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Abstract 

BACKGROUND:  

Delirium is frequent in elderly patients presenting in the emergency department (ED). 

Despite the severe prognosis, the majority of delirium cases remain undetected by emergency 

physicians (EPs). At the time of our study there was no valid delirium screening tool 

available for EDs in German-speaking regions. We aimed to evaluate the brief Confusion 

Assessment Method (bCAM) for a German ED during the daily work routine. 

 

METHODS:  

We implemented the bCAM into practice in a German interdisciplinary high volume ED, and 

evaluated the bCAM’s validity in a convenience sample of medical patients aged ≥70 years. 

The bCAM, which assesses four core features of delirium, was performed by EPs during their 

daily work routine and compared to a gold standard based on the criteria for delirium as 

described in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.  
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RESULTS:  

Compared to the gold standard, delirium was found to be present in 46 (16.0%) of the 288 

non-surgical patients enrolled. The bCAM showed 93.8% specificity (95% CI 90.0 – 96.5) 

and 65.2% sensitivity (95% CI 49.8 – 78.7). Positive and negative likelihood ratios were 10.5 

and 0.37, respectively, while the odds ratio was 28.4. Delirium was missed in 10 / 16 cases, 

since the bCAM did not indicate altered levels of consciousness and disorganized thinking. 

The level of agreement with the gold standard increased for patients with low cognitive 

performance. 

 

CONCLUSION:  

This was the first study evaluating the bCAM for a German ED and when performed by EPs 

during routine work. The bCAM showed good specificity, but only moderate sensitivity. 

Nevertheless, application of the bCAM most likely improves the delirium detection rate in 

German EDs. However, it should only be applied by trained physicians in order to maximize 

diagnostic accuracy, and hence improve the bCAM’s sensitivity. Future studies should refine 

the bCAM.  

 

Introduction 

Delirium is a frequent problem in emergency departments (EDs) worldwide, but is often 

missed by physicians and nurses, potentially leading to inadequate medical care and adverse 

outcomes.1–3 Delirium is clinically defined as an acutely-developing and fluctuating 

syndrome with impaired attention and awareness (defined as orientation to the environment), 

as well as additional changes to the cognitive state.4 It is especially prevalent in older 

patients, since they generally have lower cognitive reserve and are more vulnerable to risk 
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factors;5 this is also particularly true if there is pre-existing neurocognitive impairment such 

as dementia.1,6,7  

 

As both the gateway to and gatekeeper of hospital care, the ED plays a crucial role in the 

diagnosis of delirious patients. Eight – 17% of older patients in American and German EDs 

present with symptoms of delirium.7–9 Rapid on-site diagnosis and subsequent identification 

of the underlying health problem is critical to each patient's ongoing medical care. Many 

causes of delirium are reversible if they are recognized early, and can even be resolved in the 

ED without the need for hospital admission.10 Prompt diagnosis and intervention in the ED is 

particularly important if delirium is triggered by a life-threatening condition such as alcohol 

withdrawal, hypoglycemia, intoxication, intracerebral hemorrhage, or meningitis.5,11  

 

Despite there being evidence for the importance of already recognizing patients with delirium 

in the ED and the presence of various validated delirium screening tools for the ED setting,12 

the implementation of these screenings is still lacking in many EDs. As a result, delirium is 

only detected in 11 - 46% of ED cases.13 In particular, hypoactive delirium, which is the most 

frequent subtype in older patients, often goes undetected.7,14 Up to 26% of elderly delirious 

patients are even sent home from the ED,15,16 while in the patients who are admitted to 

hospital, delirium remains unrecognized in 90% of those in whom it was missed in the ED.7  

 

Delirium as defined by the Diagnostic and Statistical Manual of Mental Disorder, Fifth 

Edition (DSM-5) is defined clinically and various screening tools have been developed to 

operationalize the diagnostic criteria.17 Given that the ED differs strongly from other hospital 

departments in terms of its high patient turnover, fast workflow, and short patient stays, 
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adjustments have to be made to the common delirium screening tools in order to carry out 

proper screening in this setting. In particular, information about the onset and fluctuation of 

symptoms is often unavailable in the ED.  

