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Background

There are several major concerns regarding the use of intravenous vancomycin hydrochloride
for the treatment of serious Gram-positive infections. These include the following:

1. The development of the red-man’s syndrome and associated hypotension. The red-man’s
syndrome is characterized by an erythematous discoloration of the upper trunk, arms,
neck and hands, itching, sometimes angioedema and hypotension.

2. The potential for the acidic pH of vancomycin infusions to cause irritation to the venous
endothelium and to cause post-infusion phlebitis.

3. The potential for more concentrated solutions to have high osmolalities, again leading to
the possibility of irritating the venous endothelium and causing post-infusion phlebitis.

Polk et al, found the red-man’s syndrome to be associated with the rapid infusion of
vancomycin that was caused by elevated levels of histamine in normal volunteers." Levy, et al,
found elevated plasma levels of histamine in two patients who became hypotensive after
vancomycin administration.? Levy, et al, also demonstrated histamine release caused by
vancomycin from human cutaneous mast cells. Vancomycin-induced hypotension appears to
result from a negative inotropic and vasodilating action produced at least in part, by the release
of histamine. The reaction unusually resolves spontaneously over one to several hours after
termination of the infusion. Several interventions have been successful in preventing or
minimizing the red-man’s syndrome. First, the more rapid infusion of vancomycin (< 30
minutes) has been more frequently associated with this syndrome. At University of Kentucky
Chandler Medical Center, 1 gram of vancomycin is typically infused over 60 minutes. If red-
man’s syndrome occurs, we ask the nurse to slow the infusion down and give the dose over at
least 90 minutes. If the reaction still occurs at 90 minutes, we recommend to extend the infusion
time until to two hours. If the reaction still occurs with a two hour infusion, then the use of
prophylactic antihistamines may help to minimize the reaction.

Stier, et al, studied the rapid infusion of a concentrated vancomycin solution in 16 critically
ill patients after open heart surgery.®> Histamine levels, vancomycin levels, cardiac index, heart
rate, blood pressure, pulmonary venous pressures, and systemic and pulmonary vascular
resistance were measured. One of 16 patients developed the red-man’s syndrome. There were
no hemodynamic changes in any of the patients and no evidence of myocardial depression.
These authors concluded that a solution of vancomycin (1 gm in 50 ml of 5% dextrose in water)
infused over 30 minutes using a syringe pump was well tolerated and was not associated with
histamine release in 15 of the 16 patients studied. There was also no correlation between peak
vancomycin levels and histamine levels in this study. Clearly these authors reported a lower
rate of the red-man’s syndrome than others have reported.
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Other factors of concern when preparing a drug for intravenous infusion include the pH and
osmolality.* For both of these measurable characteristics, there is a wide range where the
prepared solution is well tolerated. For pH, generally solutions between a pH of 3 and 8 are
tolerated quite well, as are osmolalities between 150 and 450 mOsmol/kg. The selection of the
diluent has an effect on both pH and osmolality The most popular and frequently studied
diluents are 5% dextrose in water (D5SW) and 0.9% sodium chloride (NSS). During autoclaving,
dextrose breaks down to a minimal extent and produces acidic byproducts (glucuronic acid, and
5-hydroxymethylfuraldehyde) giving the final solution a pH between 4.5 and 5.5. In contrast,
NSS has a more neutral pH and is generally between 6.0 and 7.0, Therefore, when preparing an
admixture when the drug is the salt of a weak base and a strong acid such as vancomycin
hydrochloride, NSS will buffer the acidic pH better than would DSW. However, for stability
purposes, vancomycin hydrochloride would tend to be more stable in the more acidic DSW with
less chance of an acid/base interaction occurring. One also must always keep in mind the pH
and osmolality buffering effect of the blood which normally has a pH of around 7.38 and an
osmolality of 175 — 295 mOsmol/kg. One other factor is the blood flow in the vein where the
admixture is being infused. When a deep or central catheter (PIC line or subclavian catheter) is
used and the end of the catheter is generally in the vicinity of the entrance of the right atrium,
blood flow is equal to cardiac output (stroke volume x rate) or around 5 liters per minute. Here,
even the solutions with the highest osmolalities such as total parenteral nutrition solutions
(osmolality > 2000 mOsmol/kg) are diluted instantly and no venous irritation occurs. However,
in a small peripheral vein where blood flow is minimal, dilution does not readily occur and both
hypotonic and hypertonic and highly acidic or basic infusions can cause pain and irritation at the
site of the injection.

