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Traumatic cervical spinal cord injury in southeastern Norway: acute treatment, specialized rehabilitation referral and mortality
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Background: Traumatic cervical spinal cord injury (cSCI) is a serious condition that requires a multidisciplinary treatment approach involving care at a neurotrauma center (NTC) and specialized rehabilitation. Contemporary population-based studies of cSCI are important for ensuring the quality and planning of health care approaches for these patients.

Methods: This is a population-based cohort study of patients with traumatic cSCI who were admitted to the NTC in Southeast Norway between 2015 and 2022. The main outcome variables were length of stay (LOS), rate of surgical fixation/stabilization, rate of transfer to specialized rehabilitation, and 90-day mortality. Uni-and multivariate binary logistic regression analyses were used to investigate the effect of different covariates on LOS, transfer to specialized rehabilitation and 90-day mortality.

Results: The median age of the 370 patients admitted to the NTC was 64 years, 75% were males, 40% had severe comorbidities, 45% had multiple injuries, and 67% underwent primary triage at a local hospital (LH). Surgical cervical stabilization/decompression was performed in 78% of the patients. The median LOS at the NTC was 9 days, and increasing LOS was significantly associated with young age, American Spinal Injury Association Impairment Scale (AIS) grade B, surgery and prolonged ventilatory support. Inpatient specialized rehabilitation was provided to 54% of patients. Receiving specialized rehabilitation was associated with younger age, preinjury independent living, more severe cSCI, no need for acute phase tracheostomy, and surgical stabilization/decompression. Only 6% of the octogenarians received specialized rehabilitation. The 90-day mortality rate was 13%, which was associated with older age, preinjury dependent living, more severe cSCI, upper cervical injuries, and days on ventilator and inversely correlated with LOS.

Conclusion: Advanced age, especially among octogenarians, was significantly linked to a lack of specialized rehabilitation. Qualified physicians should assess all patients with cSCI for their need of rehabilitation and their potential to benefit from it. If the number of patients who are likely to respond to rehabilitation outnumbers the capacity of the rehabilitation center, we have two choices. Either guidelines for prioritization of patients for rehabilitation should be developed, or the capacity of the rehabilitation centers should be increased.
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1 Introduction

The reported incidence of traumatic cervical spinal cord injury (cSCI) in Europe ranges from 0.5–2.6/100,000/year (1–5). Due to the relatively low incidence of cSCI, acute care is often centralized in a neurotrauma centre (NTC), and rehabilitation located to units specializing in spinal cord injuries (6, 7). Acute treatment is complex and requires the coordinated efforts of radiologists, anaesthesiologists, intensivists and surgeons and often requires variable lengths of hospital stay (LOS) in the NTC. The key elements of acute care in the NTC are monitoring and treatment in the intensive care unit (ICU) and surgical cervical stabilization/decompression. According to current guidelines, surgery is recommended within 24 h of injury (8, 9).

Rehabilitation is time-consuming and expensive, but there is a considerable amount of documentation showing that early rehabilitation in a specialized centre for SCI patients improves neurological outcomes, also for elderly patients (10–18) The advantages of direct transfer from an NTC to a specialized rehabilitation centre for patients with SCI are likely similar to those of direct transfer for patients with a traumatic brain injury (14, 19, 20). Recent studies have reported increasing numbers of traumatic SCIs among elderly people (2, 21–25). At present, in Norway, we have no information whether surgical stabilization/decompression and specialized rehabilitation are offered at the same rate to elderly patients with cSCI as to younger patients with cSCI.

Contemporary population-based prospective cohort studies involving traumatic cSCI patients are important for ensuring the quality and optimal planning of health care approaches for these patients. Here, we present a population-based (Southeastern Norway) cohort study of patients with traumatic cSCI covering the period from 2015–2022, focusing on the referral rate to NTC, rate of cervical stabilization/decompression, LOS at the NTC, rate of transfer to specialized rehabilitation and 90-day mortality. We hypothesize that the probabilities of both surgical intervention and specialized rehabilitation are age dependent.



2 Materials and methods

Oslo University Hospital (OUH) is the only NTC in Southeast Norway. Located in Oslo, this NTC serves all 20 local hospitals (LHs) that refer patients with head and cervical spine injuries. All trauma-related cervical procedures in this population were performed at OUH. The population within this region increased from 2.9 million in 2015 to 3.1 million in 2022. A detailed description of the Norwegian population concerning sex and age can be found at www.ssb.no (26). The patients included in this study were admitted to OUH for surgical or nonsurgical care for cSCI.

