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ABSTRACT

Cerebral edema can occur following harmful insults to the brain such as hemorrhage, stroke, and mechanical trauma,
and can lead to a state of coma. The infusion of osmotic diuretics is considered a valid method of therapeutic treatment.
These treatments are intended to reduce intracranial pressure. Mannitol is one of the osmotic substances which is often
used in the treatment of edema, although the side effects must be taken into account. This article reports the effect of
mannitol in patients in coma due to acute cerebrovascular insufficiency and any cardiovascular and renal alterations.
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INTRODUCTION

Cerebral edema can occur in conditions of traumatic brain injury, cerebral hemorrhage, subarachnoid hemorrhage,
brain tumor, and ischemic stroke, and can be relieved with an infusion of various hypotonic solutions (1). For many years,
the use of osmotic diuretics has been considered one of the most valid methods for the treatment of cerebral edema (2).
The objective of the administration of these drugs is to quickly, and for a short period, create an effective osmotic gradient
between the vascular compartment and the edematous brain tissue. This allows for the movement of interstitial and glial
fluids towards the vascular district, with a consequent reduction in intracranial pressure.

Among osmotic diuretics, mannitol is the most frequently used (3). In cerebral edema, mannitol may be helpful as a
diuretic in the treatment of patients with untreatable edema and to increase urine flow by clearing debris from the renal
tubules (4). The administration method currently considered most suitable consists of a venous perfusion of 20% mannitol
solution at a dosage of 1g/kg of body weight to be carried out over a time span of 10-20 minutes.

While recognizing the validity and usefulness of this drug, we must remember a series of side effects resulting from
its administration that have been described in the literature (5). Although allergic reactions have been reported to occur
with mannitol treatment, they do not seem to occur more frequently than with the infusion of other macromolecular
solutions (6). However, the most prominent side effects seem to be those affecting the cardiovascular system and among
these, the most severe is undoubtedly circulatory overload, which can result in pulmonary edema (7). However, this
danger was considered negligible given that the administration of mannitol in serious cardiac patients was not seen to
lead to a single case of pulmonary edema in a large study (8). Experimental research demonstrated an increase in cardiac
output that was presumably linked to a direct positive inotropic action on the myocardial fiber and/or to an indirect action
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mediated by the sympathetic nervous system, or to increased left ventricular end-diastolic volume (8). Furthermore,
continuous, or sub-continuous infusion of mannitol appears to be able to cause metabolic acidosis and renal failure (9).
These complications certainly occur when plasma osmolarity is very high. However, the circulatory and the renal side
effects would require more careful investigation, given the important clinical implications that may be linked to them
(10). Both one and the other can be promptly treated and/or partially prevented, provided that their onset is known with
certainty. With this study, we attempted to clarify whether the administration of 20% mannitol in comatose patients due
to acute cerebrovascular insufficiency could cause dangerous cardiovascular changes or could give rise to
hyperosmolarity, which is harmful to the renal system.

METHODS

Osmotic diuresis with mannitol was used to treat cerebral edema in 45 patients in coma due to acute cardiovascular
failure. 27 patients were female and 18 were male, with an average age of 62 years. The anamnesis showed 26 patients
were affected by arterial hypertension, 7 were affected by diabetes mellitus, and 6 patients had experienced an episode of
transient ischemic attack (TIA) in the previous years. 2 patients had electrocardiographic signs of previous myocardial
infarction. The study was approved by the institutions' local committee and patients gave their informed consent.

All patients came experienced problems of ventilatory failure. After providing immediate ventilatory assistance, we
proceeded with cannulation of the subclavian vein via the subclavicular route, with monitorization of the central venous
pressure (CVP), the electrocardiogram (ECG), and blood pressure (BP).

In 9 patients, upon admission it was necessary to rapidly administer diazoxide venously, in order to reduce dangerous
levels of blood pressure. The degree of coma was assessed according to the Plum and Posner method. The cerebrospinal
fluid (CSF) pressure was monitored in only 6 patients by positioning an intrathecal catheter. In these 6 patients, mannitol
administrations were carried out coinciding with increases in CSF pressure. In the other cases, the criterion followed was
purely clinical based mainly on repeated neurological examinations and observations of the ocular fundus.

Before initiating the mannitol infusion, a blood sample was taken to determine the parameters reported in the table
below (Table I). These samples were repeated 5/10/15/20/30/60 and 90 minutes after the start of the infusion. Urine was
also collected to control both the water balance and to study the parameters expressed in Table I. The 20% mannitol
solution was administered by venous infusion at a dose of 1 g/kg of body weight. The duration of administration was 10
minutes in 16 patients (group 1) and 20 minutes in the other 29 patients (group 2). It should be noted that the mannitol
infusion was started after at least 15 minutes of stable blood pressure values.

