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Summary The incidence of cancer-associated non-
traumatic spinal cord dysfunction is rising due to pop-
ulation aging and better cancer treatment. The over-
all benefit of rehabilitation in specialized facilities for
traumatic spinal cord dysfunction has been confirmed
many times. Because of their fragility and multiple
comorbidities cancer patients still face challenges to
complete rehabilitation in the spinal rehabilitation fa-
cilities. In this narrative review we describe specific
aspects, challenges in rehabilitation and opportuni-
ties to improve care. A literature search was per-
formed in the PubMed database from 1 January 1978
to 30 November 2018. The focus was to find publi-
cations that discuss challenges and opportunities for
rehabilitation of patients with non-traumatic spinal
cord dysfunction due to a tumor. Most publications
described the benefits of rehabilitation in specialized
facilities. There were only few publications about sur-
vival and functional outcomes after rehabilitation for
this patient population. Overall benefits including
fewer complications associated with spinal cord dys-
function, less pain and depression, and better quality
of life were shown. Within the past decades increas-
ing number of publications revealed a growing inter-
est for this group of patients. Despite major progress
in cancer treatment, patients still have a limited vi-
tal prognosis and access to specialized rehabilitation
units because of the concerns about the medical com-
plexity. Patients with spinal cord tumors can benefit
in areas of functionality, mood, quality of life, and sur-
vival from inpatient rehabilitation programs, in spite
of the increased medical comorbidities.
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Introduction

Spinal cord injury (SCI) is a debilitating condition
resulting in paralysis with associated severe con-
sequences. Non-traumatic spinal cord dysfunction
(NTSCD) is suspected to be more common than
a traumatic SCI in many developed countries, with
best evidence shown in publications from Canada,
Australia and Norway [1–3]. A wide range of hetero-
geneous etiologies cause NTSCD. The most common
causes are degenerative changes of the spinal column,
benign and malignant tumors, vascular diseases, in-
fections and inflammation [4–6]. The patients with
NTSCD are usually older, with a typical median age
of 60–65 years [1, 4, 6]. Tumors account for up to
one third of all NTSCD patients admitted into spinal
cord rehabilitation units (SRU) [4, 5]. With expected
aging of the population in the near future the in-
cidence of NTSCD due to tumors will also increase
and potentially overwhelm healthcare services [7–9].
While most aspects of rehabilitation for traumatic
spinal cord injury and NTSCD are the same, people
with NTSCD due to a tumor have some unique re-
habilitation issues when considering the functional
deficits from the spinal cord involvement, comorbid-
ity and life expectancy [10, 11]. The primary goal of
the rehabilitation of such patients is improvement
of maximum functional independence, the quality of
life and a reintegration into daily life [12]. It is not
surprising that rehabilitation of the patients is a great
challenge. It requires a multidisciplinary approach,
which includes surgical, radiation and oncological
treatment [13]. Considering that, a high percentage
of patients with neoplastic spinal cord compression
can be discharged to home [14]. Patients with NTSCD
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have a better outcome when the rehabilitation is car-
ried out in spinal cord rehabilitation units compared
to a general rehabilitation, since these units have the
spinal cord medical rehabilitation expertise with im-
proved access to vital services [15, 16]. Although the
early detection of tumors and advances in the onco-
logical treatment has improved in the last decades,
the full access to rehabilitative services still has barri-
ers caused by the patient fragility and complications
from concurrent medical treatment [17].

The early recognition of NTSCD with its associated
neurological complications and timely submission to
rehabilitation would result in better functional inde-
pendence of the patients but the long-term results of
rehabilitation are not depicted in newer studies. This
primarily resulted from the poor survival time [17, 18].
Despite the high proportion of people with a tumor
causing NTSCD, there are relatively few publications
about the conditions of the ideal rehabilitation set-
ting and there is also a lack of recommendations for
rehabilitation [14, 15]. This narrative review tries to
identify specific aspects and challenges in rehabilita-
tion of patients with NTSCD due to tumors and the
possibilities to improve rehabilitation.

Methods

The narrative review includes most relevant studies
regarding the rehabilitation of patients with NTSCD
due to tumors (both benign and malignant), which
were published in the PubMed database. The search
was conducted in November 2018, the search period
was restricted to 1 January 1978 to 30 November 2018
and included the following keywords: spinal cord in-
jury, spinal cord dysfunction, tumor and rehabilita-
tion. After assessing the most relevant studies a search
of secondary sources was performed, which also in-
cluded the references of initially identified articles.
Only literature published in the English language and
involving humans was included. The focus of this
search was to identify publications that discuss chal-
lenges and possibilities for rehabilitation of patients
with NTSCD due to tumors.

