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Abstract

Objective: This study was performed to assess the effect of a single dose of 15% mannitol on
the hydration status and electrolyte balance in patients with tick-borne encephalitis (TBE).
Methods: Forty-one patients with TBE were treated with 0.25 g/kg of 15% mannitol. The elec-
trolyte concentrations (Na, K, and CI), creatinine concentration, and hydration status were
measured before and after mannitol infusion.

Results: After mannitol administration, 7 patients had hyponatremia, 3 had hypokalemia, | had
hyperkalemia, and 17 had hypochloremia. The total body water volume (TBW) changed by 0.44%
£0.55%, the external body water volume (EBW) changed by 0.12% + 0.15%, and the internal
body water volume (IBW) changed by 0.19% + 0.40%. The mean ECW/ICW ratio was 0.7694
4 0.07 before treatment and 0.7699 + 0.07 after treatment. Age was correlated with the TBW
change in men (R =0.42, p < 0.05) and with the potassium change in women (R =0.66, p < 0.05).
Conclusions: Patients with TBE should receive mannitol two to four times daily depending on
the clinical manifestation. Administration of a single dose of mannitol (0.25 g/kg) requires at least
300 mL of fluid supplementation. Bioimpedance might be useful for individual evaluation of dehy-
dration. Additionally, patients require monitoring for potential hyponatremia. Older men may be
more prone to dehydration after receiving mannitol.
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Introduction

Mannitol is a nonreabsorbable sugar alco-
hol that acts as an osmotic diuretic, inhibit-
ing sodium and water reabsorption in the
proximal tubule and more importantly in
the loop of Henle."! It is administered
every 6 to 8 hours at a dosage of 0.25 to
1 g/kg/24 hour. The available solutions are
10%, 15%, and 20%. Effects of mannitol
are visible a few minutes after administra-
tion, peaking after 1 hour and lasting for
4 to 24 hours.>?

Mannitol is an essential medication in
the treatment of increased intracranial pres-
sure (ICP). The effectiveness of mannitol
depends on the initial ICP, the dose admin-
istered in the previous 3 hours (lower doses
are associated with higher effectiveness),
and the speed of infusion. Rapid mannitol
infusion reduces ICP more effectively; how-
ever the effect is of shorter duration. Slower
mannitol administration results in less
marked decrease in ICP, but the effect
lasts longer.* Although mannitol is general-
ly well tolerated, a variety of fluid, electro-
Iyte, and renal complications can occur if
the patient is not carefully monitored.

Mannitol is freely filtered by the glomeru-
lus and does not undergo tubular reabsorp-
tion. Thus, it acts as an osmotic diuretic,
increasing urinary loss of both sodium and
electrolyte-free water. Lack of replacement
of the fluid loss can lead to both volume
depletion and severe hypernatremia.” Other
complications of mannitol therapy are
volume expansion, hyponatremia, hyperkale-
mia, hypokalemia, and metabolic acidosis.®’

The effect of mannitol on the integrity of
the blood-brain barrier is controversial.

Many authors have reported that mannitol
can disrupt the blood-brain barrier and
increase its permeability,* !> while others
have shown that it has no effect on the
blood-brain barrier.'®!”

Mannitol administration requires precise
monitoring of patients to prevent water—
electrolyte imbalance; however, lower man-
nitol concentrations provoke fewer adverse
reactions. Serum osmolality should be
maintained at 300 to 310mOsm/L, and
the patient should be properly hydrated.*

Mannitol should not be administered to
patients allergic to the substance, severely
dehydrated patients, or patients with
anuria, advanced heart failure, pulmonary
edema, active intracranial hemorrhage
(except craniotomy), or a damaged blood—
brain barrier.

Impaired kidney function and overdos-
ing may lead to a longer mannitol half-life
and therefore increase serum osmolality
with transfer of water and potassium to
the extracellular area. These changes may
lead to hyponatremia, hyperkalemia, meta-
bolic acidosis, and pulmonary edema.
Excessive water loss by brain cells may
also be life-threatening.”'®

Patients receiving 200 to 300 g of manni-
tol within 24 hour can reportedly develop
reversible acute kidney failure.'*°

Tick-borne encephalitis (TBE) is a rela-
tively frequent neuroinfection in Poland.
Data from the National Health Institute
showed that an average of 250 persons
develop symptoms of TBE annually.’!
Most cases are registered in the northeast-
ern part of the country, and Podlaskie
Region is considered an endemic area for
TBE. The Department of Infectious
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Diseases and Neuroinfections in Biatystok
is a reference center and the main unit
responsible for the treatment of patients
with TBE in this region.

