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Trough-to-peak ratio of indapamide
1.5 mg sustained-release coated
tablets assessed by ambulatory
blood pressure monitoring

Summary

Trough/Peak Ratio (T/P) of indapamide 1.5 mg sustained-release form assessed
by embulatory pressure monitoring M).

Because of the high variability of casual blood pressure measurements. ambulatory
blood pressure monitoring (ABPM) has become a complementary clinical tool for
evaluating antihypertensive treatment. Nevertheless, there is still a lack of practical
guidelines to interpret the data. A review of the literature shows that ABPM efficacy
data are analyzed differently. especially the trough-to-peak ratio proposed by the
Food and Drug Administration. Published trough-to-peak ratios are widely disparate
due to the diversity of the calculation methods. which are usually not justified. Thus.
inappropriate comparisons of these results can easily produce incorrect conclusions.
The aim of this review is to select. through the literature. basic methodological
requirements commonly agreed on for accurate trough-to-peak ratio assessment.
and to apply them to the ABPM data on indapamide. a diuretic related to the thia-
zides. Six methodological requirements commonly agreed on at this time are the
following: 1. study design: placebo-controlied study with a placebo run-in period: 2.
patient selection: compliance with the study protocol. record obtained before and
after treatment for each patient: 3. population analysis: whole and responder popu-
lation: 4. quality control of the records: 5. placebo effect subtraction: 6. group and
individual calculation with the indication of median values. Given that no trough-to-
peak ratio has yet been caiculated according to these requirements. especially for a
diuretic, the above methodological points were taken into account for the calcula-
tion of the trough-to-peak ratio of indapamide, from a placebo-controlled dose-find-
ing study involving 285 patients. Arch Mal Cceur. 1996. Servier International
N° speécial, aolt 1996: 2-12.

antihypertensive effect at the end

Blood pressure is conventionally
of the dosing interval (trough) and

measured using clinical sphygmo-

manometry: it has also been prog-
nostically validated as the ref-
erence method [1]. Other methods,
such as ambulatory blood pressure
monitoring (ABPM) and self-mea-
surement at home. have broken
new ground and enhanced preci-
sion, with particular regard to the
assessment of antihypertensive
therapy. Technical improvements
over the last 5 years. combined with
instrumental validation, have trans-
formed ABPM into an authentic clin-
ical tool [2]. A parallel develop-
ment was the 1988 Food and Drug
Administration (FDA) recommenda-
tion of a new arithmetic index. the
trough-to-peak ratio, for monitoring
antihypertensive drug activity
(recommended minimal value:
50%) [3]. The trough-to-peak ratio
describes the relationship between
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maximal effect (peak) by simple
arithmetic division, expressed as a
percentage. The trough-to-peak
ratio is a pharmacological tool used
to identify an adversely excessive
peak due to the administration of
an unnecessarily high dose and/or
to identify an inappropriate dosing
interval [4]. However, the FDA gave
no detailed recommendation as to
the mode of calculation. thereby
raising practical problems of calcu-
lation and interpretation. ABPM is
better suited than clinical sphygmo-
manometry to evaluate the trough-
to-peak ratio, given its reproducibil-
ity and the serial measurements

(5.

Indapamide, an antihypertensive
diuretic, is a thiazide sulfonamide [6].
A new low-dose (1.5 mg) sustained-
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release (SR) formulation has been developed to
maximize the efficacy/safety ratio following internation-
al recommendations favoring low-dose antihyperten-
sive therapy in hypertension [7, 8].

A dose-finding study using conventional sphygmo-
manometry showed that the antihypertensive efficacy
of indapamide SR coated tablets 1.5 mg exceeded
that of placebo 24 h after dosing and did not differ
from that of the same formulation containing 2 mg or
2.5 mg, or from that of the immediate-release (IR)
2.5 mg formulation [9]. In addition, the lower dose
reduced the incidence of hypokalemia by > 50%. The
aim of the present paper is to propose a valid method
of ABPM trough-to-peak ratio analysis and apply it to
indapamide to supplement evaluation of the conven-
tionally determined efficacy data.