Methods
Calculation of osmolality

The theoretical osmolalities of 18 hypothetical admixtures of various concentrations of
vancomycin HCI in 60-, 100-, and 250-ml quantities of sterile water, 5% dextrose, or 0.9%
sodium chloride injection were calculated using sodium chloride equivalents. (Gatlin, 1979)
Osmolality was estimated from the following equation:

0.58
1.86
where C = grams of solute per 100ml of solution, E = the sodium chloride equivalent, and

2.(CiEi) = the sum of the products of (C X E) for each solute in the solution. The following
equation was used to determine a value for E:

E=17X Lo
MW

where Lis, is a value that takes into account the nonideal behavior of ionic solutions and depends
on the nature of the solute, and MW is molecular weight. A Ljs, of 4.3 was used for vancomycin
HCI. (Wermeling, 1985)

Osmolality = [Z(CiEi) X } X 1000
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Preparation of vancomycin admixtures

Vials containing 1gm of vancomycin HCl (Novaplus, lot numbers 7591527, 6696827) were
reconstituted with 20ml of sterile water for injection (Baxter, lot number C500603) per
manufacturer recommendations. Immediately after reconstitution, the contents of each vial were
further diluted using a graduated cylinder using a simple solution method. For the 1-gm
vancomycin admixture, the contents of 1-gm vials (20ml) were diluted to final volumes of 60,
100 or 250 ml of sterile water (Baxter, lot number C500603) , 5% dextrose (Baxter, lot number
C488734) or 0.9% sodium chloride (Baxter, lot number C498881) to yield vancomycin
concentrations of 16.7, 10, and 4 mg/mL, respectively. For the 1.5gm vancomycin admixture,
1.5 vials (30ml) were diluted as above to yield concentrations of 25, 15, and 6 mg/mL,
respectively.

Determination of pH and osmolality

Within 2 hours after dilution, an aliquot (20mL) of each admixture was measured in triplicate
for pH and osmolality and mean values were used for evaluation. The pH was determined using
an Accumet pH meter (Model 915, Fisher Scientific, Pittsburgh, PA). Osmolality was measured
by using an automatic micro-sampler osmometer (Model 110 ,Fiske Associates, Norwood, MA),
which measures osmolality based on a freezing point depression using a 15 puL sample.

Results

Results of measured and calculated osmolalities and measured pH are listed in Table 1. For the
1000 mg doses of vancomycin, all osmolalities for both measured and calculated values when
either NSS or DSW was used as the diluent were between 191 and 246 mOsm/kg. When the
1000 mg doses were placed in the smallest volume studied, 60 ml of either DSW or NSS, the
osmolalities were well within the acceptable range of 150 — 600 mOsm/kg. Even the 1500 mg
vancomycin infusions in 60 ml of either DSW or NSS were still within the acceptable range for
osmolalities with the lowest value seen when 1500 mg was placed in 60 ml of DSW. For all
1000 mg vancomycin solutions prepared with DSW or NSS the pH varied between a low of 2.93
to a high of 3.39. When prepared with NSS, all the vancomycin infusions including the 60 ml
volume had pH values > 3.0. For the D5SW 60 ml volume the mean pH was 2.93. For the 1500
mg vancomycin infusions, all of the pH values, including the 60 ml infusion, were > 3.0.

Discussion

In preparing admixtures, several factors for patient safety and comfort are important, these
include the pH and osmolality of the final solution, and the prevention of any infusion related
systemic adverse effects. For control of the red-man syndrome, the major factor is the time of
the infusion. For patients who experience this reaction when the infusion is given over a one
hour time period, the infusion time should be extended out to at least 2 hours or even greater to
see if this can be prevented. When appropriate, the prophylactic administration of antihistamines
may be warranted. For the osmolality measurements, all of the solutions in NSS and D5W met
the desired osmolality range of 150 — 600 mOsm/kg. Sterile water for injection in all
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concentrations would not be an appropriate diluent because the osmolalities are too low. For
patients who have their intravenous access site in larger veins with higher flow rates, either NSS
or D5W can be used as the preferred diluent. For smaller veins with lower flow rates, NSS may
give a more comfortable infusion related to osmolality, although the differences are small. For
pH, again, NSS gives a slightly higher pH and would be preferred for smaller veins, although
again, the differences are small. For infusions of vancomycin placed in 60 ml syringes (either
1000 or 1500 mg), NSS gives a slightly more neutral pH and a slightly more isotonic osmolality
than does D5W, but the differences are small and may not be clinically significant. Importantly,
all the admixtures prepared with NSS met the criteria for both osmolality and pH whereas the
1000 mg vancomycin admixture in 60 ml of D5W was slightly below the desired pH value (pH =
2.93) and the vancomycin admixture of 1000 mg in 100 ml of D5W had a mean pH of 2.99.

