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Abstract

The current study characterizes cognitive and psychiatric status in hematopoietic stem cell transplantation (HSCT)
patients shortly before and after transplant. Thirty adult patients were assessed prospectively 1–2 weeks before
transplantation and 100 days posttransplantation on neuropsychological and psychiatric measures. Before transplant,
participants showed mild impairments on several neuropsychological measures, with the poorest performances
occurring on learning and attention. Psychiatric functioning was significantly elevated compared with normative
data. Significant improvements, however, were observed on neuropsychological measures by 100 days after
transplant. Depression and anxiety scores also improved. Candidates for HSCT experienced mild diffuse cognitive
dysfunction and psychiatric morbidity before the procedure, but these symptoms significantly improved by 3 months
following their transplant in this small sample. Education about these possible pretransplant sequelae and the
potential for rebound may be helpful to patients and families as they prepare for this treatment and the recovery
period (JINS, 2007, 13, 172–177.)
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INTRODUCTION

Over 50,000 cancer patients undergo autologous (patient
receives own cells) or allogeneic (donor cells) hematopoi-
etic stem cell transplantations (HSCT) per year (Goldman
& Horowitz, 2002). In the few studies examining neuropsy-
chological functions throughout the transplantation pro-
cess, cognitive dysfunction has been reported (Harder et al.,
2005). This finding is not surprising given the multiple inten-
sive treatments these patients receive, including high-dose
myeloablative chemotherapy, total body irradiation, and0or
immunosuppression, all of which have independent cogni-
tive sequelae. Characterization of both short- and long-
term consequences of central nervous system dysfunction

is important for clinical management and research (e.g.,
capacity to provide consent). As treatments improve sur-
vival rates, many patients are able to return to employment
or school after HSCT and need to be aware of the cognitive
recovery process.

Despite extensive literature addressing cognitive and psy-
chiatric consequences of some types of cancer (e.g., breast
cancer) and specific types of treatment (e.g., tamoxifen,
radiation), there are few studies that examine adult HSCT
patients. Compared with healthy adults, HSCT patients have
impairments before and after transplant in several areas,
including executive functioning, psychomotor speed, atten-
tion, learning and memory, and visuospatial skill (Andry-
kowski et al., 1990, 1992; Booth-Jones et al., 2005; Harder
et al., 2002, 2005; Meyers et al., 1994; Parth et al., 1989)
suggesting multifactorial etiology. Factors associated with
impairments include cranial radiation, older age, lower
premorbid IQ, and chronic graft versus host disease (Booth-

Correspondence and reprint request to: Leigh J. Beglinger, Ph.D.,
University of Iowa, Department of Psychiatry, MEB 1-321, Iowa City,
IA 52242-1000, USA. E-mail: leigh-beglinger@uiowa.edu

Journal of the International Neuropsychological Society (2007), 13, 172–177.
Copyright © 2007 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.10170S1355617707070208

172

https://doi.org/10.1017/S1355617707070208 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617707070208


Jones et al., 2005; Sostak et al., 2003). Cognitive impair-
ments are associated with poor outcome both acutely (e.g.,
delirium) and long-term (e.g., reduced quality of life) (Booth-
Jones et al., 2005; Fann et al., 2002; Meyers et al., 1994).
And although there appears to be evidence of transplant-
associated cognitive impairment, differences in the meth-
odology of the previous studies obscure conclusions about
specific areas of deficit and their course. Methodological
inconsistencies include differences in test selection, differ-
ent follow-up intervals (2 weeks to 10 years), and restric-
tion of participants to narrow diagnostic groups or groups
who no longer receive HSCT (e.g., breast cancer).