General rehabilitation issues

There are numerous publications about the benefits of
inpatient rehabilitation in SRU compared to general
rehabilitation facilities [19, 20]. Despite that, many
SRU preferentially admit SCI over those with NTSCD
[20, 21]. The important aspects for this are uncer-
tain neurological prognosis and relatively short life
expectancy. Patients with limited life expectancy are
managed with shorter rehabilitation hospital admis-
sions, which focus on basic rehabilitation goals and
adaptation of temporary devices [20]. Predicting neu-
rological improvement, rehabilitation outcomes, and
survival is extremely challenging and there is very little
literature on this aspect [22, 23]. People with NTSCD

due to tumors are generally older with more comor-
bidities, which can influence rehabilitation outcomes.
Overall, persons with NTSCD benefit from inpatient
rehabilitation [6, 20, 21, 24, 25].

Oncological status and management

The primary goal of cancer therapy is to maintain
the neurological status, reduce pain and avoid further
complications [29]. Management of spinal tumors
varies depending on numerous factors, such as stabil-
ity of the spine, pain quality and changes in neurolog-
ical status [26]. It is influenced by different treatment
procedures, which include surgery, radiation therapy,
and concomitant chemotherapy. The surgery should
be performed in patients with spinal instability with
concomitant compression of the spinal cord. After
complete removal of the tumor, the survival rates in-
crease [27, 28]. Myelopathy is a potential side effect of
radiation therapy, which may appear early after treat-
ment or with a delay of up to 2 years [31]. For some tu-
mors, chemotherapy can also be used as an adjuvant
therapy and corticosteroids are also often prescribed
[32]. The side effects of corticosteroids, such as hyper-
glycemia, infections and impaired wound healing as
well as gastrointestinal bleeding and mood disorder
can have a devastating impact on the patient quality
of life and the rehabilitation process [32].

Secondary health conditions influencing rehabili-
tation and their management

Patients with NTSCD due to tumors experience neu-
rological complications, such as pain, bowel and
bladder dysfunction, pressure ulcers, increased skin
fragility and sexual dysfunction. Some of these con-
ditions may be further complicated due to the tumor
and consequently have an influence on the rehabili-
tation process [33]. The most common complication
of neoplastic spinal cord compression is pain [33–35]
and could appear up to several months prior to neu-
rological deficits [36]. The pain is the result of spinal
cord compression, bony destruction, vertebral insta-
bility due to fast growth of the tumor or spinal nerve
root compression [33]. Pain management should be
adequate and pain relief can be achieved by strength-
ening of the body stability with different modalities,
such as electrical stimulation, ultrasound and heat or
cold treatment [37, 38]. Medications including non-
steroidal anti-inflammatory drugs, anticonvulsants,
tricyclic antidepressants, steroids, and opioids can
also significantly reduce pain [39–41]. Another com-
plication is constipation due to inadequate emptying
of the bowels [12, 42]. It can be caused due to the
affection of motor neurons by the tumor and may
be intensified by immobility and malnutrition. An
active bowel evacuation should be quickly initiated
and supported by stool softener medication and laxa-
tives combined with digital stimulation [13]. Bladder
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dysfunction is another common delayed complica-
tion of NTSCD and may present as symptoms, such
as urgency, retention or incontinence, and frequent
urinary tract infections [12, 33]. Bladder manage-
ment methods include timed voiding, intermittent
catheterization, and indwelling catheters [33].

The skin of patients with NTSCD can be affected by
developing pressure ulcers, which can be worsened
due to immobility, bladder and bowel incontinence,
and malnutrition. A large proportion of this complica-
tion is preventable using appropriate techniques and
education of the patient and caregivers [12]. Patients
who undergo radiation treatment can develop der-
matitis, hair loss, atrophy and fibrosis of the skin with
loss of pigmentation [43, 44]. Patients with NTSCD
can experience sexual dysfunction. This may be as
a result of spinal cord injury due to cancer but some-
times it also occurs after oncological treatment [45].
The rehabilitation program should include education
of patients, using assistive devices and if necessary,
oral medications for sexual dysfunction [46].

Rehabilitation issues of patients with NTSCD

Rehabilitation of patients with NTSCD due to tumors
is compounded by several factors, including overall
tumor burden with associated secondary depression,
adverse reaction of different anti-tumor medications,
sedative effect of pain relief medication, effect of ra-
diation, and tumor-related fatigue. Some of these
factors can be influenced by correction of the causes.
For example, fatigue could be a result of anemia or
hypothyroidism secondary to radiation. Thus, sup-
portive care is essential and will help in optimization
and improvement of the rehabilitation course [47].
Adequate pain treatment should be applied after
cancer surgery. Although pain could also be sec-
ondary to neoplastic nerve/spinal cord compression
and induced by radiation therapy or chemotherapy
[48, 49]. Cancer patients are more susceptible to
both anorexia and cachexia [50]. Depressive disorders
are prevalent in cancer patients and often remain
undetected and untreated [51]. Respiratory compli-
cations, wound infection or dehiscence, bleeding, as
well as cerebrospinal fluid leakage are some of the
side effects of oncological treatment [30]. Infections
are also common and could be due to neutropenia
from chemotherapy or concurrent steroid use [52].
Patients with NTSCD frequently develop deep venous
thromboembolism, despite receiving anticoagulation
therapy [53]. Anemia in cancer patients is multi-
factorial and may be caused by chronic blood loss,
iron deficiency, chemotherapy-induced myelosup-
pression and many other factors. Typically, anemia is
treated with iron substitution, erythropoietic stimu-
lating agents or transfusion [54].

