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Abstract

Introduction: Cranioencephalic traumatism (CET) is a cause of
mortality and morbidity in the surgical patient. However, the
perioperative management of this entity has not been evaluated
in the country’s health institutions, despite its high disease
burden and potential adverse clinical outcomes.

Objective: To evaluate the clinical characteristics of surgical
TBI and perioperative outcomes.

Methods: Descriptive study of historical review conducted
at the Hospital San Vicente Fundacién, Medellin, Colombia.
Data were collected from the medical records of patients over
13 years of age diagnosed with moderate-severe TBI between
2011 and 2014. Clinical variables, perioperative management,
and clinical outcomes up to discharge were analyzed. An
exploratory analysis was performed between perioperative
management and postoperative mortality or neurological
dysfunction.

Results: CET was most common in the young male population
(89.3%). Severe trauma occurred in 71.1% of patients. Perioperative
mortality was 16%, and 54% presented neurological disability at
discharge. A strong association was found between mortality or

neurological dysfunction and severity of injury and perioperative
hypotension.

Conclusion: The study found that surgical CET was a high
morbidity and perioperative mortality event, highly related to the
severity of the injury and the hemodynamic stability of the
patient. Despite this, intraoperative hemodynamic and metabolic
monitoring remains limited in more than 50% of these patients’
surgical procedures.

Resumen

Introduccién: El traumatismo craneoencefalico (TEC) es una
causa de mortalidad y morbilidad en el paciente quirdrgico. No
obstante, el manejo perioperatorio de esta entidad no ha sido
evaluado en las instituciones de salud del pais, a pesar de su alta
carga de enfermedad y potenciales desenlaces clinicos adversos.

Objetivo: Evaluar las caracteristicas clinicas del TEC quirdrgico
y de los desenlaces perioperatorios.

Método: Estudio descriptivo de revisién histérica realizado en
el Hospital San Vicente Fundacién, de Medellin, Colombia.
Se recolectaron datos a partir de las historias clinicas de los
pacientes mayores de 13 afnos con diagnéstico de TEC
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moderado-grave entre 2011 y 2014. Se analizaron las variables
clinicas, el manejo perioperatorio y los desenlaces clinicos
hasta el alta. Se realiz6 un andlisis exploratorio entre el
manejo perioperatorio y mortalidad o disfuncién neurolégica
posquirurgica.

Resultados: El TEC fue mas comun en la poblacién masculina
joven (89,3%). El traumatismo grave ocurrié en el 71,1% de los
pacientes. La mortalidad perioperatoria fue del 16%, y el 54%
presentd discapacidad neurolégica al alta. Se encontré una
asociacién fuerte entre mortalidad o disfuncién neurolégica y
gravedad de la lesién e hipotensién perioperatoria.

Gonclusién: El estudio encontrd que el TEC quirurgico fue un
evento con alta morbilidad y mortalidad perioperatoria, alta-
mente relacionado con la gravedad de la lesién y la estabilidad
hemodindmica del paciente. A pesar de ello, la monitoria
intraoperatoria de tipo hemodinamico y metabdlico sigue siendo
limitada en mas del 50% de los procedimientos quirdrgicos de
estos pacientes.

Introduction

Cranioencephalic traumatism (CET) is considered one of
the main causes of mortality and permanent disability in
First World countries, especially in people with an active
working life." In Colombia, the estimated incidence varies
between 67 and 317 cases per 100,000 people.? This is how
the global frequency of the CET in emergency services in
Colombia reaches 70%; the main cause is usually traffic
accidents (51.2%).°

In®>® this sense, the perioperative period is of impor-
tance in the course of CET patient management because,
despite aggressive interventions in the emergency area, 1
or more of these factors may persist (or remain undetect-
able) upon admission to the operating room. For this
reason, this period provides an opportunity to redirect
resuscitation, with the primary goal of avoiding secondary
lesions that overshadow the prognosis of CET patients.”
However, given the importance of such a scenario in the
comprehensive management of the CET patient, periop-
erative management strategies, and clinical outcomes
related to the care of the severe CET patient undergoing a
decompressive craniotomy-type neuro-interventionism
procedure have not been evaluated.