 

The brief Confusion Assessment Method (bCAM), developed by Han et al.,18 is an adaption 

of the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU),19 both of 

which are based on the Confusion Assessment Method (CAM).20 In contrast to the CAM, 

which takes at least five minutes to be completed,20 the bCAM can be performed in less than 

one minute.18 Like the CAM-ICU, the bCAM consists of objective assessments with 

determinate cutoffs18 that still allow its application even if the physician barely knows the 

patient. The bCAM has previously been validated in 406 patients recruited in an ED in the 

US, where it showed a sensitivity level of 84.0%, with 95.8% specificity.18 However, the 

assessment was performed in English and the evidence for its validity in German speaking 

EDs is therefore unclear.21 Moreover, the enrollment was limited to one patient per day, and 

the bCAM was only partially conducted by physicians, with research personnel also 

performing part of the bCAMs.18  

 

At the time of our study there was no valid delirium screening tool available for use in 

German EDs. The aim of this study was therefore to investigate the diagnostic strength of the 

German-language version of the bCAM in an interdisciplinary ED. The bCAM was applied 

by physicians under routine work conditions and compared to a psychiatrist’s or neurologist’s 

assessment, which served as the gold standard. 
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Methods 

Study Design 

We used a prospective observational study design that followed STARD standards 22
 to 

evaluate implementation of the bCAM in the ED. Based on this new screening tool for the 

detection of delirium being implemented into our ED, the local Ethics Committee granted 

approval of the study without the requirement for written or verbal patient consent. However, 

all patients were informed about the procedure, and patients who refused to participate were 

subsequently not enrolled. The evaluation team informed the treating physician about the 

result of the gold standard diagnostic test only after all other components of the study had 

been completed; this therefore avoided any bias towards the physician’s test result but also 

guaranteed the best possible treatment for the patient. 

 

Study Setting and Population 

The study was carried out in the ED of a large university teaching hospital, visited by 

approximately 50 000 patients each year. Screening for delirium was limited to the medical 

examination section of the ED, since surgical patients usually don't remain there for long 

enough to permit bCAM and gold standard assessments (see below). A convenience sample 

of patients was enrolled from May-August 2016, Monday through Friday from 8 a.m. to 4 

p.m. The enrollment window was adapted to the routine availability of the participating 

specialist consultants, whose assessments served as the gold standard. If the number of 

potentially-eligible patients was not compatible with the availability of the physician on-duty, 

enrollment was performed consecutively in the order of patient admission to avoid bias. 

Patients fulfilled the following inclusion criteria: (i) minimum age of 70 years, and (ii) 

admission to the ED less than 12 hours before delirium screening started. This broad time 
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window hence allowed the inclusion of patients who were admitted to the ED in the late 

evening or during the night. Patients who were able to sit in the waiting room were only 

included if an examination room was available for conducting the tests; this measure ensured 

the patient’s privacy and avoided false test results due to noisy or disruptive surroundings. 

Moribund patients were not enrolled for ethical reasons. Patients were excluded if: (i) they 

had previously been enrolled in the study, (ii) they had been placed in an isolation room (to 

avoid risk of infection), (iii) they were not able to complete the bCAM due to deafness, 

blindness, mutism, not being able to speak German, or, severe dementia (i.e. previous single 

digit Mini-Mental-Status-Examination (MMSE), if this was documented in the patient’s 

medical report, or evidence from surrogate interviews or the medical record of the inability to 

perform basic personal care due to cognitive impairment), (iv) they were comatose or in a 

state of stupor.23 Patients who met the enrollment criteria were then assessed for the presence 

of any exclusion criteria via medical examination as well as by perusing the electronic patient 

file and previous medical records. 

 

Study Protocol 

The bCAM was performed by emergency physicians (EPs) specializing in internal medicine. 

The medical section of the emergency medicine department has 20 full physician 

appointments. Of those, 11 are on a permanent basis and nine on rotation. The section is 

operated by three shifts, with three internal medicine residents, one internal medicine 

attending physician and one neurology resident present during day shifts and two internal 

medicine residents plus one attending physician in service during night shifts. To promote 

consistency in the generation of data, tests were mostly performed by the on-duty emergency 

medicine consultant. Each EP received a detailed introduction both to the evaluation process 

and the bCAM case report sheet, as detailed below.24 The gold standard for delirium was 
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derived from the diagnosis made by one of four consultant physicians, i.e. consultant 

psychiatrists and neurologists, rotating on the emergency ward, each of whom had more than 

ten years of work experience and carried out delirium screening on a routine basis. Delirium 

assessment by a psychiatrist or neurologist is considered the gold standard as they are 

specialized on diseases of the central nervous system.25 Nevertheless, in order to achieve 

concordant results and operationalize the diagnostic process, a diagnostic flowsheet requiring 

the neurologist or psychiatrist to review each item characteristic for delirium (as defined in 

the DSM-54) was additionally used. Part of the gold standard diagnostic was the MMSE. 

