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Abstract

Purpose

A significant percentage of patients are discharged from intensive care units (ICU) with dis-

orders of counciousness (DoC). The aim of this retrospective, case-control study was to

compare patients discharged from the ICU in a vegetative state (VS) or minimally conscious

state (MCS) and the rest of ICU survivors, and to identify independent predictors of DoC

among ICU survivors.

Methods

Data from 14,368 adult ICU survivors identified in a Silesian Registry of Intensive Care Units

(active in the Silesian Region of Poland between October 2010 and December 2019) were

analyzed. Patients discharged from the ICU in a VS or MCS were compared to the remain-

ing ICU survivors. Pre-admission and admission variables that independently influence ICU

discharge with DoC were identified.

Results

Among the 14,368 analyzed adult ICU survivors, 1,064 (7.4%) were discharged from the

ICU in a VS or MCS. The percentage of patients discharged from the ICU with DoC was sim-

ilar in all age groups. Compared to non- DoC ICU patients, they had a higher mean APACHE

II and SAPS III score at admission. Independent variables affecting ICU discharge with DoC

included unconsciousness at ICU admission, cardiac arrest and craniocerebral trauma as

primary cause of ICU admission, as well as a history of previous chronic neurological disor-

ders and cerebral stroke (p<0.001).

Conclusion

Discharge in a VS and MCS was relatively frequent among ICU survivors. Discharge with

DoC was more likely among patients who were unconscious at admission and admitted to

the ICU due to cardiac arrest or craniocerebral trauma.
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Introduction

The widespread popularization of cardiopulmonary resuscitation, rapid development of inten-

sive care and the increasing invasiveness of medical procedures tend to generate new medical,

social and ethical problems [1]. In the intensive care unit (ICU), we tend to observe a substan-

tial number of patients who, after emerging from life-threatening conditions, present symp-

toms of disorders of counciousness (DoC) [2]. DoC are known to be more frequent in the

aging population and the aging population is known to increase the need for intensive care

unit (ICU) beds [3]. This will have a significant impact on healthcare systems, as ICU patient

numbers are growing worldwide [4–6].

Patients with DoC may initially remain in a coma due to anoxemic encephalopathy, but

this could be also associated to traumatic and vascular etiology. Over time, their condition

begins to evolve in different directions. The ultimate effect of treatment can be extremely

unfavorable (cerebral death, VS or MCS) or satisfactory (full recovery–Cerebral Performance

Category 1 or 2), with a broad spectrum of varying degrees of dysfunction to the central ner-

vous system that fall between these two extremes [2,7–9]. Patients with neurological damage

that is profound and takes the form of VS or MCS, are particularly challenging for ICU teams

[10–12].

Interestingly, epidemiological data for patients with DoC at ICU discharge seem to be miss-

ing in the medical literature worldwide. Moreover, this population has never been studied in

Poland, where ICU mortality is known to be excessively high [13]. The reason for the excessive

mortality seems to be relatively simple—in many Polish hospitals, patient’s death is still diffi-

cult to be accepted outside the ICU area [14]. In such circumstances, patients discharged from

the ICU with DoC are of particular importance, as they contribute to the subset of patients

with unfavorable outcomes. This creates an additional psychological and emotional burden for

ICU staff.

The primary aim of our study was to compare patients discharged from the ICU with DoC

with the other ICU survivors. The secondary aim was to identify independent predictors of

ICU discharge with DoC.

Patients and methods

We conducted a retrospective, case-control, multicenter study involving patients hospitalized

in general ICUs in the Silesian Region of Poland between October 1, 2010 and December 31,

2019. Specialized ICUs operating in the Silesian Region have been excluded from reporting to

the Registry. Overall, there were 25,416 hospitalizations identified in Silesian Registry of Inten-

sive Care Units at that time, with 11,048 hospitalizations resulting in ICU death (43.5%). Data

from the remaining 14,368 hospitalizations of ICU survivors were analyzed. This voluntary

registry collected information on the health burden of patients admitted to ICUs, their general

condition on admission, causes of the disease as well as the course and results of ICU treat-

ment [15]. Data were entered into the registry by ICU physicians or medical secretaries work-

ing directly under the supervision of ICU physicians. Approximately 35% of all Silesian ICUs

reported their data to the registry. The registry does not contain any personal data. Due to the

retrospective and anonymous nature of the study, the Ethical Committee at the Medical Uni-

versity of Silesia in Katowice waived the need for obtaining the consent of patients to partici-

pate in the study.