AMBULATORY BLOOD PRESSURE MONITORING
AND TROUGH-TO-PEAK RATIO

There are undeniable limitations to the conventional
method of blood pressure measurement: limited repro-
ducibility. single (as opposed to serial or repeated) mea-
surement, a white-coat effect and a marked placebo
effect. ABPM has several advantages that circumvent
some of these difficulties [10, 11]. It performs and
records a large number of measurements during both
day and night in subjects leading normai lives: it partially
eliminates the white-coat effect and shows little impact
of placebo effect: it can be used to determine the activity
duration and profile of an antihypertensive drug by
giving a detailed description of mean blood pressure
over the various phases of the 24-h period: it measures
both first- and last-dose effects:; it exhibits greater
reproducibility of 24-h blood pressure measurements
and is better suited to the calculation of trough-to-peak
ratios. The current brake on its wider deployment is the
lack of an international consensus on its use and inter-
pretation. for the following reasons: absence of an inter-
national normal range. absence of prognostic data from
large-scale clinical trials, absence of public health
cost/benefit analysis, the constant need to include a pla-
cebo group in clinical trials, and poorer reproducibility of
hourly measurements, necessitating substantial
sample sizes for trough-to-peak analysis [10]. The fol-
lowing data are usually presented in the literature:
mean diastolic blood pressure (DBP), systolic blood pres-
sure (SBP), and heart rate (HR) over 24 h. day and night,
standard deviation (SD). and the 24-h mean blood pres-
sure profiles. These data are in fact the minimum re-
quired by the French Hypertension Society measure-
ment group [12]. Mean values at specific periods. such
as waking (getting up) and resting (going to bed), as well
as other parameters reflecting blood pressure variabi-
lity, are sometimes also presented [13]. The trough-to-
peak ratio is also often calculated as a measure of the
relationship between dose and duration of activity.

Calculation of the trough-to-peak ratio

The method of calculation is rarely discussed in
detail. The trough-to-peak ratio is often calculated

from the mean blood pressures published per treat-
ment group. without giving the individual data; some-
times it is calculated from a fitted dose/plasma
concentration-response curve [14)]. The validity of the
calculation method depends closely on the general
study methodology: some key recommendations
drawn from the literature and our own experience are
presented below.

Study design

The crossover study is ideal in theory as the patient
acts as his/her own control. but it can cause problems,
in particular with respect to repeating ABPM [15]. In
practice, therefore, a randomized parallel-group study
over 4-6 weeks with a placebo control and placebo
run-in are the minimum needed but not often achiev-
ed: durations of 2-4 weeks. no placebo, and even
single dosing are sometimes seen instead. It is pre-
ferable for such a study to be conducted at an early
stage of product development to validate the choice of
dosage [15, 16].

Population analyzed

Pre- and post-treatment recordings must be avail-
able for each patient to enable each trough-to-peak
ratio to be calculated on an individual basis in patients
acting as their own controls. This is not always the
case: individual values are often grouped. and analyzed
in terms of all pre- vs all post-treatment data. Analysis
of the entire study population should be supplement-
ed by the analysis of subgroups. eg. patients who are
responders or hypertensives in ABPM terms: this is
informative. as nonresponders cause overestimation
of the trough-to-peak ratio due to the absence of peak
effect [15, 17-20]. while 25% to 30% of the patients
included in the studies according to World Health
Organization criteria have normal or only slightly
raised ABPM data [1]. Selection-inclusion and treat-
ment response blood pressure criteria should be defin-
ed on the basis of ABPM data.

Blood pressure measurement

When blood pressure is measured using convention-
al sphygmomanometry, this should preferably be
repeated in a research unit under standardized condi-
tions [21-24] rather than during a visit at a predeter-
mined time of “peak effect” [25-27] ABPM must be
favored over conventional sphygmomanometry and
the following details given: type of device (compliance
with British Hypertension Society [BHS] and/or Ameri-
can Association for the Advancement of Medical
Instrumentation [AAMI] criteria). the conditions under
which ABPM is performed (standardization of record-
ing times. number of measurements, duration of
recording. time of dosing etc). and the type of data
quality control [1, 28].

Data processing

The selection of the data for analysis must be de-
scribed (nature and percentage of aberrant values dis-
carded. processing of missing data. percentage of cor-
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rect measurements required. etc). Smoothing of the
curve is generally necessary to avoid incorrectly identi-
fying an accident of blood pressure variability as an
efficacy peak. Data should be averaged over time
blocks of 1-2 h (from measurements made at 15- or
30-min intervals). as longer periods artificially flatten
the profile. causing overestimation of the trough-to-
peak ratio by effacing the peak effect [20. 29-31].

