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The first year on haemodialysis: a critical transition
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Abstract
The first year following the start of haemodialysis (HD) is associated with increased mortality,
especially during the first 90–120 days after the start of dialysis. Whereas the start of dialysis has
important effects on the internal environment of the patient, there are relatively few studies asses-
sing changes in phenotype and underlying mechanisms during the transition period following
pre-dialysis to dialysis care, although more insight into these parameters is of importance in unrav-
elling the causes of this increased early mortality. In this review, changes in cardiovascular, nutri-
tional and inflammatory parameters during the first year of HD, as well as changes in physical and
functional performance are discussed. Treatment-related factors that might contribute to these
changes include vascular access and pre-dialysis care, dialysate prescription and the insufficient
correction of the internal environment by current dialysis techniques. Patient-related factors
include the ongoing loss of residual renal function and the progression of comorbid disease. Identi-
fying phenotypic changes and targeting risk patterns might improve outcome during the transition
period. Given the scarcity of data on this subject, more research is needed.
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Introduction

One of the most critical periods in the life of an end stage
renal disease (ESRD) patient is the start of dialysis [1, 2].
During this period, the patient becomes dependent upon
medical technology, which can have critical pathophysio-
logical and psychological consequences. Although the
start of haemodialysis (HD) has pronounced effects on the
physiology of the patient, relatively few studies have
looked into detailed phenotypic changes following the
start of dialysis. It is the aim of this review, which will be
limited to HD patients, to discuss the time course of
various clinically relevant parameters early after start of
HD, attempting to provide a better understanding of the
risk associated with the early transition period following
initiation of dialysis. Given their relation with outcome,
the main emphasis will lie on changes in cardiovascular, nu-
tritional and inflammatory parameters, followed by a short
discussion on physical and functional performance.

Early mortality after dialysis and its predictors

Several large-scale observational studies have shown that
the first months on dialysis can be considered as a critical
period. Especially the first 90–120 days are associated
with an increased risk of mortality [3–5]. Previous registry

data from Europe and North America showed that ∼35%
of the mortality during the first year after start of dialysis
occurred in the first 90 days [3]. In addition, despite region-
al differences, recent data from the Dialysis Outcomes and
Practice Patterns Study (DOPPS) in 86 886 patients showed
that the increased risk of death early after the start of dialy-
sis can be considered as a global phenomenon [4].

Two large studies have looked into the detailed causes
of death in the early period following the start of dialysis.
In a DOPPS study in incident US patients, causes of mortal-
ity after the start of dialysis were predominantly classified
as cardiovascular, followed by withdrawal, with a relatively
low percentage of infection-related mortality [6]. In the
European Dialysis and Transplant Association registry, the
relative contribution of non-cardiovascular death to early
mortality was higher, specifically infectious-related disease
(14% of all deaths) [5].

Given the strong mortality risk associated with central
venous catheters (CVC) in this and other studies, the
relatively low contribution of infection to early death in
the US DOPPS cohort appears surprising, given the large
percentage of patients treated with catheters in USA [4].
However, part of this discrepancy might be explained by
the observation that cardiovascular mortality was greatly
increased following infection-related hospitalization in
dialysis patients [7].
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With regard to cardiovascular mortality, both a high in-
cidence of cardiac as well as vascular-related mortality
was observed in the early period following the start of dia-
lysis [6]. Few studies looked into overall or specific morbid-
ity or mortality during the transition period of starting
dialysis, with inclusion of the pre-dialysis period. A recent
study in elderly patients showed a high incidence of stroke
following the start of dialysis with a peak in the first
month of dialysis, although the incidence started to in-
crease from 2 months before the start of dialysis [8]. The
risk of stroke was increased by the presence of hyperten-
sion, atherosclerotic disease and diabetes.

Both patient- and treatment-related factors (especially
the use of CVC and the quality of pre-dialysis care) are im-
portant risk factors for early mortality. Important treat-
ment-related risk factors in the transition period include
the use of CVC and the quality of pre-dialysis care [4, 9,
10]. Consistent care in the transition period [defined as
visits in 3 or more of the 6 months prior to renal replace-
ment therapy (RRT) start] was received by only a minority
(29.1%) of patients in a large cohort study (12 143 pa-
tients), and even in only 38.1% of patients which were
known at the outpatient nephrology clinic for more than
6 months [11]. These are important modifiable factors, as
several observational studies found an increase in modal-
ity selection and timely creation of a permanent access,
and even an improvement in short-term mortality by
adequate pre-dialysis care and education [12]. Patient-
related risk factors include age, factors related to cardio-
vascular disease (such as congestive heart failure) as well
as to malnutrition (low serum phosphorus) and/or inflam-
mation (decreased serum albumin) and haemoglobin
[6, 13, 14]. Other studies also showed an important mortal-
ity risk associated with frailty at the start of dialysis [15].
Notably, in a recent report from Taiwan, dialysis was even
associated with an increased mortality risk when compared
with conservative care in patients above 70 years of age
[14], although this finding, which is in contrast to previous
literature [16], needs to be confirmed. Also, it is likely that
many other (potentially modifiable) factors are predictive
of outcome after dialysis. However, at present, there are
only a limited amount of studies covering the transition
period of the pre-dialysis to the dialysis period.

