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Background: Arterial hypertension might be caused by hemodynamic disturbances such as fluid retention, increased vascu-
lar resistance, and hyperdynamic function of the heart. The aim of this study was to estimate the effectiveness
of antihypertensive therapy based on hemodynamic assessment by impedance cardiography in a randomized,
prospective, controlled trial.

Material/Methods: This study involved 128 patients (average age: 42.9+11.1 years) with arterial hypertension, randomized into
groups: (1) empiric, and (2) hemodynamic, in which treatment choice considered impedance cardiography re-
sults. Evaluation of treatment effects was performed after 12 weeks and included office blood pressure mea-
surement and ambulatory blood pressure monitoring.

Results: All final blood pressure values were lower in the hemodynamic group, significantly for office systolic blood
pressure (empiric vs. hemodynamic: 136.1 vs. 131.6 mmHg; p=0.036) and diastolic blood pressure (87.0 vs.
83.7 mmHg; p=0.013), as well as night-time systolic blood pressure (121.3 vs. 117.2 mmHg; p=0.023) and di-
astolic blood pressure (71.9 vs. 68.4 mmHg; p=0.007). Therapy based on impedance cardiography significant-
ly increased the reduction in office systolic blood pressure (11.0 vs. 17.3 mmHg; p=0.008) and diastolic blood
pressure (7.7 vs. 12.2 mmHg; p=0.0008); as well as 24-h mean systolic blood pressure (9.8 vs. 14.2 mmHg;
p=0.026), daytime systolic blood pressure (10.5 vs. 14.8 mmHg; p=0.040), and night-time systolic blood pres-
sure (7.7 vs. 12.2 mmHg; p=0.032).

Conclusions: Antihypertensive treatment based on impedance cardiography can significantly increase blood pressure reduc-
tion in hypertensive patients.
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Background

Arterial hypertension (AH) is an important clinical, social and
economic problem. It is estimated to affect 1/4 of world’s pop-
ulation [1]. AH is the main risk factor for ischaemic heart dis-
ease, heart failure, kidney failure and stroke. In the patho-
genesis of hypertension, increased arterial tension is a result
of complex mechanisms, and might be caused by fluid reten-
tion, increased vascular resistance, hyperdynamic function of
the heart, etc. Current guidelines stress that antihyperten-
sive therapy choice should be based on individual patient as-
sessment [2,3].

Impedance cardiography (ICG) is an easy technique for nonin-
vasive hemodynamic monitoring of parameters that accurate-
ly characterize participation of these mechanisms in develop-
ment of hypertension. It allows for assessment of cardiac index
(CI), heart rate (HR), thoracic fluid content (TFC), and system-
ic vascular resistance index (SVRI) [4]. Clinical studies carried
out so far demonstrated the effectiveness of ICG in individu-
alization of antihypertensive treatment. According to Taler et
al. [5], ICG provides a better choice of medications and doses
in terms of a patient’s individual hemodynamic status. Smith
et al. [6] also suggest that the use of ICG in hypertensive pa-
tients significantly improves treatment effectiveness and allows
for monitoring therapy effects. However, there are no clear in-
dications regarding therapy based on hemodynamic measure-
ments and their criteria values, which significantly limits pos-
sibilities of using ICG in clinical practice.

The aim of this study was to estimate the effectiveness of a
treatment algorithm based on hemodynamic parameters as-
sessed by ICG in therapy of mild and moderate AH in a ran-
domized, prospective, controlled trial.

Material and Methods

Study population

The study involved patients with at least 3-month history of
mild or moderate AH defined according to European Society
of Cardiology guidelines [2]. The study was carried out in
the Department of Cardiology and Internal Diseases, Military
Institute of Medicine from March 2008 to June 2009.

Study inclusion criteria comprised: (1) not treated AH: in-
creased blood pressure for at least 3 months and, (2) AH im-
properly controlled with 1 or 2 antihypertensive medicines.
Exclusion criteria comprised: (1) confirmed secondary AH, (2)
improperly controlled AH with 3 or more medicines, (3) heart
failure, (4) cardiomyopathy, (5) significant heart rhythm dis-
orders, (6) significant valvular disease, (7) kidney failure, (8)
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chronic obstructive pulmonary disease, (9) diabetes, (10) poly-
neuropathy, (11) peripheral vascular diseases, and (12) age
<18 years and >65 years.

