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Highlights 

What are the main findings? 

• Even when patients with traumatic brain injuries and chronic illnesses receive appropriate care 
in the hospital, potential infectious complications may worsen their condition. 

• The forensic autopsy findings in the studied cohort indicate a markedly increased prevalence of 
nosocomial infections in patients with cranial-cerebral injuries compared to those diagnosed 
clinically. 

What is the implication of the main finding? 

• In cases of intricate, multivariate pathology, forensic doctors may face challenges in ascertaining 
the cause of death and the influence of the patient's each condition on the determination of 
decease. 

• Healthcare-associated infections frequently modify the causal relationship between traumatic 
injuries and the victim's demise, resulting in legal repercussions. 

Abstract 

Background/Objectives: When a patient dies and a complex pathology is identified, it can be difficult 
to ascertain the cause of death and the contribution of each ailment to the dying process. Patients 
with traumatic brain injuries often represent the best hosts for healthcare-associated infections, 
especially pneumonia or bronchopneumonia. Additionally, some of these ones also have pre-existing 
chronic diseases, which can influence their medical evolution. Therefore, many factors need to be 
carefully analyzed by the forensic doctor when establishing the cause of death. The purpose of this 
study is to demonstrate the crucial role a forensic autopsy plays in accurately identifying the cause 
of death and diagnosing all of a patient's ailments, particularly in cases involving nosocomial 
infections, while emphasizing the significant number of cases where healthcare-associated infections 
can lead to mortality. Methods: We conducted a retrospective analysis that included cases with 
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cranial-cerebral traumas, pre-existing chronic diseases, and hospital-acquired infections that were 
autopsied at the Forensic Medicine Institute in Timișoara between January 1, 2018, and December 31, 
2021. We studied the autopsy reports and the medical documentation of the patients. Results: Our 
research indicates that patients with traumatic brain injuries and non-traumatic conditions face a 
considerable risk of acquiring healthcare-associated infections, especially pneumonia or 
bronchopneumonia, even with adequate medical treatment. A significant part of these infectious 
issues remains unrecognized while hospitalization; however, autopsy can elucidate them. 
Conclusions: This study demonstrates a high prevalence of healthcare-associated infections in 
patients with brain injuries, as well as how these infections can alter the progression of traumatic 
disorders and their mortality rate.  

Keywords: trauma; traumatic brain injuries; healthcare-associated infections; chronical diseases; 
mortality; causality 
 

1. Introduction 

Healthcare-associated infections (HAIs), also known as nosocomial infections, represent a major 
global public health concern, significantly affecting morbidity, mortality, and healthcare costs. 
According to the most recent WHO global report, in low- and middle-income countries, 1 in 4 
hospitalized patients acquires at least one HAI, and up to 1 in 10 dies as a result. Globally, 7 out of 
100 hospitalized patients in acute care settings develop an HAI, with this proportion increasing to 
15% in intensive care units [1]. 

HAIs are a common problem in forensic practice due to the nature of the work, especially in 
patients who are hospitalized after suffering serious traumatic brain injuries that necessitate lengthy 
hospital stays, which frequently involve surgery.  

Even with appropriate treatment during hospitalization, the impact of the traumatic agent may 
be exacerbated by possible infection problems. Furthermore, the patient's progression can frequently 
be adversely impacted by the prior pathological conditions. When determining the cause of death, 
these factors must be considered, as they play a crucial part in the death process. 

Despite significant progress in prevention and treatment over the years, trauma remains a major 
global public health concern, with 60% of deaths happening during the first few hours of hospital 
admission [2]. 

Annually, around 10 million individuals are impacted by traumatic brain injuries (TBIs). 
Notwithstanding initiatives to enhance treatment for TBIs, they persist as a public health issue, 
resulting in elevated mortality and morbidity among the youth [3].  

In terms of brain damage following a head injury, the development of TBI has been split into 
two main stages from a neuro-pathological perspective: primary damage, which happens at the time 
of the injury and includes things like scalp abrasions, skull fractures, contusions and brain lacerations, 
diffuse axonal injuries, and intracranial hemorrhage; and secondary damage, which is brought on by 
complex processes that are started at the time of the injury but are not immediately apparent, such as 
brain damage from increased intracranial pressure, ischemia, swelling, and infection [4]. 

Cranial trauma cases are categorized as minor, moderate, or serious in routine clinical practice 
based on a set of triage criteria for treatment. Such a classification won't apply in trauma forensics 
because a slight trauma that can be easily ignored may have huge medico-legal implications, whereas 
a major trauma may have little or no forensic significance. Therefore, forensic practitioners need to 
classify trauma in a way that is appropriate, understandable to the legal system, and could reveal the 
cause [5]. 

The fact that most patients may be at an age where they are more likely to suffer from chronic 
illness is one of the issues brought up by intracranial injuries. For similar levels of injury, elderly 
patients have twice the mortality rate and greater morbidity compared with young individuals, 
because of significant comorbidities and related therapies. Patients over 65 years of age are an 
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increasingly affected group, and they are more likely to die of medical complications late during 
hospital admission [6].  

Second, treating patients with intracranial injuries is made more challenging by the fact that they 
frequently also have injuries to other body areas. Even if they survive surgery, these individuals may 
pass away from both the decompensation of their body and complications from their injuries. Some 
of the victims pass away due to their bed conditions following their injuries—such as the onset of 
pneumonia—rather than their injuries itself [7]. 

About 6% of trauma patients experience HAIs, with pneumonia—including ventilator-
associated pneumonia—being the most prevalent kind [8].  

A nosocomial infection's likelihood is not always correlated with the extent of the traumatic 
injury. Even if a patient's damage is modest, they still need to pay more attention to infectious issues 
[9]. 

Over 25% of trauma victims suffer from an undiagnosed or untreated chronic medical and/or 
mental health condition, which might worsen their short- and long-term results. A chronic deadly 
trifecta of trauma may be created if these physiological and mental illnesses, which are aggravated 
or triggered by traumatic injuries, are exacerbated by unfavorable social circumstances or infectious 
complications [10].  

