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ABSTRACT

Hemorrhagic shock is one of the leading causes of preventable deaths in trauma cases.
Current treatment protocols acknowledge the importance of the early approach of
coagulopathy related to trauma and that the infusion of large volumes of crystalloids

is harmful to patients. The quick bleeding control is still the most important measure
in the treatment of hemorrhagic shock. Thus, the permissive hypotension is a strategy
increasingly being used in the resuscitation of patients with traumatic bleeding. In

this article, we conducted a literature review with a critical analysis of indications for
permissive hypotension in trauma.
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RESUMO

O choque hemorragico € uma das principais causas de mortes evitdveis no trauma.Os
protocolos atuais de tratamento reconhecem a importancia da abordagem precoce da
coagulopatia relacionada ao trauma e que a infusao de grandes volumes de cristaloides
sdo prejudiciais aos pacientes. O controle rdpido do sangramento continua sendo a
medida mais importante no tratamento do choque hemorrdgico. Neste contexto, a hipo-
tensao permissiva € uma estratégia cada vez mais utilizada na reanimagdo de pacientes
com hemorragias traumadticas. Neste artigo realizamos uma revisdo da literatura com
uma andlise critica das indicagées da hipotensao permissiva no trauma.

Palavras-chave: Ferimentos e Lesoes, Choque Hemorrdgico; Ressuscitagdo.

INTRODUCTION

Trauma is the leading cause of death in the population up to 40 years of age, and
the disease with the greatest impact on reducing the life expectancy of the world’s
population. The hemorrhagic shock is responsible for 30 to 40% of deaths from trau-
ma, consisting of the most common cause of potentially preventable deaths. Ap-
proximately 50% of patients, who die during the first 24 hours after trauma, have
hemorrhage as the cause of death.!

The quick control of bleeding is the most effective measure to approach the pa-
tient with hemorrhagic shock. Post-traumatic bleeding treatment protocols empha-
size the rapid restoration of tissue perfusion through the infusion of large volumes
of crystalloids such as 0.9% saline solution or lactated ringer.? This conduct raises
the blood pressure (BP) and, if implemented before the surgical control of bleed-
ing, causes the rupture of blood clots formed in injured vessels and could result in
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re-bleeding.? Other mechanisms that could lead to in-
creased bleeding through the infusion of crystalloids
are the dilution of coagulation factors, increased
blood pressure, acidosis, and hypothermia.*

Currently, coagulopathy is considered the prima-
ry event in trauma; up to 30% of patients with severe
bleeding arrive at the hospital with an installed clot-
ting disorder even before receiving large volumes of
liquids or being hypothermic.” This clinical picture is
called acute traumatic coagulopathy and would be
correlated, among other factors, to the inflammatory
response triggered by trauma and shock. The lesion
and tissue hypoperfusion interfere in the processes of
coagulation and favor fibrinolysis and consumption
of fibrinogen by the activation of protein C.°

Therefore, the current strategies to treat hemor-
rhagic shock aim at, in addition to the quick con-
trol of bleeding and perfusion restoration, an early
approach to coagulopathy. In this current context,
which recognizes the deleterious effects of an exces-
sive crystalloid administration and values the impor-
tance of the early treatment of coagulopathy, the per-
missive hypotension is the increasingly studied and
recommended conduct.

REVIEW OF THE LITERATURE

The volemic reposition, started only after the hemor-
rhage control in patients with active bleeding, was advo-
cated in 1918. The rationale for this conduct was based
on the fear that the excessive infusion of fluids could
result in increased bleeding.” This hypothesis was con-
firmed by studies in animal models (dogs, pigs, sheep),
which showed an increase of bleeding in the treatment
of hemorrhagic shock by aggressive volemic reposition.
More careful volume infusions reduced mortality.®*

A research involving 598 patients victims of pen-
etrating trauma to the torso and hypotension (systolic
arterial pressure-SAP < 90 mmHg) emphasized that
patients who received normotensive volemic reposi-
tion from the pre-hospital stage had worsen survival
outcomes (62% vs. 70%, p <0.04), higher rates of com-
plications, and longer hospital stay than the group in
which the volemic reposition was only initiated after
the surgical control of bleeding. Despite that the re-
suscitation strategy used (delayed volemic resusci-
tation) is different from the concept of permissive
hypotension, this study proved that the concept of
prevailing aggressive volemic resuscitation does not
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seem to be essential in the treatment of hemorrhagic
shock.”

