
Journal of the Croatian Society of Emergency Medicine� September 2026, Volume 2, Number 5, PP 149-223

154

ORIGINAL ARTICLE / IZVORNI ZNANSTVENI ČLANAK

RESPIRATORY DEPRESSION IN COMATOSE 
ALCOHOL-INTOXICATED PATIENTS: 
IMPACT OF CO-INGESTION AND 
AIRWAY MANAGEMENT – A 36-MONTH 
RETROSPECTIVE COHORT STUDY
RESPIRACIJSKA DEPRESIJA U KOMATOZNIH BOLESNIKA 
S AKUTNOM INTOKSIKACIJOM ALKOHOLOM: UTJECAJ 
ISTODOBNE INGESTIJE DRUGIH TVARI I ZBRINJAVANJA 
DIŠNOG PUTA – RETROSPEKTIVNA KOHORTNA STUDIJA 
TIJEKOM 36 MJESECI

*Matilda Kambo1,2, Klerida Shehu2, Jonida Kito1,2, Benard Shehu2,  

 Albana Kociaj1,2, Eneida Hoxha2, Andrin Tahiri1
, Rudin Domi2

https://doi.org/10.64266/amu.2.5.1

Abstract
Background: Severe alcohol intoxication may cause coma and respiratory failure, 
aggravated by co-ingested central nervous system depressants. We evaluated respiratory 
depression and the association of opioid or benzodiazepine co-ingestion with endotracheal 
intubation and outcomes.
Materials and methods: This retrospective single-centre cohort included adults 
admitted with toxicologically confirmed alcohol-related coma between January 2023 and 
December 2025. Patients were classified as having isolated alcohol intoxication, alcohol–
benzodiazepine co-ingestion, or alcohol–opioid co-ingestion. Admission Glasgow Coma 
Scale (GCS), arterial pH, PaCO₂, endotracheal intubation, and in-hospital mortality were 
compared. Firth-penalized logistic regression was exploratory.
Results: Among 48 patients, 25 had isolated alcohol intoxication, 13 benzodiazepine co-
ingestion, and 10 opioid co-ingestion. Age, sex, and blood alcohol concentration were 
comparable. Across these groups, mean GCS decreased (7.8, 6.5, and 5.0; p<0.001), arterial 
pH declined (7.30, 7.26, and 7.22; p=0.003), and PaCO₂ increased (48.2, 55.1, and 62.0 
mmHg; p=0.008). Intubation rates were 48.0%, 76.9%, and 90.0%, respectively (p=0.031). 
Intubated patients had lower GCS and pH and higher PaCO₂ than non-intubated patients 
(all p<0.001), whereas blood alcohol concentration did not differ. Two deaths occurred, 
both after mixed intoxication (p=0.178). In severity-adjusted exploratory analysis, GCS 
was the strongest correlate of intubation (OR 0.08 per point; 95% CI <0.01–0.33; p<0.001).
Conclusion: Co-ingestion, particularly of opioids, identified patients with more severe 
neurological and respiratory compromise. Integrated neurological, respiratory, and 
toxicological assessment may guide individualized airway management better than blood 
alcohol concentration alone. Larger prospective multicentre studies are required.
Keywords: alcohol intoxication; airway management; benzodiazepines; coma; endotracheal 
intubation; opioid co-ingestion; respiratory depression.

1 �University Hospital Center “Mother 
Teresa”, Tirana, Albania 

2 �University of Tirana Medical School, 
Tirana, Albania

*Corresponding author:

Matilda Kambo, MD 
University Hospital Center  
“Mother Teresa”, 
Str. Dibres Nr.372., 
1001 Tirana, Albania 
E-mail: matildakambo@gmail.com 
Phone: +355692936551

ORCID ID: 

Matilda Kambo  
0009-0000-1788-2554

Klerida Shehu  
0009-0008-2031-5524

Jonida Kito  
0009-0003-4374-3736

Benard Shehu  
0009-0009-9250-1454

Albana Kociaj  
0009-0003-6205-3706

Eneida Hoxha  
0009-0006-1206-7896

Andrin Tahiri  
0009-0001-8024-9433

Rudin Domi  
0000-0003-4594-7815



Journal of the Croatian Society of Emergency Medicine� September 2026, Volume 2, Number 5, PP 149-223

