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Abstract 
 
Background and Objectives  

Patients with classic locked-in syndrome (LIS), typically caused by ventral pontine stroke, present 

with quadriplegia, mutism, intact consciousness, and communication skills limited to vertical gazing 

and/or blinking. Clinical presentations and definitions of LIS differ, especially regarding incomplete 

LIS. In our study, we explored the functional diversity of LIS, its outcomes, and the complexity of its 

course, along with variations in the location of lesions and their potential significance for outcomes.  

Methods  

A national cohort of patients with vascular LIS who remained in the LIS state for at least 6 weeks 

according to a functional definition of LIS was studied. Demographic, medical, and follow-up data, 

collected between 2012 and 2022, were obtained from the quality register of the Norwegian 

National Unit for Rehabilitation of Locked-In Syndrome. Outcomes in verbal communication, motor 

function, and dependency were evaluated according to criteria for being in or not in the LIS state. 

Modified Rankin Scale and LIS Motor Recovery Scale were applied. Descriptive analysis was 

performed. The relationship between lesion location and functional outcome was investigated.  

Results  

The sample included 51 patients (median age: 55.7 years, 36 males), 43 of whom had follow-up data. 

Ischemic stroke was the most common etiology (n = 35). Twenty-three patients had emerged from 
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the LIS state, mostly within 2 years after onset. All but one patient achieved some motor 

improvement, whereas only three achieved full motor recovery, and 88% had a persistently high 

level of dependence. The 3-year survival rate was 87%. Five patients had an isolated pontine lesion, 

whereas 80% showed various lesions outside the brain stem. Patients who emerged from the LIS 

state had a significantly lower prevalence of lesions outside the brain stem than patients who 

remained in the LIS state did. 

Discussion  

Investigating an unselected population-based sample of patients with vascular LIS offers important 

insights into LIS’s functional diversity. Although most patients remained severely disabled, even small 

improvements in function can substantially increase the potential for activity and participation. 

Additional lesions outside the brain stem seem to be common in long-lasting LIS and might be 

prognostic for remaining in the LIS state. 

 
Introduction  

Patients with locked-in syndrome (LIS) have severe paralysis and communication difficulties1 but 

function well cognitively2,3 and can communicate to varying degrees using eye movements4,5. The 

most common cause of LIS is vascular6-9, while more rare etiologies include trauma, infection, severe 

polyneuropathy, myelinolysis, and inflammatory demyelination5,6. 

 

LIS can be divided into three categories based on clinical presentation10. Classic LIS refers to a 

condition characterized by intact consciousness, mutism, and quadriplegia, with communication 

abilities limited to vertical gazing and/or blinking1. Patients with total LIS, by contrast, cannot 

communicate even with their eyes, while ones with incomplete LIS have regained voluntary motion 

beyond upper eyelid and vertical eye movement. LIS can be temporary10-12. The term chronic LIS has 

primarily been used to describe patients remaining in the LIS state for more than a year8,13-15. 

 

In general, the categories of classic LIS and total LIS seem to be applied consistently in the literature. 

However, studies on incomplete LIS have used different criteria that are sometimes imprecisely 

described6-8,13,14,16, including the ability to move any limb against gravity8,15,17, the ability to walk 

independently18, and the ability to walk a few steps with assistance but otherwise be completely 

dependent in activities of daily living (ADL) 16. Some studies have excluded patients who regained the 

ability to make voluntary sounds9,12,17, whereas others have included patients who regained oral 

communication with vowels, occasional words16, or even sentences10,11. 

 

Regarding consciousness, the American Congress of Rehabilitation Medicine’s definition includes that 
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basic cognitive abilities have to be evident on examination without providing further detail19. 

Frequently, related literature does not state the cognitively related inclusion criteria used or how 

they were examined4,7,13,14. In a recent study, several patients who failed to gesture “yes” or “no” and 

lacked orientation to time and place were included; a level of functioning not in accordance with the 

requirement of “basic cognitive abilities” 20. In those ways, LIS continues to be variously defined and 

usually poorly described, especially regarding incomplete LIS.  

