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Abstract

Background: Severe traumatic brain injury (TBI) remains associated with high in-hospital mortality.
Although classical clinical predictors are widely used, additional biomarkers reflecting systemic
dysfunction may improve prognostic assessment. Small intestinal bacterial overgrowth (SIBO) may
represent a late marker of critical illness. This study evaluated the prognostic value of SIBO compared
with traditional predictors in severe TBI. Methods: In this retrospective cohort study, 174 patients
with severe TBI (Glasgow Coma Scale < 8) were included. Baseline clinical parameters were recorded
at admission. Quantitative cultures of small intestinal aspirates were obtained at admission (colony-
forming units per milliliter, CFU/mL; CFU1) and on days 12-14 (CFU14). Multivariable logistic
regression, receiver operating characteristic (ROC), and landmark analyses were performed. Results:
Age (OR 1.06 per year, 95% CI 1.03-1.10, p < 0.001), lower GCS (OR 0.48 per point, 95% CI 0.28-0.83,
p =0.008), and respiratory dysfunction reflected by lower PaO,/FiO, values independently predicted
mortality. Late bacterial load >10° CFU/mL showed a strong association with death (OR 5.15, 95% CI
2.15-12.34, p < 0.001). Baseline CFU1l was not significant. The model demonstrated good
discrimination (AUC = 0.84). Landmark analysis confirmed higher post-day-14 mortality and delayed
discharge with elevated CFU14. Conclusions: Late intestinal bacterial overgrowth is independently
associated with mortality and may complement traditional predictors for risk stratification in severe
TBL

Keywords: traumatic brain injury; intensive care; small intestinal bacterial overgrowth; gut
microbiota; prognostic biomarkers; mortality prediction; critical illness; survival analysis; landmark
analysis; microbiological diagnostics

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0962.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 February 2026 d0i:10.20944/preprints202602.0962.v1

2 of 11

1. Introduction

Traumatic brain injury (TBI) remains one of the leading causes of death and disability
worldwide. According to contemporary epidemiological estimates, more than 50-60 million new
cases of TBI are registered annually, with severe forms representing the most clinically significant
proportion and being characterized by high mortality and pronounced neurological consequences
[1].

Despite advances in neurosurgery and intensive care, mortality in severe TBI remains high and
in a number of studies reaches 30-40%, especially in patients requiring prolonged mechanical
ventilation and treatment in intensive care units [2]. Fatal outcomes in this pathology are determined
not only by the primary mechanical brain injury but also by secondary factors — hypoxia, systemic
inflammation, metabolic disturbances, and the development of multiple organ dysfunction.

In this regard, the search for factors allowing prediction of disease course and outcomes becomes
particularly relevant. Traditionally, age, level of consciousness according to the Glasgow Coma Scale,
oxygenation parameters, and systemic metabolic indicators are considered key predictors of
mortality. These variables formed the basis of widely used prognostic models such as IMPACT and
CRASH [3,4]. Nevertheless, even when these models are used, the accuracy of prediction remains
limited, which indicates the need to search for additional biomarkers reflecting systemic
pathophysiological changes in critically ill patients.

In recent years, increasing attention has been paid to the role of intestinal dysfunction and
microbiota in critical conditions. Impaired gastrointestinal motility, increased intestinal barrier
permeability, and bacterial translocation are considered important components of the systemic
inflammatory response and multiple organ failure [5]. One of the manifestations of these processes is
small intestinal bacterial overgrowth syndrome (small intestinal bacterial overgrowth, SIBO),
characterized by a pathological increase in the number of microorganisms in the lumen of the small
intestine, usually defined as > 105 colony-forming units per milliliter of aspirate [6].

Although SIBO has been well studied in gastroenterology, its significance in intensive care unit
patients and, in particular, in severe TBI remains insufficiently investigated. Theoretically,
pronounced bacterial hypercolonization may reflect the severity of intestinal dysfunction, systemic
inflammation, and the overall critical condition, which allows it to be considered as a potential
marker of an unfavorable prognosis.

