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A b s t r a c t

Introduction: Standard procedures carried out at a stroke department in patients
after a cerebral event may prove insufficient for monitoring hemodynamic
indices. Impedance cardiography enables hemodynamic changes to be moni-
tored non-invasively. The aim of the work was to describe hemodynamic param-
eters in patients with acute phase of ischemic and hemorrhagic stroke and to
analyse the correlation between the type of hemodynamic response and long-
term prognosis.
Material and methods: The 45 consecutive subjects with ischemic stroke and
16 with a hemorrhagic stroke were examined additionally with impedance car-
diography during the first day of hospitalization. The heart contractility, pump
performance, afterload and preload indices were recorded and calculated auto-
matically and the data analyzed in terms of 6-month mortality.
Results: We found a significant association between the systemic vascular resist-
ance index, Heather index, stroke index, heart rate, systolic and diastolic and
mean arterial blood pressure and mortality in patients with ischemic stroke 
(p = 0.002, p = 0.008, p = 0.012, p = 0.005, p = 0.007, p = 0.009, p = 0.002
respectively). Logistic regression analysis identified the thoracic fluid content
as the most significant variable correlating with the non-survival of the patients
with ischemic stroke and in the whole group (ischemic and hemorrhagic stroke).
The significant parameters were also mean arterial pressure and stroke index
in ischemic stroke (the correct answer ratio was 86.67%) and heart rate in the
whole group (the correct answer ratio was 80.33%). There were no significant
associations in hemorrhagic stroke.
Conclusions: The hemodynamic parameters correlate with long term prognosis
in patients with ischemic brain stroke.
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Introduction

Brain stroke is one of the most common causes of death and a major
cause of disability worldwide [1]. Every year 610,000 individuals suffer an
ischemic stroke and 185,000 a hemorrhagic stroke in the United States
[2]. New parameters are under evaluation as screening tools to select sub-
jects with an elevated event risk [3-5]. Standard procedures carried out at
a stroke department in patients after a cerebral event may prove insuffi-
cient for monitoring hemodynamic indices. The significance of hemody-
namic monitoring is indicated by the high prevalence of ECG changes in
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patients after brain stroke [6]. The problem of the
hospital and late mortality rate with stroke patients
has not been solved. Based on the previously con-
ducted research, it was believed that modifications
of blood pressure affect the mortality rate of stroke
patients [7]. Unfortunately, in the recently published
research SCAST (SCAST Trial), where candesartan
was used, it was indeed possible to lower blood
pressure, but neither fewer cases of complications
nor a lower late mortality rate were noted [8]. It
appears that using one method of blood pressure
reduction in patients with higher blood pressure is
responsible for this occurrence. The above problem
may be perhaps explained by a full analysis of the
hemodynamic changes occurring in the acute phase
of stroke. It may be performed by use of impedance
cardiography (ICG) – a non-invasive method applied
for the evaluation of hemodynamic parameters [9].
Its use can be justified by the high degree of repro-
ducibility and short learning curve. 

We assumed that an examination of patients
with ICG would enable hemodynamic changes to
be monitored in the acute phase of ischemic and
hemorrhagic stroke and thus facilitate the right
choice of medicine. 

The aim of the study was to evaluate the hemo-
dynamic parameters in patients with ischemic or
hemorrhagic stroke. The second aim was to iden-
tify the hemodynamic predictors of 6-month mor-
tality.

Material and methods

A total of 61 consecutive patients with stroke 
(30 men, 31 women) admitted to the Department
of Neurology of the Medical University of Gdansk
were recruited between December 2009 and May
2010. After routine examination all the patients with
symptoms of stroke underwent computed tomog-
raphy (CT) of the head. Their condition was
assessed on the basis of the National Institutes of

Health Stroke Scale. The patients were divided into
two groups according to the diagnosis (45 subjects
with ischemic stroke and 16 with hemorrhagic
stroke). An ICG was performed on the first post-
admission day. The eight standard spot electrodes,
a cuff, manometer and pulse oximeter were used.
The NiccomoTM – Non Invasive Continuous Cardiac
Output Monitor by Medis, made in Germany, was
applied. The heart contractility indices, the accel-
eration index (ACI) and Heather index (HI), heart
rate (HR), stroke index (SI), thoracic fluid content
(TFC) and blood pressure were measured and the
cardiac index (CI), left ventricular capacity work
index (LCWI) and systemic vascular resistance index
(SVRI) were then calculated automatically. Blood
pressure was evaluated five times during a 10-min
recording. The patients were administered with
statins, antiplatelet medication and antihyperten-
sive agents. Additional therapy was monitored by
general practitioners. All the patients were referred
to the neurological outpatient clinic. All of them
underwent a 6-month follow-up. 

