Taylor & Francis
Taylor & Francis Group

Clinical Toxicology

ISSN: 1556-3650 (Print) 1556-9519 (Online) Journal homepage: http://www.tandfonline.com/loi/ictx20

The need for ICU admission in intoxicated
patients: a prediction model

Raya Brandenburg, Sylvia Brinkman, Nicolette F. de Keizer, Jozef Kesecioglu,
Jan Meulenbelt & Dylan W. de Lange

To cite this article: Raya Brandenburg, Sylvia Brinkman, Nicolette F. de Keizer, Jozef Kesecioglu,
Jan Meulenbelt & Dylan W. de Lange (2017) The need for ICU admission in intoxicated patients: a
prediction model, Clinical Toxicology, 55:1, 4-11, DOI: 10.1080/15563650.2016.1222616

To link to this article: http://dx.doi.org/10.1080/15563650.2016.1222616

A
© 2016 The Author(s). Published by Informa h View supplementary material (&'
UK Limited, trading as Taylor & Francis

Group
ﬁ Published online: 20 Sep 2016. Submit your article to this journal &'
. . A
il Article views: 906 & View related articles ('
@ View Crossmark data (&' @ Citing articles: 1 View citing articles (&

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=ictx20

(Download by: [Bird Lib Ouhsc] Date: 14 November 2017, At: 06:21)



http://www.tandfonline.com/action/journalInformation?journalCode=ictx20
http://www.tandfonline.com/loi/ictx20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15563650.2016.1222616
http://dx.doi.org/10.1080/15563650.2016.1222616
http://www.tandfonline.com/doi/suppl/10.1080/15563650.2016.1222616
http://www.tandfonline.com/doi/suppl/10.1080/15563650.2016.1222616
http://www.tandfonline.com/action/authorSubmission?journalCode=ictx20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ictx20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/15563650.2016.1222616
http://www.tandfonline.com/doi/mlt/10.1080/15563650.2016.1222616
http://crossmark.crossref.org/dialog/?doi=10.1080/15563650.2016.1222616&domain=pdf&date_stamp=2016-09-20
http://crossmark.crossref.org/dialog/?doi=10.1080/15563650.2016.1222616&domain=pdf&date_stamp=2016-09-20
http://www.tandfonline.com/doi/citedby/10.1080/15563650.2016.1222616#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/15563650.2016.1222616#tabModule

Downloaded by [Bird Lib Ouhsc] at 06:22 14 November 2017

CLINICAL TOXICOLOGY, 2017 .
VOL. 55, NO. 1, 4-11 e Taylor & Francis
http://dx.doi.org/10.1080/15563650.2016.1222616 Taylor & Francis Group

CLINICAL RESEARCH & OPEN ACCESS

The need for ICU admission in intoxicated patients: a prediction model

Raya Brandenburg®®, Sylvia Brinkman®©, Nicolette F. de Keizer®, Jozef Kesecioglu®, Jan Meulenbelt**t and
Dylan W. de Lange®®

?Department of Intensive Care Medicine, University Medical Center, University of Utrecht, Utrecht, The Netherlands; "Dutch National Poisons
Information Centre (NPIC), University Medical Center, University of Utrecht, Utrecht, The Netherlands; “Department of Medical Informatics,
Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands; 9Institute for Risk Assessment Sciences (IRAS), University
of Utrecht, Utrecht, The Netherlands

ABSTRACT ARTICLE HISTORY
Context: Intoxicated patients are frequently admitted from the emergency room to the ICU for obser- Received 10 March 2016
vational reasons. The question is whether these admissions are indeed necessary. Revised 21 July 2016

Objective: The aim of this study was to develop a model that predicts the need of ICU treatment  Accepted 6 August 2016
(receiving mechanical ventilation and/or vasopressors <24 h of the ICU admission and/or in-hospital
mortality).

Materials and methods: We performed a retrospective cohort study from a national ICU-registry,
including 86 Dutch ICUs. We aimed to include only observational admissions and therefore excluded
admissions with treatment, at the start of the admission that can only be applied on the ICU (mechan-
ical ventilation or CPR before admission). First, a generalized linear mixed-effects model with binominal
link function and a random intercept per hospital was developed, based on covariates available in the
first hour of ICU admission. Second, the selected covariates were used to develop a prediction model
based on a practical point system. To determine the performance of the prediction model, the sensitiv-
ity, specificity, positive, and negative predictive value of several cut-off points based on the assigned
number of points were assessed.