155

Sažetak
Uvod: Teška akutna intoksikacija alkoholom može uzrokovati komu i respiratorno 
zatajenje, dodatno pogoršane istodobnom ingestijom depresora središnjega živčanog 
sustava. Procijenili smo respiratornu depresiju i povezanost istodobne ingestije opioida ili 
benzodiazepina s endotrahealnom intubacijom i ishodima.
Materijali i metode: Ova retrospektivna jednocentrična kohortna studija obuhvatila je 
odrasle hospitalizirane od siječnja 2023. do prosinca 2025. zbog toksikološki potvrđene 
kome povezane s alkoholom. Bolesnici su razvrstani u skupine s izoliranom intoksikacijom 
alkoholom te istodobnom ingestijom benzodiazepina ili opioida. Uspoređeni su Glasgow 
Coma Scale (GCS), arterijski pH, PaCO₂, endotrahealna intubacija i bolnička smrtnost. 
Firthova penalizirana logistička regresija bila je eksploratorna.
Rezultati: Od 48 bolesnika, 25 je imalo izoliranu intoksikaciju alkoholom, 13 istodobnu 
ingestiju benzodiazepina, a 10 opioida. Dob, spol i koncentracija alkohola u krvi bili 
su usporedivi. GCS se između skupina smanjivao (7,8; 6,5; 5,0; p<0,001), arterijski pH 
padao (7,30; 7,26; 7,22; p=0,003), a PaCO₂ rastao (48,2; 55,1; 62,0 mmHg; p=0,008). Stope 
intubacije iznosile su 48,0%, 76,9% i 90,0% (p=0,031). Intubirani bolesnici imali su niži 
GCS i pH te viši PaCO₂ od neintubiranih (sve p<0,001), dok se koncentracija alkohola nije 
razlikovala. Zabilježena su dva smrtna ishoda, oba nakon mješovite intoksikacije (p=0,178). 
U eksploratornoj analizi prilagođenoj težini stanja GCS je bio najsnažnije povezan s 
intubacijom (OR 0,08 po bodu; 95% CI <0,01–0,33; p<0,001).
Zaključak: Istodobna ingestija, osobito opioida, izdvojila je bolesnike s težim neurološkim 
i respiratornim poremećajem. Integrirana neurološka, respiratorna i toksikološka procjena 
može bolje usmjeriti individualizirano zbrinjavanje dišnog puta od same koncentracije 
alkohola u krvi. Potrebne su veće prospektivne multicentrične studije.
Ključne riječi: benzodiazepini; endotrahealna intubacija; intoksikacija alkoholom; 
istodobna ingestija opioida; koma; respiratorna depresija; zbrinjavanje dišnog puta.
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Introduction
Acute alcohol intoxication is a common toxicological 
emergency, and severe poisoning may cause profound 
neurological impairment, respiratory depression, 
aspiration, coma, and death (1–3). Airway assessment is 
particularly challenging because reduced consciousness 
does not invariably correspond to ventilatory failure; 
decisions should integrate Glasgow Coma Scale (GCS), 
airway reflexes, respiratory effort, arterial blood gas 
findings, and the anticipated clinical course (3,4,8). Co-
ingestion of benzodiazepines or opioids may intensify 
central nervous system depression. Benzodiazepines 
potentiate GABA-mediated sedation, whereas opioids 
directly suppress brainstem respiratory drive and reduce 
responsiveness to hypercapnia; combined exposure with 
alcohol may therefore increase the risk of hypoventilation, 
carbon dioxide retention, respiratory acidosis, and 
airway intervention (5–7). Although acute alcohol 
intoxication has been widely studied, few reports have 
simultaneously evaluated neurological status, arterial 
blood gas abnormalities, toxicological co-exposure, 
and airway management according to the class of co-
ingested depressant within a single cohort of patients with 
alcohol-related coma. The present study was designed to 
address this gap. The aim of this study was to evaluate 
respiratory depression among patients presenting with 

alcohol-related coma and to investigate the impact of 
concomitant opioid or benzodiazepine exposure on 
respiratory compromise and clinical outcomes. 

Co-intoxication with alcohol and opioids 
or benzodiazepines increases the risk 
of respiratory depression, hypercapnia, 
respiratory acidosis, and the need for 

endotracheal intubation. 

The primary objective was to assess the association 
between mixed intoxication and the need for 
endotracheal intubation. Secondary objectives included 
the evaluation of arterial blood gas abnormalities, 
particularly hypercapnia and respiratory acidosis, as well 
as in-hospital mortality by type of co-ingested central 
nervous system depressant.

Materials and methods

Study Design and Setting
This retrospective observational cohort study was conducted 
at the Clinical Toxicology Service of the University Hospital 
Center “Mother Teresa” (QSUT), Tirana, Albania. Adult 
patients admitted with alcohol-related coma between January 
2023 and December 2025 were retrospectively identified 
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through hospital medical records. The study was designed to 
evaluate the impact of concomitant opioid or benzodiazepine 
exposure on respiratory depression, airway intervention, and 
short-term clinical outcomes in patients with severe acute 
alcohol intoxication.

Study Population
Medical records of consecutive adult patients (≥18 years) 
admitted during the study period were reviewed. Eligible 
patients had toxicologically confirmed acute alcohol intoxication 
associated with clinically significant impairment of consciousness 
requiring hospital admission and intensive monitoring. Alcohol-
related coma was operationally defined as acute severe depression 
of consciousness predominantly attributable to ethanol after 
exclusion of alternative causes, including traumatic brain 
injury, stroke, hypoglycemia, sepsis, and primary neurological 
disease, on the basis of clinical evaluation and routine emergency 
investigations. A fixed GCS threshold was not required for 
inclusion because airway risk in poisoning depends on respiratory 
status, airway reflexes, aspiration risk, co-ingestion, and clinical 
trajectory in addition to GCS. Patients with incomplete medical 
records, unavailable arterial blood gas analysis, or missing 
toxicological data were excluded.
A total of 48 patients fulfilled the eligibility criteria and were 
included in the final analysis.

