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Can Renal Replacement Be Deferred by a Supplemented
Very Low Protein Diet?
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Abstract. Patients with chronic renal failure are commonl\GFR became less than 10 ml/min (15 ml/min in diabetic
started on renal replacement therapy (RRT) as soon as (orpatients) and the date at which renal replacement therapy was
some centers, before) the usual criteria for severity are mstiarted were used as estimates of renal survival on nutritional
i.e, GFR <10 ml/min for nondiabetic patients and15 ml/ therapy. Kaplan—Meier analysis showed median renal survival
min for diabetic patients. To determine whether RRT caof 353 d. Acidosis and hypercholesterolemia were both pre-
safely be deferred beyond this point, adults with all types dictive of shorter renal survival. Signs of malnutrition did not
chronic renal failure who met these criteria on presentation (88velop. Final GFR averaged 56 1.9 ml/min. Two patients
patients) or who reached these levels of severity during tredted; thus, annual mortality was only 2.5%. Hospitalizations
ment (53 patients) were managed conservatively until RRdtaled 19 in 93 patient-years of treatment, or 0.2 per year.
was judged necessary by their chosen dialysis or transplantaus, these well motivated patients with GKRLO ml/min

tion team, without input into this decision from the preser(t<15 ml/min in diabetic patients) were safely managed by diet
authors. Patients were prescribed a very low protein diet ((aBd close follow-up for a median of nearly 1 yr without
g/kg) plus supplemental essential amino acids and/or ketoadaiilslysis. It is concluded that further study of this approach is
and followed closely. The intervals between the time at whidhdicated.

In most dialysis centers, patients who first present with uremiifowever, the high morbidity and mortality of dialysis (8) make
severe enough to qualify for reimbursement of their medical worthwhile to examine alternative approaches. Unfortu-
costs under the end-stage renal disease program, accordingdly, there are as yet few studies of mortality and morbidity
guidelines set forth by the Health Care Financing Administran predialysis patients. Obviously, in this population, comor-
tion (1,2), are immediately started on renal replacement theidities and severity of renal failure will both exert major
apy (RRT). In fact, arguments for starting dialysis even earligifluences on these parameters. Thus, any comparison of dial-
have been presented (3-6). The Medicare criteria for startipgis patients with predialysis patients, in these respects, is
dialysis currently include a value for GFR less than 10 ml/mifiqught with difficulty. This report is a first step in this direc-
(less than 15 ml/min in diabetic patients), whether estimated asn.
creatinine clearance or as the clearance of a marker substangge have been treating patients with chronic renal failure
that is freely filtered but neither reabsorbed nor secreted in tmh a Supp|emented Very IOW protein d|et for some years_
kidney (1,2) (as documented in the Discussion, GFR in englost of these patients have gone on eventually to RRT. The
stage renal failure averages about 25% less than creating@isjon to initiate RRT has always been made by the director
clearance). In addition, the National Kidney Foundation hag the patient's chosen dialysis unit (or transplant team), with
recently sponsored the establishment of guidelines for dialysig, input from us. We have noted that the final GFR at which
known as the Dialysis Outcomes Quality Initiative (DOQIRRT has been initiated is usually less than 10 mi/min. We have
which state: “Unless certain conditions are met, patients showd, reported that these patients rarely exhibit hypoalbumine-
be advised to initiate some form of dialysis when _the week ia at the start of RRT, despite prolonged consumption of a
renal Kt/V,req falls below 2.0. ... The GFR ... will be ap-ge\erely protein-restricted diet (9). These findings contrast
proximately 105 mi/min per 1.73 i (7). with a 25 to 50% incidence of hypoalbuminemia at the start of
The_se_ poI_|C|es presuppose that the need fqr re_nal repla ?ailysis nationwide (10-14). Furthermore, survival during the
ment is imminent when this level of renal function is reache rst 2 yr of dialysis is not adversely affected; on the contrary,
it is substantially better (in this unusually well motivated group
- of patients) than survival rates reported nationwide, after ad-
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hospitalization of such subjects during conservative therapgstleHomelink), or 2.8 g per nearest 10 kg IBW of ketoacid mixture

low? As shown here, the answers to all four questions affeE,” in the form of tablets of Cetolog. (Cetolog was produced by
affirmative. Clintec in France; it is not currently available), taken in divided doses

with meals. Forty-seven of the 76 patients received the ketoacid
. supplement during part of their course. All patients received CaCO
Maj[e”als and Methods and a multivitamin capsule. “
Patients Patients also received diuretics (7/8), beta-blockers (1/2), alpha-

