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Abstract

Background Hypotension during hemodialysis is

frequent in patients with cardiovascular disease who

have a limited physiological compensatory response.

Recent advances in technology allow non-invasive

monitoring of cardiac output and derived hemody-

namic parameters. This prospective study evaluated

episodes of intradialytic hypotension using clinical

data and continuous non-invasive hemodynamic

monitoring by impedance cardiography.

Methods Forty-eight chronic hemodialysis patients,

with prevalence for intradialytic hypotensive epi-

sodes, underwent evaluation with non-invasive

impedance cardiography (Physioflow�) before, dur-

ing and after a regular dialysis session.

Results During continuous non-invasive cardiac

monitoring, a fall of systolic arterial blood pressure

of 20% or more at least once during hemodialysis

was detected in 18 patients (37.5%)—thereafter

identified as the ‘‘Unstable’’ group. In 30 patients—

thereafter called the ‘‘Stable’’ group, the blood

pressure did not change significantly. During

hypotension, a decrease in cardiac output was found

in 11 of the 18 unstable patients, and a significant fall

in peripheral resistance in the remaining 7. End-

diastolic filling ratio was significantly lower in the

unstable group. The most significant predictors

associated with intradialytic hypotension were the

presence of ischemic heart disease (P = 0.05), and

medication with beta blockers (P = 0.037) and

calcium channel blockers (P = 0.018).

Conclusions Hemodynamic changes in dialysis

patients with hypotensive episodes included decreased

cardiac output or decreased peripheral resistance. A

lower end-diastolic filling ratio may be regarded as a

marker for reduced preload in these patients. Non-

invasive impedance cardiography may be used to

evaluate risk factors for hypotension in dialysis patients.
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Introduction

Hypotension during hemodialysis occurs frequently,

affecting 15–30% of dialysis patients [1, 2]. The rate

of occurrence of hemodialysis-induced hypotension

remains high, probably because patients undergoing

dialysis are older and sicker [3]. Intradialytic hypo-

tension, which can occur early or late during dialysis,
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is often associated with vomiting, dizziness and

muscle cramps but can also result in significant

morbidity and is associated with increased mortality

[2, 4, 5]. The causes of hemodialysis-induced hypo-

tension are multifactorial but are based on an

interaction between the patient and the dialysis

procedure [3]. On one hand, the rate and amount of

ultrafiltration will influence the patient’s fluid status;

while on the other hand, the patient’s compensatory

response to hypovolemia (cardiac, neurohumoral etc.)

will determine the clinical manifestations. Normal

cardiovascular regulatory mechanisms, such as

increased heart rate, contractility and peripheral

vascular tone, are required for an adequate response

to hemodialysis-induced hypovolemia [2]. Patients

may have inefficient compensatory mechanisms, such

as sympathetic autonomic failure and increased

parasympathetic activity, and thus be more sensitive

to hypovolemia. Intradialytic hypotension is therefore

more common in patients with cardiovascular disease

and diabetes mellitus, because of their limited

capability of physiological compensatory response.

Furthermore, it has been demonstrated that further

deterioration in systolic and diastolic left ventricular

function during hemodialysis [6] may cause hypo-

tension, pulmonary edema and/or bradycardic col-

lapse (Bezold–Jarisch reflex) [2, 3]. Decreased

venous capacitance and distribution of venous blood

to central vessels is also an important mechanism for

maintaining cardiac filling during dialysis (DeJager-

Krogh phenomenon). This response has been found to

be variable in dialysis patients [7]. Other abnormal-

ities include ventricular arrhythmias, associated with

increased cardiovascular mortality [8].

Recent advances in technology allow completely

non-invasive on-line beat-to-beat monitoring of car-

diac output and derived hemodynamic parameters,

which can assist in the diagnosis and management of

hypotension during dialysis. Continuous digital pulse

wave monitoring has been used during dialysis for

non-invasive continuous monitoring [9]. Others have

examined non-invasive hemodynamic monitoring

during hemodialysis, using an admittance cardio-

graph [10]. Repeated measurements of hemodynamic

variables and cardiac output have shown that in most

subjects, reduction in parasympathetic nerve activity

and an increase in total peripheral resistance are

responsible for the maintenance of hemodynamics in

chronic dialysis patients [10, 11]. In another study,

impedance cardiography was used to assess patients’

fluid status during dialysis, using thoracic fluid

content and cardiac output [12]. Karakitsos et al.

compared impedance cardiography with echocardi-

ography in hemodialysis patients [13]. They showed

that impedance cardiography can estimate hemody-

namics in hemodialysis patients with coronary artery

disease and help predict outcome in certain patients.