Exposure Classification
Patients were classified into three predefined exposure groups 
according to toxicological findings and clinical documentation: 
isolated alcohol intoxication, alcohol with concomitant 
benzodiazepine exposure, and alcohol with concomitant opioid 
exposure. Blood alcohol concentration (BAC) was measured 
on admission using standard hospital laboratory procedures. 
Identification of opioids and benzodiazepines was based on 
routine toxicological screening performed during emergency 
evaluation, together with the corresponding clinical findings.
Toxicological screening was performed on urine samples 
collected at hospital admission using qualitative immunoassay-
based drugs-of-abuse assays on the Abbott ARCHITECT c8000 
clinical chemistry platform. The screening panel included 
benzodiazepines and opiates. The manufacturer-defined 
qualitative cut-offs used by the laboratory were 300 ng/mL 
for opiates, expressed as morphine equivalents, and 300 ng/
mL for benzodiazepines, expressed as oxazepam equivalents. 
Confirmatory gas chromatography–mass spectrometry or liquid 
chromatography–tandem mass spectrometry was not routinely 
available. Results were therefore interpreted as evidence of 
exposure rather than quantitative drug concentration. Potential 
cross-reactivity, false-positive or false-negative findings, and 
limited detection of some synthetic opioids were recognized 
limitations of the screening methodology.

Clinical Assessment and Data Collection
Demographic characteristics, toxicological findings, 
clinical variables, respiratory parameters, and in-hospital 
outcomes were extracted from electronic medical records. 

Demographic variables included age and sex. Neurological 
status at presentation was evaluated using the Glasgow 
Coma Scale (GCS), a validated instrument for assessing the 
level of consciousness in critically ill patients. Neurological 
assessment was performed immediately upon admission, 
before therapeutic interventions, whenever feasible.
Available records regarding pre-hospital or emergency 
department naloxone administration were also reviewed. 
Naloxone administration was documented in eight patients 
with opioid co-ingestion. The timing, dose, and immediate 
clinical response were not consistently recorded; naloxone was 
therefore summarized descriptively and was not included in 
inferential analyses.
Respiratory function was assessed by arterial blood gas analysis 
obtained at admission prior to definitive airway intervention 
whenever clinically possible. Arterial pH and partial pressure 
of arterial carbon dioxide (PaCO₂) were selected as objective 
markers of respiratory depression and ventilatory impairment 
because hypercapnia and respiratory acidosis represent the 
principal physiological consequences of central respiratory 
suppression during severe alcohol intoxication and mixed 
central nervous system depressant exposure.

Study Outcomes
The primary outcome of the study was the requirement for 
endotracheal intubation during hospitalization. Decisions 
regarding airway management were made by the treating 
emergency and intensive care physicians according to routine 
institutional practice, taking into consideration neurological 
status, airway protective reflexes, respiratory effort, arterial 
blood gas abnormalities, and the anticipated risk of respiratory 
deterioration rather than relying solely on the Glasgow Coma 
Scale, consistent with current evidence on airway management 
in intoxicated patients. Secondary outcomes included 
arterial blood gas abnormalities, particularly hypercapnia 
and respiratory acidosis, as well as in-hospital mortality. No 
predefined study protocol mandated intubation; consequently, 
this physician-dependent outcome may also reflect local 
practice variation and decision bias.

Statistical Analysis
Statistical analyses were performed using R statistical 
software (R Foundation for Statistical Computing, Vienna, 
Austria). Continuous variables were summarized as mean ± 
standard deviation. Categorical variables were summarized as 
frequencies and percentages. Distributional assumptions were 
assessed by graphical inspection and descriptive summary 
statistics. The distributions of admission GCS, PaCO₂, and 
arterial pH were additionally presented using boxplots, in 
which the horizontal line represents the median and the box 
represents the interquartile range.
Comparisons among the three intoxication groups were 
performed using one-way analysis of variance (ANOVA) for 
continuous variables and the chi-square test or Fisher’s exact 
test for categorical variables, as appropriate. Comparisons 
between intubated and non-intubated patients were performed 
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using Student’s t-test for continuous variables and the chi-
square or Fisher’s exact test for categorical variables.
To further investigate factors associated with endotracheal 
intubation, sequential Firth-penalized logistic regression 
models were constructed. Firth penalization was selected 
because of the relatively small sample size, sparse subgroup 
structure, and the possibility of quasi-complete separation. 
Initial models evaluated the association between intoxication 
group and airway intervention, whereas subsequent models 
incorporated blood alcohol concentration and neurological 
status (GCS). Covariates were restricted to a small number of 
clinically selected variables. Model discrimination was assessed 
using receiver operating characteristic (ROC) analysis and the 
apparent area under the ROC curve (AUC). Given the limited 
sample size and absence of internal or external validation, all 
regression and AUC analyses were considered exploratory and 
hypothesis-generating rather than confirmatory measures of 
predictive performance.
All statistical tests were two-sided, and a p-value <0.05 was 
considered statistically significant.

