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Abstract
Background: The aim was to identify potential risk factors for lethal outcome in patients with delirium tremens
(DT) treated in the psychiatric setting.
Methods: In a nested case-control study, a total of 190 medical records of patients with DT hospitalized at the
Psychiatric Clinic in Serbia between 2002 and 2011 were reviewed and analyzed. The characteristics of patients
who died (cases) were compared with those who survived (controls). For each case, two controls (matched for age,
gender, and year of hospitalization) were randomly chosen.
Results: Significant differences between cases and controls were found for serum potassium levels (p < 0.001), the
number of hospitalizations (p < 0.001), and duration of hospitalization (p < 0.001). A significant association with
lethal outcome was found for serum potassium levels even in the normal range (adjusted odds ratio 40.52;
95% CI 1.20, >1,000.00; p = 0.004).
Conclusions: Even though the number and duration of psychiatric hospitalizations were identified as factors
determining survival after admission for DT, only serum potassium levels were found to be significant. Patients
with an increase in potassium (or absence of hypokalemia) may require more intensive treatment. Monitoring
of serum levels of potassium is important not only as an indicator for replacement but also as an indicator of
maladaptation.
Keywords: Delirium tremens, Mortality, Serum potassium level, Number of hospitalization, Length of stay
(duration of hospitalization)

Background
Delirium tremens (DT) is the severest form of alcohol
withdrawal and is recorded in approximately 5% to 24%
of patients [1-5]. Over the last few decades, the mortality
rate for patients with DT has fallen from 35% to 2%, and
this has been largely attributed to improved diagnostic
and pharmacological measures [2,6-11]. Several studies
have identified risk factors for the occurrence of DT
[5,12-18], but there has been little research into the risk
factors for mortality among patients with DT [3,6,10,18,19].
The factors that predict a fatal outcome in patients with
DT remain unclear, and DT is still categorized as an

emergency [2,3,5,20]. The early recognition of risk factors
for DT mortality in patients will facilitate the introduction
of preventative measures to decrease the likelihood of a
fatal outcome [3,21]. The danger of a fatal outcome in the
psychiatric setting, where DT patients are first seen or
treated, additionally highlights the importance of early recognition and treatment of DT.
The aim of the study was to identify important risk
factors for fatal outcome in patients with DT who
presented for admission at the Psychiatric Clinic of the
Clinical Center ‘Kragujevac’ in Serbia.

Methods
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Study design

The study design is a nested case-control study.
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Study population

The study was conducted using data obtained for all
patients with DT (n = 190) who were hospitalized at the
Psychiatric Clinic of the Clinical Center ‘Kragujevac’ in
Serbia, during the 10-year period (2002–2011). Patients
were included in the study if they were 18 years of age
and above and if they fulfilled the International Classification of Diseases (ICD-10) criteria for DT [22,23].
Patients with incomplete data sets were excluded. Cases
(n = 14) were defined as patients who had died from DT.
Two controls (n = 28) were identified for each case;
matched for gender, age, and calendar year in which they
were treated; and randomly selected from the patients
with DT who had been successfully treated and discharged alive. All patients were treated according to the
standardized therapeutic protocol at the clinic. Ethical
approval was obtained from the ethical committee of
Clinical Center ‘Kragujevac’ and the principles of Good
Clinical Practice were strictly followed.
Study protocol

For all patients, we collected demographic data (age,
gender, marital and educational status) and variables
relating to alcohol consumption (heredity factors, duration of alcohol consumption). Serum potassium levels,
aspartate aminotransferase/alanine aminotransferase
levels (AST/ALT), and level of creatine phosphokinase
(CPK) in serum were measured in each patient on the
day of admission. Data on further potential risk factors
for a fatal outcome were also recorded, namely, existence of liver lesions (clinical diagnosis by gastroenterologist, without ultrasound confirmation), epileptic seizure
during the 24 to 48 h following admission (without
previous epilepsy), transfer to another clinical department,
and number and duration of previous hospitalizations for
alcohol-related health problems at this clinic.
Statistical analysis

