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ABSTRACT

A gentle start of dialysis is a welcome possibility for both
patients and physicians. Incident dialysis patients often
maintain residual kidney function (RKF) for a consider-
able period of time; the start of dialysis is often driven
mainly by uremic symptoms. Recently, the combination
of a low-protein diet, along with a less-frequent dialysis
schedule, has regained interest as an alternative option in
selected and motivated patients. In addition, there is
renewed interest in a low-protein diet in patients with
moderate to advanced chronic kidney disease (CKD).
Dietary regimens have additional objectives now: obtain-
ing better control of phosphate and potassium levels; pre-
venting or reducing metabolic acidosis, protein
catabolism, and malnutrition; and reducing uremic symp-
toms. In the eighties and early nineties, data from uncon-
trolled studies showed that combining a very low-protein

diet with once weekly hemodialysis was a feasible
approach. However, these diets were very demanding with
poor patient compliance and had a high risk of smolder-
ing malnutrition. However, recent experience has shown
that the new protein-free foods have better palatability
and nutritional properties; this has increased adherence to
dietary prescriptions. Dietary regimens are now tailored
to the patient’s needs and habits. A multidisciplinary
approach is considered crucial for updating medical needs
and dietary prescriptions, ensuring adherence to the com-
bined program, and avoiding the development of malnu-
trition and inadequate dialysis. Monitoring RKF is
another key factor for the success of the program due to
the importance of optimal timing of the transition to
twice-weekly regimens and, eventually, thrice-weekly
hemodialysis.

Patients and physicians always wish to delay the
start of dialysis as much as possible or minimize the
number of dialysis sessions after its initiation. For
patients, the reason is obvious. In addition, a longer
period without dialysis or fewer dialysis sessions
have both economic and organizational advantages
(even if the point of view of large dialysis chains
differs). This is particularly true in an era of
economic constraints imposed by health systems
worldwide.

Given that incident dialysis patients often main-
tain residual kidney function (RKF) for a consider-
able period of time and that the start of dialysis is
often driven mainly by uremic symptoms and not
merely by the absolute value of the glomerular fil-
tration rate (GFR), a combined approach using a
low-protein diet together with a less-frequent dialy-
sis schedule could be proposed as an alternative
option in a select group of motivated patients. This

possibility is supported by the findings of the Initi-
ating Dialysis Early and Late (IDEAL) study,
which did not show any benefits on patient survival
with early vs. late dialysis start (1). Moreover, RKF
is superior to the equivalent urea clearance obtained
by dialysis with respect to patient outcomes.
Accordingly, even low residual renal function allows
for better clearance of middle molecules, such as
b2-microglobulin and protein-bound solutes, (2,3)
and helps in controlling sodium and fluid balance.

Rationale of the Low-Protein Diet

Impaired kidney function reduces the excretion of
many compounds which accumulate in extracellular
and intracellular compartments. These uremic toxins
include water-soluble low, middle and large sized
molecules as well as protein-bound substances (4,5).
Given that most of these molecules are derived from
protein breakdown (6), the reduction in protein
intake can reduce their accumulation and the onset
and severity of uremic symptoms.
Italian nephrologists have a long-standing tradi-

tion with low-protein diets. Dating back to the six-
ties, Giovannetti and Maggiore (7) had started
using a low nitrogen diet to alleviate uremic symp-
toms when dialytic treatment was not easily

Address correspondence to: Francesco Locatelli, Profes-
sor, Department of Nephrology and Dialysis, Ospedale
A. Manzoni, ASST Lecco, Via dell’Eremo 9/11, 23900
Lecco, Italy, Tel.: +39-0341489850, Fax: +39-0341489860, or
e-mail: f.locatelli@ospedale.lecco.it.

Seminars in Dialysis—Vol 30, No 3 (May–June) 2017
pp. 246–250
DOI: 10.1111/sdi.12585
© 2017 Wiley Periodicals, Inc.

246

THE CRITICAL BALANCE – RESIDUAL KIDNEY FUNCTION AND
INCREMENTAL TRANSITION TO DIALYSIS



available. Some decades later, the low-protein diet
became a tool for slowing the progression of
chronic kidney disease (CKD) or at least delaying
the need for dialysis (8–10). This was also sustained
by the lack of effective reno-protective strategies
and because the role of hypertension and protein-
uria in CKD progression were less known at that
time (11).