The study was conducted according to Good Clinical Practice
guidelines and the Declaration of Helsinki. The protocol was ap-
proved by the Ethics Committee, Military Institute of Medicine
(no 3/WIM/2008). Written informed consent was obtained from
all patients prior to their inclusion into the study. The study
was registered at www.nauka-polska.pl (ID 227062).

Study design

The study was randomized (1:1), prospective, and simultane-
ously controlled by conventional treatment. Initial clinical eval-
uation was performed on the first visit. Patients who had been
taking medicines before the study were advised to stop, and to
take captopril sublingually in case of increased blood pressure.

On the second visit (after 2 weeks), all patients underwent the
following examinations: interview and physical examination
with office blood pressure measurement (OBPM), 24-h ambu-
latory blood pressure monitoring, ICG, electrocardiogram, echo-
cardiography, and laboratory tests (ionogram, creatinine, fast-
ing glucose, lipidogram).

After those examinations, the patients were divided into
2 groups according to previous randomization (with the
use of RandomBots Medusa 2.0.2 software): (1) empiric
group (GE), in which treatment choice was based on clini-
cal data; and (2) hemodynamic group (HD), in which treat-
ment choice was based on clinical data considering hemody-
namic parameters established with ICG (Figure 1). Treatment
choice in both groups was made by independent research-
ers. Evaluation of treatment effects was performed by the
researcher, blinded to assigned treatment on the third visit
after 12 weeks, while carrying out control examinations, in-
cluding office blood pressure, 24-h ambulatory blood pres-
sure monitoring, and ICG.

Differences between the groups within blood pressure abso-
lute values, blood pressure reduction and obtained blood pres-
sure control after 12-week treatment were considered as final
points (per protocol analysis).

Clinical examination

Clinical examination was performed during all the visits, with
special consideration of history of cardiovascular risk factors
and symptoms indicating secondary cause of AH, as well as
organ damage. OBPM (Omron M4 Plus, Japan) was performed
by technique compliant with European Society of Cardiology
guidelines [2].
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Figure 1. Treatment algorithm based of
Hyperdynamic Hypervolemic — particular hemodynamic parameters.
Az >42 men: TFC >34 Hyg\(lerr{clogsztglégve ACEI| — angiotensin converting enzyme
I/mi(;]/m Vk'OT';:fE‘ dyn-s-cm->m? inhibitor, ARB — angiotensin receptor
HRa>nS(/)(/)rrnin wom1e/rl1(bhm>24 SVRI >2§002 blocker, BP — blood pressure, CB —
dy""aﬁ"&'m calcium blocker, Cl - cardiac index, HR
1 1 1 a — heart rate, SVRI - systemic vascular
resistance index, TFC — thoracic fluid
BETA-BLOCKER DIURETIC ACEI/ARB « Balanced content.
STEP 2 ACEI/ARB ACEI/ARB DIURETIC
24-h BP >140/90 mmHg
add to STEP 1
Ambulatory blood pressure monitoring (ABPM) Echocardiography

All the patients included in the study underwent ABPM
(Spacelabs 90207, Spacelabs, Medical Inc, Redmond, USA).
Time from 6 a.m. to 10 p.m. was considered the daily activity
period (daytime), with automatic blood pressure measurement
in 10-minute intervals. During night rest (night-time: 10 p.m.
- 6 a.m.), the measurement was performed every 30 minutes.
Test results were interpreted according to European Society
of Cardiology guidelines [2].

Impedance cardiography (ICG)

Measurement of hemodynamic parameters with ICG meth-
od was performed during a 10-minute examination at rest
(Niccomo, Medis, Germany) in horizontal position in morn-
ing hours (7.30-8.30). Blood pressure measurement was per-
formed automatically every 2 minutes with an arm cuff. The
other hemodynamic parameters were measured by the beat-
to-beat method. The values of TFC, Cl, SVRI, and HR from the
5t minute of the examination were taken into account in the
treatment algorithm.

