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ABSTRACT
Introduction Traumatic brain injury (TBI) remains a majar global health burden, associated with high martality and
long-term disability. Secondary brain injury related to hypoxia and hypotension warsens outcomes,
particularly in the prehospital stage.
Materials and methods This retrospective observational study included 486 adult patients with acute TBI managed between

2020 and 2024 in the prehospital setting and in the Emergency Department of the Institute of
Emergency Medicineg, Chisinau, Republic of Moldova. Injury severity was assessed using the Glasgaw
Coma Scale. Assaciations between physiclogical parameters and clinical outcomes were analyzed
using Pearsan's correlation coefficient.

Results Advanced age, low systolic blood pressure, and prehaspital hypoxia were significantly associated
with greater TBI severity and increased martality (p < 0.0001). Hypoxia showed a maderate positive
correlation with both severity and mortality. Hyperglycemia was not assaciated with injury severity
but carrelated significantly with martality.

Conclusions Early recognition and correction of hypoxia and hypaotension during prehospital care are essential
to limit secondary brain injury and improve outcomes in patients with TBI.

Keywords Traumatic brain injury, hypoxia, hypotension, mortality, prognaosis, risk factars, secondary brain injury.

EVALUAREA CLINICA A FACTORILOR DE RISC iN TRAUMATISMUL CRANIO-CEREBRAL
N STADIUL PRESPITAL SI IN DEPARTAMENTUL DE MEDICINA DE URGENTA

Introducere Traumatismul cranio-cerebral (TCC) reprezintd o problema majora de sanatate, asociatd cu maortali-
tate si dizahilitate crescuta. Leziunile cerebrale secundare, determinate de hipoxie si hipotensiune,
influenteaza negativ prognosticul, in special in etapa prespitaliceasca.

Materiale si metode Studiul retrospectiv observational a fost realizat pe un lot de 486 pacienti adulti cu TCC acut, evaluati
in perioada 2020-2024, in etapa prespitaliceasca si in Departamentul de Medicina de Urgenta al
Institutului de Medicinad Urgenta din Chisindu, Republica Moldova. Severitatea leziunii a fost apreci-
até prin scala Glasgow. Corelatiile dintre parametrii fiziologici si rezultatele clinice au fost analizate
utilizand coeficientul de carelatie Pearsan.

Rezultate Varsta inaintatd, hipotensiunea si hipoxia prespitaliceasca au influentat semnificativ severitatea TCC
si mortalitatea (p < 0,0001). Hipoxia, ins&, a prezentat corelatii pozitive moderate. Hiperglicemia nu
s-a asociat cu severitatea, dar a corelat semnificativ cu mortalitatea.

Concluzii Monitarizarea si ajustarea precoce a hipoxiei si hipotensiunii la etapa prespitaliceasca au fost esen-
tiale pentru reducerea leziunilor secundare siimbunatatirea prognosticului.

Cuvinte-cheie Traumatism cranio-cerebral, hipoxie, hipotensiune, mortalitate, prognostic, factori de risc, leziuni
cerebrale secundare.
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INTRODUCTION

Traumatic brain injury (TBI) remains a major global public health concern,
with substantial social and economic consequences. Its incidence varies
across regions, ranging from 2.18 to 8.65 cases per 1,000 population, with a
markedly higher prevalence among males. In countries such as the United
States, the United Kingdom, China, Finland, and Sweden, TBI-related hospi-
talization rates are approximately 2 per 1,000 population (1).

The leading causes of TBI are road traffic accidents, falls, and interpersonal
violence, accounting for 80-90% of all cases (2, 3). Central nervous system
injuries represent 30-40% of all trauma cases and are the primary contrib-
utors to post-traumatic disability (25-30%) (3, 4). In young adults aged 18-35
years, TBI is the leading cause of trauma-related death (1, 3).

In the Republic of Moldova, recent trends indicate a rise in the number of
TBI cases managed during the prehospital care, increasing from 16.443 cases
in 2021 to 17.493 in 2022. In the national trauma profile, TBI ranks second
after musculoskeletal injuries.

