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and may actually produce lactic acidosis, thereby wors-
ening the clinical condition. It has been reported that in
an infant with pyruvate carboxylase deficiency, large
amounts of glucose ameliorate the ketoacidosis, but
worsen the lactic acidosis (25). However, acetate is read-
ily converted into bicarbonate via esterase that is found
in the blood and tissues of various organs. Thus, acetate
is the bicarbonate precursor of choice in flnid therapy.

CRYSTALLOIDS

Crystalloid solutions consist primarily of water with
sodium (Na*) or glucose base. The concentration of glu-
cose, or Na*, plus the addition of potassivm (K*), chlo-
ride (CI7), magnesium (Mg?"), calcium (Ca?*), lactate,
gluconate, or acetate dictates their indication for use in
various clinical situations. One classification of fluids is
based on their tonicity with respect to blood and extra-
cellular water (290-310 mOsm/1). As sodium is restricted
to the extracellular space, the isotonic solution {normal
saline) will also remain in the extracellular space. The
hypotonic solutions will leave the intravascular space
more rapidly than isotonic or hypertonic solutions and
distribute to the ISF and ICF compartments. Solutions
which contain glucose will lose tonicity relatively rapid-
ly as glucose will be metabolized soon.

The crystalloid solution required to treat an indivi-
dual patient is assessed on the basis of the patient's
deficit volume, which is the fluid required to replace the
deficit and hence termed a replacement solution. The
maintenance volume, which is the fluid required to main-
tain the patient in a state of normal hydration, is termed
a maintenance solution.

COLLOIDS

Colloid solutions contain large particles that do not
readily leave the vascular space. These particles heold
water in the vascular space, thereby expanding vascular
volume. They exert oncotic pressure in a similar manner
as plasma proteins. Albumin, dextrans, hydroxyethyl
starch (HES), and pentastarch (PEN) are colloid solu-
tions. These solutions are selected for patients requiring
intravascular volume expansion to increase perfusion
pressure when crystalloids alone are inadequate, Patients
that are hypovolemic and hypoproteinemic, traumatized
and hypovolemic (likely to have capillary damage in
many body tissues, especially the lungs); and hypov-
olemic with cerebral or pulmonary edema, hypotensive,
and in shock, as well as patients with sepsis and those
with third space losses (ascites, peripheral edema) are a
few examples of situations in which colloids will be of
great benefit.

Colloids may be used in combination with hyperton-
ic saline to reduce the volume of crystalloid required to
attain and maintain adequate systemic arterial blood
pressure and tissue perfusion. In adults, synthetic colloids
such as HES are widely accepted (26), but are rarely used

in pediatric surgery due to historical but unproven fears
of developing renal failure or anaphylaxis (27).

Recently, 2 randomized, controlled study of fluid
management in infants and toddlers during surgery was
performed (28). The larger decrease in hemoglobin lev-
els found after HES (20 ml/kg) infusion compared with
the same amount of lactated Ringer’s solution infusion
indicated more effective plasma expansion by HES. In
addition, anaphylactoid reactions, pruritus or adverse
effects were not observed during the study period. 1t is
assumed that the use of synthetic colloid solutions will
become common in children as the development of bet-
ter solutions with less morbidity will prove advantageous
over blood products such as albumin.

HYPONATREMIA CAUSED BY CSWS

Symptomatic hyponatremia from inappropriate feed-
ings, such as water intoxication, is a well recognized
pediatric problem, but jatrogenic hyponatremia is con-
sidered 2 common electrolyte abnormality in hospital-
ized patients (5, 29). Hyponatremia in children with
acute central nervous systern (CNS) disease is extremely
important because it can cause seizures and worsen neu-
rological status. The incidence ranges from 4 to 88%,
depending on the underlying disease (30). When severe
hyponatremia is developed, central pontine myelinolysis
and death can result. Therefore, prophylaxis, early diag-
nosis and effective treatment of hyponatremia are critical
for hyponatremic patients with CNS disorders. As for
prophylaxis against development of hyponatremia, all
neurosurgical and patients with CNS disorders should
receive normal saline as maintenance fluids,

In general, hyponatremia in patients with acute CNS
disease can be caused by two major disorders, the syn-
drome of inappropriate secretion of antidiuretic hormone
(SIADH) and cerebral salt wasting syndrome (CSWS).
Since hyponatremia in patients with CNS diseases was
almost exclusively ascribed as due to SIADH, many
pediatric clinicians mistakenly equated the term of
CSWS with that of STADH. As a result, they do not well
understand the concept of CSWS. While patients with
SIADH are euvolemic or hypervolemic, patients with
CSWS are hypovolemic (29-33).