Statistical analysis was carried out using the statistical
software IBM SPSS version 19. Continuous variables
were summarized as means (M) and standard deviations
(SDs). Categorical variables were presented as the frequency of exposure (%) for each risk factor. For categorical variables, the frequency of exposure in cases was
compared to that of controls using chi-square test or
Fisher's exact test (χ2) (where the frequency in a category
was small). Continuous variables were compared using
Student's t test (t) for independent samples and the
Mann-Whitney test (U). Normality of the data was
assessed using the Kolmogorov-Smirnov test. The association between potential risk factors and lethal outcome was
evaluated using binary logistic regression, expressing the
strength of association by crude and adjusted odds ratio
(OR) with 95% confidence intervals (CI). All significance
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tests were performed using a two-sided significance level
of 5% (p < 0.05). The data were analyzed unmatched due
to the small sample size.

Results
In total, 190 (189 males, 1 female) patients satisfying the
study criteria were identified during the study period. Of
these, 14 (7.37%) patients died (cases). The mean age of
all studied patients was 51.39 ± 9.82 years. Only two
variables were independently associated with a fatal
outcome. They were age and potassium levels in serum.
Patients in the deceased group were significantly older
(p = 0.037) and showed significantly higher serum potassium levels (p < 0.001); however, the levels were still
within the normal range (Figure 1 and Table 1).
Cases and controls

Baseline characteristics for cases and controls are
presented in Table 1. Serum potassium levels were
significantly (p < 0.001) higher in cases even in the normal range (4.50 ± 0.71 mmol/l) compared to controls
(3.74 ± 0.59 mmol/l). Cases also had a significantly
greater number of hospitalizations (p < 0.001) and longer
durations of hospitalization (p < 0.001). The multivariate
analysis, using binary logistic regression analysis with
adjustment for the risk factors, is summarized in
Table 2. There was an independent significant association between lethal outcome and serum potassium level
(ORadjusted 40.52; 95% CI 1.20, >1,000.00; p = 0.004).

Discussion
The psychiatric setting is not usually the location of
choice for treating patients with DT. However, historically, DT has been considered as a consequence of
alcoholism, and so all patients with DT are still primarily
treated at the Psychiatric Clinic of the Clinical Center
‘Kragujevac’. In spite of that, mortality during the 10
years of our study was 7.37% which is similar to that
recorded in other studies [2,3,6,9-11,24]. The lethal
outcome was not registered during the last 3 years
35
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Figure 1 Number of patients per year in groups (cases, controls,
all survivors, and all patients with DT).
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Table 1 Baseline characteristics of participants
Cases

Controls

Case/controls
statistics

All survivors

All patients
(cases + all survivors)

Sex
Male

14

28

175 (99.4%)

189 (99.5%)

Female

-

-

1 (0.6%)

1 (0.5%)

Age M ± SD

56.64 ± 11.34

56.39 ± 9.51

50.97 ± 9.60

51.39 ± 9.82

No

-

28

176

176 (92.6%)

Yes

14

-

-

14 (7.4%)

No

11 (78.6%)

19 (67.9%)

106 (60.2%)

116 (61.1%)

Yes

3 (21.4%)

9 (32.1%)

48 (27.3%)

51 (26.8%)

-

-

23 (12.5%)

23 (12.1%)

>1

11 (78.6%)

6 (21.4%)

108 (61.4%)

119 (62.6%)

First

3 (21.4%)

22 (78.6%)

60 (34.1%)

63 (33.2%)

-

-

8 (4.5%)

8 (4.2%)

4.29 ± 3.77

17.89 ± 11.90

U = 21.000; p = 0.000*

16.34 ± 8.39

15.43 ± 8.73

Not married

8 (57.1%)

20 (71.4%)

χ2(1) = 0.857; p = 0.355

58 (33.0%)

66 (34.7%)

Married/widower

6 (42.9%)

8 (28.6%)

104 (59.1%)

110 (57.9%)

-

-

14 (8.0%)

14 (7.4%)

High

6 (42.9%)

16 (57.1%)

Low

8 (57.1%)

