BLOOD

Taylor & Francis
Taylor & Francis Group

PRESSURE Blood Pressure

=

ISSN: 0803-7051 (Print) 1651-1999 (Online) Journal homepage: informahealthcare.com/journals/iblo20

Identification of the hemodynamic modulators
and hemodynamic status in uncontrolled
hypertensive patients

M. Viigimaa, A. Talvik, W. Wojciechowska, K. Kawecka-Jaszcz, I. Toft, G.

S. Stergiou, E. G. Nasothimiou, V. Kotsis, E. Agabiti Rosei, M. Salvetti, M.
Dorobantu, N. Martell-Claros, M. Abad-Cardiel, R. Hernandez-Hernandez, M.
Doménech & A. Coca

To cite this article: M. Viigimaa, A. Talvik, W. Wojciechowska, K. Kawecka-Jaszcz, |. Toft,

G. S. Stergiou, E. G. Nasothimiou, V. Kotsis, E. Agabiti Rosei, M. Salvetti, M. Dorobantu, N.
Martell-Claros, M. Abad-Cardiel, R. Hernandez-Hernandez, M. Doménech & A. Coca (2013)
|dentification of the hemodynamic modulators and hemodynamic status in uncontrolled
hypertensive patients, Blood Pressure, 22:6, 362-370, DOI: 10.3109/08037051.2013.782900

To link to this article: https://doi.org/10.3109/08037051.2013.782900

@ Published online: 23 Apr 2013.

\]
CA/ Submit your article to this journal &

||I| Article views: 500

A
& View related articles &'

@ Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journallnformation?journalCode=iblo20


https://informahealthcare.com/action/journalInformation?journalCode=iblo20
https://informahealthcare.com/journals/iblo20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/08037051.2013.782900
https://doi.org/10.3109/08037051.2013.782900
https://informahealthcare.com/action/authorSubmission?journalCode=iblo20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iblo20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/08037051.2013.782900?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/08037051.2013.782900?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/08037051.2013.782900?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/08037051.2013.782900?src=pdf

informa

healthcare

Blood Pressure, 20133 22: 362-370

ORIGINAL ARTICLE
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status in uncontrolled hypertensive patients

M. VIIGIMAA!, A. TALVIK!, W. WOJCIECHOWSKA2, K. KAWECKA-JASZCZ2,

I. TOFT?, G. S. STERGIOUY%, E. G. NASOTHIMIOU%, V. KOTSIS’, E. AGABITI ROSEI®,
M. SALVETTI®, M. DOROBANTU’, N. MARTELL-CLAROS8, M. ABAD-CARDIELS,

R. HERNANDEZ-HERNANDEZ?, M. DOMENECH? & A. COCA®

LTallinn University of Technology, Centre of Cardiology, North Estonia Medical Centre, Estonia, >First

Department of Cardiology and Hypertension, Jagiellonian University Medical College, Poland, 3>University Hospital
of North Norway, *Hypertension Centre Third University Department of Medicine, Sotiria Hospital, Athens, Greece,
5Hypertension Center, 3rd Department of Medicine, Aristotle University Thessaloniki, Greece, °Clinica Medica
Universita di Brescia, Italy, "Cardiology Department, Emergency Hospital of Bucharest, Romania, 8 Hypertension
Unit, Hospital Clinico de San Carlos (IdISSC), Madrid, Spain, *Hypertension and Cardiovascular Risk Unit,
Hospital Clinic, University of Barcelona, Spain