When diagnosed with cancer and spinal cord dys-
function, patients have to undergo difficult adjust-
ments, from denial of their disability to acceptance

and learning to live with a new situation [55]. Pa-
tients’ individual perception of quality of life is influ-
enced by spiritual well-being and level of education,
which should be taken into account when designing
a rehabilitation program [56]. It is also important to
discuss advance healthcare directives and resuscita-
tion orders with the patients [57]. The oncological
prognosis should be an essential factor for designing
the goals of a rehabilitation program, even though in-
patient rehabilitation has proven advantages in many
aspects, such as improved survival and self-care [58].
Positive effects of rehabilitation have been shown in
numerous publications [6, 20, 21, 24, 59, 60]. The ma-
jority of patients with NTSCDmaintained even several
months after discharge improvements in wheelchair
use, ambulation, stair climbing, dressing and personal
hygiene [33]. Fewer patients that completed inpatient
rehabilitation programs were readmitted to the hospi-
tal as a result of medical complications [24]. Patients
with less aggressive tumors who were treated with
surgery and radiation and showed slowly progressing
neurological symptoms and better ambulation prior
to rehabilitation, had improved outcomes and sur-
vived longer with a better quality of life [59]. Patients
with NTSCD due to a tumor should be assessed dif-
ferently than the patients with traumatic SCI when
the care support plan is being designed. Patients with
cancer involvement for spinal cord dysfunction are
generally older und multimorbid [61]. Rehabilitation
programs for NTSCD and traumatic SCI patients are
similar in many ways but some adjustments always
have to be made based on concomitant cancer-re-
lated health disorders, for example fatigue or cachexia.
It is also important to educate patients appropriately
about bowel and bladder care, which contributes to
prevention of additional skin damage and improves
survival for several months [62, 63]. Skin integrity may
also be affected due to concurrent malnutrition and
radiation effects, which could pose significant prob-
lems, such as prolonging the rehabilitation because of
pre-existing pressure sores [58, 64].

Setting of rehabilitation and practical considera-
tions

Authors of several studies have shown that patients
with functional loss from spinal cord compression can
make significant functional gains from inpatient re-
habilitation from admission to discharge based on to-
tal functional independence measure scores [19–21,
60]. Themajority of patients who underwent inpatient
rehabilitation maintained self-care and mobility and
achieved independent function 1 year after discharge
[33, 62, 63]. Several studies could show that the ideal
setting for rehabilitation for people with NTSCD due
to tumors is a SRU [19, 24, 58]. A discussion regard-
ing anticipated rehabilitation goals, estimated length
of hospital stay, likely costs of the equipment, possi-
ble home modifications, and an estimate of ongoing
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care should be done. Criteria have been proposed for
guiding decisions regarding the rehabilitation of peo-
ple with NTSCD due to tumors and have been suc-
cessfully implemented in SRUs [11, 65]. Key aspects
of these rehabilitation criteria are summarized as fol-
lows:

� Main attention should be paid to the neurologi-
cal status and to the degree of spinal cord damage.
With increased severity of spinal cord damage, the
changes of improvements in neurological function
are decreased.

� The next important step in choosing the rehabilita-
tion unit is the determination of oncological status.
Prognosis varies considerably for tumors of differ-
ent types.

� Secondary medical health conditions can influence
patient’s ability to participate in rehabilitation and
need to be optimally managed. Primarily a compre-
hensive evaluation andmanagement of pain should
be done.

� The patients’ social support has a major influence
on planning discharge to home and should be dis-
cussed from the very beginning of the rehabilitation.

These criteria are vital to guide the decision of admit-
ting patients with NTSCD due to tumors into SRU [6,
65, 66]. Rehabilitation-specific team and organization
issues include a target length of stay for inpatient re-
habilitation, based on previous studies and opinion of
experts, of 4–6 weeks for those with a poor prognosis
[33, 58, 64, 65]. A multidisciplinary approach with reg-
ular consultation meetings is required to determining
the best treatment for a patient with NTSCD [67].

Conclusion

In the past decades, a growing interest for NTSCD is
reflected in increased publication numbers for this
group of patients. Despite major progress in cancer
treatment, patients with NTSCD due to a tumor still
have a limited vital prognosis and access to special-
ized rehabilitation units. Full access to treatment in
SRUs is still limited due to concerns about fragility
and medical complexity associated with this diagno-
sis. Patients with spinal cord tumors can benefit in ar-
eas of functionality, mood, quality of life, and survival
from inpatient rehabilitation programs, in spite of in-
creased medical comorbidity from the disease process
itself.
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