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Abstract

Background

Delirium prevalence is high in critical care settings. We examined the incidence, risk factors,

and outcome of delirium in a medical intensive care unit (MICU) with a particular focus on

liver diseases. We analyzed this patient population in terms of delirium risk prediction and

differentiation between delirium and hepatic encephalopathy.

Methods

We conducted an observational study and included 164 consecutive patients admitted to an

MICU of a university hospital. Patients were assessed for delirium using the Confusion

Assessment Method for ICUs and the Richmond Agitation-Sedation Scale (RASS). On

admission and at the onset of delirium Sequential Organ Failure Assessment (SOFA) score

was determined. A population of patients with liver disease was compared to a population

with gastrointestinal diseases. In the population with liver diseases, hepatic encephalopathy

was graded according to the West Haven classification. We analyzed the incidence, sub-

type, predisposing, precipitating, and health-care setting-related factors, treatment, out-

come of delirium and the association between delirium and hepatic encephalopathy in

patients with liver diseases.

Results

The incidence of delirium was 32.5% (n = 53). Univariable binary regression analyses

adjusted by the Holm-Bonferroni method showed that the development of delirium was sig-

nificantly determined by 10 risk factors: Alcohol abuse (p = 0.016), severity of disease (Sim-

plified Acute Physiology Score (SAPS) II, p = 0.016), liver diseases (p = 0.030) and sepsis

(p = 0.016) compared to the control group (gastrointestinal (GI) diseases and others),

increased sodium (p = 0.016), creatinine (p = 0.030), urea (p = 0.032) or bilirubin (p =

0.042), decreased hemoglobin (p = 0.016), and mechanical ventilation (p = 0.016). Of note,

we identified liver diseases as a novel and relevant risk factor for delirium. Hepatic
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encephalopathy was not a risk factor for delirium. Delirium and hepatic encephalopathy are

both life-threatening but clearly distinct conditions. The median SOFA score for patients with

delirium at delirium onset was significantly higher than the SOFA score of all patients at

admission (p = 0.008). Patients with delirium had five times longer ICU stays (p = 0.004) and

three times higher in-hospital mortality (p = 0.036). Patients with delirium were five times

more likely to be transferred to an intensive medical rehabilitation unit for post-intensive

care (p = 0.020). Treatment costs per case were more than five times higher in patients with

delirium than in patients without delirium (p = 0.004).

Conclusions

The 10 risk factors identified in this study should be assessed upon admission to ICU for

effective detection, prevention, and treatment of delirium. Liver diseases are a novel risk fac-

tor for delirium with a level of significance comparable to sepsis as an established risk factor.

Of note, in patients with liver diseases delirium and hepatic encephalopathy should be rec-

ognized as distinct entities to initiate appropriate treatment. Therefore, we propose a new

algorithm for efficient diagnosis, characterization, and treatment of altered mental status in

the ICU. This algorithm integrates the 10 risk factor prediction-model for delirium and

prompts grading of the severity of hepatic encephalopathy using the West Haven classifica-

tion if liver disease is present or newly diagnosed.

Introduction

With an incidence of 20–80%, delirium is the most common psychiatric disorder in intensive

care units (ICU) [1–5]. According to the Diagnostic and Statistical Manual of Mental Disor-

ders (DSM-5), delirium is defined as a psychiatric disorder due to an organic cause [6]. Delir-

ium, which is characterized by acute onset and fluctuations throughout the day, is associated

with both attention and concentration disorders as well as with other cognitive disorders [7,

8]. According to the Richmond Agitation Sedation Scale (RASS) score, delirium can be classi-

fied into three subtypes: hypoactive, hyperactive, and mixed type delirium [9–12].

Despite the increasing number of studies on delirium published in recent years [2], the

pathophysiology of delirium is still not fully understood. The prevailing assumption is that

delirium has a multifactorial etiology with different pathophysiologies, which mutually deter-

mine and influence each other [13–15]. These pathophysiologies include neurotransmission

disorders [16, 17], elevated cortisol levels as a result of chronic stress [18, 19], systemic inflam-

mation [20–22], hypoxia [22, 23], an aging central nervous system [24–28], and disorders of

melatonin metabolism affecting the sleep-wake cycle [13, 29].

The risk of delirium is determined by (i) predisposing risk factors, (ii) precipitating risk fac-

tors and (iii) health-care setting-related risk factors [1]. Predisposing risk factors comprehend

the characteristics of patients, for example increased age, dementia, frailty, comorbidities such

as cardiovascular and renal disease, alcohol abuse, reduced nutritional status and visual or

hearing impairment. Precipitating risk factors cover a range of insults, taking in the acute med-

ical illness, surgery, dehydration, sepsis, hypoglycemia, pain and medication changes among

others. In addition to these predisposing and precipitating factors, specific health-care setting-

related factors, for example mechanical ventilation or therapeutic interventions, are risk fac-

tors for delirium [1, 13, 30–37]. In the (M)ICU setting typically more than one risk factor is

present and total risk depends on the number of risk factors in each patient. A meta-analysis
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examining delirium-associated mortality in different subpopulations (ICU, medical, post-

acute, and surgical patients) showed that data on delirium depend on the setting of their col-

lection [38].

