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Abstract
Purpose Parenteral nutrition (PN) is a well-documented sup-
portive care which maintains the nutritional status of patients.
Clinical pharmacists are often involved in providing PN ser-
vices; however, few studies have investigated the effect of a
clinical pharmacy-based PN service in resource-limited settings.
Methods We designed a randomized clinical trial to compare
the clinical pharmacist-based PN service (intervention group)
with the conventional method (control group) for adult patients
undergoing hematopoietic stem cell transplantation in Shariati
Hospital, Tehran, Iran (2011–2012). In the intervention group,
the clinical pharmacists implemented standard guidelines of
nutrition support. The conventional method was a routine nutri-
tion support protocol which was pursued for all patients in the
bone marrow transplantation wards. Main study outcomes in-
cluded nutritional status (weight, albumin, total protein, pre-
albumin, and nitrogen balance), length of hospital stay, time to

engraftment, rate of graft versus host disease, and mortality rate.
Patients were followed for 3 months.
Results Fifty-nine patients were randomly allocated to a study
group. The overall intake (oral and parenteral) in the control
group was significantly lower than standard daily needed
calories (P<0.01). Patients in the intervention group received
fewer days of PN (10.7±4.2 vs. 18.4±5.5 days, P<0.01). All
nutritional outcomes were either preserved or improved in the
intervention group while the nutritional status in the control
group was deteriorated (P values<0.01). Length of hospital
stay was significantly shorter in the intervention group
(P<0.01). Regarding PN complications, hyperglycemia was
observed more frequently in the intervention group (34.5 %,
P=0.01). Two patients in the control group expired due to
graft versus host disease at the 3-month follow-up.
Conclusion A clinical pharmacist-based nutrition support ser-
vice significantly improved nutritional status and clinical
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outcomes in comparison with the suboptimal conventional
method. Future studies should assess the cost effectiveness of
clinical pharmacists’ PN services.

Keywords Parenteral nutrition . Clinical pharmacist . Bone
marrow transplantation . Nutrition status . Clinical outcome .

Randomized clinical trial . Iran

Introduction

Malnutrition has been identified as a major challenge in he-
matopoietic stem cell transplantation (HSCT) patients [1].
Different etiologic factors including adverse effects of high-
dose chemotherapy (conditioning regimen), comorbidities,
and HSCT complications can increase the rate of malnutrition
during patients’ hospital stay [2]. In HSCT patients, nutrition-
al inadequacy usually occurs as a consequence of gastrointes-
tinal dysfunctions including mucositis, vomiting, anorexia,
and diarrhea [3, 4].

Malnutrition can cause considerable adverse effects on the
body composition, functional or clinical outcomes, and the
impairment of immune system functions [5–7]. Studies have
shown that altered nutritional status might lead to higher rates
of complications including infections and graft versus host
disease (GVHD), longer hospitalizations, and increased
healthcare costs [8–10]. Impaired nutritional status and elec-
trolytes imbalance have also been associated with delayed
engraftment time [11, 12]. Therefore, proper nutrition support
therapy has been suggested to improve treatment outcomes,
patients’ quality of life, and their sense of well-being [13, 14].

Parenteral nutrition (PN) is a well-documented supportive
care which maintains the nutritional status of patients after
HSCT especially in patients with GVHD and malnourishment
[4, 15]. However, there is conflicting evidence to support the
incorporation of PN into routine clinical practice [15, 16]. Cli-
nicians often argue against employing PN therapy owing to its
complications such as hyperglycemia, delayed platelet engraft-
ment, catheter-related sepsis, hepatic dysfunction, and fluid
overload [16–20]. Moreover, lack of PN therapy stewardship
for implementing international PN guidelines [13, 21] is also an
imperative barrier for providing standard care and managing
complications in resource-limited clinical settings.

Several clinical pharmacy services have been developed
and implemented in recent decades particularly in developed
countries [22, 23]. Literature on clinical pharmacist interven-
tions has revealed major improvement of patient outcomes
and significant cost savings [24]. However, few studies have
investigated the efficacy of a clinical pharmacy service for
providing parenteral nutrition support [25, 26].

