
Vol.:(0123456789)1 3

World Journal of Urology (2018) 36:1529–1536 
https://doi.org/10.1007/s00345-018-2343-2

TOPIC PAPER

Early neurological care of patients with spinal cord injury

Thomas M. Kessler1 · Luca R. Traini2 · Blayne Welk3 · Marc P. Schneider1,4,5 · Jeffrey Thavaseelan6,7 · Armin Curt2

Received: 3 January 2018 / Accepted: 17 May 2018 / Published online: 28 May 2018 
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Purpose Considering the major clinical challenges of managing patients with spinal cord injury (SCI), we summarized the 
relevant aspects of the early (within 1 year after SCI) neurological care emphasizing common standards.
Methods This review was performed according to the methodology recommended by the Joint SIU-ICUD International 
Consultation. Embase and Medline databases were used to identify literature relevant to the early neurological care of SCI 
patients. Recommendations were developed by consensus and graded using a modified Oxford system which identifies level 
of evidence (LOE) and grade of recommendation (GOR).
Results Emergency health care providers must address altered mental status, evidence of intoxication, suspected extremity 
fracture/distracting injury, focal neurological deficit and spinal pain/tenderness to determine the risk of SCI in a trauma 
patient [LOE 1, GOR A]. Neurogenic shock must be recognized and treated [LOE 3, GOR A]. Spine surgeons should con-
sider early decompression and spine fixation/stabilization, where indicated, and should promote early active rehabilitation 
to improve functional recovery [LOE 2, GOR B]. Clinicians should refer SCI patients to specialized SCI rehabilitation 
centers [LOE 4, GOR B], must apply interventions to prevent venous thromboembolism (i.e., compression devices and 
low-molecular weight heparin/unfractionated heparin) after acute SCI respecting contraindications [LOE 1, GOR A]. Con-
temporary guidelines to manage pain must be employed [LOE 1, GOR A] and methods to reduce the risk of pressure ulcers 
should be used [LOE 3, GOR B].
Conclusions Early treatment, prevention of associated complications and individualized patient-targeted rehabilitation pro-
grams provided by a specialized interdisciplinary team are crucial to optimize the outcome after SCI.
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Introduction

The care of patients with acute spinal cord injury (SCI) is 
rather complex and spans from the acute scene of injury, 
involves emergency rescue teams and transportation for  * Thomas M. Kessler 
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primary emergency hospital services and requires triage 
activities to initiate timely treatment in the intensive care 
unit and eventual early surgical interventions. Patients with 
SCI are cumbered with very vulnerable clinical conditions, 
and require comprehensive and coordinated care. This 
includes not only issues related to spine stability (including 
requirements for transportation and positioning), but also 
sensitive monitoring and treating cardiovascular impair-
ments. Due to the complexity of an acute SCI (majority of 
patients suffer from a polytrauma), these patients should be 
immediately referred to primary acute trauma centers experi-
enced to assess and manage any spine or spinal cord damage. 
For this purpose, multidisciplinary well-trained and coordi-
nated teams are essential in applying appropriate treatments 
timely and handling medical challenges.

The objective of this paper is to outline common stand-
ards and supporting evidence for the neurological/medical 
care of patients within the first year after SCI.

Methodology

This review article was performed according to the meth-
odology recommended by the Joint SIU-ICUD Interna-
tional Consultation (https ://www.siu-urolo gy.org/socie 
ty/siu-icud). We searched the  Embase® and  MEDLINE® 
databases from 1946 to November 2016 for studies and 
reviews on the early neurological care of patients with SCI 
and performed a search update in April 2018. No restric-
tions based on language or study type were applied. We 
additionally searched the reference lists of all included 
studies and any relevant review articles. Important studies 
were included and summarized in a narrative fashion. Rec-
ommendations were developed by consensus and graded 

using a modified Oxford system which identifies level of 
evidence (LOE) and grade of recommendation (GOR) 
(Table 1). The full version of this review with additional 
details and references has been published as chapter 2 in 
“Urologic Management of the Spinal Cord Injured Patient. 
A Joint SIU-ICUD International Consultation”, Buenos 
Aires, Argentina, October 22, 2016: https ://www.siu-urolo 
gy.org/socie ty/siu-icud.