Delirium remains under-diagnosed. According to the current literature, less than half of

delirium cases in hospital are detected [1, 39]. Especially in approaching the challenges in

achieving better rates of delirium detection, it is important to study different settings [40, 41].

Delirium is a common medical emergency and has been assessed after elective surgery, in

patients with cardiac diseases and in elderly patients. Data on patients with liver diseases are

missing.

Of note, a recent nationwide population-based study in Germany by Gu et al. showed that

cirrhosis represents a considerable healthcare burden, as shown by the increasing in-hospital

mortality. Of clinical relevance, the authors show that alcohol related cirrhosis and complica-

tions as well as non-alcoholic fatty liver diseases are significantly on the rise [42]. The authors

conclude that better management strategies are warranted.

In our study the population of patients with liver diseases has been specifically investigated

in terms of delirium risk prediction and the differentiation of delirium and hepatic encepha-

lopathy as major determinants of mortality. There are major challenges in the implementation

of effective detection, prevention and treatment of delirium and differential diagnosis of

hepatic encephalopathy (HE) in patients with liver diseases [43].

Therefore, we have assessed delirium risk in patients on an MICU with focus on hepatol-

ogy, gastroenterology and infectious diseases. To the best of our knowledge, no study to date

has investigated the outcome and potential risk factors of delirium in a population of patients

with liver diseases.

The burden of liver disease is significant nationally as shown by Gu et al. and worldwide

[42, 44]. Progression of liver disease to fibrosis and cirrhosis and decompensation associated

with critical illness is a major cause of mortality in this population. Acute-on-chronic liver fail-

ure is a recently described entity diagnosed in patients with chronic liver disease and a combi-

nation of hepatic and extrahepatic organ failures (kidney, respiratory, circulatory, brain) [45–

48].

Brain failure is defined as grade 3 or 4 HE diagnosed according to the West Haven classifi-

cation. Grade 3/4 HE has been shown to be independently associated with mortality, regardless

of other organ failures [49]. The pathogenesis of HE is related to hyperammonemia, gut micro-

bial dysbiosis and systemic inflammation in the setting of precipitating factors like infections

or medication. It is important to consider other causes of altered mental status in addition to

HE because patients with chronic liver disease are also affected by mental changes related to

infections, medications, electrolyte imbalances, alcohol and illicit drugs, and strokes [46]. HE

and delirium are life-threatening conditions and making the right diagnosis early is key to spe-

cific treatment schedules and a better outcome.

Therefore, our objectives were to study delirium in a medical ICU setting with focus on a

population of patients with liver diseases regarding (i) incidence, (ii) motoric subtypes, (iii)

predisposing risk factors, (iv) precipitating risk factors, (v) health-care setting-related risk fac-

tors (vi) differential diagnosis hepatic encephalopathy, (vii) clinical outcome, and (viii) eco-

nomic consequences.

Material and methods

Study design and patient characteristics

To investigate incidence, subtype, predisposing risk factors, precipitating risk factors, health-

care setting-related risk factors, economic consequences and outcome of delirium and HE in

PLOS ONE Liver diseases and delirium in the ICU

PLOS ONE | https://doi.org/10.1371/journal.pone.0276914 November 22, 2022 3 / 24

https://doi.org/10.1371/journal.pone.0276914


an MICU setting, the study included all patients treated at a MICU of a German University

hospital between February and August 2017. A specific focus of the study was to establish a

new algorithm for the diagnosis, characterization, and treatment of altered mental status in the

ICU that allows to differentiate the life-threatening conditions sepsis, delirium, and hepatic

encephalopathy. The study was approved by the Ethical Committee of the University of

Regensburg, Regensburg, Germany. Written informed consent was obtained. In total, 250

patients were assessed for eligibility.

Assessment for coma

Inclusion criteria were a Richmond Agitation-Sedation Scale (RASS) score of� -3 and an ICU

stay of at least 24 h. The RASS score was used to assess the level of patient alertness or agitation

and the subtype of delirium [9]. In accordance with the DSM-5 criteria and the Statement of

the Board of the European Delirium Association and the American Delirium Society, patients

with all states of altered arousal except coma were included in our study (RASS score� -3) [7,

50]. 30 patients were in coma and were excluded, 39 patients were excluded due to ICU

stay < 24 h and 17 patients were excluded due to missing data. Accordingly, 164 patients were

included in the study.

Assessment for delirium

The delirium status was evaluated by means of the Confusion Assessment Method for ICUs

(CAM-ICU) [51–54] out of 164 patients were diagnosed with delirium. Due to cerebral hem-

orrhage one patient was excluded [7]. Overall, 53 patients with delirium of 163 patients in total

were included in the analyses (Fig 1).

Furthermore, a risk factor assessment was performed, which included the clinically most

relevant predisposing risk factors, precipitating risk factors and health-care setting-related risk

factors for delirium, consistent with the current literature [1].

Predisposing (= premorbid) risk factors for delirium are factors included in the background

characteristics of patients. In our study these risk factors included age, sex, BMI, tobacco use,

and alcohol abuse. Tobacco use was defined as daily consumption. Alcohol abuse was defined

as> 12 g alcohol/day for women and > 24 g alcohol/day for men [54].