 

Different lesions within the brain stem have been characterized in postmortem examinations in 

earlier studies on LIS21-23. Although vascular LIS typically occurs when an ischemic incident affects the 

ventral pons6,10, LIS may also be caused by any extensive bilateral destruction of corticospinal or 

corticobulbar tracts 6,10, sometimes by injury to the mesencephalon alone (e.g., bilateral injury to 

cerebral peduncles) 11,23,24. However, even in reports on newer, larger studies, the specific location of 

lesions in the brain stem and any additional lesions elsewhere are not described7,8,13,14,25. 

 

Despite high mortality rates in the acute phase of LIS6,10,26, mortality among patients who have 

received rehabilitation has been low16,27. Long-term survival was also found to be high among 

patients who survived the first year after LIS onset15,17, some of whom have lived for decades8. 

 

Because LIS is a rare condition, few studies have examined large groups of patients. Although large 

studies have been performed by reviewing cases in the literature6, or by recruiting patients via user 

organizations4,7,13,28,29, the only population-based study regards a smaller national cohort from 

Sweden16. Moreover, the mixed etiologies for LIS among patients included in such research has 

rendered the results less accurate for translation to populations with vascular LIS6-8. In response, 

large studies are needed to investigate different etiologies separately, preferably using unselected 

population-based samples and following a strict, well-described method.  

 

The typical rehabilitation trajectory for patients with LIS in Norway includes inpatient high-

specialized services, community based rehabilitation after discharge and long term nursing and care 

services. In Norway, all citizens have equal access to specialized and community rehabilitation 

services covered by the national public insurance system, along with long-term care services in 

institutions or at home. All hospitals in Norway are required to refer patients with LIS who need 

rehabilitation to the Norwegian National Unit for Rehabilitation of Locked-In Syndrome (NoRLIS). This 

system of mandatory referrals to a national unit enabled us to examine a relatively large national 

cohort of unselected patients with long-lasting LIS due to vascular etiology.  
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Despite the difficulties of interpreting the literature, LIS can be reasonably hypothesized to not be a 

homogeneous condition as earlier assumed. We investigated outcomes of long-lasting LIS and the 

complexity of its course. To answer our primary research question of how the functional status of 

patients with LIS develops over time, we investigated the functional diversity of LIS, its outcomes, 

and the complexity of its course in a population with long-lasting LIS. A secondary aim was to 

examine variations in the location of lesions within and outside the brain stem and their potential 

significance for outcomes. 

 

Method 

This cohort study used data from the quality register of NoRLIS. All patients in Norway with LIS 

referred due to an acquired brain injury are included in the register as long as they stay in the LIS 

state, whether total, classic, or incomplete, for more than 6 weeks after onset and meet all the 

following four criteria (Figure 1): severe communication impairment, paralysis or paresis in all four 

extremities, complete dependence on help in participating in ADL, and normal or close-to-normal 

cognition (i.e., orientation to time, place, and situation at a minimum). 

 

We further distinguished total and classic LIS from incomplete LIS (Figure 1). If patients no longer 

fulfilled one or more of the four criteria, they were defined as not being in the LIS state by having 

regained partial independence in ADL, independent walking with or without aids, speech using 

primarily verbal communication instead of movement or aids, or from worsening of the condition 

due to no longer being able to meet the cognitive criteria.  

 

Data, including demographic data from before LIS onset as well as medical data from the acute 

phase, were collected from the patients’ records during acute inpatient rehabilitation. Comorbidity 

was identified using ICD-10 codes, while LIS onset was the date when the patient deteriorated into 

the LIS state as documented on their patient record. The location of brain lesions was determined 

based on findings from MRI and CT. Only five individuals have ever entered data into NoRLIS’s quality 

register in its decade of existence. We confirmed the register data by reviewing patient records for 

our study, including radiological reports. The time span of the LIS state, in years, was defined for each 

patient who no longer fulfilled the criteria for LIS by identifying the earliest date of a written 

description of regained function or deterioration on their patient record. 

 

Data from all patients in the register as of December 31, 2021, with LIS due to a cerebrovascular 

cause were included in our study. To our knowledge, they represent the entire population of patients 

with LIS in Norway (Norwegian population: 5,425,270 as of December 202130). 
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Insert Figure 1 about here. 

