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ISMP Medication Error Report Analysis

Plain Dextrose 5% in Water or Hypotonic Saline
Solutions Could Result in Acute Hyponatremia
and Death in Healthy Children

Investigate and Clarify Requests for Missing Doses

Provera, Prozac, or Proscar?

Michael R. Coben, RPh, MS, ScD, FASHP* and Judy L. Smetzer, RN, BSN'

These medication errors have occurred in health care facilities at least
once. They will happen again—perhaps where you work. Through edu-
cation and alertness of personnel and procedural safeguards, they can
be avoided. You should consider publishing accounts of errors in your
newsletters and/or presenting them at your inservice training programs.

Your assistance is required to continue this feature. The reports
described here were received through the Institute for Safe Medication
Practices (ISMP) Medication Errors Reporting Program. Any reports
published by ISMP will be anonymous. Comments are also invited; the
writers’ names will be published if desired. ISMP may be contacted at
the address shown below.

Errors, close calls, or hazardous conditions may be reported directly
to ISMP through the ISMP Web site (www.ismp.org), by calling 800-
FAIL-SAFE, or via e-mail at ismpinfo@ismp.org. ISMP guarantees the
confidentiality and security of the information received and respects
reporters’ wishes as to the level of detail included in publications.

PLAIN D5W OR HYPOTONIC SALINE
SOLUTION COULD RESULT IN ACUTE
HYPONATREMIA AND DEATH IN
HEALTHY CHILDREN

ISMP recently learned about
the tragic deaths of 2 children stem-
ming from severe postoperative
hyponatremia. The fatal events
occurred at 2 different hospitals. In
at least 1 of these cases, it is clear
that the rapid administration of
plain dextrose 5% in water (D5W)

postoperatively resulted in acute
hyponatremia secondary to free
water retention (also called water
intoxication, see Hyponatremia
and Water Intoxication). Postoper-
ative children are at high risk for
developing hyponatremia, and
many fatalities from this disorder
have been reported in the litera-
ture.”"* When the serum sodium
concentration rapidly falls below
120 mEq/L over 24 to 48 hours—

as in Case 1 and Case 2—the
body’s compensatory mechanism is
often overwhelmed and severe cere-
bral edema ensues, resulting in
brainstem herniation, mechanical
compression of vital midbrain
structures, and death."

Case 1

In the first case, the child un-
derwent an outpatient tonsillecto-
my and adenoidectomy. Postopera-
tive orders included intravenous
(IV) fluids of “1000 cc DSW - 600
cc q8h.” An experienced pharma-
cist accidently calculated the infu-
sion rate incorrectly and entered
200 mL/h instead of 75 mL/h on
the child’s electronic medication
administration record (eMAR). He
used a calculator and performed
the calculation twice but had set up
the mathematical problem incor-
rectly. Thinking in terms of how
many 600 mL “doses” would be
needed, he set up the calculation as
follows: 600 mL (the volume to
infuse over 8 hours) divided by 3
(the number of 600 mL “doses” he
thought would be needed for 24
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hours) and arrived at a 200 mL/h
infusion rate.

The nurse who started the infu-
sion did not detect the pharmacist’s
error. She had quickly looked at the
surgeon’s postoperative orders and
had obtained a bag of DSW to
hang. The nurse felt rushed by the
hectic pace of the unit and was dis-
tracted during the verification pro-
cess because she had to find an
infusion pump to administer the IV
solution. She thought her memory
of the written order was sufficient
for verification of the pharmacist’s
entry on the eMAR. This was not
her usual practice; however, like
other nurses on the unit, she had
come to rely on the accuracy of
their pharmacists who “never made
mistakes.” When the first 1,000 mL
bag of DSW was empty, the nurse
hung a second bag to infuse at 200
mL/h.

Several times throughout the
day, the child vomited small a-
mounts of dark, bloody secretions,
as expected from the surgery. Near
the anticipated time of discharge
that afternoon, the child’s mother
asked a nurse to administer an an-
tiemetic before she took her daugh-
ter home. About 40 minutes after
receiving promethazine 12.5 mg IV,
the child became lethargic and be-
gan experiencing jerking movements,
rigid extremities, and rolled-back
eyes. The surgeon attributed this to a
dystonic reaction from prometh-
azine, administered a dose of IV
diphenhydrAMINE, and admitted
the child to a medical-surgical unit.