Cardiovascular parameters

Fluid overload

Fluid overload (FO) is an important risk factor for hyper-
tension, left ventricular hypertrophy (LVH) and mortality in
dialysis patients [17, 18]. Limited evidence is available on
the changes in fluid state after the start of RRT, or regarding
comparisons between incident and prevalent dialysis pa-
tients. Given the removal of salt and water by dialysis, fluid
state can be expected to improve, but this effect might be
offset by the continuing loss of residual renal function [19].
Most of the evidence on fluid state in chronic kidney disease
(CKD) patients has been obtained using bioimpedance
methodology. One observational study in 269 prevalent HD
patients, using bioimpedance spectroscopy (Body Compos-
ition Monitor®) showed that ∼25% of prevalent HD patients
were classified as severely overhydrated, defined as an FO
relative to 15% of extracellular volume (∼2.5 L), which was
an independent risk factor for mortality [18]. In a multicen-
tre study in prevalent dialysis patients, the mean level of FO
in HD patients, assessed by the same methodology, was

1.7 L [20]. A smaller study of Yilmaz et al. has also shown
that abnormalities in indicators of FO already are observed
before the start of dialysis, which appears to be related to
the severity of the CKD stage [21]. This study of Yilmaz et al.
observed a mean level of FO, assessed by the same meth-
odology, of 3.9 L in 68 non-dialysed CKD stage 5 patients
[mean estimated glomerular filtration rate (eGFR) 8.8 mL/
min/1.73 m2], when compared with 2.3 L in 62 CKD stage 3–
4 (mean GFR 28.9 mL/min/1.73 m2) [21], both higher when
compared with the levels in the dialysis population studied
by van Biesen et al. [20]. Other markers related to FO, such
as N-terminal prohormone brain natriuretic peptide (NT-
pro-BNP) and vena cava diameter, were higher in CKD stage
5 when compared with CKD stage 3–4 patients [17]. These
findings corroborate earlier studies showing evidence of FO
in patients with mild-to-moderate CKD [22, 23]. Hung et al.
observed a high prevalence (52%) of FO (defined as FO
above 1.1 L, i.e. above the 90th percentile of a matched
population) in patients with stages 3–5 CKD, 52% were hy-
pervolaemic. Strikingly, whereas FO was strongly associated
with all of the components of malnutrition–inflammation–
atherosclerosis syndrome, measures of kidney function
(estimated GFR) and proteinuria were not [24].
However, these findings were not confirmed in a recent

single-centre study in 175 patients with a mean eGFR of
15.6 mL/min/1.73 m2, given the fact that the mean level
of FO in these patients was only 0.21 L [25]. No studies dir-
ectly compared FO between pre-dialysis and dialysis pa-
tients. However, in the single prospective study which has,
to the best of our knowledge, been published on this
subject, the extracellular water:total body water (ECW:TBW)
ratio, assessed by multi-frequency bioimpedance, declined
from 53 to 42%. The study cohort included 46 patients [65%
HD and 35% peritoneal dialysis (PD)], no significant differ-
ences in the ECW:TBW trends were observed between PD
and HD patients [26]. Regardless of the dialysis vintage, in-
terventions based on the Body Composition Monitor aiming
for normovolaemia have resulted in an improvement in
blood pressure (BP) regulation, arterial stiffness, LVH and
even a reduction in all-cause mortality [27, 28].
Summarizing, FO appears to be already present before

the start of dialysis, at least according to several studies,
and appears to increase in relation to the severity of the
CKD. Scarce available data suggests that FO improves after
the start of dialysis therapy. However, more detailed studies
are needed to assess the determinants and effects of dif-
ferent treatment policies on changes in fluid state following
the start of dialysis.

Hypertension

There have been few studies assessing BP trends after the
start of dialysis. A single-centre study from Tassin in
France in 308 incident patients showed that BP in general
decreased after the start of dialysis [29]. In this cohort,
mean systolic BP decreased from 142 to 131 mmHg, and
mean diastolic BP from 75 to 69 mmHg in the first year of
dialysis. However, this centre is unique, especially in terms
of dialysis duration, and it is therefore not known to what
extent these data can be extrapolated to the general dia-
lysis population. Low BP at the start of dialysis was asso-
ciated with a higher mortality, in agreement with the
‘reversed epidemiology concept’which is in line with previ-
ous studies [30, 31]. However, BP at 3, 6 and 12 months
was not associated with adverse outcome. In contrast,
the tertile of patients which experienced the largest
decline in BP during the first year on dialysis had better
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outcomes when compared with the other tertiles. Thus, in
combination with the excellent survival reported in this
centre, the decline in BP after the start of dialysis was in-
terpreted as beneficial [29].

In contrast, a study comprising 3446 incident dialysis
patients of a US provider [32] showed an initial decrease
in systolic BP within the first week after the start of dialy-
sis, followed by a steady increase and a plateau phase
after 12 weeks. No major differences in mean pre-dialytic
systolic BP levels in the overall cohort were observed
between the start of dialysis and a 1-year follow-up period
[32]. Also in this study, low pre-dialytic BP (defined as
systolic BP <120 mmHg) at the start of dialysis was asso-
ciated with increased early (6–12 weeks) mortality. In
addition, the authors identified different BP slopes. Intri-
guingly, in contrast to the Tassin study, patients with a de-
clining BP during the first year of dialysis had higher
mortality when comparing with an increasing BP slope
during dialysis. As will be discussed later, body weight
initially declined in the first 12 weeks of dialysis, followed
by an increase during the remainder of the first year
period. Although data on treatment policies in the study
by Sipahioglu et al. are not available, the differences
between both studies might among others be due to dif-
ferences in dialysis prescription (minimum 5 h in Tassin;
dialysate sodium 138 mmol/L), diet (strict sodium restric-
tion in Tassin) and case-mix. Whereas an improvement in
BP control achieved by gradual reduction in dry weight
and a salt-restricted diet may be beneficial, a decline in
systolic BP due to deterioration in cardiac function is asso-
ciated with an adverse prognosis.

Therefore, changes in BP during the first year on dialysis
are quite variable between patients. The complex relation
between BP trends and outcome is likely dependent on
the context.

