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yeloablative conditioning (MAC) fol-
lowed by allogeneic hematopoietic
stem cell transplantation (AlloHSCT)
is a well-established treatment for a
variety of malignant and nonmalig-
nant diseases in children and adults (Thomas, 1983).
The backbone of these regimens consists of cytotoxic
high-dose chemotherapy and/or total body irradia-
tion, which are associated with a 20%—40% incidence of
transplantation-related mortality (TRM). The majority
of transplantation-related deaths tend to occur in the
first 100 days following MAC-AlloHSCT (Satwani et
al., 2008). Along with high rates of mortality, MAC-
AlloHSCT also is associated with a high incidence of
acute morbidities. These regimen-related toxicities
include severe mucositis (requiring opioid patient-
controlled analgesia [PCA] and total parenteral nutri-
tion [TPN]), infections, and veno-occlusive disease, all
of which can require transfer to a pediatric intensive
care unit (PICU) (DeLeve, Shulman, & McDonald,
2002). Avritscher, Cooksley, and Elting (2004) reported
that patients with mucositis are more likely to develop
infections, require PCA, and experience significant
weight loss. A study by Socie et al. (1999) revealed the
consequences of these toxicities when the authors report-
ed that, although 6,691 patients achieved long-term sur-
vival two years after MAC-AlloHSCT, 375 patients died
of secondary complications such as graft-versus-host
disease (GVHD), infections, secondary malignancy, and
organ failure 6-10 years post-treatment.

The development of nonmyeloablative conditioning
was initially designed to treat patients aged 60 years
and older with poor performance status, organ dys-
function, or extensive prior therapy (Barker et al., 2003).
Nonmyeloablative conditioning regimens are defined

Purpose/Objectives: To determine if children undergoing
reduced-intensity conditioning allogeneic hematopoi-
etic stem cell transplantation (RIC-AlloHSCT) have lower
incidence of acute toxicities and, subsequently, require
less supportive care than is required with myeloablative
conditioning (MAC)-AlloHSCT. An additional purpose is to
examine later outcomes by comparing 100-day transplan-
tation-related mortality (TRM).

Design: Retrospective chart and electronic medical records
review.

Setting: A pediatric care center in the northeastern United
States.

Sample: 86 patients who underwent AlloHSCT from
January 2004 through March 2008.

Methods: Charts were retrospectively reviewed. The com-
parison between groups was done by t test (continuous
variables) and chi-square test (categorical variables). The lo-
gistic regressions, Kaplan-Meier product-limit estimator, log
rank test, and Cox proportional hazards model were used.

Main Research Variables: Days requiring total parenteral
nutrition (TPN), patient-controlled analgesia (PCA), incidence
of mucositis, days with fevers, number of infections, transfers
to pediatric intensive care unit (PICU), blood product infu-
sions, and 100-day TRM, all for 30 days post-transplantation.

Findings: When comparing pediatric patients undergoing
RIC-AlloHSCT (n = 43) versus MAC-AlloHSCT (n = 43) in
the first 30 days post-transplantation, a statistically significant
decreased incidence was noted for mucositis, infections,
transfers to PICU, days on TPN and PCA, and days with fever,
as well as 100-day TRM.

Conclusions: For pediatric patients, RIC-AlloHSCT is as-
sociated with significantly lower acute post-transplantation
toxicities and TRM than MAC-AlloHSCT.

Implications for Nursing: For nurses to correctly educate
their patients and family members, and to aid nurses in an-
ticipating patient’s needs, an understanding of the potential
different acute toxicities and supportive care between pedi-
atric patients undergoing RIC- versus MAC-AlloHSCT is vital.
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as those that should not eradicate host hematopoiesis
and should allow relatively prompt hematopoietic re-
covery (in less than 28 days) without a transplantation
(Champlin et al., 2000). However, the nonmyeloablative
conditioning regimens were associated with higher risk
of graft failure. Subsequently, reduced-intensity con-
ditioning (RIC) regimens were developed with more
intense chemotherapy and/or radiotherapy to promote
engraftment. RIC regimens differ from nonmyeloab-
lative conditioning regimens because RIC regimens
require an AlloHSCT for hematologic recovery and, if
the graft is rejected, prolonged aplasia typically occurs.

