sub-clinical kid-
ney disease, measurement of urea and cteatinine is rec-
ommended™. Hyperphosphatemia has been observed in
patients with dehydration, ascites or vomiting™.

Fine ¢z a/”” have found that the mortality rate was
33%, and that the risk of death was high if serum phos-
phate increased beyond 32.69 mg/dL (10.56 mmol/L).
Most of the deaths reported in the literature have been
caused by arrhythmia or heart attack associated with elec-
trolyte changes and dehydration. Fatal cases have been
observed among patients with a history of renal dam-
age[41’43’50] | cirrhosis™, and in elderly
patients with normal renal function™™. Azzam ez a/*'and
Wexner e al” have described high levels of phosphate
and kidney damage in patients without previous kidney
pathology.

. . 15 . .
Gutierrez-Santiago ez 4™ have found an increase in

. . .. 50
, ischemic colitis'

phosphatemia in 57% of patients, while Lieberman ez a/”"
have found it in 25%. Both studies were retrospective
and they did not specify the patient’s clinical condition.
In our study in low-risk patients, we found an increase in
phosphate in a significant percentage (87%). The average
increase of serum phosphate was 1.84 mg/dL, which was
less than that reported by Tan ez al” (3.09-3.18 mg/dL).
The maximum plasma phosphate value registered was
9.6 mg/dL (3.1 mmol/L), which was twice the normal
concentration. This result shows that OSP used as laxa-
tive is not free of complications, even in low-risk patients.
These values do catch our attention because the careful
selection of patients anticipated a much lower incidence.
It is possible to assume that the wide hydration plan and
careful selection of participants avoided reaching the val-
ues described by Fine ef al”".

All of the patients had normal urea and creatinine
values before and after colonic cleansing. We linked the
phosphate values with the TBW and GFR, and both
showed a negative linear correlation with the increase
in phosphate. We observed that the lower the GFR and
TBW, the higher the chance of developing hyperphos-
phatemia. These parameters describe the relationship
of weight with a specific function, which shows that the
increase in phosphatemia has a negative linear correla-
tion with weight. We avoided dehydration and there was
no renal impairment, therefore, these findings contribute
towards the concept that hyperphosphatemia is the re-
sult of an excessive dose of laxative, as suggested by Rex
et al”.

Tan et al” have stated that the decrease in plasma cal-
cium associated with OSP-induced hyperphosphatemia is
the result of the binding of calcium to the high phosphate
level, and thus, the tubular deposition that induces kidney
damage. Gutierrez-Santiago ¢ al"™ have observed hypoc-
alcemia in 36% of patients. In our study, the decrease in
calcium concentration developed in 29% of the patients,
but none had symptoms related to hypocalcemia.

The reported OPS-induced hypernatremia is the re-
sult of intestinal sodium absorption and can worsen due
to dehydration™. We did not observe an increase of
plasma sodium in our patients, which suggests that the
hydration level achieved with this diet was appropriate.

The sodium and potassium exchange across the colon-
ic epithelium can generate hypokalemia, which is accentu-
ated by renal potassium loss induced as a consequence
of the volume contraction-associated secondary aldos-
teronism™"”. The decrease in potassium in our sample
coincided with that observed by Rex ¢ al”. Tt appeared in
4% of the patients and reached 2.4 mmol/L in one case.

Unlike previous studies by other investigators, we did
not observe changes in plasma chloride values in our pa-
tients!".

The tesults in this study show that, in low-risk, well-
hydrated patients, hyperphosphatemia following standard
OSP doses is related to weight. This is the reason why
we believe that, in low-weight patients, lower doses of
the laxative should be administered. We consider that
further studies are necessary to establish the adequate
dose according to weight.
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Oral hydration with 4 L of clear liquids during
colonic preparation has proven its efficacy in avoiding
dehydration.

The possibility of achieving high phosphate levels
in low-risk, well-hydrated patients is certainly alarming,
especially given the fact that few medical professionals
currently take this possibility into account. These discoveries
emphasize the need to carry out an adequate hydration and
selection of patients to avoid administration of OSP to
those individuals at risk of developing hyperphosphatemia

or renal failure.

COMMENTS

Background

Colon cleansing is used widely for colonoscopic exploration and colonic and
gynecological surgery. Oral sodium phosphate (OSP) solution is the osmotic
laxative most commonly used for this purpose. It is known that OSP can induce
severe hyperphosphatemia and hypocalcemia due to excessive absorption of
phosphates, and there have been reports of deaths and irreversible dialysis-
requiring renal insufficiency.

Research frontiers

Hyperphosphatemia after OSP develops in patients with conditions that in-
crease its intestinal absorption (ulcerative colitis, Crohn’s disease, ischemic
colitis), in conditions in which its elimination is difficult (kidney disease, dehy-
dration, aging), or after OSP overdose (> 60 g). These findings have come from
case reports and some rare retrospective studies. No prospective studies have
investigated the prevalence of hyperphosphatemia in low-risk patients.

Innovations and breakthroughs

This was a prospective study that was carried out in low-risk patients. Even
though, the authors avoided the conditions that are known to facilitate hyper-
phosphatemia such as dehydration (inducing oral intake of 4 L of clear liquids)
and the diseases described above, 87% of the patients had high serum phos-
phate levels. None of them developed symptoms of hypocalcemia, and there
was no evidence of renal impairment. Hyperphosphatemia was related inversely
to body weight. These results highlight the importance of being cautious with the
administration of OSP in patients with contraindications and promoting aggres-
sive oral hydration.

Applications

Taking into account the results of this study, the authors recommend: performing
preoperative evaluation aimed at avoiding administration of OSP laxatives to pa-
tients at risk; reducing the dose of OSP in patients with low weight; and avoiding
dehydration with an adequate oral intake of clear liquids. Additional studies are
necessary to establish the appropriate dose adjusted to body weight.

Terminology
Hyperphosphatemia: serum phosphate levels above normal (2.5-4.5 mg/dL).
Hypocalcemia: ionized calcium levels below normal values (1.0-1.35 mmol/L).

Peer review

This paper presented provides reliable information on the side effects of OSP in
low-risk patients. The conclusions addressed are useful for managing patients’
prescribed OSP for colon cleansing.
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