Pathophysiologically, TBI involves both primary brain injuries, either focal
or diffuse, and secondary injury developing after the initial insult. Secondary
injury may result from systemic factors, including hypoxia, hypotension,
and hyperglycemia, as well as intracranial factors such as cerebral edema,
raised intracranial pressure, and ischemia. Cerebral ischemia is considered
the most critical secondary insult and is reported in approximately 90% of
TBI-related deaths (4).

Secondary brain injury contributes to neurological deterioration through
complex molecular and cellular mechanisms and may result in irreversible
damage. For instance, hypoxia leads to neuronal death and cognitive impair-
ment, while even transient episodes of hypotension may significantly impair
cerebral perfusion and worsen neurological outcomes (5).

Effective prehospital management of TBI is therefore essential to limit sec-
ondary injury and maintain adequate cerebral perfusion. Early correction
of hypoxia and hemodynamic instability directly affects clinical outcomes
(6). Prehospital emergency teams play a key role in initial stabilization,
with continuous vital-sign monitoring and timely targeted interventions
required to prevent further neurological deterioration and improve prog-
nosis (7, 8).

Despite advances in emergency medicine, the early identification and man-
agement of secondary brain injury during the prehospital phase remain
challenging. Although previous studies have highlighted the importance
of hypoxia and hypotension, there is still limited evidence regarding the
combined impact of multiple physiological parameters assessed in the pre-
hospital setting, particularly in regional healthcare systems. This represents
an important gap in current knowledge.

In this context, the present study aimed to clarify the association between
early physiological disturbances and TBI outcomes, with a focus on optimiz-
ing prehospital care.

The study evaluated the association of age, systolic blood pressure, mean
arterial pressure, hypoxia, and hyperglycemia with TBI severity and mortal-
ity. It was hypothesized that early abnormalities in these parameters would
be associated with poorer clinical outcomes.
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MATERIALS AND METHODS

This study was conducted within the Department of Emergency Medicine of
“Nicolae Testemitanu” State University of Medicine and Pharmacy, in collabo-
ration with the Emergency Department of the Institute of Emergency Medicine
and the National Center for Prehospital Emergency Medical Assistance, from
January 2, 2020 to January 2, 2024.

Study design

This retrospective observational analytical study assessed the association
between selected prehospital physiological parameters and TBI severity and
mortality.

The study protocol defined the study sample, clinical and paraclinical assess-
ment methods applied during the prehospital and Emergency Department
phases, tools for assessing trauma severity and prognosis, and treatment and
monitoring procedures. Data were collected using standardized observation
and recording forms developed for the study.

Study population and sampling

The study included 486 adult patients aged >18 years with acute TBI. Patients
were initially assessed by emergency medical services in the prehospital setting
and subsequently evaluated in the Emergency Department. A non-probability
consecutive sampling method was used, including all eligible patients who
met the inclusion criteria during the study period.

Inclusion criteria comprised a confirmed diagnosis of traumatic brain injury,
availability of complete prehospital and Emergency Department clinical data,
and age >18 years. Patients with incomplete key clinical or physiological data
were excluded from the analysis.

Outcome measures

TBI severity was assessed at first medical contact using the Glasgow Coma
Scale (GCS) and classified as mild (GCS 13-15), moderate (GCS 9-12), or severe
(GCS <8). Mortality was recorded as a binary outcome, viz. survival or death.

Ethical considerations

The study was conducted in accordance with the Declaration of Helsinki and
approved by the Research Ethics Committee of “Nicolae Testemitanu” State Uni-
versity of Medicine and Pharmacy (Decision no. 46, June 17, 2019). Informed
consent was obtained where applicable.

Statistical analysis

Descriptive statistics were used to summarize demographic and clinical char-
acteristics. Continuous variables were expressed as mean + standard deviation,
while categorical variables were presented as absolute frequencies and per-
centages.