Cut-off values of SVRI, Cl, HR, and TFC (from the 5% minute of
the ICG examination) were as follows: (1) hyperconstrictive pro-
file: in the case of SVRI >2500 dyn-s-cm=-m?, (2) hyperdynam-
ic profile: as Cl 4.2 |/min/m? and/or HR >80/min, (3) hyper-
volemic profile: as TFC >34 1/kOhm for men and >24 1/kOhm
for women, and (4) balanced profile: as hemodynamic param-
eters below established threshold values.

The groups requiring combined therapy with regard to sig-
nificantly increased blood pressure (mean blood pressure
in the 24-h measurement period >140/90 mmHg) were also
distinguished.

To exclude any important heart abnormalities, echocardiog-
raphy with the use of Vivid 7 apparatus (GE-Healthcare, the
USA) was performed in the morning hours (7.30-8.30) accord-
ing to current Standards of Echocardiography Society of Polish
Cardiac Society [7].

Treatment

Non-pharmacological treatment was administered according to
current guidelines [2]. Pharmacotherapy included drugs whose
effectiveness in hypertension treatment had been confirmed
in many clinical studies [8-14]: lisinopril (ACEI, angiotensin-
converting enzyme inhibitor), telmisartan (ARB, angiotensin re-
ceptor blocker), hydrochlorothiazide (thiazide diuretic), meto-
prolol (BB, beta-blocker), and amlodipine (CB, calcium blocker).

In the GE group the treatment was based on current guide-
lines. In monotherapy, angiotensin-converting enzyme inhibi-
tor or angiotensin receptor blocker was preferred. In polythera-
py, the second drug was: (1) thiazide diuretic in older patients,
with isolated systolic hypertension, with features of fluid re-
tention and intolerance of calcium blocker in the past; (2) CB
in patients with metabolic syndrome; and (3) BB in younger
patients and the occurrence of symptoms of increase sympa-
thetic drive (e.g., tachycardia).

Treatment algorithm in HD group (Figure 1) was arbitrarily de-
termined. Absolute Cl and SVRI values were established based
on previous studies [5,6,15,16]. TFC for both men and women
were defined based on patients’ characteristics from clinical
trials [5,6], referring to the computational algorithm (sex-de-
pendant) used in a Niccomo device. Taking into account the
fact that increased HR had been reported to be unfavorable
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for prognosis [17-20], HR >80/min at rest (from the 5% min-
ute of the ICG examination) was considered as an additional
indication to use beta-blocker.

In STEP 1, when the patient’s hemodynamic profile was hyper-
dynamic — BB was recommended; when hypervolemic — thi-
azide diuretic; and when hyperconstrictive — ACEI or ARB (if
SVRI was >2800 dyn-s-cm=-m? — ACEI/ARB with CB was recom-
mended). In cases of complex hemodynamic disturbances, the
combined therapy was used. STEP 2 was reserved for the pa-
tients with 24-h mean blood pressure >140/90 mmHg — they
were assumed to demand polytherapy and when ICG suggest-
ed only one hemodynamic disturbance (indication for the first
drug) the second drug was added in combination as in Figure 1.

Statistical analysis

On the basis of the results of Smith et al. [6], the sample size
for minimum change in office SBP reduction of 6 mmHg after
12 weeks of follow-up was calculated as 45 patients per treat-
ment group (HD vs. GE, a-error 5%, statistical power 80%).

Statistical analysis of the obtained results was performed using
Statistica 7.0 software (StatSoft Inc., USA). Normality of data
distribution was checked by the Shapiro-Wilk test. All results
are expressed as average values +SD for continuous variables
and number of patients, as well as percentages for categorical
variables. The groups and treatment effects were compared by
the use of Student’s t tests for normally distributed data, and
non-parametric tests (Mann Whitney U test, chi? test/Fisher’s
exact test) for other than normally distributed data. P<0.05
was considered statistically significant.

Results

Baseline clinical data

The study involved a group of 128 consecutive patients (91
men), average age 42.9+11.1 years (range: 19 to 65 years),
with baseline characteristics presented in Table 1. The hemo-
dynamic profiles in the study group were differentiated: in-
creased SVRI was observed in 43.8% of patients, 25.8% of
them were hypervolemic and 25.8% had hyperdynamic heart
function. Almost 1/4 (22.0%) were characterized by balanced
hemodynamic profile.