Abstract

Only 20-30% out of the treated hypertensive patients in Europe are achieving blood pressure (BP) control. Among other
recognized factors, these poor results could be attributable to the fact that for many doctors it is very difficult to detect
which is the predominant hemodynamic cause of the hypertension (hypervolemia, hyperinotropy or vasoconstriction). The
aim of the study was to use non-invasive thoracic electrical bioimpedance (TEB) to evaluate hemodynamic modulators
and subsequent hemodynamic status in uncontrolled hypertensive patients, receiving at least two antihypertensive drugs.
A number of 134 uncontrolled hypertensive patients with essential hypertension were evaluated in nine European Hyper-
tension Excellence centers by means of TEB (the HOTMAN® System). Baseline office systolic and diastolic BP averaged
156/92 mmHg. Hemodynamic measurements show that almost all patients (98.5%) presented at least one altered hemo-
dynamic modulator: intravascular hypervolemia (96.4%) and/or hypoinotropy (42.5%) and/or vasoconstriction (49.3%).
Eleven combinations of hemodynamic modulators were present in the study population, the most common being con-
comitant hypervolemia, hypoinotropy and vasoconstriction in 51(38%) patients. Six different hemodynamic states (pairs
of mean arterial pressure and stroke index) were found. Data suggest that there is a strong relation between hypertension
and abnormal hemodynamic modulators. This method might be helpful for treatment individualization of hypertensive
patients.

Key Words: Hemodynamic modulator, hypertension, non-invasive thoracic electrical bioimpedance

Introduction . 1 . .
agents reduce morbidity and mortality associated

with hypertension through BP control. Studies have
indicated that even small reductions in systolic or
diastolic BP result in 30% and 40% reductions in the

Despite the clear benefits of numerous classes of
antihypertensive therapy, hypertension remains
poorly controlled in clinical practice and blood pres-

sure (BP) control of hypertensive patients remains a
major unsolved problem in Europe (1,2). This has
significant implications for public health, because
low BP control has been shown to be associated with
a marked increase in the risk of fatal and non-fatal
cardiovascular (CV) events (3,4). Antihypertensive

risk of ischemic heart disease and fatal stroke, respec-
tively (5).

According to current recommendation, five major
classes of antihypertensive agents [thiazide diuretics,
calcium antagonists, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor antagonists
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and beta-blockers] are suitable for the initiation and
maintenance of antihypertensive treatment, alone or
in combination (6). Choice of antihypertensive drugs
is made considering previous experience with the
drug, effect of drugs on CV risk factors, presence of
specific disease or disorders, and drug cost, among
others. The reasons why hypertension is poorly con-
trolled include inadequate or suboptimal antihyper-
tensive medication, medication intolerance, patient
non-compliance, underestimation of comorbidities,
physician perceptions about drug effectiveness, med-
ication cost, etc. All guidelines for the management
of hypertension emphasize the need to improve long-
term CV outcomes as well as to increase the propor-
tion of patients achieving target BP (6), without
providing a specific algorithm.

Hypertension is a multifactorial disease, but the
hemodynamic component of BP physiology includes
factors that affect intravascular volume, cardiac
inotropy and systemic vascular resistance. Usually,
physicians do not have the possibility of evaluating
the hemodynamic causes of the hypertension — hyper-
volemia, hyperinotropy or vasoconstriction — or
whether there is a combination of these causes. For
this reason, the BP problem is treated like a symp-
tom, without paying attention to the hemodynamic
causes of BP elevation, and the selection of antihy-
pertensive agents is often done independently of the
hemodynamic status of the patient. When the phar-
macological class of antihypertensive agent does not
correspond to the hemodynamic state, BP reduction
is limited. By contrast, when the pharmacological
class of antihypertensive treatment is adapted to the
hemodynamic state [for instance diuretics for hyper-
volemia, or calcium-channel blocker/ACE inhibitor/
angiotensin receptor blockers (CCB/ACEI/ARB) for
increased peripheral resistances], BP reduction may
occur more rapidly and to a greater extent (7-10).

The study purpose was to assess hemodynamic
modulators (intravascular volemia, inotropy and
vasoactivity) and hemodynamic status [mean arterial
pressure (MAP) and stroke index (SI)] in uncon-
trolled hypertensive patients using a non-invasive
thoracic electrical bioimpedance (TEB) technique
(the HOTMAN System®, Hemo Sapiens Inc.) and
possible relationship between uncontrolled hyperten-
sion and untargeted hemodynamic modulators.