The objective of this study was precisely to describe
perioperative management strategies and outcomes re-
lated to morbidity and mortality in patients with CET
diagnosis taken to emergency neurosurgery at the Hospi-
tal Universitario San Vicente Fundacién (HUSVF), in
Medellin, Colombia.

Methods
A descriptive historical review study for patients with CET,

was conducted at HUSVF, a fourth level of reference care
hospital in the city of Medellin. The protocol was
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submitted for evaluation and approval by the institutional
ethics committee of the HUSVF, with Deed 002 of February
2015, which exempted informed consent. Subsequently,
researchers actively searched the process management
system (System Administration Process) for the medical
records of all patients over 13 years of age with a diagnosis
of moderate or severe CET classified by the treating
neurosurgeon and who underwent decompressive skull
surgery between 2011 and 2014. There were no exclusion
criteria. Information was collected from the time the
patient was admitted to the emergency department to the
time the patient was discharged from the institution.

Sociodemographic characteristics as well as the trauma
mechanism of all patients were evaluated from the
hospital database. The type of neurological injury and
the patient’s clinical status were then determined.
Subsequently, intraoperative management was evaluat-
ed, as well as perioperative and clinical outcomes of
patients who underwent decompressive craniotomy, such
as: stay in intensive care unit (ICU), need for tracheostomy,
neurological disability, hospital stay, and mortality. The
definition of neurological disability is made according to
the Glasgow outcome scale,® where the result is dichoto-
mized between good neurological recovery and neurologi-
cal disability as a sequel upon discharge from the ICU.

Since the study was descriptive and included all
patients who met the eligibility criteria during the period
2011 to 2014, it was not necessary to make the sample size
calculation. However, the power of the study was
calculated to estimate at least a difference of 10% in the
outcome of perioperative neurological sequelae.

A univariate analysis was carried out as follows: for
quantitative variables, means, and standard deviations (SD)
were used if they had normal distribution, or alternatively,
in medium and interquartile ranges; for qualitative
variables, frequencies, and proportions were used. In
addition, an exploratory bivariate analysis was performed
between potential risk factors and perioperative mortality
or neurological dysfunction. To this end, association tests
were performed using odds ratio and Chi-square (x?) for
qualitative variables. Estimators are presented with their
respective confidence interval (CI) of 95%, and with a
statistically significant P value when <0.05.

Results

During the period between April 2011 and April 2014, 258
patients were treated for CET in the emergency depart-
ment of the HUSVF. Of these, 187 patients met the
inclusion criteria (Fig. 1).

Table 1 describes the socio-demographic characteristics
of the patients. The average age was 38 years (SD 17.56),
the vast majority were male (89.3%) and without comor-
bidities (86.6%).

The main cause of the CET was traffic accident (43%) and
the most affected were the drivers (50%), followed by
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258 patients with CET
admitted to the ER

71 excluded patients:
Low or moderate CET not —
requiring surgery

187 patients
comply with
inclusion criteria

187 analyzed
patients

Figure 1. Patient flow chart.
CET =cranioencephalic traumatism, ER=emergency room.
Source: Authors.

pedestrians (25.5%), while the type of vehicle involved
was, in most cases, the motorcycle (79%).

The main neurological lesion found was a combination
of extradural hematoma (EH) and subdural hematoma
(SH) (33.7%), followed by EH (28,9%) and SH (24.1%) (Fig. 2).

Severe trauma, classified with a Glasgow coma scale
(GCS) 3 to 8, was more frequent (71.1%) than moderate GCS
9 to 11 (28.9%). 52.4% of the patients had no associated
lesions, and another 31% had associated musculoskeletal
lesions.

100% of patients with surgical CET initiated protocol in
the emergency room for this type of entity: elevated head,
mannitol infusion, non-invasive monitoring of vital signs,
and prophylactic antibiotic.

As for perioperative management, all patients were
taken to surgery with balanced anesthetic techniques
based on opioids and halogenated compounds. The use of
hyperosmolar therapy during the intraoperative period
was only recorded in 37% of patients. Tranexamic acid was
used in 20.9% of patients; 21.4% of patients underwent
transfusion therapy.

79.7% of patients presented episodes of perioperative
hypotension with systolic blood pressure <90mm Hg.
41.7% of them required vasopressor support in continuous
infusion; mainly, with noradrenaline, in 92.3% of the
cases.
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Table 1. Clinical and sociodemographic characteristics of patients.

