OBSERVATIONAL STUDY

Alcohol Withdrawal Severity
Measures for Identifying Patients
Requiring High-Intensity Care

OBIJECTIVES: Alcohol withdrawal syndrome (AWS) may progress to require
high-intensity care. Approaches to identify hospitalized patients with AWS who
received higher level of care have not been previously examined. This study aimed
to examine the utility of Clinical Institute Withdrawal Assessment Alcohol Revised
(CIWA-Ar) for alcohol scale scores and medication doses for alcohol withdrawal
management in identifying patients who received high-intensity care.

DESIGN: A multicenter observational cohort study of hospitalized adults with
alcohol withdrawal.

SETTING: University of Chicago Medical Center and University of Wisconsin
Hospital.

PATIENTS: Inpatient encounters between November 2008 and February 2022
with a CIWA-Ar score greater than 0 and benzodiazepine or barbiturate adminis-
tered within the first 24 hours. The primary composite outcome was patients who
progressed to high-intensity care (intermediate care or ICU).

INTERVENTIONS: None.

MAIN RESULTS: Among the 8742 patients included in the study, 37.5% (n =
3280) progressed to high-intensity care. The odds ratio for the composite out-
come increased above 1.0 when the CIWA-Ar score was 24. The sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV)
at this threshold were 0.12 (95% CI, 0.11-0.13), 0.95 (95% ClI, 0.94-0.95),
0.58 (95% CI, 0.54-0.61), and 0.64 (95% ClI, 0.63-0.65), respectively. The OR
increased above 1.0 at a 24-hour lorazepam milligram equivalent dose cutoff of
15 mg. The sensitivity, specificity, PPV, and NPV at this threshold were 0.16 (95%
Cl, 0.14-0.17), 0.96 (95% CI, 0.95-0.96), 0.68 (95% CI, 0.65-0.72), and 0.65
(95% ClI, 0.64-0.66), respectively.

CONCLUSIONS: Neither CIWA-Ar scores nor medication dose cutoff points
were effective measures for identifying patients with alcohol withdrawal who re-
ceived high-intensity care. Research studies for examining outcomes in patients
who deteriorate with AWS will require better methods for cohort identification.

KEYWORDS: alcohol use disorder; benzodiazepines; inpatients; intensive care
units; substance withdrawal syndrome

complicated forms of withdrawal such as delirium and seizure that may

require mechanical ventilation and prolonged hospitalization (1-3).
Nearly half of the patients with AWS in the ICU had extended ICU stays, and
of those that required more than seven days of ICU-level care, 16% died during
hospitalization (4, 5). Patients with a history of recent heavy alcohol use along
with other acute medical conditions, such as pneumonia, cardiac dysfunction,
and alcohol-related liver disease, were also at higher risk for higher degree of
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@ KEY POINTS

Question: What are the withdrawal score and lor-
azepam milligram equivalent (LME) cutoff points to
identify patients who received high-intensity care
for alcohol withdrawal syndrome (AWS)?

Findings: In a multicenter observational cohort
study, a Clinical Institute Withdrawal Assessment
Alcohol Revised (CIWA-Ar) score of 24 and an
LME of 15mg were highly specific but poorly sen-
sitive for identifying patients who received high-
intensity care.

Meaning: Neither the CIWA-Ar score nor LME
dosing was optimal for the identification of
patients with AWS who received high-intensity
care. Alternative approaches are needed for co-
hort identification in studies aimed at preventing
deterioration related to withdrawal.

. J

AWS (4, 6-9), and ultimately, required higher levels of
care in the hospital setting.

Accurate identification of patients with AWS who
may progress to require a higher intensity of care would
provide opportunities to examine the patients at the
highest risk for poor health outcomes (3, 10-13). Using
a health services approach to study AWS by examining
the requirement of high-intensity care, a clinically rel-
evant endpoint that has not been rigorously studied.
Identifying patients with more severe forms of AWS
remains problematic because there are no unified defi-
nitions (2, 14, 15). Furthermore, current definitions
were not derived from data, but rather based on ex-
pert consensus (3, 15). The American Thoracic Society
(ATS) used greater than or equal to 40 mg of diazepam
administered within 1 hour to define severe alcohol
withdrawal syndrome (SAWS) (16). The American
Society of Addiction Medicine (ASAM) and the ATS
defined different severities of AWS using the Clinical
Institute Withdrawal Assessment Alcohol Revised
(CIWA-Ar) which is a widely used scale to guide the
management of AWS with medication dosing (17).
The ASAM and ATS cutoft for SAWS were CIWA-Ar
scores greater than or equal to 19 and greater than or
equal to 15, respectively (1, 16). None of these criteria
was validated in the acute care setting.