Materials and methods

A clinical evaluation was conducted in nine Euro-
pean Hypertension Excellence Centers over a period
of 2 months, using a common standardized proce-
dure. Centers included 134 uncontrolled hyperten-
sive patients with essential hypertension treated with
at least two antihypertensive drugs. According to the
protocol, any patient meeting inclusion and exclu-
sion criteria attended each Center of Hypertension
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over the study period was chosen to be evaluated. All
patients were already following an antihypertensive
treatment, but were not controlled under the previ-
ous medication (BP values >140/90 mmHg clini-
cally and >130/80 mmHg average of 24 h on
ambulatory BP monitoring). Office BP was taken in
concordance with “2007 ESH Guidelines for the
management of arterial hypertension”, with the
patient seated using an oscillometric method.

We implemented the HOTMAN® System (Hemo
Sapiens Inc.), a computer operating device based on
TEB for providing non-invasive assessment of hemo-
dynamic modulators and evaluation of the hemody-
namic status of the patients. TEB measurement was
obtained as a part of routine care. Hemodynamic
parameters were achieved in supine patients after
10 min of rest. The TEB technique belongs to imped-
ance cardiography (ICG), a non-invasive hemody-
namic diagnostic and monitoring technology. ICG
has demonstrated its usefulness and reproducibility
in various populations (11-14).

The principle of TEB is based on measuring the
thorax impedance (resistance of body tissues) when
is applied an alternating current with a very low
intensity and high frequency. The measurement cur-
rent passes between two pairs of TEB sensors located
on the upper neck and upper abdomen in a direction
parallel to the spine. Four other receptor sensors are
located at the root of the neck and at the diaphragm
level. These sensors detect ECG signals as well as the
voltage of the electrical current that crosses the tho-
rax, which is proportional to the thoracic impedance
(15). HOTMAN System functioning is based on a
proprietary very low TEB technology, utilizing very
low TEB measurement current with fully digitized,
high sampling rate generation and acquisition of the
TEB signal. The TEB measurement current is only
7 WA, safe for the patients and with high reproduc-
ibility. Its digital data processing results in wide
bandwidth, high-quality and high-resolution TEB
signal, unavailable with analogue acquisition meth-
odologies.

These features enable precise measurements of
TEB signal’s key magnitude and timing events. Fol-
lowing the digital process of TEB and ECG signal,
this technique provides information about the value
of blood flow [cardiac index (CI) and SI, heart rate
(HR)], contractility and left ventricle performance
[ejection phase contractility index (EPCI), inotropic
state index (ISI) and left stroke work index (LSWT)]
and afterload [stroke systemic vascular resistance
index (SSVRI), and thoracic fluid conductivity
(TFQ)].

Compared with the classical ICG technique, the
HOTMAN® System has some different characteris-
tics: it measures systemic vascular resistance per beat
as SSVRI, a parameter not detected by other bio-
impedance devices; it is the only system that offers a
beat-to-beat evaluation of cardiac inotropy (ISI); and
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intravascular volume is not evaluated through TFC,
but calculated as a component of total contractility
according to the Frank-Sterling Law. In addition,
the HOTMAN® System presents the hemodynamic
status of the patient and the situation of the hemo-
dynamic modulators: volemia, inotropy, vasoactivity
and chronotropy (16).

Statistical analysis

For every patient, the percent deviations of the hemo-
dynamic modulators from its ideal values were cal-
culated. Data were recorded in a computer database
using Excel software from the HOTMAN System’s
printed status report.

