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Abstract

AIM
To study the relationship between overhydration (OH) in
peritoneal dialysis (PD) patients and cardiac mortality.

METHODS

OH, as measured by body composition monitor (BCM),
is associated with increased mortality in dialysis pa-
tients. BCM has been used to guide treatment on the
assumption that correcting OH will improve cardiac
morbidity and mortality although data demonstrating
causality that is reversible is limited. We wished to
determine if OH in PD patients predicted cardiac mor-
tality, and if there was a correlation between OH and
cardiac troponin-T (cTnT) levels. Finally, we wished
to determine if improving OH values would lead to a
decrement in cTnT. All prevalent PD patients over the
study period of 57 mo who had contemporaneous BCM
and cTnT measurements were followed irrespective of
transplantation or PD technique failure. We also studied
a cohort of patients with who had severe OH (> +2L).
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The Fresenius Body Composition Monitor was used to
obtain hydration parameters. cTnT levels were done as
part of routine clinical care. Data was analysed using
SPSS version 20.0.

RESULTS

There were 48 deaths in the 336 patients. The patients
that died from cardiac or non-cardiac causes were similar
with respect to their age, incidence of diabetes mellitus,
gender, ethnicity and cause of renal failure. However, the
patients with cardiac causes of death had significantly
shorter dialysis vintage (10.3 mo s 37.0 mo, £ < 0.0001)
and were significantly more overhydrated by BCM
measurement (2.95 L vs 1.35 L, P < 0.05). The mean
(standard error of the means) hydration status of the 336
patients was +1.15 (0.12) L and the median [interquartile
range (IQR)] cTnT level was 43.5 (20-90) ng/L. The cTnT
results were not normally distributed and were therefore
transformed logarithmically. There was a statistically
significant correlation between Log (cTnT) with the OH
value (Spearman r value 0.425, P < 0.0001). We identified
a sub-group of patients that were severely overhydrated;
median (IQR) hydration at baseline was +2.7 (2.3 to 3.7) L.
They were followed up for @ minimum of 6 mo. Reduction
in OH values in these patients over 6 mo correlated with
lowering of cTnT levels (Spearman 7 value 0.29, P < 0.02).

CONCLUSION

Patients that were overhydrated had higher cTnT, and
had deaths that were more likely to be cardiac related.
Reduction in OH correlated with lowering of cTnT.

Key words: Bioimpedance; Fluid status; Peritoneal
dialysis; Mortality; Overhydration; Cardiac troponin
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Core tip: Overhydration measured by bioimpedance
spectroscopy is an independent predictor of death in peri-
toneal dialysis patients. Most studies on this topic provide
only a single baseline bioimpedance assessment. We present
longitudinal data showing increased cardiac mortality
in overhydrated patients, and significant correlation of
overhydration with cardiac troponin-T (cTnT) levels. Over
6 mo, these patients had a mean of 7.4 body composition
monitor readings and 3.4 cTnT assessments. Patients
whose hydration status improved showed a corresponding
improvement in cTnT. While observational studies cannot
define causality, our results show overhydration is associated
with cardiac mortality, and suggest overhydration may be a
reversible risk factor.
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INTRODUCTION

Fluid overload measured by bioimpedance spectroscopy
(BIS) is an independent predictor of death in peritoneal
dialysis (PD) patients!"! and is highly prevalent®®!. This
was also shown in haemodialysis (HD)™; patients
with severe overhydration (OH) had a hazard ratio
for all-cause mortality of 2.1, second to only diabetes.
However, causality cannot be determined from these
retrospective observational studies. Nevertheless, there
is circumstantial evidence to support the belief that
correcting OH will improve patient outcomes; correcting
OH was shown to be associated with improvements in
blood pressure, arterial stiffness and left ventricular mass
indext™*). But very strict attention to fluid restriction was
also shown to increase loss of residual renal function'
and there is an association between low hydration status
and intra-dialytic hypotension™.