RIC regimens have been adopted in pediatric patients
to achieve the goal of long-term overall survival with
the hope of decreased acute and long-term toxicities. In
children, particularly with nonmalignant diseases, the
goal of AlloHSCT should not only focus on cure but
also prevent short- and long-term toxicities. Because
myeloablation is not required to establish donor cell
engraftment, RIC-AlloHSCT has been shown to provide
enough immunosuppression to promote engraftment
and correct underlying defects of nonmalignant condi-
tions. In malignant disease, RIC-AlloHSCT has shown
to be effective by eradicating malignant cells through
a graft-versus-malignancy effect provided by alloreac-
tive donor T-lymphocytes and/or natural killer cells
(Satwani et al., 2008).

The limited published data on RIC-AlloHSCT have
primarily focused on acute toxicities and TRM in
adults. Unfortunately, even less has been published on
the pediatric population (ages 3 months to 21 years)
(Bradley et al., 2007; Del Toro et al., 2004; Pulsipher et
al., 2009; Satwani et al., 2008). No studies have specifi-
cally looked at acute post-transplantation toxicities and
the need for supportive care. In particular, no data exist
related to blood and platelet transfusions requirements,
days requiring PCA and TPN, and PICU transfers.
Because of this lack of published data, the authors’
goal was to determine if pediatric patients undergoing
RIC-AlloHSCT have lower incidence of acute toxicities
and, subsequently, require less supportive care than
what is required with MAC-AlloHSCT. The working
hypothesis was that patients receiving RIC-AlloHSCT
would have a lower incidence of acute toxicities and
require less supportive care than patients undergoing
MAC-AlloHSCT. A retrospective review was conducted
comparing all pediatric patients who underwent RIC-
AlloHSCT with patients who received MAC-AlloHSCT
at the New York-Presbyterian Morgan Stanley Children’s
Hospital in New York, NY, part of the Columbia
University Medical Center. The differences in specific
complications, incidence of acute post-transplantation
toxicities, need for additional supportive care, and, ul-
timately, differences in TRM between the two groups
were reviewed.

Methods
Design, Setting, and Participants

The retrospective study compared the occurrence
of acute post-transplantation toxicities including mu-
cositis, infection, neutropenia, and thrombocytopenia
and subsequent supportive care treatments indicated
for these toxicities. The supportive care measures
examined were days on TPN and PCA and number
of transfusions in patients undergoing RIC- versus
MAC-AlloHSCT. All patients receiving RIC- or MAC-
AlloHSCT at the Morgan Stanley Children’s Hospital
from January 2004 to March 2008 were included in this
study. The date to start the review was chosen when
the Children’s Hospital of New York-Presbyterian
moved to a newly constructed building, so that the
environment where the pediatric patients were hos-
pitalized would not be a confounding factor (the new
building had a more efficient air purification center
and electronic medical records were available). Data
collection was started in July 2008; therefore, March
was selected as an endpoint so all patients would be
evaluable at the 100-day post-transplantation mark.
Indications for transplantation included both malig-
nant and nonmalignant conditions. Allogeneic sources
of stem cells included bone marrow (BM), peripheral
blood stem cells (PBSCs), and umbilical cord blood
(UCB). Data were collected from paper and electronic

Fever: axillary or oral temperature of 100.5°F or greater two
times at least one hour apart or one temperature reading of
101°F or greater

Infection: positive blood culture, positive culture from sterile
sites, persistent positive viral polymerase chain reaction with or
without evidence of systemic disease

Myeloid engraftment: the first day of two consecutive absolute
neutrophil counts (ANCs) greater than 500 x 10°/L

Poor risk malignant patients: patients with chemotherapy-
resistant malignant disease, third complete remission or greater,
induction failure, progressive disease, and/or receiving second
allograft

Primary graft failure (PGF): a failure to achieve a donor-derived
ANC of 500 x 10%/L or greater by day +42 and/or 50% or less
whole blood donor chimerism by day +60 in all except patients
with immune deficiency. In patients with T-cell or combined im-
mune deficiency, PCGF was defined as 50% or less T-cell (CD3)
donor chimerism by day +180. Patients who received a second
stem cell infusion before day +42 for impending graft failures
also were considered to have PGE

Time to platelet engraftment: the first day post-nadir when
platelets were greater than 20 x 10%L without transfusions during
the previous seven days

Treatment-related mortality: death from any cause related to
transplantation process other than disease relapse

Figure 1. Definitions of Main Research Variables
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medical records. Four members of the pediatric HSCT
team—three nurse practitioners and one quality control
nurse—collected the data. A worksheet was developed
by the first author of this article to ensure all members
were collecting accurate data. At the start of data col-
lection, each member of the team separately reviewed
two patients’ charts using the worksheet to test for
reliability. All four team members’ data collected on the
worksheet were the same for the two patients’” charts;
therefore, the worksheet was validated as a reliable tool
for accurate data collection. The only exclusion criterion
was patients whose paper charts were not available for
review in the medical records department (n = 4).