Acute management of patients with cSCI at OUH follows standard recommendations with ICU monitoring of vital functions, elevated mean arterial blood pressure (MAP) >85 mmHg for 5–7 days, ventilation support if needed, thrombosis prophylaxis with stockings and low-molecular weight heparin (LMWH), enteral nutrition if necessary, elimination surveillance and early rehabilitation (27–31). Acute surgery is recommended within 24 h of the injury (8). OUH has state-of-the-art operating theatres and is staffed 24/7 with qualified surgical and anaesthesiology teams. Standard intraoperative fluoroscopy was used for all procedures. A spinal navigation system (BrainLab) based on preoperative Computed Tomography (CT) images was utilized for cervical and upper thoracic pedicle screw placement. Patients with persistent neurological disability are routinely referred to a specialized rehabilitation centre for SCIs (Sunnaas Rehabilitation Hospital is the only specialized SCI rehabilitation unit in Southeast Norway).

All consecutive patients with traumatic cervical spine injury were prospectively registered in a quality control database. This database includes patients who were diagnosed with traumatic cervical spine injuries (C0/C1 to C7/Th1) via cervical CT and/or Magnetic Resonance Imaging (MRI) in Southeast Norway (32). All cervical fractures, discoligamentous injuries in need of stabilization (cervical collar or surgery), and all traumatic cSCIs were included. Only patients with an 11-digit unique Norwegian Social Security Number living within Southeast Norway were included.

From Jan 1, 2015, to December 31, 2022, 3,622 patients with cervical spine injury were included. Concomitant cSCI was observed in 387/3622 patients (10.7%), of whom 370 patients were admitted to OUH (the NTC) for acute care. Seventeen patients not transferred to the OUH had sensory myelopathy or minimal paresis (9 patients), severe comorbidities (4 patients), and nonsurvivable C0-C2 injury (2 patients) or were admitted to the LH after acute treatment of the cSCI abroad (2 patients). The study cohort thus comprised 370 consecutive patients who were admitted to OUH (the NTC) for acute management. Sixteen of these patients underwent acute cervical surgery before admission to OUH, 9 at hospitals abroad and 7 at NTCs located in other Norwegian regions.

The following data were retrieved from the database: date and time of injury, date of admission to OUH, primary hospitalization after injury (NTC or LH), sex, age at time of injury, preinjury American Society of Anaesthesiologists Physical Status (ASA) score (1: normal healthy; 2: mild systemic disease; 3: severe systemic disease; 4: life-threatening systemic disease), preinjury living status (independent or dependent), level of cSCI (C0-C3, C3-C5 or C5-Th1), cSCI classified according to the American Spinal Injury Association (ASIA) Impairment Scale (AIS) (33) into Grade A (complete)-B-C-D (incomplete), type of cSCI (central cord syndrome (CCS) or non-CCS), multiple injury (yes or no), date and time of surgical decompression/fixation, surgical approach (anterior, posterior, 360°), LOS at NTC (days), length of ICU stay (LICUS in days), length of ventilator treatment (LVT in days), tracheostomy (yes or no), discharge destination (home, LH, inpatient specialized rehabilitation hospital (Sunnaas Rehabilitation Hospital), nursing home), in-hospital death (yes or no), in-patient rehabilitation (yes or no), in-patient rehabilitation (direct transfer from NTC or indirect transfer via LH), and last follow-up date/date of death.

CCS was defined as a cSCI resulting in more pronounced paresis in the arms than in the legs (34). If a patient was on a ventilator for surgical treatment only and extubated immediately after surgery, the LVT was zero days.

Multiple injuries were recorded when traumatic brain injury [mild, moderate, or severe was diagnosed according to the head injury severity scale (HISS)] and/or an injury was confirmed on X-ray, CT, or ultrasound in one or more of the following regions: the face, thoracolumbar spine, chest, abdomen, pelvis or extremities. Skin injuries were not registered.

The study was approved by the OUH Data Protection Office (DPO approval no 23/28298). The need to obtain informed consent from patients was waived. The quality control database for traumatic cervical spine injuries in southeastern Norway is approved by the OUH Data Protection Office (DPO approval no 2014/12304).