12 (42.9%)

t(40) = −0.075; p = 0.940

Death

Heredity

Missing

χ2(1) = 0.131; p = 0.717

Hospitalization

Missing
Duration of treatment in days M ± SD

χ2(1) = 12.649; p = 0.001*

Marital status

Missing
Professional qualifications

Missing
Duration of alcohol consumption
in years M ± SD
K+ in serum M ± SD
AST/ALT ratio M ± SD
CPK in serum M ± SD

χ2(1) = 0.764; p = 0.382

53 (30.1%)

59 (31.1%)

107 (60.8%)

115 (60.5%)

-

-

16 (9.1%)

16 (8.4%)

19.64 ± 10.02

20.39 ± 12.20

U = 193.500; p = 0.946

17.41 ± 8.51

17.59 ± 8.63

4.50 ± 0.71

3.74 ± 0.59

t(40) = −3.661; p = 0.001*

3.87 ± 1.62

3.92 ± 1.58

2.04 ± 1.43

1.80 ± 0.77

t(40) = −0.600; p = 0.557

2.05 ± 2.06

2.05 ± 2.01

U = 180.000; p = 0.669

1,413.82 ± 2,693.66

1,555.43 ± 3,391.42

χ2(1) = 0.000; p = 1.000

117 (66.5%)

128 (67.4%)

2,910.79 ± 7,323.98 1,421.39 ± 1,841.46

Epileptic status
No

11 (78.6%)

22 (78.6%)

Yes

3 (21.4%)

6 (21.4%)

56 (31.8%)

59 (31.1%)

-

-

3 (1.7%)

3 (1.6%)

No

10 (71.4%)

18 (64.3%)

129 (73.3%)

139 (73.2%)

Yes

4 (28.6%)

10 (35.7%)

43 (24.4%)

47 (24.7%)

-

-

4 (2.3%)

4 (2.1%)

No

13 (92.9%)

24 (85.7%)

145 (82.4%)

158 (83.2%)

Yes

1 (7.1%)

4 (14.3%)

27 (15.3%)

28 (14.7%)

-

-

4 (2.3%)

4 (2.1%)

Missing
Liver damage

Missing

χ2(1) = 0.214; p = 0.643

Transfer to another department

Missing

χ2(1) = 0.454; p = 0.500

*p < 0.05 (significant difference); K+, potassium in serum; AST/ALT, aspartate aminotransferase/alanine aminotransferase; CPK, creatine phosphokinase; M, mean;
SD, standard deviation.
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Table 2 Crude and adjusted odds ratios of the risk factors for mortality in DT
Variables
Age

Adjusted OR (95% CI)

p

Crude OR (95% CI)

p

1.49 (0.88, 2.54)

0.141

1.00 (0.94, 1.07)

0.939

Hospitalization

0.014 (0.00, 1.98)

0.091

1.35 (0.63, 2.82)

0.001

Marital status

3.40 (0.12, 99.96)

0.479

1.88 (0.49, 7.15)

0.357

Education
Duration of consumption
Potassium in serum
AST/ALT ratio
CPK in serum
Epileptic status
Liver lesions

>100.00 (0.04, >1,000.00)

0.193

1.78 (0.49, 6.50)

0.384

0.63 (0.35, 1.12)

0.116

0.99 (0.94, 1.05)

0.839

40.52 (1.20, >1,000.00)a

0.039*

5.78 (1.75, 19.12)a

0.004*

17.25 (0.30, >100.00)

0.168

1.26 (0.68, 2.33)

0.466

1.00 (1.00, 1.00)

0.570

1.00 (1.00, 1.00)

0.365

88.63 (0.27, >1,000.00)

0.128

1.00 (0.21, 4.78)

1.000

0.00 (0.00, 20.07)

0.172

0.72 (0.18, 2.90)

0.644

Transfer to another department

0.01 (0.00, >1,000.00)

0.397

0.46 (0.05, 4.57)

0.509

According to year of admission

7.66 (0.52, 113.24)

0.139

1.28 (0.91, 1.80)

0.152

*p < 0.05 (significant difference); aClinical significance (OR > 3); AST/ALT, aspartate aminotransferase/alanine aminotransferase; CPK, creatine phosphokinase;
OR, odds ratio; CI, confidence interval.