Only a handful of studies were located with prospective
assessment of cognitive deficits in adult HSCT patients
(Ahles et al., 1996; Meyers et al., 1994; Parth et al., 1989;
Peper et al., 2000; Sostak et al., 2003; Syrjala et al., 2004;
Wenz et al., 2000). Although mild cognitive impairments
were observed at baseline in some of these studies, follow-up
data were mixed, with most showing declines or no improve-
ment in neuropsychological functioning after transplant
(Ahles et al., 1996; Meyers et al., 1994; Parth et al., 1989;
Sostak et al., 2003; Wenz et al., 2000). For example, in a
recent and well-designed study, Syrjala et al. (2004) found
a decline on all cognitive tests from baseline to 80 days
posttransplant. By the 1-year follow-up, however, scores
had returned to the baseline level, although memory and
verbal fluency scores remained half a standard deviation
below normal, despite average IQ in the sample. Thus little
is still known about the course of cognitive functioning
after HSCT, particularly during the first months after trans-
plant. Therefore, we sought to replicate and extend previ-
ous work by prospectively assessing neuropsychological
and psychiatric functioning using standard and well-validated
measures immediately before and 100 days after HSCT in
30 adult patients at the University of Iowa Holden Compre-
hensive Cancer Center. We hypothesized that both neuro-
psychological and psychiatric functioning would improve
after transplantation.

MATERIALS AND METHODS

Patients and Procedures

The protocol and all study procedures were approved by
the University of Iowa Institutional Review Board. Patients
were recruited upon their admission to the University of
Iowa Blood and Marrow Transplantation Program (BMTP)
inpatient unit for an allogeneic or autologous bone marrow
or peripheral blood HSCT from 2004 to 2005 (65% agreed
to participate). All patients provided written informed con-
sent and were financially compensated for their participa-
tion. Patients were assessed at a pretransplantation visit
before any preparative treatments occurred with a 90-min
screening battery that assessed cognitive and psychiatric
functioning, delirium, and demographic and medical infor-
mation. Patients were reassessed at 100 days posttransplan-

tation using the same battery. During their inpatient stay,
patients also completed testing twice weekly with a briefer
battery to monitor for delirium; those results are presented
elsewhere (Beglinger et al., in press). All assessments were
conducted by a trained research assistant or neuropsychol-
ogist. Alternate forms of tests were not used so that “cog-
nitive rebound” and practice effects could be examined,
which have been linked with long-term outcome in other
patient samples (Newman et al., 2001).

Measures

Medical history

A semistructured clinical interview was used to gather the
following information: demographics (age, education, hand-
edness, employment, and marital status); history of diagno-
sis (date and specific diagnosis); past treatment (medications0
procedures); other significant medical history; family history;
cognitive history (current complaints and onset); psychiat-
ric history (current complaints and onset); and history of
alcohol, drug, and0or tobacco use.

Neuropsychological functioning

The following neuropsychological tests were administered
to assess the areas most prone to dysfunction in patients
who underwent HSCT: (1) The Modified Mini-Mental State
Examination (3MS) is an expanded version of the MMSE,
which assesses global cognitive functioning on a 100-point
scale (Teng & Chui, 1987); (2) Trailmaking Test Parts A
and B (Reitan, 1955); (3) The Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS) (Ran-
dolph et al., 1998) is a brief battery of tests measuring atten-
tion, language, visuospatial0constructional abilities, and
immediate and delayed memory; (4) The Wechsler Abbre-
viated Scale of Intelligence (WASI) (Psychological Corpo-
ration, 1999) provides an estimate of Full Scale IQ based
on two subtests (Vocabulary and Matrix Reasoning); (5) A
visual analog scale of thinking clarity, which ranges from 1
(“trouble with thinking”) to 100 (“clear thinking”), and the
patient draws a line to represent their current cognition.

Psychiatric assessment

The Symptom Checklist-90-Revised (SCL-90-R) (Deroga-
tis et al., 1974) is a 90-item self-report symptom. It yields
three global indices of distress [Global Severity Index (GSI),
Positive Symptom Total (PST), Positive Symptom Distress
Index (PSDI)] and nine primary symptom dimensions
[Somatization (SOM), Obsessive-Compulsive (O-C), Inter-
personal Sensitivity (I-S), Depression (DEP), Anxiety
(ANX), Hostility (HOS), Phobic Anxiety (PHO), Paranoid
Ideation (PAR), and Psychoticism (PSY)]. Visual analog
scales of pain and mood were also administered.