Results

Baseline Characteristics
A total of 48 patients with toxicologically confirmed alcohol-
related coma were included in the study. Of these, 25 patients 
(52.1%) had isolated alcohol intoxication, 13 (27.1%) had 
concomitant benzodiazepine exposure, and 10 (20.8%) had 
concomitant opioid exposure.
Baseline demographic characteristics were comparable 
across the three groups. No statistically significant differences 
were observed in age, sex distribution, or blood alcohol 

concentration, indicating similar levels of alcohol exposure at 
presentation (Table 1).
In contrast, significant differences were identified in 
neurological and respiratory parameters. Admission 
Glasgow Coma Scale (GCS) scores progressively decreased 
from patients with isolated alcohol intoxication to those with 
benzodiazepine and opioid co-ingestion (p<0.001). Similarly, 
arterial pH declined while PaCO₂ increased across exposure 
groups, demonstrating progressively more severe respiratory 
compromise in patients with mixed intoxication. Patients with 
alcohol–opioid co-ingestion exhibited the lowest GCS scores, 
the highest PaCO₂ values, and the lowest arterial pH values, 
indicating the greatest degree of respiratory depression at 
presentation (Figures 2–4).
Distribution of admission Glasgow Coma Scale (GCS) scores 
in patients with isolated alcohol intoxication, alcohol–
benzodiazepine co-ingestion, and alcohol–opioid co-ingestion. 
Boxes represent the interquartile range (IQR), the horizontal 
line indicates the median, whiskers extend to 1.5 × IQR, and 
individual points represent individual patients.
Distribution of admission arterial PaCO₂ values among the 
three intoxication groups. Boxes represent the interquartile 
range (IQR), the horizontal line indicates the median, whiskers 
extend to 1.5 × IQR, and individual points represent individual 
patients.
Distribution of admission arterial pH values among the three 
intoxication groups. Boxes represent the interquartile range 
(IQR), the horizontal line indicates the median, whiskers 
extend to 1.5 × IQR, and individual points represent individual 
patients. The dashed horizontal line indicates the predefined 
threshold for severe respiratory acidosis (pH 7.25).

Table 1. Baseline demographic, neurological, and respiratory characteristics according to intoxication group.

Variable Alcohol only 
(n=25)

Alcohol + benzodiazepine 
(n=13)

Alcohol + opioid 
(n=10) P-value

Age, years 44.4 ± 12.1 46.2 ± 14.0 47.3 ± 12.5 0.813
Male sex, n (%) 18 (72.0) 9 (69.2) 9 (90.0) 0.461

Blood alcohol concentration (mg/dL) 292.1 ± 53.9 291.9 ± 54.0 291.9 ± 54.0 1.000

Glasgow Coma Scale 7.8 ± 1.3 6.5 ± 1.1 5.0 ± 1.3 <0.001
Arterial pH 7.30 ± 0.06 7.26 ± 0.07 7.22 ± 0.05 0.003
PaCO₂ (mmHg) 48.2 ± 9.7 55.1 ± 12.2 62.0 ± 15.0 0.008

Values are presented as mean ± SD or number (%). Comparisons were performed using one-way ANOVA for continuous variables and χ² or 
Fisher’s exact test for categorical variables.

Table 2. Clinical outcomes according to intoxication group

Outcome Alcohol only 
 (n=25)

Alcohol + 
benzodiazepine  
(n=13)

Alcohol + opioid 
(n=10) P-value

Endotracheal intubation, n (%) 12 (48.0) 10 (76.9) 9 (90.0) 0.031
In-hospital mortality, n (%) 0 (0.0) 1 (7.7) 1 (10.0) 0.178

Values are presented as number (%). Comparisons were performed using Fisher’s exact test.
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Clinical Outcomes
Clinical outcomes according to intoxication group are 
summarized in Table 2.
Overall, 31 of 48 patients (64.6%) required endotracheal 
intubation during hospitalization. The frequency of airway 
intervention increased progressively according to the pattern 
of intoxication, ranging from isolated alcohol intoxication 
to alcohol–benzodiazepine and alcohol–opioid co-ingestion 
(Figure 1). Patients with opioid co-ingestion demonstrated the 
highest intubation rate, consistent with the greater severity of 
neurological impairment and ventilatory dysfunction observed 
at admission.
Percentage of patients requiring endotracheal intubation in the 
three intoxication groups: isolated alcohol intoxication (12/25, 
48.0%), alcohol–benzodiazepine co-ingestion (10/13, 76.9%), 
and alcohol–opioid co-ingestion (9/10, 90.0%).
Overall, in-hospital mortality was low (2/48, 4.2%). Both 
deaths occurred in patients with mixed intoxication, whereas 
no deaths were recorded among patients with isolated alcohol 
intoxication. Although this difference did not reach statistical 
significance, the observed pattern suggests greater clinical 
severity in patients exposed to additional central nervous 
system depressants.

Naloxone administration was documented in eight patients, all 
in the alcohol–opioid co-ingestion group. Because the timing, 
dosage, and immediate clinical response were inconsistently 
documented, no inferential analysis of naloxone response was 
performed.

Respiratory Depression According to Intoxication 
Pattern
Objective markers of respiratory function demonstrated a clear 
gradient of increasing physiological impairment across the 
three exposure groups.
Admission GCS decreased progressively in parallel with 
worsening arterial blood gas abnormalities. Patients with 
concomitant opioid exposure presented with the greatest 
degree of hypercapnia and respiratory acidosis, whereas 
patients with isolated alcohol intoxication showed the least 
severe physiological abnormalities. Patients with alcohol–
benzodiazepine co-ingestion demonstrated intermediate 
findings between these two groups.
The distribution of individual GCS, PaCO₂, and arterial pH 
values is illustrated in Figures 2–4. These data demonstrate a 
consistent association between mixed intoxication, impaired 
consciousness, progressive carbon dioxide retention, and 
worsening respiratory acidosis.