Rescue and emergency care

The principles of the Advanced Trauma Life  Support® 
 (ATLS®) program by the American College of Surgeons 
advocate that a cervical spine injury should be assumed until 
proven otherwise in all trauma patients. The probability of 
a multilevel spinal injury in the setting of a known injury 
is approximately 20%, necessitating complete spinal immo-
bilization for any suspected SCI. The classic recommenda-
tions of the American College of Surgeons include a hard 
backboard, a rigid cervical collar, lateral support devices, 
and tape or straps to secure the patient, the collar and the 
lateral support devices to the backboard [1].

A rigid collar should be applied to the neck with manual 
in-line stabilization while minimizing cervical spine dis-
placement. Spinal immobilization is a priority in the pre-
hospital trauma algorithms and leads to improved outcomes 
[2]. While cervical collars and backboards are important 
tools in reducing further neurological injury, especially in 
blunt trauma, they have their own inherent risks and com-
plications, such as high risk of aspiration, pressure sores and 
increased intracranial pressure. Practitioners must recognize 
these risks and understand the need to remove immobilizing 

Table 1  Recommendations for the early neurological management of patients with SCI

Recommendation Level of 
evidence

Grade of 
recom-
mendation

Emergency health care providers must use the following criteria to determine the risk of SCI in a trauma patient: altered 
mental status, evidence of intoxication, suspected extremity fracture/distracting injury, focal neurological deficit and 
spinal pain/tenderness

1 A

Emergency health care providers must determine if airway and ventilator support are needed in patients with acute high 
tetraplegia

4 A

Emergency health care providers must recognize and treat neurogenic shock 3 A
Spine surgeons should consider early surgical spinal canal decompression and spine fixation/stabilization, where indi-

cated, and should promote early active rehabilitation to improve functional recovery
2 B

Clinicians should refer patients with SCI to specialized SCI rehabilitation centers 4 B
Clinicians must consider compression devices to prevent venous thromboembolism after SCI 1 A
Clinicians must begin low-molecular weight heparin/unfractionated heparin early after SCI, when there is no contrain-

dication
1 A

Clinicians must employ contemporary guidelines to manage pain in SCI patients 1 A
Clinicians should employ methods to reduce the risk of pressure ulcers in SCI patients 3 B

https://www.siu-urology.org/society/siu-icud
https://www.siu-urology.org/society/siu-icud
https://www.siu-urology.org/society/siu-icud
https://www.siu-urology.org/society/siu-icud
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devices as soon as safety allows, particularly when concomi-
tant head injury exists, in patients with ankylosing spondyli-
tis, and in the setting of delayed resuscitation [3–5].

Prehospital spinal immobilization is required in the fol-
lowing circumstances:

• Spinal pain or tenderness, including any neck pain with 
a history of trauma

• Significant multiple system trauma
• Severe head or facial trauma
• Numbness or weakness in any extremity after trauma
• Loss of consciousness caused by trauma
• If mental status is altered (including drugs, alcohol, 

trauma) and no history is available, or the patient is found 
in a setting of possible trauma (e.g., lying at the bottom 
of the stairs or in the street), or the patient experienced 
near drowning with a history or probability of diving)

• Any significant distracting injury

Prehospital selective immobilization protocols (also 
known as clearance protocols) aim to identify trauma 
patients who are at very low risk of sustaining a SCI and, 
therefore, could be transported without spinal immobiliza-
tion. Hoffman et al. [6] have validated five criteria—National 
Emergency X-Radiography Utilization Study (NEXUS) cri-
teria—where patients’ cervical spine can be cleared without 
imaging, these include:

1. No midline cervical tenderness
2. No altered mental status
3. No evidence of intoxication
4. No painful distracting injuries
5. No focal neurological deficits

Although there is no definite timeline for early transfer 
to surgery for isolated cervical SCI, it is recommended that 
patients reach spinal units within 8–24 h following injury 
[7]. An injured spinal cord is particularly susceptible to 
systemic hypoperfusion. Sound preclinical evidence and 
numerous retrospective clinical studies report that prompt 
hemodynamic resuscitation and blood pressure support 
improve neurological outcomes [8]. Hypotension should be 
corrected as soon as possible and mean arterial blood pres-
sure should be maintained > 80 mmHg. Hypotension may 
be a result of neurogenic shock, but other potential causes 
of hemodynamic instability, such as hemorrhage, tension 
pneumothorax, cardiac tamponade and sepsis, should be 
considered and managed appropriately if present.