Aim of the Study

The aim of the present study was to assess and compare the prognostic significance of traditional
clinical predictors of mortality (age, GCS, oxygenation parameters, and metabolic indicators) and a
late microbiological marker — the degree of bacterial colonization of the small intestine in patients
with severe traumatic brain injury.

2. Materials and Methods
2.1. Study Design and Population

A retrospective observational study was conducted in two tertiary hospitals to identify clinical
predictors and late microbiological markers of in-hospital mortality in patients with severe traumatic
brain injury (TBI). Patients were treated in the anesthesiology and intensive care departments of
Ternopil Emergency Hospital, and Khmelnytsky Regional Hospital between September 1, 2023, and
November 30, 2024.

A total of 174 patients were included in the final analysis. Inclusion criteria were: severe
traumatic brain injury (Glasgow Coma Scale < 8).

Exclusion criteria: cardiogenic pulmonary edema; decompensated chronic obstructive
pulmonary disease; pulmonary embolism; malignant neoplasms; diabetic ketoacidosis;
decompensated renal failure; acute myocardial infarction.
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All patients were ventilated using Hamilton C6 ventilators. Arterial blood gases were analyzed
using ABL800 FLEX analyzers (Radiometer, Denmark). Intracranial pressure (ICP) was monitored
using Integra Neurosciences MPM-1 devices. Blood glucose levels were measured by the glucose
oxidase method using a SUPER GL analyzer (Dr. Miiller, Germany).

Severe TBI was defined based on the clinical presentation, neuroimaging data, and the need for
intensive care. For the main analysis, a subgroup of patients with GCS < 8 was used.

2.2. Baseline

At admission, age, body mass index, GCS, PaO,/FiO,, PaCO,, and blood glucose were recorded.

2.3. Enteral Nutrition and Microbiology

For enteral nutrition, a nasointestinal tube was inserted beyond the ligament of Treitz. During
tube placement, small intestinal contents were aspirated. On days 12-14, the tube was reinserted and
repeated sampling was performed.

Culturing of small intestinal contents was performed with quantitative assessment in CFU/mL
on day 1 (CFU1) and day 12-14 (CFU14). Identification was performed using VITEK 2 Compact
(bioMérieux). Severe bacterial overgrowth was defined as >105 CFU/mL according to commonly
accepted microbiological thresholds.

2.4. Outcomes

The primary outcome was in-hospital mortality (Event day). Discharge was considered
censoring (Entry day).

2.5. Statistical Analysis

Statistical analysis was performed using MedCalc® version 20.009 (MedCalc Software Ltd.,
Ostend, Belgium) and Python-based statistical packages. Continuous data are presented as median
and IQR or minimum-QI-median-QIll-maximum. Multivariable logistic regression was used to
assess mortality factors. The late marker — bacterial colonization on days 12-14 (CFU14) — was
analyzed separately. Collinearity was assessed using VIF. Discrimination was evaluated by
ROC/AUC. For events after day 14, a landmark approach was applied; for discharge, death was
treated as a competing risk.

Receiver operating characteristic (ROC) analysis was performed to evaluate predictive accuracy,
and the area under the curve (AUC) with 95% confidence intervals was calculated. A two-sided p-
value < 0.05 was considered statistically significant. No formal sample size calculation was performed
due to the retrospective design.

3. Results

3.1. Baseline Characteristics

A total of 174 patients with severe traumatic brain injury were included. The median age was 48
years (IQR 43-62.75; range 22-74). The median body mass index was 31 kg/m? (IQR 29-33).
Neurological status at admission corresponded to severe traumatic brain injury, with a median
Glasgow Coma Scale (GCS) score of 7 (IQR 7-8; range 5-8). Respiratory function was characterized
by a median PaO,/FiO, ratio of 356 (IQR 345-378) and PaCO, of 44 mmHg (IQR 38-45). The median
blood glucose level was 8 mmol/L (IQR 7-10).