The use of unvalidated severity scores (CIWA-Ar
score > 15), medication thresholds (> 40 mg of diazepam
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in 1hr), and International Classification of Diseases
(ICD) codes for delirium tremens or seizures for iden-
tifying worsening AWS may miss many patients. Prior
work has shown that claims data were poorly sensitive
for identifying alcohol-related conditions (18, 19). We
aimed to examine existing expert-determined criteria
with data-derived criteria in the evaluation of patients
with AWS who required high-intensity care, such as
intermediate-level care or ICU-level care. We hypothe-
sized that a data-derived cutoff point in CIWA-Ar score
or medication dose would have better sensitivity and
specificity for receiving high-intensity care than using
the expert-determined cutoff points for SAWS.

MATERIALS AND METHODS

Patient Selection and Case Definition

This was a multicenter retrospective observational co-
hort study from the University of Chicago Medical
Center and the University of Wisconsin Hospital. The
patient cohort was selected using a rule-based approach
modified from the ATS definition for patients at risk for
severe AWS. The following rules were determined by
consensus from several of the ATS authors (T.L.S. and
M.A.) for the study cohort with AWS: 1) CIWA order,
2) CIWA greater than 0, and 3) any dose of benzodiaz-
epine or phenobarbital administered within the first 24
hours of arrival. Ordering a CIWA alone, as described
in the ATS criteria, led to many encounters with a max-
imum CIWA-Ar of 0, which likely reflected patients
who did not have withdrawal symptoms. The inclusion
criteria were applied to adult hospitalizations between
November 2008 and February 2022. Uncontrolled AWS
that progressed in severity and that further complicated
other physical ailments likely required more nursing
care, frequent monitoring, continuous infusions, and
advanced support with invasive mechanical ventila-
tion; therefore, the receipt of high-intensity care rep-
resented by intermediate-level care or ICU care for any
reason was selected as the primary outcome. Patients
may meet the primary outcome for other contributing
reasons outside the progression of AWS alone.

CIWA-Ar Scores and Medication Treatment of
AWS

The maximum CIWA-Ar score and the total medi-
cation dose for alcohol withdrawal were included as
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independent variables in the analyses. The following
medications qualified for the treatment of AWS: 1) lor-
azepam, 2) midazolam, 3) diazepam, 4) oxazepam, 5)
chlordiazepoxide, and 6) phenobarbital. Other ben-
zodiazepines that were not selected comprised less
than 0.1% of observations. The doses of all the ben-
zodiazepines and phenobarbital administered over the
study period were converted to Lorazepam Milligram
Equivalents (LMEs) (Appendix 1, http://links.lww.
com/CCX/B322) (20, 21). Doses exceeding the 99th
percentile were deemed biologically implausible as
shown in Appendix 2 (http://links.lww.com/CCX/
B322), so the data were trimmed at this threshold. A
univariable logistic regression was performed to ex-
amine the total dose of LME for every hour up to 48
hours and its association with the primary outcome to
determine the optimal time for analysis (Appendix 3,
http://links.lww.com/CCX/B322). The first 24 hours of
presentation, defined as the first 24 hours after the first
recorded vital sign at the health system, was selected as
the time period for analysis to ensure adequate sample
size and showed minimal difference in performance
by area under the receiver operating curve when com-
pared with other time points over the first 48 hours.

Analysis Plan

Descriptive statistics between those with and
without receipt of high-intensity care were exam-
ined. Continuous variables were analyzed using the
Kruskal-Wallis test and evaluated as median and in-
terquartile ranges (IQRs). Categorical variables were
analyzed using the chi-square test. To describe patient
comorbidities, elixhauser disease classification catego-
ries included all diagnosis codes that were present at
admission (22). The Pearson correlation coefficient be-
tween CIWA-Ar score and LME was obtained to deter-
mine their correlation.