Results: 9679 admissions between January 2010 until January 2015 were included for analysis. In total,
632 (6.5%) of the patients admitted to the ICU eventually turned out to actually need ICU treatment.
The strongest predictors for ICU treatment were respiratory insufficiency, age >55 and a GCS <6.
Alcohol and “other poisonings” (e.g., carbonmonoxide, arsenic, cyanide) as intoxication type and a sys-
tolic blood pressure >130 mmHg were indicators that ICU treatment was likely unnecessary. The pre-
diction model had high sensitivity (93.4%) and a high negative predictive value (98.7%).

Discussion and conclusion: Clinical use of the prediction model, with a high negative predictive value
(98.7%), would result in 34.3% less observational admissions.

KEYWORDS
Critical care; outcome;
overdose; poisoning; costs

Introduction Clearly, for many patients with severe sequelae of their
intoxication the only place to be treated is the ICU. For
example, if a patient is mechanically ventilated on the ED or
has received cardiopulmonary resuscitation (CPR) then the
only place a patient can be treated is the ICU. However, it is

Many intoxicated patients are admitted to an Intensive Care
Unit (ICU). Although health care systems differ considerably
and real figures are lacking up to 40% of the patients visiting

an Emergency Department (ED) with an intoxication are . ) T ]
admitted to the hospital. A proportion of these patients, necessary to await such symptoms in majority of patients

varying from 4 to 40%, is admitted to the ICU. On average, who are not present with these serious sequelae and obser-
the ICU population consists of 1.5-3.7% intoxicated vations. Since prediction of these adverse symptoms is diffi-

patients.[1-3] However, the in-hospital mortality of intoxi- cult, many intoxicated patients have to be admitted to the
cated patients admitted to an ICU is extremely low (2.1%).[1] ICU to detect only few with serious symptoms. Although
Apparently, in developed countries, the predominant reason these ICU admissions are justifiable from a safety perspective,
to admit intoxicated patients to the ICU is for observation it has an economic disadvantage. In most countries a formal
purposes only and not for immediate treatment. Indeed, cost analysis is lacking, but Irish ICUs estimated the costs at
severe symptoms might arise if the time to maximum con- €7717 per intoxicated patient per ICU admission.[4]

centration of these xenobiotic substances has not yet been A Dbetter allocation of intoxicated patients will prevent
reached. unnecessary admissions to the ICU, increase the availability
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of ICU care for those patients that rely on it, and it will
reduce costs. However, to create a better allocation it is
necessary to identify, from readily available parameters,
patients that really need ICU treatment.

Therefore, the aim of this study is to develop a bedside
prediction model which predicts the need of ICU treatment
for patients with intoxications.

Materials and methods
Setting

We performed a retrospective cohort study using the Dutch
“National Intensive Care Evaluation” (NICE) quality assessment
registry.[5] This national database prospectively collects
parameters recorded in the first 24 h of ICU admission, includ-
ing several co-morbidities present before hospital admission
and/or at the time of ICU admission, and the reason for ICU
admission registered according to the Acute Physiology and
Chronic Health Evaluation (APACHE) IV classification sys-
tem.[6] At present, 86 ICUs are participating in the registry
(>90% of all ICU admissions in the Netherlands).

Subjects

We included all ICU admissions due to intoxications with at
least one APACHE IV intoxication diagnosis (n =7) originating
from the emergency department (ED) during the period 1
January 2010 until 1 January 2015. Predicting the need for
ICU treatment of intoxicated patients was not deemed neces-
sary for patients that, in any case, should be admitted to the
ICU, therefore these admissions were excluded (defined as
receiving mechanical ventilation at ICU admission or having
received CPR before ICU admission). We did not exclude
patients with an additional medical or surgical diagnosis. If
an admission had missing data on one of the final selected
covariates we excluded it from the analysis. Baseline statistics
of the subjects were recorded.

Definitions

The APACHE IV classification system identifies the following
admission diagnoses for intoxication: (1) alcohol, (2) analge-
sics, (3) antidepressants (cyclic antidepressants, lithium), (4)
street drugs (opiates, cocaine, amfetamine), (5) sedatives
(hypnotics, antipsychotic, benzodiazepines), (6) toxins not
otherwise specified, and (7) poisoning due to carbon monox-
ide, arsenic or cyanide (the so-called “other poisons”). We
added an admission diagnose: (8) combination of two sub-
types of intoxication.