Physioflow� is a new generation technique of non-

invasive measurement of aortic ejection by imped-

ance cardiography [14]. This technique involves

generation of an electrical signal and measurement

of beat-to-beat changes of thoracic bioimpedance via

dual sensors applied to the neck and thorax. Physio-

flow� performs continuous non-invasive measure-

ments of the following hemodynamic parameters:

heart rate, stroke volume, cardiac output/index,

contractility index, filling index, ejection fraction,

blood pressure profile (systolic, diastolic and mean),

systemic vascular resistance/index, left cardiac index

and calculations of end-diastolic filling ratio (EDFR)

[14, 15], which has been used to non-invasively assess

pulmonary capillary wedge pressure. Its accuracy

when compared to the Fick method analysis has been

found acceptable at rest and during exercise [14, 16].

Continuous non-invasive cardiovascular monitoring

during hemodialysis may therefore demonstrate

the pathophysiologic mechanisms of hemodynamic

disturbances.

In this prospective sequential clinical study, we set

out to evaluate clinical and hemodynamic parameters

associated with intradialytic hypotension, using

impedance cardiography.

Methods

The study was performed in a tertiary care hospital

dialysis unit, which provides hemodialysis therapy

for patients during hospital admissions and patients

with multiple co-morbidities and special medical

problems requiring close monitoring.

Dialysis protocol

All patients were dialyzed three or four times weekly,

3.5 to 5 h per session. The mean urea reduction rate

(% URR) in all patients was 65–75%. The dialysis
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was performed using a polyamide high flux dialyser

(1.3 m2). The ultrafiltration rate (% body weight

reduction) during dialysis sessions was adjusted

according to the presumed dry weight, assessed as

the post-dialysis patient’s weight when normotensive

and free of edema. The temperature of the dialysate

was kept constant at 36�C, while the dialysate flow

rate was kept at 500 ml/min. The dialysis sodium

concentration was kept constant at 138–140 mmol/l;

the dialysate chloride, bicarbonate and potassium

concentrations were 108, 35 and 1.5 mmol/l, respec-

tively.

Patients

Patients with end-stage kidney disease on chronic

hemodialysis from the above subgroup, who con-

sented to participate in the study, underwent evalua-

tion with the non-invasive bioimpedance cardiography

method (Physioflow�), before and during dialysis.

Exclusion criteria were: acute febrile infectious

illnesses, acute coronary syndromes, acute exacerba-

tion of congestive heart failure, major surgery within

the last 3 months, age under 18 and patients’ refusal to

participate in the study.

Study definitions

The ‘‘Unstable’’ Group was defined as patients with

at least one intradialytic decrease in systolic blood

pressure (SBP) of 20% or more relative to the

baseline value at the start of hemodialysis. All other

patients were included in the ‘‘Stable’’ Group.

Data collection

Clinical data were obtained including: demographic

data (age, sex, ethnic origin), physical signs (weight,

height), clinical status (ambulatory or hospitalized),

smoker or not, the indication for dialysis, the type of

hemodialysis access used and dialysis vintage. Addi-

tional data included previous and current medical

status, current medications especially cardiac

agents—beta-blockers, calcium channel blockers,

alpha blockers, antiarrhythmics, nitrates and angio-

tensin converting enzyme (ACE) inhibitors. Informa-

tion about left ventricular (LV) systolic and diastolic

function (obtained from echocardiograms of patients

performed during the last year), the presence of

chronic diseases such as hypertension, hyperlipid-

emia, arrhythmias, coronary bypass grafts were also

documented. For each case, previous episodes of

hemodynamic instability during dialysis were docu-

mented, including hemodynamic measurements,

symptoms and interventions undertaken, using the

hospital electronic database, medical files and docu-

mentation in the hemodialysis unit.