Records were reviewed of all patients prescribed the dietary regjpckers (1/2), calcium channel blockers (2/5), NaHG®/5), angio-
men described below since 1984. Many of these patients have bggikin-converting enzyme inhibitors (1/3), minoxidil, sodium polysty-
the subject of previous reports from this laboratory, generally descrigne sulfonate, hydralazine, alpha-methyldopa, FeS®@Ichicine,
ing their earlier courses (9,15-20). The present report is concerngghpurinol, dihydroxycholecalciferol, and (in a few patients) transfu-
only with the final stages of their predialysis course, beginning at thgsns (or later, erythropoietin) as indicated. Cardiac glycosides were
point at which they met the Medicare criteria for severity and endingsed in only one patient. Use of nonsteroidal inflammatory agents or
at the point they entered RRT. A few patients treated during this sag&taminophen was limited; a few patients received salicyl salicylate
period were started on RRT before reaching the criteria for severityy arthritic symptoms.
these patients have been excluded. Patients over 18 yr of age wergeyenteen patients received 200 mg/d ketoconazole plus 2.5 mg/d
admitted to this program without restrictions as to diagnosis or SeV@kednisone during part of their course, in an attempt to slow progres-
ity of renal failure. Exclusions were the concomitant administration @fon. As noted elsewhere (19), this regimen appears to slow pro-
steroids, immunosuppressive drugs, nonsteroidal anti-inflammat@jdsssion in diabetic nephropathy, interstitial nephropathy, and chronic
agents more than once weekly, pregnant or planning to becogi8merular disease, but to accelerate progression in polycystic kidney
pregnant, and inability to empty the bladder. However, no patierigease.
were excluded for these reasons. These patients were mostly selfgyhen warranted by symptoms, the patients were referred to a
referred and therefore are not representative of the renal fa”ldﬁlysis unit or transplant team of their choice, usually near their
population as a whole. home. RRT was begun whenever deemed indicated, using the same

During this same period, seven patients declined to undertak@eria as in nonstudy patients, by the director of the patient’s chosen
dietary therapy; these subjects were also excluded. Thus, the col@slysis unit (or transplant team); it must be emphasized that the
under study is compliance-confounded, but includes all patients Whgssent authors played no role in these decisions, other than to refer
reached the criteria for severity defined below and who undertook g patients for consideration of RRT as soon as clinically indicated.
follow this dietary treatment. The effect of this exclusion on thghe interval between referral and the start of RRT varied from a few
outcome is uncertain. The renal diagnoses were as follows: chrogjgeks to 2 yr. Two patients received preemptive transplants; eight
glomerulonephritis (including IgA nephropathy) & 22), diabetic \yere started on peritoneal dialysis; the remaining 65 were started on
nephropathy i = 16), interstitial nephritisi{ = 11), arteriolar ne- hemodialysis. The interval between the date at which GFR became
phrosclerosisr( = 11), polycystic kidney disease (= 9), unknown  consistently<10 ml/min (<15 ml/min in diabetic patients) and the
(n = 6). Comorbidities were as follows: congestive heart failure=( gate on which RRT was started was taken as renal survival time.
17), coronary heart disease ¢ 7), malignancy if = 2). Informed At each visit, averaging eight per year, physical examination was
consent was obtained. The protocols were approved by the Jqigtformed, blood was obtained for routine hematologic and chemical
Committee on Clinical Investigation of the Johns Hopkins Medicginalyses, a 24-h urine collection was obtained for measurement of
Institutions. protein and urea N, and GFR was measured. Dietary protein intake

was estimated from 24-h urea N excretion according to Maatali (21).