All patients were on clinical protocols for AlloHSCT
approved by the institutional review board at Columbia
University Medical Center, and all research protocols
were in compliance with the Declaration of Helsinki.
Separate institutional review board approval was re-
ceived for the current study.

Conditioning Regimens

Specific conditioning regimens were protocol- and
disease-specific. All patients and their parents were
educated on the differences between RIC- and MAC-
AlloHSCT regimens. A recommendation to each
patient and parent on the type of regimen to use was
made by the HSCT physician based on availability of
open clinical trials and an evaluation of the patient’s
disease type and status. No randomization was done
between types of regimen. An option for standard
MAC-AlloHSCT was provided to all the patients and
their parents. Parents of patients younger than age 18
signed informed consent, and patients aged 8-18 years
signed informed assent.

The RIC regimen included patients who received
busulfan (6.4-8 mg/kg), fludarabine (150-180 mg/m?)
with or without rabbit antithymocyte globulin (R-ATG)
or busulfan (12.8-16 mg/kg), or fludarabine (150-180
mg/m?) with or without alemtuzumab (54 mg/m?).
The MAC regimen included total body irradiation (12 GY
with or without cyclophosphamide 120 mg/kg or
melphalan 135 mg/m?) or busulfan (12.8-16 mg/kg),
with cyclophosphamide (120 mg/kg) or melphalan
(135 mg/m?) with or without R-ATG (only given to
patients receiving unrelated donor cells) or cyclophos-
phamide (200 mg/kg) with fludarabine (180 mg/m?
plus R-ATG.

Infection Prophylaxis and Supportive Care

Supportive care HSCT protocols used by the authors’
program have been previously reported and include
prophylaxis for GVHD (Bhatia et al., 2010), fungi,
Pneumocystis jiroveci, herpes simplex virus, and cyto-
megalovirus (Roman et al., 2008; Shereck, Cooney, van
de Ven, Della-Lotta, & Cairo, 2007).

Data Analysis

The continuous variables were summarized as mean
and standard deviation, and categorical variables
were summarized as percentages. The comparison
between two groups was done by t test for continuous
variables and chi-square test for categorical variables.
The logistic regression models were used to identify
risk factors for the incidences of grade 2 or higher
mucositis, two or more infections, six or more plate-
let transfusions, four or more packed red blood cell
transfusions, and seven days or more of fever (see
Figure 1). The Kaplan-Meier product limit estimator
was used for the estimation of the probabilities of
acute GVHD, neutrophil and platelet recovery, and
TRM. The estimated probabilities were summarized
along with standard errors. The log rank test was
used to assess the difference in these probabilities
among different groups, and Cox proportional hazards
models were used for multivariate analysis. Factors
included in univariate analysis were age, gender,
malignant versus nonmalignant diseases, RIC- versus

Table 1. Demographic and Clinical Characteristics
of Pediatric Recipients of AlloHSCT

RIC MAC
(N = 43) (N = 43)
Characteristic X SD X SD P
Age (years) 10.5  6.66 10.34 6.4 0.929
Characteristic n n P
Gender
Male 28 27 0.82
Female 15 16
Disease type®
Malignant 23 32 0.043
Nonmalignant 20 11
Risk type
Average risk 40 29 0.003
Poor risk 3 14
Donor source
Cord 17 21 0.056
Unrelated 6 12
Related 20 10
HLA match
Full match 18 22 0.387
Mismatched 25 21

2For malignant, disease types include acute myeloid leukemia,
acute lymphoblastic leukemia, chronic myeloid leukemia, non-
Hodgkin lymphoma, Hodgkin lymphoma, brain tumor, myelo-
dysplastic syndrome, and neuroblastoma. For nonmalignant,
disease types include severe aplastic anemia, sickle cell disease,
hemophagocytic lymphohistiocytosis, Thalassemia major, Fan-
coni’s anemia, and leukodystrophy.