(2009–2011) for patients treated for DT in the Psychiatric Clinic.
Although the risk factors for DT are well recognized,
their association with mortality is less well understood.
Patients' age, comorbidities, duration of alcohol consumption, duration of treatment, serum potassium level, and
history of epileptic seizures were identified as the most
significant predictors of mortality in DT in previous
research [2,6,17,19,21,23].
There are a number of studies which point to a drop
in the serum potassium level during weaning from alcohol, especially when this is complicated further by DT
[17,21,25-30]. Hypokalemia is actually a part of the complex adaptive mechanism, activated by the patient's body
in order to overcome disturbances caused by a sudden
lack of ethanol in the blood. The sympathetic system is
activated, and consequently, blood levels of aldosterone
and atrial natriuretic peptide (ANP) rise to very high
levels [31,32]. The natriuretic effect of ANP is counterbalanced by the retention of sodium which is achieved
by the aldosterone effects on renal tubules. The effect is
maintenance of blood pressure and prevention of intracellular edema. However, the reabsorption of sodium by
the renal tubules is accompanied by a loss of potassium
into urine, as each sodium ion is exchanged for one
potassium ion. Hence, high serum potassium levels in a
patient with DT could indicate inappropriate adaptation
to alcohol withdrawal and predict a fatal outcome in that
patient [33].
Therefore, our observation that increased serum
levels of potassium are associated with fatal outcome
in DT patients is not surprising. Monitoring of serum
levels of potassium is important not only as an
indicator for replacement but also as an indicator of
maladaptation. Patients with an increase in potassium

(or absence of hypokalemia) may require more intensive treatment.
It is important to note that the average length of treatment for all cases was short (4.29 ± 3.77 days), and more
than 60% of these patients died within the first 4 days
following admission (four patients died on the day of admission, two on the second day, one on the third day,
and two died on the fourth day). The length of treatment has also been found to be associated with mortality
in previous studies [18,21]. It is clear that the adaptive
mechanisms of these patients had been surpassed and
that they required more intensive monitoring and
treatment. In particular, the absence of adaptive hypokalemia was an early sign of maladaptation and should have
indicated that these patients required more intensive
treatment.

Conclusions
The factors determining survival after admission for
delirium tremens in the psychiatric setting depend on
serum potassium levels, the number of hospitalizations,
and duration of hospitalization. A significant association
with lethal outcome was found only for serum potassium
levels even in the normal range. Monitoring of serum
levels of potassium is important not only as an indicator
for replacement but also as an indicator of maladaptation.
Patients with an increase in potassium (or absence of
hypokalemia) may require more intensive treatment. The
future researches are necessary in a larger sample of
patients for better understanding of risk factors for lethal
outcome in patients with delirium tremens.
Limitations

The major limitation of the study relates to the small sample size due to low mortality over the study period. Also,
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some potentially predictive variables, such as sodium,
chlorides, bicarbonates, blood urea nitrogen, ketones,
magnesium, and pH, were not considered as this was a
retrospective study and the necessary data had not been
recorded. As a result, the findings of the study should be
interpreted with caution and regarded as hypothesisgenerating, in terms of predictive value of the absence of
hypokalemia for fatal outcome in patients with DT.

8.

Abbreviations
ANP: Atrial natriuretic peptide; AST/ALT: Aspartate aminotransferase/alanine
aminotransferase levels; CI: 95% confidence intervals; CPK: Creatine
phosphokinase; DT: Delirium tremens; K+: Potassium in serum; M: Mean;
OR: Crude and adjusted odds ratio; SDs: Standard deviations; t: Student's t
test; U: Mann-Whitney test; %: Frequency of exposure; χ2: Chi-square test or
Fisher's exact test.

11.