 

 

Follow-up data 

As part of NoRLIS’s commitment to life-long services, annual follow-up visits at patients’ homes are 

performed. Thus, NoRLIS’s quality register also contains follow-up data comprising demographic 

data, current function, LIS status, and medical data. Information is retrieved by the unit in direct 

communication with the patient; in some cases, follow-up is conducted via telephone, 

videoconference, or letter. The most recent follow-up was performed in May 2022. 

 

The LIS Motor Recovery Scale by Patterson et al. 6 grossly quantifies functional motor status in five 

categories, ranging from “no recovery” to “no neurological deficit.” The scale was scored for all 

patients at the point of last-registered follow-up based on information in the quality register.  

 

The Modified Ranking Scale (mRS) measures the degree of disability or dependence in daily activities. 

For each patient, the mRS score before LIS onset was based on information retrieved from their 

patient record. For patients who received follow-up, mRS scores are also reported from the most 

recent follow-up available.  

 

Statistics 

Demographic and clinical data are presented as medians with ranges or as counts and percentages. 

Outcome measures included mortality and functional outcome at 3 months, 6 months, 1 year, 2 

years, and more than 2 years after LIS onset, presented in a Sankey diagram (Sankeymatic.com). 

Differences in continuous variables between groups were tested with the Mann–Whitney U test. 

Pearson’s chi-squared test or Fisher’s exact test for contingency tables was used to detect 

differences in categorical variables. Binomial proportion confidence intervals were calculated using 

the Clopper-Pearson method. Cumulative survival rates were computed using the Kaplan–Meier 

method, and follow-up time was calculated as person-years from the onset of LIS until the date of 

emigration, death from any cause, or the end of follow-up on December 31, 2021. All tests were two-

sided, and a significance level of 5% was adopted. Statistical analyses were performed in IBM SPSS 

version 28.0. 
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Standard protocol approvals, registrations and patient consents 

All patients were included in the quality register of NoRLIS. Consent is not required; however, they 

have the right to withdraw and to require that their registered data are deleted. Following 

Norwegian law, the register was approved by the hospital and its data protection officer. At our 

request, the Regional Committee for Medical Research Ethics confirmed that the publication of 

anonymized data from the register does not require further approval (Ref. No. 207625). 

 

Data availability 

Data in the register are available only for the purpose of assuring quality work and will generally not 

be shared, for they have been collected without the patients’ consent and may be identifying given 

the small number of patients. In some cases, data supporting our findings may be available upon 

reasonable request. 

 

Results 

Fifty-one patients from the database met the inclusion criteria—15 females and 36 males—with a 

median age of 55.7 years (range: 14.6–76.3) at LIS onset. Males had a non-significantly higher median 

age at LIS onset (56.0 years, range: 14.6–76.3) than females (47.4 years, range: 23.4–76.3, p = .426). 

Prior to LIS onset, all patients were living at home, and two-thirds (n = 34) were employed full- or 

part-time or were students. Most patients (n = 39) had no symptomatic diseases or disabilities and 

thus an mRS score of 0 before LIS onset. Seven patients were unable to work due to previous stroke 

or other chronic illness (i.e., mRS 2). One patient was dependent on daily care after a previous stroke 

(i.e., mRS 4). Three patients had preexisting drug abuse documented in their records. A schematic 

overview of the data collected at LIS onset and at the final follow-up is presented in Figure 2. 

 

Insert Figure 2 about here. 

 

Occurring in 35 patients, ischemic stroke was the most common etiology and in five cases was 

associated with dissection and in another three with ongoing infection. In 14 patients, the etiology 

was hemorrhagic stroke, including six cases of aneurysms or arteriovenous malformation. In one 

case, brain stem hemorrhaging occurred after invasive treatment of an ischemic stroke, and in 

another, septic infarctions and hemorrhaging had caused LIS.  

  

Only approximately half of the patients had preexisting risk factors of atherosclerotic disease 

including non-significantly more men (n = 20/36) than women (n = 5/15, p = .148). Hypertension was 
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the most prevalent risk factor (n = 19/51). Beyond that, 14 patients had no risk factors or any 

preexisting chronic diagnosis. 

 

Location of lesions 

Radiological reports were available for 49 patients but non-existent or irretrievable for the two 

patients who experienced LIS onset more than 30 years ago. Written MRI reports were available for 

most patients (n = 44), and their data were combined with data from CT reports retrieved from 

patient records.  