Patients discharged from the ICU in a VS or MCS [11,12] were identified in the registry

and their data were compared to ICU survivors without these types of DoC. The factors that

were compared included demographic parameters, comorbidities, severity of general condi-

tion at time of ICU admission, main reasons for ICU admission and the course of ICU
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treatment. For the aim of the multivariate regression analysis, variables with missing data

(<5%) were defaulted to the most common value present in the majority of cases.

Analyses were performed using Dell Statistica, version 13 (Dell Inc. 2016). Demographic

data were presented using descriptive statistical methods and compared using the Student’s t-

test or Mann-Whitney test. The choice of test was dependent on the result of the Kolmogorov-

Smirnov test. For comparison of qualitative variables, the Chi-square test with Yates correction

was used.

Independent pre-admission and admission variables that might influence discharge with

DoC (defined as VS or MCS) were identified on the basis of the data presented in Tables 1 and

2 and Fig 2, supplemented with information on whether a patient was unconscious, intubated

and mechanically ventilated at ICU admission. The effect of independent variables on the out-

come variable of interest was calculated by means of univariate logistic regression. Variables

with a P value <0.05 were included in multivariate logistic regression analysis.

The multivariate model was fitted using the stepwise method, where p<0.05 was set as

inclusion and removal criteria. For purposes of all calculations, statistical significance was

accepted at a level of P<0.05.

Results

Overall, there were 25,416 hospitalizations identified in Silesian Registry of Intensive Care

Units at that time, with 11,048 hospitalizations resulting in ICU death (43.5%). Data from the

remaining 14,368 hospitalizations of ICU survivors were analyzed.

Among 14,368 analyzed survivors of ICU stay, 1,064 patients (7.4%) were discharged from

the ICU with a DoC. The percentage of patients discharged with DoC was broadly similar

Table 1. Medical status at ICU admission among ICU patients discharged from the ICU with or without DoC.

Group of Variables DoC No DoC P
variables (n = 1,064) (n = 13,304)

Admission First 997 (93.7%) 12,460 (93.7%) 0.996

Second 60 (5.6%) 730 (5.5%) 0.889

Another 7 (0.7%) 114 (0.9%) 0.611

Co-morbidities Coronary artery disease 395 (37.1%) 4,872 (36.6%) 0.768

Heart failure 277 (26.0%) 3,959 (29.8%) 0.011

Arterial hypertension 486 (45.7%) 6,853 (51.5%) <0.001

Disseminated atherosclerosis 291 (27.4%) 3,611 (27.1%v 0.912

Chronic respiratory failure 87 (8.2%) 1,735 (13.0%) <0.001

Home oxygen therapy 6 (0.6%) 211 (1.6%) 0.012

Extreme obesity 46 (4.3%) 764 (5.7%) 0.063

Cachexia 25 (2.4%) 384 (2.9%) 0.359

Alcoholism 143 (13.4%) 1,050 (7.9%) <0.001

Diabetes 225 (21.2%) 3,137 (23.6%) 0.077

Chronic renal failure 86 (8.1%) 1,563 (11.8%) <0.001

Dialysis dependency 6 (0.6%) 135 (1.0%) 0.203

Previous cerebral stroke 101 (9.5%) 864 (6.5%) <0.001

Chronic neurological disorders 132 (12.4%) 1,030 (7.7%) <0.001

Systemic autoimmune diseases 8 (0.8%) 154 (1.2%) 0.291

Post transplant 1 (0.1%) 30 (0.2%) 0.585

Cancer 10 (0.9%) 1,425 (10.7%) <0.001

Pregnancy 0 (0.0%) 37 (0.3%) 0.159

None 130 (12.2%) 1,555 (11.7%) 0.640

https://doi.org/10.1371/journal.pone.0253225.t001

PLOS ONE ICU discharge with permanent neurological injury

PLOS ONE | https://doi.org/10.1371/journal.pone.0253225 June 25, 2021 3 / 13

https://doi.org/10.1371/journal.pone.0253225.t001
https://doi.org/10.1371/journal.pone.0253225


across consecutive age ranges, with an exception for the age range of 51–60 years where the

percentage of patients with DoC among ICU survivors was as high as 9.7% (Fig 1).