Logistic regression with restricted cubic spline
(RCS) was used to model the nonlinear relationship
between the maximum CIWA-Ar score and LME with
the primary outcome. RCS was selected because it
offers flexibility in capturing complex nonlinear pat-
terns, including multiple inflection points and varying
slopes (23). This approach accommodated potential
nonlinear associations and identified important thresh-
olds at each knot. The Bayesian Information Criterion
(BIC) is a statistical method for model selection that
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was used to assess the goodness-of-fit and the optimal
number of knots in the RCS model (24). The optimal
knot was chosen based on the lowest BIC value, con-
sidering a range between 3 and 10 knots.

To determine the cutoft points for CIWA-Ar scores
and LME, the scores and doses at the RCS knots were
examined as well as the point where the odds ratio
(OR) exceeded 1.0 in univariable logistic regression for
the primary outcome. The sensitivity, specificity, pos-
itive predictive value (PPV), and negative predictive
value (NPV), along with their 95% CIs were calculated
for the cutoff points.

Additional subgroup analyses were performed for
each center to explore possible practice differences
between sites. The test characteristics obtained from
the RCS cutoff points were compared with test char-
acteristics based on the SAWS criteria set by ASAM
and ATS, which were CIWA-Ar scores of 19 and 15, re-
spectively (1, 16). The analyses were performed using
R, Version 3.6.3 (RStudio Team, Boston, MA). The in-
stitutional review board of the University of Wisconsin
Madison approved this study under protocol number
2019-1258, titled Predicting In-hospital Clinical
Deterioration, which was approved on November 15,
2019. All procedures were followed in accordance
with the ethical standards of the responsible commit-
tee on human experimentation and with the Helsinki
Declaration of 1975.

RESULTS

Patient and Data Characteristics

In the multicenter cohort of 632,600 adult hospitaliza-
tions, 8,742 (1.4%) encounters met the inclusion cri-
teria for AWS, and 3,280 (0.52%) encounters had the
primary outcome of receiving high-intensity care (Fig.
1). The primary outcome consisted of 1452 (0.23%)
encounters with intermediate care transfers and 2395
(0.38%) encounters with ICU transfers.

Patients receiving high-intensity care were more
likely to be older (52 vs. 50 yr, p < 0.001), male sex
(73% vs. 63%, p < 0.001), and White race (62% vs. 55%,
p < 0.001) (Table 1). The patients at the University of
Chicago were predominantly African American (73%)
while those at the University of Wisconsin were pre-
dominantly White (91%) (Appendix 4, http://links.
lww.com/CCX/B322). Patients with the outcome
had a higher proportion of comorbidities compared
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Adult Hospitalizations
November 2009 - February 2022
(n=632,600)

and mechanical ventilation
among patients who met
the outcome criteria were
53% (n = 1740) and 35%

A

Encounters with no
CIWA-Ar order
(n=542,533, 85.8%)

(n =1132), respectively.
Patients with the out-

Encounters with
CIWA-Ar order
(n=90,067, 14.2%)

y

come received higher doses
of LME (p < 0.001) and had
higher CIWA-Ar scores
(p < 0.001) than patients

maximum CIWA-Ar =0

\
Encounters with
CIWA-Ar >0
(n=30,163, 4.8%)

Encounters with without the outcome. The

median cumulative doses of

(n=59,904, 9.4%)

LME in the first 24 hours for
the cases and noncases were
3mg (IQR 1-8) and 2mg

Phenobarbital within the

\ A

\
Encounters with
Benzodiazepine or
Phenobarbital within the
first 24 hours
(n=8,742, 1.4%)

Encounters with no
Benzodiazepine or

(IQR 1-5), respectively. The
median cumulative doses of
LME in the entire encounter

first 24 hours
for cases and noncases were

(n=21,421, 3.4%)

