
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Noninvasive haemodynamic studies in haemodynamically challenged patients

Boon, D.

Publication date
2003

Link to publication

Citation for published version (APA):
Boon, D. (2003). Noninvasive haemodynamic studies in haemodynamically challenged
patients. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/noninvasive-haemodynamic-studies-in-haemodynamically-challenged-patients(8b2c1815-ce86-492d-9a43-894823586d16).html


7 
Blood pressure response to 

uncomplicated haemodialysis; the 
importance of changes in stroke 

volume 

Submitted 



CHAPTER 7 

Introduction 
The blood pressure (BP) response and underlying hemodynamics during hemodialysis (HD) 

have been studied extensively. [1-6] Most studies focused on the cause of dialysis induced 

hypotension. Hypotensive episodes have been explained by inadequate cardiac filling, 

induced in part bv inadequate venous compliance, [7] temperature induced decreases in total 

peripheral resistance, [8] decreased cardiac contractility and sympathetic inhibitor}' reflexes 

induced by cardiac underfilling. [6] In uncomplicated HD, i.e. in patients without hypotensive 

complaints, a large variation in BP response is still present. Controversy exists whether this 

response can largely be attributed to a change in stroke volume, or a change in peripheral 

resistance. [1,5] From a pathophysiological viewpoint this seems an important question to 

answer, not only to gain more insight in the mechanisms that underly BP changes during HD, 

but also to help prevent hypotensive or hypertensive episodes during HD. One technique 

introduced to predict hypotensive episodes is blood volume (BV) monitoring. However, 

changes in BV alone do not predict the BP response to HD. [9] 

The objective of the present study was to investigate the relative importance of stroke 

volume and total peripheral resistance by performing continuous hemodynamic and BY 

measurements in unselected HD sessions. This enabled us to relate BP changes to changes in 

BV. 

Methods 
Patients 

Patients who were stable on HD for at least 2 months were investigated. Subjects were 

selected on grounds of the following criteria: technical possibility of finger arterial pressure 

recording and BV registration and willingness to provide written informed consent. Eight 

patients have been described previously in a study in which the influence of HD on cardiac 

supply and demand was investigated. [4] 

Dialysis 

Patients were dialyzed with an AK-100 (Gambro, Stockholm, Sweden) or Fresenius 4008 H 

(Fresenius Medical Care, Bad Homburg, Germany) on polysulfone or cellulose triacetate 

membranes. Dialysis times ranged from 180 to 240 minutes. Hemodialysis and ultrafiltration 

were combined, adapted as needed to achieve the clinically determined dry weight. The 

composition of the dialysis fluid was NaT 138 mmol/L, K+ 2-4 mmol/L, Ca++ 1.25-1.5 

mmol/L, Mg+ 0.5 mmol/L, Cl _ 108.5 mmol/L, bicarbonate 32 mmol/L, acetate 3.0 

mmol/L, glucose 1 g/L. Dialysate temperature was kept at 36 °C. 
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B V and BP recording 

During dialysis BV was measured continuously during dialysis with an optical probe on the 

arterial line of the extracorporeal circuit (Critline, ln-Line Diagnostics, Riverdale, UT). The 

changes in BV were calculated from the changes in hematocrit and expressed as % change 

from baseline. 

The blood pressure was recorded continuously with Portapres model-2 (BMI-TNO, 

Amsterdam, the Netherlands), which is the portable version of the Finapres. [10] In short, a 

pressure waveform is constructed by clamping the finger volume through servo-loop 

controlled photoplethysmography, from which systolic, diastolic and mean pressures are 

calculated. In patients with a AV-fistula for vascular access, the non-fistula arm was taken. 

Although absolute BP values may differ from more centrally measured pressures, this 

technique allows accurate tracking of BP, even in patients with vascular disease. [11] 

Analysis 

BP was converted to a digital signal with a sampling rate of 100 Hz. Systolic, mean and 

diastolic blood pressures (SBP, MAP and DBP) and heart rate (HR) were stored on a 

computer and used for further analysis. Modelflow (TNO-BMI) [12] calculations provided 

changes in stroke volume (SV), cardiac output (CO) and total peripheral resistance (TPR). 

Without individual calibration with another technique, the Modelflow derived absolute 

estimates of SV, and subsequently CO, show a 20% error, introduced by the fact that the 

diameter of the aortic arch varies by approximately 20% in the general population. However, 

changes in CO, as calculated with Modelfow, follow changes in CO measured by 

thermodilution with a 2% error, standard deviation 8% in patients with symptomatic vascular 

disease undergoing heart surgery, [12] as confirmed in a more recent study. [13] Since we 

were interested in changes in hemodynamic parameters during hemodialysis, we did not 

perform a calibration with an independent technique. Changes in these parameters were 

expressed as % changes from baseline. 