Study Protocol

In each patient, GFR was measured before and during the stywagylts

period at intervals varying from 1 to 3 mo as the urinary clearance of The results of physiologic and chemical measurements are
99 - .
"Tc-DTPA averaged over three collection periods (9,17,18). thown in Table 1, in which the findings are summarized

each patient, the date was ascertained on which the GFR fell to . .
consistently less than 10 ml/min (15 ml/min in diabetic patients). Fgreparately for the 23 patients who presented with GFR)

several additional patients, this level was never reached and heH?JéT“'” (<15 mli/min in diabetic patients) (group 1) ?‘nd the 53
they are excluded from this analysis; for 23 (group 1), it was reachBgtients who presented and were started on nutritional therapy
before their first visit; for the remaining 53 (group 2), it was reache@eéfore GFR reached these values (group 2). In group 1, initial
only during the course of treatment. These 76 patients comprise fRER averaged 7.4 1.9 (SD) ml/min and initial serum creat-
present study population. inine concentration averaged 581.4 (SD) mg/dl. Chemical

All patients were prescribed a diet, described in detail elsewheyalues at entry are shown only for group 1. Last values for
(9,16-18), containing 0.3 g/kg of ideal body weight (IBW) of proteingerum albumin and serum transferrin, in patients who pro-
unrestricted as to quality, 7 to 9 mg/kg IBW of phosphorus, and 3gressed to RRT, are similar for both groups. Final GFR in all
keallkg IBW. During the 14-yr course of these studies, six differenig natients averaged 5:6 1.9 (SD) ml/min and did not differ
rgg'Stered.d'et't'ans were 'nVOIV?d in this work. Al be.came famllla§ignificantly between diabetic patients and nondiabetic pa-
with techniques for teaching patients a very low protein diet. Furth Irents

details of the dietary regimen are given in the original publications . .
(9,15-20). As noted in these publications, many patients received JMean arterial pressure averaged 10810 mmHg—higher

nitrogen-free maltodextrin supplement and/or special low-proteff@n is now believed to be optimal. Mean hematocrit values
foods. Caloric counts during treatment were performed only whaere influenced by transfusions and by erythropoietin injec-
undesirable weight loss occurred. All patients ingested either 10 g/dtisins in a few patients. Significant weight loss did not occur.
essential amino acids, in the form of tablets of Aminess (distributed byMean = SD serum chemical values for all 76 patients,
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Table 1. Parameters before, during, and at end of treatment

During

Parameter At entry Treatment Final
Group F

weight (kg) 72.1+ 13.9 69.1+ 13.0

GFR (ml/min) 7.4+ 1.9 45+ 1.8

mean arterial pressure (mmHQ) 16912

hematocrit (%) 28.4- 4.7

estimated protein intake (g/kg) 0.520.15

serum values
creatinine (mg/dl) 5814 9.1+ 2.2
urea N (mg/dl) 64+ 16 62+ 18 82+ 26
calcium (mg/dl) 9.0+ 0.8 9.0+ 0.8 8.8+ 0.9
phosphorus (mg/dl) 5&0.9 49+ 0.8 5.6+ 1.4
CO, (mEg/L) 21+ 4 22+ 4 22+ 5
albumin (g/dl) 4.1+ 0.5 41+ 0.4 4.1+ 0.6
transferrin (mg/dl) 233+ 38 221+ 28 223+ 46
cholesterol (mg/dl) 204 32 190= 38 184+ 39
triglycerides (mg/dl) 158- 74 165= 85 158+ 74

renal survival (days) (median): 530

Group 2

weight (kg) 69.6+ 13.0 71.5+ 14.2

GFR (ml/min) 6.2+ 1.9

mean arterial pressure (mmHg) 1689

hematocrit (%) 32.3: 4.6

estimated protein intake (g/kg) 0.510.13

serum values
creatinine (mg/dl) 8.3+2.9
urea N (mg/dl) 60+ 17 75+ 26
calcium (mg/dl) 9.0+ 0.5 9.0+ 0.8
phosphorus (mg/dl) 48 1.0 54+ 1.4
CO, (mEg/L) 23+ 3 23+5
albumin (g/dl) 4.2+ 0.4 41+ 0.5
transferrin (mg/dl) 239 48 239+ 62
cholesterol (mg/dl) 201 56 195+ 59

renal survival (days) (median): 346

2 Patients presenting with GFR10 ml/min (<15 ml/min in diabetic patientsn(= 23). Age: 57+ 14. Gender: 8 women, 15 men.
b patients presenting with GFR10 ml/min (>15 ml/min in diabetic patients) who later reached0 ml/min (<15 ml/min in diabetic
patients) (i = 53). Age: 50+ 14. Gender: 19 women, 34 men.