Comparison of basic demographic data between patients discharged with a DoC and non-

DoC ICU survivors revealed that there were more males among patients discharged in a VS or

MCS (63.1% vs 57.7%, p = 0.001). The mean age in both groups was similar: 61.6 ±15.3 years

among patients discharged with DoC and 62.0 ±16.3 years in the non- DoC group (p = 0.459).

Patients discharged with DoC were mainly admitted to the ICU from the emergency

department or directly from the place of event (43.2%). The distribution of sources of admis-

sion among these patients was generally different from the non- DoC ICU population (Fig 2).

In regard to comorbidities, patients discharged from the ICU with DoC were found to

more frequently have past cerebral stroke, chronic neurological disorders and alcohol depen-

dency. On the other hand, their health status was less frequently burdened with chronic dis-

eases such as chronic respiratory failure, home oxygen therapy, chronic renal failure and

cancer (Table 1).

ICU admission scoring systems were only available for 51.2% of patients for the APACHE

II (Acute Physiology and Chronic Health Evaluation II) [16] score and 26.5% of patients for

the SAPS III (Simplified Acute Physiology Score III) score [17], with comparable percentages

among patients discharged from the ICU with and without DoC. Patients discharged from the

ICU with DoC had a higher mean APACHE II and SAPS III score at admission in comparison

to the other ICU survivors (23.4 ±7.1 vs 19.4 ±7.9 points, p<0.001 and 52.1 ±15.1 vs 36.1 ±16.9

points, p<0.001, respectively).

ICU survivors discharged with DoC were more frequently admitted to the ICU due to car-

diac arrest (49.4% vs 13.0%), craniocerebral trauma (12.4% vs 4.3%), disorders of conscious-

ness (46.1% vs 32.4%,) or acute neurological disorders (14.4% vs 6.6%) (Table 2). In contrast,

patients discharged with DoC were less frequently admitted to the ICU following elective or

emergency surgical procedures (13.2% vs 37.8%), bacterial infection (11.3% vs 17.5%) and

Table 2. Primary reason for ICU admission among patients discharged from the ICU with or without DoC.

Variables DoC No DoC P
(n = 1,064) (n = 13,304)

Acute respiratory failure 724 (68.1%) 9,458 (71.1%) 0.039

Exacerbation of respiratory failure 55 (5.2%) 1,206 (9.1%) <0.001

Shock 203 (19.1%) 2,729 (20.5%) 0.281

Exacerbation of circulatory failure 388 (36.5%) 5,159 (38.8%) 0.145

Multiorgan failure 60 (5.6%) 950 (7.1%) 0.075

Cardiac arrest 526 (49.4%) 1,729 (13.0%) <0.001

Disorders of consciousness 490 (46.1%) 4,314 (32.4%) <0.001

Postoperative 140 (13.2%) 5,034 (37.8%) <0.001

Multiple trauma 45 (4.2%) 627 (4.7%) 0.520

Craniocerebral trauma 132 (12.4%) 576 (4.3%) <0.001

Acute pancreatitis 2 (0.2%) 174 (1.3%) 0.002

Obstetric complications 0 (0.0%) 81 (0.6%) 0.019

Acute neurological disorders 153 (14.4%) 881 (6.6%) <0.001

Intoxication 20 (1.9%) 263 (2.0%) 0.917

Severe metabolic disorders 44 (4.1%) 449 (3.4%) 0.221

Bacterial infection 120 (11.3%) 2,332 (17.5%) <0.001

Viral infection 8 (0.8%) 57 (0.4%) 0.202

Sepsis 20 (1.9%) 744 (5.6%) <0.001

https://doi.org/10.1371/journal.pone.0253225.t002
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sepsis (1.9% vs 5.6%). These patients were also more frequently unconscious (91.7% vs 57.5%),

intubated (87.7% vs 71.3%) and mechanically ventilated (86.8% vs 68.5%) at ICU admission

with a lower mean Glasgow Coma Scale Score on ICU admission (4.8 ±2.7 vs 8.8 ±4.6 points,

respectively). All of these differences were statistically significant (p<0.001).