Conclusion

Vancomycin admixtures containing either 1000 or 1500 mg placed in volumes of either NSS or
D5W from 60 ml to 250 ml provide osmolalities and pH values within the acceptable limits for
intravenous administration. When choosing the diluent for smaller veins where irritation would
be more likely to occur, NSS may be preferable to DSW, although the differences in both
osmolalities and pH values are small.
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Table 1. Calculated and Measured Osmolality of 1 and 1.5gm Vancomycin HCI in 60-,
100ml- or 250 ml Admixtures of Vancomycin HCL in quantities of sterile water, 5%
dextrose, or 0.9% sodium chloride injection.

Vancomycin Theoretical
Vancomycin Vial Lot LV. |Volume .V. Bag Concentrati_on Mean Mean_ Calculatgd
Label HCI Amount Number |Fluid| (ml) Lot Vancomycin pH Osmolality Osm_olallty
(mg) Manufacturer: Number Base (mOsm/kg)| (MW=1486)
Novaplus (mg/ml)
1SW60 1000 7591527 SW 60 |C500603 16.7 2.89 14.3 19
1SW100 1000 7591527 SW | 100 |C500603 10.0 3.05 9.3 11
1SW250 1000 7591527 SW | 250 |C500603 4.0 3.24 <1 3.5
1NSS60 1000 7591527 NSS| 60 |C498881 16.7 3.09 203.7 206
1NSS100 1000 7591527 NSS| 100 |C498881 10.0 3.19 237.7 234
1NSS250 1000 7591527 NSS| 250 [C498881 4.0 3.39 261.3 260
1D5W60 1000 7591527 D5W| 60 [C488734 16.7 2.93 191.0 188
1D5W100 1000 7591527 D5W| 100 |C488734 10.0 2.99 220.3 213
1D5W250 1000 7591527 D5W| 250 |C488734 4.0 3.21 246.0 235
1.58W60 1500 6696827 SW 60 |C500603 25.0 2.88 20.3 28.5
1.58W100 1500 6696827 SW | 100 |C500603 15.0 2.99 10.7 17
1.58W250 1500 6696827 SW | 250 |C500603 6.0 3.24 2.7 7
1.5NSS60 1500 6696827 NSS| 60 |C498881 25.0 3.08 160.7 171
1.5NSS100 1500 6696827 NSS| 100 [C498881 15.0 3.16 210.3 213
1.5NSS250 1500 6696827 NSS| 250 [C498881 6.0 3.39 260.0 251
1.5D5W60 1500 6696827 D5W| 60 |C488734 25.0 3.01 157.3 156
1.5D5W100 1500 6696827 D5W| 100 |C488734 15.0 3.10 200.3 194
1.5D5W250 1500 6696827 D5W| 250 |C488734 6.0 3.29 234.7 228
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Vancomycin

New Perspectives on an Old Drug

The use of vancomycin con
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ancomycin was derived in 1956 from the bac-

terium Streptomyces orientalis found in soil of

India and Indonesia.' This potent glycopeptide

antibiotic kills gram-positive organisms, espe-
cially staphylococci and enterococci by hindering cell-
wall synthesis.

During the last decade, several factors converged to
increase the use of vancomycin. First, Staphylococcus
aureus is a major cause of both community-acquired
and nosocomial infections. In the United States, S
aureus accounts for about 20% of all bacteremias.
Additionally, several S aureus strains have become resis-
tant to penicillin, semi-synthetic pencillins (eg, methi-
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cillin, nafcillin and oxacillin), macrolides, tetracycline,
and aminoglycosides. Because of growing concerns over
methicillin-resistant S aureus (MRSA), coagulase-nega-
tive staphylococcus, and Clostridium difficile,
vancomycin became the preferred therapy for staphylo-
coccal infections, especially nosocomial infections.?

The incidence of vancomycin-resistant enterococci
rose dramatically during the early 1990s.’ Strains of S
aureus with reduced susceptibility to vancomycin have
been reported in the United States and Japan and it is
labeled by the Centers for Disease Control and Preven-
tion (CDC) as an emerging infectious disease threat.* In
July 2002, the CDC released a report of the first case of
S aureus fully resistant to vancomycin from a culture of
the exit site and catheter tip of a temporary dialysis
catheter.” Guidelines for prudent use of vancomycin
have been established, including reducing its use and
preventing the spread of organisms between patients.
Alternative antibiotics include linezolid and quin-
upristin/dalfopristin. However, these drugs have addi-
tional risk and costs that are beyond the scope of this
discussion.