Detailed baseline characteristics are presented in Table 1.
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Table 1. Descriptive statistics of baseline demographic and clinical characteristics (n = 174).
Parameter Minimum QI (25%) Median QIII (75%) Maximum
Age, years 22 43 48 62.75 74
Body mass index, kg/m? 26 29 31 33.0 36
GCS at admission, points 5 7 7 8.0 8
PaO,/FiO, 305 345 356 378 411
PaCO,, mmHg 33 38 44 45 46
Blood glucose, mmol/L 5 7 8 10 11

Baseline microbiological assessment (CFU1) demonstrated low bacterial load (<10° CFU/mL) in
85.1% of patients, moderate growth (10°-10> CFU/mL) in 10.9%, and pronounced bacterial growth
(>10° CFU/mL) in 4.0% (Table 2).

Table 2. CFU1 — degree of bacterial colonization of the small intestine at admission.

CFU1 category n %
<108 148 85.1
103-10° 19 10.9
>10° 7 4.0
Total 174 100

3.2. Multivariable Logistic Regression

To assess independent factors associated with in-hospital mortality, a multivariable logistic
regression model was constructed including age, neurological status at admission (GCS),
oxygenation parameters (PaO,/Fi0;), blood glucose level, and severe bacterial colonization of the
small intestine on day 14 (CFU14 >105).

Age demonstrated a statistically significant association with mortality: each additional year of
life increased the risk of death by 6% (OR 1.06; 95% CI 1.03-1.10; p < 0.001).

A higher Glasgow Coma Scale score was an independent protective factor: an increase of 1 point
was associated with an approximately 52% reduction in the probability of death (OR 0.48; 95% CI
0.28-0.83; p = 0.008).

Respiratory dysfunction was also associated with an unfavorable outcome: lower PaO,/FiO,
values were independently associated with increased mortality.

Blood glucose did not demonstrate independent prognostic significance in the multivariable
model (p = 0.245).

The most pronounced effect was observed for the late microbiological marker: patients with
severe bacterial overgrowth in the small intestine on day 14 (CFU14 >10°) had more than a fivefold
increase in the risk of death (OR 5.15; 95% CI 2.15-12.34; p < 0.001).

Baseline bacterial colonization at admission (CFU1) did not demonstrate independent
prognostic significance.

The results of the regression analysis are presented in Table 3.

Table 3. Results of multivariable logistic regression analysis.

Variable OR 95% CI p-value
Age (per 1 year) 1.06 1.03-1.10 <0.001
GCS (per 1 point) 0.48 0.28-0.83 0.008
PaO,/FiO, 0.74 0.68-0.91 0.006
Glucose 1.13 0.92-1.40 0.245
CFU14 >10° 5.15 2.15-12.34 <0.001
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3.3. ROC Analysis

Receiver operating characteristic analysis of the multivariable logistic regression model
demonstrated good predictive ability, with an area under the curve (AUC) of 0.84, indicating very
good discrimination between survivors and non-survivors.

ROC curve for logistic regression (severe TBI)

1.04

0.8 1

0.6

0.4 1

True Positive Rate

0.2 4

0.0 —— Logistic model (AUC = 0.839)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure 1. ROC curve for the multivariable logistic regression model predicting in-hospital mortality.

3.4. Landmark Analysis of Mortality (Day 14)

In the landmark analysis including patients alive on day 14, the risk of death increased with
increasing degree of bacterial colonization of the small intestine. The data are presented in Table 4.

Table 4. Landmark analysis of mortality after day 14.

CFU14 Number of patients (n) Deaths Mortality risk (%)
<103 58 18 31.0
103-10° 19 4 21.1
>105 29 16 55.2
Total 106 38 35.8
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Figure 2. Kaplan-Meier survival curves after day 14 according to bacterial load.

3.5. Landmark Analysis of Discharge

Landmark analysis demonstrated an association between the degree of bacterial colonization
and the probability and timing of discharge. Death was treated as a competing event. The results are
presented in Table 5.

Table 5. Landmark analysis of discharge after day 14.

CFU14 n Discharged Discharge rate (%) Median days to discharge
<10° 58 40 69.0 4
103-105 19 15 78.9 5
>105 29 14 48.3 8
1.0 — CFU/mL (SIBO14)
..... — <10"3
L — 1073-10"5
— >1075
0.8 ==

=
=
5

Probability of not yet discharged
(=]
(=11

0.2 1

0.0

T T T T T

0 2 4 B 8 10 12 14
Days after day 14

Figure 3. Landmark Kaplan-Meier curves for time to discharge after day 14.