The need for ICU treatment was dichotomously defined as
mechanical ventilation in the first 24 h after ICU admission
and/or vasopressors in the first 24 h after ICU admission and/
or death during hospital stay.

Model development

Generalized linear mixed-effects model
A model was developed to predict the need for ICU treat-
ment, based on readily available covariates (registered during
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the first hour of ICU admission). The covariates were year of
ICU admission, age, gender, the presence of a second nonin-
toxication APACHE IV reason for ICU admission, admission
type (medical or surgical), heart rate (HR), systolic blood pres-
sure (SBP), Glasgow Coma Scale (GCS), chronic renal insuffi-
ciency, chronic dialysis, chronic obstructive pulmonary
disease, chronic respiratory insufficiency, chronic cardiovascu-
lar insufficiency, cirrhosis, cerebrovascular accident, neoplasm,
hematological malignancy, acquired immune deficiency syn-
drome, chronic immunological insufficiency, dysrhythmia,
gastro-intestinal bleeding, intracranial mass, diabetes, and
the type of intoxication. First, we excluded the covariates
that occurred less than 10 times in the population that
needed and that did not need ICU admission.[7] Second, we
tested these covariates on multicollinearity using the variance
inflation factor (VIF) and excluded the variables if the VIF was
greater than 4. Third, we tested for interaction between the
group of intoxication and chronic renal insufficiency, cirrho-
sis, age, SBP, HR, and GCS. The selected covariates and found
interaction terms were used for the development of a gener-
alized linear mixed-effects model with binominal link function
and a random intercept per hospital. The covariates that low-
ered the Akaike information criterion (AIC) significantly with
a p value <.01 were identified using backward selection and
were included in the final mixed-effects model.[8] During the
mixed-effects model development all continuous variables
were included as restricted cubic splines.

The performance of the generalized linear mixed-effects
model was assessed by measures of discrimination, calibra-
tion, and accuracy. The discrimination was expressed as the
area under the receiver operating characteristic curve
(AUCQ).[9] The calibration was analyzed by inspecting the cali-
bration plots. The accuracy of the model was assessed by the
Brier score.[10] Estimates of the AUC, Brier score and the
associated 95% confidence intervals of the models were
obtained by bootstrapping with 500 samples.[10-12]

Prediction model based on a point system

The prediction model is based on the covariates included in
the final generalized linear mixed-effects model. A practical
point system founded on the betas of each covariate was
developed using the following six steps according to the
Framingham method.[13]

Continuous covariates were categorized and a reference
value for each category was set. This reference value was
usually the median of the specific category, for instance
the reference value for the age category 25-35 year was
30 years.

For each covariate a base category, receiving zero points
in the point system, was set. For age the base category was
<25 year with a reference value of 20 years. For all dichoto-
mies covariates, the base category was set on 0, indicating
that the specific diagnose was absent.

For all nonbase categories, the difference between the ref-
erence value of the specific category and the reference value
of the base category was calculated. For the age category
25-35 year with a reference value of 30, this difference was
10 years. For all dichotomies covariates this difference was 1.
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The risk factor of each category was set by multiplying
the calculated differences with the betas of the specific cova-
riates. In the final multivariate regression model the beta of
the covariate age was .002, resulting in a risk factor of .02 for
the age category 25-35 year.

The constant of the point system was defined by multiply-
ing the beta of the covariate age by 5 and was .011.

The points, rounded to the nearest integer, assigned to
each category were calculated by dividing the risk factor by
the constant. For the age category 25-35 year this results in
2 points.

To determine the performance of the prediction model,
the sensitivity and specificity of several cut-off points based
on the assigned number of points were assessed.

The statistical analyses were performed using IBM SPSS
statistics 21 (Armonk, NY) and the statistical environment
R version 3.3.0. (Vienna, Austria).

Ethics

The data were retrospectively analyzed. The data in the regis-
try is coded and cannot be traced back to individual patients
or individual ICUs. The Ethical Institutional Research Board of
the Academic Medical Center in Amsterdam concluded that
this retrospective analysis is not subject to the Medical
Subject Act (in Dutch: “Wet op medisch-wetenschappelijk
onderzoek met mensen,” WMO) and therefore informed
consent was not deemed necessary (IRB protocol number
W15 _239 # 15.0284).