While it is often assumed that the observed rela-
tionship between OH and mortality is related to cardio-
vascular damage, an important caveat is that the
ratio of extracellular fluid to total body water is also
increased in the setting of muscle wasting. Thus, a
negative correlation between BIS-OH parameters and
malnutrition have been found in several studies®™® and
it is possible that the increased mortality associated with
OH relate to its association with protein energy wasting
(PEW)/malnutrition inflammation atherosclerosis (MIA)
Syndrome. Thus, in a study of 72 stable HD patients,
although N-Terminal pro-Brain Naturetic Peptide (NTpro-
BNP) correlated with BIS OH, the authors concluded that
NTproBNP was also elevated in malnourished patients!'?.
Others have also expressed reservation about the
proposed causal relationship between overhydration
measure by BIS and mortality™".

We wished to explore this subject further by deter-
mining if PD patients who died from cardiac causes
were more severely OH compared to patients that died
from other causes. We also wished to determine if there
is a relationship between OH and cardiac troponin-T
(cTnT) which remains a highly sensitive biomarker for
cardiac injury in dialysis patients!*>**. Thus, we studied
patients over a 6-mo period to determine if severe OH
improved, did it lead to a corresponding decrements of
CcTnT. We also examined the changes in cTnT over 6 mo
against time-average values of biochemical nutrition
parameters (serum albumin and haemoglobin) as well
the inflammatory marker of C-reactive protein (CRP).

MATERIALS AND METHODS

The study was conducted in accordance with the principles
set out by the local ethical committee according to United
Kingdom National Health Service audit and dlinical service
development. We studied a cohort of patients from a single
PD unit, consisting of all continuous ambulatory PD (CAPD)
and automated PD (APD) patients between 1 January
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2008 and 30 March 2012 who had contemporaneous
baseline BIS/cTnT readings. All patients with amputations,
cardiac pacemakers or defibrillators were excluded as we
were unable to perform BIS measurements. Patients were
followed up until 15" September 2012 or death. Patients
who were transplanted or switched to HD were still
followed up. Only patients that recovered renal function
or who were transferred to another dialysis unit for
geographic relocation reasons were censored at that time
point, as their survival follow-up could not be accurately
determined. In all cases, baseline characteristics were
collated through review of case notes and included primary
cause of renal failure, dialysis vintage and presence
or absence of diabetes mellitus. To comply with the
mandatory United Kingdom Renal Registry submissions,
we held weekly multidisciplinary meetings to review and
assign causes of death for dialysis patients.

In a subgroup analysis, we identified patients that
were severely overhydrated (OH > 2 L). Using the time
when their OH was first found to be > 2 L as baseline,
we prospectively collected data on their hydration status
and their cTnT readings over the subsequent 6 mo.

Bioimpedance analysis

The Fresenius Body Composition Monitor (BCM - Fresenius
Medical Care, Bad Homberg, Germany) was used to
obtain hydration parameters such as OH and nutritional
indices, namely Fat and Lean Tissue Mass (FTM and LTM
respectively). This BIS device employed 50 frequencies
between 5 and 1000 kHz, and measurements were
performed by placing electrodes on one hand and one
foot, with PD dialysate in situ.

Cardiac troponint assay

Over the duration of the study, cTnT was measured every
3-4 mo as part of routine clinical care. During this study,
the cTnT assay (Roche Diagnostics GmbH, Mannheim,
Germany) was changed to the high sensitivity assay,
though the upper limit of normal was the same (< 14
ng/L, upper 99" percentile). In patients with normal renal
function, values > 3 ng/L were suggestive of myocardial
injury and values > 14 ng/L were considered diagnostic
for myocardial infarction if there were consistent clinical
features. Precision of the assays across the range were:
0.5 ng/L (1.9%); 0.0399 (1.6%); 0.133 (1.7%).

Statistical analysis

Categorical variables are expressed as a number and
a percentage. Continuous variables are expressed as
means and standard error of the means (SEM) or median
with quartile ranges depending on whether the results of
the parameters were normally distributed (determined
by the D’Agostino and Pearson omnibus normality test).
If not normally distributed, these parameters were
analyzed on a logarithmic scale. Correlation coefficients
and multivariate logistical regression analyses were
undertaken with SPSS software for Windows version 20.0
(SPSS Inc., Chicago, IL, United States). The regression
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model was created based on those clinical variables
known to effect survival on PD.

RESULTS

Demographics
There were 336 APD and CAPD patients who had at
least 1 contemporaneous BCM/cTnT assessment during
the study period. The median age of patients was 57.9
[interquartile range (IQR): 47.9-69.0] years with a me-
dian dialysis vintage of 7.6 (IQR: 0.9-31.4) mo (Table 1).
62% were male, and 37% had diabetes mellitus.