During the next few hours, the
child’s vomiting worsened, she be-
came more unresponsive, and the
seizure-like activity became much
more pronounced and frequent.
The nurses called the child’s sur-
geon multiple times to report the
seizure-like activity, during which
additional doses of IV diphenhy-
drAMINE were prescribed and
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subsequently administered. Several
nurses also told the surgeon that
the seizure-like activity appeared to
be more than a dystonic reaction to
promethazine, although none of the
nurses had ever witnessed such a
reaction. Unfortunately, during this
time the nurses failed to notice the
infusion rate error or recognize that
an infusion of plain DSW alone or
an infusion rate of 200 mL/h was
unsafe for a 6-year-old child. Subse-
quently, a third 1,000 mL bag of
D5W was hung after the second
bag had infused.

After the child developed sig-
nificant bradycardia that necessi-
tated calling a code, the surgeon
came into the hospital, observed
the child having a grand mal sei-
zure, and consulted a pediatrician
to help manage the seizures. The
consulting pediatrician finally rec-
ognized that the child was experi-
encing hyponatremia and water in-
toxication due to the erroneous
infusion rate of 200 mL/h during
the previous 12 hours and the lack
of sodium chloride in the infusate.
The child had nonreactive pupils
and exhibited decerebrate postur-
ing. Stat lab studies showed a criti-
cally low concentration of sodium
of 107 mEq/L. A computed tomog-
raphy scan of the brain revealed
cerebral edema and, despite treat-
ment, the child subsequently died.

Case 2

In the second case, the child
underwent surgery for coarctation
of the aorta, a condition that had
been identified in the otherwise
asymptomatic, healthy child during
a school physical. The child’s post-
operative course seemed to be pro-
gressing well, but later, on post-op
day 1, his physician prescribed a
furosemide infusion (1 mg/h) be-
cause the child’s urinary output was
less than expected, despite several
doses of Edecrin (ethacrynic acid).

By post-op day 2, the child’s serum
sodium level had dropped, so his
physician prescribed an infusion of
sodium chloride. It is uncertain whe-
ther the sodium chloride was ever
administered because the child’s
sodium level continued to drop,
and administration of the pre-
scribed infusion was never docu-
mented on the eMAR.

The child became less respon-
sive throughout the morning of
post-op day 2, and his parents ex-
pressed concern to several nurses
when they could not awaken their
son. The nurses assured the parents
that deep sleep was expected due to
the pain medication—HYDRO-
morphone—that the child was
receiving. Despite ongoing, repeat-
ed concerns expressed by the par-
ents, the nurses failed to recognize
that the child was not simply sleeping
soundly but exhibiting signs of se-
vere, life-threatening hyponatremia.

When the child began experi-
encing seizure-like activity in the
early afternoon, nurses attributed
the movements to the child being
“fidgety” from pain. The child also
began vomiting. Unfortunately, the
physician was not kept informed
regarding the child’s change in cog-
nition, continued oliguria, vomit-
ing, and seizure-like activity. When
the critical care intensivist visited
the child in the early evening for a
routine assessment, he quickly rec-
ognized the problem. By then the
child exhibited no reflexes or re-
sponse to painful stimuli. Despite
intubation and ventilation support
and aggressive treatment of hypo-
natremia and cerebral edema, the
child died the following day.

Although many of the con-
tributing factors and deeply seated
root causes of these events differ, 2
common causes are clear. First, lack
of professional staff knowledge
regarding the causes and signs of
hyponatremia, and second, the fail-
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ure of professional staff to respond
to concerns expressed by several
nurses in Case 1, and by the parents
in Case 2, regarding the rapidly
deteriorating condition of these

children.

Hyponatremia
and Water Intoxication

Hyponatremia is the most
common electrolyte disorder,” par-
ticularly among hospitalized pa-
tients. Studies suggest that more
than 4% of postoperative patients
develop clinically significant hypo-
natremia within 1 week of surgery,
as do 30% of patients treated in
intensive care units (ICUs)." " In
general, the causes of hyponatrem-
ia are varied, ranging from certain
medications (eg, diuretics, heparin,
opiates, desmopressin, proton
pump inhibitors) and disease states
(eg, renal and liver impairment,
hypothyroidism or cortisol defi-
ciency) to outpatient environmental
conditions (eg, prolonged exercise
in a hot environment) and self-
imposed conditions (eg, psy-
chogenic polydipsia, feeding infants
tap water or formula that is too
dilute). However, the causes of hos-
pital-acquired hyponatremia most
relevant to the previously described
events are twofold: administration
of plain DSW or hypotonic saline
parenteral solutions postoperative-
ly, and failure to recognize the com-
promised ability of children to
maintain water balance."