2.1 Statistics

The data were summarized using frequencies for categorical data and median values for continuous data. The Wilcoxon rank-sum test, Kruskal–Wallis test and chi-squared test were used to compare continuous and categorical variables. In analysing the LOS as a dependent variable, we compared linear-, poisson-, gamma and negative binomial regression models to assess the model performance and assumptions. Negative binomial regression was selected because it provided the best performance in terms of Akaike Information Criterion (AIC) and addressed the key assumptions related to the LOS data. LOS is inherently a count variable, with an overdispersion characteristic (the variance exceeds the mean), which violates the assumptions of Poisson regression. The negative binomial model accommodates overdispersion by introducing a dispersion parameter, making it a better fit for the data. For binary outcomes such as discharge destination and 90-day mortality, uni-and multivariate binary logistic regression analyses were performed. Logistic regression is widely used for binary outcomes as it models the probability of an event occurring while adjusting for covariates. When analysing factors potentially associated with inpatient specialized rehabilitation, we excluded those who died within 30 days of injury. Kaplan–Meier plots were used to explore survival after cSCI. p values <0.05 were considered significant.

In the Forest plots the dot represents the point estimate of the effect size. The horizontal line around the dot represents the confidence interval (CI) of the effect size. A finding is statistically significant if the entire confidence interval does not cross the vertical dashed line at 0 (“the null hypothesis”). In the Forest plots, statistically significant findings are marked with red dots/lines.




3 Results

From 2015–2022, 387 patients with cSCI were registered in our database. The study cohort included 370/387 (96%) consecutive patients with cSCI who were admitted to the NTC for acute management. The median age of the participants was 64 years (Inter Quartile Range (IQR) 48–74), 50% were ≥ 65 years of age (WHO definition of elderly), 75% were males, 40% had severe comorbidities (preinjury-ASA ≥3), 9% were not living independently, and 45% had multiple injuries. Direct transfer from the scene of the accident to the NTC was registered for 33% (123/370) of the patients, while 67% (247/370) underwent primary triage at a LH. The mean yearly number of patients was 46 (range 39–52). There was clear seasonal variation, with a peak during the summer months in Norway (Figure 1). The severity of cSCI according to the AIS was grade A in 17% of patients, grade B in 13% of patients, grade C in 24% of patients, and grade D in 46% of patients. The cSCI had a CCS phenotype in 158/370 (43%) of the patients, 34 of whom had AIS grade C and 124 of whom had AIS grade D. Additional patient characteristics are provided in (Table 1).
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FIGURE 1
 Seasonal variation. Number of patients with cervical spinal cord injury (cSCI) who were admitted to the neurotrauma center (NTC) during 2015–2022 according to the month of injury (N = 370).




TABLE 1 Characteristics of patients with cervical spinal cord injury (cSCI) who were admitted to the regional neurotrauma center (NTC) between 2015 and 2022 (N = 370).
[image: Table1]

Fewer patients who were age ≥ 80 years were transported directly to the NTC after the injury (chi-square test, p = 0.004) (Table 2). The type of SCI and AIS grade did not vary significantly between age groups.



TABLE 2 Patients with cervical spinal cord injury (cSCI) who were admitted to the regional neurotrauma center (NTC) (N = 370).
[image: Table2]


3.1 Surgical procedures

Surgical decompression with or without stabilization was performed in 288/370 (78%) patients (Table 1), 16 of whom underwent acute surgery before admission to OUH. The rate of surgical procedures was the same across all age groups (Table 2). Anterior cervical stabilization was performed in 130/288 patients (45%), posterior stabilization in 75/288 patients (26%), combined anterior/posterior stabilization in 59/288 patients (21%), and posterior laminectomy only in 24/288 patients (8%). Among the 272 patients who underwent surgery at OUH, early surgery (<24 h) was performed in 41% (111/272) of patients. The median times from injury to the start of the operation according to AIS grades A, B, C and D were 18 h, 20 h, 27 h and 62 h, respectively.

Surgery was not performed in 82/370 (22%) patients with cSCI. The reasons for nonsurgical management were minor neurological deficits and/or no need for surgical decompression/stabilization in 39 patients, nonsurvivable injury in 26 patients, comorbidities resulting in the risk of complications superseding the potential benefit of surgery in 8 patients, root avulsion/brachial plexus injury as the main injury in one patient, and a knife stab lesion of the spinal cord in one patient. In the remaining 7 patients, the reason for choosing a nonoperative treatment strategy could not be identified.



3.2 Length of hospital stay at the NTC

The median LOS at the NTC was 9 days (IQR 6–12). ICU stay was documented for 323 out of 370 patients (87%), and the median length of ICU stay was 7 days (IQR 5–10). One hundred twenty-two of the 370 patients (33%) received ventilator support following surgery. The median LVT was 5 days (IQR 2–12). A tracheostomy was performed in 13% (49/370) of the patients.