With regard to the consultant physician’s time constraints, it was conducted by a research 

assistant shortly before the consultant physician’s personal approach to the patient. As the 

MMSE is an objective assessment it was considered valid even when performed by a research 

assistant. The bCAM and gold standard diagnostic were completed within three hours of 

enrollment in no fixed order. All assessors were blinded to each other's results. The research 

assistant also reviewed further patient data (see below) and entered them into a database, 

along with the test results. For this purpose the research assistant’s blinding was lifted, but 

only after all tests for one patient had been completed. 

 

Measurements 

The bCAM was performed according to the official bCAM flowsheet.24 All assessments were 

performed in German. The German translation of the bCAM was adapted from the validated 

German version of the CAM-ICU26,27 and modified for Item 2, where the Attention Screening 

Examination from the CAM-ICU was replaced with the 'months of the year backwards' test 

(MOTYB) in the bCAM.18 The bCAM flowsheet is shown in the supplementary section 

(Figure S1). It consists of four items testing for: (i) acute onset or fluctuating course of 

altered mental status (Item 1); (ii) inattention (Item 2); (iii) altered level of consciousness 
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(Item 3); (iv) disorganized thinking (Item 4). Delirium was deemed to be present in a patient 

if both Items 1 and 2 were positive, as well as either Item 3 or 4.18  

 

In this study, the recognition of an altered mental status or a fluctuating course (Item 1) was 

based on information provided by the medical emergency team, ED staff, or surrogate 

interviews, whenever available. In inconclusive cases, telephone interviews were conducted 

whenever possible to receive further information about the patient. If there was not enough 

information to make a decision about Item 1, the EP had the option to mark “unsure”, which, 

according to the study of Han et al., was considered positive if all other items were suggestive 

of delirium.18 The presence of an altered level of consciousness (Item 3) was determined by 

the Richmond Agitation-Sedation Scale (RASS).28 The official German version of the RASS 

scale was printed on the case report sheet used in this study to allow the EP to verify his/her 

judgement.29 If a patient refused to answer a question or follow a command, the respective 

bCAM item was judged as positive.18 The original bCAM version allows ending the testing at 

an early point of time, once delirium is ruled out according to the bCAM algorithm. In our 

study all bCAM assessments were conducted completely in order to obtain the necessary data 

for performing item subanalyses. At the end of the test, the EP noted the time needed to 

perform the bCAM and fill in the Flowsheet.  

 

The gold standard consisted of a diagnostic report sheet that was developed prior to the study 

in order to minimize inter-observer variability (Figure 1). Delirium was deemed present if all 

five items were positive. Any item evaluated as negative immediately ruled out delirium and 

ended the assessment. In addition to their personal assessment, the consultant physicians 

based their assessments on the patient’s performance on the MMSE. If a patient was not able 
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to complete all components of the MMSE, due, for example, to visual or motoric impairment, 

the final score was calculated by linear transformation of the actual score reached.30 Finally, 

when the presence of delirium was confirmed by the consultant physician's assessment, 

he/she was asked to define the subtype of each delirium case in order to allow bCAM 

performance analysis for each subtype.  

 

All test results and patient data were subsequently entered into a database, including any 

information about dementia mentioned in the patient's medical records. To screen for a 

possible selection bias, the diagnosis documented in the ED discharge report was compared 

between enrolled vs. excluded study patients. In cases of variable diagnoses amongst non-

delirious patients, documentation was limited to that which best explained the patient’s main 

complaints upon admission. For patients with delirium, the diagnosis that best explained its 

cause was recorded.  

 

Additionally, we collected the following patient variables for all patients: Information about 

the severity of illness was taken from the electronic patient records by documenting the 

Emergency Severity Index (ESI). This triage tool is used in the ED for the stratification of 

patients from Level 5 (least urgent) to 1 (most urgent), according to acuity and resource 

needs.31 The ESI of enrolled vs. excluded study patients was compared to identify a possible 

selection or spectrum bias. In addition, the Acute Physiology Score (APS) was calculated for 

each patient to examine whether the severity of illness influenced the diagnostic accuracy of 

the bCAM. The APS is part of the Acute Physiology and Chronic Health Evaluation II, which 

results from twelve routine physiological measurements in the form of a continuous variable, 

where higher scores indicate a higher severity of illness.32  
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Missing data was documented as such in the database and indicated as missing information in 

the respective tables and figures. If data was missing for a particular analysis, the respective 

patients were excluded from this calculation and the number of included patients was 

reported explicitly.  