 

Imaging data revealed numerous combinations of lesions within and outside the brain stem (Table 1). 

Isolated pontine lesion without any other lesions in the brain or brain stem, was only found in 5 

patients. Seven patients had lesions only in the mesencephalon and/or medulla oblongata that had 

caused their LIS state without injuring the pons.  

 

As much as 39 patients had one or more lesions outside the brain stem, most commonly in the 

cerebellum (n = 30) and occipital lobe (n = 8). All patients with an etiology of dissection had 

cerebellar lesions.  

 

Fifteen patients had only one lesion located outside the brain stem, all in the cerebellum, in five of 

those cases isolated to the cerebellar peduncle/s. Six patients had primary cerebellar/posterior 

cranial fossa hemorrhaging, thus with brain stem lesions probably occurring as secondary lesions. 

 

Insert Table 1 about here. 

 

Survival and emergence from the LIS state 

The last registered status for the 51 patients included was dead in 15 cases and emerged from LIS in 

20 cases. All 16 patients who remained in LIS were in an incomplete LIS state. Nearly half of the 

patients (n = 23/51) had emerged from the LIS state, including three patients who emerged from LIS 

prior to death. The course in which patients had either emerged from a LIS state and/or died is 

presented in Figure 3. No patients deteriorated from the LIS state by no longer being oriented. Most 

patients who had emerged from the LIS state (n = 18/23) did so between 6 weeks and 2 years after 

LIS onset. Few patients (n = 2/15) had died from 6 weeks to 1 year after LIS onset. 

 

In total, 15 patients had died, at a median of 3.5 years (range: 0.3–30.6) after LIS onset and at a 

median of 65.4 years of age (range: 52.2–83.7). The patients who had died were older at LIS onset 
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than the survivors (p = .019). Three patients had emerged from a LIS state before death, whereas 12 

had remained in LIS—one with classic LIS and 11 with incomplete LIS—until death. No significant 

difference emerged in the occurrence of lesions outside the brain stem between patients who had 

died and survivors.  

 

Survival rates for patients alive at least a year after LIS onset were calculated for 42 patients; as for 

the others, two had died in less than a year, six had had LIS for less than a year, and one had moved 

abroad. The cumulative 3-year, 5-year, and 10-year survival rates were 87% (95% CI 72.4–94.6), 79% 

(95% CI 62.8–89.1), and 73% (95% CI 55.8–84.7), respectively. 

 

Insert Figure 3 about here. 

 

 

Outcomes at follow-up 

Follow-up data were available for 43 patients; as for the others, four patients had died before the 

first follow-up, one had moved abroad, and three had not yet received follow-up. Follow-up 

information was retrieved during home visits for 22 patients, during inpatient stays for three 

patients, via videoconferencing for 11 patients, and by letter for seven patients. Nine patients 

provided the information independently, whereas 34 patients provided it together with health care 

personnel and/or a family member. Latest follow-up was performed at a median of 7.3 years after LIS 

onset, ranging from 0.1 to 44.8 years (including 11 patients who later died). Medical data and 

outcomes are presented in Table 2 and Table 3, respectively. 

 

Insert Table 2 about here. 

 

Of the 43 patients with follow-up data, 23 were in a LIS state at the most recent follow-up, whereas 

20 had emerged from LIS. Only one patient remained in a classic LIS state, whereas the rest exhibited 

incomplete LIS. 

 

An analysis of the 41 patients with descriptions of their location of injury available showed that 

lesions outside the brain stem were less prevalent (n = 14/20, i.e. 70% (95% CI 46–88)) among 

patients who emerged from the LIS state than among patients who did not (n = 20/21, i.e. 95% (95% 

CI 76–100), p = .045). More patients who remained in a LIS state had multiple versus single lesions 
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outside the brain stem (n = 15/20, i.e. 75% (95% CI 51–91)) than patients who emerged from the LIS 

state (n = 5/14, i.e. 36% (95% CI 13–65), p = .035). 

 

As for motor function at the latest follow-up, most patients (n = 27) had achieved “minimum 

recovery” according to Patterson6, being entirely dependent in their care, equivalent to an mRS score 

of 5, which includes five patients who regained the ability to speak and thus were no longer in the LIS 

state. Only three patients had achieved “full recovery” at the latest follow-up being independent, but 

with neurological deficits and not having returned to work, scoring mRS 2 (see Table 3). 