AlloHSCT—allogeneic hematopoietic stem cell transplantation;
HLA—human leukocyte antigen; MAC—myeloablative condi-
tioning; RIC—reduced-intensity conditioning
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MAC-AIloHSCT, average versus poor risk disease sta-
tus, fully human leukocyte antigen (HLA) matched ver-
sus HLA mismatched donor, and donor sources. Factors
with p value less than 0.2 were included in multivariate
analysis. A p value of less than 0.05 was considered sig-
nificant on multivariate analysis. All statistical analyses
were performed using SAS®, version 9.2.

Results
Demographics

The sample size consisted of 86 pediatric patients.
The mean age was similar in the RIC- (10.5 years)
and the MAC-AlloHSCT (10.34 years) groups. No sig-
nificant differences were noted between the RIC and
MAC groups with regard to gender or disease type
(malignant versus nonmalignant). The MAC-AlloHSCT
group did, however, have a significantly higher number
of patients with poor risk disease compared to RIC-
AlloHSCT (14 versus 3, p = 0.003). The authors included
patients who received their stem cells from different
donor sources, such as UCB, unrelated donors (BM and
PBSCs), and related (sibling or maternal) donors (BM
and PBSCs). The only marginally significant difference
in donor source was a higher number of related donors
in the RIC-AlloHSCT group (p = 0.056). No difference
was noted when comparing both groups” HLA dispar-
ity (full matched versus mismatched). Demographic
details are listed in Table 1.

Table 2. Incidence of Mucositis, Infections, PICU

Transfers, and Transfusion Requirements on Day +30

in Pediatric Recipients of AlloHSCT

Hematopoietic Reconstitution
and Graft-Versus-Host Disease

Although graft failure is a common concern in RIC
regimens, no statistically significant difference was
found between the RIC- and MAC-AlloHSCT groups.
The incidence of primary graft failure was three patients
(7%) in the RIC-AlloHSCT group and four patients (9%)
in the MAC-AlloHSCT group (p = 0.69). The probability
of neutrophil recovery during the first 42 days follow-
ing AlloHSCT was 93% (standard error of mean [SEM]
3.88%) for RIC-AlloHSCT and 86% (SEM 5.28%) for
MAC-AlloHSCT (p = 0.196). However, the probability of
platelet engraftment during the first 100 days was 84%
(SEM 5.63%) for RIC-AlloHSCT and 63% (SEM 7.37%)
for MAC-AlloHSCT (p = 0.022).

The probability of acute grade 2-4 GVHD during the
first 100 days was 40% (SEM 7.46%) for RIC-AlloHSCT
and 54% (SEM 7.6%) for MAC-AlloHSCT (p = 0.16).
Although the likelihood of acute GVHD in the first 100
days post-AlloHSCT was lower in the RIC group, it was
not statistically significant.

Veno-Occlusive Disease
and Renal Dysfunction

Renal and hepatic dysfunction often are observed
in patients following AlloHSCT. A review of the data
did not demonstrate a significant disparity between
the RIC- and MAC-AIloHSCT groups with regard to
renal function post-AlloHSCT. No incidence of veno-

occlusive disease was noted in patients undergoing

RIC, whereas three patients in the MAC-AlloHSCT

group developed veno-occlusive disease. That was

not found to be statistically significant.

Infections

The numbers of infections in the first 30 days
following AlloHSCT were recorded. The types

RIC MAC
(N=43) (N=43)

Characteristic n n p
Mucositis grade

0-1 28 12 0.0005

Greater than 1 15 31
Number of infections

0-1 36 23 0.003

Greater than 1 7 20
Patients with line removed 2 5 0.237
PICU transfers 3 15 0.002
Platelet

0-5 21 4 <0.001

6 or greater 22 39
Packed red blood cells

0-3 24 19 0.281

Greater than 3 19 24

of infections included bacterial, viral, and fungal
infections in the blood, gastrointestinal, respiratory,
and urinary tract. A significantly higher incidence
(p = 0.004) of three or more documented infections
were noted in the MAC-AlloHSCT group (n = 9)
compared to the RIC-AlloHSCT group (n = 0).
Although not statistically significant, the authors
found that five patients in the MAC-AlloHSCT
group required central venous line removal because
of infection in contrast to only two patients in the
RIC-AlloHSCT group (see Table 2).