 

Data Analysis 

Measures of central tendency and range of dispersion are indicated as mean values with 95% 

confidence intervals (CI) for continuous variables with normal distribution, or as median 

values with interquartile ranges (IQRs) for non-normally distributed data. Categorical 

variables are reported as absolute numbers and proportions. Statistical significance was 

reached if p < 0.05, as calculated by the t-test (continuous variables with normal distribution) 

Mann-Whitney-U-Test (continuous variables with non-normal distribution), or Fisher’s Exact 

Test (categorical variables). The presence of normal distribution was determined by the 

Kolmogorov-Smirnov-Test. Based on an estimated delirium prevalence of 14%,9 a sample-

size calculation determined that a minimum of 200 patients should be enrolled in order to 

obtain reliable results for the diagnostic accuracy of the bCAM. Sensitivities, specificities, 

positive likelihood ratios (LR+), negative likelihood ratios (LR-), positive predictive values 

(PPV), negative predictive values (NPV) and odds ratios (ORs) were calculated with their 

95% CIs for the overall bCAM result and individual bCAM items compared to the gold 

standard. The LR reveals the probability of obtaining a positive/negative bCAM test result in 

a patient with this disease, divided by the possibility for a patient without this disease to 

obtain the respective test result. The PPV/NPV reveals the probability of patients with a 

positive/negative bCAM test result that truly have/don't have delirium defined by the gold 

standard. In difference to the sensitivity, the PPV/NPV also takes the prevalence of the 

condition into account. The OR was used to calculate the increase in the risk of delirium, 
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according to the gold standard, with a positive bCAM test result. To evaluate inter-observer 

reliability between bCAM raters and gold standard raters, kappa statistics were calculated, to 

compare their respective results for both RASS scores and the assessment of acute onset.  

 

A multivariable logistic regression was performed to determine whether bCAM sensitivity or 

specificity were influenced by the following covariates: age, the presence of dementia, the 

APS (indicating the patient’s severity of illness) or by the MMSE-score (indicating the 

degree of the patient’s cognitive impairment). Patients were only included if values for all 

covariates were available. bCAM sensitivity was calculated as the predicted probability of a 

positive bCAM test result for patients in whom delirium was detected according to gold 

standard diagnosis. The bCAM specificity was calculated as the predicted probability of a 

negative bCAM test result for patients in whom delirium was ruled out according to gold 

standard diagnosis.  

 

Han et al. suggested a two-step-screening with the Delirium Triage Screen (DTS) as a first 

highly sensitive rule-out test and the bCAM as a second step to rule in delirium for all 

patients who had a positive result on the DTS.18 In a secondary analysis we recreated the 

DTS using the RASS evaluation of the bCAM and the 100-7 subtraction test of the MMSE, 

which is an alternative test for the backwards spell test, which was used for the DTS. Patients 

were considered positive on the DTS if they had a RASS-score ≠ 0 and/or made > 1 error in 

the subtraction test or if they were not able to perform the test. A sensitivity analysis of the 

bCAM was subsequently performed for all patients with a positive DTS. A descriptive 

comparison of sensitivity values for each delirium subtype was also performed to assess any 

differences in detection rates. We also performed an exploratory analysis of the bCAM 
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sensitivity and specificity when only Item 1 and 2 were considered. Delirium was 

consequently considered present when patients were positive for both of these two bCAM 

items. If one of these items was negative, delirium was ruled out. All data analyses were 

performed with IBM SPSS statistics 23 software (IBM Corp., IBM SPSS Statistics for 

Windows, Version 23.0, Armonk, NY) and MedCalc for Windows, version 17.9.2 (MedCalc 

Software, Ostend, Belgium). 

 

Results 

A total of 673 patients were screened during the enrollment period. Of these patients, 385 

were subsequently excluded for various reasons (Figure 2).  

 

A total of 288 patients were ultimately enrolled in the study (Table 1). The median age was 

78 years (IQR 74 – 82) and 55.2% were female. Enrolled and excluded patients were similar 

in age and sex (Table 1). However, enrolled patients were significantly more likely to be 

categorized as ESI 2 (p = 0.03), whereas ESI 4 patients were more often excluded (p < 0.01). 

Enrolled vs. excluded patients were generally similar in terms of their diagnoses, except for 

significant differences in the neurological, cardiovascular and gastrointestinal inflammation 

group. Delirium was diagnosed by the specialist consultants for the gold standard in 46 out of 

the 288 enrolled non-surgical patients (16.0%). Hypoactive delirium was present in 26 

patients, hyperactive delirium in 3 patients and mixed-type in 14 patients. There were 3 cases 

in which delirium was not classified by the specialist consultant (“no motor subtype”).14  
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Eight different EPs acting as emergency medicine consultants performed 88.2% of the 

bCAMs. The testing procedure had a median duration of 3 minutes (IQR = 2-5) and the 

median time interval between the bCAM and gold standard assessment was 59 minutes (IQR 

= 20-97).  