Table 3. Characteristics of intubated and non-intubated patients

Variable Intubated (n=31) Non-intubated (n=17) P-value
Age, years 46.8 ± 12.9 43.1 ± 12.7 0.347
Male sex, n (%) 24 (77.4) 12 (70.6) 0.598
Blood alcohol concentration (mg/dL) 294.2 ± 52.1 288.1 ± 56.7 0.703
Glasgow Coma Scale 5.9 ± 1.5 8.2 ± 1.0 <0.001
Arterial pH 7.24 ± 0.06 7.31 ± 0.05 <0.001
PaCO₂ (mmHg) 58.8 ± 13.2 45.6 ± 8.1 <0.001

Continuous variables were compared using Student’s t-test and categorical variables using χ² or Fisher’s exact test.

Figure 1. Endotracheal intubation rates according to intoxication 
group.

Figure 2. Admission Glasgow Coma Scale according to the 
intoxication group.
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Factors Associated with Endotracheal Intubation
To further characterize factors associated with airway 
intervention, patients were stratified according to intubation 
status (Table 3).
Compared with non-intubated patients, those requiring 
endotracheal intubation presented with significantly 
lower admission GCS scores, lower arterial pH values, and 
substantially higher PaCO₂ concentrations. In contrast, age, 
sex distribution, and blood alcohol concentration did not differ 
significantly between the two groups.
These findings indicate that objective measures of neurological 
depression and ventilatory impairment were more closely 
associated with the need for endotracheal intubation than 
demographic characteristics or blood alcohol concentration 
alone.

Multivariable Analysis of Endotracheal Intubation
Exploratory Firth-penalized logistic regression was performed 
to examine factors associated with endotracheal intubation. 
Sequential adjustment demonstrated that neurological 
impairment and respiratory dysfunction provided incremental 
prognostic information beyond intoxication pattern and blood 
alcohol concentration (Table 4).
After incorporating the Glasgow Coma Scale into the model, 
the apparent AUC was 0.947 (95% CI 0.891–1.000). This 
estimate represents unvalidated within-cohort discrimination 
and may be inflated by overfitting because of the limited 
sample size.
These exploratory findings require confirmation in larger 
prospective cohorts with internal and external validation.

Discussion 
This retrospective study suggests that concomitant central 
nervous system depressants, particularly opioids, identify 
patients with more severe neurological and respiratory 
compromise despite comparable blood alcohol 

concentrations. The principal clinical interpretation 
is not that intoxication pattern alone determines the 
need for intubation, but that suspected co-exposure 
should prompt integrated assessment of consciousness, 
ventilatory status, arterial blood gas abnormalities, airway 
reflexes, and the anticipated clinical course. Respiratory 
depression remains one of the most clinically important 
complications of severe acute alcohol intoxication and a 
major determinant of morbidity in patients presenting 
with impaired consciousness. Ethanol depresses central 
nervous system activity through multiple neurochemical 
mechanisms, thereby impairing airway-protective 
reflexes, reducing arousal, and attenuating ventilatory 
responsiveness (2). As intoxication progresses, these 
effects may lead to hypoventilation, carbon dioxide 
retention, and respiratory acidosis. In the present study, 
mixed intoxication was associated with significantly 
greater respiratory compromise than isolated alcohol 
intoxication, as reflected by higher PaCO₂ levels and 
lower arterial pH values. These observations support 
the concept that respiratory dysfunction is a principal 
mechanism linking mixed intoxication to adverse clinical 
outcomes. Conzelmann et al. demonstrated that reduced 
consciousness and increasing clinical severity were closely 
associated with aspiration risk in patients with severe 
acute alcohol intoxication, emphasizing the importance 
of comprehensive airway assessment (4). 

Airway management should be  
guided by the overall clinical picture, 
including consciousness, ventilatory 
status, airway reflexes, and arterial 
blood gas abnormalities, rather than 
neurological status or blood alcohol 

concentration alone.

Figure 3. Admission arterial partial pressure of carbon dioxide 
(PaCO₂) according to intoxication group.

Figure 4. Admission arterial pH according to intoxication group.
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Similarly, Sauter et al. reported that decisions regarding 
endotracheal intubation should not rely solely on 
neurological status but should incorporate the overall 
clinical presentation (3). Our findings reinforce this 
multidimensional approach, showing that objective 
indicators of ventilatory impairment closely paralleled 
increasing clinical severity across the exposure groups. 
Together, these observations suggest that arterial blood 
gas analysis provides clinically relevant information 
beyond neurological assessment alone and may 
facilitate early recognition of patients at increased risk 
of respiratory deterioration and the need for advanced 

airway management. This integrated approach is 
consistent with contemporary recommendations for the 
evaluation of poisoned patients, in which neurological 
examination, respiratory physiology, and toxicological 
assessment are considered complementary rather than 
isolated determinants of airway management decisions 
(12,16). 
One of the principal findings of the present study was the 
substantially greater respiratory compromise observed 
among patients with concomitant opioid exposure. 
Compared with both isolated alcohol intoxication and 
alcohol–benzodiazepine co-ingestion, patients in the 
opioid group exhibited the highest PaCO₂ values, the 
lowest arterial pH levels, and the greatest frequency of 
endotracheal intubation. Although the retrospective 
nature of the study precludes causal inference, these 
findings are biologically plausible and consistent with the 
established mechanisms of opioid-induced respiratory 
depression. Activation of μ-opioid receptors within 
brainstem respiratory centers suppresses respiratory drive, 
decreases ventilatory responsiveness to hypercapnia, and 
promotes progressive carbon dioxide retention (6). 
When combined with alcohol, which independently 
depresses central nervous system function, these 
pharmacological effects may become synergistic, 
resulting in more profound impairment of consciousness 
and respiratory function than either agent alone (5). 
Our observations are consistent with previous reports 
demonstrating increased morbidity and mortality 
associated with concurrent exposure to opioids, alcohol, 
and other sedative agents (5,7). Tori et al. reported that 
alcohol and benzodiazepines were frequently involved in 
opioid-related overdose deaths, highlighting the clinical 
relevance of mixed intoxication in routine practice (7). 
Although mortality was uncommon in our cohort, all 
in-hospital deaths occurred in patients with mixed 