4. Discussion

In our study, classical clinical predictors such as age, the degree of neurological impairment at
admission, and respiratory dysfunction were independent risk factors for in-hospital mortality in
severe TBI. This fully agrees with previous large multicenter studies in which age was recognized as
one of the strongest prognostic factors of traumatic brain injury outcome [1,7]. In several cohort and
prognostic analyses, age demonstrated an almost linear relationship with the probability of an
unfavorable outcome and mortality, with elderly patients having a significantly worse prognosis
[8,9].

The level of consciousness measured by the Glasgow Coma Scale (GCS) is a fundamental clinical
predictor of outcome and is included in all widely recognized international prognostic models,
including IMPACT and CRASH, where decreasing GCS is consistently associated with an
exponential increase in mortality [3,8]. Similarly, in our model, GCS retained independent prognostic
value.

Gas exchange disturbances are also considered important determinants of an unfavorable
outcome. It is known that hypoxemia aggravates secondary ischemic brain injury, increases
intracranial pressure, and is associated with increased mortality in neurocritical care patients [9,10].
In several studies, the PaO,/FiO, ratio was used as an objective indicator of respiratory dysfunction
and was independently associated with fatal outcomes in critically ill patients [11].
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https://doi.org/10.20944/preprints202602.0962.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 February 2026 d0i:10.20944/preprints202602.0962.v1

7 of 11

Similar results were obtained in studies of trauma populations in intensive care units, where the
combination of severe neurological deficit and respiratory failure significantly increased the risk of
in-hospital mortality [12].

Thus, the clinical factors identified in our work fully correspond to previously published data
and confirm the validity of the studied cohort.

The degree of bacterial colonization of the small intestine on days 12-14 (CFU14) demonstrated
a pronounced and independent association with in-hospital mortality and length of hospitalization.
It is important to emphasize that this indicator should be considered not as a baseline predictor, but
as a late dynamic marker of the severity of the critical condition, reflecting the development of
intestinal dysfunction during treatment.

Small intestinal bacterial overgrowth syndrome (SIBO) has traditionally been studied mainly in
gastroenterological practice. According to current clinical guidelines, SIBO is defined as a
pathological increase in bacterial load in the small intestine, most often with a threshold of >10°
CFU/mL in aspirate [6].

In the general population, the prevalence of SIBO remains relatively low and, according to
systematic reviews, ranges from 2 to 22% depending on the diagnostic method and criteria [13]. Thus,
the low frequency of pronounced bacterial hypercolonization at admission identified in our study
(CFU1, CFU/ml >10% about 4%) corresponds to data for a conditionally “healthy” or uncomplicated
population and confirms that severe bacterial growth is not the baseline state of most patients.

At the same time, already after 12-14 days of treatment in the intensive care unit, the frequency
of pronounced hypercolonization in our cohort increased significantly, and the indicator itself
became a strong independent marker of an unfavorable outcome. Similar observations have been
described in other studies of critically ill patients. Thus, in a prospective study of ICU patients, SIBO
was detected in approximately 36% of patients and was associated with complications and prolonged
hospital stay [14].

Pathophysiologically, the results we obtained appear logical. It is known that patients with
severe TBI often develop pronounced gastrointestinal dysmotility, slowing of peristalsis, and stasis
of intestinal contents, which create conditions for excessive bacterial growth [15]. Additionally, the
use of sedatives, opioids, vasopressors, and prolonged mechanical ventilation aggravates
impairment of intestinal motility and barrier function.

Disruption of intestinal barrier integrity and the phenomenon of bacterial translocation are
considered key mechanisms of systemic inflammation and multiple organ failure in intensive care
[5,16]. In this context, SIBO may act not only as a local microbiological phenomenon but also as an
indicator of a generalized inflammatory response and the severity of organ dysfunction.

