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Myocardial markers are highly altered by higher rates
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INTRODUCTION

Hemodialysis is a lifesaving therapy in patients with
kidney failure. Patients treated with chronic hemodialysis

Michael Ott* |

Bernd Stegmayr’

Abstract

Introduction: Although hemodialysis is lifesaving in patients with kidney
failure extensive interdialytic weight gain (IDWG) between dialyses worsens the
prognosis. We recently showed a strong correlation between IDWG and predialy-
tic values of cardiac markers. The aim of the present study was to evaluate if the
cardiac markers N-terminal pro-B-type natriuretic peptide (proBNP) and troponin
T were influenced by IDWG and speed of fluid removal (ultrafiltration-rate).
Methods: Twenty hemodialysis patients performed in total 60 hemodialysis
(three each). Predialytic values of proBNP and troponin T and changes from
predialysis to 180 min hemodialysis (180-0 min) were compared with the
IDWG calculated in percent of body weight. The ultrafiltration-rate was
adjusted (UF-rate,q;) to IDWG: (100 x weight gain between dialysis [kg])/
(estimated body dry weight [kg] x length of hemodialysis session [hours]).
Results: UF-rate,q; correlated (Spearman) with (1) predialytic values of IDWG
(r = 0.983, p < 0.001), proBNP (r = 0.443, p < 0.001), and troponin T (r = 0.296,
p = 0.025); and (2) differences in proBNP gy omin (* = 0.572, p < 0.001) and
troponin T;gy_omin (¥ = 0.400, p = 0.002). UF-rates,q; above a breakpoint of 0.60
caused more release of proBNPig gmin (p = 0.027). Remaining variables in
multiple regression analysis with ProBNP;g4 omin as dependent factor were predia-
lytic proBNP (p < 0.001) and the ultrafiltration-rate (p < 0.001).

Conclusion: Higher UF-rate,q; during dialysis was correlated to increased
levels of cardiac markers. Data support a UF-rate,q; lower than 0.6 to limit
such increase. Further studies may confirm if limited fluid intake and a lower
UF-rate,q; should be recommended to prevent cardiac injury during dialysis.
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generally have a shorter life expectancy."” One main
reason for shorter life expectancy is the development of
cardiovascular diseases in patients with chronic kidney
disease.® In dialysis patients, cardiovascular diseases and
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infections are especially prevalent.* Further, myocardial
stunning is notably developed in chronic hemodialysis
patients in contrast to those performing peritoneal dialy-
sis, and is independently associated with high ultrafiltra-
tion volumes.>°

Before dialysis, markers of myocardial strain such as
N-terminal pro-B-type natriuretic peptide (proBNP), troponin
T,”"! and pentraxin-3 (pentraxin)'' are frequently increased.
These cardiac markers increase even further under hemodi-
alysis despite removal of uremic toxins and fluid.'*"*

Since most hemodialysis patients have limited urine
production, many patients retain water between hemodi-
alysis sessions, reflected as weight gain. Such weight
gain, in percent of the patient’s estimated normal body
weight, is reported as interdialytic weight gain IDWG)."”
High IDWG constitutes a risk for increased morbidity of
the patient,"* " and is a strong predictor for shortened
life expectancy in dialysis patients.'>'®

In a previous study, we found a strong correlation
between IDWG and the predialytic values of the cardiac
markers proBNP, troponin T, and pentraxin-3."" In addition,
the study showed that patients with an IDWG above 2.5%
also had a greater increase of proBNP during hemodialysis."*

The aim of the present study was to evaluate if the
cardiac markers proBNP and troponin T were influenced
by IDWG and speed of fluid removal (ultrafiltration).