Results
Subjects

During the study period 408,259 admissions were made to
the 86 participating ICUs, including 16,434 admissions with
at least one diagnosis of intoxication (4.0%), of which 12,404
(3.0%) were directly admitted from the emergency depart-
ment. The number of admissions that required ICU treatment
because of mechanical ventilation and/or CPR prior to ICU
admission was, respectively, 1970 (15.9%) and 120 (1.2%) and
were excluded. Furthermore, 734 (7.1%) admissions with
missing data were excluded. In the supplementary materials
the characteristics of the excluded data due to missing data
is shown. This table (Appendix of Supplementary Material)
shows that the patients with missing data were younger and
had less often a combination of an intoxication with another
important reason for ICU admission indicating a lower risk
for needing an ICU admission. However, these differences are
small in clinical perspective. Finally, 9679 admissions were
included in the analysis (Figure 1).

In less than half of these admissions the patient was male
(44.3%). The median age was 41.0 years (IQR: 27.0-51.0). The
median APACHE IV score was 32.0 (IQR: 22.0-49.0). The five
most frequent non-intoxication diagnosis in combinations
with an intoxication are coma/change in level of conscious-
ness (10.2%), medical respiratory problems (5.5%), aspiration
pneumonia (5.3%), endocrine/metabolic disturbances (4.8%)
or drug toxicity (4.5%). A total of 43 patients died at the ICU

(ICU mortality 0.4%), and another 22 patients died after ICU
discharge while they were still in the hospital (hospital mor-
tality 0.7%). Baseline characteristics of the 9679 included
admissions are shown in Table 1. In total, 632 (6.5%) of the
patients admitted to the ICU eventually turned out to actu-
ally need ICU treatment based on the need of mechanical
ventilation (n =397 (4.1%)), receive vasopressors in the first
24 h after ICU admission (n=319 (3.3%)), and/or death dur-
ing hospital stay (n =65 (0.7%)).

Model development

Generalized linear mixed-effects model

The following covariates were excluded due to a low occur-
rence: gastro intestinal bleeding, chronic dialysis, neoplasm,
hematological malignancy, chronic cardiovascular insuffi-
ciency, intracranial mass, AIDS, and cerebrovascular accident.
There was no multicollinearity between the included covari-
ates, and no interaction terms between the group of intoxi-
cations and the covariates where found. During the
generalized linear mixed effects model development, the fol-
lowing covariates where selected based on the AIC: age, type
of intoxication, SBP at ICU admission, HR at ICU admission,
GCS at ICU admission, the presence of another non-intoxica-
tion diagnose, cirrhosis, dysrhythmia, and respiratory insuffi-
ciency. All these covariates were included in the final
generalized linear mixed-effects model. The results of this
final model are presented in Table 2. A GCS <6 (OR 6.62
(5.10-8.27)), age >65 (OR 6.02 (4.10-8.85)) were the strongest
predictors of needing an ICU treatment. The discrimination
and accuracy of the final generalized linear mixed effects
model that predicts the need for ICU treatment was good;
the AUC was 0.85 (0.85-0.86) and the Brier score was 0.05
(0.05-0.05). Though patients with a predicted need for ICU
treatment lower than ~80% have a slightly lower observed
need for ICU treatment, other patients with a high predicted
need for ICU treatment (~>80%) have a slightly higher
observed need for ICU treatment (Figure 2).

Prediction model based on a point system

The prediction model based on a point system (Table 3)
shows the parameters that influence the need for ICU treat-
ment, and the points assigned to these covariates. In theory,
the minimum and maximum score a patient can obtain is —9
and +54 points, respectively. The minimum and maximum
score obtained in the study population was —7 and 36,
respectively. Respiratory insufficiency, age >55 year, and a
GCS <6 were the most important factors influencing the
need for ICU treatment. Alcohol and “other poisons” (e.g.,
carbon monoxide, cyanide, arsenic) as intoxication type and
an SBP >130mmHg are indicators that ICU treatment will
probably be unlikely.

