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ABSTRACT

Although standard supportive care for bone marrow transplant (BMT)
recipients includes total parenteral nutrition (TPN), it has not been shown
that this is the most appropriate method of nutritional support. To
determine whether current BMT recipients require TPN during the early
recovery period, we conducted a prospective, randomized clinical trial
comparing TPN and an individualized enterai feeding program (counsel
ing, high protein snacks and/or tube feeding). Nutritional assessment
included measurement of serum proteins, anthropometry, and body com
position analysis. For the latter, total body water and extracellular fluid
were measured by standard radioisotope dilution techniques and used to
quantitate body cell mass and body fat plus extracellular solids (FAT +
ECS). In 27 TPN patients, body composition 28 days after BMT,
expressed as a percentage of baseline, was body cell mass, 100%,
extracellular fluid, 108%, FAT + ECS, 108%, and in 30 enterai feeding
program patients, was body cell mass, 93%, extracellular fluid, 104%,
and FAT + ECS, 94%. Only the difference in FAT + ECS was statisti
cally significant (p < 0.01). Compared to the enterai feeding program,
TPN was associated with more days of diuretic use, more frequent
hyperglycemia, and more frequent catheter removal (prompted by cath
eter-related complications), but less frequent hypomagnesemia. There
were no significant differences in the rate of hematopoietic recovery,
length of hospitalization, or survival, but nutrition-related costs were 2.3
times greater in the TPN group. We conclude that TPN is not clearly
superior to individualized enterai feeding and recommend that TPN be
reserved for BMT patients who demonstrate intolerance to enterai feed
ing.

INTRODUCTION

BMT3 is a rigorous therapeutic modality used for the treat

ment of patients with severe aplastic anemia, leukemia, and
certain other malignancies (1-3). The cytotoxic regimens de
signed to cure patients with these diseases are so intensive that
without bone marrow rescue, the regimens produce lethal bone
marrow failure. Individuals undergoing bone marrow transplan
tation do not usually eat adequate p.o. diets because of the
adverse nutritional consequences associated with BMT. These
toxicities, which include anorexia, fever, nausea, vomiting, mu-
cositis, and diarrhea may be due to the preparative cytoreductive
chemotherapy and total body irradiation, infection, or graft-
versus-host disease (4-6). Since right atrial catheters for i.v.
access have been demonstrated to be safe and well-tolerated by
BMT recipients, standard supportive care now includes TPN
(6, 7).
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It has not been shown that TPN is required by all bone
marrow transplant recipients to recover hematological and im-
munological function. In fact, marrow grafts are successful in
well-nourished mice unless they are totally deprived of protein
and energy after BMT (4). Furthermore, TPN is an expensive
therapeutic modality that is associated with risks and toxicities
such as injury during catheter placement, volume overload,
venous thrombosis, and infection. Nutritional support by the
enterai route, however, eliminates the toxicities and costs spe
cifically due to TPN. With individualized nutritional support
programs that take advantage of current enterai feeding tech
nology (e.g., one-on-one counseling, meal-by-meal menu selec
tion, positive reinforcement techniques, specially prepared be
tween meal snacks, commercial supplements, and tube feeding),
it may be possible to use the enterai route to support patients
recovering from BMT.

One of the greatest problems confronting the physician pre
scribing therapeutic nutrition is the lack of sensitive and prac
tical methods to monitor the effects of nutritional therapy.
Changes in body composition have obvious value as indicators
of changes in overall nutritional status for patients who undergo
nutritionally depleting therapies or who receive therapeutic
nutritional support (8). AnthropomÃ©trie measurements (skin-
fold thickness and limb circumference) are frequently used to
determine body composition, but this method has been criti
cized as insensitive, error prone, and inaccurate (9, 10). In
addition, standards have not been clearly established (II). More
sophisticated methods such as neutron activation analysis (12,
13), underwater-weighing (14, 15), and determination of total
body potassium by measurement of 40K(16,17) are impractical

in acutely ill hospitalized patients. We have shown (18, 19),
however, that isotope dilution analysis of body composition (8)
can be used effectively in such patients.

In this study of BMT recipients, we compared TPN and an
individualized EFP for their effectiveness in preserving body
composition and for clinical outcomes including frequency of
catheter-related complications, medication use, abnormalities
in serum chemistries, rate of bone marrow recovery, length of
hospitalization, survival, and cost.