Identification of the peak effect

The ABPM data should be scanned for peak effect in
the first 6-8 h after dosing excluding the first 2 h. to
eliminate a possible white-coat effect [32]. For this
interval to be accurately determined, the exact time of
dosing must be noted with respect to commencement
of recording. No attempt should be made to identify
peak effect from the overall 24-h data. as is some-
times done. since the longer the search period. the
greater the probability of artefactual peaks.

Identification of the trough effect

Identifying the residual effect at the end of the
dosing interval raises fewer difficulties as the trough
occurs by definition at 24 h in the case of a once-daily
drug. To retain its full significance, trough effect
should be measured in the last hour (or last 2 h at
most). and as far as possible in patients who are both
awake and up. Sometimes it is measured in the last
2-4 h of the dosing interval: however. the longer the
interval. the more the ratio is likely to be underestimat-
ed due to the presence of lower values at the end of
the night [33].

Method of trough-to-pecak ratio calculation
The general formula is shown below and the result
expressed as a percentage [24]:

A (plocebo-treatment) in trough DBP {or SBP) 100 (%)

A {placebo-treatment) in peak DBP (or SBP)

The formula is usually applied using two methods
[15-17. 20. 31, 34-41]:

— either group calculation from mean blood pres-
sure values in a group of patients: trough and peak
effects are identified on the mean pressure curve, and
the group trough-to-peak ratio caiculated by simple
arithmetical division:

- or calculation from the individual blood pressure
values: individual ratios are calculated from the indi-
vidual trough and peak effects. together with the
median (non-Gaussian distribution) and an index of
variability (confidence interval of the median or quar-
tiles) [18]. It should also be stated whether the data
include individual trough-to-peak ratio values equal to
Q.- 1.0or == 0[36].

Subtraction of placebo effect - the sole methodologi-
cal guideline issued by the FDA - is a frequently used
expression but the method involved is not clearly de-
scribed:
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- individual trough-to-peak ratio: only a crossover
study makes it possible to subtract placebo blood
pressure from treatment blood pressure within the
same patient: in practice, as parallel-group designs
are more common, it is the placebo run-in blood pres-
sure which is subtracted;

- group trough-to-peak ratio: the calculation can be
performed in different ways [19]: the placebo effect
should be considered as subtracted from the outset
by the very fact of subtracting the placebo run-in
blood pressures. in which case no further procedure is
necessary. It is not then also necessary to subtract the
placebo effect found in the placebo group. particularly
in that the study design is not usually crossover.

Trough-to-peak ratio of diastolic and systolic blood
pressure

The trough-to-peak ratio should be calculated for
diastolic and systolic blood pressure since the latter is
recognized as an independent cardiovascular risk fac-
tor.

Main trough-to-peak ratio results

Published values are highly variable and even
contradictory between studies. within the same class
of drug. the same drug. and even the same formula-
tion of that drug. This is readily explained by the diver-
sity of study designs. modes of blood pressure record-
ing. methods of calculation. dosages. and
pharmacokinetics (half-life. linearity).

Many converting enzyme inhibitors [43]. calcium
antagonists [44. 45]. and beta-blockers [46] may have
an acceptable trough-to-peak ratio on single dosing:
however, methodologically sound studies are required
to confirm the hypothesis in each case. Dose may
affect the trough-to-peak ratio of drugs with nonlinear
pharmacokinetics. eg. converting enzyme inhibitors or
beta-blockers [34, 43, 47]. in contrast to calcium anta-
gonists with linear pharmacokinetics [47]. There has
been little investigation of diuretic trough-to-peak
ratios, except for a recent study whose methodology
did not comply with the requirements enunciated
above [48].

In conclusion, the diversity of the methods used
without clearly established justification highlights a
real need to standardize calculation of the trough-to-
peak ratio. We propose that the following minimum
rules apply:

- a controlled study vs placebo preceded by a pla-
cebo run-in;

- protocol-compliant patients with pre- and post-
treatment data:

- analysis of the whole study population and respon-
der subgroup:

- data quality control:
- explicit subtraction of the placebo effect:

- calculation of both group and individual (plus
median) trough-to-peak ratios.



There have been few trough-to-peak ratio studies of
antihypertensives complying with the above guidelines
to date. and fewer still with antihypertensive diuretics
[15. 37. 42].