The following parameters were documented at the

start of dialysis: blood flow of ultrafiltration in ml/

min, hematocrit and serum sodium, calcium, phos-

phorus and albumin levels.

Hemodynamic monitoring

Electrodes were placed over the carotid artery, the

right and left sternal borders, under the xyphoid and

above the umbilicus, as indicated by the Physio-

flow� guidelines [14, 15]. Continuous monitoring of

real-time multiple hemodynamic and cardiac indices

30 min before, during and 30 min after hemodialy-

sis included: heart rate, systolic arterial blood

pressure, diastolic arterial blood pressure, mean

arterial blood pressure, filling index, cardiac output,

cardiac output index, estimated ejection fraction,

systemic vascular resistance, systemic vascular

resistance index and calculation of the end-diastolic

filling ratio (EDFR) during the pre-dialysis period.

The EDFR was defined as the diastolic amplitude of

the impedance cardiogram divided by the systolic

amplitude 9 100 in order to show a percentage [15].

EDFR is correlated with the end-diastolic pressure

and is a measure of preload. Measurements were

averaged every 20 beats in order to eliminate the

effect of respiration [17]. Data were saved and

analyzed using the Microsoft programming software

of the Physioflow�.

The study was started after institutional review

board approval.

Sample size analysis

Sample size was based on an expected difference

between the two study groups in EDFR. Assuming

that the difference in EDFR will be at least 10% with

an SD of 10%, then 20 patients per group and an

alpha (two tailed) of 5%, will provide a power of 87%

to prove a statistically significant difference.
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Statistical analysis

The cornerstone of the statistical analysis was

defining the unstable subgroup, and then multidirec-

tional analysis of the demographic, clinical and

hemodynamic data. Student’s-test was used to com-

pare continuous variables and Mann–Whitney U test

for non-parametric analysis. The Fisher’s exact test

was used to compare non-parametric categorical

variables. Assuming 10 cases per variable, multivar-

iate analysis was used to determine statistically

significant factors associated with intradialytic hypo-

tension as previously defined. All statistical analysis

was performed using the SPSS Inc. statistical pack-

age version 14.0.

Results

Fifty-two patients consented to participate in the

study. Four patients were excluded due to reading

artefacts originating from a faulty cable. Patients’

demographic and clinical characteristics are shown in

Table 1. Frequent intradialytic hypotensive episodes

were documented in 43 (86.9%) of the remaining 48

patients before the study. In 35 patients the hypoten-

sive episodes had been symptomatic, requiring intra-

venous saline administration. The recruited patients

underwent full non-invasive cardiac monitoring

before, during and after the hemodialysis session

(mean duration 3 to 5 h). During the study, 18

(37.5%) patients fulfilled the criteria for the unstable

group. 30 patients (62.5%) were stable during

dialysis. In the unstable group, 2 patients had 1

episode, 7 had 2 episodes, 1 had 3 episodes, 1 had 4

episodes, 2 had 5 episodes, 2 had 6 episodes, 2 had 7

episodes, and one patient had 9 episodes of hypoten-

sion. Figure 1 represents baseline systolic blood

pressure (SBP) measurements for patients included

in the study, minimal SBP measurements and percent

drop in SBP during dialysis.

Independent sample testing showed that multiple

factors like age, gender, smoking, percent weight loss

during dialysis, duration of dialysis, blood flow,

percent change in heart rate, hematocrit, serum

sodium, albumin, calcium and phosphorus did not

Table 1 Patients’

demographic and clinical

parameters

N = 48
a Data are mean ± SE
b defined as left ventricular

ejection fraction

(LVEF) \40%

LV left ventricular, ACE
angiotensin converting

enzyme, ARB angiotensin

receptor blockers

Number % Range

Gender (M/F) 28/20 58/42

Age (years) 59.3 ± 2.7a 22–85

Duration of hemodialysis treatment (years) 2.5 ± 0.2a 0.5–8

Diabetes mellitus 20 41.7

Hypertension 43 89.6

Ischemic heart disease 32 66.7

LV systolic dysfunctionb 29 60.4

LV diastolic dysfunction 31 64

History of arrhythmia 19 39.6

Previous cerebrovascular accident 14 29.2

Hyperlipidemia 44 91.7

History of smoking 20 41.7

Pre-dialysis body weight (kg) 71.2 ± 2.3a 39–102

History of intradialytic hypotension

Symptomatic hypotension

43

35

89.6

72.9

Concomitant medications

Beta blockers 22 45.8

Calcium channel blockers 21 43.8

ACE inhibitors and ARB 18 37.5

Anti-arrhythmics 21 43.8

Nitrates 19 39.6

Alpha blockers 13 27.1
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affect the quality of dialysis and were not signifi-