During ICU stay, patients discharged with DoC were more likely to have been invasively

ventilated and undergone tracheostomy (88.6% vs. 77.4%, p<0.001 and 64.8% vs. 12.3%,

p<0.001, respectively). Patients in this group were also more frequently treated with therapeu-

tic hypothermia (3.8% vs 0.6%, p<0.001). The full details describing treatment procedures in

both groups of patients are shown in Table 3.

Fig 1. Percentage of patients discharged with DoC among ICU survivors stratified by age.

https://doi.org/10.1371/journal.pone.0253225.g001

Fig 2. Sources of ICU admission among patients discharged from the ICU with and without DoC.

https://doi.org/10.1371/journal.pone.0253225.g002
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The mean time of ICU stay was approximately two times longer among patients discharged

with DoC in comparison to non- DoC ICU survivors (21.3 ±21.7 vs 10.5 ±13.7 days, p<
0.001). This difference is depicted in a Kaplan-Meier curve (Fig 3).

Patients with DoC were more frequently discharged to other hospitals (38.4% vs 23.4%,

p<0.001) or directly to long-term care facilities (11.3% vs 1.4%, p<0.001). Discharge destina-

tions of patients in both groups are presented in Fig 4.

Independent variables affecting ICU discharge with DoC (p<0.001) included unconscious-

ness at ICU admission (OR 5.9; 95% CI: 4.7–7.5), cardiac arrest and craniocerebral trauma

as primary cause of ICU admission (OR 4.3; 95% CI: 3.7–5.0 and OR 3.5; 95% CI: 2.8–4.4,

respectively), as well as chronic neurological disorders and previous cerebral stroke among

comorbidities (OR 1.7; 95% CI: 1.3–2.1 and OR 1.6; 95% CI: 1.2–2.0, respectively). Several

independent variables (known at ICU admission) also affected the lack of DoC at ICU dis-

charge. The full list of independent variables influencing neurological status at ICU discharge

is presented in Fig 5. All details of the multivariate logistic regression model are presented as

the supplement file (S1 File).

Table 3. ICU treatment in patients discharged from the ICU with or without DoC.

Variables DoC No DoC P
(n = 1,064) (n = 13,304)

Catecholamines 740 (69.6%) 8,001 (60.1%) <0.001

Intubation 669 (62.9%) 7,957 (59.8%) 0.053

Tracheostomy 689 (64.8%) 1,632 (12.3%) <0.001

Invasive ventilation 943 (88.6%) 10,293 (77.4%) <0.001

Non-invasive ventilation 15 (1.4%) 911 (6.9%) <0.001

Renal replacement therapy 52 (4.9%) 824 (6.2%) 0.100

Operation while in the ICU 110 (10.3%) 1,024 (7.7%) 0.003

Therapeutic hypothermia 40 (3.8%) 82 (0.6%) <0.001

Intra-aortic balloon pump 16 (1.5%) 215 (1.6%) 0.878

ECMO 6 (0.6%) 32 (0.2%) 0.096

https://doi.org/10.1371/journal.pone.0253225.t003

Fig 3. Kaplan-Meier curves presenting discharge curves in patients discharged from the ICU with and without

DoC.

https://doi.org/10.1371/journal.pone.0253225.g003
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Discussion

In our study, we confirmed that discharge with DoC was relatively frequent among ICU survi-

vors in the Silesian region of Poland. Discharge with DoC most likely occurred among patients

who were unconscious at admission and admitted to the ICU due to cardiac arrest or cranioce-

rebral trauma. Unfavorable neurological outcome was also more likely in patients with a his-

tory of stroke or chronic neurological disorders.