There is no international consensus for the application of 
high-dose methylprednisolone sodium succinate (MPSS) in 
acute traumatic SCI and recent recommendation considers 
MPSS rather as a treatment option than a standard of care 
[9, 10].

Recent evidence has emerged to suggest that surgery 
within 24 h of injury may improve neurological recovery 
and reduce adverse events [11]. Surgical approaches (ante-
rior, posterior or combined) depend on the spinal conditions 
while in patients without spinal compression (such as hyper-
extension injury) posterior fixation and fusion will provide 
spinal stability. Anterior decompression and fusion with/
without posterior stabilization are required for patients with 
spinal canal compression. In some cases, anterior and pos-
terior surgical approaches may be equivalent. Early (mostly 
considered to be less than 24 h) surgical decompression is 
playing an increasing role in the treatment of acute SCI. 
Preliminary results of the Surgical Treatment for Acute Spi-
nal Cord Injury Study (STASCIS) suggest decompression 
of the spinal cord within 24 h of injury is associated with 
improved neurological recovery in patients with cervical 
injury [12–16].

Rehabilitation

Inpatient SCI rehabilitation may last up to 6 months for 
tetraplegic and about 3 months for paraplegic patients and 
outpatient rehabilitation can extend beyond a year after 
injury. Primary rehabilitation should be performed in spe-
cialized SCI centers and adhere to international standards.

Early stages of rehabilitation

In the early stages after SCI, patients must be trained on 
proper positioning in bed and wheelchair either through 
independent movement or with the assistance of medical 
providers/caregivers to relieve pressure sensitive areas sus-
ceptible to pressure ulcers. Verticalization at the bedside is 
the first step in preparing the patient to sit in a wheelchair 
and often requires the help of two people. Physiotherapists 
and occupational therapists are involved in supporting and 
training for mobilization. For mobilization into an upright 
position (verticalization), especially in tetraplegia or in high 
paraplegia, it is important to gradually train the patient. Ver-
ticalization training should be at least 30 min every day and 
can be increased in a stepwise manner. If the patient is able 
to sit for at least 10 min, a first transfer into the wheelchair 
can be performed [using a transfer board or a  Hoyer® lift 
(Hoyer GmbH, Butzbach, Germany)]. After any mobili-
zation, the skin should be inspected carefully for pressure 
ulcers when the patient is back in bed to allow any counter 
action be taken timely (i.e., modify the wheelchair or the 
seat (cushion) as well as the orthoses).

Rehabilitation of impairment

Controlled motor function (i.e., strength) is a prerequisite 
for training any activities of daily living (i.e., standing and 
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walking) as well as self-care (feeding, bathing, dressing and 
grooming). Besides individual physiotherapy, starting with 
passive-assistive movements and slowly increasing with 
active movements (first without and then with resistance) 
for the upper and lower extremities, the usage of training 
devices (specific devices for medical training therapy) and 
weightlifting can help to improve motor strength. For any 
movement, appropriate preparation of muscle tone, assess-
ment of joint conditions (i.e., assessing for signs of joint 
contractures), and allowing for meaningful sensory feedback 
are requirements in relearning and training limb movements. 
Crutches, canes and walkers can be integral tools in training 
for complex activities such as standing and walking.