Treatment effects

Figure 2 shows the protocol flowchart for a mean time of ob-
servation of 91.4+10.0 days. Fourteen patients were exclud-
ed from the final analysis because of meeting the exclusion
criteria mentioned above.
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Most commonly administered drugs in both groups were an-
giotensin-converting enzyme inhibitor (GE vs. HD: 54.6% vs.
47.5%, p=0.449), and angiotensin receptor blocker (34.6% vs.
37.3%, p=0.760). Polytherapy was less frequently adminis-
tered in the GE group than in the HD group (48.3% vs. 66.1%,
p=0.042). It was connected with more frequent use of be-
ta-blocker (20.0% vs. 33.9%, p=0.096) and calcium blocker
(9.1% vs. 23.7%, p=0.036) in the HD group, mostly in com-
bined therapy. The use of diuretic was comparable (29.1% vs.
32.2%, p=0.719).

All final blood pressure values were lower in the HD group,
significantly so for office blood pressure and night-time blood
pressure. Analysis of change in average blood pressure val-
ues showed significantly greater blood pressure decrease in
the HD group, especially in office blood pressure and average
SBP values in ABPM (Table 2, Figure 3). In HD group a higher
percentage of patients with proper blood pressure control in
office blood pressure and ABPM was observed. However, ac-
cording to statistical assessment, significant differences oc-
curred only for night-time DBP (such trend was also observed
for other BP variables — Table 3).

Discussion

The discussion of antihypertensive treatment has lasted for
many years, yet still no clear management algorithm has been
found for antihypertensive pharmacotherapy. Therefore, ac-
cording to the guidelines of world cardiac societies, manage-
ment of hypertensive patients should focus on detailed diag-
nostics that allow individualization of treatment and evaluation
of risk factors [2,3].

ICG is becoming an increasingly used tool for non-invasive he-
modynamic monitoring. Its usefulness and accuracy in eval-
uation of the cardiovascular system in hypertensive patients
results from a possibility of simultaneous evaluation of many
hemodynamic parameters. Current guidelines, other research-
ers’ observations, and the authors’ own experiences in using
ICG in antihypertensive treatment allowed for compilation of
algorithm of antihypertensive treatment based on particular
hemodynamic parameters. The methods of evaluating treat-
ment effects allowed for objective assessment of the value of
the suggested therapy.

Characteristics of patient population

ICG assessment revealed significant variety in patients’ hemo-
dynamic profiles. Signs of vasoconstriction were most com-
mon, while hypervolemia and hyperdynamic function of car-
diac muscle were present in every fourth patient. The study
population comprised young and middle-aged patients, which
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GE (n=63)
Men, n (%) 47 (74.6)
Age (years) mean+sD - mer112
CBMI (kg/m2), mean+sD | 85847
| SBP (mmHg), meanssD 1479597
| DBP (mmHg), mean+sD 954184
Nicotinism
CPresentlyn (6 16 (254)
Cnthepastn@s 18 (86)
Treatment before recruitment
Yesn) 19 (02
Family bisory
B 29 @460
Csymptoms
Headaches,n %) - 7 @9
Malaise,n %) 20 G18
Dizziness,n %) 7 i)
Vision disorders,n () 4 (64)
Asymptomatic n (6) 5 @97
 Concomitant diseases
Dyslipidemia B (683
 Metabolic syndrome 2 (08

HD (n=65) Study group (n=128)
44 (67.7) 0.389 91 (71.1)
43.2+11.0 0.869 42.9+11.1
28.6+3.9 0.744 28.6+4.3
148.4+13.6 0.858 148.2+11.8
95.7+8.2 0.324 95.6+8.3
14 (21.5) 0.606 30 (23.4)
20 (30.8) 0.786 38 (29.7)
15 (23.1) 0.364 34 (26.6)
35 (53.9) 0.376 64 (50.0)
34 (52.3) 0.285 61 (47.7)
20 (30.8) 0.905 40 (31.3)
2 (3.1) 0.076 9 (7.0)
4 (6.2 0.964 8 (6.3)
23 (35.4) 0.616 48 (37.5)
47 (72.3) 0.616 90 (70.3)
40 (61.5) 0.221 72 (56.3)

AH - arterial hypertension; BMI — body mass index; DBP — diastolic blood pressure; IHD — ischaemic heart disease; SBP — systolic blood

pressure; SD — standard deviation.

suggests the need for caution in extrapolation of the obser-
vations to other age groups. According to other researchers
[5,6,21,22], the percentage of disorders connected with hyper-
dynamic function of cardiac muscle among older people would
be significantly lower, while the number of patients with signs
of hyperconstriction and hypervolemia would rise.