cantly different in the unstable when compared with

the stable patients (Table 2). More patients with a

history of ischemic heart disease (IHD) belonged to

the unstable group (P = 0.05) (Table 2). Out of the

18 patients with hypotension, 15 suffered from IHD.

More so, this subgroup of patients had more than one

episode of hypotension during the study hemodialysis

session (data not shown). Other conditions such as

previous coronary bypass grafting, left ventricular

systolic dysfunction, diastolic dysfunction, arrhyth-

mias, hyperlipidemia and hypertension were not

associated with an increased rate of hypotension

during dialysis (Table 2).

More patients in the unstable group were taking beta

blockers (12/18 patients, P = 0.037) and calcium

channel blockers (12/18 patients, P = 0.018)

(Table 2), but there was no difference in other drug

groups.

Baseline hemodynamic variables obtained before

the start of dialysis were similar in the stable and

unstable groups, except for a lower end-diastolic

filling ratio in the unstable group (Table 3). Changes

in filling index, cardiac output, ejection fraction and

systemic vascular resistance during dialysis were not

significant between the two groups (data not

shown).

When we examined the unstable group, we found

two distinct subgroups of patients: those with

decreased cardiac output (defined as patients with at

least one episode of decreased cardiac output index

during dialysis) were found to have a higher systemic

Table 2 Comparison of

clinical data between

hemodynamically stable

and unstable patients

* Data presented as

mean ± SE
a (decrease in body weight/

body weight) 9 100
b BMI-Body mass index

defined as weight/height in

meters2

c Pre-dialysis values

ACE angiotensin converting

enzyme, CABG coronary

artery bypass graft, LV left

ventricular

Stable (n = 30) Unstable (n = 18) P

Age (years)* 56.4 ± 3.2 64.2 ± 4.6 0.16

Gender (male) 20 (66.7%) 8 (44.4%) 0.15

Duration of dialysis (years)* 2.6 ± 0.3 2.4 ± 0.3 0.73

% weight reduction during dialysis*a 1.81 ± 0.73 2.41 ± 0.40 0.19

BMI (%)*b 25.03 ± 0.92 24.90 ± 1.45 0.94

Blood flow (ml/min)* 266 ± 9 251 ± 7 0.2

Hematocrit (%)* 30.2 ± 0.8 31.4 ± 1.1 0.4

Plasma sodium (mmol/l)*c 137.4 ± 0.7 136.7 ± 0.9 0.57

Plasma calcium (mmol/l)*c 2.10 ± 0.04 2.11 ± 0.06 0.67

Plasma phosphate (mmol/l)*c 1.73 ± 0.13 1.55 ± 0.16 0.4

Plasma albumin (g/l)*c 32.0 ± 1.0 33.3 ± 0.8 0.31

Ischemic heart disease 17 (56.7%) 15 (83.3%) 0.05

History of CABG 1 (3.3%) 1 (5.6%) [0.99

LV systolic dysfunction 20/29 (69.0%) 9/16 (56.3%) 0.52

Diastolic dysfunction 17/29 (58.6%) 14/17 (82.4%) 0.12

History of arrhythmia 12 (40%) 7 (38.9%) 0.94

Hypertension 27 (90%) 16 (88.9%) [0.99

Diabetes mellitus 11 (36.7%) 9 (50%) 0.36

Hyperlipidemia 28 (93.3%) 16 (88.9%) 0.62

History of smoking 19 (63.3%) 8 (44.4%) 0.2

History of cerebrovascular accident 7 (23.3%) 7 (38.9%) 0.25

History of symptomatic hypotension 19 (63.3%) 16 (88.9%) 0.09

Medication

Beta blockers 10 (33.3%) 12 (66.7%) 0.037

Calcium channel blockers 9 (30%) 12 (66.7%) 0.018

ACE inhibitors 10 (33.3%) 8 (44.4%) 0.54

Anti-arrhythmics 12 (40%) 9 (40%) 0.56

Nitrates 11 (36.7%) 8 (44.4%) 0.76

Alpha blockers 9 (30%) 4 (22.2%) 0.74
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vascular resistance. Those with a stable cardiac