Results

One hundred and thirty-four patients with essential
hypertension were evaluated. All subjects followed
antihypertensive therapy for more than 2 months and
presented documented history of uncontrolled BP.
During the study, office systolic and diastolic BP
averaged 156/91.9 mmHg; 110 subjects (82.1%) had
BP level above normal values and 24 (17.9%) patients
exhibited normal BP. None of the patients with nor-
mal BP value had this value <120/80 mmHg. BP
during hemodynamic measurements and hemody-
namic parameter in study group are presented in
Table I. No demographic data were collected during
the study.

Patients included in the study took an average of
3.06 = 1 antihypertensive medications belonging to
five major classes of antihypertensive agents recom-
mended by 2007 ESH/ESC Guidelines — thiazide
diuretics, calcium antagonists, ACE inhibitors, angio-
tensin receptor antagonists and beta-blockers — alone
or in combination. Only 11 (8.1%) patients were
treated with centrally acting agents and six (2.2%)
patients treated with six antihypertensive medica-
tions. The vast majority of patients received two or
three antihypertensive drugs — 46 (34.3%) and 48
(35.8%), respectively — followed by a four-drug
regimen — 29 (21.7%) (Figure 1).

Table I. Blood pressure and hemodynamic parameters in the study
group.

Number of participants 134
Systolic blood pressure, mmHg 156.0 = 21.7
Diastolic blood pressure, mmHg 91.9+13.0
Mean blood pressure, mmHg 113.3+14.0
Cardiac index, I/min/m? 3.4+1.5
Stroke index, ml/beat/m? 49.6+19.9
ISI, sec™ 2 0.99+0.36
LSWI, g.m/m? 74.5+28.9
SSVRI, dyn.sec.cm ™ >.m? 217.2+121

Data are mean= SD. ISI, inotropic state index; LSWI, left stroke
work index; SSVRI, stroke systemic vascular resistance index.

34%
22%
6%
.

Figure 1. Numbers of antihypertensive drugs used by participants
of the study.

Diuretics were the most used antihypertensive
drugs and were prescribed in 71.6% of the study pop-
ulation. The next used antihypertensive drugs were
dihydropyridine CCBs (61.9%) and ARBs (56.7%).
Beta-blockers were divided in two categories —
vasodilator beta-blockers and non-vasodilator beta-
blockers — and they were prescribed in 24.6% and
29.8% of patients, respectively. ACE inhibitors were
used in 32.8% patients and central acting drugs in
8.1%. Each antihypertensive class was split from
dosage point of view in low dose, medium dose and
high dose (Figure 2).

Among the whole study group, 70 (52.2%)
patients were diagnosed as normodynamic (SI in
normal range: 35-65 ml/m?), 36 (26.9%) as hypody-
namic (SI<35 ml/m?) and 28 (20.9%) as hyperdy-
namic (SI>65 ml/m?) (Figure 3). Hemodynamic
state is defined by MAP and blood flow (SI) over one
heartbeat interval. During non-invasive hemody-
namic assessment, six different hemodynamic states
were found: hypertension and hypodynamic in 30
(22.4%) patients, hypertension and normodynamic in
54 (40.3%) patients, hypertension and hyperdynamic
in 18 (13.4%) patients, normotension and hypody-
namic in six (4.5%) patients, normotension and nor-
modynamic in 16 (11.9%) patients and normotension
and hyperdynamic in 10 (7.5%) patients (Figure 3).

From these six hemodynamic states, hyperten-
sion occurred in more than 76% of patients and less
than 12% reached the hemodynamic goal, being
simultaneously normotension and normodynamic.

Hypertension in any individual is caused by its
specific and unique contribution of abnormal levels
in hemodynamic modulators. Hemodynamic mea-
surements revealed that most of patients presented
intravascular hypervolemia (96.4%), and/or hypoi-
notropy (42.5%) and/or vasoconstriction (49.3%).

The initial hemodynamic assessment showed the
following distribution of the hemodynamic modula-
tors (intravascular volemia, inotropy and vasoacti-
vity), including chronotropy: hypovolemia two (1.5%)
patients, normovolemia three (2.2%) patients, hyper-
volemia 129 (96.3%) patients, hypoinotropy 57
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Figure 2. Antihypertensive drug usage in study group.