We analyzed data from 14,386 adult ICU survivors of which 1,064 were discharged from

the ICU in a VS or MCS. To our knowledge, there is no study to date in the medical literature

that has used similar methodology and comparable sample size. Researchers in this area are

instead concentrating on mid-term or long-term follow-up outcomes in these patients, or

assessing the effectiveness of professional rehabilitation programs [18–24].

The only study in which researchers aimed to identify independent risk factors at hospital

discharge was in patients with traumatic brain injury. The authors of this study however, were

analyzing risk factors for a combined unfavorable outcome of both death and VS [25].

Fig 4. Discharge destinations among ICU patients who completed their ICU stay with and without DoC.

https://doi.org/10.1371/journal.pone.0253225.g004

Fig 5. Multivariate analysis–independent predictors of discharge in a DoC.

https://doi.org/10.1371/journal.pone.0253225.g005
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The percentage of patients with DoC was the highest in the age range of 51 to 60 years. This

may be explained by the fact, that the highest percentage of ICU admissions due to cardiac

arrest are observed in this age group, and nearly half of ICU survivors presenting with DoC at

ICU discharge previously had cardiac arrest before ICU admission.

The percentage of patients discharged with DoC among ICU survivors in our study was

7.4%. It is difficult to compare this result to other studies. This figure appears to be high; how-

ever, it is even higher among patients admitted to long-term geriatric facilities where, accord-

ing to a report, a clinical diagnosis of VS was made for 15% of patients upon admission [26].

On the other hand, the percentage of patients discharged with VS among patients with trau-

matic brain injury was only 3.6% [25].

Nearly half of all patients in our study, discharged from the ICU with DoC had been admit-

ted to the ICU due to cardiac arrest, while among ICU survivors with good neurological out-

come, the corresponding value was as low as 13%. Despite extensive media coverage of

“miracle recoveries” [27], poor-quality survival in these patients is common. It is known that

following in-hospital cardiac arrest, only about 18% of patients survive to discharge. These out-

comes are even worse among patients who experience out-of-hospital cardiac arrest, where

only 2% to 9% of patients survive to discharge [28].

The long-term outcomes of patients with VS and MCS are important. Many of these

patients improve slightly over time [29]; however, in the short-term, this is not as apparent. In

one report, it was shown that within 2 months of admission in a specialized intensive neuror-

ehabilitation unit, 3.9% of patients admitted with VS or MCS were dead, 35.5% had a full

recovery of consciousness while 66.7% remained in VS or MCS [24]. It has also been shown

that there are no significant differences in the rehabilitation outcomes of patients with non-

traumatic brain injury compared with patients with traumatic brain injur [30,31].

DoC at ICU discharge is a possible outcome not only following cardiac arrest or traumatic

brain injury. Long-term cognitive impairment is also frequent after acute respiratory distress

syndrome [32]. Additionally, it is important to note that ICU admission may be preceded by

profound hypoxia, hypoperfusion or metabolic abnormalities. Therefore, the risk of perma-

nent anoxemic neurological injury is sometimes very high in the period preceding admission

to the intensive care area [2].

Due to these reasons, early identification of patients with DoC is of great importance and

should be done efficiently [33]. A poor neurological status remains a strong predictor of poor

outcome, both at hospital discharge and at one year [34]. An interesting and emerging area is

the use of biomarkers for identifying neurological damage, with plasma S100 protein and neu-

ron-specific enolase being the most promising biomarkers in the field [2].

Although we were not able to find a lot of comparative data, it should be noted that the

results obtained in this multicenter study conducted across Polish ICUs might differ from

results in other countries. These differences relate to the recent correspondence with the Editor

of Intensive Care Medicine on excessive mortality in Polish ICUs [11,30]. This issue has been

already discussed in detail in our previous study from the Silesian ICU Registry, concentrating

on ICU admissions of young adults in Poland [35].

