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Abstract

Background: Contrast-induced nephropathy (CIN) is a serious clinical problem associated with increased morbidity
and mortality, particularly in patients with chronic renal insufficiency. Although some agents including hydration
with saline are being prescribed to prevent renal deterioration in these high risk patients, their efficacy is not
clearly defined and debatable. Therefore additional prophylactic pretreatments are needed.

Methods/Design: The present study aims to investigate differences in occurrence of CIN after sarpogrelate
premedication in patients with chronic kidney disease (CKD). 268 participants, aged 20-85 years with a clinical
diagnosis of CKD will be recruited. They will be randomly allocated to one of two conditions: (i) routine treatment
without sarpogrelate, and (i) routine treatment with sarpogrelate (a fixed-flexible dose of 300 mg/day). The primary
outcome is the occurrence of CIN during 4 weeks after receiving contrast agent.

Discussion: As of May 2010, there were no registered trials evaluating the therapeutic potentials of sarpogrelate in
preventing for CIN. If sarpogrelate decreases the worsening of renal function and occurrence of CIN, it will provide

a safe, easy and inexpensive treatment option.
Trial registration: NCT01165567

Background

Contrast-induced nephropathy (CIN) is a common form
of hospital-acquired acute renal failure (ARF) after cor-
onary angiography (CAG) and percutaneous coronary
intervention (PCI) and is associated with prolonged hos-
pitalization and adverse clinical outcomes [1,2]. Patients
undergoing PCI have a higher mortality rate if the
nephropathy develops [3]. Although its incidence is low
in patients with normal renal function, it can be much
higher in those with renal insufficiency at baseline [4,5].
Adequate prophylaxis is needed to reduce the higher
morbidity and mortality associated with CIN in high-
risk patients. A variety of therapeutic interventions,
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including saline hydration, diuretics, mannitol, calcium
channel antagonists, theophylline, endothelin receptor
antagonists, and dopamine, have been used in an
attempt to prevent CIN [6-9]. Hydration with normal
saline solution is the most widely accepted preventive
intervention [9,10]. But the nephropathy occurred in
20~30% who received the recommend treatment
[11,12], it means current treatments are not enough and
the optimal strategy to prevent CIN has not been
established.

Although the pathogenesis of this condition is not
fully understood, it is most likely the result of renal
ischemia and direct toxicity to tubular epithelial cells
[13,14]. After contrast is injected, renal blood flow tran-
siently increases and then decreases over a longer time,
suggesting that renal ischemia is a major factor in the
pathogenesis of CIN [13]. Contrast agents reduce the
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oxygen tension in both the cortex and the medulla [14].
Many studies suggest that contrast agents are directly
toxic to kidney cells, causing proximal cell vacuolization,
interstitial inflammation, cellular necrosis, and enzy-
muria [15].

Sarpogrelate is a selective 5-hydroxytryptamine recep-
tor subtype 2A (5-HT,,) antagonist that inhibits
responses to 5-HT mediated by 5-HT,, receptors such
as platelet aggregation, vasoconstriction, and vascular
smooth muscle proliferation [16-18]. Its chemical struc-
ture is illustrated in Figure 1. Several studies demon-
strated that sarpogrelate is efficacious treatment in
thrombosis, coronary artery spasm, atherosclerosis, rest-
enosis, peripheral artery disease, diabetes and kidney
disease [16,17,19-23]. Especially small clinical trial had
shown that sarpogrelate has a renal protective potential
[23,24]. A pilot study demonstrated that sarpogrelate
improved the symptoms and signs of diabetic nephropa-
thy and neuropathy in three of eight patients with
Type 2 diabetes and mild nephropathy [25]. Sarpogrelate
also reduced the urinary and plasma levels of thrombox-
ane A, and this may be associated with the reduced
albumin excretion [26]. Another study demonstrated
that sarpogrelate reduced albuminuria in diabetic
patients with early-stage diabetic nephropathy within 3
months [27]. Therefore, we might hypothesize that sar-
pogrelate would have shown positive results in prophy-
laxis of CIN.

The primary hypothesis to be tested is whether sarpo-
grelate significantly reduce the occurrence of CIN dur-
ing 4 weeks follow-up period, compared with the
control group.