Precipitating factors for delirium comprise acute insults. Therefore, acute illnesses such as

liver diseases or sepsis, severity of disease (Simplified Acute Physiology Score [SAPS] II), elec-

trolyte imbalance, and other laboratory parameters were included.

In addition to predisposing and precipitating risk factors, specific health-care setting-

related factors, such as mechanical ventilation and therapeutic interventions, which are known

risk factors for hospital-acquired delirium were addressed (Tables 1 and 3).

In patients without delirium, we analyzed the values of the SAPS II score and laboratory

parameter recorded on admission to the ICU, and in patients with delirium, the values mea-

sured at the onset of delirium. In addition, we assessed whether the patients had an increased

risk of developing delirium within 48 hours after termination of mechanical ventilation

(Table 1).

The acute medical illness was categorized into three disease entities, (i) liver diseases, (ii)

sepsis, and (iii) gastrointestinal (GI) diseases and others. This comparison was performed to

evaluate whether patients with liver diseases or sepsis could have an increased risk for delirium

compared to GI diseases or others (control group). Patients with liver diseases and sepsis, i.e.,

two conditions, were diagnosed acute-on-chronic liver failure (ACLF) and were therefore cate-

gorized in group i (liver diseases). In the sepsis group (ii) there were no patients with underly-

ing liver diseases, and we have given the causes of sepsis in Table 2. Table 2 provides a detailed
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Fig 1. Study design and inclusion of patients. RASS = Richmond Agitation Sedation Scale, SAPS II = Simplified Acute Physiology Score II, SOFA

score = Sepsis-related organ failure assessment score, CAM-ICU = Confusion Assessment Method for Intensive Care Unit, HE = Hepatic

encephalopathy.

https://doi.org/10.1371/journal.pone.0276914.g001
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list of diseases in the respective subgroups. Furthermore, we aimed to establish an algorithm to

distinguish delirium from HE in the subgroup of patients with liver diseases.

Assessment for hepatic encephalopathy in the subgroup of patients with

liver diseases

In the subgroup of patients with liver diseases HE has been diagnosed according to the West

Haven classification, which is the gold standard for the assessment of HE [55, 56]. Neurologi-

cal symptoms of HE as asterixis (= flapping hand tremor), which have a good inter-rater reli-

ability, were additionally recorded [46, 57].

Table 1. Patient characteristics and risk factors.

n Patients without delirium

n = 110

Patients with delirium

n = 53

Predisposing risk factors

Age (med, IQR) 163 60.0 (42.5–69.0), n = 110 63.0 (54.0–73.0), n = 53

Sex 163

Men (%) 93 59 (63.4) 34 (36.6)

Women (%) 70 51 (72.9) 19 (27.1)

BMI (med, IQR) 161 24.8 (21.6–28.0), n = 109 25.9 (23.0–29.1), n = 52

Tobacco use 153

No (%) 91 25 (27.5) 66 (72.5)

Yes (%) 62 23 (37.1) 39 (62.9)

Alcohol abuse 157

No (%) 99 79 (79.8) 20 (20.2)

Yes (%) 58 27 (46.6) 31 (53.4)

Precipitating risk factors

SAPS II score (med, IQR) 153 13.0 (8.5–20.0), n = 102 23.0 (16.0–31.5), n = 51

Acute medical illness 163

Liver diseases (%) 45 25 (55.6) 20 (44.4)

Sepsis (%) 27 12 (44.4) 15 (55.6)

GI diseases and others (= control group)

(%)

91 73 (80.2) 18 (19.8)

Hepatic encephalopathy1 17 6 (35.3) 11 (64.7)

Healthcare setting related risk factors

Mechanical ventilation 161

No (%) 117 90 (76.9) 27 (23.1)

Yes (%) 44 18 (40.9) 26 (59.1)

Interventions2 140

No (%) 64 47 (44.8) 17 (48.6)

Yes (%) 76 58 (55.2) 18 (51.4)

Presentation of patient characteristics, predisposing (age, sex, BMI, tobacco use, alcohol abuse), precipitating (acute

medical illness, SAPS II score), and health-care setting-related (interventions and surgeries, mechanical ventilation)

related risk factors.
1Hepatic encephalopathy defined according to the West Haven classification
2 n = 55 (72.4%) of the interventions were GI endoscopies.

BMI = Body Mass Index; med = Median; GI = gastrointestinal; IQR = Interquartile range; SAPS = Simplified Acute

Physiology Score.

https://doi.org/10.1371/journal.pone.0276914.t001
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Assessment of Model for End-Stage Liver Disease (MELD) score

The MELD score, a well-established indicator of the mortality of patients with end-stage liver

disease, was calculated for each patient with liver diseases using the following equation [58, 59]:

MELD score = 9.57 x ln(serum creatinine) + 3.78 ln(total bilirubin) + 11.2 x ln(interna-

tional normalized ratio) + 6.43

Assessment of sequential organ failure assessment (SOFA) score

Admission SOFA score for all patients and for patients with delirium SOFA Score at onset of

delirium was determined [60–64]. The respiratory SOFA component was determined accord-

ing to [65, 66].