Therefore, we designed a randomized clinical trial to evalu-
ate the effect of a clinical pharmacist-based PN service on

nutritional status, clinical outcomes, and PN therapy complica-
tions after HSCT in adult patients.

Methods

Study design and clinical setting

This studywas a single blind, randomized, controlled trial which
was conducted at the Hematology-Oncology and Bone Marrow
Transplantation Research Center, Shariati Hospital, Tehran, Iran
(2011–2012). The study protocol was approved by the institu-
tional ethics committee. Shariati Hospital is the first clinical
center in Iran which has established a special facility, where
PN solution is prepared based on patient’s individual require-
ments by clinical pharmacists under a standard aseptic condition
[27]. On the contrary, the conventional method of PN at the
BoneMarrow Transplantation wards of the hospital consisted of
a routine nutrition support protocol administered by the staff
nurses.

Patients

Patients who were over 18 years old and were admitted to
one of the three participating BMT wards for an initial
autologous or allogeneic HSCT were included in the study
(May 2011–April 2012). Individuals who had a history of
respiratory, hepatic, renal, or cardiac dysfunction were ex-
cluded. A total sample size of 60 patients was calculated
based on similar studies comparing nutritional supportive
services [20, 28]. The patients were assigned in a 1:1 ratio
to clinical pharmacist-based PN service (intervention group)
or conventional PN service (control group) using block ran-
domization technique. Patients’ diagnostic categories and
conditioning regimens are summarized in Table 1.

Study procedures

All patients received conditioning regimens prior to transplan-
tation (Table 1). In addition, prophylaxis against GVHD was
given to allogeneic patients (cyclosporine and low-dose meth-
otrexate). Fever and neutropenia were managed based on the
guideline of the Infectious Diseases Society of America [29].
Patients were classified as either well nourished (level A),
moderately malnourished (level B), or severely malnourished
(level C) based on clinical history, physical examination, and
Subjective Global Assessment (SGA) tool [30]. All patients
were encouraged to maintain oral intake as far as possi-
ble to preserve gastrointestinal function. The amounts of
patients’ oral intake were calculated according to the food
nutrition charts provided by the nutrition department of the
hospital.
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In the control group, patients received intravenous 5 % glu-
cose solution (2,000 mL) and 10 % amino acid (Aminoven®,
Fresenius Kabi; 500 mL) daily, and 10 % fat emulsion
(Intralipid®, Fresenius Kabi; 500 mL) twice a week. The pa-
tients received several vitamins via parenteral route daily (vita-
min B1 10 mg, vitamin B2 4 mg, vitamin B3 40 mg, vitamin B5

6 mg, vitamin B6 6 mg, vitamin B9 2 mg, and vitamin C
500 mg). Vitamin B12 injection (1,000 mcg) was administered
twice a week. They also received electrolytes (potassium, sodi-
um, and magnesium) based on corresponding serum levels. The
patients did not receive phosphate or any trace elements. The
aforementioned nutrition support protocol was employed rou-
tinely for HSCT patients. PN was started on the first day after
transplantation regardless of oral feeding and was maintained
until the catheter was removed at discharge. The staff nurses,
who were all trained for practice on HSCTwards, administered
the PN in the control group.

In the intervention group, patients were considered for PN
therapy if any of the following conditions were satisfied (1) oral
intake <50 % due to nausea, vomiting, diarrhea, anorexia,
severemucositis, or GVHDwhichwasmaintained for 3–5 days
in level C, 5–7 days in level B, and 7–10 days in level A; (2)
inability to use enteral feeding based on the clinician judgment;
(3) serum albumin level <3. Patients received 25 kcal/kg/day
plus 1.4 g protein/kg/day [31]. Adjusted body weight was used
for calculating nutrient needs of overweight and obese patients
(body mass index (BMI)>27) [32]. The PN solution (2,500–
3,500 mL) was prepared using 10 % glucose solution, 10 %
amino acids (Aminoven®, Fresenius Kabi; 500 mL), 10 % fat
emulsion (Intralipid®, Fresenius Kabi; 500 mL), electrolytes
(Mg, Ca, P, Na, and K), vitamins (B and C), and trace minerals
(Mn, Zn, Mo, I, Fe, Cu, and Cr). Vitamins and trace elements
were added daily in their recommended amounts [33]. The
electrolytes were adjusted daily based on serum chemistries
[32]. Hyperglycemia associated with PN was managed based