MATERIALS AND METHODS

Patient Population

This study was approved by the Joint Committee on Clinical Inves
tigations of the Johns Hopkins University School of Medicine, and
written consent was obtained from all patients or their guardians after
they were informed of the nature, purpose, and possible risks involved
with the study. The study was conducted from January 1, 1984 through
July 10, 1986; patients 10-58 years of age were enrolled during the
calendar year 1984. Minimum follow-up was 555 days. Patients were
stratified by type of transplant (allogeneic or autologous) and random
ized to one of the two feeding methods (TPN or EFP).
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Bone Marrow Transplantation

Bone marrow transplantation was carried out according to standard
protocols as previously described (1-3). Briefly, patients were treated
with high dose chemotherapy (busulfan and/or cyclophosphamide) with
or without total body irradiation, followed by infusion of bone marrow
from a histocompatible donor or by reinfusion of previously cryopre-
served autologous bone marrow. In addition to nutritional support,
standard supportive care during the recovery phase included reverse
isolation, antimicrobial therapy, blood product support, and physical
therapy. By convention, the day of transplant is designated "day 0",
days before transplant "minus days", and days following transplant
"plus days" (e.g., day -1 is the day before BMT; day 7 is 1 week

following BMT).

Study Protocol

The baseline body composition analysis and standard nutritional
assessment were performed following randomization and before the
day of BMT. The assigned nutritional therapies were started on day â€”1

and continued through day 28 unless the patient was discharged or died
before day 28, or unless the patient was declared a treatment failure
(see below). Patients failing the assigned nutritional treatment arm
received the alternate treatment for the remainder of the study. Repeat
body composition analysis and nutritional assessment studies were
performed on day 10 Â±1 (SD) day and on day 28 Â±1 day after BMT.
Patients were monitored daily for nutrient intake, potential treatment-
related toxicities, and clinical outcome parameters (e.g., WBC, absolute
neutrophil count, infection status). Data on patient infections were
collected by epidemiologists who were blind with respect to treatment
group assignments. Infectious episodes were scored using accepted
criteria (20) for oncology patients.

In order to have venous access adequate for the infusion of antibiot
ics, blood products, cyclosporine, and the TPN solution, allogeneic
patients assigned to the TPN group had a total of three lumens placed,
while those assigned to the enterai feeding group required only two
lumens. All autologous patients had two lumens. AH patients had single
and/or double lumen in-dwelling Silastic central venous Hickman-
Broviac catheters placed before day -1. In addition, polyurethane
central venous catheters were placed percutaneously without tunneling
in eight TPN and one EFP patient.

Treatment Groups

Total Parenteral Nutrition. TPN patients received 35 kcal/kg/day
and 1.4 g protein/kg/day from the standard TPN solution. This solu
tion contained 25% dextrose, 4.25% amino acids (FreAmine III; Ken
dall McGaw), electrolytes, vitamins (MVI-12; USV Laboratories), and
trace minerals (MTE-4; LyphoMed). The nutrient prescription and/or
composition of the TPN solution was modified when clinically indi
cated (e.g., nutrients were concentrated to reduce the fluid intake in
patients with fluid overload). TPN patients were allowed to eat ad
libitum. When the patient's p.o. intake of protein was >0.5 g/kg/day

for an evaluation period (3-4 days), the TPN intake was reduced. The
patient was considered a treatment failure and crossed over to the EFP
if, because of infection or malfunction, the central venous catheter had
to be removed and could not be replaced.

Enterai Feeding Program. The EFP was an individualized program
designed to provide at least the minimum nutrient intake necessary to
support hematological and early immunological reconstitution while
taking into consideration the preferences of individual patients. Nu
trient goals were the same as those for TPN patients. Depending on
the needs of particular patients, the nutritional care plan might have
included one-on-one counseling, meal-by-meal menu selection, positive
reinforcement techniques, special between-meal snacks, commercial
supplements, or tube feeding. All patients received p.o. daily vitamin/
mineral supplements (Daily-M; Upsher-Smith).

Patients whose voluntary P.O. intake of protein was <0.5 g/kg/day
for an evaluation period (3-4 days) were prescribed protein-rich be
tween-meal snacks. In addition, to ensure that the regenerating bone
marrow had an adequate supply of amino acids, these patients received
i.v. amino acids (0.5 g/kg/day) until their p.o. protein intake exceeded

0.5 g/kg/day or until they were declared treatment failures. Patients
whose voluntary p.o. intake continued to be inadequate after day 10
were candidates for nasoenteric tube feeding. If the minimum protein
intake could not be achieved by the combination of the voluntary p.o.
and nasoenteric routes or when the enterai route was contraindicated,
the patient was considered an enterai feeding failure and given TPN.