8mg (IQR 3-32.4) and 4 mg
(IQR 2-10), respectively.
The median of the max-
imum CIWA-Ar score in
the first 24 hours for the
cases and noncases were
12 (IQR 6-18) and 10 (IQR

\

5-15), respectively. The
Pearson correlation coef-

y

Acute care only
(n=5,462, 0.86%)

High intensity care
(n=3,280, 0.52%)

ficient between CIWA-Ar
score and LME was 0.48 (p

< 0.001). The median time

Figure 1. Patient cohort diagram. Outcomes of patients with Clinical Institute Withdrawal
Assessment Alcohol Revised (CIWA-Ar) score greater than O and any administration of

benzodiazepine or phenobarbital.

with those without. Notably, patients receiving high-
intensity care had a higher proportion of liver di-
sease, coagulopathy, and electrolyte derangements
(p <0.001). ICD codes for alcohol use disorder (AUD)
were identified in 77% of encounters in our study co-
hort (Table 1). At the University of Chicago, only 61%
of the study cohorthad ICD codes of AUD (Appendix 4,
http://links.lww.com/CCX/B322). Of the 3280 admis-
sions that met the outcome criteria, only 113 (3.4%)
had ICD codes for complicated alcohol withdrawal,
such as delirium tremens and withdrawal seizures.
Additionally, the incidence of adjunctive infusion,
such as propofol, ketamine, and dexmedetomidine,

4 www.ccejournal.org

from presentation to the
first dose of withdrawal
medication for each site
was 3 hours (IQR 2-10)
and 7 hours (IQR 3-14), respectively. The 99th per-
centile LME given within the first 24 hours for each
site was 40 mg and 80 mg, respectively (Appendix 2,
http://links.Jlww.com/CCX/B322).

Cutoff point Identification

In the RCS regression, five knots and three knots were
determined to have the best model fit for CIWA-Ar
and LME models, respectively. The logistic regression
model with RCS demonstrated a dose-dependent re-
sponse with increasing scores of CIWA-Ar and LME
for the primary outcome with ORs going above 1 at
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TABLE 1.
Cohort Patient Characteristics

Characteristics

Age, median (IQR)

Male, n (%)

Race, n (%)
American Indian or Alaska Native
Asian/Mideast Indian
Black/African American
Pacific Islander/Hawaiian Native
White/Caucasian
Other

Ethnicity, n (%)
Declined/unknown
Hispanic/Latino
Non-Hispanic/Latino

Blood alcohol content > 0

Maximum Clinical Institute Withdrawal Assessment Alcohol
Revised score in the first 24 hr of admission, median (IQR)

Total LME in the first 24 hr of admission, median (IQR)
Total LME in the entire encounter, median (IQR)
Elixhauser comorbidities, n (%)

Alcohol use disorder

Fluid and electrolyte disorders

Hypertension

Depression

Arrhythmia

Liver disease

Drug use disorder

Chronic pulmonary disease

Neurologic disorders

Coagulopathy

Total Acute Care High-Intensity
(n =8742) (n =5462) Care (n = 3280)
51 (40, 59) 50 (39, 59) 52 (42,60) < 0.001
5854 (67.0) 3454 (63.2) 2400 (73.2) < 0.001
<0.0012
3(0.8) 47 (0.9) 6 (0.8)
4 (0.6) 39 (0.7) 5 (0.5)
3296 (37.7) 2227 (40.8) 1069 (32.6)
8(0.2) 11 (0.2) 7(0.2)
5021 (57.4) 2977 (54.5) 2044 (62.3)
280 (3.2) 161 (3.0) 119 (3.7)
<0.0012
124 (1.4) 56 (1.0) 8 (2.1)
343 (3.9) 207 (3.8) 136 (4.1)
8475 (94.7) 5199 (95.2) 3076 (93.8)
2896 (50.6) 1866 (52.0) 1030 (48.3) 0.008
1 (5, 16) 10 (5, 15) 2 (6,18) < 0.001
5(1,6) 2 (1,5) 3(1,8) < 0.001
5(2,15) 4(2,10) 8 (3,32.4) <0.001
6747 (77.2) 4199 (76.9) 2548 (77.7) 0.399
5183 (59.3) 3059 (56.0) 2124 (64.8) < 0.001
4423 (50.6) 2737 (50.1) 1686 (51.4) 0.251
3323 (38.0) 2286 (41.9) 1037 (31.6) < 0.001
3297 (37.7) 1900 (34.8) 1397 (42.6) < 0.001
2874 (32.9) 1704 (31.2) 1170 (85.7) < 0.001
2529 (28.9) 1699 (31.1) 830 (25.3) < 0.001
2518 (28.8) 1531 (28.0) 987 (30.1) 0.042
2418 (27.7) 1376 (25.2) 1042 (31.8) < 0.001
1952 (22.3) 992 (18.1) 960 (29.3) < 0.001