PATIENTS AND METHODS

This study was performed in the framework of a previ-
ously conducted prospective study. Information on demog-
raphy, material, methods, and other variables were
published in detail elsewhere.'" In brief, 20 chronic hemo-
dialysis patients were included. All patients performed,
besides their regular dialyses, one hemodialysis in three
consecutive weeks within the frame of the study. That
way, for each patient, a total of three hemodialysis sessions
were assessed. Patients were informed and consented to
participate in the study. The study complied with the Dec-
laration of Helsinki and was approved by the local ethics
committee in Umea, Sweden (EPN 05-138M, addition date
October 16, 2007; EPN2012-42-31M, March 6, 2012).
Dialyses were done using Fresenius 4008 and 5008 moni-
tors and Gambro monitors 200. Low-flux dialyzers were used
to minimize elimination of proBNP, troponin T and
pentraxin-3 by dialysis. The present study focused on the
values predialysis (pentraxingmp, ProBNPouy,, troponin
Tomin) and 180 min into hemodialysis (proBNP;gomins
troponin Tigomin), as well as the difference between these
two (8proBNP;gg_gmin, Stroponin T;go_omin). The impact of
a specific ultrafiltration-rate depends on the body constitu-
tion. For instance, removal of 1000 mL/h has different

implications in a patient weighing 100 kg than in a patient
weighing 50 kg. We therefore adjusted ultrafiltration-rate
(UF-rate,q;) to IDWG using the following formula:
(100 (%) x weight gain between dialyses [kg])/(estimated
body dry weight [kg] x length of hemodialysis session
[hours]). Assuming a hemodialysis session of 4 h, a weight
gain of 4 kg would yield a UF-rate,q; of 1.0 in a patient
with an estimated body dry weight of 100 kg and 2.0 in a
patient with 50 kg.

We corrected laboratory values of proBNP and troponin
T for dilution by infusion or concentration by removal of
fluid of the intravascular volume by using the formula for
change in erythrocyte volume fraction by Schneditz et al.'”

Since the half-lives of cardiac markers are short, each
hemodialysis was considered independent from the previ-
ous and following treatment.

Laboratory variables analyzed within 2 h of sampling:
hemoglobin (Hb, reference value 100-120 gL "), erythro-
cyte volume fraction (reference value 0.30-0.36) to correct
for change in plasma concentrations.

Analysis of stored samples included highly sensitive
troponin T (reference value <15 ng/L, Roche) and proBNP
(reference value <150 ng/L for patients aged 0-74
and < 450 ng/L for elderly, Roche). Analysis of pentraxin
3 (pentraxin, Perseus Proteomics Inc., Tokyo, Japan, refer-
ence value <3.5pg/L) was included as a marker for
inflammation and endothelial state. Samples representing
each patient were analyzed in one batch.

ProBNP upper limit of analysis for the laboratory was
70,000 ng/L. For patients surpassing 70,000 ng/L, 70,000
was set for predialysis. An increase of proBNP above this
value during hemodialysis could not be calculated. The
study included ejection fraction measured from a predialysis
echocardiogram (%) and the QRS-duration (in milliseconds)
measured automatically from the latest 12-lead ECG per-
formed before the study.

Statistical analyses

Data were presented as means and standard deviations
(SD) or as medians with minimum to maximum values
for data that were not normally distributed. Comparisons
between groups were made by non-parametric Mann-
Whitney U test and by Spearman’s correlation analysis
(7). Spearman’s correlation analysis was used to adjust for
eventual outliers. Multivariate stepwise regression ana-
lyses were performed with SproBNPgg_gmin as the depen-
dent factor. The independent variables were sex, age, dry
weight, length of hemodialysis session in hours, IDWG,
ejection fraction, and ProBNPg,;,. A two-tailed p-value
<0.05 was considered significant. SPSS software version
28 was used (IBM, Armonk, NY, USA).

85U01 SUOLILLIOD BAIR.D) 3|l dde au Ag pausenoh a1e sajpiie O ‘8sn J0 Sajni 104 Azl 8U1IUO /8|1 UO (SUORIPUCD-pUR-SWLBYWI0D A8 | 1M Afeiq fouUO//SARY) SUOIHIPUOD PUe Swid L 8U8S *[£202/TT/20] uo Ariqiiauliuo B|im ‘AiseAiun eswn A #ZTET IPU/TTTT OT/I0p/WO0D A8 | Im Afeiq1jouluo//SANY Wouy papeojumoq ‘0 ‘85LYZyST



INDIVIDUALIZED HEMODIALYSIS

TABLE 1 Dialysis parameters and cardiac markers.

