Drug-induced Diarrhea
= Sorbitol-containing elixirs: > 10 gm single
doses or 50 gm daily doses
— cimetidine, theophyliine, acetarminophen
= PEG solutions: intubits jejunalAleal
absorption of HL0, Na, (O
— Lorazepam (PEG 60 gm/100 mL)
* Electrolyte agents
— Mg antacids
— Hypercsmolar sofutions
Banczjee AK of al. Med Toxicol Adverse Do Exp 1089;4: 186-08
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Medications other than antibiotics may be the
cause when a critically ill patient develops gas-
trointestinal intolerance in association with enteral
tube feeding. In fact, one study has suggested that
pharmacotherapy is the most frequent cause of di-
arrhea In patients receiving enteral tube feeding.
Approximaiely 80% of the diarrhca was caused
directly by medications or PMC due to antibiotic
pharmacotherapy, and only 20% of diarrhea could
be directly atiributed to the enteral feedings. The
authors reported a particularly high prevalence of
diarrhea caused by sorbitol in theophylline solu-
tion preparations. Sorbitol 1s added to liquid pre-
parations of  thcophylline, as well as
acctaminophen and cimetidine, to act as a vehicle
tor the delivery of these liguid medications.
Changing the route of acetaminophen to an oral
tablet or rectal suppository resolves this problem
in most cases. Another drug vehicle, polyethylene
glycol, used for lorazepam solutions has been as-
sociated with causing diarrhea. The polyethylene
glycol may inhibit the reabsorption of water, so-
dium, and chloride in the jejunum and ileum, thus
precipitating diarrhea. Magnesium administration
via antacids must also be assessed in patients in
whom gastrointestinal intolerance develops in the
critical care setiing. Excessive oral magnesium is
well known to cause osmotic diarrhca. Changing
to an aluminum-containing antacid or an H,-
receptor antagonist is an alternative to consider
when the dose of magnesium must be decreased
or discontinued. Hyperosmolar medications, in
particular electrolyte solutions like potassium
chloride, may induce diarrhea. Administration of
these agents via feeding tube or jejunostomy pre-
sents the gastrointestinal tract with a large os-
motic load compared to standard feeding
products. Diluting the liquid preparations will de-
crease the osmotic load in most cases.
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Drug-induced Hyponatremia

SIADH
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SIADH:Syndrome of inappropriate antidiuretic honmone

Some pharmacological agents have a pro-
found effect on electrolyte balance and can
affect nutritional support in many ways. For
example, some drugs can cause major clec-
trolyte imbalances in critically ill patients re-
ceiving parenteral nutrition. Alterations in
sodium homeostasis are some of the most
common disorders induced by medications
but yet the most difficult to understand be-
cause the serum concentration of sodium
must be interpreted with a bedside assessment
of the extracellular fluid compartment. Inap-
propriate secretion of antidiuretic hormone
(ADH) may be stimulated by a number ot
medications. The five most common agents
each begin with the letter "C" in their name:
clonidine (antihypertensive agent), cyclo-
phosphamide (chemotherapeutic agent), car-
bamazepine {antiseizure agent),
chlorpropamide (diabetic agent), clofibrate
(hyperlipidemic agent). These agents may
cause this syndrome by stimulating the re-
lease of ADH (e.g., cyclophosphamide and
clofibrate) or sensitizing the kidney to the ac-
tions of ADH (like chlorpropamide). The
syndrome of inappropriate antidiuretic hor-
mone (SIADH) release results in an increase
in total body water with no change in total
body sodium. This free water that is re-
tained is equally distributed throughout the
entire body so no edema is present.
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Signs and Symptoms of SIADH
Signs Laboratory Indices
Normal BP $Urine Na
4 Urine Osmolality
+Serum Na

$Serum Osmolality
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Diagnosis of SIADH is based
upon laboratory assessment in
which patients exhibit a concen-
trated urine reflected as a high
urine osmolality with a high
urine sodium, but the serum so-
dium and serum osmolality will
be decreased. Patients receiving
parenteral or enteral nutrition
-should have the volumes of their
nutritional regimens concentrat-
ed to restrict free water and as-
sist with resolution of this
metabolic disorder.
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Drug-Induced Hyponatremia