Pharmacological treatment of delirium

Expert consensus supports a limited role for drugs in the treatment of patients with delirium

[67]. Therefore, the medication that patients received on average per day during delirium was

Table 3. Laboratory parameters (med, IQR).

n Patients without delirium n = 110 Patients with delirium n = 53

Sodium (mmol/l) 162 139.0 (136.0–142.0), n = 110 143.0 (139.0–142.0), n = 52

Hemoglobin (g/dl) 162 10.7 (8.5–13.0), n = 110 8.7 (7.8–9.9), n = 52

Creatinine (mg/dl) 154 0.89 (0.70–1.4), n = 108 1.3 (0.71–2.2), n = 46

Urea (mg/dl) 162 38.0 (25.8–85.0), n = 110 71.5 (39.0–112.0), n = 52

Bilirubin (mg/dl) 161 0.80 (0.45–1.8), n = 109 1.25 (0.70–6.9), n = 52

CRP (mg/l) 147 36.1 (14.6–109.8), n = 96 57.2 (35.7–92.9), n = 51

Selected, clinically relevant laboratory parameter from clinical chemistry and blood count included in the evaluation

as precipitating risk factors.

CRP = C-reactive protein; med = Median; GI = gastrointestinal; IQR = Interquartile range; SAPS II = Simplified

Acute Physiology Score.

https://doi.org/10.1371/journal.pone.0276914.t003

Table 2. List of diseases of patients in subgroups i, ii, and iii.

Liver diseases (i) n = 45 n(%) Sepsis (ii) n = 27 n(%) GI diseases and others (iii) n = 91 n(%)

Acute decompensated liver cirrhosis 30 (66.7) Abdominal sepsis 14 (51.9) Gastrointestinal bleeding 15 (16.5)

Acute on chronic liver failure 9 (20.0) Pulmonary sepsis 10 (37.0) Pancreatitis 12 (13.2)

Acute liver failure 5 (11.1) Cutaneous sepsis 2 (7.4) Motility disorders 6 (6.6)

Acute Budd-Chiari syndrome 1 (2.2) Urogenital sepsis 1 (3.7) Gastrointestinal cancer 4 (4.4)

GI-Perforation 3 (3.3)

Foreign body ingestion 3 (3.3)

Intoxication 6 (6.6)

Parasitic diseases 1 (1.1)

Autoimmune and metabolic diseases 13 (14.3)

Acute exacerbations of chronic obstructive pulmonary disease 12 (13.2)

Cardiovascular disease 8 (8.8)

Kidney diseases 4 (4.4)

Neurologic/psychiatric diseases 4 (4.4)

List of diseases of patients in subgroups i (liver diseases), ii (sepsis), and iii (GI diseases and others). Sepsis was defined according to The Third International Consensus

Definitions for Sepsis and Septic Shock (Sepsis-3) [62].

https://doi.org/10.1371/journal.pone.0276914.t002
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analyzed and compared to the medication of patients without delirium. A subgroup analysis

was performed for patients with liver diseases. Chi-squared test was used to test for

significance.

Assessment of the outcome and the consequences for the health system

Patient outcome was assessed by means of length of the ICU stay, in-hospital mortality, and

transfer to an intensive medical rehabilitation unit for post-intensive care. In addition, costs

for the healthcare system were calculated using German diagnosis-related group (G-DRG)-

based reimbursement.

Statistical analyses

Data were self-reported by the patients, obtained from the in-house patient data management

system Metavision (iMDsoft, Dusseldorf, Germany) and from the SAP hospital information

system (SAP, Walldorf, Germany). Analyses were performed using absolute and percentual

frequency (n, %) and median including interquartile range (IQR). Due to the number of

patients with delirium, univariable analyses were conducted. Mann-Whitney-U-tests for inde-

pendent samples were used to compare ICU outcomes between patients with and without

delirium. The effect of 17 demographic and clinical parameters on the development of delir-

ium was analyzed using univariable binary logistic regressions. For patients with liver disease,

subgroup analyses were performed regarding the diagnosis of HE and the respective pharma-

cological treatment. Odds ratios (OR) including 95% confidence interval (CI) are presented.

Statistical analyses were conducted with SPSS Statistics 26 (SPSS Inc, Chicago, Illinois). The

level of significance was set at ptwo-sided� 0.050. Adjustments for multiple testing were per-

formed by the Holm-Bonferroni method for risk factors of delirium in an MICU (Table 4) as

well as for clinical outcome and health-care expenditure (Table 5).

Results

Incidence of delirium, hepatic encephalopathy, and patient characteristics

Of the 163 patients included, 53 (32.5%) developed delirium. Median age of all patients was

60.0 years (IQR = 50.0–70.0), median BMI 25.4 kg/m2 (IQR = 22.5–28.4), and median SAPS II

score 17.0 (IQR = 10.0–23.0). The majority of the patients were men (57%). The percentages

for substance abuse were 36.9% for alcohol and 40.5% for tobacco use. The median time until

onset of delirium was 3.0 days (IQR = 1.0–9.5). There was no significant difference between

the subgroups (liver diseases: 3.0 days (IQR = 1.0–8.0), sepsis: 4.0 days (IQR = 1.0–10.0) and

GI diseases and others: 2.5 days (IQR 1.0–10.25), p = 0.398). The median time until onset of

delirium in the different subgroups is presented in Fig 2.