on the safe practice guideline [33]. The volume of PN was
adjusted according to patients’ oral intake tomake up the deficit
in nutritional requirements not met by oral intake. PN therapy
in the intervention group was entirely carried out by the three
pharmacists of the clinical pharmacy teamwhowere trained for
IV admixture and PN services. They carried out all the proce-
dures of PN (order, preparation, monitoring, and discontinua-
tion). The service was delivered on a daily basis. The staff
nurses administered the PN solution under their supervision.
The duration of PN in the intervention group depended on the
recovery of gastrointestinal function and it was discontinued
when patients were able to consume ≥50 % of their daily
requirements orally.

PN therapy characteristics including PN initiation time,
duration, and total daily calories intake (oral plus PN) were
recorded. Discharge criteria for both groups included absolute
neutrophil count (ANC)>=500, and being afebrile, off antibi-
otics, and able to tolerate>=50 % of nutrient needs via oral
intake.

Study outcomes

Baseline demographic and clinical characteristics of the patients
such as sex, age, type of HSCT (autologous or allogeneic),
BMI, diagnostic category, and conditioning regimen were
recorded. Three categories of outcomes were evaluated in the
study of which nutritional status, length of hospital stay, and
rate of GVHD were considered as the primary outcomes. The
categories included:

1. Nutritional status: subjective global assessment level, an-
thropometric measurements, nitrogen balance, alteration in
body weight, mid-arm muscle circumference, and labora-
tory data (albumin, pre-albumin, and total protein levels).
Weight, albumin, and total protein data were collected on

Table 1 Diagnostic categories
and conditioning regimens Intervention group (n=29) Control group (n=30) P value

Diagnostic category [n (%)] 0.1
Acute myelogenous leukemia/acute
lymphocytic leukemia

8 (27.5) 15 (50.0)

Hodgkin’s disease/Non-Hodgkin’s disease 10 (34.5) 7 (23.4)

Multiple myeloma 6 (20.7) 5 (16.7)

Aplastic anemia 2 (6.9) 2 (6.6)

Other malignancies 3 (10.2) 1 (3.3)

Conditioning regimen [n (%)] 0.56
Busulphan/cyclophosphamide 10 (34.5) 15 (50.0)

Melphalan/fludarabine 6 (20.7) 5 (16.7)

Lomustine/etoposide/melphalan 10 (34.5) 7 (23.4)

Etoposide/cyclophosphamide/carboplatin 1 (3.4) 1 (3.3)

Cyclophosphamide/anti-thymocyte globulin 2 (6.9) 2 (6.6)
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the day +1 after HSCTand discharge day. Nitrogen balance
and pre-albumin levels weremeasured on PN initiation and
discontinuation days in each group.

2. Clinical outcomes: length of hospital stay, time to engraft-
ment, days on antibiotics, fever duration, laboratory data
(total bilirubin and liver function tests), and electrolyte
disturbances.

3. Safety outcomes: complications such as hyperglycemia
(mean fasting blood glucose level >150 mg/dL), hepatic
dysfunction (alteration in ALT/AST), and rate of probable
catheter infection (defined as redness and inflammation
around catheter plus uncontrolled fever). Rates of read-
mission for any reason, acute GVHD, and mortality at 3-
month follow-up were also recorded.

Statistical analysis

Means, medians, standard deviations, and ranges were used to
examine and describe the distribution of data. Student t test,
Mann–WhitneyU test, and Pearson Chi-squared test were used
to compare demographic characteristics or study outcomes
between groups whenever each test was appropriate. Multivar-
iate general linear model was employed to assess the effect of
any confounding factors. For all tests, a two-sided P value of
less than 0.05 was considered as the statistical significance
threshold.

Results

Patients’ characteristics

Fifty-nine patients who had the inclusion criteria were enrolled
in the study (30 patients in the control group and 29 patients in
the intervention group). Patients’ characteristics did not differ
significantly between the study groups except for gender
(P=0.04). No patients had pre-existing diabetes mellitus. Pa-
tients’ baseline characteristics are summarized in Table 2.