Standard Nutritional Assessment

The standard nutritional assessment included body weight, percent
age ideal body weight (21, 22), serum albumin and transfemn concen
trations, arm muscle and arm fat areas,23 total body fat estimated from

measured triceps and biceps skinfold thicknesses (24, 25), and estima
tion of body cell mass from measured creatinine excretion (26).

Isotope Dilution Analysis of Body Composition

In a model of body composition modified from the descriptions of
Moore (8) and Shizgal (27), body mass is composed of three major
compartments: ECF; BCM, the metabolically active, functional cell
mass; and FAT + ECS. In addition to body fat, the FAT + ECS
compartment includes the dry bone, fascia, and tendons, which were
assumed to be of relatively constant size over the planned 28-day study
period. Therefore, changes in the FAT + ECS compartment were
attributed to changes in body fat.

Body composition was measured by isotope dilution analysis (8, 18).
Total body water and ECF were measured using tritiated water (3H2O,
7 Â¿iCi/kgbody weight) and [169Yb]diethylenetriaminepentaacetate, 0.5

/Â¿Ci/kgbody weight), respectively, as tracers. Tracers were injected
sequentially into the patient's i.v. catheter, and samples of blood were

drawn 2, 2.5, 3, 3.5, and 4 h later. Triplicate samples of the tracers and
plasma were assayed in a two-channel liquid scintillation counter. The
3H activity was corrected for the contribution of 169Ybactivity. '**Yb
activity was measured in a well-type gamma counter. The volume of
tracer dilution was calculated using the formula of Chien and Gregersen
(28)

Volume (ml) =

[Activity administered][(100)
- (0.073) (plasma total protein, g/dl)]

(Activity/g plasma) (100)

The factor [(100) - (0.073) (plasma total protein, g/dl)]/100 represents
the correction factor for plasma water (proteins act as solids, reducing
the fluid and electrolyte content in a given volume of plasma). The
figure for activity/g plasma was determined by extrapolating to time =
0 the plasma 3H and 169Ybactivities measured during the equilibrium
phase (2-4 h after tracer administration). This extrapolated value
represents the presumed tracer activity had isotope dilution been in
stantaneous.

The sizes of the other body compartments were determined as

Intracellular fluid (kg) = Total body water (kg) â€”ECF (kg)

Intracellular fluid (kg)
BCM

0.70

FAT + ECS (kg) = [Body weight (kg)] - [BCM (kg) + ECF (kg)]

The calculation of BCM from ECF was based on the assumption that
70% of cell mass can be attributed to water (29-31). The whole-body
radiation absorbed dose per body composition study was approximately
30 mrads.

Data Analysis

The primary nutritional outcomes were changes in the sizes of the
BCM, ECF, and FAT + ECS compartments that occurred from baseline
to day 28. Secondary outcomes included changes measured by other
nutritional assessment parameters. Day 28 values were expressed as a
percentage of baseline, and between-group differences were evaluated
by Student's t test (32). All tests were two tailed and P < 0.05 was

considered to be statistically significant. Treatment-related differences
in clinical outcome parameters (e.g., catheter-related complications,
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rate of hematopoietic recovery, medication use, and length of hospital-
ization) were evaluated by t and Fisher's Exact (33) tests, as appropriate.

We have reported the mean Â±SD and the P for the t test, unless
otherwise indicated.

Catheter-associated infection rates were evaluated by testing the
equality of the two Poisson means (34). Nonparametric methods for
censored data (35, 36) were used to evaluate the differences in survival.
To determine which of several factors acting simultaneously on survival
were the best predictors of subsequent short-term survival, we used
multivariate analysis with the Cox proportional hazards regression
model (37).

RESULTS

Sixty-five patients were entered and randomized to one of
the two treatment groups; 61 (93%) actually participated in the
study. Two patients did not receive bone marrow transplants
and were discharged, one patient withdrew on day â€”5,and the

other patient had an unusually complicated pretransplant
course requiring major changes in her preparative regimen, and
she was removed from the study on day â€”4.

Fifty-seven (93%) of the participating subjects could be eval
uated for nutritional and other outcomes on day 28 (Table 1).
Before the end of the study, three of the participating patients
died of complications unrelated to nutrition therapy. Except in
the analysis of survival and catheter-related complications,
these three patients were not evaluated further. One patient was
removed from the study on day 23 because of major protocol
violations and was not evaluated on day 28.