Furthermore, Tables 1 and 2 illustrate the characteristics of the patients with and without

delirium, including their demographic data, acute medical illness, and therapeutic interven-

tions grouped by predisposing-, precipitating-, and health-care setting-related risk factors.

Furthermore, the subgroup of patients with liver diseases, who presented with hepatic enceph-

alopathy with or without concomitant delirium is depicted in Table 1. Table 3 shows clinically

relevant laboratory parameters including clinical chemistry and blood count.

Motoric subtype of delirium

In our MICU patient cohort, the mixed delirium subtype was predominant with 60.4%, fol-

lowed by the hypomotoric (28.3%), and hypermotoric (11.3%) subtypes (Fig 3A). A compari-

son of the incidence of delirium among patients in the three ‘acute medical illness’ groups
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revealed that patients with liver diseases or sepsis were significantly more likely to develop

delirium compared to patients with GI and other diseases (= control group) (44.4%

resp. 55.6% vs. 19.8%, p = 0.030 and p = 0.016, respectively) (Fig 3B). Furthermore, there was a

trend that patients with liver disease suffered more frequently from the hypermotoric form of

delirium than patients with sepsis (15.0% vs. 0%) (Fig 3C and 3D).

Risk prediction of delirium in the MICU–identification of 10 relevant risk

factors

Univariable analyses with Holm-Bonferroni correction showed a significant impact of 10 clini-

cally relevant risk factors associated with the development of delirium. These include alcohol

abuse (p = 0.016), severity of disease (Simplified Acute Physiology Score II, p = 0.016), liver

diseases (p = 0.030) and sepsis (p = 0.016) compared to the control group (gastrointestinal

(GI) diseases and others), elevated sodium (p = 0.016), creatinine (p = 0.030), urea (p = 0.032)

or bilirubin (p = 0.042), decreased hemoglobin (p = 0.016), and mechanical ventilation

(p = 0.016) (Table 4, Fig 4).

Table 4. Risk factors of delirium in an MICU.

Odds ratio 95% CI p-value after Holm-Bonferroni-correction

Predisposing risk factors

Age 1.02 1.00 1.04 0.282

Sex 0.65 0.33 1.27 0.830

BMI 1.04 0.98 1.10 0.830

Tobacco use1 1.56 0.78 3.11 0.830

Alcohol abuse2 4.54 2.23 9.24 0.017

Precipitating risk factors

SAPS II " 1.10 1.06 1.14 0.017

Acute medical illness3

Liver diseases 3.24 1.48 7.09 0.033

Sepsis 5.07 2.02 12.69 0.017

compared to GI diseases and others (= control group)

Hepatic encephalopathy4 3,87 1.09 13.8 0.259

Sodium " 1.13 1.06 1.20 0.017

Hemoglobin # 0.78 0.67 0.91 0.017

Creatinine " 1.73 1.20 2.49 0.033

Urea " 1.01 1.00 1.02 0.036

Bilirubin " 1.07 1.02 1.12 0.048

CRP " 1.00 1.00 1.01 1.000

Healthcare setting related risk factors

Mechanical ventilation5 4.81 2.30 10.08 0.017

Interventions 0.92 0.43 1.96 1.000

17 univariable binary logistic regression analyses were conducted. Consecutively Bonferroni-Holm p-value adjusting was performed.
1reference = no tobacco use
2reference = no alcohol abuse
3reference = GI diseases and others (control group, n = 91)
4only patients with liver diseases were considered
5reference = no mechanical ventilation

"/# = increase resp. decrease of delirum propability regarding increase in parameter per unit; BMI = Body Mass Index; CI = confidence interval; CRP = C-reactive

protein; GI = gastrointestinal; MICU = medical intensive care unit; SAPS II = Simplified Acute Physiology Score.

https://doi.org/10.1371/journal.pone.0276914.t004
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Predisposing factors

Predisposing risk factors constitute the background characteristic of patients like age, tobacco

use or alcohol abuse [1]. Our studies showed that patients with alcohol abuse as a predisposing

factor exhibited a five-time higher delirium probability (95%CI = 2.23–9.24) compared to

Table 5. Clinical outcome and healthcare system consequences of patients with delirium.

Patients without delirium (n = 110) Patients with delirium (n = 53) p-value after Holm-Bonferroni-correction

Clinical outcome

ICU stay in days (med, IQR) 3.0 (2.0–6.0) 14.0 (8.0–20.5) 0.004

In-hospital mortality (n, %)

No 102 (92.7) 41 (77.4) 0.036

Yes 8 (7.3) 12 (22.6)

Post-intensive care (n, %)1

No 98 (96.1) 33 (79.5) 0.020

Yes 4 (3.9) 8 (19.5)

Healthcare system consequences

Healthcare system expenditure in € 6,020 33,220 0.004

(med, IQR) (2,954–14,037) (13,599–61,485)

Overview of clinical outcome (duration of the ICU stay, transfer to intensive medical rehabilitation unit) and healthcare system consequences (costs in €) of patients

with or without delirium.
1Transfer to an intensive medical rehabilitation unit after the ICU stay (n = 102 without delirium, n = 41 with delirium).