Cardiac structure and function

Patients with CKD stage 5 often already have many
abnormalities in cardiac structure and function before
they start on dialysis, which carry important prognostic
significance. The prevalence of LVH is high. One report in
213 non-dialysis CKD patients showed a prevalence of LVH
of 76% in patients with CKD stage 5 when compared with
52% in patients with CKD stage 3 [33]. Hypertension is an
important risk factor for progression of LVH in pre-dialysis
CKD [34]. In a study of 433 incident dialysis patients, 15%
had systolic dysfunction, 32% left ventricular dilatation
and 74% LVH at the start of dialysis, all associated with an
adverse prognosis [35]. In another study by the same
group, 31% had congestive heart failure at the start of dia-
lysis, whereas 25% of patients without signs of congestive
heart failure at the start of dialysis developed this com-
plication during a mean follow-up period of 42 months.
Important risk factors for the development of congestive
heart failure were hypoalbuminaemia, anaemia and
hypertension [36]. In a smaller study in 30 non-diabetic
dialysis patients, mean left ventricular mass (LVM) did not
change significantly from baseline (the start of dialysis) in
12 and 24 months after the start of dialysis, although
changes in LVM in individual patients were related to
changes in BP and inversely to haemoglobin [37].

Indeed, changes in cardiac function after the start of
dialysis appear to be quite variable between patients. In a
multicentre incident cohort of 227 dialysis patients (54%
HD), 30% had a history of cardiac failure before the start
of dialysis, whereas 6% developed new-onset cardiac

failure during the first year after the start of dialysis and
15% developed cardiac failure after the first year on dialy-
sis. On the other hand, systolic function and LVM improved
in respectively 48 and 46% of patients [38].

The question is how these differences in changes in
cardiac structure and/or function following the start of
dialysis can be explained. It is not unreasonable to
assume that an improvement in fluid status could be in-
volved in the improved cardiac function observed in a sub-
group of patients, although no data on this subject are
available. On the other hand, both patient- and treat-
ment-related factors could play a role in the deterioration
in cardiac function after the start of HD treatment. With
regard to patient-related factors, LVM index at baseline
was related to the emergence of cardiac failure following
the start of dialysis [38]. A study in prevalent dialysis
patients showed an inverse relation between LVM and
residual renal function [39]. With regard to treatment-
related factors, several studies have shown disturbances
in regional wall contractility during the dialysis procedure,
attributed to cardiac stunning (impaired but reversible
myocardial contractility due to ischaemia) [40], which
were not present before dialysis [41, 42]. Reversible intra-
dialytic changes in regional LV wall contractility were pre-
dictive of persistently impaired systolic function during
later follow-up, as well as for increased mortality [43, 44].
Given these data, it is suggestive that the dialysis proced-
ure itself plays a role in the loss of myocardial contractile
tissue, although patient susceptibility also plays a role,
given the fact that intra-dialytic regional wall abnormalities
followed by a persistent loss of systolic function are primar-
ily observed in a subset of dialysis patients, notably in those
with pre-existent higher LVM and higher interleukin-6 (IL-6)
levels [43, 45].

Summarizing, the effect of starting dialysis on cardiac
function appears to be variable, with a subgroup showing
an improvement, and the other subgroup showing deterior-
ation. To what degree underlying cardiac pathology, or the
effects of dialysis treatment are responsible for the changes
observed in the latter group, further research is needed.

Arterial stiffness and vascular calcification

An increase in vascular stiffness increases the systolic
burden to the heart and is an important risk factor for
mortality both in dialysis patients as well as in patients
with CKD. Various studies have shown that arterial stiff-
ness, assessed by different parameters, is increased in
both CKD as well as dialysis patients when compared with
controls [46–50]. The processes leading to arterial stiff-
ness likely start early in the course of renal failure [46, 50].
Also, the age-related progression in arterial stiffness may
be more rapid in patients with ESRD when compared with
subjects without renal impairment. In a study in 80 preva-
lent dialysis patients and 60 controls, the mean change in
pulse-wave velocity (PWV), as a marker of arterial stiffness
over a 3-year time period was larger in dialysis patients
(64 cm/s) when compared with the 27 cm/s observed in
controls [51]. However, in a sub-study of the Convective
Transport Study, no change in PWV was observed in 189
prevalent patients during a maximal follow-up period of
3 years [52]. One cross-sectional study found an increase
in vascular stiffness in both pre-dialysis patients as well as
maintenance dialysis patients when compared with con-
trols, without significant differences between both patient
groups [49]. To the best of our knowledge, longitudinal
studies following changes in arterial stiffness from the
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transition phase of pre-dialysis ESRD to the dialysis period
are yet lacking.

With regard to vascular calcifications, there is ample
evidence that these progress during time on dialysis [53].
However, as holds true for arterial stiffness, vascular calcifi-
cation is also prevalent in earlier stages of CKD [54].
Whereas pharmacological treatment can, to some degree,
influence the calcification process, this is not yet clear for
dialysis therapy, as no long-term studies concerning the
effect of different dialysate calcium levels on vascular calci-
fication are available. Thus, until now, the question whether
the progression in vascular calcification observed during
dialysis treatment is (partly) due to a detrimental effect of
the dialysis treatment itself or only to insufficient correction
of the abnormalities in mineral metabolism remains to be
answered.

Summarizing, available evidence suggests that arterial
wall parameters, both with regard to stiffness as well as cal-
cifications, deteriorate during dialysis, but also show a high
prevalence of arterial disease before the start of dialysis.
The extent to which dialysis treatment itself can influence
arterial wall properties in the long term needs further study.

Nutritional state and body composition

Protein-energy wasting is an important risk factor for mor-
tality in dialysis patients, certainly when accompanied by
inflammation [55]. Abnormalities in nutritional state already
occur in the pre-dialysis stage, associated with a spontan-
eous decline in protein intake [56]. Both in prevalent dialysis
patients but also at the onset of dialysis, malnutrition is an
important risk factor for mortality [57, 58].