The mechanism of both SIADH and CSWS involves
the excretion of free water and excessive sodium produc-
ing hyponatremia. The two conditions are difficult to dif-
ferentiate by means of routine laboratory data, i.e., serum
electrolytes. For definite differential diagnosis the plas-
ma volume and total blood volume need to be known, but
these data are often not routinely available at the bedside.
The exact diagnosis can only be made if prospective
clinical data, ie., body weight, fluid balance, central
venous pressure and clinical signs of dehydration have
been monitored at short intervals (Table 3). Additional
laboratory tests are helpful to differentiate between
CSWS and SIADH, but levels of plasma hormones
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TABLE 3. Differential diagnosis of CSWS (cerebral salt wasting syndrome) versus SIADH (the syndrome of inappropriate antidiuretic hor-

mone secretion).

CSWS SIADH Ref. No.
Salt balance Negative Variable 31,32, 34

() l 30
Water balance Negative T or no change k]|
Positive 30

Weight ' i T or no change 31, 34
T 30

Hematocrit T 4 or no change 31,34
Unchanged 32
d 30

Urine sodium concentration T T 31,34
T T 30
Fractional sodium excretion ) T or normal 32
Piasma ADH concentration Normal T 30
Plasma ANP concentration Normal 30

T: increase, |: decrease.

(ADH, natriuretic peptides, plasma renin activity, aldos-
terone) are hard to measure and are not immediately
available in hospitals (30-32, 34). Moreover, the results
may be misleading owing to short half-lives and mutual
influence.

MANAGEMENT OF CSWS AND SIADH

Treatment methods for patients with CSWS are radi-
cally different from those with SIADH. While the man-
agement of SIADH focuses mainly on fluid restriction,
the management of CSWS begins with treatment of the
underlying neurclogical process (29). In particular,
CSWS related to acute hydrocephalus or elevated
intracranial pressure might resporrd promptly .to cere-
brospinal fluid drainage. In this review, we will focus on
the management of CSWS, which bas received little
attention in children.

The cornerstones of CSWS treatment are volume
replacement and maintenance of a positive salt balance.
Supplementation of water and salt is the most common
method. The use of mathematical formulas to calculate
the paﬁent’s fluid requirements is extremely beneficial,
but clinicians can follow this by closely monitoring the
patient’s hydration states. Checking the mucous mem-
branes, skin, and in the case of infants, the fontanels, can
give the clinician an idea of the patient’s fluid status (2).

In severe dehydration, the skin and mucous mem-
branes are warm and dry. Measurement of the specific
gravity of the urine can provide clinicians with a safe and
easy method of measuring hydration status (2).
Concentrated urine indicates underhydration, whereas
dilute urine indicates overhydration. Imbalances of
serum electrolytes may be the result of over- or underhy-
dration. Close laboratory monitoring of serum elec-
trolytes, hemoglobin, hematocrit, total carbonate and
albumin is essential. It is also essential to measure the
total intake and output to avoid over- or underhydration.

The total fluid input must consider all sources of fluid
administered enterally and parenterally. This includes the
fluid administered as a result of the patient’s drug thera-
py. Although often overlooked, water and electrolytes
administered as a vehicle for the patient’s parenteral
therapy can provide significant water and electrolytes
loads to the total daily input.

In CSWS, therapeutic intervention will include
replacement of both sodium and the extracellular volume
deficit, avoiding rapid corrections. High dose fludrocor-
tisone (0.2-0.4 mg/day) and hydrocortisone {(600-1200

mg/day) has been found tir be beneficial in some patients. . -

with CSWS (35-38), but their use requires close moni-
toring of plasma potassium concentrations as notable
hypokalaemia may occur, especially in children,

DIABETIC KETOACIDOSIS

Diabetic ketoacidosis (DKA) induces loss of the fluid
and electrolyte (39). The cause is hyperglycemia with
resultant glycosuria and osmetic diuresis. The kidney has
a low threshold for ketoacids, which are excreted with an
accompanying cation into the vrine, further exacerbating
the electrolyte loss. In addition, acute dehydration with a
larger sodium loss will result primarily in intravascular
dehydration, but a more prolonged development will
result in a greater degree of intracellular dehydration,
with relative maintenance of intravascular volume,

A further situation in which changes in osmotic pres-
sure are a major determinant of the outcome is in the
cerebral edema that occurs in children in association with
diabetic DKA (1, 40-42). These patients have contracted
extracellular flrid volumes, although the measured Na
level may be low because of a fluid shift from the intra-
cellular fluid compartment caused by the hyperglycemia.
Restoration of fluid and electrolyte homeostasis in these
children has been associated with death from brain
swelling.
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TABLE 4. Representative maintenance solotions in Japan.