Baseline Characteristics. With respect to demographic char
acteristics (Table 1) and baseline nutritional status (Table 2),
the two treatment groups were comparable. Although many
patients reported a small recent weight loss, nutritional status
at the time of admission was good in most patients. Body
composition measurements showed that patients had normal

Table 1 Demographic characteristics of the participating 31 TPN and
30 EFP patients

Table 1 Baseline nutritional status of the 61 patients as originally assigned

Variable TPN EFP

TPN EFP

DiagnosisAcute
myelogenousleukemiaAcute
lymphocyticleukemiaChronic

myelogenousleukemiaOther*Preparative

regimenBusulfan-cyclophosphamideCyclophosphamide-total

bodyirradiationCyclophosphamide-cyclosporineAge

groupAdult(>19yr)Child(<19yr)SexMaleFemaleRaceWhiteNonwhiteType

oftransplantAllogeneicAutologousRemission

no.0123+9(8)Â°10(9)4810(8)18321(19)1014(13)17(16)25

(23)623

(21)836(5)814(13)96(5)7(6)81215(13)321(19)918(16)1229

(27)123

(22)7(6)473(2)16(15)

Body composition (% bodywt)Body
cellmassExtracellular

fluidFat
i extracellularsolidsAnthropometryArm

muscle area (%standard)Arm
fat area (%standard)Total
body fat (% bodywt)OtherSerum

albumin(g/dl)Serum
transferrin(mg/dl)%

ideal bodywt%
usualwtLean

body mass from creatinine ex
cretion (% body wt)47

Â±8Â°27

Â±630
Â±1095

Â±21108
Â±4428

Â±83.8

Â±0.4204
Â±42105
Â±1394
Â±1069
Â±2050

Â±925
Â±526
Â±988

Â±23101
Â±5725

Â±73.9

Â±0.5219
Â±39107

Â±1196
Â±768

Â±19â€¢

Mean Â±SD.

" Numbers in parentheses, the 57 patients who could be evaluated on day 28.
*Other: six aplastic anemia; six non-Hodgkin's lymphoma; one breast cancer,

one rhabdomyosarcoma; one malignant histiocytosis; one preleukemia.

quantities of lean tissue and adequate fat stores. Albumin and
transferrin concentrations and anthropomÃ©trie measurements
were within normal limits.

Treatment Failures. Four (13%) of the 31 patients random
ized to TPN were declared failures because i.v. feeding catheters
could not be placed successfully. These patients were crossed
over to the EFP and did not receive TPN. Two of the four were
evaluated on day 28, one patient died too early to be evaluated
(day 11), and the other was removed from the study because of
protocol violations. During the period of this study, there were
no instances of TPN failure once i.v. feeding had been started.
In each case where infection or mechanical complications re
sulted in the removal of a patient's central venous catheter, it

was possible to replace the catheter and continue feeding.
Of the 30 patients randomized to the EFP, there were seven

(23%) whose voluntary p.o. intake of protein was consistently
<0.5 g/kg/day. Three of these patients were not candidates for
tube feeding because of severe nausea and vomiting or diarrhea.
In four patients, tube feeding was attempted, but unsuccessful
(in three patients, because of nausea, vomiting or diarrhea; one
patient refused tube feeding). These seven patients were crossed
over to TPN. One of these patients died too early (day 26) to
be evaluated; the others were evaluated with those EFP patients
who had not failed the enterai program.

There were no demographic or baseline nutritional status
characteristics that could be used to predict which patients were
likely to fail either TPN or the EFP. In addition, EFP failures
could not be identified from changes in nutritional status that
occurred from baseline to day 10 (data not shown).

Data were analyzed in two ways: in the more conservative
analytical approach, patients were analyzed according to their
originally assigned groups; in the second analysis, the TPN
failures who never received TPN and who could be evaluated
on day 28 were analyzed with the group of patients originally
assigned to the EFP. The magnitude and direction of the
observed treatment-related differences were the same, irrespec
tive of the analytical method. Only the results of the latter
method have been reported below.