Table 4 shows the sensitivity and specificity for various
cut-off points based on the assigned number of points of the
prediction model. When all patients with a score >6 points
are admitted to the ICU (65.7% of all intoxicated ED patients),
93.4% of all the patients that actually need ICU treatment are
identified (sensitivity). Of the 65.7% eventually only 9.3% will
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NICE registry
n=408,259

Not intoxicated patients

Exclusion:

A\ 4

Admissions due to an intoxication
n=16, 4341

Admitted from ward

Exclusion:

v
Admissions from emergency
department n=12,404

A

Required ICU admission by definition:

Mechanical ventilation n=1,970
CPR n=120

A4

Admissions with an unsure
allocation ward n=10,413

Exclusion:
Due to missing data:

A

Heart rate n=447
Systolic blood pressure n=204
GCS n=83

Figure 1. Flow chart.

actually need the provided ICU treatment (positive predicted
value).

In Table 5, the characteristics of the patients identified as
“ICU treatment required” and “ICU treatment not required”
are presented.

Discussion

We developed a model that predicts the course of intoxi-
cated ICU patients. The strongest predictors that an intoxi-
cated ICU patient will need ICU treatment are respiratory
insufficiency, age >55 years, and a GCS <6. Alcohol and
“other  poisonings” as intoxication type and a
SBP >130 mmHg are indicators that ICU treatment will prob-
ably be less likely necessary.

Using the most optimal cut-off point (>6) the sensitivity
of the prediction model is high (93.4%), this stands for a low

\/
Admissions included in the analysis
n=9,679

numbers of false negatives, which is important from a safety
perspective. If this prediction model was used, only five
patients per year would have been wrongly sent to the gen-
eral ward instead of sending to the ICU, including one
patient (in 5 years) that eventually died. We would like to
emphasize that this is merely a theoretical extrapolation and
that in reality these patients would have been transferred
from the general ward to the ICU.

The low specificity of the prediction model (36.2%) means
it still has some problems to discern the patients that actu-
ally need ICU treatment from those who do not, resulting in
a higher percentage of false positives. Also, our model has a
moderate positive predictive value (some people are still
being admitted to the ICU who turn out not to need it after-
wards) but a very high negative predictive value (98.7%). This
means that with our model you can send more people to
low-care or intermediate care wards with a minimal risk of
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Table 1. Characteristics of the ICU admissions, originating from the emergency department, due to intoxications®.

Total ICU admission not needed® Needing ICU admission®
General characteristics
Number of patients 9679 9047 632
Hospital mortality (n (%)) 5 (0.7) 0 (0) 5 (10.3)
Age: (median (25-75%)) 1 (27-51) 40 (27-50) 9 (39-58)
Gender, male (n (%)) 4292 (44.3) 4005 (44.3) 287 (45.4)
APACHE IV score (median (25-75%)) 2 (22-49) 31 (21-45) 6 (48-85)
Type of intoxication (n (%))
Alcohol 1160 (12.0) 1116 (12.3) 44 (7.0)
Analgesic 448 (4.6) 422 (4.7) 26 (4.1)
Antidepressants 1149 (11.9) 1062 (11.7) 87 (13.8)
Street drugs 1107 (11.4) 1017 (11.2) 90 (14.2)
Sedatives 2987 (30.9) 2807 (31.0) 180 (28.5)
Other poisons (e.g., CO, arsenic, cyanide) 4 (0.4) 33 (0.4) 1(0.2)
Toxins not otherwise specified 1380 (14.3) 1253 (13.8) 127 (20.1)
Combination of two or more intoxication types 1414 (14.6) 1337 (14.8) 7 (12.2)
Combination of intoxication with another important reason for ICU admission 1191 (12.3) 977 (10.8) 214 (33.9)

%Observational admissions only: admissions that should go to the ICU no matter what (mechanical ventilation or CPR before admission) are excluded from

analysis.

PNot receiving mechanical ventilation and/or vasopressors <24 h of the ICU admission/in-hospital mortality.
“Receiving mechanical ventilation and/or vasopressors <24 h of the ICU admission/in-hospital mortality.

APACHE: Acute Physiology And Chronic Health Evaluation.

Table 2. Final generalized linear mixed-effects model that predicts the need

for ICU treatment.