Base source Solita T3* Veen 3G*+
pH 35-65 54
Electrolytes Na - (mEq/T) 35 45
K (mEqg/) 20 17
Mg (mEg/) - 5
Cl (mEq/) 35 37
Phosphate (mEq/) . 10
Acetate (mEg1) - 20
Lactate (mEg1) 20 -
Sugar Glucose &N 75 50
Osmotic pressure ratio 2 15
Calories (keal) 300 200

*Shimizu Pharmaceutical, Co., Lid.
**Nikken Pharmaceutical, Co., Lid.

The greatest risk of mortality presenting secondary
coma in children with DKA is not hypovolemic shock,
but rather often iatrogenic cerebral edema due to too
rapid correction of blood sugar and too much rehydra-
tion. These children present a particularly high risk group
becanse many of them have increased ICP at the time of
presentation (40, 43). A retrospective review by
Mahoney of cases of cerebral edema complicating DKA
identified severe acidosis (pH < 7.1, arterial carbon diox-
ide pressure [PaCQ,] < 20 mmHg) and rapid fluid rehy-
dration as risk factors for the development of cerebral
complications, which were not seen in children who
received less than 50 mlkg of fluid in the first 4 h (44).

A lack of awareness of the changing recommenda-
tions for fluid management may result in an excessive
amount of fluid administration (45). The management of
pediatric DKA must attemnpt to balance the need to give
fluid to maintain cardiovascular stability against the con-
cerns regarding excessive and rapid fluid administration
and the potential risk of neurological complications.

SPECIAL CONSIDERATIONS DURING
PERIOPERATIVE PERIOD

Iatrogenic hyponatremia, especially in the form of
hyponatremic encephalopathy, is a serious concern of
perioperative pediatric patients as they have higher risk
of being exposed to nonosmotic stimulation of ADH
secretion. Pediatricians, understandably, have reserva-
tions about the use of isotonic solutions, as many of their
patients are not necessarily under strong stresses from ill-
nesses, but may still require long term parenteral fluids
(46). It is also argued that generous sodium replacement
is carried out during the rehydration process in general,
thus the use of hypotonic solution is justified to avoid
hypematremia.

In contrast, the majority of perioperative patients are
being exposed to strong stresses and thus avoidance of
unnccessary free water administration is crucial. Unlike
potassium, an abundance of which is stored in the cells,
sodium has little compensatory recruitment from intra-
cellular storage. Prophylactic use of isotonic fluids to
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avoid hyponatremia among perioperative children is thus
very important.

CURRENT SITUATION OF MAINTENANCE
FLUIDS IN JAPAN

In this review, we stressed the importance of avoiding
the use of hypotonic fluid in hospitalized children who
may have elevated ADH secretion. Maintenance crystal-
loid solutions are designed to fulfill the water and elec-
trolyte requirements of patients with normal daily elec-
trolyte Josses, which have been estimated at 40 to 60
mEq/l of Na*, K* at 15 to 20 mEq/l, and 1000 ml of
water in 10 kg children. Table 4 describes some of com-
mercially available maintenance solutions for children in
Japan. Solita T3 (Shimizu Pharmaceutical Co., Ltd.,
Shizuoka) was the only one approved for use in pediatric
patients until recently and has been widely used in pedi-
atrics in Japan since its development in 1960s.

The sodium concentration of the popular mainte-
nance solution, Solita T3, is 35 mEg/l, which is now con-
sidered to be very low for pediatric maintenance use and
the inclusion of lactate rather than acetate as a bicarbon-
ate precursor is considered rather disadvantageous. The
recently approved Veen 3G (Nikken Chemicals Co., Lid.,
Tokyo) contains 45 mEq/l of sodium, a more appropri-
ate amount, in addition to containing phosphate, magne-
sium, and acetate as a bicarbonate precursor (47). It is
thus more appropriate as a general maintenance solution
for children in the lang term, although may not be suffi-
cient for routine use in postoperative pediatric patients
under strotiger stress unless electrolytes are closely mon-
itored (3, 46).