The inclusion criteria were: diagnosed brain
stroke confirmed by the computed tomography (CT)
and evaluation by the National Institute of Health
Stroke Scale (NIHSS). 

Exclusion criteria were: unconfirmed or equivo-
cal diagnosis and transient ischemic attacks. The
other exclusion criteria were the general con-
traindications against ICG examination: severe aor-
tic regurgitation, intra-aortic balloon pump, severe
hypertension, a very low or high growth, severe
obesity or severe malnutrition (septic shock is not
considered as a contraindication [10, 11]). 

The study was approved by the Ethical Commit-
tee of the Medical University of Gdansk.

Statistical analysis

The analysis was conducted with the Student 
t-test for independent samples or with the Mann-
Whitney U test. The analyses were performed sep-
arately for ischemic and hemorrhagic stroke. The
normality of distribution was confirmed with the
Brown-Forsythe test. Additionally, logistic regres-
sion for the ischemic stroke, for the hemorrhagic
stroke and for the whole group was performed. All
statistical calculations were performed using the
Statistica 9.0 PL software package. A significance
level of p < 0.05 was assumed. 

Results

The patients’ ages ranged from 24 to 87 years;
the mean age was 68.8 in the cohort as a whole
(72.6 ±14.58 years in women and 64.6 ±12.16 years
in men). Baseline clinical profile of the study is
shown in Table I. Comparison of hemodynamic
parameters obtained at 6-month follow-up in 

Ischemic Hemorrhagic
stroke stroke

(n = 45) (n = 16)

National Institutes 10.6 ±6.6 15.6 ±7.6
of Health Stroke Scale 
(NIHSS)

Thrombolysis therapy [%] 11.8 0.0

Arterial hypertension [%] 85.3 69.2

Diabetes mellitus [%] 35.3 46.2

Coronary artery disease [%] 26.5 23.1

Hyperlipidemia [%] 44.1 46.2

Atrial fibrillation [%] 44.1 15.4

Smoking [%] 32.4 53.8

Table I. Baseline clinical profile of the study population
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45 patients with ischemic stroke and 16 patients
with hemorrhagic stroke is shown in Table II. Logis-
tic regression analysis identified the HR and the TFC
as the most significant variables correlating with the
non-survival of the patients in the whole group
(ischemic and hemorrhagic stroke); the odds ratio
for HR was 1.08 (95% CI 1.02-1.13) and the odds ratio
for TFC was 1.12 (95% CI 1.01-1.24). The correct
answer ratio was 80.33%. The most significant
parameters in the ischemic stroke group were as
follows: the TFC with the odds ratio 1.26 (95% CI
1.03-1.54), the MAP with the odds ratio 1.11 
(95% CI 1.01-1.22), and SI with the odds ratio 0.86
(95% CI 0.75-0.99). The correct answer ratio was
86.67%. Logistic regression analysis in the hemor-
rhagic stroke group was not significant due to the
small size of the group.

1
P = .

1 + e –(1.92 × 10–5 + 1.09 × HR + 1.12 × TFC + 1.00 × ACI + 0.77 × CI)

Equation 1. Logistic regression equation for the
general group (ischemic and hemorrhagic stroke).
P indicates the risk of death within 6 months.

Ischemic stroke

Patients with a low stroke index had a worse sur-
vival rate (p = 0.012). The HI, evaluating myocardial
contractility, was lower in non-survivors (p = 0.008).
An increased HR was a significant adverse prognos-
tic factor (p = 0.005). Elevated systolic, diastolic and

mean arterial blood pressure influenced long-term
prognosis negatively. Individuals who survived 
6 months after the stroke revealed a lower (p = 0.002)
systemic vascular resistance index (Figure 1).