Another prospective clinical study, using 55 pa-
tients with normotensive resuscitation (SAP > 110
mmHg) and 55 patients reanimated with permissive
hypotension (SAP < 70 mmHg), found no difference
in mortality rates between the groups. Patients with
traumatic brain injury (TBI) were excluded."

A prospective multicenter study involving 1,754
patients demonstrated that the amount of fluids in-
fused in the first 24 hours was directly related to the
incidence of complications, mainly with adult respira-
tory distress syndrome and abdominal compartment
syndrome. The aggressive volemic resuscitation was
also associated with longer hospital stay and hospi-
talization in the intensive care unit. A relationship be-
tween the volume of fluid administered and mortality
rate was not detected in this study.’®

A prospective and randomized study evaluated
the effects of permissive hypotension and normoten-
sive resuscitation in the treatment of victims of pen-
etrating and blunt trauma. The patients in the group
with permissive hypotension (average blood pressure
= 50 mmHg) had lower mortality rates in the imme-
diate post-operative period, less tendency to develop
coagulopathy, and received the least amount of blood
products. This was a preliminary analysis with a sam-
ple of 90 patients and prevalence of patients with blunt
trauma and severity index (Injury Severity Score-ISS)
greater in the group of normotensive resuscitation.'s

A limitation is described related to the approach
of permissive hypotension in patients with traumatic
brain injury (TBI). In these patients, the lowest pres-
sure levels could reduce the cerebral perfusion pres-
sure and, consequently, contribute to the installation
or worsening of secondary brain injuries.” The mainte-
nance of cerebral perfusion pressure above 70 mmHg
reduced mortality in patients who are victims of TBL.!®

The evaluation of tissue perfusion with micro-
spheres in an uncontrolled hemorrhage model in rats
showed that permissive hypotension reduced intra-
abdominal bleeding without impairment of tissue
perfusion, including the brain.?

Several investigations about strategies of volemic
reposition in animal models also revealed that an
aggressive volemic resuscitation is associated with
increased bleeding. A study with an uncontrolled
bleeding canine model showed that the increase in
infused volume was associated with increased bleed-
ing.® Another research using a pig model concluded
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that the rapid restoration of blood pressure from
crystalloid infusion resulted in increased bleeding
and mortality.” The most judicious volume infusion
reduced mortality when compared to animals that
received larger amounts of liquids.'” Other studies us-
ing uncontrolled hemorrhagic shock models in sheep
independently found a direct relation between the
infused volume and level of increase in blood pres-
sure, amid the occurrence of adverse effects and in-
creased mortality.!12

A systematic review involving 52 experimental
studies and 2,039 animals using shock models with
more serious hemorrhages (aortic lesions or sections
of more than 50% from the tail) showed that the infu-
sion of liquids reduced the risk of death compared to
the absence of infusion. In models with less serious
bleeding (lesions of vessels other than the aorta, or
sections smaller than 50% from the tail), the liquid
infusion increased mortality. In these animals, the
potential risks associated with the infusion of fluids
seem to overcome the possible benefits of increased
blood pressure and tissues perfusion. Nine of these
studies compared permissive hypotension with nor-
motensive volemic reposition. Permissive hypoten-
sion reduced the risk of death in all of them.?

A study on an uncontrolled shock model in rats
reported that the excessive administration of lactated
ringer was associated with worsening of coagulation
parameters and a significant increase in bleeding.
Still in this study, higher values of hematocrit corre-
lated with better indices of coagulation.?!

A retrospective clinical study, in which more than
3 liters of crystalloids or 500 mL of colloid were ad-
ministered during abdominal surgeries, was also as-
sociated with postoperative coagulopathy.?