Moreover, acid-suppressive therapy (proton pump inhibitors) and antibiotics used in intensive
care units are able to alter the composition of the microbiota and contribute to hypercolonization of
the small intestine [17]. These factors could additionally contribute to the increase in bacterial load in
our cohort.

Thus, if at admission the small intestinal microbiota in most patients corresponded to
conditionally normal values, then the development of pronounced bacterial growth by day 14
probably reflects a combination of intestinal hypomotility, barrier dysfunction, drug effects, and
systemic inflammation. This may explain a strong association we identified between CFU14 and
increased mortality and longer hospital stay.

Consequently, the obtained data allow small intestinal hypercolonization on days 12-14 to be
considered a potential late biomarker of an unfavorable course of critical illness, complementing
traditional clinical predictors.

In the present study, pronounced bacterial hypercolonization of the small intestine on days 12—
14 (CFU/mL >10°) proved to be a strong independent factor associated with mortality, as well as with
slower discharge after day 14. It is important to emphasize that hypercolonization of the small
intestine on days 12-14 should be considered primarily as a “late marker,” rather than a baseline
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predictor, since it reflects the dynamics of the critical condition and the development of intestinal
dysfunction during treatment [6].

The prevalence of SIBO in the general/healthy population varies substantially depending on the
diagnostic method (breath tests vs aspirate), criteria, and thresholds; however, in most studies, SIBO
in healthy controls is detected within approximately <2%-22% [18]. Clinical reviews and
methodological works also emphasize that the “gold standard” (small intestinal aspirate culture) is
limited by invasiveness and the risk of contamination, whereas breath tests have limitations in
sensitivity and specificity [6,19].

Against this background, our baseline data appear expected: at admission, pronounced SIBO
(>10° CFU/mL) was observed rarely (about 4%), which is comparable with the lower estimates for the
“conditionally healthy” prevalence and confirms that in most patients severe hypercolonization is
not a baseline condition but develops later. At the same time, already on days 12-14, the proportion
of patients with >105> CFU/mL in our cohort increased noticeably (in the landmark sample), which is
consistent with the concept that critical illness is accompanied by impaired motility/barrier function
and dysbiosis [20,21].

Data on SIBO in the ICU are indeed more limited than in outpatient populations; however, in
recent years studies have appeared indicating a high prevalence of SIBO in critically ill patients. In a
prospective observational study in mechanically ventilated ICU patients, SIBO was detected in
approximately 36.5% of patients and was associated with unfavorable ICU surrogates (for example,
VAP and longer length of stay) [14].

This is in good agreement with our conclusion that pronounced hypercolonization on days 12—
14 reflects disease severity and is accompanied by worse clinical outcomes.

Pathophysiologically, our results can be explained by the following reasons:

1.  Gastrointestinal dysmotility in the ICU. Critically ill patients often develop impaired motility of
the stomach and small intestine; key factors include mechanical ventilation, vasopressors,
opioids/sedation, severe systemic inflammatory response, and metabolic disorders [21,22].
Slowing of intestinal transit and decreased propulsive peristalsis create conditions for bacterial
hypercolonization and retrograde migration of flora.

2. Barrier dysfunction and translocation. Critical illness is accompanied by increased intestinal
permeability and the risk of bacterial/endotoxin translocation, which is discussed within the
concepts of “gut-origin sepsis” and gut-induced MODS [5,23]. In this context, SIBO may be not
only a local phenomenon but also part of a systemic cascade of inflammation and organ
dysfunction.

3. Acid suppression and antibiotics. All our patients widely received PPIs/H2-blockers (stress ulcer
prophylaxis) and antibiotics, which may alter the microbial profile and facilitate excessive
bacterial growth. The association between acid suppression and SIBO/increased bacterial titers
has been described in clinical studies and reviews [24].

4.  Enteral nutrition and postpyloric tube placement. Although enteral nutrition generally supports
mucosal trophism, in severe critical illness the combination of nutritional load, dysmotility, and
changes in biliary-pancreatic secretion may contribute to dysbiosis. Additionally, the very fact
of prolonged postpyloric tube placement (in our case beyond the ligament of Treitz) facilitates
access/contamination and may change local conditions [25,26]. Collectively, these mechanisms
explain well why baseline CFU1 in most patients is low, but by days 12-14, under conditions of
prolonged mechanical ventilation/sedation/acid suppression/antibiotics/vasopressors and
pronounced gastrointestinal dysfunction, significant bacterial growth may develop, which in
our cohort is associated with worsening prognosis.