output were found to have reduced systemic vascular

resistance (Table 4). These may represent separate

groups of patients with different pathophysiologic

mechanisms of intradialytic hypotension, such as

increased vascular resistance associated with a failing

or ischemic heart, or vasodilation due to autonomic

dysfunction, inefficient compensatory vasoconstric-

tion and sepsis.

Multivariate analysis was performed using two

models, including clinical variables (1st model,

Table 5a) and hemodynamic variables (2nd model,

Table 5b). The use of beta blockers was associated

with an increased risk of hemodynamic instability

during hemodialysis, with an odds ratio of 4.067

(Table 5a). Patients on calcium channel blockers also

had an increased risk of hemodynamic instability

during hemodialysis (odds ratio of 6.19) (Table 5a).

Patient order by %SAP Drop

S
A

P
 D

ro
p

S
A

P
   

   
 

SAP Baseline (mmHg)
SAP Minimal (mmHg)    
SAP Baseline-Minimal 

% SAP Drop                
20% SAP Drop            

Fig. 1 Baseline systolic blood pressure and drops during

dialysis, SAP—systolic arterial pressure. Patients with a drop

of 20% or more in systolic blood pressure during dialysis are

defined as the ‘‘unstable group’’ (right of the dotted vertical
line-patient number 31)

Table 3 Hemodynamic variables obtained before dialysis in the stable and unstable groups

Stable patients n = 30 Unstable patients n = 18 P

Baseline heart rate (bpm) 86.5 ± 4.15 74.5 ± 4.03 0.064

Baseline filling index 10.4 ± 0.58 10.9 ± 1.16 0.68

Baseline COI (l/min/m2) 4.07 ± 0.37 4.5 ± 0.44 0.46

Baseline SVRI (dyns cm5 m2) 2133 ± 140.5 2246 ± 205.6 0.64

End diastolic filling ratio (% EDFR) 120 ± 5.57 94.28 ± 9.55 0.016

Data presented as mean ± SE

COI cardiac output index, SVRI systemic vascular resistance index

Table 4 Hemodynamic changes during dialysis in the unsta-

ble group (n = 18)

Decreased COI*

(n = 11)**

Stable COI (n = 7) P

Change in heart rate (bpm)

Mean ± SE 1.5 ± 2.8 15.7 ± 9.2 0.151

Median 2 5

Change in filling index

Mean ± SE 0.55 ± 0.45 0.29 ± 0.94 0.724

Median 1 -1

Change in systemic vascular resistance (dyns cm5)

Mean ± SE 114.6 ± 96.8 -344.3 ± 93.1 0.005

Median 52 -409

Data presented as mean ± SE

* COI cardiac output index

** At least one episode of decrease in cardiac output index

during dialysis
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Multivariate analysis showed that the administration

of beta and calcium channel blockers was more

dominant than the presence of IHD per se.

In the hemodynamic model, the only significant

factor was a reduced EDFR in the pre-dialysis period

(Table 5b), where each percent increase in EDFR,

reduced the risk of intradialytic hypotension by 0.97.

This may represent a marker for lower left ventricular

diastolic filling in the unstable group, which may

predispose to intradialytic hypotension. Overall, 1-

year mortality for patients in the unstable group was

9/18 (50%). Seven patients died of cardiovascular

complications (78%) and 2 from sepsis. One-year

mortality in the stable group was 40% P = 0.08.

There was also a high 1-year mortality rate in the

group of patients on beta blockers (58%).

Discussion

To better define the mechanisms of hemodynamic

instability during hemodialysis, non-invasive contin-

uous monitoring using cardiac impedance was per-

formed in a selected group of hemodialysis patients

with a history of frequent hypotensive episodes and

multiple co-morbidities. Eighteen (37.5%) patients

developed hypotensive episodes during the monitor-

ing period.