A customized strategy and a comprehensive evaluation of the severity of traumatic injuries, the 
patient's medical history, and their clinical progression during hospitalization are necessary in 
situations of complicated and multifaceted pathology, especially traumatic. Therefore, many factors 
need to be carefully analyzed by the forensic doctor when establishing the cause of death in patients 
with severe injuries, concurrent chronic diseases, and healthcare-associated infections. The 
interpretation of all the patient’s conditions is then followed by the explanation of the findings 
pertaining to the cause of death, the type of death, the causal relationship between traumatic injuries 
and death, and the part played by each ailment in the death process. 

Causality is crucial in forensic medicine when dealing with deceased patients because the 
patient's passing is always the first consequence we encounter. Causality aids in identifying the 
conditions and factors that resulted in the cause of death. This facilitates the formulation of a logical, 
rational, and objective response to inquiries presented by the judicial system [11]. 

A complication that arises as a direct result of an infection acquired during hospitalization, or in 
any case, while receiving medical care, may constitute grounds for liability on the part for the 
healthcare institution, potentially entitling the affected patient to compensation [12]. 

2. Materials and Methods 

We conducted a retrospective analysis that included cases that were autopsied at the Timișoara' 
Forensic Medicine Institute between January 1, 2018, and December 31, 2021.  

2460 autopsy reports were examined, and those that satisfied the following three inclusion 
criteria were chosen: suffered a cranial-cerebral trauma that required more than 48 hours in the 
hospital; presented with one or more chronic diseases upon admission, diagnosed during 
hospitalization, or identified at autopsy; and, acquired a healthcare-associated infection that was 
detected either clinically or postmortem. 165 cases met all three inclusion requirements.  

Exclusion criteria include medical-legal autopsy records for people without a history of cranial-
cerebral traumas, chronic illnesses, or nosocomial infections. 

We studied the autopsy reports, including histopathological examination results, and the 
medical documentation of the patients. 

The following parameters were examined: the patients' age and gender, the context of traumatic 
injuries, the health unit and ward where they were admitted, the length of their hospital stay, the 
type of traumatic injuries they experienced, any pre-existing illnesses prior to hospitalization, 
complications that occurred during hospitalization, whether the patient had undergone surgery or 
other invasive procedures, clinical diagnosis of healthcare-associated infection and microbiological 
test results, traumatic injuries found at autopsy, non-traumatic somatic conditions found at autopsy, 
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autopsy indicators of healthcare-associated infections, and results of histopathological examinations. 
Additionally, we analyzed the cause of death and the causal relationship between traumatic injuries, 
pathological states, nosocomial infections and death.  

We are obliged to mention some limitations of the study, including the summary medical 
documentation, the lack of microbiological tests during hospitalization in some cases, the absence of 
testing for fungus and viruses, and the impossibility to perform postmortem microbiological tests in 
our institute, which could represent an objective proof of a nosocomial infection.  

3. Results 

We analyzed 165 cases autopsied at the Forensic Medicine Institute in Timișoara, which 
experienced cranial-cerebral injuries, acquired healthcare-associated infections, and exhibited non-
traumatic diseases. 

The circumstances surrounding traumatic injuries were: falls from standing height, traffic 
accidents, falls from elevation, and physical attacks. 

 

The male-to-female ratio was 1.6:1 (102 male and 63 female patients). 
The patients' ages varied from 7 to 103 years, with a median age of 68. 
According to the hospital of admission, all patients were from Neurosurgery Department of the 

Emergency County Hospital "Pius Brânzeu" Timișoara (ECHPBT). 
The average length of stay was 29.66 days, with a range of 2 to 297 days. 
To improve the study's clarity, we categorized all patient information into the following 

categories: hospitalization data, autopsy findings, histological examination results, and autopsy 
reports conclusions. 

3.1. Hospitalization Data 

The Neurosurgery Department of the Emergency County Hospital "Pius Brânzeu" Timișoara 
(ECHPBT) was the hospital of admission for all of the 165 patients in our cohort.  

The types of traumatic injuries that patients had at admission, pre-existing conditions found 
prior to or during hospitalization, complications that developed during hospitalization, whether the 
patient had surgery or other invasive procedures, clinical diagnoses of infections linked to healthcare, 
and microbiological test results were all examined in the medical records. 

3.1.1. Traumatic Injuries Diagnosed Upon Admission  

One hundred ant twenty-three individuals sustained solely brain traumas, 7 experienced spinal 
damage, and the remaining 35 patients presented with mixed injuries. Most patients exibited acute 
subdural hematomas, skull fractures, subarachnoid hemorrhage and cerebral contusions, in the vast 
majority of cases these being associated. 

Falls from standing height (n=72) Traffic accidents (n=59)

Falls from elevation (n=18) Physical attacks (n=16)

Other circumstances (n=8)
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3.1.2. Non-Traumatic Chronic Conditions of the Patients 

In 69.09% of cases (n=114), chronic illnesses were identified at or during hospital stays.  
The most common were cardiovascular diseases, followed by diabetes and chronic alcoholism. 

Ischemic stroke and cerebral atrophy were the most prevalent non-traumatic brain disorders. 

0 20 40 60 80 100 120

Acute subdural hematoma (n=97)
Skull fractures (n=72)

Subarachnoid hemorrhage (n=58)
Cerebral contusions (n=49)

Brain lacerations (n=31)
Extradural hematoma (n=22)

Rib fractures (n=19)
Intraventricular hemorrhage (n=17)

Vertebral fractures (n=16)
Pulmonary contusions (n=11)

Cerebral intraparenchymal hematoma (n=9)
Chronic recurrent subdural hematoma (n=7)

Spinal cord injuries (n=7)
Pneumencephaly (n=7)

Limb fractures (n=5)
Penetrating cranian wound (n=4)

Brainstem contusion (n=4)
Clavicle fracture (n=4)

Pneumothorax (n=4)
Haemothorax (n=2)

Cerebellar contusion (n=1)
Pelvic fracture (n=1)

Splenic rupture (n=1)
Renal hematoma (n=1)

Traumatic injuries
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3.1.3. Surgical Procedures Conducted During Inpatient Care 

71,51% of patients (n=118) had surgery while they were in the hospital. 
79 of the 97 individuals with acute subdural hematomas and 16 of the 22 patients with acute 

extradural hematoma required surgical intervention. 