+ (Gsplatin and TPM-SMZ
may wasle Na+ via the
kidney

« Monitor patients for
onhostatic hypotension

* Supplement PN/EN with
Na(l. to maintain balance
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Renal wasting of sodium has
been reported with cisplatin and
trimethoprim-sulfamethoxazole.
Patients receiving these medica-
tions should be closely monitored
for orthostatic hypotension as
they may become salt-depleted
with  these  pharmacological
agents. Parenteral nutrition or
enteral formulas should be sup-
plemented with sodium chloride
to maintain sodium balance in
these situations.
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Drug-induced Hypernatremia

¥ *
Carberiallin (120 mEg/idose)
Ticarcillin (93.6 mEqg/dose)
Albumin (160 mEqg/liter)
Nonml saline (154 nBg/liter}

Lacruose
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Carbenicillin (120 mEqg/dose)

Ticarcillin {93.6 mEg/dose) Lactulose
Alburnin (160 mEg/iter)

Normal saline (154 mEg/fiter)

In contrast to sodium depletion, salt-
loading from unperceived sources may re-
sult in clinically significant hypernatremia.
Repeated doses of drugs that employ sodi-
um as the stable salt form may introduce
large amounts of sodium to the patient. For
example, four bottles of 250 mL albumin
5% would provide approximately 160 mEq
of sodium over 24 hours. Many medica-
tions are administered in normal saline
piggybacks to intensive-care unit patients
which may also contribute to the overall
sodium intake. As a result, a patient re-
ceiving ticarcillin or albumin needs little, if
any, sodium added to the nutritional for-
mulation unless the patient has substantial
extrarenal losses. The other mechanism for
drug-induced hypernatremia is when free
water losses exceed sodium losses via stool
or fever. Excessive use of lactulose in pa-
tients with liver failure and hepatic en-
cephalopathy has been reported to result in
hypernatremia, presumably from loss of
free water via stools. The endpoint of dose
titration with lactulose should be 2-3 soft
stools per day, not frank diarrhea. Exces-
sive lactulose administration should also be
avolded in patients receiving enteral tube
feeding because the feeding will undoubt-
edly be decreased or stopped when the pa-
tient has loose, watery stools. This would
compromise the nutritional intake of this
often undernourished population.
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Drug-induced Hypokalemia
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Maintenance of potassium homeostasis
cannot be overemphasized in patients re-
ceiving specialized nutrition support. Many
drugs may cause hypokalemia through uri-
nary wasting of potassium or movement of
this cation to the intracellular compartment.
Insulin and inhaled beta agonists stimulate
the beta-2 receptor-linked So-
dium/potassium ATPase pump and cause an
intracellular shift of potassium. This invari-
ably leads to a depletion of potassium in the
intravascular compartment. Loop and thi-
azide diuretics, glucocorticoids, antipseu-
domonal penicillins, and amphotericin B
have all been implicated in causing urinary
potassium wasting. Kaliuresis results from
diuretics that cause increased fluid and so-
dium delivery to the distal nephron and
from the aldosterone effects of steroids.
Antipsendomonal penicillins (e.g., ticarcil-
lin) are sodium salts of non-reabsorbable
anions. The drug is filtered at the glomeru-
lus and the sodium ions are primarily reab-
sorbed in the proximal convoluted tubule.
The negatively charged anions create a gra-
dient for positively charged ions (e.g., po-
tassium) to be secrcted in the distal
convoluted tubule of the nephron resulting
in cation wasting. As a result, patients re-
ceiving any of these medications will in-
variably require larger doses of potassium
in the parenteral nutrition formulation or
require oral potassium supplementation via
the feeding tube.
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Drug-induced Hyperkalemia
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Other pharmacological agents induce hy-
perkalemia and may require the practition-
er to modify the potassium content of the
nutrition solutions. Angiotensin-
converting-enzyme inhibitors (e.g., capto-
pril) and potassium-sparing diuretics (e.g.,
amiloride) cause natriuresis and potassium
retention. Sodium heparin, which is struc-
turally related to aldosterone, has been re-
ported to antagonize the effects of
aldosterone and cause hyperkalemia. Tri-
methoprim, which is structurally related to
amiloride and triamterene, has been shown
to inhibit sodium transport across the lu-
men by blocking sodium channels. Inhibi-
tion of sodium transport from the lumen
into epithelial cells of the nephron causes
the electrical potential across the cell
membrane to decrease. Potassium excre-
tion apparently relies on this electrical po-
tential, therefore, a decrease in the
electrical potential causes a reduction in
potassium excretion. Patients receiving any
of these medications should have serum
potassium concentrations monitored very
closely. The potassium content of the nu-
tritional formulas may need to be de-
creased substantially 1f hyperkalemia
develops. An enteral formula low in potas-
sium may be indicated in patients who
cannot tolerate the potassium in standard
formulas.
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Hypophosphatemia and Specialized
Nutrition Support