Comparison of treatment effects

The effects of antihypertensive treatment were very good in
both groups — almost all average blood pressure values were
within suggested norms. At the same time, it was observed
that use of hemodynamic measurements increased effective-
ness of antihypertensive therapy. Analysis of changes in blood
pressure values revealed more strongly expressed antihyper-
tensive effect in the HD group, both in office blood pressure
and ABPM. Office blood pressure and ABPM pressure control

were higher in the HD group. Although the differences were
statistically significant only for night-time DBP, the 15% in-
crease in percentage of patients with complete blood pressure
control in ABPM seems to be clinically important.

When comparing these results to other researcher’s observa-
tions, works by Smith et al. [6] and Taler et al. [5] should be
considered. In the CONTROL study [6], patients with no signif-
icant accompanying diseases, and with average blood pres-
sure about 155/93 mmHg, underwent a 3-month therapy in
which the HD group was modified based on comparing month-
ly ICG results (BioZ ICG Monitor, CardioDynamics). The authors
considered normalization of Cl (within 2.5-4.2 |/min/m?) and
SVRI (1680-2580 dyn-s-cm=-m?) to be a substitute final prod-
uct. Therapy based on hemodynamic evaluation was connect-
ed with significantly better blood pressure control, including a
considerable decrease of average SBP and DBP values. The HD
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Figure 2. The protocol flowchart.
128 patients
enrolled and randilized
I
Empiric group (GE: n=63) Hemodynamic group (GE: n=65)
Follow up
Discontinued intervention (n=8) Discontinued intervention (n=6)

5 patients resigned from control visit 4 patients resigned from control visit
1 patients discontinued therapy 1 patient was diagnosed of brain tumor
2 patients developed diabetes 1 patient developed hyperthyroidism

55 patients analyzed 59 patients analyzed

Table 2. Treatment effect within BP and hemodynamic parameters.

GE (n=55) HD (n=59) P

OBPM, mean £SD

| sBP (mmHg) baseline 1471105 lagosizs 0428
| sep(mmHg) after 12weeks 13615120 Bles114 0036
D8P (mmHg), baselne 948178 9s9s84 0422
| DBP (mmHg), after 12weeks 870471 837667 0013
CABPM,meanssD
24 mean SBP (mmHg), baselne 14008101 14185104 0320
24 mean SBP (mmHg), after 12 weeks 1302104 77186 0135
24hmean DBP (mmHg), baseline | 882182 ss182 0967
24 mean DBP (mmHg), after 12 weeks o778 o6l o186
Daytime SBP (mmrg), baselne 14438103 14708104 0130
Daytime SBP (mmHg), after 12 weeks 13384101 1320189 038
Daytime DBP (mmHg), baselne o17186 92386 o704
Daytime DBP (mmHg), after 12 weeks | 826186 sle61 0408
Nighttime SBP (nmHg), baseline 12908109 19as122 o8
Nighttime SBP (mmHg), after 12 weeks D13ses 170198 0023
Nighttime DBP (mmHg) baseline 788189 79188 0565
Nighttime DBP (mmHg), after 12 weeks 972 esared 0007

ABPM — ambulatory blood pressure monitoring; DBP — diastolic blood pressure; OBPM — office blood pressure measurement;
SBP — systolic blood pressure; SD — standard deviation.
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Figure 3. Treatment effect within BP change (p
0BPM 24-h ABPM Day-time ABPM Night-time ABPM value in italic).
0 SBP DBP SBP DBP SBP DBP SBP DBP
-2 1 — _—
—4 1+ — —
(=2}
-6 17 ~l — ~ ks
~ <+ ~
| S oo |
-8 1 —le Pl — o A
= ¢ S| |3 = T
o =~ EPIeE T
— o~ — o~ A
1] 7 ; 0.203 7 oHD
B 00 = 0032
0.0008 = < .
R 00 i
16 ;I : 0.040
18 0008
-20
Change in BP (mmHg)
Table 3. Treatment effect within BP control.
GE (n=55) HD (n=59) P
OBPM < 140/90 mmHg, n (%) 25  (45.5) 36 (61.0) 0.096
ABPM*, n (%) 14 (25.4) 23 (40.0) 0.123
24-h mean SBP (mmHg), n (%) 29 (52.7) 40 (67.8) 0.100
24-h mean DBP (mmHg), n (%) 30  (54.6) 42  (71.2) 0.066
Daytime SBP (mmHg), n (%) 30 (54.6) 39 (66.1) 0.207
Daytime DBP (mmHg), n (%) 32 (582 43 (72.9) 0.098
Night-time SBP (mmHg), n (%) 26 (47.3) 38 (64.4) 0.065
Night-time DBP (mmHg), n (%) 24 (43.6) 38 (64.4) 0.026