0 10 20 30 40 50 60 70

High blood pressure (n=60)
Heart rhythm disorders (n=29)

Heart diseases (n=25)
Diabetes mellitus (n=19)

Chronic alcoholism (n=18)
Old ischemic stroke (n=15)

Chronic kidney disease (n=12)
Pulmonary non-infectious diseases (n=10)

Cerebral atrophy (n=9)
Valvular (n=8)

Chronic anticoagulant treatment (n=7)
Non-brain tumors (n=6)

Old myocardial infarction (n=5)
Cirrhosis (n=5)

Pneumonia (n=5)
hydrocephalus (n=4)
Muscle hernias (n=4)

Biliary calculi (n=4)
Parkinson's disease (n=3)

Mental illnesses (n=3)
Cerebral aneurysm (n=2)

Obesity (n=2)
Anemia (n=2)

SARS-Cov-2 infection (n=2)
Hepatitis (n=2)

Thyroid conditions (n=2)
Ventricular cyst (n=1)

Osteoporosis (n=1)
Spastic tetraparesis (n=1)

Tuberculous meningitis (n=1)
Pachypleuritis (n=1)

Non-traumatic chronic conditions
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3.1.4. Additional Invasive Procedures Performed During Hospitalization 

All patients in this research experienced one or more invasive procedures during their stay. 
Outside of surgery, 140 patients needed orotracheal intubation; 23 of them needed it the entire 

time they were in the hospital. 

 

0 20 40 60 80 100

Subdural hematoma evacuation (n=79)

Extradural hematoma evacuation (n=16)

Brain laceration evacuation (n=13)

Decompresive craniectomy (n=11)

External ventricular drainage (n=11)

Intracranial pressure measurement sensor installation
(n=9)

Decompresive laminectomy (n=5)

Eschylectomy (n=3)

Spinal stabilization (n=3)

Intraparenchymal hematoma evacuation (n=2)

Lumbar drainage (n=2)

Splenectomy (n=1)

Cranian wound repair (n=1)

External limb fixator (n=1)

Ventricular cyst ablation (n=1)

Cerebral aneurysm evacuation (n=1)

Exploratory laparotomy (n=1)

Surgical procedures  

0 20 40 60 80 100 120 140 160

Oro-tracheal intubation (n=140)
Central venous catheter (n=132)

Bladder catheter (n=93)
Tracheostomy (n=22)

Pleural drainage/Thoracentesis (n=18)
Arterial catheter (n=9)
Nasogastric tube (n=8)

Gastrostomy (n=3)
Blood transfusions (n=2)

Dialysis (n=1)

Other invasive procedures 
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3.1.5. Infections Acquired During Hospitalization 

Microbiological assays were used to diagnose nosocomial infections in 76 individuals (46.06% 
of cases) while they were in the hospital. Bronchial aspirate, blood, urine, wound secretions, 
cerebrospinal fluid, and splenic abscess were among the samples examined. 

60 individuals acquired a singular form of nosocomial infection, while the remaining 16 acquired 
two or more types. 

Pneumonic-type condensation foci were found in 47 cases (28.48%) of those who did not 
undergo microbiological testing, according to imaging exams (lung X-ray, chest CT). Cases 
presenting pneumonia at admission, including SARS-CoV-2 pneumonia, were excluded. 

The remaining 42 people were not diagnosed with hospital-acquired infections throughout their 
hospitalization. 

According to microbiological or imaging testing, pneumonia was the most prevalent type of 
healthcare-associated infection, followed by sepsis. 

 
Microbiological assays revealed a wide range of bacteria, the most common being Acinetobacter 

baumanii (Acinetobacter b.), Pseudomonas aeruginosa (Pseudomonas ae.), and Klebiella 
pneumoniae (Klebsiella pn.). 

In cases with pneumonia/bronchopneumonia, 29 patients had a polymicrobial infection, 
whereas 34 patients had a single pathogen infection. 15 patients had sepsis caused by a single 
pathogen, while 7 cases were characterized by polymicrobial sepsis. 

 
Brochial 
aspirate 
culture 

Blood 
culture 

Urinalysis 
Culture from 

surgical wound 
exudate 

Cerebrospinal 
fluid culture 

Culture from 
wound 

secretion 

Culture from  
pressure ulcer 

secretion 

Culture from 
splenic 
abscess 

Acinetobacter b. 25 6  1 1 1  1 
Pseudomonas ae. 16  1 1 1 1  1  

Klebsiella pn. 15 1 3 1     
Proteus mirabilis 11  1      

Staph. aureus 10        
Escherichia coli 3 1 1      
Enterococcus sp 2  3      

Other staphylococci 3 11       
Enterobacter ae. 2 2       

Providencia stuartii 2  3      
Klebsiella sp 2        

Candida albicans 2        
Proteus sp 1        

Serratia marcescens 1 1       
Klebsiella oxytoca 1  1      
Pseudomonas spp 1        

Bacillus cereus 1        
Stenotrophomonas m. 1        
Enterococcus faecalis  1       

0 10 20 30 40 50 60 70

Pneumonia/Bronchopneumonia (n=63)
Sepsis (n=22)

Urinary infection (n=9)
Enterocolitis (n=7)

Surgical wound infection (n=2)
Ventriculitis (n=1)

Superinfected wound (n=1)
Superinfected pressure ulcer (n=1)

Splenic abscess (n=1)

Healthcare-associated infections 
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Candida parapsilosis  7       
Candida spp  3 1      

Pseudomonas putida  1       

Additionally, nine patients had urinary infections and seven patients developed enterocolitis 
during hospitalization, corroborated by a positive Clostridium difficile toxin A+B test. 

3.1.6. Non-Infectious Issues Occurring During Hospitalization 

Besides HAIs, most patients experienced other problems during their hospitalization. 
The predominant complication was pleurisy, frequently linked to bronchopneumonia, 

succeeded by cerebral edema, respiratory dysfunction, and pressure ulcers. 
A few patients experienced potentially fatal complications while in the hospital, including 

pulmonary embolism, hemorrhagic shock, multiple organ failure, and resuscitated cardiorespiratory 
arrest. 