 

Seven patients had no verbal response at the latest follow-up, whereas 12 were able to make 

sounds. Several patients could occasionally or consistently pronounce words and/or sentences; 16 

exhibited dysarthric speech and eight functional speech without dysarthria.  

 

Insert Table 3 about here. 

 

Discussion 

Our study of an unselected, population-based sample of patients with vascular LIS offers important 

insights into the heterogeneity within both the functional entity of the LIS state and trajectories of 

long-lasting LIS. Although having had LIS for at least 6 weeks, nearly half of the patients eventually 

emerged from the LIS state due to regaining at least some motor or communication function; 

however, most of them remained severely dependent on help. The few patients who achieved full 

motor recovery had all emerged from the LIS state fairly quickly, namely between 6 weeks and 6 

months. Only 10% of the patients had an isolated pontine lesion, and though 80% of patients had 

various lesions outside the brain stem, they all met the criteria of LIS according to our function-based 

definition. However, such lesions were significantly less prevalent among patients who emerged 

from the LIS state than ones who did not.  

 

Sex, age, etiology, and survival 

In line with past research, we found that LIS occurred more frequently among men than women6-8,27, 

mainly being due to ischemic stroke and with hypertension being the most common preexisting 

diagnosis6,26. The age of the current sample (median 55.7 years) is substantially lower than of the 

Norwegian stroke population as a whole (76 years31). Only relatively younger patients might survive 

the first six weeks, due to the natural course of the syndrome or treatment limitation. Another 

explanation could be limited access to the national rehabilitation service for relatively older patients. 
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The service has no age limit and all referred patients are served regardless of age, but some older 

patients might not have been referred. 

 

Previous studies6-8,27 found a lower mean or median age (33.6–52.0 years) than our study (median 

55.7 years). The difference might be explained by those studies including also patients with LIS due to 

traumatic brain injury and some including other non-vascular etiologies6-8. In Patterson’s review6 

patients with LIS due to stroke (i.e., 105 of 139 cases) had a mean age of 56 years, similar to our 

result. Meanwhile, among patients with exclusively ischemic etiology in another study26, mean age 

was somewhat higher (i.e., 62 years) than in our study. 

 

A previous follow-up study8 found a 10-year survival rate of 83 % in patients with LIS who survived 

the first year after LIS onset, compared to the present result of 73%. The difference may be due to 

the previous study’s younger sample of patients (mean age: 33.6 years) with mixed etiology, which 

aligns with previous results suggesting better prognosis among patients with LIS with non-vascular 

etiology6. When the NoRLIS register was established in 2012, some patients who had already had LIS 

for many years were included, whereas patients that had both acquired LIS and died before 2012 

were not. Because that circumstance may have affected the long-term survival rate that we found, 

we consider the 3-year survival rate of 87% and the 5-year rate of 79% as being the most reliable. 

 

Definition and outcomes  

Using our function-based definition of LIS helps to identify patients with LIS who do not necessarily 

have classic LIS due to a ventral pons lesion, as well as provides a relatively clear description of when 

a patient should be identified as being in an incomplete LIS state versus emerged from LIS.  

 

The term chronic LIS has previously been used to describe patients who remain in the LIS state for 

more than a year. Our results indicate that most patients emerge from the LIS state within the first 

two years after LIS onset but can also emerge much later. One patient emerged from the LIS state 

nearly ten years after onset due to regaining oral communication, thereby indicating that late 

emergence is possible. Although emergence from the LIS state more than a year after onset is rare, it 

has been reported15. It should be noted, however, that pinpointing the exact date of emergence is 

difficult, especially in later stages of LIS.  

 

There is considerable variation in how patients can emerge from the LIS state. A patient may regain 

functional speech and the ability to walk a few steps with assistance but remain unable to participate 

in ADL due to ataxia and/or a lack of distal motor control (e.g., due to severe cerebellar damage). 
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Another patient may be wheelchair-bound, communicate with eye movements, but able to partly 

participate in ADL due to having regained unilateral hand function that permits independence in 

some ADL tasks (e.g., using an electric toothbrush). Neither patient is considered to have LIS by 

definition, however; though their outcomes differ, they share a higher level of functioning and 

independence. Those examples showcase the complexity of the trajectories of LIS concerning 

outcomes in motor function, dependence, and verbal communication.  