Characteristic

Sex no. (%)

Patients (n=187)

Female 20 (10.7%)
Male 167 (89.3%)
Age (years), X(SD) 38 (17.6)
Personal history
High blood pressure 8 (4.3%)
Chronic lung disease 1 (0.5%)
Chronic kidney disease 1 (0.5%)
Diabetes mellitus 2 (1.1%)
Active smoking 4 (2.1%)
Other 9 (4.8%)
None 162 (86.6%)

Trauma mechanism

Traffic accident

86 (46%)

Fall

38 (20.3%)

Firearm projectile wound

21 (11.2%)

Shotgun wound 13 (7%)
Blunt trauma 11 (5.9%)
Accident at work 6 (7%)
Explosion 1 (0.5%)
Unknown 11 (5.9%)

Type of traffic accident, number/total (%)

Pedestrian 22/86 (25.5%)
Driver 43/86 (50%)
Passenger 18/86 (21%)
Unknown 3/86 (3.5%)

Vehicle involved, number/total (%)

Motorcycle 68/86 (79%)
Automobile 3/86 (3.5%)
Bus, truck 5/86 (5.8%)
Bicycle 6/86 (7%)

Not reported

4/86 (4.6%)
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Table 1

Characteristic

Patients (n=187)

Glasgow coma scale, no. (%)

9-12 4 (28.9%)
3-8 133 (71.1%)
Associated injuries, no. (%)
Osteomuscular 8 (31%)
Osteomuscular and solid viscera 0 (10.7%)
Solid abdominal viscera 6 (3.2%)
Hollow abdominal viscera 1 (0.5%)
Vascular injury 4 (2.1%)
None 8 (52.4%)

X =mean, SD=standard deviation.
Source: Authors.

From the metabolic point of view, arterial gasometry
and perioperative glycemia and lactate measurement
were performed only in 47% of the patients. The main
metabolic profile of the patients was hyperlactatemia
metabolic acidosis, in 95% of the cases (Table 2).

Table 2. Perioperative hemodynamic and metabolic profile.

S

Heart rate (beats/min), XSD 92.1 (23.8) 95.6 (21.6) 0.549
Mean blood pressure 64.3 (10.4) 72.5 (18.4) 0.045
(mm Hg), XSD
Oxygen saturation, Me, IQR 99 (90.5-99) 99 (93.5-99) | 0.634
Blood sugar (mg/dl), XSD 149.8 (55.3) 171.4 (55.4) 0.102
pH XSD 7.28 (0.86) 7.31(0.79) 0.232
Lactate serum (mmol/L), XSD 3.6 (2.1) 3.4 (2.6) 0.521
HCO; (mmol/L), XSD 19.48 (6.5) 19.29 (6.6) 0.221
Excess base (mmol/L), XSD —6.25 (3.32) —5.4 (2.4) 0.331
Pa0, (mm Hg), XSD 183.5 (39.2) 185 (12) 0.771
PaCO, (mm Hg), XSD 41.95 (9.74) 37.5 (8.65) 0.188
Sodium (mmol/L), XSD 138 (7.5) 141 (6.09) 0.235
Potassium (mmol/L), XSD 3.73 (0.6) 4.02 (0.76) 0.112
Chlorine (mmol/L), XSD 106.5 (5.4) 109 (7.1) 0.382

X =mean, IQR=interquartile range, Me=median, PaCO,=carbon dioxide
blood pressure, PaO,=oxygen blood pressure, SD=standard deviation.

Source: Authors.
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Figure 2. Type of neurological lesion.
Source: Authors.
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Table 3. Perioperative clinical outcomes.

Variable Patients, (n=186)

Postoperative complications, no. (%)

Table 4. Bivariate exploratory analysis for mortality or neurolo-
gical outcome as sequelae.