IOR = interquartile range, LME = lorazepam milligram equivalent.

2p values assessed the significance of the differences across all groups.

CIWA-Ar score of 24 and LME of 15 mg, respectively
(Figs. 2 and 3). The corresponding cutoft points for
each knot and their test characteristics are detailed in
Table 2

For CIWA-Ar RCS, at an OR of 1 and a cutoft
point of 24, the sensitivity, specificity, PPV, and NPV
were 0.12 (95% CI, 0.11-0.13), 0.95 (95% CI, 0.94-
0.95), 0.58 (95% CI, 0.54-0.61), and 0.64 (95% CI,
0.63-0.65), respectively. For LME RCS, at an OR of
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1 at 15mg LME, the sensitivity, specificity, PPV, and
NPV were 0.16 (95% CI, 0.14-0.17), 0.96 (95% CI,
0.95-0.96), 0.68 (95% CI, 0.65-0.72), and 0.65 (95%
CL, 0.65-0.66), respectively. An analysis combining
CIWA-Ar score and LME models did not provide ad-
ditional performance gain in test characteristics over
CIWA-Ar alone.

In the subgroup analysis, the RCS regression plot of
CIWA-Ar and LME at each center was similar to the

www.ccejournal.org 5
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characteristics were similar

Odds Ratio

0.0

when the OR was above 1.0
for receiving high-intensity
care.

DISCUSSION

This study highlights the
challenges and limitations

of the current AWS crite-
ria using alcohol scales and

0 10 20 30

Maximum CIWA in the first 24 hours of presentation

T medication doses to iden-
40 tify patients with AWS who
progress to high-intensity
care. From a health services

Figure 2. Restricted cubic spline regression of the odds ratio of maximum Clinical Institute
Withdrawal Assessment Alcohol Revised (CIWA-Ar) scores in the first 24 hours of admission and

severe alcohol withdrawal syndrome.

perspective, predicting the
need for high-intensity care
is important. However, pre-
vious studies using expert-

Odds Ratio

0.0

determined medication
dosing and CIWA-Ar
scores to define SAWS do
not perform well in iden-
tifying individuals who
progress to high-intensity
care (1, 16, 25). In a data-
driven manner, our results
showed that medication
doses and CIWA-Ar scores

0 5 10 15 20

Total Lorazepam milligram equivalent (LME) in the first 24 hours of presentation

have high specificity but
very poor sensitivity when
used for predicting higher-
intensity care. CIWA-Ar

25 30

Figure 3. Restricted cubic spline regression of the odds ratio of the total lorazepam milligram
equivalent (LME) in the first 24 hours of admission and severe alcohol withdrawal syndrome.

multicenter results (Appendices 5 and 6, http://links.
lww.com/CCX/B322). The OR for the composite out-
come increased above 1.0 for each center when the
CIWA-Ar score reached 28 and 24, respectively. The
OR for the composite outcome increased above 1.0
at each center when the 24-hour LME dose reached
15mg and 16 mg, respectively. The test characteristics
are listed in Table 3.

For CIWA scores, the ASAM and ATS criteria for
SAWS had specificities above 0.60 but with sensitivi-
ties below 0.47 in the multicenter and single-center
analyses. When compared with the test characteristics
of the ASAM and ATS criteria, the data-derived test

6 www.ccejournal.org

scores and medication
doses are not reliable meas-
ures for identifying patients
who progress to high-intensity care and are likely to
lead to many missed cases (e.g., false negatives) in co-
hort identification for clinical studies.