 

Several studies have revealed various degrees of motor improvement in patients with LIS (e.g., 

8,18,27,32). One study6 observed larger motor improvement than the present study, with some patients 

making complete recovery classified as “no neurological deficit” (3.5%), and one-third making “full 

recovery” (31%). Whereas that study included patients also from the acute phase, our study included 

only patients who remained in a LIS state for at least 6 weeks. Our results correspond better with 

those of another study27 that included patients with LIS who received rehabilitation and described no 

patients as achieving “no neurological deficit” and only 7% achieving “full recovery.” By contrast, only 

one patient in our study was designated as achieving “no recovery” and remained in classic LIS, which 

is a considerably lower rate than found by both previously mentioned studies reporting 31% and 21% 

respectively6,27. Based on our functional criteria, even small voluntary movements (e.g., horizontal 

eye movement and facial, jaw, head, or neck movements) were registered as improvements and 

excluded patients from the “no recovery” category. Repeated clinical examinations are probably 

necessary to detect such minor improvements that patients themselves or their proxies might not 

report, which can lead to mis-categorizations as “no motor recovery.” Small improvements can be 

functionally important as they may enable patients to use, or more efficiently use, technological aids 

for communication, environmental control, or achieve independent wheelchair mobility. By contrast, 

some patients may regain more major voluntary movements without increasing their level of 

independence. In our study, most patients (i.e. 88%) had a persistently high level of dependence, 

given mRS scores of 4 or 5.  

 

Based on our clinical experience, most patients with LIS initially communicate via eye movements 

and/or blinking, while some communicate using other voluntary motor responses when in an 

incomplete LIS state from onset. However, information about the first form of communication in the 

acute phase is not provided in the NoRLIS register. Our results nevertheless show that the vast 

majority of patients (84%) regained some verbal response function (i.e. sound or speech), and that 

improvement of verbal speech occurred even in patients making only minimum progress in motor 

function.  
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All patients in our study were conscious and could communicate that they were oriented to time, 

place, and situation. It is well known that cognitive disabilities can occur in LIS, in both patients with 

isolated pontine lesions and patients with additional brain lesions3,33. Therefore, we did not exclude 

patients with various lesions outside the brain stem but rather examined the locations of any 

additional lesions. 

 

Location of lesions 

Lesions outside the brain stem in patients with LIS do not constitute a new finding3,21,22,26. One study 

reported lesions outside the pons in 50% of patients with LIS26, which is a lower rate than in our 

study. However, the same study26 also revealed that those lesions most commonly occurred in the 

cerebellum and occipital lobe, which, similar to the brain stem, receive blood supply from the 

posterior cerebral circulation. In our study, 14% of patients had primary cerebellar or posterior 

cranial fossa hemorrhaging, presumably with secondary injury to the brain stem. That mechanism 

has been referred to as “pseudo-LIS” 9. Our findings show that LIS also can be mesencephalic (n = 3) 

or due to isolated injury to the medulla oblongata (n = 3) without any other lesions in the brain stem. 

 

In patients who had emerged from the LIS state at follow-up, the occurrence of lesions outside the 

brain stem, especially multiple lesions, was significantly lower than among the other patients, which 

implies that the factor may be prognostic for emergence from LIS. Notably, that group also included 

older and incidental lesions. Lesions outside the brain stem thus include lesions having occurred prior 

to LIS onset as well as extrapontine lesions co-occurring with the acute event resulting in LIS, thereby 

making patients with such lesions a heterogeneous group. However, those differences were not 

shown to be associated with age. When analyzing changes in oral communication (i.e., “yes” or 

“no”), motor function (i.e., with the LIS Motor Recovery Scale), and independence (i.e., with the mRS) 

separately, we observed no significant differences between patients with or without lesions outside 

the brain stem.  

