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Abstract
Objective—To assess rehabilitation inpatient risk of return to primary service in bone marrow
transplant patients.

Design—Retrospective review.

Setting—Inpatient rehabilitation unit within a tertiary referral based cancer center

Participants—All bone marrow transplant patients (131) who were admitted a total of 147 times
to inpatient rehabilitation between January 1, 2002, and April 30, 2010.

Interventions—None.

Main Outcome Measures—We analyzed return to primary service and demographic
information, cancer characteristics, medications, hospital admission characteristics, and laboratory
values.

Results—41% (61/147) of bone marrow transplant admissions were transferred from the
inpatient rehabilitation unit back to the primary service. Of those transferred back, 38% (23/61)
died after being transferred back to the primary service. Significant or near significant
relationships were found for a platelet count < 43,000 per microliter (p<.01), a creatinine level >
0.9 milligrams/deciliter (p<.01), the presence of an antiviral agent (p=.0501), the presence of an
antibacterial agent (p=.0519), the presence of an antifungal agent (p<.05) and leukemia,
lymphoma or multiple myeloma diagnosis (p<.05). Using five of these factors the Return to
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Primary-Bone Marrow Transplant (RTP-BMT) index was formulated to determine the likelihood
of return to the primary team.

Conclusion—Bone marrow transplant patients have a high rate of transfer from the inpatient
rehabilitation unit back to the primary service. The RTP-BMT score can be a useful tool to help
clinicians predict the likelihood of return to the primary acute care service.

Keywords
Bone marrow transplant; Rehabilitation; Cancer

Chemotherapy, anemia, thrombocytopenia, steroid myopathy, peripheral neuropathy,
immobility syndrome, and infections can lead to asthenia, deconditioning, and fatigue in
hematopoietic stem cell transplant patients.1 Mean peak aerobic capacity and muscular
strength are reduced after stem cell transplantation.2 Fatigue is the most common and
persistent symptom in cancer patients and has been identified as more important than pain.3

It has been found that 87% of inpatient cancer patients have rehabilitation needs.4

While the need for rehabilitation in cancer patients has been established, caring for these
patients in an inpatient rehabilitation unit can be challenging given the acuity of their
medical conditions. Unfortunately, transfers back to the primary acute care service during
inpatient rehabilitation can occur and are usually unplanned. Typically, although not always,
the goal of inpatient rehabilitation is discharge home. Medical stability is to preferred to
insure an uninterrupted inpatient rehabilitation stay and consistent therapy participation.
Several previous studies have identified risk factors for return to primary in different patient
populations.5–8 Alam et al. reported a transfer rate of 21% for cancer patients on inpatient
rehabilitation (compared to 9.7% for matched non-cancer controls).9 Guo et al. found that
35% of all cancer patients in acute inpatient rehabilitation were transferred back to the
primary service.10

We have anecdotally observed a particularly high rate of transfer from inpatient
rehabilitation back to the primary service among hematopoietic stem cell transplant patients.
To our knowledge, no prior analysis of risk factors associated with return to primary service
from inpatient rehabilitation among hematopoietic stem cell patients has been performed.
The purpose of this study was to identify risk factors which are associated with a higher
frequency of transfers to the primary acute care service.

METHODS
Subjects

This retrospective study included all patients with a history of hematopoietic stem cell
transplantation who were admitted to the inpatient rehabilitation unit at a referral-based
tertiary care cancer center between January 1, 2002 and April 30, 2010. 131 patients were
found. Sixteen patients were admitted to the inpatient rehabilitation unit on two separate
occasions, resulting in 147 total admissions. The age of the patients ranged from 21 to 77
years.

Procedure
Approval for this study was obtained from the institutional review board (IRB). A waiver of
informed consent was granted by the IRB in compliance with federal and institutional
guidelines. Experienced clinicians collected data from medical records and discharge
summaries. Charts were reviewed for medical and demographic information. The records for
the hospitalization of the patient’s inpatient rehabilitation stay were reviewed from
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admission to discharge. Data were collected from several categories: demographic
information, transplant characteristics, medications, hospital admission characteristics, and
laboratory values. Demographic information on rehabilitation transfer day included age,
gender, race, marital status, insurance type and date of death (if applicable). Transplant
characteristics obtained included type of primary cancer, type of bone marrow transplant,
date of last bone marrow transplant, documented pathology reports of graft versus host
disease (GVHD) since the last transplant, number of bone marrow transplants, last bone
marrow leukocyte blast count, last peripheral leukocyte blast count and if the patient had
relapsed. Medication data collected included the presence on the rehabilitation transfer day
of antibacterial agents, antiviral agents, antifungal agents, steroid immunosuppresants, non-
steroid immunosuppresants (e.g. tacrolimus) and erythropoietic agents. Hospital admission
characteristics included the patient’s location prior to admission, reason for hospitalization,
reason for transfer to inpatient rehabilitation, if the patient had returned to the primary acute
care service and reason for transfer back to the primary service (if applicable). Laboratory
values included peripheral white blood cell count, hemoglobin, platelet count, creatinine,
prealbumin, albumin, and peripheral blast count on the day of transfer to inpatient
rehabilitation.