The treatment of TBE is symptomatic
and includes administration of mannitol
and nonsteroidal anti-inflammatory drugs.
Patients with TBE are predisposed to hypo-
volemic hyponatremia due to dehydration
caused by fever, vomiting, poor oral
intake, and osmotherapy.?' Therefore, one
of the most important factors in patients’
recovery is maintaining a proper electrolyte
and fluid balance.

The present study was performed to pre-
cisely assess the effect of one dose of 15%
mannitol on the hydration status and elec-
trolyte balance of patients with TBE.

Materials and methods

Patients

Patients hospitalized for treatment of TBE
in the Department of Infectious Diseases
and Neuroinfections of the Medical
University of Biatystok were included in
the study. The study started in 2016 and is
planned to continue through 2018. The
results of this preliminary study were
obtained in 2016. All hospitalized patients
with TBE were enrolled in the study. None
of the patients had been vaccinated for
TBE. The disease was diagnosed based on
the clinical presentation, cerebrospinal fluid
examination findings, and presence of
specific antibodies in serum. The TBE anti-
body titer was measured with an enzyme-
linked immunosorbent assay (Enzygnost
Anti-TBE/FSME  Virus IgG, IgM;
Siemens, Munich, Germany).

TBE was considered mild when no neu-
rological symptoms were present (meningi-
tis  form). Meningoencephalitis  and
meningoencephalomyelitis were considered
severe forms of TBE.

Patients were treated with analgesics,
anti-inflammatory drugs, and 0.25g/kg of
15% mannitol per dose. None of the
patients received dexamethasone.

Procedures

All patients underwent measurement of
their serum electrolyte concentrations (Na,
K, and Cl) and creatinine concentration.
The first blood sample was taken immedi-
ately before the nurse administered the first
intravenous dose of 15% mannitol
(0.25g/kg). The second blood sample was
taken | hour after mannitol infusion.

The reference ranges for the measured
parameters were as follows: Na, 136 to
145mmol/L; K, 3.5 to 5.1mmol/L; CI,
98 to 107mmol/L; and creatinine, 0.5 to
0.9mg/dL for women and 0.7 to 1.2 mg/dL.
for men. The patients’ hydration status was
measured before and 1 hour after mannitol
infusion by whole-body bioelectrical imped-
ance with multiple-frequency equipment
(QuadScan 4000; BodyStat, Douglas, Isle
of Man, British Isles). The analyzed param-
eters were the total body water volume
(TBW) in liters and percent of body mass,
internal body water volume (IBW) in liters
and percent of body mass, external body
water volume (EBW) in liters and percent
of body mass, and third-space body water.

All measurements were performed by
qualified personnel according to the previ-
ously reported tetrapolar method.”> The
subject was fasting, had no metallic objects,
had not exercised or entered a sauna for
8 hours before the study, and had con-
sumed no alcohol within the previous
12 hours.

Throughout the examinations, all of the
subjects had their arms and legs in abduc-
tion; a towel or pillow was placed between
the legs of obese subjects to avoid contact
between the thighs. The impedance values
were obtained at frequencies of 5, 50, 100,
and 200 kHz. Using a frequency of 50 kHz,
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we obtained the resistance (R50), reactance
(Xc50), and phase angle using BodyStat
Phase Angle software (version 1.0, 2002).
The frequency selected is a standard for
bioelectrical impedance vector analysis.
Additionally, we obtained the total imped-
ance index, which is a body water distribu-
tion indicator, by dividing the 200-kHz
frequency by the 5-kHz (Z200/Z5) frequen-
cy. The TBW and EBW were obtained
using prediction equations.?

Ethics statements

Patients voluntarily agreed to participate in
the study and gave their written informed
consent upon admission to the hospital. The
study was registered in ISRCTN Registry
under the number ISRCTN48274252 (DOI
10.1186/ISRCTN48274252). The study was
approved by the Ethics Committee of the
Medical University of Bialystok.

Statistical analysis

The results were statistically analyzed using
Statistica 10 (TIBCO Software, Palo Alto,
CA, USA). The Wilcoxon signed rank test
was used for the group analysis. Correlations
were measured using Spearman’s test.