According to the multivariable negative binomial regression analysis, increasing LOS was significantly associated with young age (p = 0.005), AIS grade B (p = 0.05), surgery (p < 0.001) and longer LVT (p < 0.001) (Figure 2).

[image: Figure 2]

FIGURE 2
 Forest plot from multivariate analysis of factors potentially associated with length of hospital stay (LOS) of patients with cervical spinal cord injury (cSCI) admitted to the neurotrauma center (NTC) during 2015–2022 (N = 370). ASA, American Society of Anaesthesiologists Physical Status score. AIS, American Spinal Injury Association Impairment Scale. IRR incidence rate ratio (negative binominal regression). Statistically significant findings are marked with red dots/lines.




3.3 Referral to specialized inpatient SCI rehabilitation

The primary discharge destinations were a LH for 46.2% of patients (171/370), a specialized inpatient SCI rehabilitation centre for 37.6% of patients (139/370), home for 5.4% of patients (20/370), and a nursing home for 2.4% of patients (9/370). Thirty-one of 370 (8.4%) patients died in the NTC (in-hospital death). Of the 171 patients who were transferred from the NTC to the LH, 61 patients were later referred for specialized inpatient SCI rehabilitation. Thus, a total of 200/370 (54%) of all patients with cSCI underwent specialized inpatient SCI rehabilitation. None of the 82 patients who were ≥ 80 years of age were directly transferred from the NTC to a specialized rehabilitation centre, and only 5/82 (6%) of the octogenarians were later transferred to a specialized rehabilitation centre.

Of the patients who survived the acute phase (>30 days), 200/329 (61%) received inpatient specialized rehabilitation. For these patients, receiving specialized rehabilitation treatment was associated with younger age (p < 0.001), preinjury independent living (p = 0.024), severe cSCI (p = 0.006), no need for acute phase tracheostomy (p = 0.005), and surgery (p = 0.02) (Figure 3).

[image: Figure 3]

FIGURE 3
 Forest plot from multivariate analysis of factors potentially associated with inpatient specialized rehabilitation in patients with cervical spinal cord injury (cSCI) admitted to the neurotrauma center (NTC) during 2015–2022 and who survived the acute phase (N = 329). ASA, American Society of Anaesthesiologists Physical Status score; AIS, American Spinal Injury Association Impairment Scale. OR, odds ratio (logistic regression). Statistically significant findings are marked with red dots/lines.




3.4 90-day mortality

The 90-day mortality rate for the entire cohort was 13% (48/370). According to multivariate binary logistic regression analyses, the mortality rate was associated with advanced age (p < 0.001), preinjury dependent living (p = 0.033), high-grade AIS (p < 0.001), C0–C3 injury (p = 0.039), LVT (p = 0.002) and was inversely correlated with the LOS (p < 0.001) (Figure 4). For patients who were > 80 years of age, the 90-day mortality rate was 32% (15/47). The Kaplan–Meier plot in (Figure 5) displays the effect of age on survival in patients with cSCI.

[image: Figure 4]

FIGURE 4
 Forest plot from multivariate analysis of factors potentially associated with 90-day mortality of patients with cervical spinal cord injury (cSCI) admitted to the neurotrauma center (NTC) during 2015–2022 (N = 370). ASA, American Society of Anaesthesiologists Physical Status score; AIS, American Spinal Injury Association Impairment Scale; LOS, length of hospital stay. OR, odds ratio (logistic regression). Statistically significant findings are marked with red dots/lines.
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FIGURE 5
 Kaplan Meier plot of survival after cervical spinal cord injury (cSCI) according to age for patients with cSCI admitted to the neurotrauma center (NTC) during 2015–2022 (N = 370).





4 Discussion

Over the 8-year study period, 387 patients were diagnosed with cSCI in Southeast Norway. Among these patients, 96% were admitted to the regional NTC and composed the study cohort. The median age of the patients was 64 years, 83% had incomplete cSCI, 67% were referred after triage at a LH, the median LOS at the NTC was 9 days, 87% were treated in the ICU, and 78% underwent surgical decompression/fixation. The overall 90-day mortality rate was 13%, but it was 32% in octogenarians. Of the patients who survived the acute phase (>30 days), 61% received inpatient specialized rehabilitation. Advanced age, comorbidities and less severe cSCI were associated with reduced access to specialized rehabilitation. Only 6% of the octogenarians received specialized rehabilitation. This reflects a priority not to offer octogenarians specialized rehabilitation due to anticipated low rehabilitation potential. Whether capacity should be increased to include even the oldest age groups warrants further studies.