In the literature, there is no consensus on the formal
definition of severe forms of AWS (2, 14, 15). Most stud-
ies used 8 mg of LME, in an hour as the cutoff for SAWS
because patients may require a second agent such as
phenobarbital or propofol for continuous sedation, an
indication for high-intensity care, to manage AWS (11,
16). We also found patients who progressed to high-
intensity care received a median of 8 mg LME during
their hospital stay. Another study used 10 mg of loraz-
epam as a cutoff before starting a second agent (26).

March 2024 ¢ Volume 6 * Number 3
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TABLE 2.

Test Characteristics of Clinical Institute Withdrawal Assessment Alcohol Revised and
Lorazepam Milligram Equivalent Restricted Cubic Spline Knots and Odds Ratio Equal to 1

score/dose

Knot/Criteria

Positive

Predictive Value

Negative
Predictive Value

Sensitivity

Clinical Institute Withdrawal Assessment-Ar Scores

6 Second knot 0.76 (0.74, 0.77)

11 Third knot 0.56 (0.55, 0.58)

15 American Thoracic 0.39 (0.37,0.41)
Society

16 Fourth knot 0.35 (0.33, 0.37)

19 American Society of 0.24 (0.23, 0.26)
Addiction Medicine

24 OR=1 0.12 (0.11,0.13)

26 Fifth knot 0.09 (0.08, 0.10)

Lorazepam milligram equivalent

2.5 mg Second knot 0.58 (0.56, 0.60)
13 mg Third knot 0.18 (0.17,0.19)
15 mg OR=1 0.16 (0.14, 0.17)

Specificity

0.27 (0.26, 0.28)
0.50 (0.49, 0.52)
0.73 (0.71, 0.74)

0.77 (0.75, 0.78)
0.86 (0.85, 0.87)

0.95 (0.94, 0.95)
0.96 (0.96, 0.97)

0.53 (0.51, 0.54)
0.94 (0.94, 0.95)
0.96 (0.95, 0.96)

0.38 (0.37, 0.40)
0.40 (0.39, 0.42)
0.46 (0.44, 0.48)

0.47 (0.45, 0.49)
0.51 (0.49, 0.54)

0.58 (0.54, 0.61)
0.60 (0.55, 0.64)

0.42 (0.41, 0.44)
0.65 (0.62, 0.68)
0.68 (0.65, 0.72)

0.65 (0.63, 0.67)
0.66 (0.64, 0.67)
0.66 (0.65, 0.68)

0.66 (0.65, 0.67)
0.65 (0.64, 0.67)

0.64 (0.63, 0.65)
0.64 (0.63, 0.65)

0.68 (0.66, 0.69)
0.65 (0.65, 0.67)
0.65 (0.64, 0.66)

OR = odds ratio.

These patients required escalation of care to the ICU
for invasive mechanical ventilation. In the study by
Gold et al (11), patients who required invasive me-
chanical ventilation for AWS received an average of
50mg LME in 24 hours. However, our study showed
a lower threshold of 15mg LME in the first 24 hours
of presentation, but we had a broader catchment than
only patients receiving mechanical ventilation and in-
cluded other patients admitted to the ICU or interme-
diate care units.

ASAM and ATS guidelines recommend using
CIWA-Ar scores of 19 and 15, respectively, both of
which were derived by an expert panel for symptom-
based treatment (1, 16). ASAM uses AWS resistant to
benzodiazepine as the definition of SAWS to derive the
CIWA-Ar score cutoff. ASAM notes that the CIWA-Ar
score cutoff is a suggestion that varies between institu-
tions and should be clinically determined by the clini-
cian. ATS derived their cutoft based on a prospective
study that found that AWS patients had CIWA-Ar
scores of 10-15 when they developed delirium tre-
mens (27). In our study, there was a poor correlation
between CIWA-Ar scores and LME seen in our study.
This could be explained by the fact that patients with
more severe AWS may require higher doses of benzo-
diazepines, leading to sedation and an artificially low

Critical Care Explorations

CIWA-Ar score despite physiologic manifestations of
severe withdrawal.