Need for ICU treatment

Covariate OR (95%Cl)
Age
Age <25 Reference

Age >25 and <35
Age >35 and <45
Age >45 and <55
Age >55 and <65
Age >65

Type of intoxication
Alcohol
Analgesic
Antidepressants
Street drug
Sedatives
Other poisons®
Toxins not otherwise specified
Combination of two or more intoxication types

SBP at ICU admission
SBP <100
SBP >100 and <110
SBP >110 and <120
SBP >120 and <130
SBP >130 and <140
SBP >140

HR at ICU admission
HR <75
HR >75 and <85
HR >85 and <105
HR >105

GCS at ICU admission
GCS >14
GCS >9 and <14
GCS >6 and <9
GCS <6

Comorbidity
Combination of intoxication with another
important reason for ICU admission
Cirrhosis
Dysrhythmia
Respiratory insufficiency

0.99 (0.67-1.47)
2.23 (1.58-3.14)
2.56 (1.83-3.57)
3.51 (2.45-5.05)
6.02 (4.1-8.85)

Reference
3.18 (1.83-5.54)
2.82 (1.85-4.29)
3.06 (2.03-4.6)
2.03 (1.39-2.94)
0.61 (0.04-10.49)
3.49 (2.35-5.18)
2.52 (1.64-3.86)

3.6 (2.67-4.85)
1.43 (1.01-2.01)
1.07 (0.75-1.52)

Reference
0.63 (0.41-0.96)
0.96 (0.69-1.32)

Reference
1.04 (0.78-1.37)
1.13 (0.88-1.45)
2.15 (1.67-2.77)

Reference
1.72 (1.35-2.19)
3.32 (2.57-4.29)
6.62 (5.1-8.57)

3.79 (3.03-4.75)

4.34 (2.03-9.29)
2.6 (1.73-3.91)
4.85 (2.84-8.27)

OR: odds ratio; Cl: confidence interval; SBP: systolic blood pressure; HR: heart

rate; GCS: Glasgow Coma Scale.

“Examples of “other poisons” are carbon monoxide, arsenic, cyanide.

For simplicity the continuous variables are presented as categories while they
were included as restricted cubic splines in the actual model used for predic-

tion of ICU requirement.

0.4 0.6 0.8 1.0
| |

Observed ICU requirement

0.2
|

o/

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Predicted ICU requirement

0.0
|

Figure 2. Calibration plot of the final multivariate logistic regression model
that predicts the need for ICU treatment.

missing patients that eventually turned out to need ICU
admission.

Application of the prediction model will lead to a large
reduction of observational ICU admissions alone.
Hypothetically, our prediction model would reduce the
amount of admissions by 34.4%, meaning almost 700 admis-
sions per year in the Netherlands. This would be coinciding
with major cost savings. Based on Irish statistics (unfortu-
nately there are no Dutch statistics available), the estimations
are that over €5.3 million per year could be saved in ICU
expenses.[4]

Most current literature on intoxicated ICU patients focuses
on risk factors or prediction models that foretell a bad out-
come; seldom on factors predicting an uneventful course.
Our study demonstrates that alcohol and “other poisonings”
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Second Respiratory
Score Age SBP HR GCS  Type®  diagnose®  Cirrhosis  Dysrhythmia insufficiency
—6 6
—5 1
3 >140
-1 130-140 5
0 <25 120-130 <75 >14 3 No No No No
1 110-120 75-85 24
2 25-35 100-110 85-95 7
3 95-105 9-14
4 35-45 <100 >105
5 Yes
6 45-55
7 6-9 Yes Yes
8 55-65 Yes
9 <6
10 >65
Intoxication
type Intoxication
1 Alcohol
2 Analgesic
3 Antidepressants
4 Street drugs
5 Sedatives
6 Carbon monoxide, arsenic, cyanide poisonings
7 Toxins not otherwise specified
8 Combination of two or more intoxication types

SBP: systolic blood pressure; HR: heart rate; GCS: Glasgow Coma Scale.

Legend for the type of intoxication is demonstrated above. PA second important reason for ICU admission.
The risk is calculated by adding up the numbers corresponding to the patients’ symptoms and co-morbidities. If a patient scores >6, ICU care is warranted.

Table 4. Sensitivity and specificity of the cut-off points based on the assigned number of the prediction model.