ICU = intensive care unit; med = Median; IQR = Interquartile range

https://doi.org/10.1371/journal.pone.0276914.t005

Fig 2. Median time until onset of delirium in the subgroups of patients with liver diseases, sepsis, and GI diseases and others (control).

GI = gastrointestinal.

https://doi.org/10.1371/journal.pone.0276914.g002
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Fig 3. A: Incidence and motoric subtypes of delirium. B: Liver disease (p = 0,003) and sepsis (p = 0,016) are predictors for delirium. C:

Motoric subtypes of delirium in patients with liver diseases. D: Motoric subtypes of delirium in patients with sepsis. E: Motoric subtypes

of delirium in patients with GI and other diseases. GI = gastrointestinal.

https://doi.org/10.1371/journal.pone.0276914.g003
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patients without alcohol abuse (p = 0.016). Increased age was shown to be a predisposing for

delirium in univariable analysis (p = 0.047). After Holm-Bonferroni correction this parameter

lost its significance. This is most likely due to the age distribution of the patients at this specific

MICU with a median of 60 years. The following parameters did not affect delirium probability:

age, sex, BMI, and tobacco use.

Fig 4. New checklist of the ten clinically most relevant risk factors for delirium in the MICU identified in this study. SAPS

II = Simplified Acute Physiology Score, HE = Hepatic Encephalopathy.

https://doi.org/10.1371/journal.pone.0276914.g004
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Precipitating factors

Precipitating risk factors represent factors associated with the acute medical illness [1]. 45

patients were admitted to the ICU due to liver diseases (group i), 27 patients due to sepsis

(group ii) and 91 patients due to GI and other diseases (group iii). The exact diseases classified

in the corresponding subgroups are listed in Table 2.

Liver diseases as a novel risk factor for delirium

In our studies, patients with liver diseases were three times more likely to have delirium (95%

CI = 1.48–7.09, p = 0.030) and patients with sepsis were five times more likely to have delirium

(95%CI = 2.02–12.39, p = 0.016) compared to patients with GI diseases and other diseases

(control group). Patients with liver diseases displayed a comparable and elevated risk of delir-

ium in comparison to patients with sepsis (95%CI = 0.245–1.672, p = 0.361).

Diagnosis of hepatic encephalopathy based on the West Haven

classification in patients with liver diseases

The incidence of HE and/or delirium was analyzed in the subgroup of patients with liver dis-

eases. HE according to the West Haven Criteria was diagnosed in 37.8% of patients with liver

diseases, of which 23.5% presented with asterixis (= flapping hand tremor) (Fig 5A and 5B). In

11.8% of patients with hepatic encephalopathy grade 1 HE was diagnosed according to the

West Haven Criteria, in 41.2% HE grade 2, in 29.4% HE grade 3 and in 17.6% HE grade 4 (Fig

4). Patients with HE and delirium presented with HE West Haven grade 2.0 (IQR 2.0–3.0) in

median, patients with HE and without delirium with a median HE West Haven grade 2.5 (IQR

2.0–4.0) on average. HE was not a risk factor for delirium (p = 0.259). Bilirubin was signifi-

cantly elevated in patients with hepatic encephalopathy (3.1 mg/dl, IQR = 1.65–17.6) com-

pared to patients without hepatic encephalopathy (0.80 mg/dl, IQR = 0.5–1.8), p<0.001.

While 42.2% of patients with liver diseases had neither HE nor delirium, 13.3% had HE and

no delirium, 20.0% had delirium and no HE, and 24.4% had delirium and HE (Fig 5C). In

addition, there was no significant difference in West Haven grades between patients with posi-

tive or negative CAM-ICU (p = 0.462).

The MELD scores in patients with liver diseases (subgroup i) did not differ significantly

between patients with delirium (21.5, IQR = 17.5–28.25) and without delirium (16,

IQR = 12.5–26.5), p = 0.102. Thus, the presence of liver disease could per se favor delirium. Of

clinical relevance and in accordance with the current literature, the MELD score was shown to

be significantly higher in patients with hepatic encephalopathy (26, IQR = 17–30) compared to

patients without hepatic encephalopathy (16, IQR = 12–22.75), p = 0.004.

These findings demonstrate that the two entities delirium and HE are independent and

should be distinguished in the diagnosis, characterization, and treatment of an altered mental

status in the ICU. Delirium and HE may occur concomitantly in some patients with liver dis-

eases, but delirium is not a consequence of HE or vice versa.

Severity of disease and laboratory parameters as risk factors for delirium

In addition, severity of disease (SAPS II; p = 0.016) was shown to predispose for delirium. Ele-

vated sodium (p = 0.016), creatinine (p = 0.030), urea (p = 0.032), and bilirubin values

(p = 0.042) increased the risk of developing delirium. In contrast and of clinical relevance, ele-

vated hemoglobin levels decreased the probability of developing delirium (p = 0.016). The

probability of delirium was not affected by C-reactive protein (CRP) (p = 1.000).
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Fig 5. A: Hepatic Encephalopathy (HE) classified according to the West Haven (WH) criteria in the subgroup of patients with liver

diseases. B: asterixis (= flapping hand tremor) in patients with HE. C: Incidence of delirium and/or HE in the subgroup of patients with

liver disease.

https://doi.org/10.1371/journal.pone.0276914.g005
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Health-care setting-related factors

Furthermore, health-care setting-related factors for delirium, such as mechanical ventilation

and therapeutic interventions were addressed in our studies [1]. After mechanical ventilation,

patients showed a five times increased delirium probability (95%CI = 2.18–9.74) compared to

patients without previous mechanical ventilation (p = 0.016). 76 interventions, predominantly

GI-endoscopies (n = 55, 72.4%), were performed. These interventions did not increase the risk

of delirium (p = 1.000).