* 24-h mean BP <130/80 mmHg and daytime BP <135/85 mmHg and night-time BP <120/70 mmHg. ABPM — ambulatory blood
pressure monitoring; DBP — diastolic blood pressure; OBPM — office blood pressure measurement; SBP — systolic blood pressure.

group had a higher percentage of subjects with blood pres-
sure < 140/90 mmHg (77% vs. 57%; p<0.001), which is con-
sidered as the main final point. Good treatment effects in the
HD group were more clearly expressed in this study, but its
methods included 2 additional visits after the first and second
month of therapy. Undoubtedly, it had a significant impact on
treatment effects, as the therapy in the HD group was signifi-
cantly modified during 3-months follow-up (frequency of with-
drawals of initially chosen drug 0.8/treatment cycle, frequency
of introducing a new drug 1.1/treatment cycle).

It is slightly more difficult to compare the obtained results to
the work by Taler et al. [5], performed on a group of patients
with resistant AH. Considerably higher initial blood pressure
values (average 171/89 mmHg), older population (average age
of 66 years), accompanying disorders (organ damage connected
with AH - 47%, type 2 diabetes — 33%), and treatment with at
least 2 drugs, suggest the need for caution in comparing these

populations. During 3 months, the treatment was modified in
the HD group almost 5 times. For justified reasons (resistant
hypertension), the obtained average blood pressure values in
office blood pressure were higher than in the other studies, but
the antihypertensive effect was also more clearly expressed
in the HD group within average blood pressure values (GE vs.
HD: 147/7942/1 vs. 139/72+1/1 mmHg; p<0.01) and control of
blood pressure <140/90 mmHg (33% vs. 56%; p<0.05).

The considerable improvement in antihypertensive treatment
effect in the HD group might be of great importance in terms
of prognosis. According to Williams’ metanalysis of clinical
studies [23], a decrease in blood pressure by 4/3 mmHg is
connected with decrease in risk of stroke (by 23%), coronary
disease (15%), and overall mortality (14%). In young hyper-
tensive patients, permanent treatment optimalization should
be related to significant improvement within primary preven-
tion of cardiovascular disorders.
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Administered treatment

HD patients were more frequently treated with more than 1
medication. However, significant differences applied to calci-
um blocker only used in polytherapy with angiotensin-convert-
ing enzyme inhibitor/angiotensin receptor blocker. It should
be noticed that the most common polytherapy choice in the
GE group was treatment with angiotensin-converting enzyme
inhibitor/angiotensin receptor blocker and thiazide diuret-
ic, which resulted from clinical experience and knowledge
based on results of high quality clinical studies and previous
guidelines [24-26]. In the HD group, the combination of an-
giotensin-converting enzyme inhibitor/angiotensin receptor
blocker and calcium blocker was used with similar frequency,
which agrees with current opinions in antihypertensive ther-
apy formed in the ACCOMPLISH study [8]. The observed ther-
apy trend in favour of vasodilators is similar to the CONTROL
study, where drugs reducing SVRI were more frequently used
in the HD group than in the GE group (92.8% vs. 80.0%) [6].

Observations of differences with greater frequency of adminis-
tering polytherapy and number of used antihypertensive drugs
require further comment. The detailed management algorithm
in the HD group significantly limited subjectivity of the treat-
ment choice. Concurrently, the treatment choice in the GE group
was made by an experienced researcher and was based on his
clinical experience and current guidelines. The therapeutic aim
in both groups was to obtain proper blood pressure control,
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