Parenteral nutrition therapy characteristics

The initiation day of PN therapy for the intervention group was
significantly later in the post-transplant period (+4.03±2.5 ver-
sus +1.00±0.0 days, P<0.01). In addition, the duration of PN
therapy in the intervention group was significantly shorter than
the control group (10.6±4.2 versus 18.5±5.5 days, P<0.01).
The overall nutrient intake (oral and parenteral) in the control
group was significantly lower than standard daily needed calo-
ries (751.0±267 Kcal intake versus 1,764.0±333 Kcal needed,
P<0.01). In contrast, the intervention group received a suffi-
cient amount of calories per day (1,763.0±216 Kcal intake
versus 1,662.0±263 Kcal needed, P=0.19).

Nutritional status

Most patients were well-nourished at admission. Overall,
43.3 % of transplant recipients were overweight and only two
patients were classified as underweight according to the BMI
classification of National Heart, Lung, and Blood Institute
guideline [34]. There was a significant difference between
groups regarding baseline weight (P=0.02); and the difference
between baseline nitrogen balance levels was marginally signif-
icant (P=0.07). Thus, we calculated and analyzed the difference
between pre/post values for each nutritional outcome (Table 3).
All nutritional outcomes were either preserved or improved in
the intervention group while the nutritional status in the control
was deteriorated. Moreover, there was a significant reduction in
mid-armmuscle circumference (−1.1 cm,P<0.01) in the control
group.

Clinical outcomes

Length of hospital stay was significantly shorter in the inter-
vention group (P<0.01). Days to engraftment did not differ
significantly between study groups (P=0.78). More patients
received antibiotics during hospitalization in the control
(P=0.02). Febrile duration and antibiotic therapy duration were
longer in the control group (P=0.01 and 0.03, respectively).
Electrolyte disorders including alterations in serum levels of
potassium, sodium, phosphorus, and magnesium were ob-
served more frequently in the control group (P<0.01). The
summary of clinical outcomes is presented in Table 4.

Table 2 Patients’ baseline characteristics

Characteristic Intervention group
(n=29)

Control group
(n=30)

P value

Male [n (%)] 13 (44.8) 23 (74.2) 0.04

Age (year) 38.0±12.2a 35±11.24 0.70

Weight (kg) 67.0±10.7 a 74.5±20.7 0.08

BMIb [n (%)] 0.18

<18.5 0 2 (6.7)

18.5–25 18 (62.1) 13 (3.3)

≥25 11 (37.9) 15 (50.0)

SGAc level [n (%)] 0.44

A 27 (93.1) 26 (86.7)

B 2 (6.9) 4 (13.3)

C 0 0

Type of transplant [n (%)] 0.07

Allogeneic 15 (51.7) 22 (74.2)

Autologous 14 (48.3) 8 (25.8)

a Numbers are reported as mean ± SD
bBody mass index
c Subjective global assessment
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Safety outcomes

Hyperglycemia was observed more frequently in the interven-
tion group (P=0.01). Patients required a median of 51 IU of
insulin per day to reach the target blood glucose level. A mean
blood glucose level of 145±39 per deciliter was achieved. In
the control group, a median of 9 IU of insulin per day was
required to reach a mean blood glucose level of 118±25 mg per
deciliter. Total bilirubin and liver function tests were evaluated
at admission and biweekly. Both groups showed transient
changes in total bilirubin and liver function tests (three times
increase in ALT/AST baseline levels for less than 24 h) espe-
cially during the post-transplantation period (Table 5). None of
the patients in the intervention group had probable catheter
infection; but seven patients in the control group developed this
complication (P=0.04). In the control group, severe GVHD
was observed in six patients (27.3 % of at risk patients) and two
of them died at 3-month follow-up. Only one patient in the
intervention group had severe GVHD (6.6% of at risk patients).
Four patients in the intervention group and ten patients in the
control group were readmitted during the follow-up period
(4 vs. 27 readmissions, respectively; P=0.02).