In conclusion, increasing data has shown that routine
use of hypotonic maintenance fluids is unsafe in chil-
dren, especially in acute pediatric care and the perioper-
ative period, due to the higher risk of iatrogenic hypona-
tremia and hyponatremic encephalopathy. Hypotonic
fluids should be used only when there is a free water
deficit or ongoing free water Josses. This is due mostly to
our increased understanding of the nonhemodynamic
stimuli of ADH secretion in hospitalized pediatric



patients. Basic fluid and electrolyte management princi-
ples laid down in the 1950s are to be reassessed to
accommodate the current medical environment.
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H CORRESPONDENCE

Anesthesiology 2005; 102:235

To the Editor:—We read with interest the correspondence by Zimmer
ef al' Although we agrec with their conclusion that human error
retated to magnetic resonance imaging (MRI) use can only be mini-
mized by adequate training, we believe lessening the risks of MRI
technology itsclf is of equal importance, We feel it is time to stress the
importance of “anesthesia-compatible” MRI, rather than putting all the
emphasis on anesthesiologists adapting to the needs of the MRI ma-
chine. Anesthesiologists and patients are now forced into working
under conditions that are far less than optimal in MRI suites that are
cold and dark, have noisy equipment and facilities, and are often
located far away from the main operating zrea, '

There are three aspects of MRI that are important to the anesthest-
ologist: 1) avoidance of materials and equipment that will be attracted
to the MRI machine, 2) avoidance of anesthetic devices that interfere
with the function of the MRI machine, and 3) avoidance of MRI
interference with the patient and the functioning of materials and
devices used for anesthesia, This third aspect is often neglected: most
MRI machines are not "anesthesia compatible.”

The first point is obvious, well known, and scary but can be handied
with a little cxpcﬁcncc.’ It is, however, extremely important for
cveryone to realize that complete elimination of the use of ferromag-
netic materials in devices used in MRI suites is not feasible and is
sometimes impossible, as was made clear in the letter by Zimmer ef
al,! among others.> We have successfully dealt with this problem by
anchoring all devices that have ferrous materials in them to a movable
ceiling pendant system with 2 predetermined limited range of move-
ment. Installation of metal detectors (similar to those used in airports)
at the entrance to MRI suites can help to some degree,

The second point involves the use of equipment such as ventilators
and infusion pumps for treatment and varjous paticnt monitors, per-
sonal computer-related devices, and local arca network connections
for medical information. MRI technology now frequently forces the
anesthesiologist to discontinue the use of these devices during MRI
activity despite their importance for patient safety. Alternative *MRI-
compatible” devices are not always available, functional, or suited for
critically {ll patients, causing anesthesiologists to make 2n uncomfort-
able choice between the continuity of safety of treatment and MRI
diagnosis,

The third aspect is the most difficult to resolve, We think more
attention should be focused on alleviating this problem although some
MRI properties, such as magnetic attraction, efecttic shock, or heating
as a result of radiofrequency pulsing, seem to be inevitable,* Anesthe-
siologists have been forced to adapt to MRI technology, raising a
neverending fist of incompatibility issues. While working 1o build a
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new MRI suite, we realized that although there were few technicat
difficulties to overcome, lack of awareness of the issues involved with
traditional MRI was playing a key role in hélding back the development
of more patient-friendly MRI technology. Companics we artempted to
work with that already make both MRI and anesthesiz-related equip-
ment did not scem to find safety for patients under ancsthesia during
MRI 2 compelling enough reason to consider revising their MRI de-
vices. It would be much more cost effective and safe to improve MRI
machines and their installation, including the architectural design of
MRI suites, than it would be 1o carry out patchwork renovation of
numerous patient care devices,

The demand for anesthesia care in MRI suites continues to increase
as interventional procedures using MRI continue to increase in fre-
quency.>~% Time spent in MRI suites will only become longer. Anes-
thesiologists, as advocates for patients, should actively voice their
concern to improve MRI technology not only in terms of radiclogic
diagnostic function but also in terms of working environment, duration
of examination, and, most importantly, patient safety. We must seck
solutions for safer anesthesia delivery. We should stop being cursed by
the need for “MRIcompatibility” and start actively implementing an
“anesthesia-compatible” MRI environment. To achieve this goal, anes-
thesiologists should be involved from the beginning of the conceptual
design of MRI snites.

Katsuyuki Miyasaka, M.D,* Yoichl Kondo, M.D., Takako
Tamura, M.D., Hirokazu Sakai, M.D. *Nationzl Center for Child
Health and Development, Tokyo, Japan, miyasaka-k@ncchd.go.jp
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