Table I. Blood and urinary parameters studied.
Plasma osmolarity, Na, K, Ca?*, Blood sugar, Cytometric blood count,
Hematocrit, Arterial gas analysis

Blood parameters:

Urinary parameters: Electrolyte balance (24 hours), Na, K, Ca?*, Osmolarity

RESULTS

Blood pressure significantly decreased in all patients during the rapid infusion of mannitol. The mean arterial pressure
(MAP) in the first group of patients decreased on average by 19 +/- 2 mmHg and by 16 +/- 5 mmHg in the second group
(+/- SE). Diastolic blood pressure had a greater percentage reduction than systolic blood pressure. The greatest reduction
in almost all patients occurred on average after 6 +/- 2 minutes from the start of the infusion of the osmotic diuretic in the
first group and after 9 +/- 3 minutes in the second group.

Gradually and progressively, the MAP values reached the baseline values after 25 +/- 5 min from the moment
coinciding with the lowest value of the MAP in the first group, and after 20 +/- 7 min in the second group. In patients
treated with diazoxide (a molecule structurally related to thiazide diuretics and characterized by the ability to activate
potassium channels) before the start of mannitol infusion, the variations in MAP were completely comparable to those of
the other patients.

No statistically significant changes in heart rate were observed. During the second half of the mannitol infusion, CVP
increased, although not significantly. Electrocardiographic alterations were recorded in 23 patients (electrocardiogram:
long QT; flattened diphasic T; above sub-level St; supraventricular extrasystoles). These alterations were already present
before the start of treatment in 60% of patients. The highest peak of plasma osmolarity behavior was always recorded
after the first half of the infusion (5 min in the 1st group and 10 min in the 2nd group). The blood gas variations were not
significant in the two groups of patients.
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It is interesting to underline a slight reduction in PO values in over half of the patients during and immediately after
the infusion. The variations in Na, K, and Ca?* in the blood (although not important for our study) had a statistically
significant duration in relation to the infusion period of the osmatic diuretic. The hematocrit value underwent a
progressive reduction during the infusion which was slightly delayed compared to the increase in osmolarity.

DISCUSSION

Although the initial values of BP and CVP were at the upper limits of normal, neither an increase in blood pressure
nor signs of cardiovascular overload were observed, except in two anesthetized hypertensive patients. The rapid infusion
of mannitol through a rapid increase in blood volume could have caused the feared circulatory overload, the most striking
manifestation of which is pulmonary edema.

Instead, a reduction in arterial BP was documented in almost all patients and a non-significant increase in CVP after
the second half of the infusion. The lowest MAP values preceded, albeit slightly in almost all patients, the moment in
which the plasma osmolarity values progressively increased until reaching the highest levels, always after half the infusion
time, in both the first and second groups. Subsequently, the osmolarity curve progressively returned towards lower values
as water was drawn into the vascular district.

The decrease in systolic blood pressure could be explained by the vasodilatory action of mannitol (11). In fact, it has
been experimentally demonstrated that mannitol directly, and/or through the effects of increasing plasma osmolarity,
would cause significant vasodilation, especially in the vascular district of skeletal muscles (12). The decrease in peripheral
vascular resistance of venous return and blood viscosity would be the main factors contributing to the reduction in BP
(13). It is interesting to note that the lowest values of MAP and diastolic pressure precede the moment of the highest
degree of plasma osmolarity (12). The high plasma osmolarity would probably lead to a release of chemical mediators
capable of inducing district vasodilation responsible for the decrease in peripheral vascular resistance (14). The
documented increase in cardiac output, secondary to the positive inotropic action of mannitol, would therefore not be
sufficient to cancel the opposite effect of the reduction in peripheral vascular resistance, at least initially. Subsequently,
the pressure gradually returns to baseline values thanks to a reflex vasoconstriction with the participation of some
receptors located in the skeletal muscles and central nervous system (CNS) (15).

The feared circulatory overload was not observed in any case. However, in 50% of patients, although mechanical
ventilation was kept constant, the PO, curve underwent a momentary and slight reduction. This could be justified by an
alteration of gas exchange at the alveolar-capillary level caused by an increase in interstitial fluid (16).

The electrocardiographic alterations that were observed did not appear to be caused by mannitol as these appeared in
more than half of the cases before the infusion of the osmotic diuretic (17). Furthermore, they appear to be due to the
brain lesion responsible for the coma state (18).

CONCLUSIONS

In conclusion, we report that blood pressure significantly decreased in all patients of this study during the rapid
infusion of mannitol. In fact, more specifically, the diastolic blood pressure had a greater percentage reduction than
systolic blood pressure. Mannitol infusion caused cardiovascular side effects with electrocardiographic alterations in
almost half of the patients treated.
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