Delirium assessment

The Delirium Rating Scale (DRS) (Trzepacz et al., 1988) is
a scale of delirium severity based on all available informa-
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tion from patient interview, family, and nurses’ reports, cog-
nitive tests, and medical reports, measured over a 24-hr
period (cutoff .12). The Memorial Delirium Assessment
Scale (MDAS) (Breitbart et al., 1997) measures delirium
presence and severity and can be administered multiple times
in 1 day (cutoff � 8). The following tests were also given
twice weekly during the inpatient stay to measure neuro-
psychological status and assist with delirium assessment:
Trail Making Test, 3MS, and the RBANS List Learning,
Coding, Fluency and Digit Span.

Statistical Analyses

Neuropsychological tests were administered and scored
according to their respective manuals, and converted to stan-
dardized scores (M 5 100; SD 5 15). SCL-90-R scores
were converted to gender-corrected, nonpatient T scores
(M5 50; SD5 10). One-sample t tests were used to com-
pare participants’ baseline scores with the theoretical nor-
mative value. Paired t tests were used to compare baseline
and 100-day follow-up performances on all measures. Pear-
son correlations were calculated to determine the associa-
tions between the main psychiatric and neuropsychological
variables at baseline: SCL-90-R (GSI, PST, PSDI), RBANS
Total Score, Trails A and B, and WASI FSIQ.

RESULTS

Patient Characteristics

A total of 32 patients consented to participate in the study,
but 2 patients who completed the baseline assessment did
not proceed to a HSCT and their data were excluded from
the analyses. The average length of time between baseline
assessment and transplant was 11.6 days (619.2). At the
time of the 100 days posttransplantation assessment, 6
patients were deceased and 2 declined to participate, and
these patients’ performances could only be included in the
baseline assessment analyses.

The majority of patients had lymphomas or leukemias
(67%). An equal number of patients received autologous
(N5 15) and allogeneic (N5 15) transplants. Patients who
underwent an autologous HSCT received high-dose, multi-
agent chemotherapy for myeloablative therapy. Allogeneic
HSCT patients mostly received total body irradiation and
high-dose chemotherapy or Busulfan-based high-dose che-
motherapy. There was 1 patient who had a previous alloge-
neic HSCT, and 1 patient who had a previous autologous
HSCT. Patient characteristics are shown in Table 1.

Baseline Results

Neuropsychological assessment

Scores on the neuropsychological measures are presented
in Table 2. The sample performed within the average range
on an estimated measure of IQ [WASI 2 subtest FSIQ 5

105.4 (14.6)]. However, average performance on the neuro-
psychological screening battery was nearly a standard devi-
ation lower [RBANS Total Score 5 92.4 (17.4)]. Two
RBANS Indexes were 1 SD below FSIQ: Immediate Mem-
ory (M5 88.3; SD5 20.2) and Attention (M5 88.7; SD5
19.7). Additionally, as a group over half (10) of the 18
individual cognitive test scores were below average com-
pared with normative values. The most striking deficits were
on Trails B (Z 5 21.7), RBANS List Recall (Z 5 21.1),
and Trails A (Z 5 2.9). Using one-sample t tests to com-
pare performance on the major neuropsychological mea-
sures, our sample was significantly lower than the normative
data on nearly all tests (RBANS Total, p 5 .024; TMT A,
p5 .002; TMT B, p � .0001). Subjective report of cogni-
tive clarity was moderately positive (73.3 on a scale from
1–100).

Psychiatric assessment

Compared with normative data, participants endorsed more
psychiatric symptoms (PST, p , .0001) and also reported
greater symptom severity (GSI, p , .0001) and distress
(PSDI, p, .0001). Five of the nine primary symptom dimen-
sions were significantly higher ( p , .001) in the HSCT
participants compared with nonpatient normative data (SOM,
O-C, DEP, ANX, and PSY). Only 1 participant scored above
the cutoff for delirium on either the DRS or MDAS at base-
line, and this score was in the mild range. The average
subjective pain rating was low (16.5 on a scale from 1 to
100) and global mood rating was mildly positive (65.1 on a

Table 1. Demographic characteristics of patients undergoing
hematopoietic stem cell transplantation (N5 30 patients)

Demographics N
Mean (SD)

range

Age (years) 47.6 (11.1)
21– 64

Education (years) 15.0 (3.4)
11–24

%
Sex

Male 20 66.7
Female 10 33.3

Diagnosis
Leukemia 7 23.3
Lymphoma 13 43.3
Myeloma 6 20.0
Other 4 13.3

Donor type
Autologous 15 50
Allogeneic 15 50

Stem cell type
Bone marrow 14 46.7
Peripheral blood 16 53.3

Myeloablative 26 86.6
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scale from 1 to 100). None of the three primary SCL-90-R
variables were significantly correlated with the main neuro-
psychological variables at baseline.