Competing interests
The authors wish to thank the Ministry of Education and Science of the
Republic of Serbia for project nos. 175014 and 175007 from which the
clinical investigation that served as the basis for this original work was
partly financed.
Authors’ contributions
DIR coordinated the teamwork of co-authors and wrote the paper. NR
collected the data, searched for literature, and assisted with the writing of
the article. SJ designed the study, supervised the data collection, and wrote
the paper. SS was responsible for design of the study as well as for the
statistical analysis in general. All authors read and approved the final
manuscript.
Acknowledgements
The authors expressed their gratitude to Frank J. Reichert, MBA Master of
Business Administration, Chicago, Illinois, for carefully reading draft versions
of this article as well as for helpful advice on the English language.

9.

10.

12.
13.
14.

15.
16.

17.
18.

19.
20.
21.
22.
23.

Author details
1
Psychiatric Clinic, Clinical Center Kragujevac, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac 34000, Serbia. 2Center for Clinical
Pharmacology, Medical Faculty Military Medical Academy, University of
Defence, Crnotravska 17, Belgrade 11000, Serbia. 3Department of Pharmacy,
Faculty of Medical Sciences, University of Kragujevac, Kragujevac 34000,
Serbia. 4Department of Pharmacology, Faculty of Medical Sciences, University
of Kragujevac, Kragujevac 34000, Serbia.

24.

25.

26.
Received: 4 June 2013 Accepted: 18 November 2013
Published: 2 December 2013
References
1. Ferguson JA, Suelzer CJ, Eckert GJ, Zhou XH, Diffus RS: Risk factors for
delirium tremens development. J Gen Int Med 1996, 11:410–414.
2. Hersh D, Kranzler HR, Meyer RE: Persistent delirium following cessation of
heavy alcohol consumption: diagnostic and treatment implications.
Am J Psychiatry 1997, 154:846–851.
3. Khan A, Levy P, Dehorn S, Miller W, Compton S: Predictors of mortality in
patients with delirium tremens. Acad Emerg Med 2008, 15:788–790.
4. Monte R, Rabuñal R, Casariego E, Bal M, Pértega S: Risk factors for delirium
tremens in patients with alcohol withdrawal syndrome in a hospital
setting. Eur J Int Med 2009, 20:690–694.
5. Rawlani V, Vekaria S, Eisenberg S: Treatment of the hospitalized alcoholdependent patient with alcohol withdrawal syndrome. The Internet J Int
Med 2009, 8. doi:10.5580/c86.
6. Monte R, Rabuñal R, Casariego E, López-Agreda H, Mateos A, Pértega S: Analysis
of the factors determining survival of alcoholic withdrawal syndrome
patients in a general hospital. Alcohol Alcoholism 2010, 45:151–158.
7. Foy A, Kay J, Taylor A: The course of alcohol withdrawal in a general
hospital. Q J Med 1997, 90:253–261.

27.
28.
29.
30.
31.

32.
33.