N Mean
IDWG (% of body weight) 60 1.69
Length of HD (hours) 60 4.2
Adjusted UF-rate (IDWG/hour) 60 0.40
ProBNPopin (ng/L) 57 17,041
Troponin T s (ng/L) 57 103.7
ProBNP; gomin (ng/L) 57 18,424
Troponin Tigomin (0g/L) 57 104.8
S8proBNP; g omin (ng/L) 52 2271
8Troponin Tigp.omin (Ng/L) 56 6.48

SD Median Min-Max
1.20 1.76 0-4.7

0.43 4 3.5-5.0

0.29 0.40 0-1.2

21,556 5743 478-70,000
93.7 81.0 12-422

22,679 6156 490-76,199
92.8 80.7 13-447

2801 764 —228 to 10,243
18.6 3.95 —74.5 to 97

Note: ProBNP and Troponin T at different time points: Predialysis (0 min), and 180 min, and their differences. ProBNP and Troponin T samples from three
sessions were missing at predialysis and at 180 min. In five of the HD sessions, proBNP was above the upper limit and thus was not included in the results

related to the change of proBNP over 180 min of HD time.

Abbreviations: IDWG, interdialytic weight gain in % of body weight; HD, hemodialysis session; UF, ultrafiltration; proBNP, N-terminal pro-B-type natriuretic peptide.

RESULTS

The 20 patients, eight women and 12 men, performed a
total of 60 hemodialysis sessions that were included in
the study. Women did not differ from men in age (mean
65 + 12 years vs. 66 + 10 years) or hemodialysis vintage
time (mean 33 + 27.6 vs. 43 + 27.1 months on hemodial-
ysis). Table 1 shows means (+SD) and medians of IDWG,
length of the hemodialysis sessions, UF-rate,qj, ProBNP,
and troponin T at predialysis and at 180 min and the
changes from predialysis to 180 min. The mean blood
pump speed (Qb) was 317 mL/min (+44.7), and the
median was 300 mL/min (range 200-415).

Influence of sex

Men had longer hemodialysis sessions (p < 0.001) com-
pared to women, and higher troponin Ty, (p = 0.006)
and troponin Tigomin (p = 0.032); however, there was no
sex difference in IDWG, UF-rate,q, PproBNPgun,
ProBNP;gomin, OproBNP;g0_omin, OF Stroponin Tgg_omin-

Influence of blood pump speed

The blood pump speed (Qb) was correlated to age (r = —0.275,
p =0.035) but not to the variables IDWG, dry weight,
UF-rate,g;, length of hemodialysis, proBNP, or troponin T.

ProBNP

There existed a negative correlation of proBNPgy;, to
the left ventricular ejection fraction at predialysis

(r=—0.467, p < 0.001) and a positive correlation to the
QRS duration (r=0.319, p = 0.016). Patients with an
IDWG below 2.5% had a lower proBNPg,i, (p = 0.007)
and a smaller increase in 8proBNP;gg_gmin (p = 0.009).

Pentraxin-3

The pentraxingg,;, (mean 6.35+ 4.3, median 5.45,
n = 60) increased at pentraxinsgmi, (p < 0.001) and
further increased at pentraxXinigomin (p < 0.001). The
UF-rate,q; correlated with the pentraxingmin (r = 0.276,
p =0.032) and with the change at dpentraxinsg_omin
(r =0.301, p = 0.019). The increases in dpentraxinzg_gmin
and Opentraxin;gy_omin Were more pronounced in
older age (p <0.01) and in those who increased in
SproBNP1g0_omin (p < 0.001).

Inter dialytic weight gain

IDWG correlated with proBNPg,i, (r = 0.471, p < 0.001),
proBNP;gomin (r = 0.58, p < 0.001) and 8proBNP;g omin
(r=10.60, p <0.001). Further, IDWG correlated with
troponin Toyin (r = 0.31, p = 0.010), troponin Tigomin
(r=0.36, p =0.007), and &troponin Tigy_omin (r = 0.39,
p = 0.003).