Review of the literature sug-
gests that administration of hypo-
tonic saline or parenteral fluids
without saline is physiologically
unsound and potentially dangerous
for hospitalized children." A 2003
analysis' found more than 50
reported cases of neurologic mor-
bidity and mortality, including 26
deaths, during a 10-year period
resulting from hospital-acquired
hyponatremia in children who were

receiving hypotonic saline parenter-
al fluids.""* More than half of these
cases occurred in the postoperative
setting in previously healthy chil-
dren who underwent minor surg-
eries. Children are particularly vul-
nerable to water intoxication
because they are prone to develop-
ing a syndrome of inappropriate
secretion of antidiuretic hormone
(STADH)." Common childhood
conditions requiring IV fluids, such
as pulmonary and central nervous
system infections, dehydration, and
the postoperative state, are associ-
ated with a nonosmotic—and
therefore inappropriate—stimulus
for antidiuretic hormone (ADH)
production.”™ The postoperative
nonosmotic stimulus for ADH
release typically resolves by the
third postoperative day but can last
until the fifth postoperative day."'
Pain, nausea, stress, opiates, inhaled
anesthetics, and the administration
of hypotonic saline or solutions
without saline also stimulate the
excessive release of ADH in chil-
dren.""

Children are also more vulner-
able to the effects of cerebral swel-
ling due to hyponatremia because
they develop encephalopathy at less
significant decreases in normal
serum sodium levels than adults
and have a poor prognosis if timely
therapy is not instituted. In chil-
dren, there is little room for brain
expansion due to a higher brain-to-
skull size ratio."'”"” Children a-
chieve adult brain size by 6 years of
age, whereas full skull size is not
achieved until 16 years of age.

Hyponatremic encephalopathy
can be difficult to recognize in chil-
dren because the symptoms may be
variable.>"® The most consistent
symptoms include headache, nausea,
vomiting, weakness, mental confu-
sion, and lethargy. Advanced symp-
toms are signs of cerebral herniation,
including seizures, respiratory arrest,

noncardiogenic pulmonary edema,
dilated pupils, and decorticate or
decerebrate posturing.'

Irreparable harm can happen
when low serum sodium levels are
corrected too quickly or too slow-
ly. Once the source of free water
has been eliminated, the sodium
level is typically increased by 4 to 6
mEq over the first 1 to 2 hours
using an isotonic or near isotonic
sodium chloride infusate." Patients
with seizures, severe confusion,
coma, or signs of brainstem herni-
ation may need hypertonic (3%)
saline to correct sodium levels, but
only enough to arrest the progres-
sion of symptoms. Formulas exist
for determining the dose of hyper-
tonic saline during replacement
therapy.” Some clinicians believe
that, in serious cases, treatment of
hyponatremia should be rapid
because the risk of treating too
slowly—cerebral herniation—is
felt to be greater than the risk of
treating too quickly—osmotic
demyelination syndrome, which
has been associated with lesions in
the white matter of the brainstem."
These lesions are more common in
adults. (Please note: The preceding
information is in no way sufficient
to guide the treatment of hypona-
tremia or suggested as an evidence-
based standard of care. It was pro-
vided only to convey that expert
opinions vary regarding preven-
tion and treatment of hyponatrem-
ia and to encourage discussion
among an interdisciplinary clinical
team charged with developing elec-
trolyte replacement protocols.)

Conclusion

Standards of practice should be
established for postoperative IV
solutions used to hydrate pa-
tients—particularly children. The
standards should acknowledge that
the administration of solutions
with saline in maintenance par-
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Figure 1. Nurse’s interpretation of the
vitamin K1 order.

enteral fluids is an important pro-
phylactic measure that can be taken
to prevent hyponatremia in chil-
dren, who are prone to an increase
in ADH production.” If appropri-
ate, criteria should include when
lab studies need to be drawn to
determine electrolyte levels in pa-
tients receiving IV fluids for hydra-
tion over an extended period of time.