Hemorrhagic stroke

In the group of patients suffering a hemorrhag-
ic stroke, considerably fewer parameters acquired
statistical significance (Table II). The SVRI index was
the most remarkable. In contrast to the results for
ischemic stroke, low values of this parameter were
an adverse prognostic factor with p = 0.128. Be -
cause the group of patients was small, this ten-

ICG parameter Ischemic stroke Hemorrhagic stroke

Death 6 months Significance Death 6 months Significance 
within survival level p within survival level p

6 months (n = 35) 6 months (n = 8)
(n = 10) (n = 8)

ACI [1/100/s2] 69.6 ±33.4 72.8 ±28.6 0.257† 96.2 ±43.1 85.7 ±49.9 0.564†

CI [l/min/m2] 3.0 ±0.5 3.3 ±0.7 0.224† 3.7 ±0.7 3.0 ±1.0 0.111Δ

HI [Ohm/s2] 7.6 ±4.2 12.0 ±5.0 0.008† 13.3 ±4.9 13.7 ±7.7 0.793†

HR [1/min] 91.2 ±18.6 75.8 ±14.5 0.005† 97.3 ±19.7 83.4 ±13.9 0.104†

LCWI [kg × m/m2] 4.1 ±0.7 4.0 ±1.0 0.614† 4.8 ±1.1 4.1 ±1.1 0.495†

SI [ml/m2] 33.6 ±8.8 44.4 ±12.2 0.012Δ 39.2 ±9.5 36.8 ±13.4 0.676Δ

SVRI [dynes × s × 2951.6 2315.4 0.002Δ 2141.1 3083.7 0.128†

m2/cm5] ±721.8 ±496.6 ±645.3 ±1237.6

TFC [1/kOhm] 42.4 ±8.0 37.0 ±7.5 0.054Δ 39.9 ±6.5 36.5 ±6.8 0.318†

BPdia [mm Hg] 90.4 ±16.0 79.2 ±9.7 0.009Δ 84.9 ±14.8 92.2 ±11.7 0.318†

BPsys [mm Hg] 164.8 ±20.7 141.8 ±20.3 0.007† 144.8 ±25.1 155.0 ±29.2 0.466Δ

MAP [mm Hg] 108.1 ±12.8 95.1 ±10.5 0.002Δ 99.9 ±16.6 107.6 ±14.3 0.713†

Table II. Comparison of hemodynamic parameters obtained at 6-month follow-up in 45 patients with ischemic stroke
and 16 patients with hemorrhagic stroke

Values (mean ± standard deviation),   ΔStudent t test,  †Mann-Whitney U test
ACI – acceleration index, HR – heart rate, SI – stroke index, CI – cardiac index, HI – Heather index, LCWI – left ventricular capacity work index,
TFC – thoracic fluid content, BPsys – systolic blood pressure, BPdia – diastolic blood pressure, MAP – mean arterial pressure
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Figure 1.  Comparison of SVRI in ischemic strokes in
a 6-month follow-up).
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dency did not reach a significant level. The cardiac
index, left cardiac work index and chest fluid did
not reveal statistical significance. On the basis of
blood pressure measurements, it was impossible
to evaluate the long-term prognosis. 

Discussion

The ICG is a useful tool for hemodynamic mon-
itoring but in some clinical situations the data may
be with bias [12]. This situations were mentioned
before. Patients in very severe condition were not
included to this study because of exlusion criteria.
We present only a preliminary report because of
the relatively small number of patients after brain
stroke. The data were very impressive, so we decid-
ed to present them in this paper. The results show
that the ICG data, together with the results of the
physical examination and head CT, indicate
a patient’s prognosis. The most significant param-
eters influencing the 6-month prognosis of an
ischemic stroke patient include the HI, HR, SVRI, SI,
TFC and BP values. Better prognosis was obtained
with a higher SVRI value. In contrast, a lower SVRI
is probably useful as an indicator in patients with
hemorrhagic stroke. Although the SVRI seems to
be a significant predictor for the patients with
stroke, it cannot be treated as an independent risk
factor as it is a dependent parameter calculated on
the basis of other parameters. The results of the
logistic regression for ischemic stroke suggest that
the survival of the patients after stroke is influenced
by the preload and afterload of heart, described by
the TFC and the MAP. The logistic regression for
hemorrhagic stroke was not significant, but the
character of the group was noticeable in the whole
group analysis (the ischemic and hemorrhagic
stroke together). In the best model the most impor-
tant factors were the TFC and the HR. There were
also ACI and CI present in the model, but they were
not statistically significant. The differences between
the model for ischemic stroke and the model for
the whole group may suggest distinct factors cor-
responding with the death risk after ischemic and
hemorrhagic stroke. The evaluation of the impor-
tance of these findings needs further research. This
report suggests that hemodynamic monitoring may
support the diagnostic and therapeutic process in
brain stroke patients. 

In conclusion, the hemodynamic parameters cor-
relate with long term prognosis in patients with
ischemic brain stroke.
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