The start of dialysis could theoretically have both positive
and negative effects on nutritional state [58, 59]. Positive
effects include the increased removal of uraemic toxins,
which might be involved in anorexia, the correction of acid-
osis and the possibility for a more liberal diet when com-
pared with the pre-dialysis stage. Negative effects include
the loss of (micro)nutrients, as well as the inflammatory
process which may accompany dialysis treatment [58–61].
Whereas studies in prevalent patients suggest a decline in
nutritional parameters over time [62, 63], studies in incident
patients suggested an improvement in (especially bio-
chemical) parameters reflecting malnutrition, such as
pre-albumin and albumin, as well as an increase in protein
intake (reflected by protein nitrogen appearance) in the
first year following the start of dialysis [64, 65]. These find-
ings were confirmed by later studies [66]. However, it is
uncertain whether these biochemical changes are also
reflected in improvements in body composition.

The least specific parameter reflecting body compos-
ition is body weight. Changes in body weight after the
start of dialysis can either reflect changes in hydration,
lean tissue mass (LTM) or fat mass. A single-centre study
from Tassin in 363 incident dialysis patients showed that
mean target (dry) body weight decreased by 6.5% in the
first 8 weeks after the start of dialysis, followed by an in-
crease of 1.9% during Week 8–52 [66]. Changes in target
body weight after 8 weeks were positively related to
protein intake (reflected by protein nitrogen appearance)
and serum albumin, but inversely to C-reactive protein
(CRP) at 12 weeks after the start of dialysis. Moreover, an
increase in body weight between Week 8 and 52 after the
start of dialysis was predictive of survival. However, this
subsequent increase in body weight occurred only in 60%
of patients. After 1 year of treatment, mean target body

weight in the cohort was still ∼4 kg lower than the weight
at the start of dialysis. The initial decline in body weight
is suggested to reflect a decrease in extracellular volume
due to the removal of excess fluid by ultrafiltration,
whereas the later increase is suggested to reflect an im-
provement in nutritional state, which would be supported
by the relation between changes in body weight and bio-
chemical nutritional parameters. In the earlier mentioned
study of Sipahioglu et al., mean pre-dialytic body weight
decreased from 80.7 kg at baseline to 79.4 kg after 3
months, followed by a gradual increase to 80.7 kg at the
end of the first year [32]. In contrast, a study, in 142 inci-
dent HD patients (34 diabetics), which assessed body
composition in more detail by dual-energy X-ray absorpti-
ometry (DEXA) showed a decline in lean body mass of 1.1
kg in non-diabetic patients and of 3.4 kg in diabetic pa-
tients in the first year of dialysis [67]. Still, studies in which
body composition is assessed by DEXA or bioimpedance
using a two-compartment model likely cannot differenti-
ate well between ECWand LTM in patients with FO [68].
In a study using both DEXA as well as neutron activation

analysis, Pellicano et al. did not observe significant changes
in total protein stores as well as lean body mass in a com-
bined cohort of 46 HD and PD patients which was followed
for 12months from the start of dialysis [26].
Summarizing, although there is evidence for a beneficial

effect of starting dialysis regarding protein intake and la-
boratory parameters, the relation between the start of
dialysis and changes in body composition deserve further
study. Changes in nutritional state appear to have prog-
nostic significance.

Systemic inflammation

The presence of systemic inflammation is an important
characteristic of CKD. Also in non-dialysed CKD patients, in-
flammation likely plays a very important role in the patho-
genesis of various systemic complications associated with
ESRD such as cardiovascular disease and malnutrition [69],
whereas markers of systemic inflammation, such as CRP,
are consistently related tomortality [55, 69, 70]. The patho-
genesis of systemic inflammation in patients with ESRD is
multifactorial. Next to the uraemic state itself, systemic in-
flammation can also occur as a result of comorbidity
related to CKD, such as e.g. systemic atherosclerosis, heart
failure or (occult) infections [69, 71–73]. Dialysis-related
factors, such as bioincompatible membranes may play a
role in its pathogenesis [74] although, also with the use of
synthetic membranes was an inflammatory response ob-
served during dialysis [75, 76]. Also dialysate impurity may
play a role, given the fact that markers of inflammation
and oxidative stress were significantly lower in patients
treated with ultrapure versus standard dialysate [77].
Moreover, also the vascular access is likely involved in

the pathogenesis of systemic inflammation. Recently, in a
study in 583 incident HD patients, the use of CVC and
arterio-venous (AV) grafts was associated with a respect-
ively 62 and 30% higher increase in CRP levels during a
follow-up period of 3 years when compared with patients
with AV fistula [78]. Given the multifactorial pathogenesis
of inflammation in ESRD patients, the uraemia- or dialysis-
specific role in the pathogenesis of systemic inflammation
may be difficult to unravel from those of comorbid factors
in clinical research, although in patients with an unex-
plained increase in CRP levels, a search for underlying
pathology is warranted [72, 73].

274 N.J.H. Broers et al.



Few other studies assessed the effects of starting dialy-
sis on inflammatory parameters. McIntyre et al. found in a
cross-sectional analysis higher endotoxin levels endotoxin
levels in patients on dialysis when compared with patients
with pre-dialysis CKD, which was associated with systemic
inflammation. Endotoxin levels in HD patients were related
to intra-dialytic haemodynamic stress, which led to authors
to suggest that recurrent gut ischaemia due to intra-dialytic
hypotension may play a role in its pathogenesis [79]. In
contrast, despite the fact that in a study in prevalent dialy-
sis patients IL-6 levels increased during a 3-year follow-up
period [62], Pupim et al. did not observe a change in in-
flammatory parameters or parameters related to oxidative
stress in the year following the start of dialysis [80]. Sum-
marizing, despite evidence for an acute effect of dialysis
treatment on the inflammatory response, it is uncertain
whether HD treatment itself, when performed with biocom-
patible membranes and ultrapure dialysate, is an important
contributor to chronic systemic inflammation. However, HD
access may be an important determinant for systemic in-
flammation. Still, the relative effects of treatment-related
factors, the uraemic state and comorbidity are likely complex
and not easy to unravel.