INDAPAMIDE’S TROUGH-TO-PEAK RATIO .- -

The new sustained-release (SR) formulation of inda-
pamide 1.5 mg was validated in a dose-finding
study using conventional sphygmomanometry 24 h
after dosing [9]. which showed antihypertensive effi-
cacy greater than placebo and similar to that achieved
both with higher dosages of the same formulation and
the 2.5-mg immediate-release (IR) formulation: the
lower dose SR formulation also reduced the incidence
of hypokalemia (< 3.4 mmol/L) by > 50%. thereby
optimizing the efficacy/safety ratio. The aim of the
present study was to apply a valid method of trough-
to-peak ratio analysis to the indapamide ABPM data to
supplement assessment of the efficacy data obtained
by conventional sphygmomanometry. However. the
analysis of the ABPM data is purely descriptive as the
selection criterion and primary outcome measure
were determined using conventional sphygmomano-
metry in compliance with WHO criteria.

The protocol and conventional sphygmomanometry
efficacy results have already been published elsewhere
[9].

Study design

This was a European placebo-controlled dose-find-
ing study randomized into parallel groups comprising
a 1-month-placebo run-in followed by double-blind
once-daily dosing with placebo. indapamide IR 2.5 mg.
or indapamide SR 1.5. 2. or 2.5 mg for 2 months.

Patients

The inclusion criteria were age 18 to 70 years and
mild-to-moderate hypertension (supine diastolic blood
pressure: = 95- < 114 mm Hg).

Blood pressure measurement

‘In addition to conventional sphygmomanometry. all
patients underwent 24-h ABPM on the last day of the
run-in (MQ) and last day of active treatment (M2). Two
devices were used: SL 90207 (Spacelabs) and Diasys
200 R (Novacor), with the same device being used for
both recordings in each patient. All patients were fit-
ted with the device between 08:00 and 10:00 h. 24 h
after the last dose. during a day of normal activity.
Dosing was performed after fitting: the device was
removed by the investigator 24 h Iater. the following
morning. before the next dose. The devices were pro-
grammed to record blood pressure every 15 min from
06:00 to 22:00 h and every 30 min from 22:00 to
06:00 h.
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Selection of data for analysis

The data were selected using the following quality
control guidelines: compliance with device fitting
times (08:00-10:00 h). 24-h recording. elimination of
aberrant vaiues (DBP > SBP. DBP < 40 mm Hg or
> 140 mm Hg. SBP < 50 mm Hg or > 240 mm Hg)
except if clinically justified. elimination of recordings
containing < 80% of validated measurements.
absence of > 1 averaging interval.

Statistical analysis

The ABPM data were secondary efficacy measures:
variation in diastolic and systolic blood pressure over
24 h. during the day (07:00-22:00 h) and during the
night (22:00-07:00 h). Analysis of covariance vs inclu-
sion blood pressure was performed using SAS soft-
ware in patients with both pre- and posttreatment
data as required by the protocol.

Calculation of trough-to-peak ratio

Calculation was based on the methodology describ-
ed above: data averaging in 2-h blocks. calculation of
both group and individual trough-to-peak ratios. sub-
traction of run-in placebo effect, calculation of ratios in
the overall population and in the responder and hyper-
tensive subgroups (in terms of ABPM), peak effect
defined as the maximal decrease in daytime blood
pressure, excluding the first 2 h after fitting the record-
ing device. ie. the 2-13 h post-fitting interval, or
10:00-21:00 h assuming fitting at 08:00 h. trough
effect defined as the value at 23:00-24:00 h after
dosing. ratios calculated separately for diastolic and
systolic blood pressure.

Results

Patients before and after treatment for 2 months

Of the 285 patients, 266 completed the 2 months of
the study in compliance with the protocol (two
patients were included in error and there were 17 drop-
outs, for reasons previously described elsewhere) [9].

Following data quality control. 109 patients were
selected for analysis. Their characteristics are shown in
table 1. Mean ambulatory 24 h., daytime
(07:00-22:00 h) and nocturnal (22:00-07:00 h) blood
pressures and heart rate at inclusion and after treat-
ment for 2 months are shown in table 1, together with
the rates of responses (defined as a reduction in day-
time DBP > 5 mm Hg or in daytime SBP > 7 mm Hg).
Mean blood pressure differed between treatment
groups at inclusion: in particular, blood pressure was
lowest in the indapamide SR 1.5 mg group. Analysis of
covariance taking the baseline blood pressure imbal-
ance into account showed that the reduction in DBP
with indapamide SR 1.5 mg differed significantly from
that on placebo. but not from that on indapamide IR
2.5 mqg. except in nocturnal DBP. The reduction in SBP
on indapamide SR 1.5 mg differed significantly from
placebo except in nocturnal and 24-h SBP. The variation
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TaBLE | — DEMOGRAPHIC CHARACTERISTICS