averaged for each patient for all 939 observations during tredtalysis has been shown to predict outcome (22). Average
ment, were as follows: urea N &t 18 mg/dl, CQ 23 £ 3 serum transferrin values during treatment were consistently
mM, albumin 4.2+ 0.4 g/dl, transferrin 232t 44 mg/dl. below normal €200 mg/dl) in 16 patients; final transferrin
Serum CQ values during treatment showed only three patientglues did not differ significantly from average values during
with persistent acidosis, defined as average, @ring treat- treatment. Final values for serum transferrin in 46 of these
ment of <20 mM. Average albumin values during treatmenpatients were also reported previously (9).

showed persistent hypoalbuminemia3.6 g/dl) in six, all of Two patients died during treatment: one in an automobile
whom had presented with the nephrotic syndrome, which dig¢cident and one of myocardial infarction. Four patients are
not worsen (20). Final values for serum albumin were slighthtill being treated.

lower: The mean change from average value during treatmeniaplan—Meier renal survival (23) is shown graphically in
to final value was—0.074 = 0.081 (SD) g/dl P = 0.022). Figure 1. Median survival to RRT was 353 d, varying from less
However, two patients developed hypoalbuminemia just befdtean 1 wk to 4 yr. When results from group 1 are analyzed
RRT. Final values for serum albumin in 46 of these 76 patiendeparately, their renal survival is not significantly different
were reported previously (9). Serum albumin at the start 5bm renal survival in group 2. Survival in patients who re-



J Am Soc Nephrol 10: 110-116, 1999 Deferral of Dialysis by Conservative Therapy 113

Kaplan-Meier survival estimate
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Figure 1.Kaplan—Meier renal survival curve for 76 patients with chronic renal failure treated conservatively, determined as the interval betwee
their meeting the Medicare criteria for starting renal replacement therapy (RRT) and the actual date of starting RRT. Median survival is 353