The number of patients with cSCI who were registered in Southeast Norway during the study period gives an estimated incidence of cSCI of 1.6/100,000/year, which is in line with the incidence of traumatic cSCIs reported in Europe (1–5). In our cohort, 50% of the patients were ≥ 65 years old. This finding was expected since several recent studies have reported increasing numbers of traumatic SCIs among elderly people (2, 21–25). This increase is likely attributable to the substantial increase in the number of elderly individuals overall (26) and the increased vulnerability of elderly people to sustain SCIs with relatively minor trauma compared to younger people (35). In particular, the occurrence of injuries resulting from falls has increased concurrently with the ageing of the overall population (36, 37).


4.1 Length of stay and surgical decompression/stabilization

Optimal treatment for SCI involves early clinical and radiological identification of the injury and transfer to an institution capable of multidisciplinary acute treatment (14, 19, 37). In Southeast Norway, 96% of patients were transferred to the NTC for acute treatment, indicating a need for NTC referral and a willingness for the evaluation/treatment of these patients at the NTC.

Monitoring vital functions such as respiration and blood pressure is essential in patients with cSCI (38). Patients with SCI should maintain a MAP between 75–80 and 90–95 mmHg for 5–7 days, often requiring an ICU stay for this purpose only (39, 40). Impaired respiration is frequent, either due to the cSCI itself or concomitant thoracic injuries such as pneumothorax, flail chest, or lung contusions. Ventilation difficulties secondary to aspiration pneumonia or ventilator-associated pneumonia are also common (41). Thus, observation in an ICU is mandatory for most of these patients. The median LOS at the NTC was 9 days, and a longer stay was significantly associated with younger age, cervical surgery, severe cSCI and LVT. This is in contrast to other studies demonstrating considerably longer stays at an NTC (42, 43). The shorter LOS for the elderly population was somewhat surprising because of the greater number of comorbidities in this patient group. A similar trend was found for the length of ICU stay and is also reported by others (43, 44). This may reflect limited ICU capacity and a less ambitious treatment approach for the elderly population.

Surgical cervical decompression/stabilization was performed in 78% of the patients, and surgery was performed at equal rates regardless of age. According to recently updated guidelines, surgery is recommended within 24 h of the injury (8). Early surgical intervention seem to affect the neurological outcome as well as LOS and hospitalization costs (45). The rate of surgery for patients with cSCI is much higher than that for patients with cervical spine fractures without SCI (32). The most common surgical procedure was anterior decompression and stabilization. Patients with AIS grades A and B were prioritized for surgery earlier than those with AIS grades C and D. This is probably partially due to patients with high AIS grades more often having severely unstable injuries and in need of urgent surgery. However, among the 272 patients who underwent surgery at OUH, early surgery (<24 h) was performed in only 47%. In a recently published study from our institution, the causes for delayed surgery was transfer to LH first, less severe AIS, high age and non-translational injury (46). Age has been demonstrated to affect timing of surgery also by others (47).



4.2 Specialized spinal cord injury rehabilitation

Direct transfer from the NTC to a specialized rehabilitation center is preferred, but a temporary stay at a LH may be necessary due to continued acute medical treatment or insufficient capacity at the rehabilitation hospital. Early rehabilitation at a specialized center seem to improve the final neurological outcome of SCI patients (14–16).

In our cohort of patients with cSCI, 54% received inpatient specialized rehabilitation, of whom 70% were transferred directly from the NTC to a rehabilitation center (unbroken chain) and 30% via the LH (broken chain). Of the patients who survived the acute phase (>30 days), 200/329 (61%) received inpatient specialized rehabilitation. Getting specialized rehabilitation was associated with younger age, preinjury independent living, more severe cSCI, no need for acute phase tracheostomy, and surgery. The decreased rate of referral to rehabilitation centers in elderly patients is also demonstrated by others (48). If this referral rate is related to a reduced need for or too low of a rehabilitation potential, it is acceptable and will prevent overtreatment and unnecessary use of limited health care resources. On the other hand, if it is associated with an insufficient capacity or a general belief among acute care physicians that elderly people do not respond to rehabilitation, changes may be warranted. Elderly patients who were able to live independently before injury and had few comorbidities seem to benefit from specialized rehabilitation after SCI in several studies (10–13, 49).