Methods/Design

The study is designed as a non-blinded, prospective, ran-
domized controlled clinical trial to evaluate efficacy and
safety of sarpogrelate in CKD patients undergoing CAG
and PCI. After a baseline measurement, participants were
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Figure 1 Structure of sarpogrelate.
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randomly allocated into the treatment group (routine
treatment with sarpogrelate) or the control group
(routine treatment without sarpogrelate). In this study,
routine treatment is defined as saline hydration and
benefit of sarpogrelate is assessed as an adjunct to saline
hydration for the prevention of CIN following diagnos-
tic CAG or PCI

Study approval was given by the Ethics Committee/
Institutional Review Board of Seoul National University
Boramae Medical Center.

Participants
All patients with CKD scheduled for CAG will be eligi-
ble, assuming their ability to understand the character
and individual consequences of participation as well as
giving written informed consent. CKD is defined as esti-
mated glomerular filtration rate (eGFR) <60 mL/min per
1.73 m® using modification of diet in renal disease
(MDRD) formula or serum creatinine (Cr) > 1.5 mg/dL.
The MDRD formula was defined in the following way.
Where the Cr concentration is in mg/dL:

eGFR =186 x serum Cr™"1>* x Age ™°2%% x (0.742 if female )

Exclusion criteria are age less than 20 years or more
than 85 years, liver cirrhosis greater than or equal to
Child class B, decreased serum platelet level
(< 100,000/uL), patients who received or are schedule to
receive percutaneous renal intervention, currently are
taking anticoagulation drugs, unable to give informed
consent. Patients in shock, maintaining hemodialysis,
hemofiltration, peritoneal dialysis will be excluded.

Intervention

After a baseline measurement, all patients receive 0.9%
saline or 0.45% saline intravenously at 150 ml/hour at
least for 6 hours before and 6~8 hours after receiving
contrast agent. Patients in the treatment group receive
sarpogrelate 300 mg per day for 24 hours before expo-
sure to contrast agent. Sarpogrelate will be given for
4 weeks.

Recruitment of participants started in April 2010. The
process of the trial conduct is illustrated in Figure 2. No
additional risks for study patients are expected, since all
treatment is carried out within established standard
methods of CAG or intervention.

Primary Outcome Measurement

The primary outcome of the study is the incidence of
CIN, defined as either a greater than 25 percent increase
of serum Cr or an absolute increase in serum Cr of
0.5 mg/dL within 48 hours after using contrast agent
[28,29]. Clinical endpoint measurements are conducted
in-hospital and at 4 weeks. Cr concentration is



Park et al. Trials 2010, 11:122
http://www.trialsjournal.com/content/11/1/122

Page 3 of 5

Screened for eligibility

Excluded

A 4

A 4

Not meeting inclusion criteria

Baseline assessment

Excluded

v

Not meeting inclusion criteria

Randomized

l

A 4

Allocated to routine treatment
with sarpogrelate

A4

Allocated to routine treatment
without sarpogrelate

Coronary angiography

Lost to follow—up

Analyzed

Figure 2 Study design.

Lost to follow—up

Analyzed

measured at admission, every day for the next two days
after contrast exposure, and at 4 weeks.

Secondary Outcomes Measurement

Secondary outcomes are occurrence of CIN, perfor-
mance of hemodialysis or hemofiltration and bleeding
events at 4 weeks.

Adverse effects
Analysis of safety related data is performed with respect
to frequency of serious adverse events, frequency of ser-
ious adverse events stratified by causality and frequency
of morbidity in both treatment groups.

At each assessment patients are assessed to report bleed-
ing. Patients who experienced a bleeding event are further
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classified based on bleeding severity according to the
Global Use of Strategies to Open Occluded Coronary
Arteries (GUSTO) bleeding criteria [30]. Severe bleeding
is defined as any intracranial hemorrhage or bleeding that
causes hemodynamic compromise and requires interven-
tion. Moderate bleeding is defined as bleeding requiring
transfusion but does not result in hemodynamic compro-
mise. Mild bleeding is defined as bleeding that does not
meet criteria for either severe or moderate bleeding. Ser-
ious adverse events (SAE) have to be reported by the
attending physician to the principal investigator within 24
hours after the SAE becomes known.

Withdrawals

Patients are free to withdraw trial participation at their
own request at any time and without giving reasons for
their decision. Moreover, the primary investigator can
withdraw study patients, if continuation of the trial
would be detrimental to the patient’s well being. With-
drawals will be documented in the Case report form
(CRF) and in the patient’s medical records and all
ongoing SAE have to be followed up.