There were 74 patients who had an OH reading > 2
L and a subsequent BCM/cTnT assessment between 6-9
mo later. We excluded 8 patients that had documented
acute cardiac events (acute rise in cTnT associated with
cardiac pain, pulmonary oedema or haemodynamic
instability). For the remaining 66 patients, the median
(IQR) “baseline” OH value was 2.7 (2.3-3.7) L. Over the
follow-up period, the mean number of BCM measure-
ment per patient was 7.4, whilst the mean number of
CcTnT measurements per patient was 3.4. Demographic
details for this cohort are listed in Table 2.

Hydration status correlation with serum troponin

For our cohort of 336 patients, the mean (SEM) hydration
status was +1.15 (0.12) L and the median (IQR) cTnT
level was 43.5 (20-90) ng/L. The cTnT results were not
normally distributed and were therefore transformed
logarithmically. There was a statistically significant
correlation between Log (cTnT) with the OH value (the
Spearman r value was 0.425, P < 0.0001, Figure 1).

Association of overhydration with cardiac death

Over a median follow-up period of 23.9 mo, 48 patients
(14.3%) of the 336 PD patients died. Cardiac causes of
death (sudden cardiac death, cardiac failure or myocardial
ischaemia) were assigned in 13 (27%) of cases. The
patients that died from cardiac or non-cardiac causes were
similar with respect to their age, incidence of diabetes
mellitus, gender, ethnicity and cause of renal failure (Table
1). However, the patients with cardiac causes of death had
significantly shorter dialysis vintage (10.3 mo vs 37.0 mo,
P < 0.0001) and were significantly more overhydrated by
BCM measurement (2.95 L vs 1.35 L, P < 0.05). The OH
status appeared to predict cardiac death that occurred
at a mean of 15.5 mo subsequent to the BCM readings.
The mean duration between the BCM reading and non-
cardiac death was 16.1 mo.

Correlation between dynamic changes in OH and dynamic
changes in ¢TnT over 6 mo

We identified a sub-group of patients that were severely
overhydrated; median (IQR) hydration at baseline was +2.7
(2.3 to 3.7) L. They were followed up for a minimum of
6 mo. For each individual, the rate of change of OH (A
OH) was calculated using the “least squares” method to
estimate the straight line that best fitted that patient’s

September 6, 2016 | Volume 5 | Issue5 |



Table 1 Baseline demographic

Oei E et al. Overhydration: A modifiable cardiac risk?

‘

All Survivors Non-cardiac death Cardiac death P-value (comparing cardiac vs non cardiac
death patients)

No. 336 288 35 13
Age' 57.9 (48.1-69.0) 55.4 (46.9-66.6)  68.9 (61.8-77.0) 68.9 (62.9-76.5) NS
Male 207 (62%) 167 (58%) 27 (77%) 13 (100%) NS
Diabetes mellitus 123 (37%) 99 (34%) 15 (43%) 9 (69%) NS
Assessed as suitable for transplantation 159 (47%) 148 (51%) 10 (29%) 1(8%) NS
Dialysis vintage (mo)' 7.6 (0.9-31.4) 6.5(0.8-24.0) 37.0 (4.0-57.4) 10.3 (2.9-23.1) < 0.00001
Body composition measurements: Mean (SEM)

OH (L) 1.15 (0.12) 1.04 (0.13) 1.35 (0.32) 2.95 (0.78) <0.05

Lean tissue index 13.7 (0.5) 13.9 (0.5) 11.9 (0.5) 12.3 (1.6) <0.0001

Fat tissue index 13.2 (0.3) 13.3 (0.3) 11.9 (0.6) 13.3 (1.0) <0.01
Ethnicity

Whites 112 (33%) 97 (34%) 14 (40%) 1(8%) NS

Blacks 67 (20%) 59 (20%) 5 (14%) 3(23%)

Asians 139 (41%) 117 (41%) 15 (43%) 7 (54%)

Others 18 (5%)
Cause of renal failure: n (%)

Unknown 82 (24%) 66 (30%) 8(23%) 2 (15%) NS

GN 51 (15%) 26 (12%) 1(3%) 0 (0%)