Physical activity and functional performance

It is well known that both physical activity and performance
in dialysis patients is low. Many HD patients lead a sedentary
lifestyle [81, 82]. In a recent international survey, physical
activity was classified as low (defined by a number of steps
<7500/day) in 64% of 134 dialysis patients with a mean age
of 54.9 years [82]. The mean number of steps in their popu-
lation was 5660. Both a sedentary lifestyle and low physical
performance important risk factors for mortality [83, 84].
Physical activity was related to serum albumin, lean body
mass and haemoglobin levels showing an important correl-
ate between potentially reversible factors [85]. Some reports
suggest that physical activity is also already low in the pre-
dialysis phase, possibly due to the fatigue associated with
advanced renal failure and the presence of comorbid
disease, but possibly also to pre-existent lifestyle factors
[86]. However, using the same methodology (Sensewear®)
as in the Avesani study [82], in a study of 24 patients with
CKD stage 4–5 not on dialysis (mean age 60.9 years), a
mean daily physical activity duration of 74 min and a mean
number of steps of 10423/day was observed, which lead
the authors to conclude that physical activity was generally
satisfactory in their cohort [87].

To the best of our knowledge, there are no prospective
studies looking at the effects of starting dialysis. However,
two studies showed that physical activity was lower on
dialysis when compared with non-dialysis days [82, 88].

With regard to the effects of the start of dialysis on
functional performance, especially in relation to activities
of daily living (ADL), recent studies have shown concerning
results. In a study in nursing home patients on dialysis,
Kurella Tamura et al. not only observed an excess mortal-
ity early after the start of dialysis, but also a significant
decline in ADL functional capacity in survivors [89]. To the
best of our knowledge, no studies have been performed
on functional performance in younger patients starting
dialysis. Summarizing, there is limited evidence on the re-
lation between the start of dialysis and changes in physic-
al performance. Observational studies in elderly and frail
patients showed a sharp decline in functional status fol-
lowing dialysis. Given the observational nature of these

data, it is difficult to distinguish between cause and effect.
Possibly, the additional stressor of starting dialysis put
further stress in these very frail patients at high risk of
homeostatic breakdown. Alternatively, dialysis may have
been started within a course of an already irreversible
decline in physical functioning [90, 91].

Conclusion

The start of dialysis is associated with pronounced pheno-
typic and pathophysiologic changes. Causes of these
changes are multifactorial and may include the dialysis
treatment itself, the progressive loss of renal function,
next to the insufficient correction of the internal milieu by
current dialysis modalities, as well as ongoing and pro-
gressive comorbid disease. The relative role of these differ-
ent mechanisms is not easy to unravel in clinical studies,
and clinical studies performed during the transition period
from pre-dialysis ESRD to the dialysis period are surprisingly
scarce. Although the focus of this review is not on thera-
peutic implications, the positive effects of early intervention
programmes suggest that multidimensional approach
might improve outcome in the transition period of the start
of dialysis [92]. Next to adequate preparation of the patient
for dialysis therapy including access care, individualized
and targeted prescription of dialysis treatment, attention
for diet and physical rehabilitation, ‘just in time’ starting of
dialysis and adequate treatment of comorbid disease are
all likely important in improving outcome during this critical
period [59, 93, 94].

Funding. Jeroen P. Kooman, Frank M. van der Sande and Natascha
J.H. Broers are supported by an unrestricted grant from Fresenius
Medical Care Europe.

Conflict of interest statement. The authors declare that they have
no conflict of interest.

References

1. McIntyre CW, Rosansky SJ. Starting dialysis is dangerous: how
do we balance the risk? Kidney Int 2012; 82: 382–387

2. Kooman JP, Usvyat L, van der Sande FM et al. ‘Time and time
again’: oscillatory and longitudinal time patterns in dialysis
patients. Kidney Blood Press Res 2012; 35: 534–548

3. Noordzij M, Jager KJ. Increased mortality early after dialysis ini-
tiation: a universal phenomenon. Kidney Int 2014; 85: 12–14

4. Robinson BM, Zhang J, Morgenstern H et al. Worldwide, mor-
tality risk is high soon after initiation of hemodialysis. Kidney
Int 2014; 85: 158–165

5. de Jager DJ, Grootendorst DC, Jager KJ et al. Cardiovascular
and noncardiovascular mortality among patients starting dia-
lysis. JAMA 2009; 302: 1782–1789

6. Bradbury BD, Fissell RB, Albert JM et al. Predictors of early
mortality among incident US hemodialysis patients in the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Clin
J Am Soc Nephrol 2007; 2: 89–99

7. Dalrymple LS, Mohammed SM, Mu Y et al. Risk of cardiovascu-
lar events after infection-related hospitalizations in older pa-
tients on dialysis. Clin J Am Soc Nephrol 2011; 6: 1708–1713

8. Murray AM, Seliger S, Lakshminarayan K et al. Incidence of
stroke before and after dialysis initiation in older patients.
J Am Soc Nephrol 2013; 24: 1166–1173

9. Hasegawa T, Bragg-Gresham JL, Yamazaki S et al. Greater
first-year survival on hemodialysis in facilities in which pa-
tients are provided earlier and more frequent pre-nephrology
visits. Clin J Am Soc Nephrol 2009; 4: 595–602

The first year on HD: a critical transition 275



10. de Jager DJ, Voormolen N, Krediet RTet al. Association between
time of referral and survival in the first year of dialysis in dia-
betics and the elderly. Nephrol Dial Transplant 2011; 26: 652–658

11. Singhal R, Hux JE, Alibhai SM et al. Inadequate predialysis
care and mortality after initiation of renal replacement
therapy. Kidney Int 2014; 86: 399–406