Analyses included several steps. First, frequencies for 22 categorical variables were
examined. Next, nonparametric statistical tests were completed on these variables to detect
proportional differences among the categories, as well as their relationship to the study
dependent variable, ‘return to primary acute care service.’ Variables selected for further
analytical inclusion had to exhibit statistical association and be associated with the outcome
in a nontrivial way (i.e. each variable had to contribute clinically useful information. For
example, we would not include the date of return to primary although it was significantly
related). Using logistic regression analysis, we were then able to identify variables for an
indexing tool that is based on medically related variables and the probability of transplant
patients’ return to their primary acute care team. The resulting model was termed the Return
to Primary – Bone Marrow Transplant Index or RTP-BMT Index.

RESULTS
Table 1 lists selected demographic characteristics of our study population. The study
subjects were primarily white (76.87%) and male (59.86%). The mean length of stay was
9.69 days (median, 9 days). The mean length of stay in the hospital before admission to
inpatient rehabilitation was 33.19 days (median, 22 days). The types of bone marrow
transplant were somewhat evenly divided among autologous (auto; 31.97%), matched
related donor (MRD; 34.01%), and matched unrelated donor (MUD; 34.01%). Also shown
in Table 1 are frequencies for these categories and subjects’ return to the primary acute care
medical team. In total, 61 of the 147 inpatient rehabilitation admissions (41.50%) returned to
the primary service. Of those returning to the primary service, 25 (40.98%) were discharged
directly home, 23 (37.70%) died in the hospital, 5 (8.20%) were discharged to hospice, 5
(8.20%) were readmitted to inpatient rehabilitation, 2 (3.28%) were transferred to an outside
acute hospital and 1 (1.64%) was transferred to a long term acute care facility.

We examined over 20 categorical variables to identify statistically significant proportional
associations between demographic variables by return to the acute care service. Table 1
presents the results of the chi-square tests (p<.05) for the selected demographic
characteristics shown. None of these categorical variables—race (white or nonwhite), sex
(male or female), type of bone marrow transplant (auto, MRD, or MUD) and GVHD (yes or
no) were disproportionately associated with return to the acute care medical team (p>.05).
As well, age, marital status, insurance type, number of bone marrow transplants, patient
relapse, steroid immunosuppresants, non-steroid immunosuppresants, erythropoietic agents,
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peripheral white blood cell count, prealbumin, and albumin levels were all distributed
proportionally by patients’ return to the acute care medical team (p>.05). Variables with
significant (p<.05) deviations among categories by patients’ return to the acute care medical
team were antifungal agents (χ2 (1, N = 147) = 7.175, p = 0.0074), antibacterial agents (χ2

(1, N = 147) = 5.143, p = 0.0233), antiviral agents (χ2 (1, N = 147) = 3.984, p = 0.0459),
platelet counts (χ2(1, N = 147) = 14.1967, p = 0.0002), creatinine levels (χ2(1, N = 147) =
6.1338, p = 0.0133), and type of primary cancer (χ2(1, N = 147) = 8.713, p = 0.0096).

Forty-eight percent of the admissions in the study (n=70) were alive at the time of data
collection. Among the transplant admissions that had died (n=77), we observed patterns of
longevity with return to primary service (days until death after BMT and whether patients
returned to primary service). Patients that returned to primary service (n=36) lived a median
of 76 days post-BMT (95% CI [40,135]). The median post-BMT survival days for patients
not returning to primary service (n=41) was 190 days (95% CI [64–266]). Therefore, of the
deceased patients, those who returned to primary did not live as long.

Table 2 presents the primary cancer diagnoses for the study sample. The three predominant
cancer types were leukemia, lymphoma, and multiple myeloma. These three cancer types
comprised more than 98% of the patients who returned to acute care. There were no returns
to acute care for patients with Waldenstrom macroglobulinemia, breast, germinoma, renal or
testicular cancer.