No patient aged ≥80 years was considered a candidate for direct transfer to a specialized rehabilitation center in our NTC and only 68% of these patients survived more than 90 days. Whether this represents the true course of cSCI in the oldest individuals of our population or is the result of a self-fulfilling prophecy is uncertain. Assuming that all octogenarians have a low rehabilitation potential and high mortality rate will possibly deprive some of these patients optimal treatment and should be the topic of future investigations with an adapted geriatric SCI program.

The assessment of rehabilitation potential in elderly patients with cSCI is complicated, and several factors need to be considered (44). Neurologically impaired muscle function is an important prognostic factor in patients with the potential to regain independence in activities through training (10). Patients need to have the cognitive ability to learn new skills and methods for performing activities of daily living. Thus, dementia and delirium are complications that reduce the potential of rehabilitation. Cardiopulmonary conditions are common and may limit the patient’s ability to perform even light physical activities. Comorbidities such as cancer, concomitant neurological diseases and generalized arthrosis may be of similar importance in elderly people. In patients with limited potential for rehabilitation, the aim is to compensate with assistive devices and prevent complications associated with the skin (pressure sores), urinary tract (infections and incontinence), bowel system (constipation and incontinence) and respiratory system (pneumonia, respiratory failure).

In our opinion, qualified physicians should assess all patients with cSCI for their need of rehabilitation and their potential to benefit from it. If the number of patients who are likely to respond to rehabilitation outnumbers the capacity of the rehabilitation center, we have two choices. Either guidelines for prioritization of patients for rehabilitation should be developed, or the capacity of the rehabilitation centers should be increased.



4.3 Mortality

The in-hospital and 90-day mortality rates were 8.4 and 13%, respectively. A recent meta-analysis of 21 studies by Sadeghi-Naini et al. (50) revealed an overall in-hospital mortality rate of 18% for subaxial cSCI. The large difference with respect to in-hospital mortality between our Norwegian study and “The World meta-analysis” is most likely explained by differences in patient populations and health care resources. Our results showed a significant association between 90-day mortality and advanced age, preinjury dependent living, cSCI severity, C0–C3 injury, and number of ventilator days. This finding is in line with other studies (51, 52). The risk of impaired respiration is greater for patients with C0–C3 cSCI injuries than for those with injuries below this segment (53). Interestingly, preinjury living status was associated with survival, while preinjury ASA score (comorbidity measure) was not. It is likely that the frailty score would be better than the ASA score. The frailty score reflects the patient’s comorbidities, functioning and physiological reserve capacity (44). Multiple traumas, which were registered for 45% of the patients, were not associated with increased mortality. The most likely explanation for this is that in this patient cohort, the most serious and defining injury was cSCI.

Of patients who were aged ≥80 years, 32% died within 90 days after their accident, thereby emphasizing the severity of this injury in octogenarians. In a large cohort of 1,340 elderly Canadian patients with SCI at any level, the expected in-hospital death rate was 16% for the entire cohort and as high as 86% for those aged ≥80 years with conservatively managed cervical AIS grade A (54).



4.4 Strengths

This study was population-based, and data were extracted from a prospective database.



4.5 Limitations

The database used was not specifically designed for this study, and utilizing a frailty score instead of the preinjury ASA score would probably better reflect the prognosis. The categorization of rehabilitation into specialized inpatient rehabilitation and no rehabilitation is somewhat unvarnished since some of the patients who did not receive inpatient specialized rehabilitation received some form of rehabilitation at other institutions. Neither the number of patients who received rehabilitation elsewhere nor the type or quality of rehabilitation was included in our registry.




5 Conclusion

In Southeast Norway, 96% of patients with cSCI are transferred to the NTC for acute treatment, indicating a need to prioritize referral to the NTC for these patients. Surgery was performed at equal rates regardless of age. Advanced age, especially among octogenarians, was significantly linked to a lack of specialized rehabilitation. Qualified physicians should assess all patients with cSCI for their need of rehabilitation and their potential to benefit from it. If the number of patients who are likely to respond to rehabilitation outnumbers the capacity of the rehabilitation center, we have two choices. Either guidelines for prioritization of patients for rehabilitation should be developed, or the capacity of the rehabilitation centers should be increased.
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Dependent 34(9.2)
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Mortality
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AIS: American Spinal Injury Association Impairment Scale; IC
local hospital; NTC: neurotrauma center. *Medical Research Council (MRC) Scale for
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