AlloHSCT—allogeneic hematopoietic stem cell transplantation;
MAC—myeloablative conditioning; PICU—pediatric intensive care
unit; RIC—reduced-intensity conditioning

Note. Day +30 includes all incidences that occurred in the first 30
days post-HSCT.

Mucositis

The review showed that a statistically higher (p =
0.001) number of patients in the MAC group (n = 23)
compared to the RIC group (n = 9) developed severe
grade 3 or higher mucositis.
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Supportive Care

The probability of fever during the first 30 days was
81% (SEM 5.93%) for RIC-AlloHSCT and 88% (SEM
4.89%) for MAC-AlloHSCT (p = 0.817). The authors ex-
amined the incidence of days with fever during the first
30 days following AlloHSCT. For the RIC-AlloHSCT
group, 11 patients (26%) had fever for more than seven
days; for the MAC-AlloHSCT group, 23 patients (54%)
had fever more than seven days (p = 0.008).

The probability of TPN requirement during the first
30 days was 47% (SEM 7.61%) for RIC-AlloHSCT and
70% (SEM 7%) for MAC-AlloHSCT (p = 0.0013). The
probability of PCA requirement during the first 30 days
was 33% (SEM 7.15%) for RIC-AlloHSCT and 81% (SEM
5.93%) for MAC-AlloHSCT (p < 0.0001) (see Figure 2).

The probability of platelet transfusion requirement
during the first 100 days was 84% (SEM 5.63%) for RIC-
AlloHSCT and 63% (SEM 7.37%) for MAC-AlloHSCT
(p = 0.022). The review also found that half of the pa-
tients in the MAC-AlloHSCT group (n = 22) required
more than 15 platelet transfusions within the first 30
days post-transplantation. That figure was significantly
higher (p = 0.001) than the RIC group (n = 4). The au-
thors did not note a significant difference for red blood
cell transfusion requirements between the two groups.

A comparison of the number of transfers to the PICU
between the two groups was performed. A substan-
tially higher (p = 0.003) number of patients from the
MAC-AlloHSCT group (n = 15) compared to the RIC-
AlloHSCT group (n = 3) were transferred to the PICU
for various reasons.

Transplantation-Related Mortality

The review found that the incidence of TRM at 100
days was 16% in the MAC-AlloHSCT group and only
2% in the RIC-AlloHSCT group, which was statistically
significant (p < 0.029).

Univariate and Multivariate Analysis

Cox logistic regression analysis and log rank tests
were used for univariarte and multivariate analysis.
Significant risk factors in univariate analysis were
included in the multivariate analysis. On multivari-
ate analysis, MAC-AlloHSCT was independently and
significantly associated with higher incidence of
mucositis (p = 0.0113), risk of infection (p = 0.0034),
number of platelet transfusions (p = 0.0021), PICU
transfers (p = 0.0021), and number of days with fever
(p = 0.0239), PCA (p = 0.0047), and TPN requirements
(p = 0.0078) (see Table 3). The only other risk factors
significant on multivariate analysis were that males
(p = 0.0389) had higher risk of infections and patients
who received AlloHSCT from matched related donors
(p = 0.0395) had lower number of platelet transfusions
compared to UCB transfusions.

30

20

Days

10

Fever TPN PCA
Supportive Care Needs®

Bl Reduced-intensity conditioning

P Myeloablative conditioning

ap < 0.001 for fever, TPN, and PCA
PCA—patient-controlled analgesia; TPN—total parenteral nutrition

Figure 2. Incidence for Days With Fever, Days
of TPN, and Days of PCA (Day +30)