SOFA score on admission and at onset of delirium

For all patients the SOFA score at admission was determined. In addition—for patients with

delirium—the SOFA Score at onset of delirium was calculated. The SOFA score of all included

patients on admission to the ICU showed a median of 5.0 (IQR 2.0–8.0). The median SOFA

score for patients with delirium at delirium onset was 6.0 (IQR 4.0–9.0), which was signifi-

cantly higher than the SOFA Score of all patients on admission (p = 0.008).

Pharmacological treatment of delirium

The medication patients received during delirium was assessed. Compared to patients without

delirium, patients with delirium received significantly more clonidine (p = 0.030), dexmedeto-

midine (p<0.001), haloperidol (p<0.001) and melperone (p = 0.005) for treatment.

In a subgroup analysis of patients with liver diseases, medication received by patients dur-

ing delirium was compared to the medication received by patients with HE. This revealed that

patients with HE were significantly more likely to be treated with lactulose (p = 0.001).

Regarding the use of haloperidol, it is noteworthy that none of the patients with HE and

without delirium were treated with haloperidol. In conclusion, patients with delirium were

treated differently in comparison to patients with HE. This is of clinical relevance as it under-

scores that delirium and HE are two distinct conditions that require specific management and

treatment strategies. Making the right diagnosis early on admission to the ICU is crucial in

these critically ill patients with altered mental status to initiate an appropriate and specific

management plan.

Therefore, we suggest an algorithm—illustrated in Fig 6 - for the diagnosis, characterization

and treatment of altered mental status upon admission to the ICU which includes a new

checklist for the 10 most relevant risk factors for delirium and the assessment of HE in patients

with liver diseases.

Clinical outcome of patients with delirium

After identification of the predictors for delirium and assessment of HE in the subgroup of

patients with liver diseases, clinical outcome and healthcare system implications were analyzed.

Table 5 presents the results of outcome comparisons. Patients with delirium (14 days, IQR = 8.0–

20.5) stayed significantly longer in the ICU than patients without delirium (3 days, IQR = 2.0–6.0)

(p = 0.004). A total of 20 (12.2%) patients died in-hospital. Patients with delirium were more likely

to die in-hospital compared to patients without delirium (22.6 vs. 7.3%, p = 0.036). Patients with

delirium were more likely to be transferred to an intensive medical rehabilitation unit as post-

intensive care than patients without delirium (19.5% vs. 3.9%, p = 0.02).

Health care expenditure

A calculation of treatment costs by analysis of the G-DRG triggered reimbursement revealed

that patients with delirium generated significantly higher treatment costs (p = 0.004). Costs for
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the healthcare system were 33.220 € (IQR = 13.599 € – 61.485 €) for each patient with delirium

vs. 6.020 € (IQR = 2.954 € – 14.037 €) for each patient without delirium (Table 5).

Discussion

The prevalence of delirium is high in critical care settings. Here, we specifically examined

delirium prevalence in an MICU setting in a cohort of patients with liver diseases compared

with a patient population with gastrointestinal and other diseases.

53 out of the 163 patients included (32.5%) developed delirium during their MICU stay as

diagnosed by the CAM-ICU. This percentage is consistent with the published pooled preva-

lence of 31.8% in a systemic review of studies from North and South America, Europe and

Asia including ventilated and non-ventilated patients [68]. To date, most available data

focused on ICUs with a surgical or cardiac focus [2]. Here we provide evidence that the risk of

delirium is comparably high in MICU patients with liver diseases and that this study popula-

tion should be specifically evaluated when screening for delirium to improve the probability of

detection, and thus quality of care.

Delirium still remains under-diagnosed, with less than half of delirium cases in hospital

being detected. Thus, understanding and reviewing risk factors that predispose to and precipi-

tate delirium is critical for optimal detection, early diagnosis and treatment [1, 39]. Multiple

predisposing factors and precipitating factors for delirium have been described. In addition,

specific health-care setting-related factors, such as mechanical ventilation are risk factors for

delirium.

We have established a new checklist with 10 relevant risk factors for delirium sorted by p

value for clinical use in patients referred to the ICU. These include (i) alcohol abuse, (ii) sever-

ity of disease (SAPS II), (iii) liver diseases, (iv) sepsis, (v) increased sodium, (vi) decreased

Fig 6. Proposed new algorithm for the diagnosis, characterization and treatment of altered mental status in the ICU.

https://doi.org/10.1371/journal.pone.0276914.g006
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hemoglobin, (vii) increased creatinine, (viii) increased urea, (ix) increased bilirubin, and (x)

mechanical ventilation. We identified alcohol abuse as a relevant predisposing risk factor for

delirium. Chronic alcohol abuse is known to affect the metabolism of the brain due to the

influence of GABA-A and NMDA receptors, leading to increased excitability and subsequently

to delirium [69]. Age, sex, BMI and tobacco use did not significantly predict delirium in our

MICU patient cohort.