 
0 5 10 15 20 25 30 35 40 45 50

Pleurisy (n=45)
Cerebral edema (n=34)

Respiratory impairment (n=32)
Pressure ulcer (n=28)

Neurological impairment (n=24)
Hemodynamic decompensation (n=20)

Acute renal failure (n=14)
Ischemic stroke (n=12)
Hydrocephalus (n=12)

Resuscitated cardiorespiratory arrest (n=9)
Anemia (n=9)

De novo atrial fibrillation (n=9)
Hemorrhage of the upper gastrointestinal tract (n=7)

Cerebrospinal fluid fistula (n=6)
Hemorrhagic shock (n=5)

Hygroma (n=5)
Subdural hematoma rebleeding (n=4)

Multiple organ failure (n=4)
Paresis (n=4)

Ureterohydronephrosis (n=3)
Pancreatitis (n=3)

Bleeding surgical wound (n=2)
Pulmonary embolism (n=2)

Rhabdomyolysis syndrome (n=2)
Quadriplegia (n=2)

Acute myocardial infarction (n=1)
Paralytic ileus (n=1)

Disseminated intravascular coagulation (n=1)
Pulmonary edema (n=1)

Liver failure (n=1)
Gastric ulcer (n=1)

Pneumothorax (n=1)
Rash (n=1)

Femoral artery ischemia (n=1)
Cardiogenic shock (n=1)

Brain death (n=1)
Spinal shock (n=1)

Intracranial hypertension (n=1)

Non-infectious issues arising during hospitalization
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3.2. Autopsy Findings 

Traumatic injuries, non-traumatic chronical conditions, healthcare-associated infection markers, 
non-infectious complications, and the cause of death were all tracked in autopsy reports of the above-
mentioned cases. 

3.2.1. Traumatic Injuries Identified During Forensic Autopsy 

All patients involved had two or more types of traumatic injuries, except for two individuals 
who sustained simply a spinal fracture without any additional traumas. Subarachnoid hemorrhage 
was the most common traumatic injury discovered at autopsy, followed by subdural bleeding, brain 
contusions, brain lacerations, in the majority of instances corelated with skull fractures. 

We mention that we did not include rib and sternum fractures that happened during 
resuscitation in the table with traumatic injuries. 

  

3.2.2. Non-Traumatic Chronic Conditions Identified During Forensic Autopsy 

The forensic autopsy identified one or more somatic disorders in each examined case. 
Myocardial fibrosis was observed in 75.75% of cases (n=125), predominantly in individuals over 50 
years of age, followed by liver dystrophy, atherosclerosis, and chronic renal disease. 

0 20 40 60 80 100 120

Subarachnoid hemorrhage (n=111)
Residual subdural hemorrhage (n=82)

Brain laceration (n=72)
Cerebral contusions (n=70)

Skull fractures (n=66)
Intraventricular hemorrhage (n=36)

Cerebral intraparenchymal hematoma (n=23)
Brainstem contusions (n=21)

Extradural hemorrhage (n=16)
Rib fractures (n=16)

Cerebellar contusions (n=15)
Spinal fractures (n=15)

Limb fractures (n=3)
Clavicle fracture (n=3)

Sternum fracture (n=2)
Hemothorax (n=2)

Retroperitoneal hematoma (n=1)
Colon contusion (n=1)

Cranial penetrating wound (n=1)
Pelvic fractures (n=1)

Haemoperitoneum (n=1)

Traumatic injuries
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3.2.3. Healthcare-Associated Infection Markers Identified During Forensic Autopsy 

In 154 of the 165 patients we looked at, we found indicators of infection. The most prevalent 
illness was pneumonia/bronchopneumonia, which was linked to another type of nosocomial 
infection in 22 cases. The presence of pus in the bronchioles, leptomeninges, cerebral ventricles, lung 
and brain abscesses, and localized inflammatory alterations was the most suggestive indicator of 
infection. 

 

  

0 20 40 60 80 100 120 140

Myocardial fibrosis (n=125)
Hepatic dystrophy (n=98)

Atherosclerosis (n=71)
Chronic nephropaty (n=58)

Cardiomyopathy (n=27)
Valvular diseases (n=21)
Pleural adhesions (n=19)

Pulmonary scleroemphysema (n=16)
Cicatricial myocardial infarction (n=15)

Hepatitis (n=15)
Liver cirrhosis (n=9)
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3.2.4. Non-Infectious Complications Identified Through Forensic Autopsy 

Other acute diseases that did not fit the definition of traumatic injuries or infections were 
identified after the autopsy and were classified as complications that happened while the patient was 
in the hospital. Among these, pleurisy, bedsores, and ascites were the most prevalent. 

 

3.3. Histopathological Examination Results  

In each instance of our cohort, a histological examination of organ fragments obtained after 
autopsy was pursued as an additional investigation. Paraffin was used to implant tissues, and 3 µm 
slides were cut and stained with hematoxylin and eosin. 

The results of the histological examinations were divided into four groups: traumatic changes, 
non-traumatic chronic somatic disorders, nosocomial infection indicators, and markers of non-
infectious hospitalization-related issues. 

3.3.1. Histological Alterations Indicative of Trauma 

In most cases, cerebral contusions and subarachnoid hemorrhage were found in the brain 
fragments that were examined. Additionally, macroscopic lesions in the cerebellum and brainstem 
were verified. In 46 cases traumatic brain injuries were accompanied by cerebral edema. 
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3.3.2. Non-Traumatic Chronic Somatic Disorders Identified Through Histological Analysis 

The most prevalent chronic condition seen under a microscope was myocardial fibrosis, which 
was followed by nephroangiofibrosis, atherosclerosis, hepatic dystrophy, and cirrhosis. In 10 cases, 
old ischemic cerebral palsies were evident. 

 

3.3.3. Histological Indicators of Nosocomial Infections 

Histopathological examination confirmed pneumonia in 143 cases out of the 154 diagnosed 
macroscopically. Meningitis, meningoencephalitis, and kidney, brain, and brainstem abscesses were 
further markers of infections acquired during hospitalization. 