* Incidence of hypoPO, ~ 0.5-3%

* Patients receiving SNS have a frequency of
hypoPQ, ranging from 30-40%

Arrhythrmas,
cardiomyopathy
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Contractility

WBC dysix
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Phosphorus is extremely impor-
tant in patients receiving spe-
cialized  nutrition  support.
Although the incidence of hypo-
phosphatemia in the general
hospital population is 0.5% to
3%, several reports have shown
that patients receiving special-
ized nutrition support have a
frequency of hypophosphatemia
ranging from 30% to 40%.
Severe hypophosphatemia is as-
sociated with significant mor-
bidity in hospitalized patients.
Clinical manifestations of mod-
erate to severe hypophosphate-
mia affect many organ systems
and most notably include leuko-
cyte dysfunction, decreased dia-
phragmatic contractility,
arrhythmias, and congestive car-

diomyopathy.
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Phosphorus Requirements

Sacks et al. NCP 1994;9:105-8.

* 25 of 80 pts {31%) recerving standard daily
amounts of PO, developed PO, < 2.5 mg/dL.

* Despite standard supplemental doses, the mean
serum PO, failed to reach normal range (2.5-4.5
mg/dL)

* 10 of 25 pts (40%) had further reductions with
standard dosing guidelines
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Preliminary results from my own re-
search support previous findings of
increased phosphorus demands in’ pa-
tients requiring spectalized nutrition
support. Despite receiving standard
amounts of phosphorus in the paren-
teral nutrition solution (15 mmol/L) or
in an enteral feeding formula (710
mg/L), we found 25 of 80 patients
(31%) developed hypophosphatemia
(= 2.5 mg/dL). Many of these patients
were critically ifl and hospitalized in
the intensive care unit. In general,
management of hypophosphatemia
was accomplished with the addition of
phosphorus to parenteral nutrition so-
iutions or enteral feeding formulas, as
well as with the administration of in-
travenous doses of phosphorus be-
tween 15 and 30 mmol. Despite this
supplemental therapy, the mean serum
phosphorus concentrations failed to
reach the normal range (2.5 to 4.5
mg/dL) by the next day. This occurred
because 10 of 25 patients (40%) had
further reductions in serum phos-
phorus concentration after treatment.
These results suggest that patients re-
celving specialized nutrition support
require more aggressive dosing of
phosphorus for the prevention and
treatment of hypophosphatemia.
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Graduated Dosing Scheme for
Hypophosphatermia

Qlurk, Sacks, et al, Crit Care Med 1995;23:1504-11.

« 78 consecutive adult pts receiving SNS with a
senum PO, <3 mg/dL.
* Assignment of Groups
—mild hypo PO,: 2.3-3 mg/dL.
—moderate PO, 1.6-2.2 mg/dL
—severe PO, < 1.5 mg/dL.
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As a result, we conducted a
prospective clinical trial to de-
termine the safety and efficacy of
a graduated dosing scheme of
phosphorus replacement therapy
in patients with hypophosphate-
mia. Patients were enrolled into
one of three categories based on
their serum phosphorus concen-
tration: mild hypophosphatemia
(2.3 to 3 mg/dL [0.74 to 0.97
mmol/L]), moderate hypophos-
phatemia (1.6 to 2.2 mg/dL [0.52
to 0.71 mmol/L]), or severe hy-
pophosphatemia ( < 1.5 mg/dL [<
0.48 mmol/L]).
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Treatment Regimen

* Mild - 0.16 nmmol/kg over 4-6 hr
* Moderate - 0.32 mmol/kg over 4-6
¢ Scvere - (.64 mmol/kg over 8-12 hr
— K+ < 4 mEq/L, KPO, given
— K > 4 mBy/L, NaPO, given

Clark, Sacks, et al. Crit Care Med 1995;23:1504-11.
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* € - 0.16 mmol/kg % 4-6 B
o HFEE - 0.32 mmol/kg % 4-6 [RF
o S - 0.64 mmol/kg % 8-12 B
- K+ <4 mEy/L, KPO, #1%5
— K+ >4 mEg/L, NaPO, ®455

Qlark. Sacks, e1 al. Crit Care Med 1995:23:15(4-11.