12. Lacson E Jr, WangW, DeVries C et al. Effects of a nationwide pre-
dialysis educational program onmodality choice, vascular access,
and patient outcomes. Am J Kidney Dis 2011; 58: 235–242

13. van Diepen M, Schroijen MA, Dekkers OM et al. Predicting mor-
tality in patients with diabetes starting dialysis. PLoS One
2014; 9: e89744

14. Shih CJ, Chen YT, Ou SM et al. The impact of dialysis therapy
on older patients with advanced chronic kidney disease: a na-
tionwide population-based study. BMC Med 2014; 12: 169

15. Johansen KL, Delgado C, Bao Y et al. Frailty and dialysis initi-
ation. Semin Dial 2013; 26: 690–696

16. Murtagh FE, Marsh JE, Donohoe Pet al. Dialysis or not? A compara-
tive survival study of patients over 75 years with chronic kidney
disease stage 5.Nephrol Dial Transplant 2007; 22: 1955–1962

17. Konings CJ, Kooman JP, Schonck M et al. Fluid status, blood
pressure, and cardiovascular abnormalities in patients on
peritoneal dialysis. Perit Dial Int 2002; 22: 477–487

18. Wizemann V, Wabel P, Chamney P et al. The mortality risk of
overhydration in haemodialysis patients. Nephrol Dial Trans-
plant 2009; 24: 1574–1579

19. de Jager DJ, Halbesma N, Krediet RT et al. Is the decline of
renal function different before and after the start of dialysis?
Nephrol Dial Transplant 2013; 28: 698–705

20. van Biesen W, Claes K, Covic A et al. A multicentric, inter-
national matched pair analysis of body composition in peri-
toneal dialysis versus haemodialysis patients. Nephrol Dial
Transplant 2013; 28: 2620–2628

21. Yilmaz Z, Yildirim Y, Oto F et al. Evaluation of volume overload
by bioelectrical impedance analysis, NT-proBNP and inferior
vena cava diameter in patients with stage 3&4 and 5 chronic
kidney disease. Ren Fail 2014; 36: 495–501

22. Essig M, Escoubet B, de Zuttere D et al. Cardiovascular remod-
elling and extracellular fluid excess in early stages of chronic
kidney disease. Nephrol Dial Transplant 2008; 23: 239–248

23. Dumler F, Kilates C. Prospective nutritional surveillance using
bioelectrical impedance in chronic kidney disease patients. J
Ren Nutr 2005; 15: 148–151

24. Hung SC, Kuo KL, Peng CH et al. Volume overload correlates
with cardiovascular risk factors in patients with chronic
kidney disease. Kidney Int 2014; 85: 703–709

25. Caravaca F, Martinez del Viejo C, Villa J et al. Hydration status
assessment by multi-frequency bioimpedance in patients with
advanced chronic kidney disease. Nefrologia 2011; 31: 537–544

26. Pellicano R, Strauss BJ, Polkinghorne KR et al. Longitudinal
body composition changes due to dialysis. Clin J Am Soc Nephrol
2011; 6: 1668–1675

27. Hur E, Usta M, Toz H et al. Effect of fluid management guided
by bioimpedance spectroscopy on cardiovascular parameters
in hemodialysis patients: a randomized controlled trial. Am J
Kidney Dis 2013; 61: 957–965

28. Onofriescu M, Hogas S, Voroneanu L et al. Bioimpedance-
guided fluid management in maintenance hemodialysis: a
pilot randomized controlled trial. Am J Kidney Dis 2014; 64:
111–118

29. Chazot C, Vo-Van C, Deleaval P et al. Predialysis systolic blood
pressure evolution in incident hemodialysis patients: effects
of the dry weight method and prognostic value. Blood Purif
2012; 33: 275–283

30. Li Z, Lacson E Jr, Lowrie EG et al. The epidemiology of systolic
blood pressure and death risk in hemodialysis patients. Am J
Kidney Dis 2006; 48: 606–615

31. Kalantar-Zadeh K, Block G, Humphreys MH et al. Reverse epi-
demiology of cardiovascular risk factors in maintenance dia-
lysis patients. Kidney Int 2003; 63: 793–808

32. Sipahioglu MH, Usvyat L, Liu L et al. Early systolic blood pres-
sure changes in incident hemodialysis patients are associated
with mortality in the first year. Kidney Blood Press Res 2012;
35: 663–670

33. Vickery S, Price CP, John RI et al. B-type natriuretic peptide
(BNP) and amino-terminal proBNP in patients with CKD: rela-
tionship to renal function and left ventricular hypertrophy.
Am J Kidney Dis 2005; 46: 610–620

34. Okumura K, Io H, Matsumoto M et al. Predictive factors asso-
ciated with change rates of LV hypertrophy and renal dysfunc-
tion in CKD patients. Clin Nephrol 2013; 79: 7–14

35. Foley RN, Parfrey PS, Harnett JD et al. Clinical and echocardio-
graphic disease in patients starting end-stage renal disease
therapy. Kidney Int 1995; 47: 186–192

36. Harnett JD, Foley RN, Kent GM et al. Congestive heart failure in
dialysis patients: prevalence, incidence, prognosis and risk
factors. Kidney Int 1995; 47: 884–890

37. Io H, Matsumoto M, Okumura K et al. Predictive factors asso-
ciated with left ventricular hypertrophy at baseline and in the
follow-up period in non-diabetic hemodialysis patients.
Semin Dial 2011; 24: 349–354

38. Foley RN, Parfrey PS, Kent GM et al. Serial change in echocar-
diographic parameters and cardiac failure in end-stage renal
disease. J Am Soc Nephrol 2000; 11: 912–916