Hepatocyte necrosis in 26 instances and acute tubular necrosis in 82 cases were additional 
histological findings suggestive of infection, particularly septic shock. However, they were excluded 
from the following table due to their lack of specificity. 
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3.3.4. Histological Markers of Non-Infectious Hospitalization-Related Issues 

Acute non-infectious illnesses that had no connection to traumatic circumstances were found in 
20 instances. Pulmonary thrombosis was encountered in half of these cases, and in 2 cases acute 
pulmonary edema without associated bronchopneumonia was evident. 

 

3.4. Autopsy Reports Conclusions 

The causes of death from the forensic autopsy reports are shown in the table below. 

Cause of death 
Number 
of cases 

Head trauma complicated with bronchopneumonia 46 
Head trauma 41 
Head trauma complicated with septic shock 16 
Head trauma complicated with bronchopneumonia in an individual with pre-existing 
conditions 

9 

Head trauma complicated with bronchopneumonia and meningoencephalitis 7 
Polytrauma complicated with bronchopneumonia 7 
Head trauma complicated with bronchopneumonia and meningitis 6 
Polytrauma complicated with septic shock 4 
Head trauma complicated with meningitis 4 
Head trauma complicated with bronchopneumonia and septic state 3 
Polytrauma 3 
Spinal cord trauma complicated with bronchopneumonia 3 
Spinal cord trauma 2 
Polytrauma complicated with bronchopneumonia in an individual with pre-existing 
conditions 2 

Head trauma complicated with bronchopneumonia, meningoencephalitis, and ischemic 
stroke 1 

Head trauma complicated with hydrocephalus, bronchopneumonia, and septic state 1 
Head trauma complicated with bronchopneumonia, peritonitis, and septic shock 1 
Head trauma in an individual with pre-existing brain conditions 1 
Spinal cord trauma complicated with bronchopneumonia, septic state, and paralytic ileus 1 
Polytrauma complicated with meningoencephalitis, bronchopneumonia, and septic 
shock 1 

Hemorrhagic stroke 1 
Hemorrhagic stroke complicated with bronchopneumonia 1 
Brain tumor 1 
Bronchopneumonia occurring in the evolution of a pulmonary neoplasm 1 
Competing causes (head trauma and metastatic prostate neoplasm) 1 
Competing causes (head trauma and SARS-COV-2 bronchopneumonia) 1 
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Of the 165 deaths examined, we see that only 46 were attributable to traumatic injuries per se, 3 
to pathological conditions unrelated to the trauma, and 2 to competing violent and non-violent 
causes. The patients' pre-existing pathological conditions contributed to death in 12 cases. Septic 
shock or different healthcare-associated infections, primarily pulmonary, interfered with death′s 
process in the remaining 114 patients. 

4. Discussion 

Traumatic brain injury is a multifaceted and potentially life-altering condition, necessitating a 
thorough understanding of its etiology, classifications, initial evaluation, diagnosis, treatment, and 
long-term consequences to fully comprehend the associated medical and legal implications [13]. 

Patients admitted to the hospital following a moderate or severe traumatic brain injury (TBI) 
face an elevated risk of nosocomial infections, such as bacterial pneumonia and other upper 
respiratory tract infections. Hospital-acquired infections in TBI patients are most often bacterial in 
origin [14]. 

Due to their fragility, prolonged hospital stays, and weakened immune systems, patients with a 
history of colonization and underlying medical issues are thought to be at a higher risk of infections 
linked to healthcare. Additionally, intrahospital transfers, high body mass index, advanced age, and 
the use of indwelling devices make patients more vulnerable to nosocomial infections [9,15]. Being 
aged ≥65 years and male gender were also correlated with an increased probability of acquiring HAIs 
in some studies [16], while in our and other researches they do not show significant statistical 
importance [17].  

TBIs in deceased individuals are assessed for severity by looking at their appearance at autopsy 
and by reviewing their medical records. A forensic autopsy is the final examination of a body and the 
main technique for ascertaining the cause of death. It also acts as a repository for relevant 
information, such as medical diagnoses, the circumstances surrounding serious injuries, and the 
identification of the connection between these injuries and death [18]. 

In this study, we examined cases with traumatic brain injuries who experienced various types 
of infections linked to healthcare and exhibited a negative progression toward death. Regardless of a 
patient's age, gender, length of hospital stay, type of traumatic injury, related chronic diseases, course 
of therapy, or invasive procedures during their hospitalization, the research aims to emphasize the 
critical role nosocomial infections play in deciding death. 

The basic data elements that we analyzed in the hospital registries included the type and cause 
of injuries, pre-hospital care information, in-hospital care process information (treatment, major 
surgical procedures, invasive maneuvers), clinical items (symptoms, trauma scores), final anatomic 
diagnosis (from examination, X-rays/CT, or surgery), and outcome data (discharge status, hospital 
and ICU length of stay, complications occurring during hospitalization). 

Although the association between longer hospital stays and higher risk of infection can be 
largely explained by the longer stays among those who have underlying morbidity and require 
invasive procedures [19], we did not find a correlation between length of stay and risk of acquiring a 
healthcare-associated infection in our cohort  

After examining the patients' medical records, we attempted to distinguish between traumatic 
injuries, pre-existing chronic diseases, nosocomial infections, and non-infectious problems that arose 
during hospital stays. 

The great majority of patients had multiple traumatic brain injuries, and 71.51% of them needed 
surgery while they were in the hospital. In 69.09% of cases, comorbidities were noted, with heart 
diseases, diabetes, and chronic alcoholism predominating. These illnesses, together with dementia 
and stroke, are thought to increase the chance of developing brain damage and contracting infections 
while in the hospital [20]. 

Specialized study indicates that nosocomial infections impact 19.40% to 70% of patients with 
traumatic brain injuries, with the most common types being ventilator-associated pneumonia, 
urinary tract infections, meningitis, and catheter-related infections [14,16,21,22].  
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In our study, merely 36.36% of patients had a clinical diagnosis of nosocomial infection 
corroborated by microbiological analysis, whereas 28.48% exhibited imaging alterations indicative of 
pneumonia. Conversely, the forensic autopsy revealed indicators of lung infection in 93.33% of the 
examined cases, with histological investigation confirming bronchopneumonia in 86.66% of 
instances. 