Discussion

In the present study, a clinical pharmacist-based PN service
brought substantial improvements in nutritional status and
clinical outcomes for HSCT patients in comparison with
the conventional PN method. One of the principal findings
of the present study was that the conventional PN method
did not provide optimal nutrition care for HSCT patients.
This method was routinely employed in the bone marrow
transplantation wards in our institution for years. Such a
major flaw could be attributed to lack of stewardship for
post-transplant nutrition support service and should be
considered as a confounder in our study which overesti-
mates the effect of clinical pharmacist-based PN service.
Although evidence shows that utilizing a multidisciplinary
team to provide PN services could be an effective ap-
proach [35], such a pragmatic trial reveals the real impact
of designing and implementing clinical pharmacy services
particularly in resource-limited clinical settings of developing
countries.

The clinical pharmacist-based PN therapy was delivered later
in the course of patients’ hospital stay and was also continued

Table 3 Nutritional status

Baseline levelsa Difference in groupsb

Intervention group (n=29) Control group (n=30) Intervention group (n=29) Control group (n=30) P valued (t test)

Weight (kg) 65.57±10.44c 76.22±20.65 1.37±2.04 −4.03±2.50 <0.001

Body mass index (kg/m2) 23.53±3.28 26.07±5.91 0.50±0.75 −1.36±0.86 <0.001

Albumin (mg/dl) 3.82±0.40 3.81±0.38 −0.24±0.46 −0.55±0.46 0.01

Total protein (mg/dl) 6.05±0.57 6.21±0.82 −0.40±0.68 −1.07±0.84 0.001

Pre-albumin (mg/dl) 20.02±7.02 22.71±7.21 3.77±8.76 −3.93±7.81 0.002

Nitrogen balance 3.20±4.36 5.30±4.25 4.98±5.28 −9.49±5.17 <0.001

a Baseline data were collected on day +1 for weight, albumin, and total proteins and on TPN initiation day for pre-albumin and nitrogen balance
bDischarge day value minus day +1 value for weight, albumin, and total protein and TPN discontinuation day value minus initiation day value for pre-
albumin and nitrogen balance
c Numbers are reported as mean ± SD
dAll corresponding p values in multivariate analysis were less than 0.01

Table 4 Clinical outcomes

a All outcomes except for the
number of antibiotics and electro-
lyte disorder are measured as days
b Incidence rate of electrolyte
disorders is reported
c Numbers are reported as
mean ± SD

Outcomea Intervention group
(n=29)

Control group
(n=30)

P value
(t test)

P value
(multivariate model)

Time to engraftment 13.06±4.9c 13.66±4.6 0.63 0.18

Antibiotics duration 11.3±5.7 14.66±5.7 0.03 0.02

Febrile duration 2.7±2.5 4.4±2.3 0.01 0.01

Electrolyte disorderb 2.7±2.09 6.9±4.06 0.01 <0.01

Number of antibiotics 2.5±1.2 3.2±1.3 0.02 0.05

Length of hospital stay (LOS) 24.7±6.2 29.5±8 0.01 0.04
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for a shorter period of time. Our findings also showed that
patients in the intervention group, who were generally more
dependent on oral intake in comparison with the control
group, had a lower rate of GVHD. Mattson et al. reported
that poor oral intake early after transplantation may be
associated with higher rates of GVHD in HSCT patients
[36]. Lower rate of GVHD in our study may be associated
with higher dependence on oral intake; however, the issue
of causality could not be assured. The lower rate of GVHD
could also be attributed to the higher percentage of autologous
HSCT patients in the intervention group versus the control
group.

We evaluated patients’ nutritional status using multiple
indicators. However, BMI and pre-albumin have been iden-
tified as the most valuable and easily measureable indices
for nutritional assessment in HSCT patients [37, 38]. In the
intervention group, patients’ BMI and pre-albumin level
were maintained while patients’ nutritional status in the
control group significantly deteriorated during the post-
transplant period. Such improvements in the nutritional status
of patients might have led to superior clinical outcomes in our
study.