i < A - 3 R25 SR1.5 SR 2 SR2.5
Patients analyzed (included) (n) 19 (53) 28 (54) 21 (52) 22 (49) 19 (58)
Age (years) (SD) 52.5(9.0) 53.9(87) 56.6(10.1} 52.3(12.3) 53.1(8.4)
Sex (n) (men) 13 (68 4) 16 (57) 13(61.9) 13(59.1) 9 (47 .4)
Body weight (kg) {SD) 71.6(145) 69.1(11.7) 75.7 (15) 74(14.1) 72.5(9.3)
Previous HT treatment [n (%)) 11 (57.9) 19 (67.9) 11 (52.4) 10 (45.5) 12 (63.2)
Duration of HT (years) (SD) 34(36) 3(3.3) 1.7 (1.8} 4(6.6) 5.5(4.9)
Casual DBP (mm Hg) (SD) 101.2 (4.9) 101.7 (5.2) 100.8 (4.1} 101.6(5.3) 101.6 (4.7)
Cosuol SBP (mm Hg) (SD) 1626 (15.4) 162.9(15.3) 161.9(14.7) 164.7 (15.0) 159.6 (18.8)
HT at inclusion [ABPM criteria) [n (%)] 15(79) 19 (68) 17 (8) 17 (77) 12 (63)

P: plocebo; IR 2.5: indopamide 2.5 m
indapamide 2 mg sustained-release c

BfBessure at inclusion usi

P > 87 mm Hg or 24-h SBP < 139 mm Hg.

in heart rate with indapamide SR and IR did not differ
from that with placebo in any period. The mean reduc-
tions in DBP and SBP are shown per period and treat-
ment group in figure 1. Pre- and posttreatment 24-h
blood pressure profiles in the three treatment groups:
placebo. indapamide SR 1.5 mg. and indapamide
IR 2.5 mg are shown in figure 2.

Calculation of indapamide trough-to-peak ratios

Group vs individual trough-to-peak ratios

The DBP peak effect was - 8.4 mm Hg on indapamide
IR 2.5 mg and - 9.5 mm Hg on indapamide SR 1.5 mg.
with troughs of - 8.2 mm Hg and - 8.1 mm Hg. re-
spectively. giving group trough-to-peak ratios of 98%

2.5 mg sustal

immediate-release toblets; SR 1.5: indapamide 1.5 mg sustained-release coated toblets; SR 2:
tablets; SR 2.5: indopomi

deviation; casual DBP: supine diastolic blood pressure at inclusion using conventional sphyg nor SE :
conventional sphzlgmomowmrry; ABPM: ambulatory blood pressure monitoring; ABPM criteria of hypertension: 24-h

rfension; SD: standard

ned-release coated tablets; HT:
P: supine systolic blood

- casual

and 85%. DBP and SBP values in the other groups are
shown in table Ill. DBP individual trough-to-peak ratios
were 60% (median) on indapamide IR 2.5 mg (1st and
last quartiles: 18%, 111%) and 60% on indapamide SR
1.5 mg (16%. 89%). Median SBP and DBP values in the
five treatment groups are shown in figure 3a.

Overall population vs responders and hypertensives
{ambulatory vs conventional blood pressure
measurement)

DBP individual trough-to-peak ratios in responders
in terms of ABPM (reduction in daytime DBP
> 5 mm Hg or in daytime SBP > 7 mm Hg) were 60%
(IR 2.5 mg) and 55% (SR 1.5 mg) (Figure 3a). In
responders in terms of conventional blood pressure

TaABLE || - ABPM DATA BEFORE AND AFTER TREATMENT FOR 2 MONTHS

Pln=19) IR25n =28} SR15n=21) SR2(n=22) SR25(n=19)

DBP mm Hg (SD)

24 h 9341(6.7) ?13(85) M3 F 83178 89.1(868) 8381(9.7 93.2{9.9 84.519) 917198) 858(9.5)

D 97.7 (8) 4792 247 (12! 87118 4) 93.5(B.6) 86.5(10) 9681101} 877971 944(105) 89.2195)
N 79 (8.4) 791114, BD4(128 7001(8.5) 761194 738{1C.4) 81193 743770 822(10) 7481(9.5)
SBP mm Hg (SD)