Adjusted UF-rate

The UF-rate,q; correlated with proBNPgy, (r= 0.443,
p < 0.001), proBNP;gmin (r = 0.552, p < 0.001), and with
S8proBNP;go_omin (¥ = 0.572, p < 0.001), but not with the
ejection fraction. The UF-rate,q; also correlated with
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troponin Ty, (r= 0.309, p = 0.019), troponin T;gomin
(r=0.346, p=0.008), and &troponin
(r = 0.400, p = 0.002).

Figure 1la-d shows the relationship between the UF-
rate,qj and proBNPgnn and troponin Tomin, respectively,
as well as the relationship between the UF-rate,q; and
SproBNPigo gmin and dtroponin Tjgyomin, respectively.
When probing the data for a recommendable breakpoint
for UF-rate,q, a UF-rate,q; below versus above 0.60
resulted in significantly lower levels of proBNPgui,

T180—0min

(p = 0.031), proBNP;g9min (p = 0.005), and 6proBNP; g4 omin
(p =0.027). The values did not differ for troponin
T. When the breakpoint for the UF-rate,q; was set at <0.40,
the differences were more pronounced and included signifi-
cant changes of troponin Tigomin (p = 0.029) and Stroponin
Ti150-0min (p < 0.001).

Multivariate stepwise regression analysis was done with
OPro-BNP1gy_omin as dependent variable. The independent
variables were sex, age, dry weight, length of HD session in
hours, IDWG, and Pro-BNP,,. Analyses exhibited a
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significant model (r-square 0.861, p < 0.001) containing the
variables proBNPgy,;, (p < 0.001) and IDWG (p < 0.001).
Since IDWG and UF-rate,q; were correlated to each other
(r=0983, p<0.001), a new calculation was made
exchanging these variables with each other. The new calcu-
lation with SproBNP;gg omin as the dependent variable
showed a significant model with an r-square of 0.855
(p <0.001) with the remaining variables ProBNPgui,
(p < 0.001) and the UF-rate,q; (p < 0.001).

Percentage change in proBNP and
troponin T

The ratio of the proBNP and troponin T at 180/0 min was
also analyzed. In bivariate analysis the proBNP ratio at
180/0 min was related to the troponin T ratio at 180/0 min,
the IDWG, the UF-rate, the length of hemodialysis and the
vintage time (all with a p < 0.01); The above variables with
the proBNP ratio 180/0 min as dependent factor were
included in a multivariate analysis. A significant model
included IDWG and vintage time (r = 0.54, p = 0.011). The
UF-rate and vintage time were significant in the model
(also r=0.54, p=0.011), if IDWG was removed. This
was done since an increased IDWG is a condition for an
UF-rate. No variable was retained when analyzing the
troponin T ratio at 180/0 min as dependent factor.

Adverse events

No hypotensive episodes were reported in the case notes dur-
ing the study dialyses. One patient experienced milder con-
strictions in the lower legs at the end of the hemodialysis.

DISCUSSION

To our knowledge, the present study is the first to show
that a higher UF-rate,q; was related to increased release
of cardiac markers, that is, a faster fluid removal/body
weight/hour caused a greater strain to the heart. This
negative effect was noted for troponin T, proBNP, and
pentraxin. This was unexpected since larger amounts of
fluid were eliminated during hemodialysis especially from
the patients with a higher IDWG, and thereby the heart
would be expected to be relieved from strain. This indi-
cates that we need to adjust the prescription of dialysis
time not only regarding the Kt/V but also to the extent of
UF-rate,q;, based on the IDWG that needs to be removed.
In congruence with previous studies,''® the present
study also showed that a high IDWG was associated with
higher predialytic cardiac markers. It is more likely that a

constant large IDWG leads to a progressively strained
heart than that patients with a strained heart would
drink more fluid. In addition, a higher IDWG was pre-
sent in those who responded with a more extensive
release of cardiac markers during hemodialysis.