(42.5%) patients, normoinotropy 58 (43.3%) pati-
ents, hyperinotropy 19 (14.2%) patients, vasodilation
nine (6.7%) patients, normovasoactivity 59 (44%)
patients, vasoconstriction 66 (49.3%) patients, hypo-
chronotropy 55 (41%) patients, normochronotropy
50 (37.4%) patients and hyperchronotropy 29 (21.6%)
patients (Figure 4).

An abnormal hemodynamic state is a result of
abnormal levels in one or a combination of hemody-
namic modulators. Since any single abnormal hemo-
dynamic modulator (intravascular volume, inotropy
and vasoactivity) might be responsible for a hemody-
namic disturbance, we divided the study population

into four subgroups according to number of altered
hemodynamic modulators: (i) all three hemodynamic
modulators altered (44.8%), (ii) a combination of
two altered hemodynamic modulators (22.4%), (iii)
one hemodynamic modulators altered (31.3%), and
(iv) no hemodynamic modulators altered (1.5%)
(Figure 5).

The subgroup of patients with three altered hemo-
dynamic modulators was the most numerous (44.8%)
in the study population. This subgroup included three
different combinations of altered modulators, as
Figure 5 shows. In fact, the patients with concomitant
hypervolemia+ hypoinotropy+ vasoconstriction represent

200 : ;
Hypertension i Hypertension I Hypertension
MAP and, | , and f and
[Torr] hypodynamic | normodynamic | hyperdynamic
R% Wl | 40% ; f
“» * 0. .: : * 24 .}
4 - S o 3 .:t.:"i‘ *s'T s * B
J08 preseonease VR S P S |
Normetension 3 Normoténsion & |
and H and
hypodynamic | normodynamic
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y 1] S — b -
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I 1
I 1
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|
40 ’
15 29 65 100
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Figure 3. Scattergram of hemodynamic state of all patients measured in the study with superimposed percentage of correspondent

hemodynamic states.
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Figure 4. Hemodynamic modulators distribution.

the biggest homogenous population in the study
group. Despite a similar combination of altered
modulators, 34 patients in this group were hypody-
namic (low SI value) and 17 patients normodynamic.
Table II shows the complete hemodynamic profile and
antihypertensive drug treatment in all subgroups.

A combination of two altered hemodynamic modu-
lators was met in 30 (22.4%) patients and contains five
pairs of different altered hemodynamic modulators:

High SI

ONE
ALTERED

MODULATOR

32%

Norma gy

hypervolemia+ vasoconstriction, hypervolemia~+ hyperinot-
ropy, hypervolemia~+ hypoinotropy, hypervolemia+ vasodi-
lation and hypovolemia+ vasoconstriction.

Almost one third of total study patients (31.3%)
belonged to the subgroup with one hemodynamic
modulator altered. With one exception, this altered
hemodynamic modulator was hypervolemia. Again, SI
values varied broadly despite similar hemodynamic
modulator altered (Table II). Only two patients exhib-
ited normal values for all hemodynamic modulators.
This is an interesting finding considering a total of
24 patients with normal BP, because the remaining
22 patients presented normal BP but abnormal
hemodynamic profile.

Discussion

BP is a measurable end product of an exceedingly
complex series of factors including those that con-
trol blood vessel caliber and responsiveness, those
which control fluid volume within and outside
the vascular bed, and those which control cardiac

£0w
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Figure 5. Subgroup distribution according to number of altered modulators.
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critically ill patients (22,23). For hypertensive
patients, it is much harder for clinicians to evaluate
hemodynamic modulators in the absence of specific
evidence. Physician perceptions and patient symp-
toms are examples of barriers affecting the manage-
ment and control of hypertension (24). Under these
conditions, it is a challenging task for the clinician to
determine the optimal therapeutic combination of
medications for each patient, mainly uncontrolled
but compliant to hypertensive treatment. What is a
correct drug and/or drug combination for one patient
may be totally inappropriate therapy for another.