24 h 1449(138)  140(139) 1433(162 1292(118) 1423(10.8) 1319(11 3 1451(156) 132(14.5) 14420125 134.3(133)
D 1502(14.3) 1438(137) 1472168 1335(123) 1475(11) 1352{12) 1487(158) 1355(153) 1477(125) 1381133)
N 1281 (167) 1267871 13051173 1157(136) 1266(128) 121.4(1220 1337(162) 1218{128) 133.5(15) 122212 9)
Responders
iAB M criteria) 8{42) 22(79) 16 (76) 19 {86} 8 (42
{ni%}
Heart rote
{bpm} {SD}

24 h 785(102) 7910} 77197, 788(94) 740(79 756(87) 769(61) 793(58) 765(103 80.1(86)
D B1.2(108) 817(109 B802(1C2 826{101) 7462(85  780(88 802(7) B28(167) 792(107) 835(88)
N 6964 (9 3) 49 9 (8.9 b6 6187 66.618.2) 667 (6 9) 480010 67 015 6) 6850611 &7 1(97) &7 9 (8 8)

P piacebo, IR 2 5: indopomide 2.5 mg immeciate release tooers SR 1 5 indapamide 1 5 mg sustained-release cooted toblets SR 2 indopamide 2 rB% sustained- release

coated tablets' SR 2 5 indopamide 25 mg sustoined-reiease coated tablets, MO. inclusion visit M2 end of study wsit aher treatment for 2 months.
Eressure, SBP: systolic blood pressure, SD standard devienon D day N night; ABPM criterio of response reduchon in dayhme DBP

BP - 7 mm Hg

P- diastolic blood
5 mm Hg or in doytime
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crlterla (DBP = 90 mm Hg or decrease in DBP

= 10 mm Hg). median DBP individual trough-to-peak
ratios were 82% (IR 2.5 mg) and 60% (SR 1.5 mg):
the respective SBP ratios were 74% and 53%. In
patients hypertensive in terms of ABPM (24 h DBP
> 87 mm Hg or 24 h SBP > 139 mm Hg). median DBP
individual trough-to-peak ratios were 41% (IR 2.5 mg)
and 60% (SR 1.5 mg) (figure 3a).

DISCUSSION e

P

ABPM provides a description of the antihypertensive
effects of different doses of a drug and their duration
and profile of activity in phase Il trials. There is no
question as yet of ABPM data replacing conventionally
acquired data: as the latter have been validated in
terms of their prognostic significance, they remain the
gold standard for determining the minimal active dose
of an antihypertensive drug [1]. The 1.5 mg dose of
indapamide SR was itself validated through the use of
conventional sphygmomanometry [9]. The purpose of
analyzing the ABPM data was that of descriptive vali-
dation.

Methodology

The analysis of the ABPM data complied with the
following stringent criteria: the study was conducted
at an early stage of product development [16]: both
design and duration were appropriate for assessing
the full efficacy of the study drug: the data were qual-
ity-controlled in compliance with a number of explicit
guidelines: the recording devices were officially approv-
ed (the Spacelabs SL 90207 device met BHS and AAMI
criteria for DBP and SBP: the Novacor Diasys 200 R
device met AAMI criteria for DBP and SBP and BHS cri-
teria for SBP) [28]. Patients who were hypertensive in
ABPM terms were identified using the criteria in the
meta-analysis by Staessen et al [31]. The criteria of
treatment response and calculation of individual
trough-to-peak ratios complied with current criteria
[15-17. 20. 31, 34-42].

Limitations

The study has a number of limitations. Patient
selection-inclusion criteria were based on data obtain-
ed by conventional sphygmomanometry rather than
by ABPM. Data control resulted in the rejection of
> 50% of patients from the analysis. Though the time
of fitting of the recording device was documented,
and though investigators were required to administer
treatment immediately after fitting. time of dosing
was not itself documented [49]. but simply equated
by extrapolation to the time of fitting. The times of
going to bed., waking up. and getting up were not
documented. The data were scanned for peak effect
over a long interval. 2-13 h after dosing (daytime),
which may have led individual trough-to-peak ratios to
be underestimated; the 2-8 h post-dosing interval
might have been more appropriate [38]. Individual
trough to peak ratios of 0. - 0. or - 100 were includ-
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TaBiE Il = TROUGH-TO-PEAK RATIO CALCULATED IN GROUPS [PLACEBO RUN-I« EFFECT SUBTRACTED)