Rehabilitation of function

When sitting in a wheelchair, it is important that the patient 
can rely on trunk stability to allow for a controlled and 
safe sitting position. Being able to transfer from the bed 
to the wheelchair and vice versa is an important milestone 
in preparing the patient for wheelchair training. Eventually, 
if a patient gained adequate sitting control and upper limb 
strength, wheelchair training may be started. The patient 
should learn to use the wheelchair without any support and 
eventually to overcome curbs and wheeling downhill inde-
pendently. Finally, training moves to the real world condi-
tions (outside of the hospital) and patients should reach 
independence in urban situations (e.g., tram, train, bus, 
etc.). Walking training becomes applicable in complete 
SCI patients with a lesion at least below the T11/12 level. 
Walking training for patients with incomplete SCI begins 

with provisional tools: driven gait orthoses [e.g.,  Lokomat® 
(Hocoma, Volketswil, Switzerland); Fig. 1], other various 
orthoses, treadmills, walkers and special shoes and footwear. 
Body weight-supported training (BWST) dynamically sup-
ports the patient’s weight while attempting locomotion on 
a treadmill or over ground. With advances in technology, 
robot-assisted gait training (RAGT) with high intensity has 
become the standard of care after acute SCI. In addition, 
functional electrical stimulation (FES) for improving mus-
cle function has been associated with improved functional 
outcomes.

Rehabilitation of independence

Rehabilitation of independence is an integral part of the 
rehabilitation program, as it defines the overall achieved 
level of outcome. While independence initially focuses on 
self-care issues (e.g., eating, dressing, toileting), it even-
tually covers areas of independent living, mobility, rang-
ing from wheelchair use to independent and unsupervised 
walking.

Management of non‑genito‑urinary problems

Respiration

Respiratory complications represent the major cause of mor-
bidity and mortality in SCI patients [17]. Prevention of res-
piratory complications must start immediately, irrespective 
of the level of the SCI. Secretion stagnation due to weak-
ness of the expiratory musculature is treated with respiratory 

Fig. 1  Driven gait orthoses 
(like the  Lokomat®) provide 
advanced technical means to 
enable and intensify locomo-
tor training in patients with 
severe SCI where independent 
overground walking is not yet 
feasible
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physiotherapy, postural drainage, tracheal suction, manual 
cough support and mechanical insufflation–exsufflation. 
Mechanical insufflation–exsufflation employs positive air-
way pressure (insufflation) using a mechanical device (cough 
assist machine) and then immediately afterwards transforms 
this positive pressure into negative pressure (exsufflation). 
The high expiration flow causes secretions to be forced up 
into the upper airways. The cough device can be applied via 
a face mask or even tracheostomy tube.

Thromboembolism

Pulmonary embolism is a potentially life-threatening condi-
tion and a significant cause of morbidity and mortality in 
patients with SCI, especially in cases of immobility. Proph-
ylaxis is fundamental and includes compression devices 
to prevent venous thromboembolism in parallel with low-
molecular weight heparin (LMWH) early after SCI. Unfrac-
tionated heparin should be reserved for cases where LMWH 
is not available or contraindicated. If there are concerns of 
increased risk of bleeding, daily assessments should be per-
formed for appropriate adjustment of LMWH [18].

Spasticity

Spasticity is a motor disorder characterized by a velocity-
dependent increase in tonic stretch reflexes (muscle tone) 
with exaggerated tendon jerks, resulting from hyperexcit-
ability of the stretch reflex, as one component of the upper 
motor neuron syndrome [19]. Untreated, spasticity leads to 
contractures, which are often difficult to correct. Spastic-
ity affects positioning and prevention of pressure ulcers. It 
makes hygiene tasks, especially cleaning of hands, axillae, 
elbows, and genital areas, particularly difficult. Spastic-
ity can interfere with bowel and bladder care and sexual 
relationships.

Treatment of spasticity is individualized with the rational 
being that spasticity may not always have a negative impact 
on function. In some cases, it may provide benefits for stand-
ing and gait, as well as for transfers.

Stretching remains the essential principle for manage-
ment of all patients with SCI and should form the base on 
which further treatments are added. Although splinting with 
a device such as an ankle–foot orthosis (AFO) is most com-
monly used to improve function by preventing excessive 
plantar flexion during the gait cycle (either passive due to 
weakness or active due to tone), splinting may also improve 
spasticity and certainly reduce the risk of contracture. Proper 
positioning in the bed and wheelchair can reduce the risk of 
contracture and may influence the degree of spasticity.