DISCUSSION

Since the 60s, the resuscitation of patients victims
of trauma in shock is based on aggressive volemic re-
position with crystalloids.? This conduct was driven
by the experience gained in the Viet Nam war and
reinforced in the 80s by the concept of supranormal
resuscitation.? This resuscitation strategy based on
an excessive crystalloid infusion was also advocated
by the protocol of the Advanced Trauma Life Sup-
port (ATLS®) in its early editions.? In fact, although
there are no prospective randomized clinical studies,
the use of volemic resuscitation aiming to normalize
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blood pressure with the infusion of large volumes of
liquids predominated in the last 50 years.

The deleterious effects of an aggressive volemic
reposition are well-known, and various complications
are described: adult respiratory distress syndrome,
abdominal compartment syndrome, cerebral edema,
and cardiac dysfunction among others.” The exces-
sive infusion of liquids may result in increased bleed-
ing by the following mechanisms: increased blood
pressure (BP), dilution of coagulation factors, reduc-
tion of blood viscosity, and installation or aggrava-
tion of hypothermia. All of these factors negatively
interfere with coagulation and are associated with the
pathophysiology of trauma-induced coagulopathy.*®

Another explanation for the increase in bleeding
associated with normotensive volemic resuscitation
is that a rapid infusion of large volumes of crystal-
loids provokes the displacement of clots adhered on
the site of vascular lesion, removing the initial cap
formed by platelets and fibrin (primary coagulation)
and favoring re-bleeding.?

Patients with gastrointestinal bleeding due to
esophageal varices are typically maintained at low-
pressure levels aiming to decrease the possibility of
re-bleeding. Therefore, it seems logical to adopt this
same strategy to patients who are victims of trauma.

Resuscitation strategies that limit liquid infusion
in patients with uncontrolled bleeding aimed at offer-
ing enough volume to maintain adequate tissue per-
fusion without causing increased bleeding. However,
the adequate blood pressure levels to achieve these
goals are not yet defined.?

A study on an experimental uncontrolled shock
model in mice used different levels of mean arterial
pressures with the goal of volemic resuscitation (40,
50, 60, 70, 80, and 100 mmHg). The animals undergo-
ing normotensive resuscitation (80 and 100 mm Hg)
had more bleeding, organ dysfunction, and higher
mortality rate than those undergoing permissive hy-
potension (50 and 60 mmHg). The reanimated ani-
mals with the medium pressure of 40 mmHg had less
bleeding, however, at the expense of increased organ
dysfunction and mortality. The time of permissive hy-
potension tolerance in this study was of 90 minutes.
The mortality rate increased after this time.?”

A question to be considered is the shortage of
prospective and randomized clinical studies to de-
finitively assess the possible benefits of permissive
hypotension. Most of the studies are experimental
and with their typical limitations. Among the main



limitations is the fact that in these experimental mod-
els the animals are anesthetized and do not show
the adrenergic response that are present in patients
in hemorrhagic shock. Another limitation is that, in
most cases, small rodents or rabbits are used, which
have coagulation systems different from humans.
There is great difficulty in developing models that can
simulate the complex interactions between tissue le-
sion, shock, and coagulation.?®?

There is a tendency in the literature to restrict the
volume of fluids infused in the reanimation of pa-
tients with uncontrolled bleeding. The ATLS® proto-
col, in its last edition, recommends the reduction of
the initial dose of crystalloids from 2,000 mL to 1,000
mL, and suggests a fluid reposition that is less aggres-
sive than that recommended in its previous editions.*

CONCLUSIONS

Clinical and experimental studies demonstrate
that an excessive fluid administration is related to in-
creased bleeding, complications, and deaths. Despite
the tendency of the current protocols to recommend
the judicious use of crystalloids in volemic resusci-
tation of trauma victims, controlled and prospective
studies are still required to define the appropriate
pressure levels and maximum use of permissive hy-
potension in patients with hemorrhagic shock.
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