 

Our findings, though based on a substantial number of patients compared to past studies, are limited 

by our small sample size. Moreover, the present results are based on register data, which might be 

considered of less quality than data collected for specific research purposes. However, the register 

data that we used were collected in only one center by only a few specially trained employees, all 

specializing in LIS. Last, MRI and CT images were not directly reviewed for our study; instead, data 

regarding the location of lesions stemmed from radiology reports primarily elaborated for clinical 

purposes.  
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Overall, our findings indicate that patients affected by vascular incidents to the brain stem might 

have various lesions outside the brain stem but nevertheless clinically present as having LIS with 

preserved consciousness and orientation. Using more distinct functional criteria to define LIS can 

help to differentiate patients who have emerged from the LIS state from ones still in an incomplete 

LIS state. Overall, although most patients remained severely disabled and dependent on others over 

time, small improvements in function (e.g., regarding communication) can be essential to an 

individual patient’s quality of life. 

 

Even patients who remain in the LIS state for more than 6 weeks were found to emerge from it, most 

commonly within 2 years from onset. In some cases, late emergence from the LIS state occurred 

even after several years. Those findings do not align with the term chronic LIS, when referring to 

patients who have remained in the LIS state for a year only. In conclusion, long-lasting LIS should be 

regarded as a chronic condition with various trajectories and outcomes. Future research should 

explore how the functional diversity and different trajectories revealed by our study relate to 

patients’ everyday lives, participation, and quality of life. To allow better prognostic considerations, 

larger studies that include patients from LIS onset are needed. 
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Table 1: Distribution of lesions in patients with available radiological reports. 
 

 
 
  

Location(s) within brain stem Total  
n = 48* 

Pons 
- Isolated pontine lesion without other brain stem lesion(s) 

25 (52%) 

Mesencephalon 
- Isolated mesencephalon lesion without other brain stem lesion(s) 

3 (6%) 

Medulla oblongata 
- Isolated medulla oblongata lesion without other brain stem lesion(s) 

3 (6%) 

Pons + mesencephalon + medulla oblongata 
Pons + mesencephalon 
Pons + medulla oblongata 
Mesencephalon + medulla oblongata 

3 (6%) 
8 (17%) 
5 (10%) 
1 (2%) 

 

Total number of patients with 
- Pontine lesions  
- Mesencephalon lesions  
- Medulla oblongata lesions  

 
41 
15 
12 

Location(s) outside brain stem Total  
n = 49 

 Lesion(s) outside brain stem  
- Multiple  
- Single  

39
a
 (80%) 
24

a 

15
b 

Frontal lobe 7* 
Parietal lobe 5 
Temporal lobe 7 
Occipital lobe 8 
Diencephalon 6 
Cerebellum 

- Cerebellar peduncle 
30** 

7 
Scattered micro lesions 5 
Other 

- Basal ganglia 
- Internal capsula / corona radiate 
- Corpus callosum 
- Fornix 
- Other acquired injury*** 

 
5 
3 
1  
1 
7 

Older/incidental findings**** 19 

No lesion outside brain stem  
 

Total 
(n = 10) 

Isolated pontine lesion + no lesion outside brain stem 
Isolated mesencephalon lesion + no lesion outside brain stem 
Isolated medulla oblongata lesion + no lesion outside brain 
stem 

5 
0 
1 

a Including older/incidentally observed lesions 
b All with a single lesion in the cerebellum or cerebellar peduncle 
* One patient excluded due to lesion described within brain stem but location not further specified  
* Excluding two patients with frontal lesions in relation to intraventricular drainage  
** Six patients with primary cerebellar or posterior cranial fossa hemorrhaging  
*** Unspecified cerebral lesion (n = 2), cortical lesion (n = 1), insula (n = 1), lentiform nucleus (n = 1), 
cervical medulla lesion (n = 1) 
**** Lesion(s) from previous cerebral event(s), incidental findings or chronic changes: Infarction or 
hemorrhaging (n = 11), white matter changes (n = 8), MS lesions (n = 1), Meningioma (n =1) 
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Table 2: Medical data at final follow-up (n = 43). 
Numbers of occurrence are reported; within one category, several items might apply to some 
patients. 
 