Each patient received one intra-
venous phosphorus bolus dose,
based on the assigned category of
hypophosphatemia, according to
a graduated dosing scheme: 0.16
mmol/kg (mild), 0.32 mmol/kg
(moderate), or 0.64 mmol/kg (se-
vere). The dose of intravenous
phosphorus was infused over 4 to
6 hours (in mild to moderate
groups) or 8 to 12 hours (in the
severe group). Patients with a se-
rum potassium concentration of <
4 mmol/L received the potassium
phosphate sait, whereas patienis
with a potassium concentration >
4 mmol/L received the sodium
phosphate salt.
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Patient Demographics
® 67 of 78 pts completed 51
the protocol a0
® 63 0f 67 pts (4%) were =7
Pl

ICU patierts
® 31 pts withmild, 22 pts *
with moderate, and 14 1
pts with severe

hypophosphatemia .

o

Clark, Sacks, et ai Crit Care Med 1995:23:1504-11.
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Clark, Sacks, et 2. Crit Care Med 1995:23:1504-11.

Sixty-seven patients completed
the protocol. There were 31 pa-
tients with mild hypophospha-
temia, 22 patients with moderate
hypophosphatemia and 14 pa-
tients with severe hypophos-
phatemia.
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Phosphorus Concentrations over time
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Clark, Sacks, et al. Crit Care Med 1995:23:1504- 1.

Serum phosphorus concentra-
tions increased significantly (p <
0.001) 1n all groups after the
phosphorus bolus: 2.6 = 0.6 to
3.3 = 0.6 mg/dL (0.84 = 0.19 to
1.1 = 0.19 mmol/L) for the mild
group; 1.9 = 0.6 to 2.7 = 0.6
mg/dL (0.61 = 0.19 to 0.87 =
0.19 mmol/L) for the moderate
group; 1.3 = 0.8 to 2.3 = 0.8
mg/dl. (0.42 = 0.26 to 0.74 =
0.26 mmol/L) for the severe
group. There were no clinically
significant  changes in  se-
rum/blood  calcium, albumin,
urea nitrogen, or creatinine con-
centrations and no adverse reac-
tions to the phosphorus regimens
throughout the 3-day study pe-
riod.
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PO, Replacement in Critically ILL
Pts on SNS

“The graduated dosing scheme of
phosphorus replacement therapy is both
safe and etficacious in patients receiving

- specialized nutrition support”
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We concluded that this graduated
dosing scheme of phosphorus re-
placement was both safe and effi-
cacious in patients receiving
specialized nutrition support.
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Several mechanisms may account for
hypophosphatemia observed during ad-
ministration of specialized nutrition sup-
port. Increased requirements for ATP
synthesis and tissue anabolism in the re-
covering undernourished patient contrib-
ute to an intracellular shift of
phosphorus. Aggressive refeeding with
excessive Intravenous glucose may cause
a glucose-induced osmotic diuresis and
increased urinary losses of phosphorus.
Pharmacotherapy may account for a de-
crease 1n phosphorus concentrations
through a variety of mechanisms. Alu-
minum antacids have long been known
to be very effective phosphorus binders
in the gastrointestinal tract. Drugs such
as theophylline and diuretics have been
implicated 1n causing hypophosphatemia
by reducing renal reabsorption of phos-
phorus. Hyperphosphatemia occurs rela-
tively infrequent in patients unless renal
insufficiency is present. Intravenous fat
emuisions have been implicated as a
cause of this disorder. The egg phospho-
lipid in the intravenous fat emulsion was
identified as a source for providing ele-
mental phosphorus to a patient. Hyper-
phosphatemia may also result from the
use of phosphate containing agents, such
as Fleets Phosphate enemas and clinda-
mycin phosphate.
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It is seldom remembered that su-
cralfate contains an aluminum
cation in its structure and can
bind to dietary phosphate pre-
venting its absorption.
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Drug-induced Hypomagnesemia