Physical modalities to treat spasticity include ultra-
sound, cryotherapy, vibration, shockwave therapy, magnetic 

stimulation, transcutaneous electrical nerve stimulation 
(TENS) and functional electrical stimulation (FES), and 
work by modulating the viscoelastic properties of mus-
cles and tendons (cryotherapy, ultrasound, and shockwave 
therapy), inducing long-term depression at the spinal level, 
stimulating cortico-cortical inhibitory pathways (magnetic 
stimulation), inducing short-term plasticity in injured spinal 
motor systems, or activating proprioceptive inputs (TENS).

Baclofen is the most widely used oral antispastic drug 
(starting dose 5 mg thrice daily, increased by 5–10 mg 
weekly until optimal effect is achieved with a maximum 
dose of 80–120 mg/day (maximum dose depends on local 
jurisdictional regulations and exceeding the recommended 
maximum dose needs prior discussion with the patient). 
Diazepam has somewhat fallen out of favor, given the 
adverse effects and the very long half-life time, particularly 
in the elderly. Clonazepam is a medication similar to diaze-
pam, but has a shorter half-life time and, therefore, the effect 
will wear off more quickly when it is discontinued. It is par-
ticularly useful in the treatment of nocturnal spasms that 
interfere with sleep. Tizanidine and clonidine act centrally at 
both supraspinal and spinal sites. Dantrolene with its direct 
effect on the muscle has as major drawback with a potential 
for serious hepatotoxicity. Gabapentin may be a reasonable 
medication in situations in which both neuropathic pain and 
spasticity are limiting, or in which it is suspected that the 
neuropathic pain is the primary noxious stimulus leading to 
increased spasticity (starting dose 300 mg once daily on day 
1, 300 mg twice daily on day 2, 300 mg thrice daily on day 
3, then increased according to the patient’s response in steps 
of 300 mg every 2 to 3 days to maximum of 3′600 mg daily).

Local treatment with focal neurolysis or chemodener-
vation has been used as a spasticity management tool in a 
variety of upper motor neuron disorders (in the past phenol 
solutions, currently botulinum toxin A or B).

Intrathecal baclofen is indicated in patients with severe 
spasticity who are unresponsive to oral baclofen and have 
failed other conservative and pharmacologic therapies, and/
or who experience unacceptable side effects at effective 
doses of oral medications.

Surgical procedures (such as laminectomy, cordectomy, 
adhesiolysis of spinal cord tethering and syringomyelia, ten-
don lengthening, tendon transfer, and osteotomy) may be 
considered in the case that patients do not respond to typical 
physical, pharmacologic and intrathecal options, although it 
is quite uncommon in patients with SCI.

Bowel dysfunction

Bowel dysfunction is a major physical and psychological 
burden for patients with SCI [20]. Spinal cord lesions affect 
colorectal motility, anorectal sensation and anal sphincter 
function. They can also cause neurogenic constipation. As 
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with striated muscles, there are two distinct patterns in the 
clinical presentation of bowel dysfunction: injury above 
the conus medullaris and injury at the conus medullaris 
and/or cauda equina [21]. Bowel dysfunction caused by a 
lesion above the conus medullaris (hyperreflexic bowel) 
is characterized by increased colonic wall and anal tone. 
Voluntary (cortical) control of the external anal sphincter is 
disrupted, and the sphincter remains tight, thereby promot-
ing retention of stool. The nerve connections between the 
spinal cord and the colon remain intact, and therefore, there 
is preserved reflex coordination and stool propulsion. The 
typical clinical presentation of bowel dysfunction is consti-
pation and fecal retention, due, at least in part, to external 
anal sphincter activity. In these individuals, stool regulation 
occurs by reflex activity, caused by a stimulus introduced 
into the rectum, such as an irritant suppository or digital 
stimulation. Lesions of the conus medullaris/cauda equina 
are associated with an immediate damage of efferent motor 
pathways innervating the pelvic muscles with a predominant 
pattern of atonic (i.e., flaccid) anal sphincter resulting in 
fecal incontinence.

An effective bowel management program for a person 
with a neurogenic bowel involves the modulation of stool 
consistency, promotion of stool transit through the bowel, 
and effective reflex or mechanical evacuation of stool from 
the rectum at an appropriate time and place. Such care is 
pre-emptive; bowel function is manipulated so that effec-
tive evacuation from the rectum occurs at a pre-specified 
and predictable time, when appropriate resources, such as 
caregiver assistance, are available. By emptying the bowel 
at a chosen time, incontinence is avoided. In addition, regu-
lar emptying reduces the risk of impaction of stool due to 
constipation [22].