That delirium was significantly associated with an increased SAPS II reflects the undisputed

fact that severity of disease is an established precipitating risk factor for ICU-acquired delir-

ium. Moreover, delirium per se could also increase the severity of disease [70, 71].

The new findings relate to the diagnosis of an underlying liver disease as an risk factor for

delirium. Of note, liver diseases could carry a much higher risk of delirium compared to gas-

trointestinal or infectious diseases. We therefore suggest that assessment of an underlying liver

disease should be included in future delirium prediction models.

Consistent with our recent finding that liver diseases are an important risk factor for delir-

ium, we identified elevated bilirubin levels to be a relevant precipitating factor. High bilirubin

concentrations are independent variables associated with the risk of 1-week mortality [72]. A

bilirubin concentration�3.45 mg/dL in patients with chronic liver disease on hospital admis-

sion is a predictor of short-term mortality [73].

Furthermore, the clinical significance of liver disease as precipitating factor for delirium was

confirmed in that the statistical significance of risk correlation was comparable to that of patients

with sepsis, renal disease and alcohol abuse, which are established risk factors [13, 74, 75].

Of note, HE, which is a well-known complication of liver diseases does not constitute a risk

factor for delirium. There was no significant difference in West Haven grades between patients

with positive or negative CAM-ICU. The other way round the patients with hepatic encepha-

lopathy had a higher MELD Score than patients without hepatic encephalopathy, but MELD

Score between patients with liver disease with and without delirium did not differ. Therefore

our results show that HE and delirium are two entities, which should be differentiated.

Therefore, we propose a new algorithm that integrates our data into the respective interna-

tional guidelines on delirium, sepsis, and liver cirrhosis [62, 76–82]. This algorithm considers

the 10 risk factor prediction-model for delirium and prompts grading of the severity of hepatic

encephalopathy using the West Haven classification if liver disease is present or newly diag-

nosed. This diagnostic algorithm could be helpful to distinguish delirium from HE in ICU

patients (Fig 6).

We suggest adding “liver disease” as clinically relevant new risk factor when screening for

delirium. If the diagnosis of “liver disease” is established, assessment could be completed with

the proposed new algorithm for the diagnosis, characterization and treatment of altered men-

tal status, including HE grading according to the West Haven classification.

Hypovolemia is a known risk factor for delirium [4, 43]. Consistently, our study showed

that patients with delirium also had significantly elevated sodium levels. However, hemoglobin

levels in the normal range appear to reduce the risk of delirium, whereas high sodium levels as

a sign of hypovolemia, tend to promote delirium. Therefore, our findings support studies pro-

claiming that anemia is one of the risk factors for delirium [83, 84]. Of clinical importance, we

identified mechanical ventilation as an important health-care setting-related factor for ICU-

acquired delirium.

ICU and hospital length of stay were significantly higher for patients with delirium, com-

pared to those without delirium [85–89]. Patients with delirium needed more time to reach a

physical and cognitive state which enabled discharge from acute care. In accordance with

other published study results [85, 86], our study confirmed that delirium is associated with

increased in-hospital mortality [90].
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Moreover, patients with delirium generated more than five times higher treatment costs.

Only a limited number of studies have focused on the treatment costs of ICU patients with

delirium, so far. Weinrebe et al. found that patients with hyperactive delirium generated addi-

tional costs of € 1,200 [87]. In our MICU cohort, the mean difference in DRG-based reim-

bursement for patients with and without delirium was considerably higher € 27,199 (€ 6,021

vs. € 33,220). This considerably larger difference in treatment costs may be explained by the

fact that, in contrast to the study by Weinrebe et al. [87], our study was conducted in an ICU.

Furthermore, we also integrated patients with hypoactive and mixed subtype of delirium in

our analyses.

Regarding transfer goals, we found that patients with delirium were five times more likely

to be transferred to an intensive medical rehabilitation unit for post-intensive care. This find-

ing may reflect the protracted course of recovery following delirium and or hepatic encepha-

lopathy of patients with chronic liver disease [88, 89].

Limitations

This study has several limitations. First, the sample size is small. Second, this study is a single-

center study. Larger-scale multi-center studies are needed to confirm these findings, especially

to confirm the detected risk factors. Another limitation is that the treatment costs were calcu-

lated according to the G-DRG triggered reimbursement, treatment costs essentially reflect the

situation in Europe.

Conclusions

In summary, delirium is of high relevance in an MICU with focus on liver, gastrointestinal

and infectious diseases. Particular attention should be paid to patients with liver disease to

enable prevention, early identification, and intervention in this patient cohort. It is of thera-

peutical relevance to clearly differentiate delirium and hepatic encephalopathy in this popula-

tion. Based on our data, “liver diseases” should be considered as a clinically relevant new risk

factor when screening for delirium. Therefore, we propose a new algorithm that integrates our

data into the respective international guidelines on delirium, sepsis, and liver cirrhosis.
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