ICU requirement score Percentage of patients Sensitivity Specificity Positive predicted value Negative predictive value
>3 853 98.4 15.6 7.6 99.3
>4 794 97.1 218 8.0 99.1
>5 725 96.0 29.2 8.7 99.1
>6 65.7 93.4 36.2 9.3 98.7
>7 584 90.7 439 10.2 98.5
>8 51.1 88.9 516 114 98.5
>9 43.7 86.4 593 12.9 98.4
>10 376 81.8 65.5 14.2 98.1
>11 323 773 70.8 15.6 97.8
>12 27.0 724 76.1 17.5 97.5
>13 223 66.7 80.8 19.6 97.2

as type of intoxication and an SBP >130 mmHg as individual
characteristics, are indicators that ICU treatment will be likely
unnecessary. The SBP of >130 mmHg is interesting since it is
a separate risk factor from the type of substance used. Thus,
for every type of intoxication, an SBP >130mmHg is a pre-
dictor for a better outcome compared to patients having an
SBP <130 mmHg. These results underline the importance of
monitoring intoxicated patients carefully in the ED.

Our study emphasizes the important influence of chronic
co-morbidities on the probability for the need of ICU treat-
ment. Cirrhosis and chronic respiratory both predict that a
patient will need ICU treatment, which means that these
patients, even without clinical signs, have to stay at the ICU
regardless of the type and estimated severity of the intoxica-
tion. These results are generally in line with other studies
analyzing parameters and/or ICU prediction models for
intoxicated patients. For example, a Finnish study by
Liisanantii et al. also found that respiratory dysfunction is a
risk factors for poor outcome.[14] Likewise, old age has

proven to be a risk factor for a bad outcome in a large
German and English cohort.[15,16] Moreover, a low GCS has
been frequently described as a risk factor for mortality, with
evidence that only a very low GCS (< 6) predicts mortality
which is consistent with our findings.[15-19] We were able
to combine these factors into one prediction model based
on a point system.

There are several ICU prediction models tested specifically
on intoxicated population, with various outcome measures of
which mortality is most often investigated. For example,
severity of disease models, like the APACHE and SAPS model
are frequently analyzed, though the sensitivity range of these
models is wide (67-90% and 90-100%, respectively).[20-22]

Furthermore, there has been some modest development
in creating new prediction models, of which the Dutch study
performed by Ambrosius et al. is most comparable to our
study.[23] The authors tested a prediction model, based on
literature research and expert opinion, and determined the
general need for hospital admission for intoxicated patients
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Table 5. Demographics of ICU admissions identified by the prediction model as to need or not need ICU admission.

ICU admission needed: ICU admission NOT needed:

Covariate score >6 score <6
Number of patients (n (%)) 6362 (65.7) 3117 (34.3)
In-hospital mortality (n (%)) 3 (1.0) 2 (0.1)
Age (median (25-75%)) 6 (35-55) 9 (22-40)
Gender, male (n (%)) 2804 (44.1) 1488 (44.9)
APACHE IV score (median (24-75%)) 9 (27-57) 3 (16-31)
GCS at admission (n (%))
GCS >14 2667 (41.9) 2726 (82.2)
GCS >9 and <14 1718 (27.0) 470 (14.2)
GCS >6 and <9 1144 (18.0) 86 (2.6)
GCS <6 833 (13.1) 35 (1.1)
Type of intoxication (n (%))
Alcohol 533 (8.4) 627 (18.9)
Analgesic 263 (4.1) 185 (5.6)
Antidepressants 739 (11.6) 410 (12.4)
Street drugs 798 (12.5) 309 (9.3)
Sedatives 1959 (30.8) 1028 (31.0)
Other Poisonings (e.g., carbon monoxide, arsenic cyanide) 4 (0.1) 30 (0.9)
Other intoxications 1091 (17.1) 289 (8.7)
Combination of two or more intoxication types 975 (15.3) 439 (13.2)
Combination of intoxication with another important reason for ICU admission 1142 (18.0) 49 (1.5)

APACHE: Acute Physiology And Chronic Health Evaluation; GCS: Glasgow Coma Scale.

at an ED.[24] Obviously, due to a different population and a
different sample size, not all parameters are similar. For
example, we did not find “respiratory rate” to be an inde-
pendent predictor, nor did we find an intoxication by an
antidepressant only, without other symptoms or co-morbid-
ities, to be a reason for ICU treatment.

This study represents one of the largest multi-center
cohorts of ICU admissions caused by intoxication (n=9679).
Also, since we did not exclude admissions with additional
diagnoses, our parameters can be used for all intoxicated
patients admitted for observation, resulting in high generaliz-
ability. However, various limitations should be addressed.