Inferential statistical analysis was performed using Pearson correlation
coefficients to evaluate the associations between physiological parameters
(age, systolic blood pressure, mean arterial pressure, hypoxia, and hyper-
glycemia), TBI severity, and mortality. The level of statistical significance
was set at p < 0.05. Statistical analysis was conducted using standard sta-
tistical software.
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RESULTS

- The study cohort included 486 patients, with a mean age of 51.29 + 18.34 years,
range 18-84 years. Males accounted for 62.9% of cases and females for 37.1%,
with a male-to-female ratio of 1.7:1. Most patients were from rural areas, 71.2%.

Mild TBI was recorded in 79.6% of patients, moderate TBI in 12.3%, and severe
TBI in 8.0%. The most common mechanisms of injury were falls, 44.65%,
followed by physical assault, 25.72%, and road traffic accidents, 18.72%. Demo-
graphic and baseline clinical characteristics are shown in Table 1.

Table 1. Demographic and Baseline Clinical Characteristics of the Study Group (n = 486)

Feature Number of patients Percentage (%)
Mean age (years) = 51.29+1834
Sex
-Male 306 629
- Female 180 371

TBI severity (GCS)

- Mild (GCS 13-15) 387 798

- Moderate (GCS 9-12) 60 123

- Severe (GCS <8) 39 80
Residence

- Urban 140 288

- Rural 346 712

Isolated TBI without associated injuries was identified in 289 patients, 59.46%.
Among these patients, mild TBI predominated, 96.19%, while moderate and
severe TBI accounted for 2.42% and 1.39%, respectively. Age showed a weak
but statistically significant positive correlation with mortality, r = 0.097,
p = 0.033, but was not significantly associated with TBI severity. TBI severity
showed a strong positive correlation with mortality, r = 0.594, p < 0.001. Cor-
relations between age, TBI severity, and mortality are presented in Table 2.

Table 2. Correlation Matrix Between Age, TBI Severity, and Mortality Rate (n=486)

Variables Statistical Indicators Age TBI Severity Mortality Rate
Pearson Correlation 1 0030 0.097*
Age Sig (2-tailed) 0.513 0.033

N 486 486 486
Pearson Correlation 0.030 1 0.594**

TBI Severity Sig (2-tailed) 0.513 0,000
N 486 486 486
Pearson Correlation 0.097* 0.030 1

Mortality Rate Sig (2-tailed) 0,033 0.513

N 486 486 486

Note: * - Carrelation is significant at the 0.05 level (2-tailed)
** - Carrelation is significant at the 0.01 level (2-tailed)
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Prehospital systolic blood pressure was negatively correlated with both TBI
severity, r = -0.254, p < 0.001, and mortality, r = -0.138, p = 0.002. These asso-
ciations are shown in Table 3.

Table 3. Correlation Between Systolic Blood Pressure and TBI Severity and Mortality in TBI Patients

Variables SBP TBI Severity Mortality Rate
SBP 1 -0,254** -0,138**
TBI Severity -0,254** 1 0.594**
Mortality Rate -0,138** 0.594** 1

Note: *p < 005; *p < 001 N = 486

Prehospital systolic blood pressure showed a significant negative correlation
with TBI severity (r = -0.254, p < 0.001) and mortality (r = -0.138, p = 0.002).
The correlation analysis between mean arterial pressure, TBI severity, and
mortality is shown in Table 4.

Table 4. Correlation Between Mean Arterial Pressure and TBI Severity and Mortality in TBI Patients

Variables MAP TBI Severity Mortality Rate
MAP 1 -0,195** -0,213**
TBI Severity -0,195** 1 0.594**
Mortality Rate -0,213** 0.594** 1

Note: *p < 0.05; *p < 0.01. N = 486

Mean arterial pressure was significantly negatively correlated with TBI
severity (r = -0.195, p < 0.001) and mortality (r =-0.213, p < 0.001).

Table 5. Correlation Between Hypoxia and TBI Severity and Mortality in TBI Patients

Variables Hypoxia TBI Severity Mortality Rate
Hypoxia 1 0,324** 0,264**
TBI Severity 0,324** 1 0.594**
Mortality Rate 0,264** 0.594** 1

Note: *p < 0.05; *p < 0.01. N varies due to missing data (Hypoxia n = 438; total sample n = 486)

Prehospital hypoxia was significantly associated with poorer outcomes. It
showed a moderate positive correlation with TBI severity (r = 0.324, p <0.001)
and mortality (r = 0.264, p < 0.001) (Table 5).