Table 4. Multivariable Firth penalized logistic regression models for predictors of endotracheal intubation

Model Variable Adjusted OR 95% CI P-value
Model A (Unadjusted) Alcohol–opioid co-ingestion 4.64 0.92–46.36 0.064
Model B (BAC-adjusted) Alcohol–opioid co-ingestion 4.59 0.92–45.61 0.064

Blood alcohol concentration (per mg/dL) 1.00 0.99–1.01 0.934
Model C (Severity-adjusted) Alcohol–opioid co-ingestion 0.02 <0.01–1.04 0.053

Admission Glasgow Coma Scale (per 1-point increase) 0.08 <0.01–0.33 <0.001
Blood alcohol concentration (per mg/dL) 1.00 0.98–1.02 0.916

*Multivariable Firth-penalized logistic regression models evaluating factors associated with endotracheal intubation. Model A examined the 
unadjusted association between opioid co-ingestion and endotracheal intubation. Model B additionally adjusted for blood alcohol concentration 
(BAC), whereas Model C further incorporated admission Glasgow Coma Scale (GCS) to assess whether the association persisted after accounting for 
neurological severity. Odds ratios (ORs) are presented with 95% confidence intervals (CIs). Firth-penalized logistic regression was applied to reduce 
small-sample bias and improve parameter estimation in the presence of sparse data. Because of the small cohort and wide confidence intervals, 
these models are presented as exploratory and should not be interpreted as a validated prediction model.
Model discrimination. The apparent area under the receiver operating characteristic curve (AUC) was 0.635 for Model A and 0.947 for Model C. 
Although incorporation of neurological severity produced marked within-cohort separation, the high apparent AUC is likely optimistic in this small 
sample and may reflect model overfitting. No internal or external validation was performed; therefore, these values should not be interpreted as 
validated predictive performance.

Figure 5. Receiver operating characteristic (ROC) curve of the 
unadjusted logistic regression model (Model A) evaluating the 
association between opioid co-ingestion and endotracheal 
intubation. The apparent area under the curve (AUC) was 0.635, 
indicating modest discriminative ability prior to adjustment for 
clinical severity.
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intoxication, supporting the concept that concomitant 
exposure to additional central nervous system depressants 
is associated with greater clinical severity. Moreover, the 
progressive decline in GCS, accompanied by increasing 
hypercapnia and worsening respiratory acidosis observed 
in the opioid group, suggests a continuum of physiological 
deterioration preceding the need for advanced airway 
intervention. These findings emphasize the importance of 
early recognition of opioid co-ingestion, close respiratory 
monitoring, and timely arterial blood gas assessment in 
patients presenting with alcohol-related coma, as these 
objective physiological markers may facilitate early 
identification of individuals at increased risk of respiratory 
decompensation and endotracheal intubation. Although 
the respiratory effects of benzodiazepines are generally 
less pronounced than those associated with opioids, 
their concomitant use with alcohol remains clinically 
important. Benzodiazepines potentiate γ-aminobutyric 
acid (GABA)-mediated inhibitory neurotransmission, 
the same neurochemical pathway through which ethanol 
exerts many of its sedative effects (14,15). 
As a result, concurrent exposure may produce 
enhanced central nervous system depression, greater 
impairment of consciousness, and reduced protective 
airway reflexes compared with alcohol intoxication 
alone. This pharmacodynamic interaction represents a 
well-recognized mechanism underlying the increased 
clinical severity frequently observed in mixed alcohol-
benzodiazepine intoxication. In the present cohort, 
patients with alcohol-benzodiazepine exposure 
demonstrated greater neurological and respiratory 
impairment than those presenting with isolated 
alcohol intoxication, although the magnitude of these 
abnormalities remained less pronounced than that 
observed among patients with opioid co-ingestion. 
This finding is consistent with current pharmacological 

understanding. While benzodiazepines may contribute 
substantially to sedation and impairment of airway 
protective mechanisms, they generally exert a less 
profound direct effect on ventilatory drive than opioids 
(5,15). 
Consequently, respiratory compromise in alcohol-
benzodiazepine intoxication is often mediated through 
a combination of reduced consciousness, impaired 
airway protection, and secondary hypoventilation rather 
than severe primary respiratory suppression. From a 
clinical perspective, these observations emphasize that 
alcohol-benzodiazepine intoxication should not be 
regarded as a benign condition. Even in the absence of 
profound hypercapnia, patients may remain vulnerable 
to aspiration, airway obstruction, and progressive 
deterioration of mental status. Previous studies have 
highlighted the risks associated with concurrent exposure 
to alcohol and benzodiazepines, particularly when 
additional sedative agents are present (5,7,12). 
Our findings support the need for careful monitoring of 
this patient population and reinforce the importance of 
considering co-ingested substances when assessing the 
severity of alcohol-related coma. The management of the 
airway in patients presenting with alcohol-related coma 
remains one of the most challenging aspects of emergency 
and critical care practice. Although endotracheal 
intubation is frequently performed to protect the airway 
and ensure adequate ventilation, the optimal criteria for 
intervention remain controversial. Historically, a Glasgow 
Coma Scale score below 8 has often been regarded as an 
indication of the need for airway protection. However, 
accumulating evidence suggests that neurological 
assessment alone may not adequately identify patients 
at risk of respiratory deterioration (3,9,11). 