Discussion

This retrospective study found that RIC-AlloHSCT
significantly decreased the incidence of acute post-
transplantation toxicities, including patients who
developed grade 3 or higher mucositis and reduced
days with fever. This, subsequently, reduced the
amount of supportive care required, including de-
creased need for PCA and TPN. The decrease in the
incidence of these complications may be attributed to
the fact that many of the patients in the RIC-AlloHSCT
group had shorter periods of neutropenia and lower
grades of mucositis. The reduction in severity of mu-
cositis may decrease the probability of translocation
of bacteria from the gut and, therefore, contribute to
the substantially lower incidence of infections found
in patients undergoing RIC-AlloHSCT versus MAC-
AlloHSCT. Infections can lead to escalated care needs
such as transfer to PICU, increased cost, complex
nursing care, and, ultimately, longer hospital stays for
patients. An illustration of decreased costs associated
with a decreased number of infections was presented
in a report by the Centers for Disease Control and
Prevention (2011). The report found that a 58% reduc-
tion in central line-associated blood stream infections
from 2001 to 2009 “represents up to 6,000 lives saved
and $414 million in potential excess healthcare costs
in 2009 and about $1.8 billion in cumulative excess
healthcare costs since 2001” (p. 243). The decrease in
TPN requirement also could be linked to the lower
incidence of severe mucositis in patients following
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Table 3. Multivariate Analysis for Significant Risk Factors
Associated With Need for Supportive Care at Day +30 in

Pediatric Recipients of AlloHSCT

many patients who receive RIC-AlloHSCT
have less thrombocytopenia (Diaconescu et al.,
2004). Shelburne and Bevans (2009) highlighted

the importance of “the decreased degree and
length of anemia and thrombocytopenia. . . .
P This translates into fewer red cell and platelet

Odds Ratio/ 95% Wald/Hazard

Characteristic* Hazard Ratio  Confidence Interval
Mucositis

RIC 1

MAC 4.25 [1.388, 13.016]
Infections

RIC 1

MAC 4.751 [1.675, 13.474]

Female 1

Male 2.905 [1.056, 7.995]
Platelet transfusions

RIC 1

MAC 7.42 [2.069, 26.613]

Cord blood 1

MRD 0.273 [0.079, 0.939]
PICU transfers

RIC 1

MAC 7.513 [1.77, 31.882]
Fever®

RIC 1

MAC 3.109 [1.162, 8.317]
PCA

RIC 1

MAC 2.656 [1.348, 5.231]
TPN

RIC 1

MAC 2.122 [1.219, 3.695]

transfusions” (p. 123). Consequently, lower
transfusion requirements mean decreased risk

0-0113 " of transfusion-related complications, less time
spent administering transfusions for nursing
0.0034  staff, and reduced costs for hospitals. The cost of
a single platelet transfusion varies based on each
0-0389 hospital’s contract with a blood center. At New
York-Presbyterian Hospital, for example, the av-
0.0021  erage cost of a single donor platelet transfusion
is $500 (J. Schwartz, personal communication,

00395 geptember 20, 2011).
Complexity of care is directly affected by acute
0.0062  toxicities in the immediate post-transplantation
period. Pediatric patients who receive RIC-
0.0239 AlloHSCT have less acute toxicities, and this
may positively impact the emotional and
psychological well-being of patients and their
0.0047 " families. Again, however, lower transplantation-
related complications also could result in
0.0078  decreased time nurses need to spend on di-

2Significant on univariate analysis

> A fever for seven days versus a fever of more than seven days. Analysis was
based on logistic regression model, adjusted for age and disease type.

AlloHSCT—allogeneic hematopoietic stem cell transplantation; MAC—myeloab-
lative conditioning; MRD—matched related donor; PCA—patient-controlled
analgesia; PICU—pediatric intensive care unit; RIC—reduced-intensity con-

ditioning; TPN—total parenteral nutrition

Note. Day +30 includes all incidences that occurred in the first 30 days

post-HSCT.

Note. Mucositis was adjusted for age, disease type, risk status, and donor
source; platelet transfusion was adjusted for risk status and donor source;
PICU transfer was adjusted for age and donor source; PCA was adjusted for
age, disease type, risk status, and donor source; and TPN was adjusted for

age and disease type.

RIC-AlloHSCT. Avritscher et al.’s (2004) review on mu-
cositis examined cost of mucositis, including TPN and
PCA, and reported multiple studies with additional
costs associated with the presence of mucositis ranging
from $23,850-$43,000 per patient undergoing HSCT.
Another time-consuming and costly part of caring for
pediatric patients undergoing AlloHSCT is blood product
administration. Each blood product administered puts
the patient at risk for transfusion-related complications,
such as infections and allergic reactions. The number of
platelet transfusions required was significantly reduced
for patients in the RIC-AlloHSCT group compared to
the MAC-AlloHSCT group. As corroborated in the
authors’ results, it has been previously reported that

rect patient physical care, decreased resource
use (i.e., medications, TPN, PICU beds), and,
therefore, cost. Saito et al. (2007) found that
RIC-AlloHSCT costs, on average, $53,030 per
patient less than MAC-AlloHSCT in the first
year post-transplantation.