The causes of intradialytic hypotension are multi-

factorial, including reduced refilling and intravascular

depletion [18, 19], autonomic [20] and diabetic

neuropathy, poor cardiac reserve and arrhythmias.

Other factors that may influence intradialytic hemo-

dynamics include antihypertensive medications and

the release of mediators such as lymphokines, nitric

oxide and adenosine, as a result of contact with the

dialyser membrane [21]. Appropriate therapy of

intradialytic hypotension includes: stopping the dial-

ysis, decreasing the ultrafiltration rate, raising the

intravascular volume with infusion of fluids and

placing the patient in the Trendelenburg position.

Methods to prevent intradialytic hypotensive epi-

sodes include determination and correction of the dry

weight of each patient on hemodialysis to avoid

hypovolemia due to excessive ultrafiltration [18], the

use of automatic feedback systems to assess and

control blood volume changes during dialysis [22],

where the ultrafiltrate volume of plasma is deter-

mined at an optimal rate for each patient, to minimize

hemodynamic disturbances [23]. Intermittent sodium

administration is an established method aimed at

increasing refilling of the intravascular compartment

[7, 24]. Sodium (Na) profiling and ramping has also

been shown to reduce dialysis-induced hypotension

[25–27]; however, these have been associated with

fluid overload and hypertension [28, 29]. Straver

et al. have shown that sodium-balanced Na-profiled

hemodialysis maintains blood pressure without pro-

viding patients with a sodium load, most probably

due to stroke volume preservation [29]. Rubinger

et al. have examined the correlations between the

long-term development of hypertension in dialysis

patients, heart rate variability as a measure of

autonomic dysfunction and exposure to high dialysate

sodium concentrations [30]. They found that the

development of hypertension after 1 year was only

partly related to dialysate sodium concentrations, and

that a subset of patients who developed hypertension

exhibited increased heart rate variability. Na-profiling

may therefore be used carefully for prevention of

Table 5 Predictors of

hemodynamic instability in

hemodialysis patients based

on logistic regression

analysis

* CI confidence interval

EDFR end diastolic filling

ratio, SVR systemic vascular

resistance

Odds ratio 95% CI* P

Model 1—Clinical variables

Calcium channel blocker treatment 6.19 1.465–26.16 0.013

Beta blocker treatment 4.07 0.982–16.84 0.05

Ischemic heart disease 3.83 0.757–19.336 0.105

Model 2—Hemodynamic variables

EDFR 0.97 0.946–0.992 0.009

Change in SVR 0.99 0.995–1.0 0.095

Change in heart rate 1.07 0.989–1.112 0.076

Change in filling index 0.92 0.993–1.145 0.546

Change in cardiac output index 0.71 0.364–1.387 0.316
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hypotensive episodes in certain hemodialysis

patients; however, this may be associated with

increased thirst, water intake and interdialytic weight

gain.

Patients with congestive heart failure and poor

myocardial contractile reserve are more prone to

hemodynamic disturbances and hypotension during

hemodialysis than other categories of patients [31,

32]. In one study, dobutamine stress echocardiogra-

phy in 18 hypotension-prone dialysis patients was

compared with that of 18 hypotension-resistant

patients [31]. Impaired myocardial contractile reserve

rather than ischemia was found to be the major

mechanism for hypotension. Short-term regulatory

mechanisms to acute hypovolemia during dialysis

include decreased venous capacitance, increased

vascular resistance and increased heart rate and

contractility [33]. In a mathematical model using

blood volume decrease, heart rate and mean arterial

blood pressure, Cavalcanti et al. have shown that

patients may be divided into three groups: hypovol-

emia-sensitive patients, patients with delayed hypo-

tension and hypotension-resistant patients [33] based

on their regulatory mechanisms to hypovolemia.