The concept of advanced directives is unknown in Poland; however, since 2014, we have

official guidelines issued by the Polish Society of Anesthesiology and Intensive Therapy

regarding the ineffective maintenance of organ functions (futile therapy) in ICU patients inca-

pable of giving informed statements of will [36]. Unfortunately, there is no data in the Silesian

ICU Registry indicating how many patients with DoC have been treated according to the do-

not-resuscitate (DNR) orders described in these guidelines. In a study by Patel et al., the

authors aimed to explore the effect of the presence and timing of DNR order on short-term

clinical outcomes (including mortality). After propensity score matching, the DNR group had

PLOS ONE ICU discharge with permanent neurological injury

PLOS ONE | https://doi.org/10.1371/journal.pone.0253225 June 25, 2021 8 / 13

https://doi.org/10.1371/journal.pone.0253225


significantly longer stays (9.7 vs 6.0 days, p<0.001), was more likely to be discharged to hospice

(6.5% vs 0.7%, p<0.001) and to die (12.2% vs 0.8%, p<0.001). Interestingly, the timing of DNR

orders was also important, as patients with early DNR (<24 hours from ICU admission) were

less likely to spend time in intensive care, receive a palliative care consultation or die in hospi-

tal, and more likely to be discharged home [37]. Patients with DNR orders (more likely to have

DoC) were also found to be significantly older and had more comorbidities in comparison to

the no-DNR group [37]. Additionally, in our study we were also able to show clear trend to

discharge patients with DoC to another hospitals, instead of treating them in the other medical

or surgical departments of the same hospital where they have been previously treated in the

ICU (Fig 4).

In our study, patients with DoC had higher mean APACHE II and SAPS III scores at

admission compared with non-DoC ICU survivors. Patients discharged with DoC were much

more likely to be admitted to the ICU due to cardiac arrest (49.4% vs 13.0%, p<0.001) and

therefore, were more frequently treated with therapeutic hypothermia (3.8% vs 0.6%,

p<0.001). Generally, DoC is relatively frequent among survivors of cardiac arrest. In a study

by Matthews et al., the majority of patients were treated with therapeutic hypothermia (with a

target temperature range of 32 to 34 oC) and among those who survived to day 7, 25% had a

good neurological recovery (CPC score 1–2), 31% survived to hospital discharge with poor

neurologic recovery (CPC score 3–4) and 44% died [34].

The mean time of ICU stay in our study was confirmed to be much longer in patients dis-

charged with DoC. The reasons for this are probably complex. Despite the fact that the Polish

Society of Anesthesiology and Intensive Therapy published guidelines on futile therapy already

6 years ago [36], these guidelines are still not widely implemented in Poland. This issue has

been already described elsewhere [38].

This problem does not only concern Poland. It has been recently shown that adequate palli-

ative care may be introduced with great heterogeneity and delay in other countries as well

[39]. As a result, many patients with severe DoC remain in the ICU and are sometimes actively

treated. In Poland it is also not easy to arrange a transfer for these patients from the ICU to the

few long-term facilities available [38]. Patients must either give consent for such a transfer or

consent has to be issued by the appropriate court. Unfortunately, no fast-track process has

been created for these patients in Polish law. Our results clearly indicate the net effect of these

problems. Needless to say, these situations create an unnecessary financial burden for the

Polish healthcare system. This issue is of even more relevance and importance in the current

pandemic situation [40]. Our study has several limitations, including an incomplete representa-

tiveness of the sample cohort (i.e. not all Silesian ICUs report to the Silesian ICU Registry). We

had no follow-up data for these patients and therefore, our analysis was restricted only to the

ICU stay. This is a retrospective study, based on Registry data. Therefore, we were strictly lim-

ited to the data available in the Registry and we could not be sure that the diagnosis of VS and

MCS was based on a standardized procedures. We also did not have data on time of use of seda-

tives drugs, time of mechanical ventilation and clinical state at ICU admission. Despite this, the

strengths of the study include the uniqueness and importance of the presented data, a large pop-

ulation sample and a relatively broad representation of ICUs.

Conclusions

We confirmed that discharge with severe DoC (in a VS or MCS) is relatively frequent among

ICU survivors in Poland. Discharge with DoC is more likely in patients who are unconscious

at admission and admitted to the ICU due to cardiac arrest or craniocerebral trauma. All possi-

ble measures should be taken to shorten the ICU stay of these patients once DoC is confirmed.
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