 

The diagnostic performance of the bCAM, and of each item, are shown in Table 2. While 

excellent results were obtained for specificity (93.8%, 95% CI 90.0 – 96.5), sensitivity was 

only 65.2% (95% CI 49.8 – 78.7). In comparison with the gold standard diagnosis, 30 bCAM 

results were true positive, 15 were false positive, 227 were true negative and 16 were false 

negative. Cohen’s kappa indicated acceptable to moderate concordance between bCAM 

raters and gold standard raters for the following shared items: acute onset ĸ = 0.50 (95% CI 

0.24 – 0.77), fluctuating course ĸ = 0.25 (95% CI 0.00 – 0.25) and altered level of 

consciousness ĸ = 0.49 (95% CI 0.33 – 0.64). The high level of sensitivity for Item 1 (acute 

onset of cognitive impairment) was due to the opportunity for the EPs to mark the answer 

“unsure”; this was made use of in 88 cases, in which 21 patients had delirium according to 

the gold standard assessment. The details for the bCAM results of the 16 false-negative 

patients are shown in the supplementary section (Figure S2). The secondary analysis for a 

two-step delirium screening showed a positive DTS for 102 patients. In this subgroup the 

bCAM had a sensitivity of 69.8% (95% CI 53.87 – 82.8). In the exploratory analysis of a 

bCAM version where only Item 1 and 2 of the bCAM were considered, the sensitivity was 

82.6% (95% CI 68.6 – 92.2) and the specificity was 86.8% (95% CI 81.9 – 90.8). 

 

The multivariable logistic regression showed no effect of age, APS or the presence of 

dementia on the bCAM sensitivity or specificity (Table 3). However, the bCAM sensitivity 

significantly increased when the patient scored less on the MMSE (p = 0.03), whereas the 
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specificity was not significantly influenced (p = 0.09). Comparison of delirium subtypes 

showed a trend towards better bCAM detection rates for hypoactive (18 out of 26 patients) 

and hyperactive delirium (two out of three patients), compared to mixed-type delirium (eight 

out of 14 patients). 

 

Discussion 

Diagnosing delirium in older ED patients is important in order to provide adequate therapy 

and improve patient outcomes.1,2 Despite evidence for the benefits of an early diagnosis, such 

as a reduction of ED revisits within one month after discharge,33 the majority of delirium 

cases remain undetected by EPs.16 Several delirium screening instruments have been 

validated for the ED.34 Among the short screening instruments (< 5 minutes), the mCAM-

ED, which had been validated very recently after completion of our study, reached the best 

sensitivity (90%) and specificity (98%),35 followed by the bCAM (84.0% sensitivity and 

95.8% specificity), which – to the best of our knowledge - has only been validated for the ED 

in one previous study.18  

 

The bCAM was developed as a delirium screening tool that meets the specific requirements 

for implementation in an ED.18 The present study validated the bCAM in a German-language 

ED setting and thus provided reliable data for the validity of the German translation of the 

bCAM.21  
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In our study, the bCAM reached excellent specificity (93.8%) but only moderate sensitivity 

(65.2%). Although we applied DSM-5 criteria, the compatibility of our test results with those 

of previous studies using DSM-IV criteria - including the previous bCAM validation study18 - 

is ensured. This is because the core content was maintained and we applied a less-strict 

interpretation of the DSM-5 criteria that rendered it more conformant with the DSM-IV.36 

Specifically, Criterion A was considered positive if the rater observed a disturbance in either 

attention or orientation, and Criterion B was applicable to the patient if the disturbance was 

either of acute onset, or took a fluctuating course.36 The bCAM took a median time of 3 

minutes to perform. This exceeds the time indicated in the literature18 but is still acceptable 

for implementation in an ED. Of note, the assessment duration will be shorter when the 

bCAM is routinely performed, as it can be ended at an early point of time, once delirium is 

ruled out according to the bCAM algorithm, whereas in this study as well as in the study by 

Han et al.18 the bCAM raters always performed the complete test. Compared to a reported 

delirium detection rate of 31.6% in the absence of a screening tool,9 our study shows that the 

proportion of recognized delirium cases strongly improves when the bCAM is used. 