Regardless of the therapeutic availabilities of the
last few years in the field of hypertension, at the
enrollment in our study, the BP of patients who were
taking at least two or more antihypertensive drugs
was not well controlled. The study population shared
six hemodynamic states (pairs of MAP and SI) with
different needs in term of treatment in order to
achieve the goal of normotension and normodyna-
mism. This situation reflected the total contribution
of actual treatment over MAP (76% still exhibiting
hypertension) and SI.

Similarly to other studies involving hemodynamic
assessment of hypertension (7,9,10), 96.3% of
patients present hypervolemia in the absence of
edema or other clinical signs of volemic overload.
This can be the result of real hypervolemia but also
hemodynamic compensatory effect of hypoinotropic
patients, since about 40% of patient present simul-
taneously hypoinotropy. Anyhow, our results indicate
that more intensive diuretic therapy is required in
about half of the uncontrolled hypertensive patients
in this study compared with the empiric selection of
drugs (diuretics were used by 71.6% of patients).
The issue of unidentified volume expansion is well
recognized as a cause for resistance to antihyperten-
sive therapy (25).

Also, considering the number of patients exhibit-
ing hypoinotropy (42.5%), the dosage and/or usage
of drugs with negative inotropic mechanism should
be reassessed. This suggestion is furthermore sus-
tained by the presence of 41% of patients with hypo-
chronotropy, a possible result of the negative
chronotropic effect of beta-blockers.

A significant percentage of patients (49.3%) pre-
sented increased peripheral vascular resistance. Vaso-
constriction is hard to assess in current practice.
These results confirm the known pathophysiology of
hypertension and the association between elevated
pressures and high peripheral resistance, regardless of
the primary etiology. Interestingly, vasoconstriction
was present despite the aggressive usage of vasodilat-
ing drugs (ACEIL, ARB and dihydropyridine CCB):
almost the entire population included in the study
was treated with at least one vasodilating drug in dif-
ferent dosages — another suggestion that selection of
an optimal combination of medications for the uncon-
trolled hypertensive patient is often empiric.
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Different combinations of altered hemodynamic
modulators were met in study subjects. Only two
patients exhibit concomitant normal values for hemo-
dynamic modulators. Our study provided informa-
tionto confirm animportantvariation ofhemodynamic
modulators, which defined the hemodynamic profile
in hypertensive patients. Comparing hemodynamic
modulators in different uncontrolled hypertensive
patients, a major discrepancy was noticed in term of
number (from none to all abnormal hemodynamic
modulators) and degree of alteration. In a prospective
study, the selection of therapeutic agents based on the
hemodynamic profile specific to each patient pro-
vided by TEB hemodynamic measurements led to a
better control of hypertension in 84% of the studied
population (10). Thoracic bioimpedance provides the
clinician with reliable hemodynamic information that
could only previously be obtained in the critical care
unit of a hospital using a pulmonary artery catheter.
Implementation of this hemodynamic information
aids in identifying the hemodynamic components of
hypertension, allowing the initiation and titration of
medications that act more effectively.

In conclusion, our data suggest a strong relation
between hypertension and abnormal hemodynamic
modulators, with significant individual variation of
the hemodynamic profile. Careful analysis of all
hemodynamic modulators could precede pharmaco-
logical treatment modification in order to achieve a
normohemodynamic status. Non-invasive hemody-
namic measurements with TEB characterize hemo-
dynamic profile and may be helpful for diagnostic
and prognostic purposes, and for therapeutic decision
making in hypertensive patients. The clinical benefits
potentially offered by a greater use of this technique
in the daily management of patients would require
testing by future longitudinal outcome studies.
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