Although the current Romanian HAI legislation is fully aligned with the European standards 
[23], in Romania healthcare-associated infections (HAI) are significantly underestimated, with official 
prevalence rates ranging from 0.2% to 0.25%, attributable to several reasons that lead to their 
underreporting [24]. The lack of methods for rapidly identifying the bacteria causing HAI is one of 
the largest barriers to diagnosing and, consequently, preventing it [25]. 

HAIs have a very diverse etiology, including both Gram-positive and Gram-negative bacteria. 
The pathogens are typically antibiotic-resistant bacteria that are either imported from the general 
population or hospital-selected strains. Acinetobacter species are among the Gram-negative bacteria 
that are common in hospital settings, particularly intensive care units (ICUs), and produce highly 
pathogenic HAIs [26]. 

Pulmonary infections were the most common in our cohort, with Acinetobacter baumanii being 
the impressive emerging pathogen. Additionally, Acinetobacter baumanii was identified in blood 
cultures in 6 out of 22 sepsis cases. In particular, the risk of death is six times higher for trauma 
patients with sepsis, whereas the mortality rate is almost 1.5 to 2 times higher for patients with other 
HAIs than for those without a HAI [27]. 

Intubated patients had a greater mortality rate (45%) than non-intubated patients (6.3%), per 
specialized research. The level of neurological deterioration that leads to airway control and the 
requirement for advanced airway management to stabilize the patient are more likely to be reflected 
in this than in the first suggestion of an adverse effect of intubation [28]. 13.93% of patients in our 
study required intubation throughout their hospital stay. 

Additionally, the forensic autopsy revealed the presence of leptomeningitis in 15 cases, purulent 
ventriculitis in 4 cases, and brain abscesses in 2 cases. Classifying meningitis as a nosocomial illness 
requires special consideration since meningitis-related brain injury is the result of not only the 
infection per se, but also the host’s inflammatory response [29]. In our study, we only had the results 
of cerebrospinal fluid cultures available for 2 cases, which showed Acinetobacter b. in one case and 
Pseudomonas ae. in the other.  

One of the most challenging aspects of forensic investigations is diagnosing sepsis. In addition 
to techniques on the body, an evaluation of the conditions and surroundings of the patient's death 
must be conducted using the findings of antemortem diagnostic tests and, if feasible, microbiological 
tests performed after necropsy in order to determine the type of infection [30]. 

In every case that was examined, at least one chronic condition that existed before the trauma 
was found clinically, during the forensic autopsy, or during the histological analysis. However, in 
only one case—a brain tumor—the pre-existing pathology was the cause of death, and in two cases, 
competitive causes between the trauma and non-traumatic diseases were found.  

In two other cases, the hemorrhagic stroke was the cause of the cerebral hemorrhage, and the 
head trauma was not a decisive factor in the deaths.  

While in the hospital, a few individuals suffered from potentially deadly consequences, such as 
multiple organ failure, hemorrhagic shock, pulmonary embolism, acute myocardial infarction, acute 
pancreatitis, and 9 cases experienced resuscitated cardiorespiratory arrest. However, prompt and 
appropriate treatment prevented their progression to death.  

Despite the gravity of TBIs, in our cohort only 27.87% of patients died exclusively as a result of 
their traumatic injuries; the remainder instances also had additional causes, mostly infectious. 

Analyzing the cause of death from the autopsy reports, we observed that in 114 cases, 
nosocomial infections played a decisive role in causing death, altering the causal relationship 
between trauma and the victim's death. When a complication that is thought of as a secondary cause 
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that otherwise would not have occurred in evolution develops between the trauma and the effect, it 
is referred to as a secondary or indirect causal relationship [31]. 

Because of the potential legal repercussions, the causal relationship between trauma and death 
in cases of multifactorial disease must be carefully examined, taking into consideration all of the 
patient's conditions. 

Establishing liability requires the use of forensic causal analysis. Because they offer proof of the 
link between an alleged illegal or careless act by one party and an observed adverse health effect in 
another, expert opinions on causal inference—particularly specific causation—are a crucial 
component of the majority of lawsuits involving injuries [11]. 

One issue we found in our research was that a large proportion of cases lacked microbiological 
tests while in hospitals, and postmortem microbiological analyses were not feasible. Defendant 
hospitals typically contest the fact that patients contracted the infection while in the hospital 
throughout legal proceedings, requiring the plaintiff to demonstrate beyond a reasonable doubt that 
the hospital was the cause of the infection and that the institution or medical personnel were at blame 
[32]. 

5. Conclusions 

This study sought to emphasize that, despite adequate care, traumatic brain injuries frequently 
result in fatal outcomes due to untreated healthcare-associated infections. 

The forensic autopsy is essential for deceased patients with traumatic brain injuries as it provides 
an analysis of all the patient's conditions and determines the cause of death, the manner of death, the 
causal relationship between traumatic injuries and death, and the contribution of each ailment to the 
death process. 

In addition to being a useful tool for evaluating healthcare system performance, the conducted 
study may also provide data that can be used for clinical risk management and patient safety 
implementation. 

Author Contributions: Conceptualization, G.-D.G. and ̧ S.U.; methodology, G.-D.G.; software G.-D.G. and ̧ S.U.; 
validation, A.E.; formal analysis, G.-D.G. and M.-N.G.; investigation, E.D.; resources, M.-N.G. and C.-C. ¸T.; data 
curation, G.-D.G.; writing—original draft preparation, G.-D.G.; writing—review and editing, G.-D.G. and ¸S.U.; 
visualization, all authors; supervision, A.E.. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the guidelines of the Declaration 
of Helsinki and approved by the Ethics Committee of Victor Babes University of Medicine and Pharmacy 
Timisoara, Nr. 61/20 December 2019. 

Informed Consent Statement: Informed consent is not applicable because it is a retrospective study. 

Data Availability Statement: The original contributions presented in the study are included in the article, and 
further inquiries can be directed to the corresponding author. 