Energy and Protein Intakes. The total intake (i.v. plus enterai)
and enterai intake of energy and protein were compared by
BMT day for the 30 patients who actually received the EFP
and the 27 TPN patients who were not declared TPN failures.
Mean p.o. intakes were similar ( 15 kcal/kg/day; 0.4 g protein/
kg/day) during the week before BMT; but following transplant,
the p.o. intake of EFP patients was 15-20 kcal/kg/day and
0.5-0.7 g protein/kg/day; in TPN patients, p.o. intake was 5-
10 kcal/kg/day and 0.1-0.4 g protein/kg/day. However, the
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total intake of EFP patients was about one-half that of TPN
patients (20-25 kcal/kg/day and 0.5-1.0 g protein/kg/day in
EFP patients; 40-45 kcal/kg/day, 1.4-1.6 g protein/kg/day in
TPN patients). Twenty-two (73%) EFP patients required i.v.

amino acid supplements for an average of 7 Â±5 days. The mean
total intake of i.v. amino acid supplements in these EFP pa
tients was 0.1 Â±0.1 g/kg/day as compared to 1.3 Â±0.3 g/kg/
day in TPN patients.

Changes in Nutritional Status. Although baseline body weight
was similar in both treatment groups, patients in the TPN
group gradually gained weight, whereas patients in the EFP
group lost weight. In the TPN group, body weight on day 28
was 108 Â±9% of baseline; in the EFP group, body weight was
96 Â±5% of baseline (P < 0.0001). TPN patients gained weight
primarily in the FAT + ECS and ECF compartments. EFP
patients lost weight from both the BCM and FAT + ECS
compartments, while the ECF compartment expanded slightly
(Fig. 1). Of the treatment-related differences, only those in FAT
+ ECS and total body weight were statistically significant (P <
0.01). With 95% confidence, the true change in BCM from
baseline to day 28 in EFP patients could have been a loss of 1-

13% and for TPN patients a gain of 4% to a loss of 4%. These
body composition changes (from baseline to day 28) were also
detected by the standard nutritional assessment (Fig. 2); how
ever, the changes were within the error of measurement. In

BCM ECF FAT + TBW*
ECS*

Day 28 Body Composition

Fig. 1. Body composition of the 27 TPN (D) and the 30 EFP patients (â€¢)who
were evaluated by isotope dilution analysis on day 28. Values are a percentage of
baseline [mean Â±SD (bars)]. Â»,P < 0.05 (i test; two tailed). TBW, total body
weight.

Arm
Muscle Lean Body Arm Fat Total Body
Area Moss* Areo* Fot*

Day 28 Nutritional Assessment

Fig. 2. Standard nutritional assessment parameters on day 28. Values are a
percentage of baseline [mean Â±SD (bars)] for the evaluated TPN (D) and EFP
(â€¢)patients. â€¢./'-. 0.05 (/ test; two tailed).

both treatment groups, the serum concentrations of albumin
and transferrin fell equally to 90-92% of baseline.

When TPN patients were compared with only those EFP
patients who did not fail the program, the direction and mag
nitude of the differences were the same as those seen when
TPN patients were compared with all EFP patients. There were
no significant differences in BCM and body weight on day 28
in those EFP patients who failed the feeding program and in
those who did not fail. However, patients who failed the EFP
lost less fat (100 Â±28% of baseline versus 86 Â±13%) and TBW
(100 Â±10% of baseline versus 97 Â±7%) than did patients who
did not fail the EFP, although the differences were not statis
tically significant.

Medication Use. There were no treatment-related differences
in the total number of days of analgesic, antiemetic, or i.v.
antibiotic use during the 28-day study period. TPN patients
received diuretics more frequently than did EFP patients (11 Â±
6 days for TPN patients; 4 Â±5 days for EFP patients; P <
0.0001). TPN patients required exogenous insulin for 8 Â±11
days, while EFP patients required supplemental insulin for only
1 Â±1 day (P < 0.001). In fact, supplemental insulin was only
required by those EFP patients who had failed the EFP and
were crossed over to TPN.

Patients who failed the EFP program required more days of
analgesia (9 Â±7 versus 3 Â±4 days; P < 0.04) and more days of
antiemetics (14 Â±10 versus 7 Â±7 days; P < 0.06) than did
patients who did not fail the EFP.

Abnormalities in Clinical Laboratory Tests. Despite continu
ous infusions of electrolytes and minerals in the TPN patients
and only occasional i.v. supplements in the EFP patients, only
two statistically significant differences were observed: TPN
patients were less often hypomagnesemic (serum magnesium
< 1.5 meq/liter) than EFP patients (6 Â±7 versus 15 Â±7 days;
P < 0.0001); TPN patients were more often hyperglycÃ©mie
(plasma glucose > 150 mg/dl) than were EFP patients (9 Â±8
versus 2 Â±3 days; P < 0.0002). In fact, hyperglycemia was seen
only in those EFP patients who failed the feeding program and
were started on TPN.