Factor OR (95% CI)

. R R Glasgow coma scale <8 6.9 (1.59-30.23)
Ventilator-associated pneumonia 18 (9.6%)
Sepsis 3 (1.6%) Intraoperative hypotension 4.5 (1.54-12.92)
Coagulopathy 1 (0.5%) Hyperosmolar therapy 1.1 (0.82-2.43)
Acute respiratory distress syndrome 2 (1.1%) Use of balanced liquids 0.95 (0.23-1.84)
Multiorgan failure 2 (1.1%) Intraoperative tranexamic acid 0.93 (0.35-2.48)
Acute renal failure 2 (1.1%) Glucose >180mg/dl 1.11 (0.43-5.42)
None 159 (85%) CI=confidence interval, OR=o0dds ratio.
Source: Authors.
Neurological disability, no. (%)
Yes 107 (57.2%) pressure on the health system, with a great socioeconomic
No 86 (46%) impact for the patient, the family and society. '
The study found that most of the affected population
Tracheostomy were healthy men, which is consistent with previous
3 studies showing how high-impact head trauma primarily
Yes 55 (29.5%) affects the working-active male population.”
No 132 (70.6%) Cc?ngruen"dy. with other types of trauma, the }argest
portion of victims involved was due to traffic accidents;
Stay in ICU (days), Me, IQR 9 (1-35) the motorcycle was the vehicle involved in more than half
. of the cases. This is consistent with the 2016 report of the
Hospital stay (days), Me, IQR 17 (8-156) National Institute of Legal Medicine and Forensic Sciences

Me=median, ICU=intensive care unit, IQR=interquartile range.
Source: Authors.

In terms of clinical outcomes, no patient died during the
surgical procedure; however, 30 of the 187 patients died
during hospital stay, secondary to complications associ-
ated with the severity of the injury, that is a mortality of
16% (CI 95%: 10.7-21.3) (Table 3).

54% of patients who survived discharge had some
degree of neurological disability. Assuming a difference of
10%, and based on the fact that this sequel is found among
45% to 70% of that reported in the literature,”® the study
had a power of 79% to estimate the incidence of
postoperative neurological injury in this care center.

29% of the patients were given a tracheostomy. The
median stay in the ICU was 9 days, and the median
hospital stay was 17 days.

The exploratory analysis found a positive association
between the severity of injury and postoperative neuro-
logical mortality or dysfunction, as well as perioperative
mortality and hypotension (Table 4).

Discussion
Trauma has become a high-impact event in the world, and

head trauma has the highest morbidity and mortality. In
addition, hospital stay times and expenses generate high
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(Instituto Nacional de Medicina Legal y Ciencias Forenses),
which recorded 50,574 cases treated for traffic accidents;
that is, 80.5% of the total CET causes.’® These data differs
from the HUSVF report during the 1990s, where the main
cause of head trauma was gunshot injury. This difference
can be explained by the social circumstances of the
country during that period. In addition, the incidence of
severe head injuries is increasing in direct relation to
technological development and the introduction of high-
speed motor vehicles.

Among the pathophysiological types of trauma, the
most common are extradural and SHs.>*'" SHs are usually
the result of acceleration-deceleration injuries; they occur
more often in motor vehicle accidents and are more
frequent than epidural hematomas.'* However, in the
population studied, EH was more frequent than SH (28.9%
vs. 24.1%), a phenomenon that could possibly be explained
by a high impact of the event’s energy, as occurs with
traffic accidents on motorcycles.

Regarding perioperative management of the patient
with severe CET, the main objectives should focus on early
resuscitation, hemodynamic stabilization, emergent sur-
gery, intracranial pressure control, cerebral perfusion
pressure support, and multimodal monitoring.>**** In
accordance with these objectives, advances in neuro-
monitoring and neurocritical care have changed the
medical management of CET patients by improving their



outcomes’; however, the study showed that hemodynam-
ic and metabolic monitoring according to international
recommendations for this type of lesion and surgical
procedure was performed in only 47% of patients
evaluated. It was not possible to identify a clear cause
of this phenomenon through this study.

Despite the above, almost 80% of patients presented
hemodynamic instability during the surgical procedure,
which was managed, in most cases, with infusion of
vasopressors; noradrenaline was the vasopressor of choice.
Despite this management, exposure to an event of
intraoperative hypotension was associated with a risk of
mortality or postoperative neurological dysfunction 4.5
times more frequent than in patients in whom systolic
blood pressure < 90 mmHg was not documented. Typically,
cerebral perfusion pressure is determined by systemic
blood pressure, which explains why this variable is the
most critical for hemodynamic management of patients
with severe CET."*'* It is precisely because of this scenario
that the recommendations warn of the need to maintain a
systolic blood pressure >90mmHg throughout the periop-
erative management of the neurosurgical patient. %13