Future studies examining psychosocial im-
pact, nursing hours, medication use, and overall
cost of RIC- versus MAC-AlloHSCT are needed.
Reduction in transplantation-related morbidi-
ties might result in decreased length of hospital
stay and cost of hospitalization. Going forward,
as healthcare providers learn more about RIC-
AlloHSCT, transplantations may be performed
in outpatient settings. That would be cost effec-
tive for hospitals as well as beneficial to families who
have the resources and the educational support from
nurses to care for their children in a home setting.

This study was unable to show a significant differ-
ence in specific organ toxicities (renal and liver) or
incidence of acute GVHD in the first 100 days post-
transplantation. That was most likely from limitations
related to a small sample size. Similarly, because of a
limited amount of data published pertaining to this
pediatric population, it was not possible to compare the
results of this retrospective study with other studies.
That was impacted even more by the fact that this study
looked at acute toxicities as opposed to other studies,
which concentrated on longer-term TRM.
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Limitations

This study is limited by the small number of patients
with different diagnoses and different conditioning
regimens within the group. The demographics of the
RIC- versus MAC-AlloHSCT groups were comparable,
except that more patients had nonmalignant diseases,
more patients had matched sibling donors, and fewer
high-risk patients were in the RIC-AlloHSCT group. All of
these factors may contribute to fewer or less severe acute
toxicities in the RIC-AlloHSCT group. On multivariate
analysis, the authors were able to demonstrate that MAC-
AlloHSCT was independently associated with higher-
grade mucositis, higher risk of infections, greater need for
platelet transfusions, a higher number of PICU transfers,
and increased need for PCA and TPN. However, retro-
spective studies are inherently subjected to various biases
and that cannot be ruled out in the current study.

Conclusions

Despite these limitations, this study did confirm the
working hypothesis and reveals promising data that
RIC-AlloHSCT results in decreased acute toxicities,
reduced supportive care needs, and, most importantly,
reduced TRM. And, regardless of the decreased inci-
dence and degree of acute toxicities and the amount
of supportive care needed, the ultimate goal of any
transplantation is cure, and the results show that RIC-
AlloHSCT was associated with lower TRM before day
100 than MAC-AlloHSCT.

Implications for Nursing

Nurses are now at the forefront of collecting data for
National Quality Forum based on the National Database
of Nursing Quality Indicators (NDNQIs). The American
Nurses Association (2010) defined the NDNQIs to
include patient outcomes that are determined to be
nursing sensitive—outcomes that improve if a greater
quantity or quality of nursing care is indicated. Currently,
healthcare-associated infections and nursing care hours
provided per day are NDNQIs. In the current study, pa-
tients in the RIC-AlloHSCT group had fewer infections—
and additional research is still needed—but, based on the
decreased supportive care needs (e.g., blood transfusions
and days on TPN with PCA), pediatric patients receiving
RIC-AlloHSCT most likely required fewer nursing care

hours per day than pediatric patients receiving MAC-
AlloHSCT. An important area of additional research will
be to more closely look at the NDNQI in patients receiv-
ing RIC- versus MAC-AlloHSCT in hopes of continuing
to illustrate the fewer toxicities and potential benefits
of RIC-AlloHSCT in pediatric patients. In addition, the
regimen should always be chosen with the goal of the
best possible patient outcome of survival and the least
number of toxicities. However, in the current state of ris-
ing healthcare costs, a secondary gain of RIC-AlloHSCT
is an appropriate regimen choice and the potential cost
saving through decreased nursing care hours.

Nurses play a vital role in the education of patients
and their families. HSCT nurses must understand
this new and evolving field of RIC-AlloHSCT and,
subsequently, the difference between RIC-AlloHSCT
and MAC-AlloHSCT and the potential impact the
different types of transplantation may have on their
patients. Nursing assessment of patients’ symptoms
(e.g., anorexia, pain, fatigue) often play a direct role in
the supportive care that is used, including the need for
TPN, PCA, and blood transfusions. Therefore, under-
standing findings from the current study will aid the
nurse in anticipating patients’ supportive care needs
as well as help nurses provide accurate anticipatory
guidance to patients and their families.
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