Although the mean serum concentrations of alanine amino-
transferase, total bilirubin, and alkaline phosphatase rose to
200-600% of baseline, there were no treatment-related differ
ences.

During the period of the study, there were no observed
instances of severe hypoglycemia, hypophosphatemia, hypona-
tremia, or hypernatremia. Hyperkalemia, hyperphosphatemia,
and elevations in serum creatinine were observed in the 10 TPN
and 5 EFP patients with renal dysfunction (serum creatinine
> 2.0 mg/dl for at least 2 consecutive days).

Catheter-related Complications. Catheter-related infections,
complications associated with catheter placement (e.g., mal po
sitioned catheters, pneumothorax, hemothorax, chylothorax)
and mechanical problems associated with catheter maintenance
(e.g., leaking catheters, subclavian vein thrombosis) were more
frequent, but not significantly so, in TPN patients (Table 3).
However, catheter-related complications were more likely to
result in catheter removal in TPN patients (22 lumens in 13
TPN patients and 8 lumens in 3 EFP patients; P < 0.007,
Fisher's Exact test).

There were no complications associated with the placement
of nasoenteric feeding tubes.

Hematological Recovery. The mean time from BMT to day
of WBC count > 1000 cells/Ml was 19 Â±9 days in TPN patients
and 20 Â±9 days in EFP patients (P > 0.56) and to day of
absolute neutrophil count > 500 cells/^l was 21 Â±11 and 22 Â±
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Table 3 Catheter-related complications

Because all patients had multipurpose central venous catheter(s) and TPN
patients had an additional TPN catheter, it was not always possible to assign a
complication to a specific catheter (multipurpose versus TPN). Therefore, values
represent the number of all catheter-related complications in each treatment
group. The three TPN patients who were crossed over immediately to the EFP
because of catheter placement failure were included in the TPN group for
placement complications. These three patients had no complications other than
the catheter placement failure. The patient who was removed from the study
because of protocol violations was not included in this analysis.

TPN EFP
Total catheter-patient days

Infections (no. of episodes)
Bacteremia
Catheter insertion/exit site
Total

Other complications
Placement
Mechanical
Total

Catheter removal
No. of patients requiring cath

eter removal and replace
ment because of catheter
complications

No. of patients not requiring
catheter removal

Total

756

3
_8
11 (8 patients)'

6
H
20 (14 patients)

13Â»

14

27

883

5 (5 patients)0

5
_7
12(11 patients)

30

33
' P > 0.1 (x2 goodness-of-fit to the Poisson distribution).
"P = 0.002 (Fisher's Exact Test).

7/10/86

100200300400500600700800900

Fig. 3. Kaplan-Meier survival plot. Probability of survival for the 27 TPN and
33 EFP patients. (The patient who violated the study protocol was not included
in this analysis.) Indicated are the censored data points.

8 days for the TPN and EFP groups, respectively (P > 0.50).
One patient in each treatment group never recovered hemato-
logical function and died in aplasia. There was no difference in
hematological recovery day in patients who failed the EFP
program and those who did not.

Graft-vmiis-Host Disease. During the 28-day study period,
four of 27 TPN patients and three of 30 EFP patients developed
acute graft-vmws-host disease and were treated with high-dose

methylprednisolone and cyclosporine (2).
Length of Hospitalization and Survival. The mean time from

BMT to discharge from the hospital was 36 Â±18 days for TPN
patients and 33 Â±15 days for EFP patients (P > 0.40). For
patients who failed the EFP and those who did not, mean time
from BMT to discharge was 48 Â±31 and 30 Â±9 days, respec
tively (P < 0.34).

There were no treatment-related differences in short-term
(100 days) or long-term survival (P > 0.70; logrank and Gen
eralized Wilcoxon test) (Fig. 3). When adults (age > 19 years)
and children (age < 19 years) were evaluated separately for
survival, there were no treatment-related differences (P > 0.45;
logrank and Generalized Wilcoxon test).

In the proportional hazards model, adults were at greater risk
of death than were children (P< 0.05); allogeneic patients who
did not receive prophylactic cyclosporine were at greater risk

than were autologous patients or allogeneic patients who re
ceived cyclosporine (P = 0.05). After adjustment for age and
cyclosporine, we found that neither the nutritional treatment
(P > 0.38) nor a loss of BCM > 10%, from baseline to day 28
(P > 0.90), was associated with increased risk of death.