Respiration 

Tracheal cannula 
CoughAssist 
CPAP or VPAP 
Ventilator 

No respiratory support 

 
7 

10 
5 
1 

27 

Nutrition and swallowing 
PEG feeding tube 
Dysphagia 
No oral feeding 
Adjusted oral feeding 

Normal oral feeding 

 
26 
37 
17 
15 
11 

Urinary tract 
Diaper 
Condom catheter 
Intermittent catheter 
Intraurethreal catheter 
Suprabubic catheter  

No diaper or catheter 

(n = 42*) 
9 

10 
3 
4 

11 
8 

Elimination 
Stoma 
Bowel regime 
Laxatives 

No elimination support 

(n = 42*) 
5 

27 
25 
 4 

Skin  
Pressure wounds (last 12 months) 

No pressure wounds (last 12 months) 

 
6 

37 
 
* 1 missing 
CPAP: continuous positive airway pressure 
VPAP: variable positive airway pressure 
PEG: percutaneous endoscopic gastrostomy 
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Table 3: Improvement in motor function in relation to locked-in syndrome (LIS) state and level of 
disability at final follow-up (n = 43). 
 
LIS state LIS Motor Recovery Scale 

 
mRS 

Classic LIS 1 No Recovery 
No return of motor function and 
totally dependent in their care 

1  
 
mRS 5 
Severe disability. Requires constant nursing care and 
attention, bedridden, incontinent  
 

 
 
28 
 Incomplete LIS 

 
Not LIS  
Regained speech 

22 
 
5 

Minimum Recovery 
Some minimal voluntary return of 
motor function but totally dependent 
in their care 

27 

Not LIS  
Regained some 
independence in daily 
activities and/or 
mobility and sometimes 
speech as well 
 

15 Moderate Recovery 
Significant return of motor function 
allowing independence in some but 
not all daily activities 

12 mRS 4 
Moderately severe disability. Unable to attend to own 
bodily needs without assistance, or unable to walk 
unassisted 

 

10 
 
 
 
 

mRS 3 
Moderate disability. Requires some help, but able to 
walk unassisted 

 

2 

Full Recovery  
Independence in all daily activities 
but with some minimal neurological 
deficit 

3 mRS 2 
Slight disability. Able to look after own affairs without 
assistance, but unable to carry out all previous 
activities 

 

3* 
 

mRS 1  
No significant disability. Able to carry out all usual 
activities, despite some symptoms 

 

0 

No Neurologic Deficit 
No reported residual neurological 
deficit 

0 mRS 0 
No symptoms 

0 

 
*”Full Motor Recovery” with daily independence but without having returned to work 
LIS: locked-in syndrome 
mRS: Modified Rankin Scale 
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Figures titles and legends 
 
 
Figure 1: Definition of locked-in syndrome (LIS) used by the Norwegian National Unit for 
Rehabilitation of LIS 
 

 
 
Figure 2: Overview of data collection and sample 
Some patients had acquired locked-in syndrome (LIS) prior to the quality register’s establishment in 
2012 (n = 23). The time point for inclusion in our study was December 31, 2021 (n = 51). Follow-up 
was conducted between 2012 and 2022 (n = 43). 
 
*19 hypertension, 8 preexisting atherosclerotic 
disease (4 heart disease and/or 5 stroke sequela), 
8 hypercholesterolemia, 8 diabetes and/ or 4 atrial 
fibrillation. Some had multiple risk factors 
**(n = 50, 1 unknown) 
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Figure 3: Trajectories of long-lasting locked-in syndrome (LIS) 
LIS state trajectories for five periods after LIS onset (n = 51): >6 weeks (6 W) to within 3 months (3 
MTH), 3–6 months (6 MTH), 6 months–1 year (1 Y), 1–2 years (2 Y), and >2 years to inclusion date (>2 
Y). Sixteen patients remained in an LIS state. Most of the 15 deceased patients died >2 years after LIS 
onset (n = 10, range: 2.2–30.6 years). Some patients emerged from LIS later than 2 years after onset 
(n = 5, range: 2.9–9.7 years). Twenty patients had emerged from the LIS state and were alive. 
 

*One patient emerged from the LIS state and moved abroad. Registered in the figure as emerged, 
however it is unknown if the patient is still alive. 

**Two patients had LIS for less than 3 months, four patients had LIS for 6 to 12 months. The 
remaining 10 patients had remained in an incomplete LIS state for median 8.5 years (range 5.8–45.6). 
Two patients had not recieved follow-up after 2019, but were registered as LIS as they had remained 
in a stable LIS state for >10 years and were known to be alive. 
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