Cancer/trauma 1(0%) 3 (1%) 0 (0%) 0(0%)

Congenital/familial 8 (2%) 5(2%) 0(0%) 0 (0%)

Diabetes 105 (31%) 69 (31%) 14 (40%) 9 (69%)

Hypertension 28 (8%) 16 (7%) 5 (14%) 2 (15%)

APKD 12 (4%) 11 (5%) 1(3%) 0 (0%)

TIN/ chronic pyelonephritis 49 (15%) 29 (13%) 6 (17%) 0 (0%)
Blood results

Baseline log(CRP) (mg/L) 0.57 (0.03) 0.52 (0.04) 0.79 (0.12) 0.81 (0.20) NS

Time av log (CRP) (mg/L) 0.67 (0.04) 0.61 (0.04) 1.09 (0.11) 0.98 (0.17) NS

Baseline albumin (g/L) 38.9 (0.3) 39.3 (0.3) 36.1 (1.0) 36.8 (1.0) <0.05

Time av albumin (g/L) 37.6 (0.2) 38.2(0.2) 33.8 (1.0) 35.6 (1.1) <0.002

Baseline haemoglobin (g/dL) 11.0 (0.1) 10.9 (0.1) 11.8 (0.3) 11.0 (0.5) NS

Time av haemoglobin (g/dL) 11.2 (0.1) 11.2 (0.1) 11.7 (0.2) 10.7 (0.3) NS

Values represent mean (SEM) or number (%) unless denoted by’ (values shown are median, interquartile ranges). OH denotes the “overhydration”

reading from the body composition monitor. GN: Glomerulonephritis; APKD: Adult polycystic kidney disease; TIN: Tubular-interstitial nephritis; OH:

Overhydration.

N

N

Log (cTnT) (ng/L)

—-

Overhydration (L)

Figure 1 Regression analysis of baseline overhydration vs cardiac troponin T
levels. cTnT: Cardiac troponin-T.

data. The median (IQR change of OH over 6 mo was -0.7
(-0.3 to -1.5) L. The median (IQR) baseline cTnT value
was 60 (37-100) ng/L (Table 2). We plotted the AOH
with ACTnT and found a statistically significant correlation
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(Spearman r value = 0.29, P < 0.02; Figure 2). The rates
of change of FTM and LTM were also calculated using the
“least squares” method. Over a 6-mo period, there was
a FTM increase of +2.3 kg (IQR: 0.1-3.7, P < 0.0001,
Wilcoxon Signed Rank test). By contrast, patients
showed a statistically significant loss of LTM during the
follow-up, equivalent to -1.5 kg (IQR: -4.5 to -1.7, P
< 0.05; Table 2). There were no significant correlation
between AOH and any of the biochemical nutrition or
inflammatory markers (either baseline or time-average
values of serum albumin, haemoglobin and CRP).

DISCUSSION

In our current study, patients who died from cardiac
causes were more severely overhydrated than patients
who died from other diseases although this association
does not indicate causality or reversibility. This is in
keeping with a recent pre-dialysis study that also showed
an association between cardiac (as well as all-cause
mortality) for patients with chronic kidney disease stages
4 and 5 with fluid overload determined by BIS™*", We
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Table 2 Baseline demographic of cohort that had over-

hydration > 2 L

Sub-group: Patients with severe OH

Number 66

Age' 60.1 (51.1-71.1)
Male (%) 44 (67%)
Diabetes mellitus (%) 27 (41%)
Assessed as suitable for transplantation (%) 26 (39%)

Dialysis vintage (mo)"
Body composition measurements:

1.79 (0.5-32.1)