Intubated patients had significantly 
lower arterial pH and higher PaCO2, 

highlighting the importance of objective 
ventilatory abnormalities in airway 

decision-making.

Our findings support a more comprehensive approach 
to airway evaluation. Patients who underwent 
endotracheal intubation had significantly lower GCS 
scores, lower arterial pH values, and substantially higher 
PaCO₂ levels than nonintubated patients. Importantly, 
these observations suggest that objective evidence of 
ventilatory impairment contributed to clinical decision-
making beyond the degree of impaired consciousness 
alone. Similar conclusions have been reported by Sauter 
et al., who observed that intubation practices in acute 
alcohol intoxication were influenced by the overall 
clinical presentation rather than GCS alone (3). Because 
intubation was determined by treating physicians rather 

Figure 6. Receiver operating characteristic (ROC) curve of the 
severity-adjusted logistic regression model.
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than by a study protocol, the observed associations may 
partly reflect local practice patterns and decision bias.
Likewise, Donald and colleagues identified several clinical 
factors beyond neurological status that were associated 
with the need for rapid sequence intubation in poisoned 
patients (9). Collectively, previous studies support the 
concept that airway management in acute poisoning should 
be guided by the overall clinical presentation rather than by 
a single neurological threshold (3,4,9,11,12). Conzelmann 
et al. demonstrated a close relationship between impaired 
consciousness and aspiration risk in severe alcohol intoxication 
(4), whereas Burket et al. emphasized the complexity of airway 
management decisions and the limitations of relying on a single 
clinical variable when determining the need for intubation 
(11). More recently, Freund et al. showed that carefully selected 
poisoned patients with impaired consciousness could be 
managed without immediate intubation under close clinical 
supervision, further supporting an individualized approach 
to airway management (12). Our findings are consistent with 
this evidence and suggest that airway management in alcohol-
related coma should integrate neurological examination, 
respiratory assessment, and overall clinical status. In this 
context, arterial blood gas analysis appears to be a valuable 
adjunct, providing objective evidence of ventilatory failure 
and facilitating early identification of patients at increased 
risk of respiratory decompensation. Such a multidimensional 
assessment strategy is increasingly recommended in 
contemporary toxicology practice because no single clinical 
variable adequately captures the complexity of poisoning-
related respiratory failure (12,16).

Early clinical assessment should 
integrate neurological status, 

respiratory physiology, and toxicological 
exposure to better identify patients at 

risk of clinical deterioration.

The multivariable analyses further reinforce the importance 
of objective clinical assessment. Adjustment for blood 
alcohol concentration did not materially alter the association 
between intoxication pattern and endotracheal intubation, 
indicating that ethanol concentration alone provides limited 
information regarding immediate clinical risk. In contrast, 
admission Glasgow Coma Scale score remained the strongest 
independent correlate of airway intervention, supporting 
the concept that clinical decision-making should be guided 
primarily by neurological and physiological status rather 
than blood alcohol concentration alone. These observations 
are consistent with previous reports demonstrating that the 
clinical manifestations of alcohol intoxication are determined 
not only by ethanol exposure but also by concomitant central 
nervous system depressants and individual physiological 
susceptibility. Accordingly, early assessment that integrates 
a neurological examination and arterial blood gas analysis 
may provide greater clinical value than reliance on ethanol 
concentration alone.

The apparent improvement in model discrimination after 
incorporating clinical severity variables should be interpreted 
with particular caution. With only 48 patients and small 
exposure subgroups, the AUC of 0.947 may substantially 
overestimate performance because of model overfitting. 
Formal internal validation was not feasible, and the reported 
discrimination therefore represents apparent rather than 
validated model performance. These analyses are exploratory 
and hypothesis-generating and require confirmation in larger 
prospective multicentre studies before clinical implementation.

Clinical Implications and Future Directions 
The findings of the present study have several practical 
implications for clinicians managing patients with alcohol-
related coma. First, they emphasize the importance of actively 
identifying concomitant opioid or benzodiazepine exposure 
during the initial assessment of patients presenting with 
impaired consciousness, as mixed intoxication was consistently 
associated with greater neurological and respiratory 
compromise. Second, the observed association between 
hypercapnia, respiratory acidosis, and endotracheal intubation 
supports the routine integration of respiratory assessment, 
including arterial blood gas analysis, into the evaluation of 
severely intoxicated patients. Finally, these findings reinforce 
the need for individualized airway management strategies that 
integrate neurological examination, respiratory physiology, 
and overall clinical status rather than relying exclusively 
on consciousness scores. Future prospective multicentre 
studies involving larger patient populations are warranted to 
externally validate these findings and further define the role 
of physiological markers such as PaCO₂ and arterial pH in 
predicting clinically relevant outcomes in alcohol-related coma. 