First, our prediction model has not yet been externally
validated and is, therefore, not suitable to use in clinical prac-
tice at this moment. It does, however, teach us about the
parameters that have an influence on the course of the
patients. The model has been derived from patients already
admitted to the ICU and has been calculated within their first
hour of admission. It seems unlikely that calculation of this
model on the verge of ED discharge/ICU admission will yield
different results. However, before the model can be general-
ized to other departments, the performance of the model
should be further investigated in an Emergency Department.
Hereafter, the model can be tested in other countries and
the model can be implemented. Another limitation of the
external validity of our study might arise from the exclusion
of certain patients with missing data. These patients appear
to have a lower risk of needing an ICU admission. Including
these patients will probably result in a higher percentage of
patients with a correct prediction of not needing an ICU
admission and result in a higher negative predictive value
and specificity of the model.

Second, since we used the APACHE IV categories for
intoxication, the specific substances are unknown. This is a
limitation because even within a category, some substances
have a higher potential to result in ICU treatment.

For example, an intoxication with a tricyclic antidepressant is
reported to be more likely to result in endotracheal intub-
ation than a selective serotonin reuptake inhibitor.[25]
Unfortunately, we were not able to correct for this. It would
be interesting to evaluate the specific type of toxins that pre-
dict the need for ICU treatment.

Third, we could only include the parameters that were
registered in the national database, with the result that we
were not able to evaluate all the parameters that were
recorded in the first hour of admission. For example, the
results of electrocardiography or echocardiograms are not
included in our analysis. We would like to emphasize that
although this covariate is not in our prediction model, it
could be an important clinical marker and therefore should
be taken into account, especially with substances known to
cause rhythm disturbances.[26,27] Also, the time between
ingestion and presentation is not included in the prediction
model. Patients that have no symptoms and the time to
maximum concentration has past will not need ICU treat-
ment. This information is unavailable in our database and
might substantially add to the decision not to admit patients
to the ICU. Additionally, it would have been better to correct
for the underlying nature of the intoxication (intentional ver-
sus accidental) if this information was available in the
national database. Also, patients that are not recognized as
having an intoxication by the treating physicians were not
included in our study. Therefore, some patients who present
with, for instance, circulatory shock or changes in conscious-
ness could have been missed.

Fourth, one of our outcome measures was in-hospital
mortality, which means that all patients that die in the hos-
pital, even those who die as a consequence of hospital com-
plication (e.g., hospital acquired infection), are identified as
“appropriately treated in the ICU". Hence, this causes the pre-
diction model to be probably less sensitive in clinical prac-
tice. Late complications of the initial intoxication, e.g.,
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hepatic encephalopathy some days after a paracetamol poi-
soning, are disregarded by our model as adequate reasons
for late admission to the ICU. It should be emphasized that
our model focuses only on the immediate necessity for ICU
admission (the first 24 h after intoxication) and does not pre-
clude late complications.

Finally, our prediction model shows some calibration prob-
lems; the need for ICU treatment is underestimated for
patients with a high probability, and slightly overestimated for
patients with a low probability. This underestimation is, how-
ever, almost negligible in regard to daily practice, since this
would lead to approximately five patients per year being allo-
cated to the general ward that, subsequently, did need mech-
anical ventilation and/or vasopressors or would have died
during hospital admission. Presumably, a great part of these
patients at the general ward in need for ICU treatment will be
identified in a later phase and can still receive ICU treatment.

An important and essential future step should be to exter-
nally validate this prediction model in ED-patients with an
intoxication. It would be of great value to have a validated
bedside prediction model at the ED, resulting in less
unnecessary ICU admissions and a reduction in intoxication
associated costs.

Conclusion

For the intoxicated ICU patients, the strongest predictors for
needing ICU treatment are respiratory insufficiency, age >55
year, and a GCS <6. Alcohol and poison as intoxication type
and a SBP >130mmHg are indicators that ICU treatment will
probably be less likely necessary. We developed a prediction
model to predict the need for ICU treatment with a high sen-
sitivity and a high negative predictive value. If this prediction
model would be used in clinical practice the observational
admissions of intoxicated patients would be reduced by
34.3%. The associated reduction in costs could be enormous.
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