39. Mostovaya IM, Bots ML, van den Dorpel MA et al. Left ventricu-
lar mass in dialysis patients, determinants and relation with
outcome. Results from the COnvective TRansport STudy (CON-
TRAST). PLoS One 2014; 9: e84587

40. Camici PG, Prasad SK, Rimoldi OE. Stunning, hibernation, and as-
sessment of myocardial viability. Circulation 2008; 117: 103–114

41. Assa S, Hummel YM, Voors AA et al. Changes in left ventricular
diastolic function during hemodialysis sessions. Am J Kidney
Dis 2013; 62: 549–556

42. Burton JO, Jefferies HJ, Selby NM et al. Hemodialysis-induced
cardiac injury: determinants and associated outcomes. Clin J
Am Soc Nephrol 2009; 4: 914–920

43. Assa S, Hummel YM, Voors AA et al. Hemodialysis-induced
regional left ventricular systolic dysfunction: prevalence,
patient and dialysis treatment-related factors, and prognostic
significance. Clin J Am Soc Nephrol 2012; 7: 1615–1623

44. Burton JO, Jefferies HJ, Selby NM et al. Hemodialysis-induced
repetitive myocardial injury results in global and segmental
reduction in systolic cardiac function. Clin J Am Soc Nephrol
2009; 4: 1925–1931

45. Assa S, Hummel YM, Voors AA et al. Hemodialysis-induced re-
gional left ventricular systolic dysfunction and inflammation:
a cross-sectional study. Am J Kidney Dis 2014; 64: 265–273

46. Briet M, Boutouyrie P, Laurent S et al. Arterial stiffness and
pulse pressure in CKD and ESRD. Kidney Int 2012; 82: 388–400

47. Verbeke F, Van Biesen W, Honkanen E et al. Prognostic value
of aortic stiffness and calcification for cardiovascular events
and mortality in dialysis patients: outcome of the calcification
outcome in renal disease (CORD) study. Clin J Am Soc Nephrol
2011; 6: 153–159

48. Karras A, Haymann JP, Bozec E et al. Large artery stiffening
and remodeling are independently associated with all-cause
mortality and cardiovascular events in chronic kidney
disease. Hypertension 2012; 60: 1451–1457

49. Porazko T, Kuzniar J, Kusztal M et al. Increased aortic wall
stiffness associated with low circulating fetuin A and high C-
reactive protein in predialysis patients. Nephron Clin Pract
2009; 113: c81–c87

50. Hermans MM, Henry R, Dekker JM et al. Estimated glomerular
filtration rate and urinary albumin excretion are independent-
ly associated with greater arterial stiffness: the Hoorn Study. J
Am Soc Nephrol 2007; 18: 1942–1952

51. Avramovski P, Janakievska P, Sotiroski K et al. Accelerated pro-
gression of arterial stiffness in dialysis patients compared
with the general population. Korean J Intern Med 2013; 28:
464–474

276 N.J.H. Broers et al.



52. Mostovaya IM, Bots ML, van den Dorpel MA et al. A rando-
mized trial of hemodiafiltration and change in cardiovascular
parameters. Clin J Am Soc Nephrol 2014; 9: 520–526

53. Noordzij M, Cranenburg EM, Engelsman LF et al. Progression of
aortic calcification is associated with disorders of mineral me-
tabolism and mortality in chronic dialysis patients. Nephrol Dial
Transplant 2011; 26: 1662–1669

54. Garcia-Canton C, Bosch E, Ramirez A et al. Vascular calcifica-
tion and 25-hydroxyvitamin D levels in non-dialysis patients
with chronic kidney disease stages 4 and 5. Nephrol Dial
Transplant 2011; 26: 2250–2256

55. Carrero JJ, Stenvinkel P. Inflammation in end-stage renal
disease—what have we learned in 10 years? Semin Dial 2010;
23: 498–509

56. Kopple JD, Greene T, Chumlea WC et al. Relationship between
nutritional status and the glomerular filtration rate: results
from the MDRD study. Kidney Int 2000; 57: 1688–1703

57. Pupim LB, Evanson JA, Hakim RM et al. The extent of uremic
malnutrition at the time of initiation of maintenance hemodi-
alysis is associated with subsequent hospitalization. J Ren
Nutr 2003; 13: 259–266

58. Bergstrom J. Nutrition and mortality in hemodialysis. J Am
Soc Nephrol 1995; 6: 1329–1341

59. Rosansky S, Glassock RJ, Clark WF. Early start of dialysis: a crit-
ical review. Clin J Am Soc Nephrol 2011; 6: 1222–1228

60. Anderstam B, Mamoun AH, Sodersten P et al. Middle-sizedmol-
ecule fractions isolated from uremic ultrafiltrate and normal
urine inhibit ingestive behavior in the rat. J Am Soc Nephrol
1996; 7: 2453–2460

61. Ikizler TA, Pupim LB, Brouillette JR et al. Hemodialysis stimulates
muscle and whole body protein loss and alters substrate oxida-
tion. Am J Physiol Endocrinol Metab 2002; 282: E107–E116

62. den Hoedt CH, Bots ML, Grooteman MP et al. Clinical predic-
tors of decline in nutritional parameters over time in ESRD.
Clin J Am Soc Nephrol 2014; 9: 318–325

63. Kaysen GA. Progressive inflammation and wasting in patients
with ESRD. Clin J Am Soc Nephrol 2014; 9: 225–226

64. Pupim LB, Kent P, Caglar K et al. Improvement in nutritional
parameters after initiation of chronic hemodialysis. Am J
Kidney Dis 2002; 40: 143–151

65. Mehrotra R, Berman N, Alistwani A et al. Improvement of nu-
tritional status after initiation of maintenance hemodialysis.
Am J Kidney Dis 2002; 40: 133–142

66. Chazot C, Deleaval P, Bernollin AL et al. Target weight gain
during the first year of hemodialysis therapy is associated
with patient survival. Nephron Clin Pract 2014; 126: 128–134