Posttransplantation results

As seen in Table 2, half of the measures significantly
improved at the follow-up. The greatest changes were found
on the RBANS with a Total score improvement of 16 points
(t 5 4.35; p , .001). Two RBANS Index scores were
improved (Immediate Memory, p , .0001 and Delayed
Memory, p 5 .02), as well as the four individual verbal

memory subtest scores (List Learning, p , .0001; Story
Memory, p5 .02; List Recall, p, .0001; and Story Recall,
p5 .001). Additionally, improvements were found on Trails
A ( p 5 .001), Trails B ( p 5 .001), the 3MS ( p 5 .05),
WASI Matrix Reasoning ( p 5 .02), and WASI Full Scale
IQ ( p5 .007) (Fig. 1).

On the SCL-90-R, participants endorsed fewer symp-
toms at the follow-up (PST t 5 2.16, p 5 .04). Improve-
ments were observed on two of the nine primary symptom
dimensions (DEP t 5 3.06, p 5 .006; ANX t 5 3.02, p 5
.007). There were no changes on the delirium measures and
analog scales of pain, mood, and thinking clarity.

DISCUSSION

Despite showing mild impairments on measures of psycho-
motor speed, complex attention, and verbal memory just
before transplant, performances significantly improved by
the 100-day follow-up in this small sample of adult patients
undergoing HSCT. These preliminary results demonstrate
that cognitive impairments 3 months following HSCT were
rare (e.g., only 1 of 30 patients had an RBANS Total score
below the 10th percentile after transplant). Pretransplant
psychiatric symptoms were also improved on follow-up.
This study adds to the few prospective investigations on
neuropsychological and psychiatric changes after HSCT.
Knowledge about the potential for neuropsychiatric “re-
bound” after treatment will be helpful for patients and
families and may alleviate concerns as patients begin to
experience changes in mood and cognition before and imme-
diately after transplant. Although these results were gath-
ered in a relatively small sample, they offer preliminary
evidence that many patients have the capacity to improve
their cognition with repeated cognitive stimulation in the
first months after treatment. This is increasingly important
as advances in HSCT are associated with better remission
rates and more patients returning to work or school.

Although our study most closely matches that of Syrjala
et al. (2004), our patients showed greater improvement at
the follow-up. There are several potential explanations. First,
our participants had higher premorbid IQ, which might indi-
cate greater cognitive reserve. Second, our follow-up
occurred approximately 1 month later than theirs (80 vs.
100 days), and it is possible that some of the acute cogni-
tive dysfunction had resolved in our patients by the time of
testing. Repeated assessment over the first weeks and months
after transplant would answer the question of when improve-
ments are first detected. Third, emotional improvements
after transplant may have also contributed to higher scores.
Finally, and potentially most importantly, our patients were
assessed on a subset of the battery twice weekly after trans-
plant until discharge as part of delirium monitoring. Most
participants completed four such sessions, and this repeated
exposure to cognitive testing and0or greater familiarity with
the testing process and the examiner may have contributed
to greater improvement in our participants. However, direct
practice effects do not fully explain the improvement, as

Table 2. Neuropsychological performance pre- and
100 days posttransplant

Variable

Baseline
scores

(n5 30)
Mean (SD)

100-day
follow-up

scores
(n5 22)

Mean (SD)

p value
(paired
t tests)

3MS Total 93.8 (4.9) 97.3 (2.0) .0474
RBANS Total 92.4 (17.4) 108.3 (16.3) .0004

Immediate Memory 88.3 (20.2) 111.4 (19.1) ,.0001
List Learning 25.0 (6.3) 31.8 (5.8) ,.0001
Story Memory 16.1 (4.3) 18.8 (3.8) .0189