Although ASAM and ATS SAWS criteria were not
specifically intended to identify patients who progress to
high-intensity care, we used a health services approach
in this study by examining the criteria as cutoff points
for the primary outcome. We found the criteria set forth
by ASAM and ATS were highly specific but poorly sen-
sitive for the identification of patients who progressed to
high-intensity care and thus missed many patients. The
lack of a CIWA-Ar score and LME cutoft point with use-
ful test characteristics suggests that both criteria are not
reliable for identifying patients with AWS who require
high-intensity care for the purpose of cohort identifica-
tion in clinical studies.

ICD codes for delirium tremens or seizures are an-
other data element used for complex AWS which may
require high-intensity care for sedation and mechan-
ical ventilation. However, previous studies have shown
that using ICD codes has poor sensitivity (range,
2-35%) to identify AUD (18, 19). Although AWS and
AUD are different diagnoses, we expect that most of the
patients experiencing AWS would carry a diagnosis of
AUD. At the University of Chicago, only about half of
the cohort, which comprised of patients actively being
treated with AWS, had ICD codes for AUD possibly

www.ccejournal.org 7
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TABLE 3.

Test Characteristics of Clinical Institute Withdrawal Assessment Alcohol Revised and
Lorazepam milligram equivalent Restricted Cubic Spline Knots, Odds Ratio Equal to 1,
American Thoracic Society Clinical Institute Withdrawal Assessment-Ar Cutoff Points,
and American Society of Addiction Medicine Clinical Institute Withdrawal Assessment-Ar
Cutoff Points at Each Center

Knot/

score/dose Criteria

Sensitivity

Specificity

Positive

Predictive Value

Negative
Predictive Value

Clinical Institute Withdrawal Assessment-Ar Scores

University of Chicago
8 Third knot 0.55 (0.52, 0.57)
12 Fourth knot 0.42 (0.40, 0.45)
15 ATS 0.26 (0.24, 0.28)
19 ASAM 0.16 (0.14,0.18)
23 Fifth knot 0.10 (0.08,0.11)
28 OR=1 0.05 (0.04, 0.06)
University of Wisconsin
13 Second knot 0.57 (0.55, 0.59)
15 ATS 0.47 (0.45, 0.50)
19 ASAM 0.30 (0.28, 0.32)
24 Third knot, 0.14 (0.12, 0.15)
OR=1

Lorazepam milligram equivalent
University of Chicago
9 mg Third knot
OR=1

University of Wisconsin

15 mg

0.17 (0.15, 0.20)
0.11 (0.09, 0.12)

4 mg Second knot 0.53 (0.51, 0.55)
16 mg OR=1 0.18 (0.17, 0.20)
17 mg Third knot 0.17 (0.16, 0.19)

0.47 (0.46, 0.49)
0.72 (0.70, 0.74)
0.84 (0.83, 0.86)
0.91 (0.90, 0.92)
0.96 (0.96, 0.97)
0.98 (0.98, 0.99)

0.47 (0.45, 0.49)
0.60 (0.58, 0.62)
0.81 (0.79, 0.82)
0.93 (0.92, 0.94)

0.93 (0.92. 0.94)
0.98 (0.97, 0.98)

0.54 (0.52, 0.56)
0.94 (0.93, 0.95)
0.95 (0.94, 0.96)

0.33 (0.31, 0.35)
0.38 (0.35, 0.40)
0.43 (0.40, 0.47)
0.46 (0.42, 0.51)
0.55 (0.49, 0.62)
0.59 (0.49, 0.68)

0.44 (0.43, 0.46)
0.47 (0.45, 0.49)
0.53 (0.50, 0.56)
0.59 (0.54, 0.63)

0.59 (0.54, 0.63)
0.68 (0.61, 0.74)

0.46 (0.44, 0.48)
0.71 (0.67, 0.75)
0.74 (0.69, 0.78)

0.69 (0.67, 0.71)
0.76 (0.74, 0.78)
0.71 (0.69, 0.72)
0.70 (0.68, 0.71)
0.70 (0.68, 0.71)
0.69 (0.67. 0.70)

0.59 (0.57, 0.62)
0.61 (0.59, 0.62)
0.61 (0.59, 0.62)