Cost Analysis. Charges were classified as those related to the
placement of central venous feeding catheters (average $572/
TPN patient: 40 catheters in 27 patients; S32/EFP patient: 4
catheters in 4 patients), those related to i.v. nutrients (amino
acids, dextrose, trace elements, vitamins, and lipid emulsions;
i.v. electrolytes were not included in the cost analysis; $1686/
TPN patient; S337/EFP patient), those related to i.v. infusion
devices (tubing, cassettes for infusion pumps, and dressing
change kits; infusion pumps were not included in the cost
analysis; $311/TPN patient; S89/EFP patient), and those re
lated to the enterai diet (additional dietary personnel to prepare
and deliver special food items, vitamins, commercially prepared
nutrient formulas, feeding tubes, feeding pumps, special food
items purchased from outside the hospital; the cost of regular
patient trays was not included in the analysis; S6/TPN patient;
$681/EFP patient). The average cost for the 28-day study
period was S2575/TPN patient and $1139/EFP patient.

DISCUSSION

For many years we have used TPN to support the patients
undergoing bone marrow transplantation at our institution.
This approach was adopted at a time when patients referred for
marrow transplantation routinely presented with residual leu
kemia (even after multiple courses of aggressive antineoplastic
therapy) and malnutrition. I.v. nutritional support was consid
ered necessary because the intensive treatment that these pa
tients faced would limit their voluntary p.o. intake and compro
mise their already poor nutritional status.

Our BMT patient population has changed, however. Now,
most patients are in remission and well nourished, and the goal
of nutritional support is no longer nutritional repletion but
maintenance of nutritional status. In addition to the change in
the BMT patient population, improvements have been made in
enterai feeding technology and nutritional assessment meth
odology, making this clinical trial possible.

As we had expected, the patients who participated inÂ»this
study were well nourished at the time of hospital admission,
confirming the descriptions of BMT recipients published by
other transplant centers (38, 39).

The nutrient prescription (35 kcal/kg/day; 1.4 g protein/kg/
day) was based on the results of an earlier study (40) in which
we estimated the energy intake necessary to maintain the nu
tritional status of BMT recipients. However, this level of intake
could not be achieved by the enterai route alone. Patients in
both treatment groups complained that their ability to eat was
limited because of anorexia, nausea, vomiting, diarrhea and
pain, problems commonly occurring in BMT recipients (41-
44) and other patients undergoing aggressive antineoplastic
therapy (45, 46). Nevertheless, the enterai intake (15 kcal/kg/
day; 0.6 g protein/kg/day) of EFP patients was greater than
that of TPN patients and much greater than that (1-5 kcal/kg/
day; 0 g protein/kg/day) reported by the Seattle BMT unit (6,
47).

We found that with the TPN program (TPN plus ad libitum
p.o. diet), the nutrient intake goals were achieved and BCM
was preserved. However, on this carbohydrate-rich TPN solu
tion, body fat and ECF were increased. Patients in the enterai
feeding program were not able to achieve the same level of
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energy and protein intake as patients in the TPN group and
during the 28-day study period, EFP patients lost weight (BCM
and FAT + ECS).

Similar results have been reported by other groups conducting
clinical trials to determine whether the routine use of TPN in
patients undergoing antineoplastic therapy was better than the
"best hospital diet." In some studies, no nutritional benefit

could be demonstrated in unselected patients (48-50). In other
studies, nitrogen balance or serum proteins were better main
tained in TPN patients (51, 52). Most studies, however, dem
onstrated that the use of TPN only resulted in weight gain,
particularly in the fat compartment (53-60). Furthermore, the
nutritional "benefits" of TPN were only temporary. Patients

usually lost weight and lean body mass, and serum protein
levels fell when TPN was discontinued (59, 60).

Investigators have suggested that without TPN, hematologi-
cal recovery after chemotherapy is slower in patients with
sarcoma (61) and leukemia (62). However, the results of our
study demonstrate that despite the difference in total energy
and protein intake, TPN did not shorten the duration of marrow
aplasia after BMT. Furthermore, the difference in nutrient
intake and the observed changes in body composition did not
influence other clinical outcomes (length of hospitalization or
survival).