Table 3 shows the reasons indicated on the patients’ medical records for the study subjects’
return to their acute care medical team. Of the 19 total reasons, infection (17/61; 27.87%)
and functional decline/unable to tolerate therapy (11/61; 18.03%) were the most common
reasons for return to the primary acute care team. The remaining 17 documented reasons
comprised 54% of the returns.

In order to predict which factors influence patients’ return to the primary acute care medical
team, we used logistic regression analysis and the previously identified significant (p<0.05)
categorical variables. As previously mentioned, the variables meeting this standard included
antifungal agents, antibacterial agents, antiviral agents, platelet counts, creatinine levels, and
primary cancer of either leukemia, lymphoma, or multiple myeloma. Table 4 presents the
results of the logistic regression using these six independent variables and their association
with bone marrow transplant patients’ return to primary service. Also shown in Table 4 are
the clinical cut points used in classifying patients into categories. Cut points were set at the
median clinical value of the entire population of patients. Median values are commonly used
for setting cut points in clinical data but it should be noted that median values may be
unstable as they are influenced by the addition of extreme values in either end of the range.
As shown by the Wald (χ2) values, all of the variables used in the model retained their
statistical associations with the dependent variable, although two variables (the presence of
antiviral and antibacterial agents) were slightly above statistical standards (p>.05).

Table 5 applies five of these variables into a scoring system called the RTP-BMT Index.11 A
sixth statistically significant variable (primary cancer type being leukemia, lymphoma, or
multiple myeloma) was not included because over 91% of patients had one of these primary
cancers and it was thus deemed to be extraneous. The five remaining clinical variables were
dichotomized into 0 (no, not present) or 1 (yes, present) and return to primary acute care
service status (yes, no). The frequency of each patient’s return to acute primary care service
was then calculated (0, 1, 2, 3, 4, or 5). From these data, Index probabilities were generated.
As shown in the table, RTP-BMT Index scores from 0 to 1 represented patients with low
probabilities for return to primary acute care service (4%). An RTP-BMT Index of 2 and 3
represented patients with a medium probability of return (20%). Patients with an Index of 4
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or 5 had a high probability of return to primary acute care service (56%). In fact, the latter
group had almost three times the probability of return to primary acute care service than
patients with an RTP-BMT Index of 2 or 3 and more than 13 times the probability of
returning than patients with an Index of 0 or 1. Figure 1 shows the logistic curve of the
regression analysis and return probabilities across the entire range.

DISCUSSION
This is the first study to specifically look at risk factors for return to acute care of
hematopoietic stem cell transplant rehabilitation patients. The results of our study illustrate
the challenges in caring for this patient population in inpatient rehabilitation. Our study
identified a number of factors that significantly influenced the likelihood for this group of
individuals to return to their primary acute care service, with a clear trajectory of increased
probability with the addition of each the identified factors. The results of this study may be
useful to consulting physiatrists in planning for the care of a bone marrow transplant patient
transferred to inpatient rehabilitation. For example, based on the index score, the physiatry
consultant may consider the need for additional help managing these patients during
inpatient rehabilitation.

There have been a number of studies that have identified risk factors for return to the
primary acute care service from inpatient rehabilitation for a variety of cancer
populations.5–8 Guo et al.10 studied of all cancer rehabilitation inpatients and found that the
significant factors associated with transfer back were low albumin, elevated creatinine levels
and complications from tube feeding or a Foley catheter. Other studies have also identified
that albumin and creatinine predict cancer patient outcomes.12–13 Our study confirms that an
elevated creatinine is a risk factor for transfer back to acute care in the population evaluated
in this study. The absence of an association with a low albumin in the present study in
contrast to that of Guo may be due to the characteristics of our more specific study
population. Our population was only hematopoietic stem cell transplant patients and were
predominantly leukemia, lymphoma, and multiple myeloma. We did not assess the presence
of foley catheters and tube feedings as risk factors and thus whether these interventions
confer risk in the hematopoetic stem cell patient requires further study.