However, this screening tool needs to become more sensitive in order to reduce the number 

of missed cases, given the potential clinical implications.5  

 

We found possible explanations for some of the false negatives, such as a strongly-fluctuating 

or rapidly-improving course of delirium, very subtle manifestations, or inconsistent 

information obtained through surrogate interviews about the patient’s previous mental health 

situation. This does not, however, fully explain the poor sensitivity of the bCAM. 

Low sensitivity might also result from milder manifestations of delirium that are missed 

during bCAM assessment.18 Future studies should evaluate the bCAM diagnostic accuracy 

stratified by delirium severity, which can be determined using the delirium index.37 
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 We did not observe any influence of age, the presence of dementia or severity of illness 

(indicated by the APS) on bCAM test accuracy. However, in line with the clinical 

observation that patients with a low MMSE score are more prone to the development of 

delirium, we found an increasing probability of true positives in those with lower MMSE 

scores. Of note, the MMSE itself is influenced by delirium severity38 and it is not possible to 

distinguish between pre-existing cognitive impairment and the detrimental effect of delirium 

on cognition. In an additional analysis, we investigated bCAM performance according to the 

different types of delirium. In accordance with the literature, our study demonstrated that 

hypoactive delirium was the most frequent form observed in these elderly patients.4,5 We 

found moderate bCAM sensitivity for all motoric subgroups, with the lowest sensitivity for 

the mixed type, which might be explained by its rapid fluctuation and hence potentially 

varying profile observed by each of the assessors. Subgroup analysis was not reported by Han 

et al,18 and also in our study, the low number of cases in the hyperactive and mixed group 

limits conclusions.  

 

Our reconstruction of the two-step delirium screening proposed by Han et al.18 showed that it 

does not considerably improve the sensitivity of delirium screening (69.8% vs. 65.2%). 

However, it reduces the number of bCAM screenings. The development of a more sensitive 

first step delirium screening tool, which can also be conducted by non-physicians, would 

therefore reduce the EPs’ work load. 

 

We also performed sub-analyses of single bCAM items to further investigate the reason for 

the low sensitivity. Single-item performances are not mentioned by Han et al.18 Previous 

studies have observed that the MOTYB is best suited for screening of inattention.39–41 

However, these studies were conducted in English-speaking countries and screening 
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instruments run the risk of losing validity when they are translated into a foreign language.21 

Therefore it is crucial, that our study confirms the good level of sensitivity (87%) of the 

MOTYB for delirium screening in German EDs (Table 2). On the other hand, most false-

negative bCAM results were due to the negative test results for altered level of consciousness 

(RASS) and disorganized thinking (Figure 1). In concordance with another study42 we 

observed a poor RASS sensitivity for delirium of 57.8%, even when referring to the 

consultant physicians’ assessment. There was an indication that Han et al. had assessed more 

patients with altered level of consciousness. They found, that the RASS was 82 – 84% 

sensitive for delirium for older ED patients,43 which probably contributed to the high bCAM 

sensitivity compared to our study. Considering the results of our single item analysis, we 

performed an exploratory analysis which revealed a considerable increase of the bCAM 

sensitivity if only Item 1 and 2 were considered (65.2% for the original bCAM vs. 82.6% in 

the exploratory analysis). Our results are affirmed by the good validity of the MOTYB for 

delirium screening found by O’Regan et al.39 A condensed delirium screening assessment 

consisting only of the evaluation of an acute onset of cognitive impairment and of the 

MOTYB should therefore be considered and validated in a prospective study.  

 

We also found that Cohen’s kappa for Item 1 and 3 only showed moderate concordance 

between bCAM raters and gold standard raters (κ=0.25 – 0.5). This has probably contributed 

to the low bCAM sensitivity, which might therefore be improved by providing training for 

the bCAM assessment for all EPs. Of note, the bCAM could generally also be performed by 

trained nurses or nurse assistants.12  
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Limitations 

Some limitations of the study warrant consideration. Due to the limited availability of the EPs 

and psychiatry/ neurology consultants, we were unable to include all potentially-eligible 

patients. However, enrolling the patients in order of admission most likely kept the selection 

bias to a minimum. Furthermore, we were not able to screen patients at night, the time at 

which first onset of delirium is frequently observed.4 Future studies should therefore aim for 

complete inclusion of all eligible patients presenting to the ED. 

 

We predefined a 3-hour time window for the two assessments to ensure the feasibility of the 

study. This might have resulted in discordant observations in some cases, due to the highly 

fluctuating course of delirium4 and possible influences of interim interventions, such as pain 

management or reorientation measures. However, the comparison of true positive and false 

negative bCAM results showed no significant difference concerning the varying time 

intervals between bCAM and gold-standard assessment (data not shown). There is an unequal 

distribution of some symptoms in enrolled vs. excluded patients. Patients with neurological 

health problems were more likely to meet the exclusion criteria for testing suitability. In 

contrast, cardiovascular patients were more likely to be included because the ED treatment 

algorithm for this patient group allowed more time to perform the test. Moreover, the 

exclusion of moribund patients has probably caused a skew away from hypoactive delirium 

and might consequently have affected the bCAM sensitivity and specificity. 