For BV, we used 20 second averages as provided by the instrument. Every 30 minutes a value 

was recorded and used for further calculations. 

For all parameters a baseline value was calculated (2 minute averages, t=0, after a 10 minute 

rest period) before start of haemodialvsis, and every 30 minutes thereafter (t=30, 60, 90, 120, 

180, 210 and 240 minutes). 

We divided the patients into 2 groups according to the magnitude of SBP change during HD 

divided by the change in BV. This measure, the so-called sensitivity index (SI), [14] gives 

more information than the SBP change alone, since the amount of BP change is corrected for 

the amount of BV reduction: patients with a large decrease in SBP and a small change in BV 
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Figure 7.1 Typical example of the calculation of the Sensitivity Index (SI). SI is obtained 
by calculating the slope of the regression line fitted through the points connecting the 
change in systolic blood pressure (SBP) and the change in blood volume (BV), both as 
expressed as percentage change from baseline, as measured during haemodialvsis. 

have a higher sensitivity index than patients with a large decrease in SBP and a large decrease 

in BV. We obtained these indexes by fitting a regression line through the points connecting 

SBP and BV change in each individual, using the slope of that line as SI (see Figure 7.1). The 

patient group was divided according to the SI; the closest round number to the calculated 

median of all Si's was taken to obtain two equal sized groups. 

Statistical analysis 

All values are expressed as mean + standard deviation. All parameters were tested to have a 

normal distribution. Serial changes were tested for significance with a two-sided analysis of 

variance (ANOVA), and in case of statistically significance the p-value was calculated with a 

two-sided paired students / test, comparing baseline values to post-dialysis values. Unpaired t 

tests were used to compare group averages. 

Correlation coefficients were calculated using Pearson's test. 
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Results 
Patients 

Twenty-one patients were investigated. In two patients unreliable signals were obtained, 

resulting in 19 patients that were included in the final analysis (10 men and 9 women, age 56 

± 18 years, range 19-85 years). Patients were on dialysis for 6.4 years, range 0.2-17 years. All 

patients except 6 were treated with vasoactive substances (Calcium-antagonists in 9 patients; 

B-blocking agents in 8 patients, long-acting nitrates in 5 patients, ACE-inhibitors in 4 

patients, Alfa-blocking agents in 2 patients). None of the patients had experienced a 

myocardial infarction or had been treated for acute heart failure in the 6 previous months. 

Sensitivity index (SI) 

The median of the all Si's was 0.93. Thus, patients were divided in group A, SI > 1, and 

group B, SI < 1. Group A (i.e. subjects with a relatively large decrease in BP in response to 

BV decrease) consisted of 9 subjects (mean SI 2.2, range 1.1 - 4.6), group B (those with a 

relatively stable BP in response to BV decrease) consisted of 10 subjects (mean SI -0.6, range 

-6.3 - 0.9). Baseline characteristics are summarized in Table 7.1. Differences between the two 

groups did not reach statistical significance in any of the baseline parameters. 

Table 7.1. Baseline characteristics 

No. of patients 
Male/Female 
Age (range) 
HlJ duration (years (range)) 
Diabetes 
Fluid withdrawn (ml) 
Medication use (No. of patients) 

Ca-antagonists 
Beta-blocking agents 
Nitrates 
ACE-inhibitors 
Alpha-blocking agents 

Baseline Haemodvnamics 
SBPfinap (mmHg) 
MAPfinap (mmHg) 
DBPfmap (mmHg) 
HR (bpm) 

(, 
9 

roup A (SI > 

5/4 
55 (35-64) 
6.0 ±6 .4 (0.2 1 
3 
2333 ± 1152 
5 

4 
2 
2 
3 
1 

126 ± 19 
75 ± 10 
54 ± 1 1 
73 ± 11 

1) 

7) 

G 
10 
5 / 
57 

•oup B (SI < 1) 

5 
(19-85) 

6.8 ± 4.2 (2-16) 
2 
2120 ± 909 
8 

5 
6 
3 
1 
1 

145 ± 39 
87 ± 2 1 
63 ± 15 
81 ± 10 

Abbreviations: HD, haemodialvsis; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; MAP, mean arterial blood pressure; SI, sensitivity index. 
A high value of SI indicates the hvpotension prone patients, a low value hypotension resistant 
patients. Values are expressed as mean ± SD where appropriate. 
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Blood volume 

There was no difference between group A and group B in the amount of fluid withdrawn: 

group A had an ultrafiltered volume of 2333 ± 1152 ml and group B of 2120 ± 909 ml. This 

resulted in a similar BV change: group A had a decrease in BV of 10.6 ± 4 .9% and group B 

11.2 ± 4.2%. There was a strong correlation between the amount of fluid withdrawn and the 

change in BV (r2 = 0.42, p<0.01) , but B V change was insufficient to predict the response in 

SBP (r2 = 0.05, NS, Figure 7.2). 