While the absolute effect of low-protein diets in
terms of dialysis-free time is modest (12), low-pro-
tein or controlled-protein diets have gained new
popularity in the management of patients with mod-
erate-advanced CKD (11,13). Slowing down CKD
progression has now become a secondary target;
dietary regimens now have additional primary
objectives: obtaining a better control of phosphate
and potassium levels; preventing or reducing meta-
bolic acidosis, protein catabolism, and malnutrition;
and reducing uremic symptoms (thus postponing
the start of dialysis). In addition, a low-protein diet
can improve insulin resistance and lipid profile
homeostasis (14). Moreover, a low-protein diet
is accompanied by reduced sodium intake, which
can improve hypertension, proteinuria and fluid
overload.

A reduced nitrogen intake can also help to ease
gastrointestinal symptoms and permit adequate
caloric intake. This in turn reduces the risk of meta-
bolic acidosis, which has deleterious consequences
such as bone mineral loss, hyperkalemia, muscle
wasting, reduced protein anabolism, and increased
protein catabolism. Furthermore, the correction of
metabolic acidosis improves the appetite by itself.

A concomitant high calorie intake (35–40 kcal/
kg/day) is needed for patients implementing a low-
protein diet to maintain a neutral or positive nitro-
gen balance, maintain or increase lean body mass,
and reduce net urea generation (15). Interestingly,
the human body adapts to a reduced protein intake
with a more efficient use of amino acids and with a
reduction in both body protein synthesis and pro-
tein breakdown if a high calorie intake is provided
(16,17).

Several years ago, Brunori et al. (18) demon-
strated that a very low-protein diet can safely post-
pone the start of dialysis in an elderly population
with a mean baseline GFR of 6.1 � 0.7 ml/minute/
1.73 m2. However, even a very low-protein diet can-
not control uremic symptoms or hyperkalemia even
in a very compliant patient and dialysis must be
started. Accordingly, 40 patients (71%) in the diet
group needed to start dialysis after a median of
9.8 months (18).

Incremental Dialysis: Rethinking of an Old
Strategy

Less-frequent hemodialysis is commonly pre-
scribed in developing countries for economic or
practical reasons. For many years, the same strategy

has also been considered possible in developed
countries in the presence of substantial RKF
(19,20). In the late 1990s Gotch, the father of the
urea kinetic models, already suggested starting dial-
ysis therapy at a lower frequency in some patients
(21). However, the belief that a higher dialysis dose,
coupled with a longer dialysis time, could improve
patient survival (22) has somehow overshadowed
the importance of RKF and limited the use of less-
frequent hemodialysis. However, the use of either
infrequent hemodialysis (23) or incremental peri-
toneal dialysis at treatment start is recently gaining
its popularity due to several advantages.
First, it is well known that the abrupt start of

dialysis contributes to rapid reduction in RKF,
especially when the “dry” body weight is searched
for too aggressively. Here, incremental dialysis can
preserve RKF longer (24).
Second, dialysis initiation with a less-frequent

schedule can improve a patient’s quality of life dur-
ing possible end of life care and limit treatment
associated distress. Indeed, the first months of dialy-
sis are burdened by a high mortality rate, especially
in the geriatric population which may be affected
by many comorbidities. Third, at the start of dialy-
sis, less-frequent utilization of the native fistula or
vascular graft may facilitate the “maturation” of the
vascular access and improve its survival. Moreover,
a gradual integration into dialysis treatment is often
better accepted by those patients who are reluctant
to start.
However, all that glitters is not gold. Incremental

dialysis is to be reserved for patients who have signifi-
cant urinary output and RKF. Dialysis dose, patient
well-being and fluid overload have to be monitored
closely to adequately dose dialysis given the expected
progressive decline of RKF. As such, this strategy
should be considered a favorable option for the
patient and not just a cost-saving measure.
Interestingly, survival in incident patients receiv-

ing incremental hemodialysis is influenced by the
degree of RKF: among patients having a renal urea
clearance ≥ 3.0 ml/minute/1.73 m2 (or urinary out-
put ≥ 600 ml/day), those on incremental hemodialy-
sis had similar adjusted mortality risk to those on
thrice-weekly regimes (25). Conversely, among
patients with lower RKF (or a less urinary output),
incremental hemodialysis showed a higher mortality
risk than conventional thrice-weekly dialysis.

Integrated Diet-dialysis Program

Little attention has been given to the possibility
of prolonging the conservative phase of ESRD
management by proportionally adding depurative
dialysis (in term of urea clearance, Kt/V) to the pro-
gressively deteriorating kidney function. In the inte-
grated diet-dialysis program, the lower depuration
of less-frequent hemodialysis is assisted by a
reduced load of nitrogen, phosphate, toxins, and
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longer preservation of RKF (26). Plasma urea is a
function of the factors determining its mass equilib-
rium: generation, accumulation, and removal. In
advanced CKD, high plasma urea concentration
reflects urea accumulation on the body because of
reduced renal removal. This accumulation can be
limited by reducing urea generation or increasing its
removal with dialysis. The rationale of uremia con-
servative treatment is based on the consideration
that uremic symptoms are correlated with the
plasma concentration of urea, considered a main
marker of toxicity. Unfortunately, the range of
serum urea concentrations where the uremic syn-
drome is “under control” is still to be defined.