(
(
(
0.59 (0.58, 0.61)

0.67 (0.66, 0.69)
0.70 (0.69, 0.74)

0.61 (0.59, 0.63)
0.61 (0.59, 0.62)
0.61 (0.59, 0.62)

ASAM = American Society of Addiction Medicine, ATS = American Thoracic Society, OR = odds ratio.

because the withdrawal was not prioritized and other
physical ailments were the primary focus of admis-
sion. In our cohort, only about 3% of the patients who
met the outcome criteria had ICD codes for complex
withdrawal consistent with previous studies that noted
poor sensitivity.

Using the transfer to ICU as a proxy for clinical
deterioration has been employed in other clinical
studies for hospitalized adults (28-31). Our study out-
come included intermediate-level care and ICU-level
care for any medical reason, including patients who
may be decompensating from acute medical condi-
tions other than AWS. We used high-intensity care
in AWS patients as the primary outcome because it

8 www.ccejournal.org

likely represents the complex manifestations of with-
drawal alone or in combination with other physical
ailments. Solely including patients who are admitted
to the ICU for alcohol withdrawal as their primary
diagnosis would have a small sample size and biased
results that are not generalizable for most complex
ICU patients. Two studies that investigated patients in
the ICU whose sole indication for ICU admission was
management of AWS only recruited around 50 sub-
jects due to strict exclusion criteria (12, 13). Despite
broadly using receipt of high-intensity care as the
outcome, our results showed a dose-dependent re-
sponse, both within the first 24 hours of presentation
and throughout the whole encounter, that suggests a
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higher severity of alcohol withdrawal correlated with
high-intensity care. This is consistent with previous
literature where patients with AWS are at an increased
risk of complications and prolonged ICU stays (4). In
the study cohort, patients who received high-intensity
care had a higher frequency of comorbidities, con-
sistent with previous literature suggesting that acute
medical illness may precipitate and increase the se-
verity of withdrawal (5-10). The cohort who received
high-intensity care had a higher frequency of liver
disease, coagulopathy, and electrolyte derangements,
which provides good face validity.

The multicenter design of the study afforded a more
diverse representation of race and ethnicity, with one
center predominantly non-Hispanic Black adults.
There were also practice variations across centers. One
of the centers had more than double the time for me-
dian time to the first dose of benzodiazepine. The 99th
percentile LME was also double. Furthermore, each
center likely has a different threshold for escalation of
care. Despite these significant differences, the CTWA-Ar
score and LME at which patients were at increased risk
for high-intensity care were similar which supports the
generalizability of this study’s findings.

There are several limitations in this study. First, the
inclusion criteria of a CIWA-Ar score greater than
0 and receipt of benzodiazepine or phenobarbital
allows for the possibility of misclassification bias.
Although the intention is to capture patients being
actively treated for alcohol withdrawal, it is possible
that some patients may have received benzodiaz-
epines or phenobarbital for other conditions, such as
anxiety or nonalcohol-related seizures. Next, in this
study, we examined high-intensity care as a manifes-
tation of SAWS. Although we compared our spline-
derived cutoffs to the ATS and ASAM criteria derived
for SAWS, it is important to note that the ATS and
ASAM criteria were not intended to identify patients
who require high-intensity care. It is also important
to note that our cohort may be diluted with patients
who require escalation of care for medical conditions
not associated with AWS. Our results showed that the
first 24-hour LME and total LME were significantly
higher in patients who met the primary outcome
compared with those who did not. This suggests that
the cohort comprised patients with higher severity of
AWS. Finally, CIWA-Ar scores may be confounded
by symptoms or physiologic changes seen in acute

Critical Care Explorations

medical conditions in hospitalized patients that may
mimic alcohol withdrawal and may lead to over-
estimation of CIWA-Ar scores and higher doses of
benzodiazepine.

CONCLUSIONS

Our study showed that neither expert-determined
nor data-driven approaches with CIWA-Ar scores
and medication doses are reliable measures for iden-
tifying patients with AWS who progress to high-
intensity care. Further research is needed for better
methods in the prediction of patients who progress
to high-intensity care.
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