ceived ketoconazole did not differ significantly from survivatesults could have been achieved by an unsupplemented low
in those who did not. Survival in diabetic patients did not diffeprotein diet.
significantly from survival in nondiabetic patients. Another question unanswered by this study is what propor-
There was no correlation between renal survival time atidn of prospective dialysis patients is represented in the pop-
any of the other measured parameters considered singly, uration included here. Clearly, it is a minority, as judged (for
cluding average serum urea nitrogen, £@Ilbumin, trans- example) by their relatively low frequency of comorbidities.
ferrin, cholesterol, calcium, phosphorus, calcitimphospho- Thus, these patients are a self-selected group. However, it does
rus, mean arterial pressure, or initial GFR, nor any significanot follow that the approach used here will be useful for only
effect of age, gender, or diagnosis. However, when stepwigery unusual patients. In terms of diagnostic categories, age,
multiple regression was performed using these variables, gvesenting chemical values, and dietary compliance, this group
erage serum COand average serum cholesterol both becanoé subjects was in fact quite typical.
significant predictors of survival: Acidosis and hypercholes- This approach to treatment contrasts sharply with present
terolemia were both predictive of shorter renal survival at thieends in policies concerning the initiation of dialysis. Several
same significance leveR = 0.022. Together, these two vari-recent studies have been interpreted as showing that the out-
ables accounted for 11.4% of the variation in renal survivabme of dialysis is improved if it is initiated earlier (4,6). Some
time. workers (4) have even recommended initiating dialysis in any
Compliance with the dietary protein prescription was onlgatient spontaneously consuming less than 0.85 g/kg of pro-
fair, as we have reported previously (9,16-18,20). Medidein. For example, Ratcliffet al. (25) compared two groups of
protein intake (from food alone, after subtracting the N contepatients: one that had been followed for an average of 4 yr
of the supplements) was 0.48 g/kg, or 160% of that prescribdstfore starting dialysis and another that was referred late and
This degree of compliance is similar to the compliance ré&ad lower residual renal function. Hospitalizations and major
ported in other recent studies (24). complications were much more frequent in those referred late.
During the total of 93 patient-years of treatment, there wekowever, the conclusion of their study was that early referral
19 hospitalizations, or an average of 0.2 per patient-ye&w.a nephrologist, not early dialysis, was important. Similarly,
Eleven of these occurred during the first year of treatment. Jungerset al. (26) compared the outcome of 65 patients re-
ferred less than 1 mo before starting dialysis with the outcome
Discussion of 153 patients previously followed for 6 mo or more; com-
The findings of this study clearly show that some patienfsdications and hospital stays were far greater in the former
can be safely managed by conservative therapy for substangiadup. Again, the inference is not that dialysis should be started
intervals after they have reached or passed the usual thresleadier, but rather that referral to a nephrologist should take
for severity. Because all patients received the same diet ppdace earlier. Similar findings were reported by Khanal.
scription (0.3 g/kg of protein), it remains possible that the sanf27). Undoubtedly, early referral of our patients, as well as
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frequent follow-up in the predialysis period, enhanced ttie all four diet groups” (31). A progressive decline in creatinine
creation of fistulae and helped to avoid the complications ekcretion was observed in the low protein groups, and was prob-
central venous catheterization or grafts. ably related to reduced meat intake and/or by increasing degra-
It should also be pointed out that the question is not whethaation of creatinine (32). Loss of skeletal muscle mass could not
mortality on dialysis is reduced, but whether overall mortalitilave contributed in a major way to the reduction of urinary
is reduced by any particular policy. In our highly selectedreatinine excretion, because arm muscle area remained the same
patients, predialysis mortality was much lower than the 24% decreased only slightly. Importantly, the low protein regimens
annual mortality on dialysis reported nationwide (8). In studyere not associated with higher rates of death, hospitalization, or
B of the Modification of Diet in Renal Disease Study, annuany signs of malnutrition.”
mortality was again about 2.5% (28). In insulin-dependent A level of residual renal function below a defined threshold is
diabetic patients with overt nephropathy followed for 10 yften used as a criterion for starting dialysis, as noted in the
Rossinget al. (29) report predialysis mortality of 44%, or 4.4%introductory remarks. Commonly, creatinine clearance is used,
per year, on average. There have been few other studieseeén though it is well known that creatinine clearance usually
predialysis mortality. exceeds GFR. The relationship between these two measures in
Tattersallet al. (5) recently reported that morbidity andpatients with GFR values:10 ml/min, according to 13 published
mortality were significantly higher in patients who had lowereports (33—46), is depicted in Figure 2, including two studies
renal function at the onset of dialysis. They inferred thg88,45) in patients on dialysis (many other publications do not
dialysis should be initiated at higher levels of residual renegport their data in sufficient detail to permit even approximate
function than has been the practice in the past. The mean les@hversion of their graphical observations to numerical estimates).
of urea clearance at which dialysis commenced in these {Jdae ratio of creatinine clearance to simultaneously measured GFR
tients, when expressed as Kt/V, was 0.15 per day. In a patiémthese 115 observations varies considerably; the mean ist1.34
of average age and size, this corresponds to an average d8 (SD). Thus, GFR, on average, is 25% less than creatinine
clearance of approximately 4 mil/min, or a GFR of approxilearance. Recent studies, summarized in a report by Walser (47),
mately 8 ml/min. Thus, these patients were started on dialysiave shown that dosingith cimetidine before clearance de-
at an average level of renal function close to the Medicatermination virtually eliminates creatinine secretion, making
criterion. What is not taken into account in this study is ththe ratio of creatinine clearance to GFR indistinguishable
proportion of each group that were urgently placed on dialysisom unity. As yet,this technique has apparently not been
It has been well established that urgent initiation of dialysegpplied to patients with end-stage renal failure, but there is
leads to a high incidence of complications and hospitalizatiofittle reason to expect a different result. This technique could
(25,27,30). None of our patients was urgently started on dia@dvantageously be applied as a criterion for starting dialysis, if
ysis because all were referred to a dialysis or transplant uniteaspecific threshold level of renal function is believed to be
soon as symptoms warranted it. It is likely that patients icritical (which we question).
Tattersallet al’s study (5) with the lowest clearances were Ketoconazole is readily available, but ketoacids are not, at
urgently placed on dialysis; the authors give no information deast in the United States, at the present time. The importance
predialysis care in these patients. of ketoconazole or of the ketoacid supplement in the results
In the present study, the average level of renal function f@und in these patients is difficult to evaluate, because these
which RRT commenced was lower (526 1.9 ml/min in both treatments were not randomly assigned.
diabetic patients and nondiabetic patients) than in Tattegsall That protein restriction does not promote protein deficiency,
al.’s study (5); it was also less than half of that recommenddulit instead maintains protein nutrition, at first seems surpris-
by DOQI (7). Yet mortality during the first 2 yr of dialysis, ating. But the provision of essential amino acids as such prevents
least as judged from follow-up of 46 of these 76 patients, wasshortage of these components from becoming rate-limiting
far lower than the national average, after adjustment for ader protein synthesis, without adding to the load of other
gender, race, and renal diagnosis (15). Presumably, the expli@tary constituents found in high protein foods, such as non-
nation lies in the better nutritional state of our subjects, iessential amino acids, inorganic phosphate, phosphorylated
whom hypoalbuminemia at the start of RRT was rare (9mino acids, nucleotides, specific lipids, etc. This may be the
However, the possible effects of selection bias in causing theseplanation for the beneficial effect of a very low protein diet
differences are uncertain. supplemented by essential amino acids that we have found in
The nutritional effects of protein-restricted diets in the study preliminary study of nephrotic adults (20). Additional work
Modification of Diet in Renal Disease have recently been sumdll be required to identify the components of high protein
marized (24) as follows: “. . . patients assigned to the low proteioods that seem to aggravate protein deficiency.
or very-low protein diets lost about 2 kg and showed a decrease irThe wide variation in renal survival time shown in Figure 1
other anthropometric parameters during the first 4 mo only, pro-surprising. It is not a reflection of the severity of renal failure
ably because of reduced energy intake. Serum albumin levels ros¢he degree of uremia, as shown by the absence of a corre-
but transferrin levels fell (though not to subnormal values) ilation between renal survival time and serum urea N concen-
patients assigned to low protein or very-low protein diets. lmation or GFR. Among the patients with the longest survival
summary, biochemical and anthropometric indices of nutritiongines, including 12 with survival times more than 2 yr, it is
status during follow-up were generally well within normal limitsclear that the rate of decline of GFR was very low; in fact, it