In incremental dialysis, in addition to adequate
depuration according to physiological needs, the
key elements for success are optimal patient compli-
ance to the nutritional program and strict nutri-
tional and medical follow-up to avoid malnutrition
and the need for dialysis dose progression. Table 1
summarizes the characteristics of the main reports
on this combined approach.

In the early eighties, Mitch and Sapiro (27)
enrolled seven uremic patients with a mean age of
45 years and an average GFR of 3.4 � 1.0 ml/min-
ute (estimated as the average of the urea and
creatinine clearances). All the patients underwent
once-weekly hemodialysis with two different pro-
tein intakes for 6–8 weeks: 0.96 g/kg/day or
0.4 g/kg/day plus essential amino acids (10 g/day).
The authors concluded that with the lower protein
intake, dialysis frequency could be reduced in some
patients with RKF. However, the short follow-up
did not allow for the assessment of changes in the
nutritional status. Some years later, Morelli et al.
(28) proposed a similar approach in 17 selected
chronic uremic patients for a mean period of
18.2 months. In these patients, once-weekly dialysis
was feasible and was associated with a slower
decline of RKF compared to those treated with
thrice-weekly hemodialysis.

In 1994, Locatelli et al. (29) published the results
of a larger, open, prospective study, where a very
low-protein diet (0.4 g/kg ideal body weight/day
supplemented with either essential amino acids or a
mixture of essential amino acids and keto-analogues
with a caloric intake of 40 kcal/kg/day) plus once-
weekly hemodialysis of 5.5 hours was compared to
standard thrice-weekly hemodialysis. At baseline,
patients entering the Intermittent Dialysis Diet pro-
gram (IDDP) had a very low mean GFR
(2.1 � 1.0 ml/minute/1.73 m2 estimated as the aver-
age of the clearance of urea and creatinine) and pre-
served urinary output. Dietary compliance was
assessed by interview and by the difference between
the observed and expected protein catabolic rate.
Adequate compliance was a prerequisite for study
inclusion: among 273 patients starting dialysis
between 1985 and 1991, only 84 subjects were
included in the IDDP program. From this group,
32 patients reached the end of the 12-month follow-
up period; nearly half of these selected patients had
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suboptimal compliance to the diet, which worsened
over time. Despite this, the patients in the IDDP
maintained stable nutritional and depurative param-
eters over the follow-up period (except for a reduc-
tion in the creatinine generation rate in some
patients possibly suggesting a reduction in muscle
mass). Of note, electroneurographic parameters,
which were used to test uremic neuropathy and con-
sidered a surrogate of dialysis adequacy at that
time, showed a worsening over time. The very low
GFR at study entry and the scarcity of palatable
low-protein food in the nineties may have con-
tributed to the high drop-out rates. Although
patients were highly motivated, the risk of smolder-
ing long-term malnutrition appeared high.

Recently, Caria et al. (30) proposed a less strict
“Combined Diet Dialysis Program” (CDDP) with
once weekly hemodialysis plus low intakes of protein
(0.6 g/kg/day), phosphorus (600–700 mg/day), and
sodium; energy intake was 30–35 kcal/kg/day on
nondialysis days. In their multicenter, prospective
study, 68 patients with stage V CKD received
CDDP (n = 38) or standard thrice-a-week hemodial-
ysis (n = 30). The CDDP had a much lower drop-
out rate than the IDDP, as 34 of the 38 patients
were still on CDDP at 12 months. However, mean
GFR at baseline was 7.8 � 1.9 ml/minute/1.73 m2

and was much higher than in Locatelli et al.’s study
(29). Thanks to low phosphate intake, patients on
CDDP also had less secondary hyperparathyroidism
in comparison with patients on standard thrice
weekly hemodialysis. Interestingly, a significant
reduction in the ESA requirement was observed in
the CDDP group, possibly as a result from lower
exposure to hemodialysis sessions (and thus less
blood loss in the circuit). Of note, hemodialysis was
performed with ultrapure dialysate and highly bio-
compatible membranes in both groups.