Baseline OH (L)' 2.7 (2.3-3.7)
OH over 6 mo (L/6 mo)" -0.7 (-0.3-1.5)
Baseline FTM (kg)" 23.6 (17.3-28.9)
FTM over 6 mo (kg)' 2.3 (0.1-3.7)°
Baseline LTM (kg)" 37.2 (29.6-44.6)
LTM over 6 mo (kg)" -1.5 (-4.5-1.7)°
Number of readings 7.4 (0.4)
Cardiac troponin T measurements (ng/L)
Baseline cTnT" 60 (37-100)
Final cTnT" 71 (37-115)
Number of readings 34(0.2)
Ethnicity: n (%)
Whites 26 (39%)
Blacks 14 (21%)
Asians 23 (35%)
Others 3 (5%)
Cause of renal failure: n (%)
Unknown 15 (23%)
GN 9 (14%)
Cancer/trauma 2 (3%)
Congenital/familial 2 (3%)
Diabetes 23 (35%)
Hypertension 6 (9%)
APKD 0 (0%)
TIN/ chronic pyelonephritis 9 (14%)
Blood results
Baseline log (CRP) (mg/L) 0.67 (0.08)*
Time average log (CRP) over 6 mo (mg/L) 0.73 (0.08)*
Baseline albumin (g/L) 36.4 (0.6)*
Time average albumin over 6 mo (g/L) 36.0 (0.6)*
Baseline haemoglobin (g/dL) 10.5 (0.2)*
Time average haemoglobin over 6 mo (g/dL) 10.6 (0.2)*

Values represent mean (SEM) or number (%) unless denoted by' (values
shown are median, interquartile ranges). °P < 0.05 by Wilcoxon Signed Rank
Test to determine if Median is # 0; °P < 0.0001 by Wilcoxon Signed Rank Test
to determine if Median is # 0; “There were no significant correlation with OH
by Pearson r correlation. OH denotes the “overhydration”, FTM denotes fat
tissue mass and LTM denotes lean tissue mass from the body composition
monitor. GN: Glomerulonephritis; APKD: Adult polycystic kidney disease;
TIN: Tubular-interstitial nephritis; OH: Overhydration.

also note that a recent report'*® showed that patients
randomized to having their hydration status managed
with BCM had lower mortality.

Cardia cTnT has been repeatedly shown to be pre-
dictive of cardiac death in patients on dialysis™®*"), 1t is
therefore significant that we found a direct correlation
between OH status and Log cTnT (r = 0.425, P < 0.0001).
These results alone do not prove causality and it remains
possible that this association is due to PEW/MIA. After
all, a large database of haemodialysis patients (MONDO)
confirmed that the BIS parameters of FTI and LTI were
also associated with mortality™®, Unfortunately, for a
retrospective study, it was difficult to define the exact
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Figure 2 Regression analysis of the change in overhydration vs cardiac
troponin T levels. OH: Overhydration; cTnT: Cardiac troponin T levels.

causes of deaths that were ascribed at the time to be
“cardiac/sudden cardiac deaths”.

However, uniquely we also found a statistically
significant correlation between the improvement in hy-
dration status and decrement in cTnT levels over 6 mo (r
= 0.29, P < 0.02; Figure 2). Patients in this cohort study
had a median baseline OH value of +2.7 L and showed a
median decrement over 6 mo of -0.7 L. It is unlikely that
this magnitude of change is a consequence of correcting
malnutrition/PEW. In fact, the BIS data suggested a
small but significant loss of LTM over these 6 mo, which
may have been due to patients’ salt and fluid restriction
with consequent diminished dietary protein intake.
We also found that there were no correlation between
either baseline or time-averaged biochemical markers of
nutrition and inflammation suggesting the improvement
in cTnT is likely to be a consequence of fluid status and
not nutrition. Of course, it must be acknowledged that
using albumin, CRP and presence of anaemia to be
indicators of nutrition is imprecise. Nevertheless, we
found no signal to suggest changes in nutrition status
was a cofounder for the change in cTnT.

It is important to note that our cohort exhibited an
increase in FTM that was equivalent to +2.3 kg (IQR:
0.1-3.7) over 6 mo. It is possible that the fat gain was
exacerbated through increased use of hypertonic glucose
dialysate to improve hydration status.

Although our results do not prove that correction
of overhydration will lead to reduced cardiac mortality,
it supports the finding by Onofriescu et a*>’. We hope
these findings provide added impetus for clinicians to
focus on OH particularly as we have previously reported
that BCM guided reduction of OH does not cause exce-
ssive loss of residual renal function**”, We note that
improved hydration status in this study appeared to come
at the expense of increasing FTM but the clinical impact
of increasing obesity is unclear. In the normal population,
obesity is associated with glucose intolerance and
cardiovascular risk but in HD, “reverse epidemiology” has
been reported (HD patients with high BMI have a survival
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patients with high FTM have a survival advantag

Limitations of this study include the retrospective
nature of the data collection and the fact that we included
both incident and prevalent patients. BCM measurements
were performed with dialysate in situ and this may
have reduced the precision of the measurements'*
(although we were consistent in how we performed the
measurements). Most critically, our retrospective study
can only demonstrate associations and cannot determine
causality. The study would have also benefited if we
had a formal assessment of cardiac function. Future
studies could include simple assessments such as echo-
cardiography but unfortunately contemporaneous echo
studies with bioimpedance measurements were not
available for all subjects in our study. Equally, it was
difficult in a retrospective study to accurately determine
“cause” of fluid overload.