As for the risk of development of endocranial hyperten-
sion in the perioperative period, it was not possible to
objectively determine this complication, since no patient
was monitored for postoperative intracranial pressure,
despite being indicated for this type of event. However,
36.9% of patients were indicated hyperosmolar therapy as
a management strategy for endocranial hypertension
during the perioperative period.**

Coagulation disorders have been documented in liter-
ature to occur in approximately 1/3 of patients with
traumatic brain injury, and are associated with increased
mortality and worse outcomes.™” In this study, coagulop-
athy was documented in 0.5% of the patients. In addition,
only 20.9% received tranexamic acid as part of intraoper-
ative management. Although the CRASH-2 study showed
that the drug decreases the risk of mortality in trauma
patients,'® its use in this setting is still unclear.

Clinical factors associated with poor neurological out-
comes in the CET patient include hyperglycemia or
hypoglycemia,'” so their measurement is essential in
the CET-critical patient. However, from the data obtained
from this study blood glucose was measured only in 44% of
patients admitted to the operating room, and at the end of
the surgery only in 16%. This can be explained by the lack
of records in the clinical history, rather than by a lack of
request for such a measurement; however, the impor-
tance of measuring this variable allows for timely
interventions in case of an abnormal result.

As for hydro electrolytic and acid base state disorders,
these tend to be common in patients with CET, mainly
associated with 2 variables: (1) the use of unbalanced or
hyperosmolar crystalloids and (2) uncontrolled periopera-
tive bleeding.**® In fact, in the analyzed data, although the
electrolytic state was within the normal ranges, explained
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using crystalloid solutions—mainly balanced—a metabol-
ic acidosis of hyperlactatemia type was presented,
explained in the majority of the cases by perioperative
bleeding. Most patients with acid-base disorder had
another type of trauma associated with it, other than
CET—primarily the musculoskeletal—which reinforces
the concept that the high morbidity burden of the CET
patient derives from the associated polytrauma.®®

In evaluating mortality from this type of trauma, the study
showed a mortality of 16% of all CET patients who were taken
to surgery, an event that occurred during postoperative
management, mainly due to complications related to
polytrauma and the severity of the injury. Comparing these
data with published national literature, mortality for
moderate-severe CET is found to be between 18% and
48%.% In this study, a great part of the patients with
cranioencephalic trauma who required surgery (71.1%),
presented GCS between 3 and 8 (severe), which can be
explained by the condition of the study, as they were surgical
patients. It is precisely in this group (Glasgow between 3 and
8) where a large association with in-hospital mortality was
found, a finding that is, to a large extent, congruent with
what has been reported worldwide. Although it is not
possible to change the severity of the trauma, it is important
in the perioperative period to identify that patients with a
scale of greater severity deserve more timely action, and that
all patients, without exception, who are very stable in the
intraoperative period, should be taken to the neurosurgical
ICU at the end of the procedure.

Finally, we highlight the high incidence of neurological
dysfunction in this type of patient, which corresponds to
54% of all cases evaluated. These complications ranged
from motor dysfunction to moderate-to-severe cognitive
dysfunction, the latter being the most prevalent in our
study. This finding explains 29% of patients who had to
undergo definitive tracheostomies.

The greatest limitation of the study, in relation to its
retrospective characteristic, was the lack of data in some
of the clinical histories; furthermore, as itis a study carried
out in a single hospital in the city, the possibility of
generalizing the results is limited, despite the fact that this
is a reference hospital in the city for such types of
traumatic events. Bias control was not possible, nor was it
foreseen within the methodological process, so any
statistical association presented requires verification with
analytical studies.

Conclusion

The study showed that CET is a critical event of high
morbidity and mortality, despite the surgical manage-
ment thatis done, with a greater involvement in the young
adult population, where the main mechanism involved is
the traffic accident. Patients undergoing surgery had
suboptimal hemodynamic and metabolic monitoring in
almost 50% of cases, with the use of intraoperative
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hyperosmolar therapy in 36.9% and the absence of
intracranial pressure monitoring. However, critical out-
comes do not appear to be modified in patients with
Glasgow <8, despite perioperative management. Severe
neurological complications occurred in half of the cases of
patients with moderate-to-severe CET.
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