Horstmann E, Conrad E, Daweke H: Severe course of delirium tremens.
Results of treatment and late prognosis. Med Klin (Munich) 1989,
84:569–573.
Mayo-Smith MF, Beecher LH, Fischer TL, Gorelick DA, Guillaume JL, Hill A,
Jara G, Kasser C, Melbourne J: Working Group on the Management of
Alcohol Withdrawal Delirium, Practice Guidelines Committee, American
Society of Addiction Medicine: Management of alcohol withdrawal
delirium. An evidence-based practice guideline. Arch Intern Med 2004,
164:1405–1412.
Puerta Louro R, Otero Antón E, Lorenzo Zúñiga V: Epidermiology of
alcohol withdrawal syndrome. Mortality and factors of poor prognostic.
An Med Interna 2006, 23:307–309.
Jaeger TM, Lohr RH, Pankratz VS: Symptom-triggered therapy for alcohol
withdrawal syndrome in medical inpatients. Mayo Clin Proc 2001, 76:695–701.
Bayard M, Mcintyre J, Hill KR, Woodside J Jr: Alcohol withdrawal syndrome.
Am Fam Physician 2004, 69:1443–1450.
Palmstierna T: A model for predicting alcohol withdrawal delirium.
Psych Serv 2001, 52:820–823.
Wojnar M, Wasilewski D, Zmigrodzka I, Grobel I: Age-related differences
in the course of alcohol withdrawal in hospitalized patients.
Alcohol Alcoholism 2001, 36:577–583.
Gruner J, Voigt W: Morbidity rate in delirium tremens. Psychiatr Neurol Med
Psychol (Leipz) 1984, 36:331–339.
Lee JH, Jang MK, Lee JY, Kim SM, Kim KH, Park JY, Lee JH, Kim HY, Yoo JY:
Clinical predictors for delirium tremens in alcohol dependence.
J Gastroen Hepatol 2005, 20:1833–1837.
Burin MR, Cook CC: Alcohol withdrawal and hypokalaemia: a case report.
Alcohol Alcoholism 2000, 35:188–189.
Sadock JB, Sadock VA, Ruiz P: Kaplan & Sadock's Comprehensive Textbook of
Psychiatry. 9th edition. Philadelphia: Wolters Kluwer Health/Lippincott
Williams & Wilkins; 2009.
Feuerlein W, Reiser E: Parameters affecting the course and results of
delirium tremens treatment. Acta Psychiat Scand 1986, 329:120–123.
Andreasen NC, Black DW: Introductory Textbook of Psychiatry. 3rd edition.
Arlington: American Psychiatric Publishing, Inc.; 2001.
Ignjatovic Ristic D, Obradovic Z, Markovic A, Lazarevic J: Delirium
Tremens-Faktori od znacaja za mortalitet [abstract]. Med Čas 2007, 41:39.
American Psychiatric Association: Diagnostic and Statistical Manual of Mental
Disorders. 4th edition. Washington, D.C.: American Psychiatric Association; 2000.
Ignjatovic Ristic D, Lazarevic J, Nikic Djuricic K: Delirium tremens. Med Čas
2010, 44:15–20.
Burns MJ, Lekawa ME, Price JB: Delirium Tremens (DTs). New York: Medscape.
Prescriber Update Articles; Apr 9, 2013. http://emedicine.medscape.com/
article/166032-overview.
Eyer F, Schuster T, Felgenhauer N, Pfab R, Strubel T, Saugel B, Zilker T: Risk
assessment of moderate to severe alcohol withdrawal–predictors for
seizures and delirium tremens in the course of withdrawal. Alcohol
Alcohol 2011, 46:427–433.
Wetterling T, Kanitz RD, Veltrup C, Driessen M: Clinical predictors of alcohol
withdrawal delirium. Alcohol Clin Exp Res 1994, 18:1100–1102.
Carl G, Holzbach E: Reversible hypokalemia and hypomagnesemia during
alcohol withdrawal syndrome. Nervenarzt 1994, 65:206–211.
Dobes M: Disorders of the acid–base equilibrium in delirium tremens.
Cas Lek Cesk 1993, 132:142–145.
Beckmann J: Alcohol withdrawal delirium and hypokalemia. Nervenarzt
1990, 61:444–446.
Ignjatovic Ristic D, Lazarevic J: Kalijum kao prediktor delirijum tremensa
[abstract]. Med Čas 2008, 42:18.
Bezzegh A, Nyuli L, Kovács GL: Alpha-atrial natriuretic peptide, aldosterone
secretion and plasma renin activity during ethanol withdrawal: a
correlation with the onset of delirium tremens? Alcohol 1991, 8:333–336.
Kovács GL: Natriuretic peptides in alcohol withdrawal: central and
peripheral mechanisms. Curr Med Chem 2003, 10:2559–2576.
Nardoni A, Copetti R, Baldissera S, Busettini G, Cella R, Nador G:
Hypopotassemia during delirium tremens. Pathogenesis and clinical
significance. Minerva Med 1982, 73:3059–3062.

doi:10.1186/1744-859X-12-39
Cite this article as: Ignjatovic-Ristic et al.: Risk factors for lethal outcome
in patients with delirium tremens - psychiatrist's perspective: a nested
case-control study. Annals of General Psychiatry 2013 12:39.