In conclusion, we believe our data provides indirect
evidence to suggest that overhydration impacts nega-
tively on the heart. Intriguingly, our data also suggests
that correcting overhydration is possible and may lead to
improved cardiac prognosis but perhaps at the expense
of increasing obesity. Randomized controlled studies
on this subject will be difficult, but it will be interesting
to await the results of two studies that are designed to
explore the impact BIA might have on left ventricular
mass™* and survival®®,

COMMENTS

Background

Despite the importance of euvolaemia, there is still much debate on the
most clinically useful method of volume assessment. Overhydration (OH) as
measured by body composition monitor (BCM) is associated with increased
mortality in dialysis patients. BCM has been used to guide treatment on the
assumption that correcting OH will improve cardiac morbidity and mortality,
although data demonstrating causality that is reversible is limited.

. Similarly, studies have shown that PD
e[18,22].

Research frontiers

It has often been assumed that the observed relationship between OH and
mortality is related to cardiovascular damage. However, an important caveat is
the ratio of extracellular water to total body water is also increased in the setting
of muscle wastage. Thus it is possible that the increased mortality associated
with OH relate to its association with protein energy wasting (PEW)/malnutrition
inflammation atherosclerosis (MIA) Syndrome.

Innovations and breakthroughs

Most research into this area has focused on single time point measurements
of OH and cardiac biomarkers. While cardiac troponins-T (cTnT) have been
repeatedly shown to be predictive of cardiac death in dialysis patients, the
effect of malnutrition on the observed relationship between OH, cardiac
biomarkers and outcomes is difficult to establish. More recent trials have shown
that targeting a reduction in OH is associated with better survival. However, the
temporal relationship of cardiac biomarkers and reduction in OH has not been
well described.

Applications

In this study, peritoneal dialysis patients who died of cardiac causes had higher
OH, compared to patients that died from other causes. Over a 6-mo period,
the authors found that reducing OH in severely overhydrated patients was
associated with corresponding decrements in cTnT. There was no significant
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correlation between change in OH and any of the biochemical or nutritional
markers studied, suggesting that the improvement in c¢TnT is likely to be a
consequence of fluid status and not nutrition. Although the results do not
prove that correction of OH will lead to reduced cardiac mortality, the temporal
association observed between OH and cTnT supports the role of fluid status in
cardiac risk management of dialysis patients.

Terminology

OH is a mathematically derived estimate of excess fluid. The BCM expresses
the body weight in terms of lean tissue mass (LTM-mainly muscle), adipose
tissue mass (ATM-mainly fat) and OH. Each of these compartments has a
specific composition and contains a known quantity of water per mass of tissue.
The water of LTM and ATM consist of differing proportion of extracellular and
intracellular water in addition to solid components. Excess fluid represents an
expansion of only the extracellular water, whereas ICW remains unchanged.
The excess fluid may reside within adipose tissue or lean tissue raising the
hydration of the respective tissue above the “normal” values (e.g., oedema).
Alternatively, excess fluid may simply appear as a distinct compartment without
altering the hydration of the major tissues (e.qg., ascites, pleural effusion). As the
extracellular hydration of LTM and ATM is known, the expected “normal” volume
of ECW of these tissues can be calculated. The difference between “normal”
ECW and measured ECW is the excess fluid, OH.

Peer-review

OH is gaining popularity as an objective measurement of fluid status due to its
relatively low cost and ease of measurement. There have been many studies
on this topic, but it is uncommon to find studies on repeated measurements of
OH and cardiac biomarkers. This study provides indirect evidence to suggest
that OH is associated with worse cardiac outcomes, and importantly, that
correcting OH may lead to improved cardiac prognosis.
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