Straver et al. have evaluated hemodialysis patients

using impedance cardiography [34, 35]. They have

shown that symptomatic intradialytic hypotension

was associated with a significant decrease in systemic

vascular resistance and reduced venous return, most

probably caused by an inadequate response to

ultrafiltration. They did not find evidence of auto-

nomic dysfunction in these patients. A recent paper

that examined the baroreflex mechanism during

intradialytic hypotension showed that these mecha-

nisms remain intact and suggests other mechanisms,

such as ventricular failure and reduced vascular tone,

as risk factors for intradialytic hypotension [36]. Our

data suggest that patients in the unstable group

demonstrated either decreased cardiac output, which

may be due to cardiac ischemia or vasoconstriction,

or maintained cardiac output associated with

decreased peripheral vascular resistance, which may

represent inefficient compensatory mechanisms, auto-

nomic dysfunction or sepsis (Table 4). More patients

in the unstable group had a history of ischemic heart

disease, which may represent a sicker group of

patients with diminished cardiac reserve. The very

high mortality in this group of patients supports the

previously reported association between intradialytic

hypotension and increased mortality [37].

An additional important factor is the baseline

central blood volume (CBV). Correlations have been

found between CBV and intradialytic hypotension.

Cordtz et al. have assessed CBV using thoracic

admittance and cardiac function using central venous

saturation [38]. They found that reduced baseline

thoracic admittance was associated with intradialytic

hypotension, and that the central venous saturation

was reduced in these patients, suggesting a decrease

in cardiac output. Our study has demonstrated a

reduced baseline end-diastolic filling ratio (EDFR) in

the unstable group. EDFR is a marker of preload and

should typically increase in patients with fluid

overload and congestive heart failure [15]. A

decreased EDFR shows a reduced blood volume,

which may be associated with hypotension. The

reduced pre-dialytic EDFR in the unstable group may

be regarded as a marker for decreased preload

predisposing these patients to hypotension. Signifi-

cant differences were not found in the baseline and

intradialytic filling index, cardiac output and systemic

vascular resistance between the two groups.

Multiple studies in the last years have shown that

beta-blockers and calcium-channel blockers can

reduce morbidity and mortality [39, 40]. However,

our study has shown that patients who suffer from

IHD and those who are treated with beta-blockers

and/or calcium channel blockers may have a greater

tendency towards hemodynamic instability during

dialysis. As mentioned earlier, we hypothesized that

one of the main reasons for hypotension and hemo-

dynamic instability during hemodialysis is autonomic

dysfunction, most severe in diabetic patients. Diabe-

tes, however, was not found to be statistically

associated with hypotension during hemodialysis

(P = 0.385).

One of the limitations of our study is the fact that

the patient population was heterogeneous, with

different pathophysiology, as we have shown. More

so, many patients had co-morbidities, as can be

expected in a hospital-based dialysis unit and as can

be deduced from the high overall mortality. This may

therefore limit the capability to obtain uniform

prognostic parameters for this group of patients as a

whole. We chose to use percent systolic blood

pressure drop and not absolute blood pressure
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measurements to define the ‘‘unstable group’’, as

patients who have high or normal baseline systolic

blood pressures may still experience symptomatic

hypotension during dialysis. Our primary endpoint

for statistical power was based on the difference in

EDFR between the two groups. We did not calculate

the power for other specific calculations.

Our study has shown that continuous non-invasive

hemodynamic monitoring using impedance cardiog-

raphy can help evaluate critical parameters that may

contribute to hemodynamic dysfunction during dial-

ysis. We have shown that the end-diastolic filling

ratio may be a predictor of hemodynamic instability

during dialysis, suggesting reduced left ventricular

filling. We have also demonstrated that cardiovascu-

lar instability may be explained by different physio-

pathological mechanisms (reduced cardiac output or

reduced vascular resistance), which may be diag-

nosed with this non-invasive technique and used to

guide specific preventive measures. Other factors,

such as the presence of IHD, and the use of beta-

blockers and calcium-channel blockers, were found

to be associated with hemodynamic instability during

dialysis, whereas the use of other drugs or the

presence of diabetes were not. These findings provide

us with the ability to optimize the treatment of

patients on chronic hemodialysis who require therapy

for hypertension, congestive heart failure and ische-

mic heart disease.

Non-invasive impedance cardiography may be

used to evaluate risk factors for intradialytic hypo-

tension and to assess hemodynamic changes in

hypotension-prone patients. Further research is

needed to assess different pathophysiological mech-

anisms of hemodynamic changes during dialysis and

the optimal interventions required.
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