67. Pupim LB, Heimburger O, Qureshi AR et al. Accelerated lean
body mass loss in incident chronic dialysis patients with dia-
betes mellitus. Kidney Int 2005; 68: 2368–2374

68. Konings CJ, Kooman JP, Schonck M et al. Influence of fluid
status on techniques used to assess body composition in
peritoneal dialysis patients. Perit Dial Int 2003; 23: 184–190

69. Peev V, Nayer A, Contreras G. Dyslipidemia, malnutrition, in-
flammation, cardiovascular disease and mortality in chronic
kidney disease. Curr Opin Lipidol 2014; 25: 54–60

70. Stenvinkel P, Heimburger O, Paultre F et al. Strong association
between malnutrition, inflammation, and atherosclerosis in
chronic renal failure. Kidney Int 1999; 55: 1899–1911

71. Sandek A, Bauditz J, Swidsinski A et al. Altered intestinal func-
tion in patients with chronic heart failure. J Am Coll Cardiol
2007; 50: 1561–1569

72. Beerenhout CH, Kooman JP, van der Sande FM et al. C-reactive
protein levels in dialysis patients are highly variable and strong-
ly related to co-morbidity. Nephrol Dial Transplant 2003; 18: 221

73. Snaedal S, Heimburger O, Qureshi AR et al. Comorbidity and
acute clinical events as determinants of C-reactive protein
variation in hemodialysis patients: implications for patient
survival. Am J Kidney Dis 2009; 53: 1024–1033

74. Bingel M, Lonnemann G, Koch KM et al. Plasma interleukin-1
activity during hemodialysis: the influence of dialysis mem-
branes. Nephron 1988; 50: 273–276

75. Caglar K, Peng Y, Pupim LB et al. Inflammatory signals asso-
ciated with hemodialysis. Kidney Int 2002; 62: 1408–1416

76. Tarakcioglu M, Erbagci AB, Usalan C et al. Acute effect of
hemodialysis on serum levels of the proinflammatory cyto-
kines.Mediators Inflamm 2003; 12: 15–19

77. Susantitaphong P, Riella C, Jaber BL. Effect of ultrapure dialys-
ate on markers of inflammation, oxidative stress, nutrition
and anemia parameters: a meta-analysis. Nephrol Dial
Transplant 2013; 28: 438–446

78. Banerjee T, Kim SJ, Astor B et al. Vascular access type, inflamma-
tory markers, and mortality in incident hemodialysis patients:
the Choices for Healthy Outcomes in Caring for End-Stage Renal
Disease (CHOICE) Study. Am J Kidney Dis 2014; 64: 954–961

79. McIntyre CW, Harrison LE, Eldehni MT et al. Circulating endo-
toxemia: a novel factor in systemic inflammation and cardio-
vascular disease in chronic kidney disease. Clin J Am Soc
Nephrol 2011; 6: 133–141

80. Pupim LB, Himmelfarb J, McMonagle E et al. Influence of
initiation of maintenance hemodialysis on biomarkers of
inflammation and oxidative stress. Kidney Int 2004; 65:
2371–2379

81. Painter P. Physical functioning in end-stage renal disease pa-
tients: update 2005. Hemodial Int 2005; 9: 218–235

82. Avesani CM, Trolonge S, Deleaval P et al. Physical activity and
energy expenditure in haemodialysis patients: an internation-
al survey. Nephrol Dial Transplant 2012; 27: 2430–2434

83. Stack AG, Molony DA, Rives T et al. Association of physical ac-
tivity with mortality in the US dialysis population. Am J Kidney
Dis 2005; 45: 690–701

84. Tentori F, Elder SJ, Thumma J et al. Physical exercise among
participants in the Dialysis Outcomes and Practice Patterns
Study (DOPPS): correlates and associated outcomes. Nephrol
Dial Transplant 2010; 25: 3050–3062

85. Zamojska S, Szklarek M, Niewodniczy M et al. Correlates of
habitual physical activity in chronic haemodialysis patients.
Nephrol Dial Transplant 2006; 21: 1323–1327

86. Gould DW, Graham-Brown MP, Watson EL et al. Physiological
benefits of exercise in pre-dialysis chronic kidney disease.
Nephrology (Carlton) 2014; 19: 519–527

87. Wlodarek D, Glabska D, Rojek-Trebicka J. Physical activity of
predialysis patients with chronic kidney disease measured
using SenseWear Armban. J Sports Med Phys Fitness 2011; 51:
639–646

88. Majchrzak KM, Pupim LB, Chen K et al. Physical activity pat-
terns in chronic hemodialysis patients: comparison of dialysis
and nondialysis days. J Ren Nutr 2005; 15: 217–224

89. Kurella Tamura M, Covinsky KE, Chertow GM et al. Functional
status of elderly adults before and after initiation of dialysis.
N Engl J Med 2009; 361: 1539–1547

90. Kotanko P, Kooman J, van der Sande F et al. Accelerated or
out of control: the final months on dialysis. J Ren Nutr 2014;
24: 357–363

91. Murray SA, Kendall M, Boyd K et al. Illness trajectories and
palliative care. BMJ 2005; 330: 1007–1011

92. Wingard RL, Pupim LB, Krishnan M et al. Early intervention im-
proves mortality and hospitalization rates in incident hemodi-
alysis patients: RightStart program. Clin J Am Soc Nephrol
2007; 2: 1170–1175

93. Intiso D. The rehabilitation role in chronic kidney and end stage
renal disease. Kidney Blood Press Res 2014; 39: 180–188

94. Mehrotra R, Rivara M, Himmelfarb J. Initiation of dialysis
should be timely: neither early nor late. Semin Dial 2013; 26:
644–649

Received for publication: 28.11.14; Accepted in revised form: 12.3.15

The first year on HD: a critical transition 277



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