Co-morbid conditions such as deconditioning and drug toxicities, including steroid
myopathy, are common symptoms in patients who are experiencing a complicated
posttransplant course and would be expected to increase the need for rehabilitation care.
Bone marrow 1-year posttransplant survival at our institution is about 55%, comparable to
an overall survival of 53% at a median 37-month follow-up in the literature.14–15 The rate of
return to the primary acute care team (41%) and the rate of death in the hospital (38%)
among the patients in our study appears to be quite high. However, it is likely that the
physiatry service is consulted on lower-functioning bone marrow transplant patients and
these are the patients more likely to be transferred to inpatient rehabilitation. Research
suggests that functional status may have an impact on hematopoietic stem cell transplant
survival.16–21 Thus BMT patients requiring transfer to inpatient rehabilitation patients could
have a poorer survival rate compared all patients undergoing BMT.

Despite the identified complication rates, the benefits of exercise and rehabilitation in cancer
patients are clear. The challenge is to create a system that balances the complex medical
nature of these patients with their rehabilitation needs. Ideally, avoidance of prolonged
hospitalization should be the goal. At our institution, we created a physiatric mobile team
consisting of a physiatrist, physical therapist, and occupational therapist several years ago.
When consulted, the mobile team therapists address issues under the supervision of the
physiatrist in acute care. Issues often include family training, better calibrating patient
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therapy tolerance, or addressing specific obstacles to discharge. The patients can receive up
to 2 hours of therapy (1 hour of physical therapy and 1 hour occupational therapy) daily. The
mobile team has helped to allow a number of patients (including post-bone marrow
transplant) to receive more intense therapies while under the primary medical team’s care,
avoiding transfer to the inpatient rehabilitation unit. The primary acute care team can
address medical issues while the physiatric mobile team can address their rehabilitation
simultaneously. Such coordination between physiatric and medical services clearly is needed
in rehabilitation as well due to the high acute care transfer rate of these patients.

If an inpatient rehabilitation transfer is necessary, one also may want to consider whether the
rehabilitation hospital can provide the necessary medical services for this group of
individuals, including oncologic oversight. Infection was the most common reason for return
to acute care. The presence of an antibiotic, antifungal or antiviral agent and the increased
likelihood of return to primary acute care hospital team could be a result of a recent
infection, or lower white blood cell counts and required these agents prophylactically. At our
institution, the bone marrow transplant service follows the patients at least every other day
on the rehabilitation unit and is easily reached by pager if medical complications were to
arise. Despite this practice, medical complications requiring transfer still occurred
frequently. We have found frequent transfusions or neutropenia may be barriers to transfer
to other rehabilitation hospitals unable to provide this care. Skilled nursing facilities may
also not provide the necessary oversight to identify medical complications early.

Study limitations
The BMT-RTP was formulated from retrospective data and thus validation studies of the
RTP-BMT index in which variables were identified and followed prospectively would be
useful. The presence of an antimicrobial agent, a statistically significant factor in our study,
may be influenced by institution-specific medical care protocols. Multicenter studies would
minimize the possible influence of hospital specific care practices. Finally, no Functional
Independence Measure (FIM) scores were analyzed in our study. Though an attempt was
made to analyze FIM scores, it was found that too few of the patients had a complete FIM
score record collected. Future research should be conducted with appropriate measurement
of functional change since it is not only a outcome of rehabilitation but may be a predictor of
return to acute care.

CONCLUSIONS
The results of this study highlight the challenging medical fragility of hemopoetic stem cell
transplant patients in inpatient rehabilitation. The RTP-BMT Index may be useful in
planning for the care of these patients during rehabilitation, since this may predict who are
more likely to require transfer back to acute care. The vast majority of prior studies
evaluating factors in hematopoietic stem cell transplant were understandably focused on pre-
transplantation issues. Our study, although limited in scope in that it studied a select group
undergoing inpatient rehabilitation, sheds some light on possible post-transplantation factors
that predict a more complex medical course.
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Figure 1.
Logistic Regression Curve for the RTP-BMT Index Range (0–5) and Patients’ Return to the
Primary Acute Care Service
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Table 3

Reasons for Return to Primary Acute Care Service

Reason Frequency %

Brain hemorrhage 2 3.28

Cardiac 6 9.83

Completed rehab but not medically ready for discharge 3 4.92

Dyspnea 1 1.64

Functional decline/unable to tolerate therapy 11 18.03

Gastrointestinal bleed 4 6.56

Hematologic 1 1.64

Increased stool 1 1.64

Infection 17 27.87

Insurance 1 1.64

Leukemia 2 3.28

Mental status changes/syncope 6 9.83

Palliative care 1 1.64

Planned procedure 1 1.64

Pulmonary 1 1.64

Pulmonary embolism 1 1.64

Renal 1 1.64

Unknown 1 1.64

Total 61 100.00
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