Visuospatial0Constr. 102.9 (15.7) 110.1 (11.1) ns
Figure Copy 18.9 (1.3) 19.39 (0.9) ns
Line Orientation 16.7 (3.1) 18.0 (2.2) ns

Language 96.7 (10.7) 100.3 (11.2) ns
Picture Naming 9.8 (.4) 9.9 (.3) ns
Semantic Fluency 19.7 (5.2) 21.4 (5.1) ns

Attention 88.7 (19.7) 97.8 (20.2) ns
Digit Span 10.1 (2.4) 10.4 (2.6) ns
Coding 42.3 (12.5) 49.9 (11.8) ns

Delayed Memory 95.1 (17.2) 108.0 (13.5) .0158
List Recall 4.3 (3.4) 7.5 (1.9) ,.0001
List Recognition 19.2 (1.1) 19.7 (.7) ns
Story Recall 8.5 (2.2) 10.4 (1.7) .0010
Figure Recall 15.2 (3.2) 15.9 (2.4) ns

Trails A time (seconds) 38.0 (12.8) 29.2 (6.7) .0012
Trails B time (seconds) 87.8 (36.7) 63.7 (18.5) .0007
WASI FSIQ 105.4 (15.6) 116.6 (12.6) .0073

FSIQ Range 67–128 96–144 N0A
Similarities T score 51.4 (9.4) 55.7 (7.4) ns
Matrix Reas. T score 53.6 (9.5) 60.4 (6.1) .0234
Vocabulary T score 52.3 (10.1) 58.3 (9.0) ns

Analog Pain Scale 16.5 (23.7) 18.0 (24.3) ns
Analog Mood Scale 65.1 (18.2) 65.7 (28.7) ns
Thinking Clarity Score 73.3 (25.1) 71.7 (25.9) ns

Delirium Scales
DRS 3.8 (1.8) 3.4 (4.3) ns
MDAS 2.7 (2.1) 1.2 (1.2) ns

Note. 3MS5Modified Mini-Mental State Examination; RBANS5Repeat-
able Battery for the Assessment of Neuropsychological Status; WASI 5
Wechsler Abbreviated Scale of Intelligence; DRS5Delirium Rating Scale;
MDAS5Memorial Delirium Assessment Scale. RBANS Index and WASI
Full-Scale IQ scores are reported as standardized scores (M 5 100,
SD 5 15). WASI subtest scores are reported as T scores (M 5 50,
SD5 10). All other scores are reported as raw scores.
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half of the tests that were administered repeatedly did not
show significant change between baseline and follow-up
(RBANS Fluency, Coding, Digit Span). Additionally, past
research with HSCT patients also used repeated testing par-
adigms and most showed no improvement after transplant.
The existing literature provides little context, due to the
paucity of studies with this number of repeated assessments
over this brief retest interval. For example, practice effects
on the RBANS have only been reported for two testing
sessions across much longer periods of time (Duff et al.,
2005; Randolph et al., 1998): those scores rose from 1.4 to
8.1 points upon retesting after 38 weeks, which is notably
smaller than those scores found here. So, although some
improvement in the current study is undoubtedly attribut-
able to practice effects, there also appears to be some addi-
tional improvement.

Some limitations of the current study should be noted.
The participants in the present sample had heterogeneous
diagnoses and conditioning regimens, and it will be impor-
tant to examine if specific deficits are associated with cer-
tain forms of treatment in future studies and how emotional
status is related to improvements. Our sample size was also
relatively small, and the test battery was limited to mainly
screening measures, so these results should be considered
preliminary and need to be replicated. There was no control
group to allow a direct assessment of practice effects. Finally,
the generalizability of these findings may be limited to high-
functioning groups, as our average patient was highly edu-
cated and may have greater cognitive reserve.

In conclusion, these results indicate that adult cancer
patients can experience some cognitive recovery in the first
few months following transplant, particularly on memory
measures. Depression and anxiety symptoms also lessen.
Nursing staff and other members of the treatment team should
be aware of these patterns so they can educate patients and
families about the symptoms and their course. Future
research should examine the course of decline and recovery
immediately following transplant and whether certain cog-
nitive profiles are specific to diagnostic subgroups.
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