How to Improve Patient Compliance: the
Cooperation of the Patient

Epidemiological changes in the CKD population
have made the nutritional management of CKD
patients more and more complex. Most CKD
patients are now older in age and affected by more
comorbidities; a simple schematic dietary plan is no
longer adequate for complex patient needs. Nutri-
tional treatment is becoming increasingly focused
and adapted to patient characteristics, habits, and to
their clinical and extra-clinical needs (31). Patients
can be offered multiple-choice regimens of low-pro-
tein diets now with a simplified and flexible
approach that facilitate an easy integration in the
context of everyday clinical activities (31). This is
obtained with a qualitative rather than quantitative
approach based on allowed and forbidden food (31).

Nutritional counseling requires extra time,
patience and the creation of an optimal patient rela-
tionship with the nephrologist, nurses, and dieti-
cians. The doctor must fully explain his or her

advice to the patient and verify adequate compre-
hension. It is essential to establish trust and open-
ness to allow the patient to expose doubts and
freely discuss the feasibility of the dietary prescrip-
tion in their daily routine. Allowing patients a day
off during the week free from their diet prescrip-
tions (usually on a dialysis day) may also help the
patient with a break from their routine and to sat-
isfy the desire for certain foods or sharing the same
meal with other persons at the table.
Ideally, a multidisciplinary approach should be

implemented with a well-trained and coordinated
team of nephrologists, dieticians, nurses, and possi-
bly psychologists organizing periodic meetings for
combining expertise. Periodic assessment of nutri-
tional status should be undertaken to reduce the
risk of malnutrition. Informative materials, includ-
ing flyers, manuals, videos, and websites are impor-
tant in helping with communication. The
involvement of the meal preparer is also a crucial
point. They need a clear understanding of why cer-
tain foods are to be selected or avoided and how to
determine the appropriate portion size for each food
choice. Given that a varied and palatable diet is a
key for long-term success, a wide variety of cooking
recipes should be provided. Thanks to their social
support aspects, cookery lessons may also enhance
engagement, and learning.
In recent years, vegetarian and vegan diets have

become popular among the general population and
are increasingly considered as a healthy habit. In
patients who are already vegetarian or vegan, or
prefer these dietary habits, the associated low-pro-
tein diet should be stressed as a favorable and
healthy option. Both veganism and vegetarianism
are also a sort of reaction to unhealthy foods and
hidden preservatives coming from the large-scale
food industry. Additional advantages of the diets
are the associated reduction in their phosphate con-
tent. The potential drawback of vegan and vegetar-
ian diets (i.e., the risk of insufficient protein intake)
can, in CKD patients, become the key to success by
helping to achieve the desired amount of protein
intake without the need for specific protein-free
products. Furthermore, the opening of vegan/vege-
tarian restaurants and the widespread availability of
dedicated menus increase the feasibility of these
dietary habits in everyday life. Besides the practical
issues, a vegetarian or vegan diet can go unnoticed,
whereas a diet with protein-free foods is seen as
a medical prescription and thus as a marker of
disease.
Finally, it is important to clearly teach the patient

that the renal diet is not only a matter of restriction
(32); the full incorporation of all necessary energy
requirements is mandatory in CKD patients on
low-protein diet for preventing protein catabolism,
maintaining neutral nitrogen balance, nutritional
status and body composition (33). Attention should
also be given to the quality of the protein intake to
assure an adequate intake of essential amino acids.
These amino acids can be obtained either with
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supplements (mandatory in very low-protein diets)
or with a careful and balanced choice of the protein
content of the foods.

Conclusions

There is a renewed interest in low-protein diets,
not only with the aim of delaying CKD progression,
but also as a part of a wider, comprehensive, nutri-
tional therapy. This novel approach gives more
attention to caloric, sodium, and phosphate intake
and to the quality of proteins; new protein-free
foods of improved quality and palatability are more
widely available and facilitate this approach. This
renewed nutritional approach is also becoming more
flexible and no longer considered only as part of
conservative CKD management. A combined nutri-
tional-dialysis approach may be an option for
avoiding the abrupt start of thrice weekly hemodial-
ysis in selected patients in whom the presence of a
modest degree of RKF and patient compliance are
essential characteristics. An added psychological
benefit to patients is that this combined approach is
a gentle bridge to the standard hemodialysis pro-
gram. The reduction in costs could make the pro-
gram particularly suitable where dialysis resources
are scarce.

There are still several issues to work out in con-
sidering the new revisited diet-dialysis program.
Indeed, the acceptable degree of RKF and target
dialysis dose, the protein quantity and quality in the
diet to avoid long-term malnutrition, and the identi-
fication of early signs of smoldering malnutrition
(especially in the geriatric population) are still open
questions.
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