Sample size

The sample size calculation is based on the primary out-
come and the primary analysis for the intention-to-treat
population. The sample size is calculated using the
study’s primary objective to detect a 50% difference of
CIN occurrence between routine treatment with sarpo-
grelate and without sarpogrelate in a power of 80% to
demonstrate difference. We assumed that the expected
rate of CIN would be 20% in the control group [11].
We adjust the sample size for an estimated follow-up
loss rate of 10%, a two-sided level of significance
o = 5% and a power of 1-B = 80%, which result in
134 patients in each group is required to detect this
difference with a two-sided Student’s t- test. A total of 268
patients will be randomized and included in the analysis.

Randomization

Random assignments are generated using Excel spread-
sheet software (Microsoft Corporation, Redmont, USA).
Eligible patients are randomly assigned in a 1:1 ratio to
receive routine treatment with sarpogrelate or routine
treatment without sarpogrelate. Randomization is per-
formed by a personnel not involved in the study and kept
concealed.

Statistical analysis

The statistical analyses are performed on an intention-
to-treat basis. The two-sided null-hypothesis for the pri-
mary outcome measure states that sarpogrelate has the
potential effect on preventing CIN in CKD patients
undergoing CAG or PCI. Descriptive statistics will be
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calculated according to the scale level of the variables.
The Kaplan- Meier method is used to plot the time to
the first episode of CIN, performance of hemodialysis or
hemofiltration and bleeding events after CAG or PCL

Continuous data will be analyzed using Student’s
t-test. The chi-square test is used for categorical vari-
ables. A value of p < 0.05 is considered statistically sig-
nificant. Efficacy analyses was performed on the full
analysis set, which consist of patients who received at
least 1 dose of study medication. Patients who take the
medication at least once are analyzed for safety. Graphi-
cal methods including scatter plots and boxplots will be
used to visualize the findings of the trial.

The safety analysis includes calculation of frequencies
and rates of complications and serious adverse events
reported in the two groups. All analyses will be done
using SPSS Version 16.0 or higher.

Approval

This study follows the Helsinki Declaration’s principles,
meaning that all patients sign a written informed con-
sent stating that participation is voluntary and that par-
ticipation can be withdrawn at any time, without any
negative consequences concerning their current or
future medical treatment. This study protocol was
approved by the institutional review board of Seoul
National University Boramae Medical Center.

Discussion

Sarpogrelate has shown promising results in animal stu-
dies and clinical trials. Recent studies show that this
drug has renal protective effect, however, its effects is
still not fully understood.

In this study, we examine the hypothesis that sarpo-
grelate has the prophylactic potential in CIN based on
the results of previous trials. The present study is small
and short-term clinical trial but the first trial investigat-
ing whether sarpogrelate has an effect on preventing
CIN in CKD patients undergoing CAG or PCL

If the potential effects of sarpogrelate on these events
are proved, the result of present study may provide an
inexpensive, safe, practical, and simple method for pre-
venting CIN other than saline hydration.
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Report Form; GUSTO: Global Use of Strategies to Open Occluded Coronary
Arteries; PCl: Percutaneous coronary intervention.

Acknowledgements
We would like to thank all members of present study group for their ideas,
suggestions, participation and support.

Author details
'Division of Cardiology, Department of Internal Medicine, Seoul National
University College of Medicine, Seoul, South Korea. “Cardiovascular Center,



Park et al. Trials 2010, 11:122
http://www.trialsjournal.com/content/11/1/122

Seoul Metropolitan Boramae Medical Center, Seoul, South Korea.
*Cardiovascular Center, Seoul National University Hospital, Seoul, South
Korea.

Authors’ contributions

WYC is the Principle Investigator for the study, contributed to the study
design and to drafting and revising the manuscript. KP made significant
contributions to concept of the study, drafting and reviewing manuscript. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 31 May 2010 Accepted: 20 December 2010
Published: 20 December 2010

References

1.

Weisbord SD, Chen H, Stone RA, Kip KE, Fine MJ, Saul MI, Palevsky PM:
Associations of increases in serum creatinine with mortality and length
of hospital stay after coronary angiography. J Am Soc Nephrol 2006,
17:2871-2877.

Gruberg L, Mintz GS, Mehran R, Gangas G, Lansky AJ, Kent KM, Pichard AD,
Satler LF, Leon MB: The prognostic implications of further renal function
deterioration within 48 h of interventional coronary procedures in
patients with pre-existent chronic renal insufficiency. J Am Coll Cardiol
2000, 36:1542-1548.