Placebo R2.5 SR1.5mg SR2 SR2.5mg
[n=19) [n=28 [n=21) (n=2 Cn=19)
DapP
. peak effect [mm Hg) 48 -84 -95 -1 -84
. time of peak (2-h block) 4-5 4-5 8-9 67 8-9
trough effect (mm Hg) 0.4 -8.2 -8.1 -7.9 -59
. TPRg (%) é 98 85 72 70
SBP
peak effect (mm Hg) 110 -140 -160 Nk 109
. time of peck (2-h block) 4-5 10-11 8-9 2-3 8-9
trough effect (mm Hg]) -1.5 -14.5 -14.2 -11.0 -12.8
TPRg (%) 14 104 89 76 17

P: placebo; IR 2.5: indapamide 2.5 mg immediate-release tablets; SR 1.5: indapamide 1.5 mg sustained-release coated tablets; SR 2:
indopamide 2 mg sustoined-release cooted tablets: SR 2 5 indapamide 2.5 mg sustained-release coated tablets; DBP: diastolic blood pressure;
SBP: systolic blood pressure; TPRg: group trough-to-peak ratio calculated from group mean blood pressures

ta) (b
TPRg (%1 of SBP
so0 ¢ C10: w2405 i
TPR: 1 % 1 of SBP
aso
"
'[ 2 82
4090
e
7 4, -
70 4 & T
g 8l
.3 - 300
“
s o “w o, 150 4
- ae e |
” o 2 00 +
r |
" | o]
20 4 i
| 100 +
LR | |
50 4 14
2 1
r M SRS SR 2 SR LE oL
P
TPR: v s of DBP TPRg (% i of DBP
T o 500 ¢ - a8 [siN=FN KN F¥=I
| &) — i
- | &0 &0 &0 —_ | s 450 +
T i anoll-
50+ 15p 4
w5 I | o ¢
i 10 4
304 |
liluT
0 I.‘-LI:Q
10 |0n1]l-
40 4

F IR L SR LE L LS L] (] SHLE sk ML

Fic. 3 - Individual and group systolic and diastolic blood pressure trough-to-peak ratios. i : individuals; g : group; P: placebo; IR 2.5: indapamide
2.5 mg immediate-release tablets; SR 1.5: indopamide 1.5 mg suskained-release coated toblets; SR 2: indapamide 2 mg sustained-release coated
tablets; SR 2.5 : indapamide 2.5 mg suskined-release coated tablets; SD : standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pres-
sure; (a): individual trough-to-peck raties cakculated from individual velues and ratios {median) [ : ndividual trough-to-peak ratios (median) in the
overal lation; —: individual trough-to-peak ratios (median) in ambulatory blood pressure measurement IAB:?A} responders (reduction in day-
time DBP - 5 mm Hg or in daytim:;gl’ mm Hg); &: individual trough-to-peak ratios (median) in ABPM hypertensives (24 h DBP > 87 mm Hg or
24 h SBP - 139 mm Hg)J; {b}‘:,?roup h-to-peck ratios cakculated from mean group values using different methods (1: subtraction of the run-in
plocebo effect; 2: subfraction of the con cebo effect by subtracting the g;ooup trough-to-peak rahos of the placebo and treated groups; 3: control
placebo effect subiracted by subtraction of mean hourly values of the placebo group at the equivalent peak and trough times in the treated group;
4: control placebo effect subiracted by sublracting the placebo group peak and trougl?eﬂecls from those in the treated group; 5: control placebo eHect
subtracted by subtracting the placebo and treatment curves, time biock by fime block, before calculating the trough-to-peak ratio.
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ed in the calculation, leading to an increase in the
variability of the results [20. 35. 49].

Having described these limitations. it should be
emphasized that the analysis not only complied with
currently recognized methodological requirements but
was also the first such analysis undertaken with an
antihypertensive diuretic.

Results

The ABPM resuits confirmed those of clinical sphyg-
momanometry: the 24-h blood pressure profiles
showed thatindapamide SR 1.5 mg was similar in anti-
hypertensive efficacy toindapamide IR 2.5 mg (figure 2).

On average, 26% of patients had normal ABPM
values at inclusion according to Staessen et al's ref-
erence values (table [) [31]: this percentage is within
the documented range (25% to 30%). In particular,
this was the case for nocturnal blood pressure in the
patients randomized to indapamide SR 1.5 mg: DBP
76.1 £ 9.4 mm Hg (< 79 mm Hg) and SBP
126.6 £ 12.8 mm Hg (< 127 mm Hg).