Acknowledgments: We would like to acknowledge the Victor Babes University of Medicine and Pharmacy 
Timisoara for their support in covering the costs of publication for this research paper. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. World Health Organization. Global Report on Infection Prevention and Control; World Health 
Organization: Geneva, Switzerland, 2022.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 February 2026 doi:10.20944/preprints202602.2016.v1

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

https://doi.org/10.20944/preprints202602.2016.v1
http://creativecommons.org/licenses/by/4.0/


 18 of 19 

 

2. Chebl, R.B.; Diab, R.; Siblini, R.; Bachir, R., and El Sayed, M. Impact of trauma level designation on mortality 
in trauma patients with sepsis: an observational study across US trauma centers. Front. Med. 12:1591624. 
doi:10.3389/fmed.2025.1591624. 

3. Hyder, A.A.; Wunderlich, C.A.; Puvanachandra, P.; Gururaj, G.; Kobusingye, O.C. The impact of traumatic 
brain injuries: a global perspective. NeuroRehabilitation. 2007;22(5):341-53. PMID: 18162698. 

4. Bertozzi, G., Maglietta, F., Sessa, F., Scoto, E., Cipolloni, L., Di Mizio, G., Salerno, M., & Pomara, C. (2020). 
Traumatic Brain Injury: A Forensic Approach: A Literature Review. Curr Neuropharmacol., 18(6), 538–550. 
https://doi.org/10.2174/1570159X17666191101123145. 

5. Eze, U.O.; Ojifinni, K.A. Trauma Forensics in Blunt and Sharp Force Injuries. J West Afr Coll Surg. 
2022;12(4):94-101. doi:10.4103/jwas.jwas_190_22. 

6. Alberdi, F., García, I., Atutxa, L., Zabarte, M., & Trauma and Neurointensive Care Work Group of the 
SEMICYUC (2014). Epidemiology of severe trauma. Med Intensiva, 38(9), 580–588. 
https://doi.org/10.1016/j.medin.2014.06.012. 

7. Smędra, A.; Berent, J.; Clarke, E.; Dębski, J.; Żytkowski, A.. Intracranial injuries in the autopsy material of 
the Department of Forensic Medicine of the Medical University of Lodz with analysis of anatomical lesions 
caused by traumatic brain injuries. Translational Research in Anatomy. 2024; 37. 
https://doi.org/10.1016/j.tria.2024.100360. 

8. Hessels, A. J.; Kuo, Y.-H.; Ahmed, N. Epidemiology and Impact of Healthcare-Associated Infections in 
Trauma Patients: A National Data Analysis. Surg. Infect. 2020, 21 (10), 871–876. 
https://doi.org/10.1089/sur.2019.294.. 

9. Komori, A.; Iriyama, H.; Kainoh, T.; Aoki, M.; Naito, T.; Abe, T. The Impact of Infection Complications after 
Trauma Differs According to Trauma Severity. Sci. Rep. 2021, 11 (1), 13803. https://doi.org/10.1038/s41598-
021-93314-5.. 

10. Spruce, M. W.; Thomas, D. M.; Anderson, J. E.; Ortega, J. C.; Mortazavi, K.; Galante, J. M. Trauma as an 
Entry Point to the Health Care System. JAMA Surg. 2020, 155 (10), 982. 
https://doi.org/10.1001/jamasurg.2020.2178.. 

11. Meilia, P. D. I.; Freeman, M. D.; Herkutanto; Zeegers, M. P. A Review of Causal Inference in Forensic 
Medicine. Forensic Sci. Med. Pathol. 2020, 16 (2), 313–320. https://doi.org/10.1007/s12024-020-00220-9.. 

12. Treglia, M.; Pallocci, M.; Passalacqua, P.; Sabatelli, G.; De Luca, L.; Zanovello, C.; Messineo, A.; Quintavalle, 
G.; Cisterna, A. M.; Marsella, L. T. (2022). Medico-Legal Aspects of Hospital-Acquired Infections: 5-Years 
of Judgements of the Civil Court of Rome. Healthcare (Basel, Switzerland), 10(7), 1336. 
https://doi.org/10.3390/healthcare10071336. 

13. Glassman, S.J. Medical-Legal Issues in Traumatic Brain Injury. Phys Med Rehabil Clin N Am. 
2024;35(3):665-678. doi:10.1016/j.pmr.2024.02.014. 

14. Gandasasmita, N.; Li, J.; Loane, D. J.; Semple, B. D. Experimental Models of Hospital-Acquired Infections 
After Traumatic Brain Injury: Challenges and Opportunities. J. Neurotrauma 2024, 41 (7–8), 752–770. 
https://doi.org/10.1089/neu.2023.0453. 

15. Stewart, S.; Robertson, C.; Kennedy, S.; Kavanagh, K.; Haahr, L.; Manoukian, S.; Mason, H.; Dancer, S.; 
Cook, B.; Reilly, J. Personalized Infection Prevention and Control: Identifying Patients at Risk of 
Healthcare-Associated Infection. J. Hosp. Infect. 2021, 114, 32–42. https://doi.org/10.1016/j.jhin.2021.03.032. 

16. ElOuafi, K. E.; S.Moutamassik, S. M.; Fz.Haddari, Fz. H.; S.Touihar, S. T.; A. Bouabdallaoui, A. B.; 
O.Benlenda, O. B.; H.Nassik, H. N. Prevalence of Nosocomial Infections in Traumatic Brain Injury Patients: 
Identification of Risk Factors and Prevention Measures. J. Med. Dent. Sci. Res. 2025, 12 (7), 23–28. 
https://doi.org/10.35629/076X-12072328. 

17. Jabłońska, R.; Sokal, P.; Zając, M.; Królikowska, A.; Filipska - Blejder, K.; Wrońska, I.; Ślusarz, R. 
Epidemiology and Microbiology of Healthcare-Associated Infections in Neurosurgery Department: A 
Cross-Sectional Study. Biol. Res. Nurs. 2025, 27 (4), 544–557. https://doi.org/10.1177/10998004251336748. 