McCullough PA, Wolyn R, Rocher LL, Levin RN, O'Neill WW: Acute renal
failure after coronary intervention: incidence, risk factors, and
relationship to mortality. Am J Med 1997, 103:368-375.

Rudnick MR, Berns JS, Cohen RM, Goldfarb S: Contrast media-associated
nephrotoxicity. Semin Nephrol 1997, 17:15-26.

Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, Best PJ, Singh M, Bell MR,
Barsness GW, Mathew V, Garratt KN, Holmes DR Jr: Incidence and
prognostic importance of acute renal failure after percutaneous
coronary intervention. Circulation 2002, 105:2259-2264.

Merten GJ, Burgess WP, Gray LV, Holleman JH, Roush TS, Kowalchuk GJ,
Bersin RM, Van Moore A, Simonton CA, Rittase RA, Norton HJ, Kennedy TP:
Prevention of contrast-induced nephropathy with sodium bicarbonate: a
randomized controlled trial. JAMA 2004, 291:2328-2334.

Kay J, Chow WH, Chan TM, Lo SK, Kwok OH, Yip A, Fan K, Lee CH, Lam WF:
Acetylcysteine for prevention of acute deterioration of renal function
following elective coronary angiography and intervention: a randomized
controlled trial. JAMA 2003, 289:553-558.

Erley CM, Duda SH, Rehfuss D, Scholtes B, Bock J, Miller C, Osswald H,
Risler T: Prevention of radiocontrast-media-induced nephropathy in
patients with pre-existing renal insufficiency by hydration in
combination with the adenosine antagonist theophylline. Nephrol Dial
Transplant 1999, 4:1146-114.

Stacul F, Adam A, Becker CR, Davidson C, Lameire N, McCullough PA,
Tumlin J, CIN Consensus Working Panel: Strategies to reduce the risk of
contrast-induced nephropathy. Am J Cardiol 2006, 98:59-77.

Rudnick MR, Kesselheim A, Goldfarb S: Contrast-induced nephropathy:
how it develops, how to prevent it. Cleve Clin J Med 2006, 73:75-87.
Recio-Mayoral A, Chaparro M, Prado B, Cdzar R, Méndez |, Banerjee D,
Kaski JC, Cubero J, Cruz JM: The reno-protective effect of hydration with
sodium bicarbonate plus N-acetylcysteine in patients undergoing
emergency percutaneous coronary intervention: the RENO Study. J Am
Coll Cardiol 2007, 49:1283-1288.

Masuda M, Yamada T, Mine T, Morita T, Tamaki S, Tsukamoto Y, Okuda K,
lwasaki Y, Hori M, Fukunami M: Comparison of usefulness of sodium
bicarbonate versus sodium chloride to prevent contrast-induced
nephropathy in patients undergoing an emergent coronary procedure.
Am J Cardiol 2007, 100:781-786.

Katzberg RW, Morris TW, Burgener FA, Kamm DE, Fischer HW: Renal renin
and hemodynamic responses to selective renal artery catheterization
and angiography. Invest Radiol 1977, 12:381-388.

Heyman SN, Brezis M, Epstein FH, Spokes K, Silva P, Rosen S: Early renal
medullary hypoxic injury from radiocontrast and indomethacin. Kidney
Int 1991, 40:632-642.

Page 5 of 5

15. Heyman SN, Brezis M, Reubinoff CA, Greenfeld Z, Lechene C, Epstein FH,
Rosen S: Acute renal failure with selective medullary injury in the rat. J
Clin Invest 1988, 82:401-412.

16. Hara H, Kitajima A, Shimada H, Tamao Y: Antithrombotic effect of MCI-
9042, a new antiplatelet agent on experimental thrombosis models.
Thromb Haemost 1991, 66:484-488.

17. Miyata K, Shimokawa H, Higo T, Yamawaki T, Katsumata N, Kandabashi T,
Tanaka E, Takamura Y, Yogo K, Egashira K, Takeshita A: Sarpogrelate, a
selective 5-HT2A serotonergic receptor antagonist, inhibits serotonin-
induced coronary artery spasm in a porcine model. J Cardiovasc
Pharmacol 2000, 35:294-301.

18. Sharma SK, Zahradka P, Chapman D, Kumamoto H, Takeda N, Dhalla NS:

Inhibition of serotonin-induced vascular smooth muscle cell proliferation

by sarpogrelate. J Pharmacol Exp Ther 1999, 290:1475-1481.