Table 6. Correlation Between Hyperglycemia and TBI Severity and Mortality in TBI Patients

Variables Hyperglycemia TBI Severity Mortality Rate
Hyperglycemia 1 -0088 -0,213™
TBI Severity -0.088 * 1 0.594**
Mortality Rate -0,213” 0.594** 1

Note: *p < 0.05; *p < 0.01
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DISCUSSION

Hyperglycemia showed a weak, non-significant negative correlation with TBI
severity (r = -0.088, p = 0.060). In contrast, a significant negative correlation
was observed between hyperglycemia and mortality (r = -0.213, p < 0.01)
(Table 6).

The present study included 486 patients with TBI managed in the prehospital
phase and in the Emergency Department, and examined factors associated
with injury severity and mortality. Older age, hypotension, and prehospital
hypoxia were significantly associated with greater TBI severity and higher
mortality (9-23). These findings are consistent with recent evidence empha-
sizing the role of early physiological stabilization in improving outcomes after
TBI (6, 19). A noteworthy finding is the moderate positive correlation between
prehospital hypoxia and both TBI severity and mortality (14-16). This under-
scores the importance of early oxygen monitoring and timely correction during
the prehospital phase, aligning with prior literature emphasizing hypoxia as a
major secondary insult in TBI (12). Similarly, lower systolic and mean arterial
pressures were associated with more severe injury and increased mortality,
confirming the prognostic importance of early hemodynamic stabilization
(14 - 16, 21, 22, 24 - 28).

Particular attention should be paid to systemic secondary cerebral insults
(ACSO0S), which significantly influence TBI progression (4, 7, 9, 12, 13, 25 -
34). These secondary insults, including hypoxia, hypotension, and metabolic
disturbances, interact with primary injury mechanisms and exacerbate neu-
rological deterioration.

Early recognition and management of ACSOS are therefore essential during
both prehospital care and Emergency Department treatment (23, 24, 26, 28,
29, 31, 32). Structured monitoring of oxygenation and blood pressure may
reduce secondary injury and improve survival.

The association between hyperglycemia and mortality was another relevant
finding. The moderate negative correlation observed may reflect complex
metabolic responses after TBI and warrants further investigation in larger
multicenter studies. TBI induces an acute stress response mediated by activa-
tion of the sympathoadrenal-medullary axis, leading to increased circulating
levels of cortisol, glucagon, insulin, catecholamines, glucose, lactate, and free
fatty acids (15, 21, 22, 24, 26, 28). In this context, blood glucose may serve as a
marker of post-traumatic metabolic stress.

Hyperglycemia, however, is not only an epiphenomenon. It may aggravate
secondary brain injury by increasing oxidative stress through free radical
generation, promoting apoptosis, and contributing to tissue lactic acidosis
(17, 19). Although treatment often focuses on primary brain injury, secondary
insults such as hyperglycemia may be underestimated and may contribute to
the “second-hit” phenomenon, adversely affecting outcomes (17, 19).

Regarding injury mechanisms, falls were the most common cause of TBI across
all severity categories, followed by assault and road traffic accidents. Moreover,
isolated TBI was associated with milder injury and a more favorable prognosis,
suggesting that concomitant trauma complicates management and increases
the risk of adverse outcomes. These findings support comprehensive assess-
ment in polytrauma patients. The results highlight the clinical relevance of
early, structured, and targeted prehospital interventions to reduce secondary
brain injury and optimize patient outcomes. These findings are consistent with
current evidence supporting prehospital protocols focused on oxygenation,
hemodynamic stabilization, and metabolic monitoring (7, 13, 26).
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CONCLUSIONS

1. Advanced age, prehospital hypotension, and hypoxia are significant predictors
of TBI severity and mortality.

2. Early identification and correction of hypoxia and hemodynamic instability
are essential in prehospital care.

3. Hyperglycemia may have a prognostic role in mortality, although it is not
associated with injury severity.
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