Pain

Chronic pain is common in patients with SCI and the 
approach is similar to all chronic pain conditions: history, 
physical examination, and judicious use of diagnostic test-
ing. Pain assessment should also include a patient self-report 
component. Regarding diagnostic testing, above-level syn-
dromes can be evaluated in a manner parallel to a non-SCI 
patient. Conditions associated with at-level and below-level 
lesions are more challenging. Imaging of the site of the 
initial spinal injury should be considered in these circum-
stances. Potential examples of pain generators that might be 
detected include segmental instability or compression at the 
site of injury, spinal nerve impingement, orthopedic hard-
ware loosening, fluid collection, and syringomyelia.

The treatment of central neuropathic pain is very chal-
lenging. As a rule, complete pain resolution is unlikely.

Non-pharmacologic management with a generalized 
exercise program in the form of global strength training, 

cardiovascular training or recreational physical activities has 
the potential to be beneficial in several SCI-related condi-
tions (e.g., spasticity, muscle atrophy, and bone health), but 
its effect on global pain in these conditions has not been 
greatly satisfactory. In addition to generalized and speci-
fied exercise programs, referral to physical or occupational 
therapy may be appropriate for patients with SCI with 
musculoskeletal pain, in an effort to address the biome-
chanical abnormalities that can be associated with mobil-
ity aids. Modification of orthotics, canes, walkers, crutches 
and wheelchairs has the potential to influence detrimental 
ergonomics.

Pregabalin is the first choice for pharmacologic treatment 
of neuropathic pain (dosing from 150 to 600 mg/day, usually 
in two divided doses) and also gabapentin is commonly used 
(starting dose 300 mg/day, increased by 300-mg increments 
every 4–7 days, initially to three times daily to a goal of 
1’800 mg/day).

Antidepressants for below-level neuropathic SCI pain 
have a long-standing tradition, especially amitripty-
line (initial dosage 10–25 mg at bedtime with increases 
every 4–7 days to a goal of 75–100 mg at bedtime) and 
more recently dual serotonin and norepinephrine reuptake 
inhibitors.

Opioid medications are applied but concerns over the 
potential exacerbation of neurogenic bowel because of opi-
oid-related constipation makes the situation challenging. 
Nevertheless, there are new strategies for the management 
of opioid-related constipation, including peripheral opioid 
receptor antagonists and prokinetic agents [23].

Acupuncture and multiple surgical interventions [com-
missurotomy (i.e., midline myelotomy transecting the 
crossing fibers in the spinal cord), dorsal root entry zone 
lesioning, cordotomy (i.e., selective lesioning of the lat-
eral spinothalamic tract pain pathways in the anterolateral 
cord contralateral to the side of pain) and cordectomy (i.e., 
transection of the spinal cord)] [24] attempting to interrupt 
aberrant ascending nociceptive signaling or stimulation pro-
cedures attempting to modulate this signaling (neuromodula-
tion) have been proposed to treat very selected patients with 
refractory central neuropathic pain.

Autonomic dysreflexia (AD)

AD is a sudden and exaggerated autonomic response to vari-
ous stimuli in patients with SCI or spinal dysfunction. It 
generally manifests in patients with SCI at or above T6, it is 
more common in complete versus incomplete SCI, it mostly 
presents for the first time within a year after SCI and it is 
defined by an increase in systolic blood pressure > 20 mmHg 
from baseline [25, 26]. Furthermore, AD can have life-
threatening consequences if not properly managed [27]. 
AD is caused by spinal reflex mechanisms that are initiated 
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when a noxious stimulus enters the spinal cord below the 
level of injury. This afferent stimulus generates sympathetic 
overactivity leading to vasoconstriction below the neurologi-
cal lesion, along with involvement of splanchnic circulation 
causing vasoconstriction and hypertension. The excessive 
compensatory parasympathetic activity (and lack of sym-
pathetic tone) leads to vasodilation above the level of the 
lesion and is thought to be responsible for headache, flush-
ing, sweating, and nasal congestion. The reflex bradycar-
dia is secondary to vagal stimulation. Bladder distension is 
the most common triggering factor for AD. The distension 
that can result from urinary retention or catheter block-
age accounts for up to 85% of cases [28]. The second most 
common triggering factor for AD is bowel distension due to 
fecal impaction. Other potential factors include hemorrhoids 
and anal fissures, gastrointestinal precipitants (appendici-
tis, cholecystitis, etc.), pressure ulcers, ingrown toenails, 
fractures, heterotopic ossification, menstruation, pregnancy 
or labor, deep vein thrombosis, pulmonary embolism and 
sexual activity. Medications, especially nasal decongestants 
and misoprostol, may also induce AD. Education of patients, 
caregivers, and family members regarding AD is vital to 
prevent it and to recognize its occurrence without delay.