Interpretation of Comparative Literature 
As summarized in Table 5, the available evidence consistently 
supports the importance of respiratory dysfunction and 
individualized airway management in patients with severe 
alcohol intoxication and poisoning. The findings of the 
present study are broadly consistent with previous reports 
while extending current knowledge by demonstrating a clear 
gradient of neurological impairment, hypercapnia, respiratory 
acidosis, and endotracheal intubation across isolated alcohol 
intoxication, alcohol–benzodiazepine co-ingestion, and 
alcohol–opioid co-ingestion. By integrating toxicological 
exposure, neurological assessment, arterial blood gas analysis, 
and airway intervention within a single cohort, the present 
study provides additional evidence that objective respiratory 
and neurological parameters may offer greater clinical value 
than blood alcohol concentration alone when assessing 
patients with alcohol-related coma. 

Limitations
This study has several limitations that should be considered 
when interpreting the findings. First, its retrospective single-
center design introduces the possibility of selection and 
referral bias, as patients admitted to a tertiary intensive care 
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unit may not be representative of the broader population with 
acute alcohol intoxication. Second, the relatively small sample 
size, particularly within the mixed-intoxication subgroups, 
limited statistical power and constrained the complexity of 
multivariable analyses despite the use of Firth-penalized 
logistic regression. Third, toxicological confirmation relied 
primarily on qualitative urine immunoassays, which may 
yield false-positive or false-negative results, are affected by 
cross-reactivity and sampling time, and may not detect some 
synthetic opioids. Fourth, endotracheal intubation was a 
physician-dependent outcome based on institutional practice; 
variability in clinical judgment and decision bias cannot be 
excluded. Fifth, several potentially relevant confounders, 
including chronic respiratory disease, chronic alcohol 
dependence, body mass index, aspiration events, and pre-
hospital interventions, were not consistently available. The 
timing, dose, and immediate clinical response to naloxone were 

also incompletely documented. Finally, the prediction models 
were not internally or externally validated; the apparent AUC of 
0.947 may be optimistic because of overfitting. Accordingly, the 
findings should be interpreted as hypothesis-generating and 
require external validation before routine clinical application.

Conclusions
In this retrospective cohort of patients with alcohol-related 
coma, concomitant opioid and benzodiazepine exposure 
was associated with greater neurological and respiratory 
impairment than isolated alcohol intoxication, with opioid 
co-ingestion showing the most severe physiological profile. 
Because of the small sample and exploratory analyses, these 
associations should not be interpreted as a validated prediction 
rule. The findings support early toxicological screening and 
prompt arterial blood gas analysis in patients presenting 
with alcohol-related coma to facilitate individualized airway 

Table 5. Comparison of the Present Findings with Previous Studies

Study Design Population Principal Findings Relation to Present Findings

Sauter et al., 2020 Retrospective 
cohort

Acute alcohol 
intoxication

Intubation decisions should not 
rely solely on GCS.

Supports multidimensional 
airway assessment.

Conzelmann et 
al., 2021

Retrospective 
cohort

Severe acute alcohol 
intoxication

Aspiration risk increased with 
declining consciousness and 
clinical severity.

Consistent with the observed 
association between respiratory 
impairment and airway 
intervention.

Donald et al., 
2009

Retrospective 
study

Poisoned patients 
with reduced GCS

Multiple clinical variables 
influenced the need for rapid 
sequence intubation.

Supports comprehensive clinical 
assessment beyond neurological 
status alone.

Burket et al., 2021 Narrative review Pharmaceutical 
poisoning

Airway management should be 
individualized rather than based 
on a single clinical variable.

Reinforces individualized airway 
management strategies.

Freund et al., 
2023

Randomized 
clinical trial

Acutely poisoned 
comatose patients

Selected patients may be 
safely managed without 
routine intubation under close 
monitoring.

Supports individualized airway 
management based on overall 
clinical assessment.

Algera et al., 2019 Review
Opioid-induced 
respiratory 
depression

Opioids suppress ventilatory drive 
and promote hypercapnia.

Explains the greater hypercapnia 
and respiratory acidosis observed 
in the opioid co-ingestion group.

Gudin et al., 2013 Review
Combined opioid–
benzodiazepine–
alcohol exposure

Combined CNS depressants 
markedly increase the risk of 
respiratory depression.

Supports the greater clinical 
severity associated with mixed 
intoxication.

Tori et al., 2020 Population-
based study

Opioid overdose 
deaths

Alcohol and benzodiazepines 
frequently contribute to fatal 
opioid overdoses.

Consistent with the greater 
severity observed in mixed 
intoxication.

Brandenburg et 
al., 2017 Prediction model Intoxicated patients

Neurological and respiratory 
impairment predict severe clinical 
outcomes.

Supports the association between 
respiratory compromise and 
endotracheal intubation.

Present study Retrospective 
cohort

48 patients with 
alcohol-related 
coma

Mixed intoxication, particularly 
opioid co-ingestion, was associated 
with greater neurological 
impairment, hypercapnia, 
respiratory acidosis, and higher 
endotracheal intubation rates 
despite comparable blood alcohol 
concentrations.

Provides an integrated evaluation 
of toxicological exposure, 
neurological status, arterial blood 
gas abnormalities, and airway 
management within a single 
cohort of patients with alcohol-
related coma.
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management, while confirmation in larger prospective 
multicentre studies is required.
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