Results

Forty-one patients (17 women, 24 men; age,
19-73 years; mean, 41.28415.76 years) were
included in this study. The changes in the
patients’ hydration status and electrolyte
balance after mannitol administration are
presented in Table 1. The initial examina-
tion on admission revealed dehydration in
19 patients, mild hyponatremia in 2, hypo-
chloremia in 12, and hypokalemia in 3.
After mannitol administration, 7 patients
had hyponatremia [1 had moderate hypona-
tremia (125 mmol/L), 3 had hypokalemia, I
had hyperkalemia, and 17 had hypochlore-
mia]. The mean changes in the sodium,
potassium, and chloride concentrations

N o
< < OO0 —— mm
o o S SO o090 o0o
< = == ==
a|® ucowucocoocococo
9| T TNNWVWO M®O T
sl TN OANO =9
clmomotmaamdA
E HHHHHHHHHH
VWO O N T O T I
51 QT OO0 VNN oy
SluyNorfrTaadg o
gl o T —ANMm
o
Elvnomo=—=wvwmo o
F| c|lhmoadmaodNodN
Nl |l oo rFmaama
Il E[HHHHHHHHHAHA
s V|l Mmoo ANON—ONLWLO
5| RFT Mo — — ™m0~ A
S|le|larf=—cunumaad—
> ’g ™M o <t 1N —AaANm
NN
- N coaN — —
= S Qoo 9o9Q
ol gecwuccococoo
Sl vVowmoal—vm
clNYvYeoan SN =
c MO TOMmITMmMmMmT T
g HHHHHHHHHH
c | RZ288RI2I2& 54
El5vg rsrasq
£lo S =
c — -
o[&] 8
S| €|l T 00wnoa
sl E|l9¥cgoadunna-—
b = < MmMOoOInmomITmmT &
2l c| E|HHHHHHHHHH
sl 0| v | N OO NO WL DM
ElE|l §|aS=9NmnOrA®©
BlS|g|e¥E8°8%88R
— 21X =]
[¢)
)
c I - m = = = = =
s S 8 888888
IS < < Qo oo coC
5 a|8 o wucccococo
s
k=
5 —
- S|lovo+T0wwowom—
< el Ao ®©Y®R
< E|lmotoOomaa< <
o g HHHHHHHHHAH
o WMWOWWOUNTTOANMO .
S S0 MmMAN®©o—=MNMNYYT | o
2 glotowooaow—<x oo |8
gl oS T -] g
Y| = - '5
c < Ee]
K I )

o
Sle|lE|lomarxrmo—myo| 5§
0| w| €| Q@TMAXM®O O X | Y
g &g s mMmovo VvLnmAaANT T | S
S| @ ElHHHHHHHHHH]| &
S| Bl eo[nToaocanons oa—| 4
O & g| ™M™ ®XQ ™Mo ® X O
0| |« |l o F —0O0 —al 0 — F 0 S
o) = Q o o TN —aAaANA 9}
- < [a1] -_ -_ £
S n &
5 3 3
o [] b
s —_ £ o

1 o 7

> Z9= ¢ £
. = 35 £ —~ — —

- EOE'ECI/O\_-'/o—l o

) EEEBSTRILTTY| s

- —EEF§223232323 |5

- o i}

G o] =500 0000| &

= ZYOUFFFoDwWmZX[|0

TBW, total body water; ECW, extracellular water; ICVV, intracellular water; ns, not significant.
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were —2.504+3.62, 0.02+0.40, and —1.86
+ 2.42 mmol/L, respectively.

One hour after mannitol administration,
the TBW changed by 0.44% + 0.55% (353
+488mL) (range, 0-2500mL), the EBW
changed by 0.12% +£0.15% (151 £168 mL)
(range, 0-500 mL), and the IBW changed by
0.19% +0.40%  (205+447mL) (range,
0-2300 mL).

The mean ECW/ICW ratio was 0.7694
+0.07 before mannitol treatment and
0.7699 +0.07 at 1 hour after mannitol treat-
ment. The change was not statistical-
ly significant.

With respect to disease severity, no sig-
nificant differences were observed in the
patients’ electrolyte or water balance after
mannitol administration.