If AD occurs, it is essential to find and eliminate the trig-
gering stimulus (e.g., bladder distension or bowel impac-
tion). Initial management also involves placing the patient 
in an upright position to take advantage of any orthostatic 
reduction in blood pressure, and loosening tight clothing 
and/or constrictive devices. Blood pressure should be moni-
tored until the patient is stable. These steps will resolve the 
problem in most patients, but in some, pharmacotherapy (in 
general, antihypertensive agents that have a rapid onset and 
short duration of action) may become necessary.

Pressure ulcers

Pressure ulcers are a constant and costly problem in patients 
with SCI, typically resulting from partial or complete lack of 
control and sensation in sitting/lying contact areas, as well 
as from varying degrees of incontinence. Extended periods 
of immobility result in excessive tissue pressure and, ulti-
mately, ulcerations. Up to 95% of individuals with SCI will 
develop pressure ulcers in their lifetime [29]. The most com-
monly used staging system for pressure ulcers was proposed 
in 1989 and updated in 2007 by the National Pressure Ulcer 
Advisory Panel (NPUAP) using a consensus conference 
model [30].

• Stage I: Intact skin with non-blanchable redness of a 
localized area usually over a bony prominence. Darkly 
pigmented skin may not have visible blanching; its color 
may differ from the surrounding area.

• Stage II: Partial thickness loss of dermis presenting as a 
shallow open ulcer with a red pink wound bed, without 
slough. May also present as an intact or open/ruptured 
serum-filled blister.

• Stage III: Full thickness tissue loss. Subcutaneous fat 
may be visible but bone, tendon or muscle is not exposed. 
Slough may be present but does not obscure the depth of 
the tissue loss. May include undermining and tunneling.

• Stage IV: Full thickness tissue loss with exposed bone, ten-
don or muscle. Slough or eschar may be present on some 
parts of the wound bed. Often include undermining and 
tunneling.

• Unstageable: Full thickness tissue loss in which the base of 
the ulcer is covered by slough (yellow, tan, gray, green or 
brown) and/or eschar (tan, brown or black) in the wound 
bed.

Pressure relief is the standard conservative treatment for a 
non-healing pressure ulcer and has to be patient-tailored.

Dressing of pressure ulcers can be characterized as passive 
action or active action, depending on the wound. Negative-
pressure wound therapy (NPWT) has become an important 
tool in the management of a wide spectrum of wounds. The 
vacuum-regulation device provides continuous or intermittent, 
controlled negative pressure to the wound through an airtight 
dressing, which is changed every second or third day.

Surgical management of pressure ulcers involves a spec-
trum of options: simple debridement with direct closure, skin 
grafting, fasciocutaneous flaps, myocutaneous flaps, combi-
nation proximal femoral osteotomy and flap reconstruction 
(Girdlestone procedure) or end-stage lower extremity disar-
ticulation and total thigh flap.

Importantly, vacuum-regulation device and surgical correc-
tion of wounds are only instituted for more advanced pressure 
ulcers, particularly non-infected stage IV wounds.

Conclusions

Early treatment, prevention of associated complications and 
individualized patient-targeted rehabilitation programs pro-
vided by a specialized interdisciplinary team are crucial to 
optimize the outcome after SCI.

Recommendations for the early neurological management 
of patients with SCI are summarized in Table 1.
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