We observed substantial improvements in the clinical out-
comes of the intervention group. Length of hospital stay was
significantly shorter in this group. Literature on HSCT has
reported different lengths of hospital stay based on underlying
diseases and types of transplant [15, 16]. It has also been
suggested that PN therapy might be associated with longer
hospitalization in HSCT patients [19]. Roberts et al. compared
total PN with oral nutrition in HSCT patients [28]. They
reported a mean of 25.4 days of hospitalization for the oral
nutrition group versus 28.7 days for the total PN group. Our
findings showed that the intervention group had 24.7 days of
hospitalization while the corresponding figure in the control
group was 29.5 days. Several factors may have contributed to
shorter length of hospital stay in the intervention group. The
patients in the intervention group endured a shorter period of
fever and required fewer numbers of antibiotics. On the same
line, the antimicrobial therapy period was significantly shorter
than the control group (11.3 versus 14.6 days). Our findings

were superior to Roberts et al. study who reported 20.8 days of
antibiotic therapy in the total PN group while patients in their
control group received antimicrobials for 17.7 days [28].

We also observed a significant reduction in the frequency
of electrolyte disorders in the intervention group. Our previ-
ous study had revealed a negative correlation between serum
electrolyte levels, particularly phosphate, and time to engraft-
ment [11]. In the present study, patients in the intervention
group had a lower rate of electrolyte disorders but their time to
engraftment period was not shorter than the control group
(13.06 and 13.66 days). This inconsistency may suggest a
“safe range” of serum electrolyte levels for the engraftment
process despite the fact that a significant decline in serum
electrolyte levels takes place during the engraftment period.
This hypothesis requires further investigation.

Parenteral nutrition complications have been a major con-
cern for HSCT patients. Sheean et al. reported hyperglycemia
as the main consequence of total PN exposure during HSCT
[19, 39, 40]. They have also reported that total PN and hyper-
glycemia were associated with significant delay in engraftment
time and higher rate of infections. Although the intervention
group of our study experienced a higher incidence of hyper-
glycemia (34.5 %), the patients’ engraftment time was not
significantly different in comparison with the control group
(6.0 % hyperglycemic patients). In addition, patients in the
intervention group had fewer numbers of antibiotics plus
shorter fever and antimicrobial therapy period. However, in
our study, we pursued the suggestion of Sheean et al. to
maintain the blood glucose level lower than 150 mg/dl in the
intervention group [19].

Strengths and limitations

We used a single blind, randomized controlled trial design to
evaluate the impact of a clinical pharmacist-based PN service.
A block randomization method was employed to balance the
number of patients between the study groups. However, an
imbalance in type of HSCT method was observed between
study groups (allogeneic transplant, 51.7 % in the intervention
group and 74.2 % in the control group) which may have led to
an overestimation of the observed effects in the intervention
group. Hence, we performed a multivariate general linear
model analysis to assess the effect of “type of transplant”
and “gender” on nutritional status and clinical outcomes.
The supplementary analysis did not alter any of the results
for the aforementioned outcomes. Thus, it could be inferred
that type of transplantation and gender have not been con-
founding factors in our study. Another limitation to our study
could be the short-term follow-up (3 months). Few studies on
PN for HSCT patients have assessed the patients’ survival for
periods longer than 6 months [41, 42]; nevertheless, future
studies on clinical pharmacist-based PN service should ad-
dress the long-term survival of HSCT patients.

Table 5 Frequency of parenteral nutrition complications

Complication Intervention group
(n=29)

Control group
(n=30)

P value

Hypertriglyceridemiaa 3 (10.3 %)b 5 (16.6 %) 0.7

Hyperglycemiac 10 (34.5 %) 2 (6.0 %) 0.01

Increase in LFTd 3 (10.3 %) 5 (16.6 %) 0.7

a Serum triglyceride concentration of 400 to 500 mg/dL
bNumbers in parentheses are reported as percent
cMean fasting blood glucose level >150 mg/dL
dA three times increase in ALT/AST baseline level (liver function test)
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Conclusion

Parenteral nutrition serves as an important means of supportive
care for malnourished HSCT patients. A clinical pharmacist-
based PN service assures careful initiation, monitoring, and
discontinuation of PN in a resource-limited setting. This ser-
vice provides significant improvements in nutritional status
and clinical outcomes. Nevertheless, a multidisciplinary team
approach may be required to maximize the impact of nutrition
support service.
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