Figure 7.2. Relation 
between changes in 
blood volume (BV) and 
changes in systolic 
blood pressure (SBP). 
There was no relation 
between the change in 
BV and the change in 
SBP. 
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Hemodynamics 

N o n e of the patients experienced symptomatic hypotension during the H D session. As 

shown in Figure 7.3, in group A SBP decreased by 25 + 19 m m H g while in group B the SBP 

increased by 5.0 ± 29 m m H g (p<0.05). T h e changes in D B P (group A 4 ± 13 m m H g , group 

B 12 ± 15 mmHg) , M A P (group A - 5 ± 13 m m H g , group B 9 ± 20 m m H g and H R (group 

A 9 ± 11 b p m and B 6 ± 10 bpm) were not different between the two groups. 

T h e underlying hemodynamics, as shown in Figure 7.3, revealed that the difference in SBP 

response was elicited by a significant difference in SV response. In bo th groups SV 

decreased, but in group A the decrease at the end of the H D session was 44 ± 16%, and in 

group B 26 ± 18% (p = 0.04). This difference was also present in the C O decrease (39 ± 

1 1 % in group A vs. 23 ± 14% in group B, p = 0.01) due to the fact that the H R response was 

almost similar in both groups. Although there was an important increase in T P R in all 

patients but one (65 ± 44%, p<0.0001), this was not different between the two groups (71 ± 

2 7 % in group A vs. 59 ± 5 8 % in group B). 
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Figure 7.3. Haemodynamic 

response during haemodialysis in 

group A (solid circles; sensitivity 

index > 1 i.e. lower blood pressure 

during HD) and group B (open 

circles, SI < 1 i.e. relatively stable 

BP) 

Abbreviations: BV, blood volume, 

SBP, systolic blood pressure; DBP, 

diastolic blood pressure; MAP, mean 

arterial blood pressure; HR, heart 

rate; SV, stroke volume; CO, cardiac 

output; TPR, total peripheral 

resistance. Note that changes in 

blood pressure and heart rate 

(portapres derived) are depicted in 

absolute values, and that changes in 

SV, CO and TPR are expressed as 

percentages from baseline. Values 

are means + / - SE. 

# All baseline values were not 

statistically different between the 

groups 

* Change from baseline value at the 

end of dialysis in group A and B was 

compared, p < 0.05 

93 



CHAPTER 7 

Indeed, there was a significant relation between changes in SY and changes in SBP (r2 = 0.22, 

p = 0.04), but not between TPR response and change in SBP (r2 = 0.02, NS). 

Hemodynamics 

None of the patients experienced symptomatic hypotension during the HD session. As 

shown in Figure 7.3, in group A SBP decreased by 25 ± 19 mmHg while in group B the SBP 

increased by 5.0 ± 29 mmHg (p<0.05). The changes in DBP (group A 4 ± 13 mmHg, group 

B 12 ± 15 mmHg), MAP (group A -5 ± 13 mmHg, group B 9 ± 20 mmHg and HR (group 

A 9 + 11 bpm and B 6 + 10 bpm) were not different between the two groups. The 

underlying hemodynamics, as shown in Figure 7.3, revealed that the difference in SBP 

response was elicited bv a significant difference in SV response. In both groups SV 

decreased, but in group A the decrease at the end of the HD session was 44 + 16%, and in 

group B 26 + 18% (p = 0.04). This difference was also present in the CO decrease (39 + 

11% in group A vs. 23 ± 14% in group B, p = 0.01) due to the fact that the HR response was 

almost similar in both groups. Although there was an important increase in TPR in all 

patients but one (65 + 44%, p<0.0001), this was not different between the two groups (71 ± 

27% in group A vs. 59 ± 58% in group B). Indeed, there was a significant relation between 

changes in SV and changes in SBP (r2 = 0.22, p = 0.04), but not between TPR response and 

change in SBP (r2 = 0.02, NS). 

Discussion 
Many studies have investigated the hemodynamic changes in response to HD. The change in 

BP has been found to vary widely; some patients develop hypotension, while others have an 

increase in BP during HD. BV monitoring was supposed to provide more insight into the 

hemodynamics of uncomplicated HD and to be helpful in preventing hypotensive episodes. 