 

Furthermore, severely-ill patients (as indicated by a higher ESI-Score) were more likely to be 

included (see Table 1). This was most probably due to the limited availability of examination 

rooms for ESI 4 patients, who were usually asked to remain in the waiting room. This 



A
c

c
e

p
te

d
 A

r
ti

c
le

 

This article is protected by copyright. All rights reserved. 

approach might have caused spectrum bias towards an overestimation of the bCAM 

sensitivity.44 However, another study that declared the same problem was nevertheless able to 

demonstrate the limited influence of this aspect by analyzing bCAM validity in a subgroup of 

hospitalized patients and obtaining results similar to those for the total study sample.18 Our 

study was conducted at a single ED in patients who were 70 or older, as the incidence of 

delirium in elderly people is especially high.1 Therefore, the present results might not pertain 

to other settings or populations.  

 

We computed the inter-rater reliability neither of the bCAM, nor of the gold standard, given 

that it would have exceeded the patients’ capacity and could have induced training effects in 

the patients. Video or audio-taping was deemed inappropriate for privacy reasons. Instead, 

we limited the number of gold standard assessors to clinical experts.  

 

When comparing our results to those of Han et al.,18 it has to be considered that the two study 

populations slightly differ. As our age cut-off was 70 years vs. 65 years at Han’s study, our 

median age was higher (78 vs. 73.5 years), furthermore Han et al. only included one patient 

per day and their enrolled patients tended to have a higher severity of illness than in our study 

(for example ESI 2: 65% vs. 33.3%).18 

 

Conclusion 

The bCAM is a short delirium screening tool that shows good specificity but modest 

sensitivity in a German ED. Since delirium may sometimes be the only indicator of a life-

threatening health problem in elderly patients and has a dramatic effect on patient outcome, 

its detection should hold top priority. Given the lack of validated German-language delirium 
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screening tools for EDs, the bCAM should be applied with caution, and its sensitivity may be 

improved by providing training for all examiners. The bCAM still requires further 

modification to boost sensitivity.  
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The following supporting information is available in the online version of this paper: 

 

 Figure S1. Brief Confusion Assessment Method (bCAM) Flowsheet. 

 

Figure S2. Flow-diagram of false-negative bCAM results.  
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Table 1 
Patient Characteristics 

Characteristic 
Enrolled Patients Excluded Patients 

p-value
1 

(n=288) (n=385) 

Sex, absolute (%)   

Male 129 (44.8) 186 (48.3) 0.39 

Female 159 (55.2) 199 (51.7)   

Age (yr), median (IQR) 78 (74 - 82)  78 (74 - 84) 0.46 

ESI, median 3 3 0.07 

ESI, absolute (%)    

1 3 (1.0) 12 (3.1) 0.11 

2 124 (43.1) 133 (34.5) 0.03*

3 158 (54.9) 211 (54.8) 1 

4 2 (0.7) 19 (4.9) < 0.01*

5 1 (0.3) 1 (0.3) 1 

Missing Information 9 (2.4)   

Diagnosis, absolute (%)       

Neurological 51 (17.7) 94 (24.4) 0.04*

Cardiovascular 105 (36.5) 106 (27.5) 0.02* 

Respiratory 14 (4.9) 22 (5.7) 0.73 

Infection/urinary passage/sepsis 42 (14.6) 54 (14.0) 0.91

Tumor-related problems 8 (2.8) 3 (0.8) 0.06 

Bleeding/anaemia 15 (5.2) 26 (6.8) 0.42

Exsiccosis 6 (2.1) 7 (1.8) 1 

Other types of organ failure 6 (2.1) 13 (3.4) 0.36

Intoxication or substance withdrawal  9 (3.1) 8 (2.1) 0.46 

Metabolic/ endocrine 11 (3.8) 11 (2.9) 0.52

Gastrointestinal inflammation 7 (2.4) 0 (0.0) < 0.01* 

Other 14 (4.9) 40 (10.4) 0.01* 

Missing Information 1 (0.3)   
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APS (n = 287)2
       

Median (IQR) 7 (5 - 9)     

Documented dementia (excluding end-stage dementia), absolute (%)  

Yes 14 (4.9)     

No 274 (95.1)   