* Hemutology/Oncology
patients at risk due to:
~ amphotericin B
— asplatin
— cyclosporin A
¢ Post-op/cardiovascular
patients at risk due 1o;

- anunoglveosides i R wd
- diaretics

MM L BE T 32 AUE

o MO/ & 2
— amphotericin B
— cisplatin
— cyclosporin A
o MHEIERIZ L 5:

— aminoglycosides

— diuretics e e

A number of medications have
been shown to cause renal wasting
of magnesium resulting in pro-
found hypomagnesemia. Most
drugs associated with this alterati-
on can be restricted to two major
patient  populations:  hematol-
ogy/oncology patients who receive
medications such as amphotericin
B, cisplatin, or cyclosporin A. The
second group Is postoperative or
cardiovascular patients who re-
ceive medications including ami-
noglycosides, loop, or thiazide
diuretics. All of these agents have
been reported to cause urinary
magnesium wasting following their
administration. Concurrent admin-
istration of these pharmacologic
agents with specialized nutrition
support will invariably result in
moderate to severe hypomagnese-
mia if only standard doses of mag-
nesium are given.
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Distribution of Body Mg
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* Mg is primatily an intracellular cation
» Mononuclear biood cell Mg may be a better index
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Magnesium is another predomi-
nantly intracellular ion, like
phosphorus, that is needed as
new cells are synthesized during
the administration of specialized
nutrition support. Thus, these
patients need to be monitored
very carefully and supplemental
magnesium is usually required.
Because the majority of total-
body magnesium is not in the se-
rum and the kidney has a low
threshold for magnesium, some
investigators have questioned
the use of serum concentrations
of this cation for assessment of
magnesium homeostasis in clini-
cal practice. It has been sug-
gested that mononuclear blood
cell (MBC) magnesium is a bet-
ter indicator of intracellular
compartments and total-body
magnesium status than are tradi-
tional serum concentrations.
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MBC Mg in Critically ILL HypoMg
Patients

Sacks et al. Nutrition 1997,13(303-8).

* 10 consecutive cntically ill pts, Mg < 1.5 mg/dL (0.6
mmol/L)

* Assignment of groups
—Moderate hypoMg: 1.1 -1.5 mg/dl (0.5-0.6 mmol/L)
- Severe hypoMg: < 1.0 mg/dL (< 0.4 mumol/L)
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Sacks et al. Nutntion 1997;13(303-8).
10 ZOEAEES, Mg < 1.5 mg/dL. (0.6 mmol/i )
N7 DEIDFF
~ FFZE DM 1.1 -1.5 mg/dl(0.5-0.6 mmol/L)
- BEEMg < 1.0 mg/dL (< 0.4 mmol/L)

We have previously published re-
search that evaluated the effects of
intravenous magnesium replace-
ment therapy on MBC content and
serum magnesium concentrations
in critically ill hypomagnesemic
patients. Ten consecutive adult pa-
tients admitted to the trauma inten-
sive-carc  unit  with  serum
magnesium concentrations < 1.5
mg/dL (0.6 mmol/L) were studied.
Patients were stratified into one of
two groups based upon their meas-
ured serum magnesium concentra-
tion: moderate hypomagnesemia, >
1.0 - 1.5 mg/dL (> 04 -0.6
mmol/L), or severe hypomagne-
semia, = 1.0 mgdL (= 04
mmol/L).
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Treatment Regimens

Moderate

0.5 mmol/kg MgSO,
over 24 br

Severe
(.75 mmol/kg MgSO,
over 24 hr

Sacks et al. Nulrition 1997:13(3(3-8).
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0.5 mmol/kg MgSO, 0.75 mmol/kg MgSO,
& 24 I TR S % 24 KB THS

Sacks ¢t 4l. Nutrifion 1997:13(303-8).

Patients with moderate and
severe hypomagnesemia  re-
ceived 0.5 and 0.75 mmol/kg of
intravenous magnesium sulfate,
respectively. The dose of mag-
nesium sulfate was diluted in
250 mL of normal saline or
dextrose 5% in water and ad-
ministered as a continuous infu-
sion over 24 hours, delivering no
greater than 8 mEq/hour of
magnesium sulfate.
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