However, changes in BV alone do not predict the BP response to HD. We investigated the 

value of changes in SV and TPR and found that patients who tended to have a lower BP as a 

result of hemodialysis had a larger decrease in SV than patients without a tendency to a lower 

BP. TPR, on the contrary, increased similarly in both groups. 

This finding concurs with the study of Nakamura et ah. [5] These authors selected their 

patients depending on the BP response during HD (decrease in MAP > or < 10%) and 

estimated CO using echocardiography. In their study the SV decreased by 31% in the 

hypotension group, while it decreased only 6% in the stable BP group. Chaignon et al. also 

divided their patients according to the change in MAP, and they also used echocardiography 

to study hemodynamics. [1] These authors ascribed the BP response to a difference in TPR 

response: those with a stable BP had an appropriate increase in TPR, while those with a 
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decrease in BP did not have a change in TPR. An important difference between the study 

from Chaignon et al and ours, is that their subjects did not exhibit a change in HR, while in 

our patients an average increase of 8 ± 10 bpm was found. This increase in heart rate agrees 

with other studies investigating hemodynamics during HD. [4,14-16] 

In other studies describing an inadequate TPR response, patients with recurrent, symptomatic 

[17] or sudden, severe hypotension [6] were investigated In the present study a random, 

consecutive sample of patients without symptomatic hypotension wTas studied. This provides 

a possible explanation for the discrepancy between those studies and our results. 

In contrast to many previous studies we also monitored changes in BV. This allowed us to 

use the SI as proposed by Cavalcanti et al. [14] This index corrects the BP response for 

differences in BV reduction and allowed us to study the question why some patients respond 

with BP lowering to BV reduction, while others do not. BV changes alone were not sufficient 

to predict the decrease in BP (Figure 7.2), which is in agreement with the findings of 

Leypoldt et al. [9] We used SBP for the calculation of the SI, instead of MAP, because 

changes in SBP are important for organ perfusion. Furthermore, changes in SBP relate more 

closely to the cardiac afterload than changes in MAP or DBP. 

Because we were able to measure hemodynamics continuously, SI was derived from the 

continuous relationship between the SBP and BV, and not just a baseline value and post-

dialysis value, which may be subject to large variations due to small differences in timing, and 

which does not take into account the shape of the curve describing the relation between SBP 

and BV. 

In our study SV, and subsequently CO, differed between patients with a SI > 1 (lower BP 

during HD) and SI<1 (relative stable BP). The more pronounced decrease in SV in group A 

might theoretically be explained by differences in cardiac contractility and/or differences in 

cardiac filling. Although the change in BV was similar in both groups, we cannot rule out that 

venous dilatation was different between the groups. As such, in this study it is not possible to 

distinguish between a difference in venous dilatation, or a difference in cardiac function as 

the primary cause of the larger decrease in SV in group A. We did not measure the hydration 

status in the patients; all patients were clinically euvolemic. The fact that similar amounts of 

ultrafiltration caused similar decreases in blood volume, suggests that the hydration 

status was similar in both groups. 

A potential reason for a difference in cardiac contractility is the use of medication with 

negative inotropic effects. However, this cannot explain our results since the use of such 

medication was larger, albeit not significantly different, in group B, i.e. the group without BP 

decrease. The statistically non-significant difference in beta-blocker use between the two 
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groups neither provided an explanation for our results, since heart rate response was similar 

between the groups. 

Our methods should be used with caution. Finger arterial BP measurement with Finapres 

technique allows tracking of the BP with sufficient accuracy, but absolute values may differ 

from brachial BP. [11] Especiallv in elderlv or in subjects with atherosclerotic disease the 

finger arterial pressure might underestimate more centrally measured pressures. Since we 

were interested in the change in BP, independent of the absolute value of the BP, this was not 

a hindrance for the study. The Modelflow method enables us to monitor SV continuously in 

a noninvasive way. This method has undergone extensive validation in different subsets of 

patients. [10,11,18-22] Again, when calibration is not performed, relative changes compared 

to baseline values should be used, as was done in the present study. Ideally one would use 

invasive techniques to measure hemodynamics, but this was deemed unethical in stable 

chronic hemodialysis patients. 

Normally, changes in SV are not easy to measure, but with our methods noninvasive 

monitoring of hemodynamics is possible. Since the SV was the only parameter in which 

group A and B differed, further research into its value in predicting hypotensive episodes and 

in increasing hemodynamic stability during HD is warranted. 

It can be concluded that patients responding with a blood pressure decrease to BV reduction 

were different from patients with a stable BP in their SV response. The SV response could 

not be predicted from clinical data and from vasoactive medication used. 
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