Procedure, absolute (%)       

Hospital discharge 52 (18.1)   

Outpatient treatment 12 (4.2)     

Admission to hospital 191 (66.3)     

Intensive Care Unit 12 (4.2)   

Stroke-Unit 12 (4.2)     

Patient signed out against medical advice 7 (2.4)   

Acute intervention (i.e. coronary angiography)  2 (0.7)     

* Statistically-significant difference 

1 T-Test for continuous variables with normal distribution; Mann-Whitney-U-Test for continuous variables with non-
normal distribution; Fisher’s Exact Test for categorical variables 
2 One patient was excluded from this calculation, because the required parameters were missing. 
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Table 2  

Diagnostic Performance of the bCAM 

 

Items 
Sensitivity %   

(95% CI) 

Specificity %

(95% CI) 

PPV % 

(95% CI) 

NPV % 

(95% CI) 

LR+ 

(95% CI) 

LR- 

(95% CI) 

OR 

(95% CI) 

bCAM 

result, 

overall 

65.2 
(49.8-78.7) 

93.8  
(90.0-96.5) 

66.7 
(54.0-77.3) 

93.4 
(90.5-95.5) 

10.5  
(6.2-17.9) 

0.37  
(0.25-0.55) 

28.4  
(12.7-63.2) 

Item 1a 
91.3  
(79.2-97.6) 

69.8  
(63.6-75.6) 

36.5 
(31.8-41.6) 

97.7 
(94.3-99.1) 

3.0  
(2.5-3.7) 

0.12  
(0.05-0.32) 

24.3  
(8.4-70.3) 

Item 1b 
68.9  
(53.4-81.8) 

69.7   
(63.5-75.4) 

29.8
(24.4-35.8) 

92.3
(88.5-94.9) 

2.3
(1.7-3.0) 

0.45  
(0.29-0.69) 

5.1 
(2.6-10.1) 

Item 2 
87.0  
(73.7-95.1) 

68.6   
(62.3-74.4) 

34.5 
(29.8-39.5) 

96.5 
(92.9-98.3) 

2.8  
(2.2-3.4) 

0.19  
(0.09-0.40) 

14.6  
(5.9-35.8) 

Item 3 
47.8   
(32.9-63.1) 

95.9  
(92.5-98.0) 

68.8 
(52.8-81.3) 

90.6 
(88.0-92.7) 

11.6  
(5.9-22.8) 

0.54  
(0.41-0.72) 

21.3  
(9.0-50.1) 

Item 4 
73.9   
(58.9-85.7) 

86.4  
(81.4-90.4) 

50.8 
(41.8-59.6) 

94.6 
(91.4-96.6) 

5.4  
(3.8-7.8) 

0.30  
(0.19-0.49) 

17.9  
(8.5-38.1) 

Item 1a = acute onset of altered mental status, Item 1b = fluctuating course, Item 2 = inattention, Item 3 = altered level of 
consciousness, Item 4 = disorganized thinking, PPV = positive predictive value, NPV = negative predictive value, LR+ = 
positive likelihood ratio, LR- = negative likelihood ratio, OR = odds ratio, CI = confidence interval 

 



A
c

c
e

p
te

d
 A

r
ti

c
le

 

This article is protected by copyright. All rights reserved. 

Table 3 

Multivariable logistic regression: influence of patient characteristics on the bCAM 

validity  

 

Covariate
1
 Sensitivity Specificity 

 Odds ratio
2
 

(95% CI) 

p-Value Odds ratio
2
 

(95% CI) 

p-Value 

Age 1.03 (0.92 – 1.16) 0.57 1.03 (0.94 – 1.12) 0.31 

APS 0.97 (0.78 – 1.21) 0.76 0.94 (0.79 – 1.13) 0.52 

MMSE 0.88 (0.79 – 0.99) 0.03* 0.90 (0.79 – 1.02) 0.09 

Documented 

dementia 
0.74 (0.11 – 4.78) 0.75 1.29 (0.14 – 12.21) 0.82 

1 285 patients were included in the multivariable logistic regression. 3 Patients were excluded due to missing data for the 
APS (1 patient) and the MMSE (2 patients). 
2 The odds ratio gives the relative amount by which the odds of a positive bCAM test result (compared to the gold 
standard diagnostic) increases (for odds ratios >1) or decreases (for odds ratios <1), when the value of the covariate is 
increased by 1 unit/ is considered present (for the categorical covariate “documented dementia”).  
* Statistically significant 
CI = Confidence Interval, APS = Acute Physiology Score, MMSE = Mini-Mental Status Examination 
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