In men, age was correlated with the
change in TBW (R=0.42, p <0.05), while
in women, age was correlated with the
change in potassium (R=0.66, p<0.05).
To confirm these correlations, we divided
the patients into two age groups: 18 to 50
and >50 years old. Comparison of these
groups confirmed a significant difference
in men (mean change in TBW in younger
vs. older patients was 0.07% +0.12% vs.
0.84% +0.76%, respectively; p <0.05),
while in women, the difference in the
change in potassium between the age
groups was not statistically significant.

Discussion

Dehydration and electrolyte imbalance are
disorders commonly observed in the course
of viral encephalitis and may exacerbate the
already serious condition of the patient.
They are usually caused by fever, poor
oral fluid intake, or syndrome of inappro-
priate antidiuretic hormone secretion
(SIADH). However, these disorders might
also be drug-induced.?!

Mannitol is frequently used to decrease
ICP  and is administered as a
standard symptomatic treatment for

neuroinfections.” The adverse effects of
mannitol are well known; however, little
data are available concerning the actual
impact of a single dose of mannitol on
patients’ hydration status and electrolyte
balance.>” The present study has shown
that a single dose of 15% mannitol (0.25 g/kg)
decreases the sodium and chloride concen-
trations in serum by 2.4 and 1.5mmol/dL,
respectively. Moreover, it decreases the
TBW by approximately 300 mL.

Seo and Oh** observed hypernatremia in
10% of their study subjects on the first day
of mannitol administration and in 10% to
21% of subjects throughout the 7-day man-
nitol administration period.

In the present study, hyponatremia was
observed in 12.2% of our subjects on the
first day of mannitol administration and
in 9% to 24% of subjects throughout the
7-day period. In addition, no significant dif-
ferences were found between changes in the
rates of hypernatremia and hyponatremia
throughout the 7-day administration
period. The most notable finding was the
high rate of hypokalemia observed during
mannitol administration. Hypokalemia was
observed in 22.0% of subjects on the first
day and continuously increased to 52.3%,
and this increase was significant.”*

Although the adverse effects of mannitol
are usually mild, proper monitoring and
fluid/electrolyte supplementation may be
of high importance in already dehydrated
patients because dehydration and dyselec-
trolytemia may deteriorate the patients’
clinical state.”'

The hydration status is difficult to
measure in clinical practice. Several
symptom-based methods are used in every-
day practice, such as measurement of the
mucosal dryness, capillary return delay,
urine output, central venous pressure, It is
also possible to precisely measure patients’
hydration status with bioimpedance using
modern equipment, which may be useful
in routine clinical practice.*
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From the results of our study, we con-
clude that patients treated with standard
doses of mannitol (0.25 g/kg two to four
times a day) need supplementation of at
least 300 mL of fluids per dose of mannitol
and should be carefully monitored for
hyponatremia and hypokalemia. This is a
very important issue in patients with men-
ingitis or encephalitis who are additionally
dehydrated due to their disease.

In the present study, the influence of
mannitol did not depend on the severity of
the disease. However, patients with the
severe form of TBE are more prone to
develop hyponatremia due to SIADH;
therefore, mannitol should be administered
with particular care in this group.?' For the
purpose of this study, we chose a homoge-
nous group of patients with TBE; neverthe-
less, the results might be able to be
extrapolated to other patients with viral
meningitis treated with mannitol. In the
future, we plan to compare patients with
TBE with different groups of patients to
assess whether the response to mannitol dif-
fers depending on the etiological factor.

The main limitation of our study was the
small group of examined patients; there-
fore, further studies are planned. The stron-
gest and most innovative point of our study
is the use of modern bioimpedance technol-
ogy for adequate measurement of the effect
of mannitol on patients’ hydration status,
including the intracellular and extracellular
water volume. Such technology enables pre-
cise monitoring and maintenance of the
patient’s water balance. The results of our
study were repeatable, which allows us to
predict that hydration evaluation based on
bioimpedance may be of use in routine clin-
ical practice.

Conclusions

Patients with TBE should receive mannitol
two to four times a day depending on their
clinical presentation. Administration of a

single dose of mannitol (0.25 g/kg) requires
at least 300 mL of fluid supplementation.
Bioimpedance might be useful for evalua-
tion of dehydration in individual patients.
Patients also require monitoring for poten-
tial hyponatremia. Finally, men of
advanced age may be more prone to dehy-
dration after mannitol treatment.
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