An overall risk of removing fluid too quickly was pre-
viously shown using DOPPS data by Saran et al.'’ The
authors showed the outcome for patients with rapid fluid
removal to be worse and proposed a limit of
fluid removal of less than 10 mL/kg body weight/hour.
This would correspond to a UF-rate,q; of 1.0 IDWG/hour.
In the light of our data, we feel that this UF-rate may be
still too rapid. ProBNP was significantly more released at
higher UF-rates,q; than 0.6 IDWG/hour and 0.4 IDWG/
hour for troponin T. To limit myocardial strain, limita-
tion of IDWG may be considered as well as the length of
the hemodialysis session. The UF-rate,q; is based on
the extent and speed of fluid removal and is independent
of the time required to meet the Kt/V criteria.

In general, elevated level of proBNP indicates
increased myocardial tension,”® and increase in troponin
T indicates myocardial damage.”>*> The results for the
hemodialysis patients of the present study do not rule out
an increased cardiac strain but also a myocardial damage
induced by too excessive UF-rate,q;. Although no obvious
hypotensive episodes were reported by the patients, the
data may indicate subclinical alterations, such as hypo-
perfusion and osmotic changes, appearing during the
hemodialysis, especially when the UF-rate,q; was faster.
As expected, the left ventricular ejection fraction corre-
lated inversely with predialytic proBNP. However, the
ejection fraction was not related to proBNP-changes at
different flowrates in the regression model. In the present
study, the blood pump speed was 300 mL/min. Since a
higher blood pump speed is associated with an increased
extent of microbubbles that derive from the extracorpo-
real circuit, such bubbles may enter the return line of the
patient.>* A recent autopsy study”® showed deposits of
microbubble containing microemboli in various organs
in hemodialysis patients. We cannot rule out that the
observed myocardial damage at higher blood pump speed
also is caused by microemboli in coronary arteries.

Excess fluid, uremic toxin accumulation and subsequent
rapid removal with dialysis are factors that contribute to
the high morbidity and mortality of the long inter-
dialytic gap.*

An example of the importance of dialysis prescription
is the almost doubled life expectancy of Japanese hemo-
dialysis patients compared to those in North America
and Europe.”®?” While the mean dialysis time is shorter
(210 min) in the United States of America (USA),
European and Japanese patients have similarly long dial-
ysis sessions (~240 min).*® Having an almost doubled
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blood pump speed in North America compared to Japan
(400 vs. 200 mL/min) resulted in a similar Kt/V.° How-
ever, the mean weight of the hemodialysis patients in the
USA was 83.7 kg® compared to 52.8 kg in Japan.* Effec-
tive time is prolonged after adjustments for the body fluid
compartments (~#60% of the body weight). By calculating
the minutes of dialysis of each kg of body weight, the
Japanese patients will receive 80% more hemodialysis
time/kg body weight. Thus, the time for the uremic
toxins and fluid to shift between the compartments will
be much longer, allowing a more smooth exchange of sol-
utes between the compartments.”” The results of slow,
prolonged dialyses fit well with a previous study by the
Tassin group.®® Those authors showed superior survival
in patients treated with prolonged hemodialysis sessions
and a lower blood pump speed of 200 mL/min instead of
shorter hemodialysis sessions and higher blood pump
speed.*

LIMITATIONS

Limitations of the study were that many of the dialysis
patients had extensively high proBNP values over
70,000 ng/L at predialysis and after 180 min hemodialy-
sis. This made it impossible to include data of a change of
ProBNP during dialysis in these patients. The design
of the study did not allow to determine whether the
release of cardiac markers was caused by high IDWG per
se or the relative speed of volume removal. Based on the
results of the present study, we have now initiated a
prospective multicenter clinical interventional study. This
is to further clarify if a reduced UF-rate,y at a given
IDWG prevents the release of cardiac damage markers.

CONCLUSION

Higher UF-rate,q; during dialysis showed increased levels
of cardiac markers. Data indicate a fluid removal not
faster than 0.6 % IDWG/hour could limit such increase.
Further studies may confirm if limited fluid intake and a
lower UF-rate,q; should be recommended to prevent car-
diac injury during dialysis.
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