19. Hayashi T, Sumi D, Matsui-Hirai H, Fukatsu A, Arockia Rani PJ, Kano H,
Tsunekawa T, Iguchi A: Sarpogrelate HCl, a selective 5-HT2A antagonist,
retards the progression of atherosclerosis through a novel mechanism.
Atherosclerosis 2003, 168:23-31.

20. Fujita M, Mizuno K, Ho M, Tsukahara R, Miyamoto A, Miki O, Ishii K, Miwa K:
Sarpogrelate treatment reduces restenosis after coronary stenting. Am
Heart J 2003, 145:E16.

21. Hara H, Shimada H, Kitajima A, Tamao Y: Effect of (+/-)-2-(dimethylamino)-
1-[[o-(m-methoxyphenethyl)phenoxy] methyllethyl hydrogen succinate
on experimental models of peripheral obstructive disease.
Arzneimittelforschung 1991, 41:616-620.

22. Ichiyanagi N, Tsujii T, Masuda H, Kihara K, Goto M, Azuma H: Changed
responsiveness of the detrusor in rabbits with alloxan induced
hyperglycemia: possible role of 5-hydroxytryptamine for diabetic
bladder dysfunction. J Urol 2002, 168:303-307.

23. Kanai H, Hiromura K, Kuroiwa T, Maezawa A, Yano S, Naruse T: Role of
serotonin in nephrotoxic serum nephritis in WKY rats. J Lab Clin Med
1997, 129:557-566.

24, Doggrell SA: The role of 5-HT on the cardiovascular and renal systems
and the clinical potential of 5-HT modulation. Expert Opin Investig Drugs
2003, 12:805-823.

25. Ishimura E, Nishizawa Y, Emoto M, Shoji T, Inaba M, Kawagishi T, Morii H:
Therapeutic effect of sarpogrelate, a new 5-hydroxytryptamine receptor
2A antagonist, on diabetic nephropathy and neuropathy. Nephron 1997,
76:227-229.

26. Ogawa S, Takeuchi K, Sugimura K, Sato C, Fukuda M, Lee R, Ito S, Sato T:
The 5-HT2 receptor antagonist sarpogrelate reduces urinary and plasma
levels of thromboxane A2 and urinary albumin excretion in non-insulin-
dependent diabetes mellitus patients. Clin Exp Pharmacol Physiol 1999,
26:461-464.

27. Takahashi T, Yano M, Minami J, Haraguchi T, Koga N, Higashi K, Kobori S:
Sarpogrelate hydrochloride, a serotonin2A receptor antagonist, reduces
albuminuria in diabetic patients with early-stage diabetic nephropathy.
Diabetes Res Clin Pract 2002, 58:123-129.

28. Morcos SK, Thomsen HS, Webb JA: Contrast-media-induced
nephrotoxicity: a consensus report. Contrast Media Safety Committee,
European Society of Urogenital Radiology (ESUR). Eur Radiol 1999,
9:1602-1613.

29. Nikolsky E, Aymong ED, Dangas G, Mehran R: Radiocontrast nephropathy:
identifying the high-risk patient and the implications of exacerbating
renal function. Rev Cardiovasc Med 2003, 4(Suppl 1):57-514.

30. The GUSTO Investigators: An international randomized trial comparing

four thrombolytic strategies for acute myocardial infarction. N Engl J Med

1993, 329:673-682.

doi:10.1186/1745-6215-11-122

Cite this article as: Park et al: The prevention of contrast induced
nephropathy by sarpogrelate in patients with chronic kidney disease: a
study protocol for a prospective randomized controlled clinical trial.
Trials 2010 11:122.



http://www.ncbi.nlm.nih.gov/pubmed/16928802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16928802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11079656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11079656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11079656?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9375704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9375704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9375704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9000546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9000546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12010907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12010907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12010907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15150204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15150204?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12578487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12578487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12578487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16444919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16444919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17394959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17394959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17394959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/914484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/914484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/914484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1745012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1745012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3403711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1796400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1796400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10672864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10672864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10672864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10454527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10454527?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12732383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12732383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12660685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1930349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1930349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1930349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9142052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9142052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12720492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12720492?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9200418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9200418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10386239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10386239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10386239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12213354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12213354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10525875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10525875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10525875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12556732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12556732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12556732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8204123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8204123?dopt=Abstract

	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Methods/Design
	Participants
	Intervention
	Primary Outcome Measurement
	Secondary Outcomes Measurement
	Adverse effects
	Withdrawals
	Sample size
	Randomization
	Statistical analysis
	Approval

	Discussion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