The results of other clinical trials have failed to show a
consistent advantage in hematological recovery or survival in
the patients supported with TPN (49, 50, 52, 53, 55-57, 63-
65). It is particularly noteworthy that in these clinical trials, as
already discussed, there were no real nutritional benefits from
TPN. Therefore, it is not surprising that no survival advantage
could be derived from the indiscriminate use of TPN.

In the only reported trial evaluating TPN in BMT recipients
(66), TPN was initiated prior to chemotherapy and total body
irradiation and continued through day 28. The control group
received no TPN and apparently no specialized enterai feeding
program. The energy and protein intakes of TPN patients were
comparable to those achieved in our TPN patients; however,
the energy (enterai and total) intake in control patients was
considerably less than that achieved in our EFP patients. These
investigators found that survival and disease-free interval were
significantly greater in TPN patients, but not until after day
100. These results imply that TPN acts to potentiate the effects
of antineoplastic therapy rather than to support recovery. Sim
ilar observations have been made in tumor model systems in
animals (67, 68). The results of our study also support this
theory. When nutritional treatments were begun after antineo
plastic therapy, no survival advantage could be observed in the
TPN group. One might argue that routine TPN is indicated
only during the period of cytoreductive therapy and may not be
required after BMT in most patients who receive individualized
enterai feeding programs. This hypothesis requires further test
ing.

Catheter-related infectious episodes have been reported to
occur in 3-8% of patients on TPN (69-71). These low rates
have been achieved by careful catheter care and by limiting the
use of central venous catheters to infusions of nutrient solu
tions. Unfortunately in the treatment of BMT and other criti
cally ill patients, central venous catheters cannot always be used
exclusively for TPN. Hickman et al. (7) and Colombani et al.
(72) have reported that multipurpose catheters do not necessar
ily increase the risk of TPN-related infections. In our study, the
incidence of catheter-related infections was high, but no patient
died directly as a result of a catheter infection. Complications
during catheter placement and mechanical problems associated

with catheter maintenance were also more common in TPN
patients. Because of the frequency of catheter-related compli
cations, TPN patients more often required catheter removal
and replacement at a time in their course when they are partic
ularly susceptible to catheter placement complications.

The only complication associated with nasoenteric feeding
was occasional feeding tube occlusion that required tube re
placement. There were no bleeding or infectious complications
in this thrombocytopenic, granulocytopenic patient population.
Although cases of aspiration and infection in granulocytopenic
patients have been reported (73), with the use of soft-weighted
feeding tubes and with careful monitoring, tube feeding appears
safe even in BMT recipients (74).

Biochemical abnormalities were seen in both treatment
groups. The most frequent abnormalities were hyperglycemia
(requiring exogenous insulin) in TPM patients and hypomag-
nesemia in EFP patients. Hypomagnesemia was, in fact, seen
in both treatment groups; however TPN patients received much
more magnesium than did EFP patients because the standard
TPN solution contained 16 meq/liter.

Elevations (2-4 times normal) in tests of liver function have
been reported in patients supported with TPN (75, 76), but
these abnormalities are usually temporary, even if TPN is not
discontinued. In this study, similar changes were noted, but
abnormalities in liver function were as frequent in EFP patients
as they were in TPN patients, suggesting that factors other than
TPN were responsible.

In this study we demonstrated that TPN was effective in
preserving body cell mass in critically ill patients recovering
from bone marrow transplantation, but TPN was associated
with certain complications and costs. Although the enterai
feeding program was less effective in maintaining body cell
mass, important clinical outcomes such as hematopoietic re
covery rate, length of hospitalization, and survival were unaf
fected. Furthermore, with the use of the enterai program, most
of the toxicities and costs due to TPN were avoided. Thus, we
have concluded that TPN is not clearly superior to the enterai
feeding program and recommend that TPN be reserved for
those BMT recipients who fail enterai methods (including
nasoenteric tube feeding).

We would caution clinicians about extrapolating the results
of this study to BMT recipients younger than 10 years or to
patients undergoing other forms of aggressive antineoplastic
treatment. In addition, attention to the needs and wishes of
individual patients and an expanded food service were required
to achieve these results. Finally, patients must be monitored
daily to ensure that goals are being met or to introduce alternate
methods of nutritional support when the original plan is not
working. We found that this type of care was, in fact, cost
effective in the patient population we studied, where TPN had
been the standard nutritional therapy.

We recommend that future studies of TPN be prospective
randomized clinical trials in which TPN is compared to the
best methods of enterai support available. Nutritional status
should be assessed by objective, accurate methods, and nutri
tional outcomes should be correlated with clinical outcomes.
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