Median individual ratios for indapamide SR 1.5 mg
and indapamide IR 2.5 mg were 60% and 60% (DBP)
and 49% and 72% (SBP). respectively. Group trough-
to-peak ratios were 85% and 98% (DBP) and 89% and
1049% (SBP). respectively. which meets FDA require-
ments under the most stringent calculation conditions.

The effect of mode of calculation (group vs individ-
ual) was confirmed: thus group ratios exceeded indivi-
dual ratios [15, 31, 37].The documented variability in
individual ratios was shown by the differences be-
tween quartiles and the percentages of patients with
individual ratios = 50% [18. 19, 42]. Fifty-seven per-
cent of patients on indapamide SR 1.5 mg had a DBP
trough-to-peak ratio = 50% vs 54% on indapamide IR
2.5 mg. The nonexclusion of maximum and minimum
values (individual trough-to-peak ratio < 0 or > 100)
may partly account for this finding [35]. Furthermore,
a group trough-to-peak ratio with no indication of
numerator or denominator can be misleading: eg. the
SBP trough-to-peak ratio of indapamide SR 1.5 mg
(89%) was lower than that of indapamide IR 2.5 mg
(117%), whereas the peak and trough effects of inda-
pamide SR 1.5 mg were greater than those of indapa-
mide SR 2.5 mg (table Ill). Also. the diverse methods
of placebo subtraction mean that great care should be
exercised when interpreting a “placebo-subtracted”
result. Some examples of piacebo subtraction in calcu-
lating group trough-to-peak ratios are given in figure
3b. The methods are: (1) subtraction of the run-in pla-
cebo effect: (2) subtraction of the control placebo
effect by subtracting the group trough-to-peak ratios
of the placebo and treated groups: (3) control placebo
effect subtracted by subtracting the mean hourly
values of the placebo group at the equivalent peak and
trough times in the treated group: (4) control placebo
effect subtracted by subtracting the placebo group
peak and trough effects from those in the treated
group: (S) control placebo effect subtracted by sub-
tracting the placebo and treatment curves, time block

.~

by time block. before calculating the trough-to-peak
ratio. The trough-to-peak ratio may thus become mul-
tiplied fivefold without real clinical significance.

The trough-to-peak ratio is known to be affected by
the mode of selection of the population for analysis:
thus intention-to-treat analysis of the overall popula-
tion. including those who are noncompliant, may
underestimate the peak effect and hence overesti-
mate the ratio [40. 50). The ratio may also be overesti-
mated by including nonresponders in the overall popu-
lation for analysis [17-20. 31]. Results with
indapamide in the responder subpopulation were simi-
lar to those in the overall population (figure 3a). In the
present case. the definition of hypertensive patients
and responders according to conventional rather than
ABPM criteria tended to overestimate the individual
trough-to-peak ratio. DBP individual trough-to-peak
ratios in patients hypertensive in terms of convention-
al sphygmomanometry vs ABPM were: 60% vs 55%
(SR 1.5 mg) and 82% vs 60% (IR 2.5 mg): the corre-
sponding figures in responders were 60% vs 60% (SR
1.5 mg) and 60% vs 41% (IR 2.5 mq). The influence of
dose on group and individual trough-to-peak ratios
was not significant (SR 1.5 mg. SR 2 mg. SR 2.5 mg).
as expected with drugs having linear pharmacoki-
netics [34. 47]. This is the case with indapamide. as with
calcium antagonists such as amlodipine, nifedipine,
and verapamil. and contrasts with converting enzyme
inhibitors such as enalapril and cilazapril or beta-block-
ers such as dilevalol [43, 47].

The nature of the formulation (IR 2.5 mg vs SR
2.5 mg) did not appear significant. The plasma half-
life of indapamide is approximately 20 h; the aim of
the change in formulation is not to prolong a half-life
that is already sufficiently long. but to obtain a plateau
blood concentration profile that flattens the poten-
tially deleterious plasma peaks.

CONCLUSION

DBP individual trough-to-peak ratios were 60% for
both indapamide SR 1.5 mg and indapamide IR
2.5 mg. with first and last quartiles of 16% and 89%
and 18% and 111%, respectively: the corresponding
group trough-to-peak ratios were 85% and 98% re-
spectively. after subtracting the run-in placebo effect.
Thus the trough-to-peak ratios for indapamide. in the
first-ever calculation under stringent conditions for an
antihypertensive diuretic, confirm that indapamide SR
1.5 mg is effective over 24 h in the treatment of
hypertension.

-
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