Protocols should be established
to identify, treat, and monitor
patients with hyponatremia, water
intoxication, and/or STADH. Clini-
cally significant hyponatremia may
be nonspecific in its presentation;
therefore, professional staff must
include this in the differential diag-
noses in patients presenting with
early symptoms or an altered level
of consciousness. All physicians,
pharmacists, and nurses need a
thorough understanding of fluid
and electrolyte balance and the
pathophysiology of hyponatremia,
water intoxication, and SIADH to
increase their index of suspicion
when symptoms appear, and they
need to become more responsive to
voiced concerns regarding the
patient’s condition.

All hospitals should also con-
sider establishing a rapid-response
team (RRT) that allows any health
care worker to summon an inter-
disciplinary team to a patient’s bed-
side for a full evaluation when they
fear something is seriously wrong
with the patient and have expressed
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their concerns without an adequate
response. The RRT provides an
opportunity to step in before a tra-
gedy occurs. Once the RRT has
been formed and is functioning
well, consider inviting patients and
families to call the RRT to address
unresolved concerns about their
safety and health; subtle changes
may be more readily identified as
abnormal by family members than
by health care providers.

INVESTIGATE AND CLARIFY
REQUESTS FOR MISSING DOSES

A pharmacist received a faxed
“missing medication” request from
a nursing unit for 20 mg of vitamin
K1 (phytonadione) IV (see Figure 1)
for a patient with an elevated inter-
national normalized ratio (INR) of
3.8. The patient, who was being treat-
ed for deep vein thrombosis and a
pulmonary embolism, had been
started on heparin and was recently
transitioned to warfarin. The physi-
cian determined that an INR of 3.8
was too high and ordered an IV
dose of vitamin K1 (see Figure 2) to
be given. Although injectable vita-
min K1 was in an automated dis-
pensing cabinet (ADC), it could not
be removed until a pharmacist veri-
fied the order. When the drug failed
to become available in the ADC
within the usual time it took a phar-
macist to review the order, the nurse
sent the message about the missing
medication in case the pharmacy
had overlooked this specific order.

Before dispensing the drug, the
pharmacist decided to

vitamin K1 was considerably higher
than it should be for an INR of 3.8.
Although the nurse told the phar-
macist that the physician was on the
unit and wanted the dose given
immediately, had the pharmacist not
insisted on verifying the dose, the
patient could have experienced an
adverse outcome. At best, if a 20 mg
dose of vitamin K1 IV had been
administered, the patient could have
been at risk for attenuating the effect
of warfarin for weeks; at worst, the
patient could have experienced a
fatal allergic reaction."”

Health care providers have a
responsibility to question therapy
that does not agree with their
knowledge or experience. Even
though there may be a rational
explanation for a variation from
established treatment, it is better
to question the variation and learn
something new than to acquiesce
and dispense or administer what
might be a harmful dose. It is also
reasonable to expect nurses who
administer anticoagulants to be
familiar with the typical doses of
antagonists. Such information
should be included in nursing ori-
entation and annual competency
evaluations. Additionally, nurses
should have easy access to drug
references or anticoagulation pro-
tocols to verify prescribed doses of
antagonists before administration.

PROVERA, PROZAC, OR PROSCAR?
An order was written for Pro-
vera (medroxyPROGESTERone)

check the dose with the

physician because she 8

read the prescribed dose ‘@_QL‘Z"“ Lstas BtV

as 2 mg and the nurse | /N V/ 7 ime’ k& 7 S
had requested 20 mg. | 2

When questioned, the .@ Z 2 A

physician responded that
he had prescribed 2 mg.

The pharmacist had rec-

ognized that the dose of

Figure 2. How much vitamin K1 was prescribed?
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Figure 3. Order for Provera misread as
Prozac.

mg orally (PO) daily (see Figure 3).
During order entry, the pharmacist
misinterpreted the order as Prozac
(fluoxetine) 10 mg PO daily. The
nurse did not detect the error when
verifying the order in the eMAR.
The patient received 1 dose of
Prozac. The physician discovered
the error the next day while he was
reviewing the patient’s medication
list (which is a highly recommend-
ed form of redundancy that has
detected many errors). The hand-
written order was shown to several
nurses, pharmacists, and physi-
cians. Most read the order as
Provera but one physician thought
it was Prozac. One nurse guessed it
was Provera but also said it could
be Proscar (finasteride). Poor hand-
writing was a contributing factor,
as was the fact that Provera is infre-
quently prescribed whereas Prozac
is a commonly prescribed drug,
perhaps biasing the reader’s inter-
pretation as “Prozac” on the hand-
written prescription.
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