J Am Soc Nephrol 10: 110-116, 1999

3

Ccr/GFR

0 -

Deferral of Dialysis by Conservative Therapy 115

T
0

5
GFR, ml/min

1 T
10

Figure 2. The ratio of creatinine clearance to measured GFR in severe renal failure €@BRml/min), according to 115 observations,

approximately graphed from 13 published studies (32—45), including two (37,44) in patients on dialysis. Wide variation in the ratio is seer

The curve is a computer-generated cubic spline. The mean ratii;ER, is 1.34+ 0.43 (SD). Thus, GFR is, on average, 25% less thgn C

averaged only 1.0Z 0.32 (SD) ml/min per yr. The rate of 4.

Hakim RM, Lazarus JM: Initiation of dialysid.Am Soc Nephrol

progression in these same patients before they reached the end6: 1319-1328, 1995

stage was uniformly greater. The explanation of this near-arrest
of progression is not at hand. The only factors we could
identify that were related to renal survival times were acidosi§"
and hypercholesterolemia. Whether these biochemical abnor-
malities exerted their effects on survival time by altering rate of7_
progression or by increasing symptoms at any level of renal
function could not be determined in this small series.

Further study is necessary to determine the proportion of.
patients who could adhere to this dietary regimen, the short-
and long-term safety in a more representative population, and
the level of renal function at which uremic symptoms appear?-
Then a randomized trial would be desirable to determine effi-
cacy, safety, and applicability in comparison with present
policies concerning the initiation of dialysis. 10.
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