It should be noted that data on quantitative assessment of bacterial load by small intestinal
aspirate in ICU/neurocritical care patients are substantially fewer than breath test data in other
patient categories [6], which contributes to the relevance of the present study.
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5. Conclusions

In patients with severe traumatic brain injury, classical clinical variables, including age,
neurological status assessed by the Glasgow Coma Scale, and oxygenation parameters, remain
independent predictors of in-hospital mortality. These findings are consistent with previously
published prognostic models and confirm the validity of the studied cohort.

At the same time, the degree of bacterial colonization of the small intestine assessed on days 12—
14 (CFU14) demonstrated a strong and independent association with mortality and length of hospital
stay. Unlike baseline clinical characteristics, this parameter should be considered a late dynamic
marker reflecting the development of gastrointestinal dysfunction during critical illness rather than
an initial predictor.

Baseline bacterial colonization at admission (CFU1) did not demonstrate independent
prognostic significance, whereas pronounced hypercolonization during intensive care was associated
with worse outcomes, delayed discharge, and increased mortality risk. These findings suggest that
intestinal dysbiosis and impaired gut barrier function may play an important role in the systemic
pathophysiology of critically ill neurotrauma patients.

Thus, assessment of small intestinal bacterial load during treatment may complement traditional
clinical predictors and improve risk stratification in patients with severe traumatic brain injury.

Further prospective multicenter studies are required to confirm the prognostic value of SIBO
and to clarify whether modulation of intestinal microbiota could represent a potential therapeutic
target in this population.

6. Limitations

The present study has several limitations that should be taken into account when interpreting
the obtained results.

First, the study has a retrospective two-center design, which potentially limits the
generalizability of the conclusions and does not allow complete exclusion of the influence of hidden
confounding factors. However, the consecutive inclusion of all patients with severe TBI and the use
of standardized intensive care protocols made it possible to minimize systematic selection bias.

Second, quantitative assessment of bacterial colonization was performed based on culture of
small intestinal aspirate. Although this method is considered a reference (“gold standard”) for the
diagnosis of SIBO [6], it remains invasive and is theoretically susceptible to the risk of sample
contamination. Nevertheless, sampling was performed through a postpyloric tube according to a
unified technique, which reduces the probability of diagnostic error.

Third, the composition of the intestinal microbiota in intensive care unit patients may be
influenced by numerous factors, including antibiotic therapy, acid-suppressive drugs, sedatives,
vasopressors, and features of enteral nutrition. These interventions are part of the standard treatment
of critically ill patients and could act as potential confounders; however, at the same time, they reflect
real clinical practice and therefore increase the external validity of the results.

Fourth, assessment of SIBO was performed only at two time points (at admission and on days
12-14), which does not allow tracking the exact dynamics of the development of bacterial
hypercolonization. Future studies with more frequent microbiota monitoring could clarify the
temporal patterns of SIBO formation in neurocritical care patients.

Fifth, breath tests (hydrogen/methane) were not used. However, in intubated critically ill
patients, conducting such studies is technically difficult and may be less accurate compared with
direct microbiological examination of aspirate.

Finally, despite the use of multivariable analysis, it is impossible to completely exclude the
influence of unmeasured factors. Therefore, the identified association between pronounced bacterial
hypercolonization and mortality does not prove a causal relationship and requires confirmation in
prospective multicenter studies.
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Nevertheless, the strengths of the study include a relatively homogeneous cohort of patients
with severe TBI, the use of a quantitative microbiological method, the application of the landmark
approach, as well as the consistency of results obtained by different statistical methods (logistic
regression, Kaplan-Meier analysis, and ROC curves), which increases the reliability of the
conclusions obtained.

Antibiotic exposure and proton pump inhibitor use were not quantitatively adjusted in the
regression model.
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