18. Chirică, V. I.; Poenaru, E.; Curcă, G. C. Traumatic Brain Injury - Autopsy Findings and Comparison with 
Ante-mortem CT Findings. Romanian J. Leg. Med. 2021, 29 (1), 28–36. https://doi.org/10.4323/rjlm.2021.28. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 February 2026 doi:10.20944/preprints202602.2016.v1

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

https://doi.org/10.2174/1570159X17666191101123145
https://doi.org/10.1016/j.medin.2014.06.012
https://doi.org/10.1016/j.tria.2024.100360
https://doi.org/10.1089/sur.2019.294
https://doi.org/10.1038/s41598-021-93314-5
https://doi.org/10.1038/s41598-021-93314-5
https://doi.org/10.1001/jamasurg.2020.2178
https://doi.org/10.1007/s12024-020-00220-9
https://doi.org/10.1016/j.jhin.2021.03.032
https://doi.org/10.35629/076X-12072328
https://doi.org/10.1177/10998004251336748
https://doi.org/10.4323/rjlm.2021.28
https://doi.org/10.20944/preprints202602.2016.v1
http://creativecommons.org/licenses/by/4.0/


 19 of 19 

 

19. Jeon, C. Y.; Neidell, M.; Jia, H.; Sinisi, M.; Larson, E. On the Role of Length of Stay in Healthcare-Associated 
Bloodstream Infection. Infect. Control Hosp. Epidemiol. 2012, 33 (12), 1213–1218. 
https://doi.org/10.1086/668422. 

20. Sandu, A.M.; Chifiriuc, M.C.; Vrancianu, C.O., et al. Healthcare-Associated Infections: The Role of 
Microbial and Environmental Factors in Infection Control—A Narrative Review. Infect Dis Ther. 2025, 14, 
933–971. https://doi.org/10.1007/s40121-025-01143-0. 

21. Liu, T.; Zhao, H.; Huo, H.; Zhong, H.; Wen, R. Pathogen Profiles and Risk Factors of Hospital-Acquired 
Infections in Traumatic Brain Injury Patients. Front. Public Health. 2026, 14, 1723961. 
https://doi.org/10.3389/fpubh.2026.1723961. 

22. Seršić, V.L.; Sotoše, V.; Tarcukovic, J.; Sustic, A. The incidence of nosocomial infections in patients with 
isolated severe traumatic brain injury. SANAMED. 2015, 10, 185-192. doi:10.5937/sanamed1503185V. 

23. Coman, A.; Pop, D.; Muresan, F.; Oprescu, F.; Fjaagesund, S. Surveillance and Reporting of Hospital-
Associated Infections—A Document Analysis of Romanian Healthcare Legislation Evolution over 20 Years. 
Healthcare. 2025, 13, 229. https://doi.org/10.3390/healthcare13030229. 

24. Voidazan, S.; Albu, S.; Toth, R.; Grigorescu, B.; Rachita, A.; Moldovan, I. Healthcare Associated Infections-
A New Pathology in Medical Practice? Int. J. Environ. Res. Public Health 2020, 17, 760.  

25. Szabó, S.; Feier, B.; Capatina, D.; Tertis, M.; Cristea, C.; Popa, A. An Overview of Healthcare Associated 
Infections and Their Detection Methods Caused by Pathogen Bacteria in Romania and Europe. J. Clin. Med. 
2022, 11, 3204. https://doi.org/10.3390/jcm11113204. 

26. Luchian, N.; Olaru, I.; Pleșea-Condratovici, A.; Duceac (Covrig), M.; Mătăsaru, M.; Dabija, M. G.; Elkan, E. 
M.; Dabija, V. A.; Eva, L.; Duceac, L. D. Clinical and Epidemiological Aspects on Healthcare-Associated 
Infections with Acinetobacter Spp. in a Neurosurgery Hospital in North-East Romania. Medicina (Mex.) 
2025, 61 (6), 990. https://doi.org/10.3390/medicina61060990. 

27. Glance, L.G.; Stone, P.W.; Mukamel, D.B.; Dick, A.W. Increases in mortality, length of stay, and cost 
associated with hospital-acquired infections in trauma patients. Arch Surg. 2011, 146(7):794-801. 
doi:10.1001/archsurg.2011.41. 

28. Sharma, B.; Patel, T.; Al-Ali, H.; Agriantonis, G.; Bhatia, N. D.; Garcia, C.; Nesamony, P.; Dave, J.; Mestre, 
J.; Arora, S.; Bhatti, S.; Shafaee, Z.; Phalakornkul, S.; Twelker, K.; Whit-tington, J. Severe Traumatic Brain 
Injuries and Associated Outcomes at a Level 1 Trauma Center. Biomedicines. 2025, 13 (7), 1614. 
https://doi.org/10.3390/biomedicines13071614. 

29. La Russa, R.; Maiese, A.; Di Fazio, N.; Morano, A.; Di Bonaventura, C.; De Matteis, A.; Fazio, V.; Frati, P.; 
Fineschi, V. Post-Traumatic Meningitis Is a Diagnostic Challenging Time: A Systematic Review Focusing 
on Clinical and Pathological Features. Int. J. Mol. Sci. 2020, 21, 4148. https://doi.org/10.3390/ijms21114148. 

30. Gualtieri, S.; Sacco, M.A.; Tarzia, P.; Costa, A.; Gratteri, S.; Aquila, I. The role of necroscopy and autopsy 
investigations in the diagnosis and risk management of infections related to public health care: forensic 
and medico legal implications. Clin Ter. 2024, 175(Suppl 2(4)):167-171. doi:10.7417/CT.2024.5108. 

31. Iftenie, V.; Dermengiu, D. Elements of Causality in Forensic Practice. Forensic Medicine, 3rd ed. C.H. Beck, 
Bucharest, Romania, 2019. pp. 27-30. 

32. Zieliński, G.; Kanecki, K.; Lewtak, K. Legal liability for healthcare-associated infections. Family Medicine 
& Primary Care Review. 2022, 24(2):172-176. doi:10.5114/fmpcr.2022.115881. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 February 2026 doi:10.20944/preprints202602.2016.v1

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

https://doi.org/10.1086/668422
https://doi.org/10.1007/s40121-025-01143-0
https://doi.org/10.3389/fpubh.2026.1723961
https://doi.org/10.3390/healthcare13030229
https://doi.org/10.3390/jcm11113204
https://doi.org/10.3390/medicina61060990
https://doi.org/10.3390/biomedicines13071614
https://doi.org/10.3390/ijms21114148
https://doi.org/10.20944/preprints202602.2016.v1
http://creativecommons.org/licenses/by/4.0/