The infusion of vancomycin continues to increase
and present challenges. The infusion nurse must be
aware of these challenges and prepared to collaborate
with the physician and pharmacist to ensure positive
patient outcomes from its use.

e COMPOUNDING CONSIDERATIONS

When vancomycin was introduced in the late 1950s,
vascular access and infusion therapy was in its infancy,
with few options for the type of catheter or drug deliv-
ery system. The original instructions for use from Eli
Lilly, the first manufacturer, stated a dilution of 5
mg/mL. Common practices were catheters placed in

peripheral veins. Subclavian insertion sites were
described in 1952¢ and studies from 1957 through 1962
described reaching the central venous system through
veins of the arm and legs.” A drug company must con-
duct clinical studies to support the change of any data
contained in the package insert for any drug, including
the dilution and rate of administration. Although clini-
cal practice may vary, there usually is no financial incen-
tive for manufacturers to conduct these studies to revise
the instructions for use.'

The available options for central venous catheters
today far exceed these limitations. Ambulatory infusion
devices preferred for alternative care settings require
small dilution volumes and greater concentrations.
Concentrations of 10 mg to 20 mg of vancomycin per
mL of diluent can be infused through a central venous
catheter.®

Osmolarity

Osmolarity of the final admixture is an important char-
acteristic that can affect vein irritation. An osmol is the
unit of measure representing the number of solutes in a
given solution. Osmolarity, expressed as mOsm/L, is a
value calculated on the total number of osmols per liter
of solution, while osmolality is the number of millios-
moles per kilogram of solvent.”"® Osmolarity, the term
most commonly used, is calculated using the formula in
Table 1. The molecular weight for each drug is found in
the description section of the drug information. Species
represents the number of ions formed when the drug is
dissolved. Number 1 represents drugs that are not salts;
number 2 represents drugs that are monovalent salts
and electrolytes; number 3 represents drugs that are
divalent salts and electrolytes."

Tonicity is used interchangeably with osmolarity,
particularly when applied to IV fluids. Hypotonic solu-

TABLE 1

Calculating Osmolarity

Step 1. Calculate each ingredient in solution:
(g/mL X 1000) X (species X 1000)
Molecular weight of drug

Step 2. Determine osmolarity of diluent

For vancomycin 1 gram in 100 mL NS, this calculation would be:

(0.01 g/mL X 1000) X (3 X 1000)
1486 = 20 mOsm/L

Sterile water = 0

Dextrose 5% in water (DSW) = 252
0.45% NaCl (1/2S) = 154
0.9% NaCl (NS) = 308

Step 3. Add all calculations

20 mOsm/L for vancomycin + 308 mOsm/L for normal saline = 328 mOsm/ L
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tions have an osmolarity lower than body fluids, while
hypertonic solutions have an osmolarity higher than
body fluids. When hypotonic fluid is infused, osmosis
occurs, causing water to move into the cells. Infusion of
hypertonic fluids results in an osmotic shift of fluids out
of the cells. This shift affects the endothelial lining of
the vein wall, beginning the process of inflammation
and thrombus formation.

Normal serum osmolarity is between 285 mOsm/L
and 295 mOsm/L. Hypotonic solutions have an osmo-
larity less than 250 mOsm/L and hypertonic solutions
are more than 375 mOsm/L."? The Infusion Nursing
Standards of Practice recommends that solutions with
an osmolarity greater than 500 mOsm/L are not appro-
priate for infusion through a short peripheral or midline
catheter.”” Changing the volume and type of diluent will
alter the final osmolarity. The osmolarity of various
vancomycin admixtures is described in Table 2, indicat-
ing that the calculated osmolarity of each admixture is
an isotonic solution.

pH

Although admixture diluents and volumes can change
osmolarity, they have little effect on final pH. Drugs are
manufactured with the pH as close to physiological
range as possible. Altering this pH during the admixture
process could alter the stability of the drug, possibly
causing precipitation. With a pH of less than 4.0 in
most admixtures, vancomycin is classified as very
acidic. The most appropriate way to address this prob-
lem is by infusing the drug into a central venous
catheter. Blood flow in the superior vena cava around
the catheter tip is approximately 2000 mL/min, provid-
ing rapid hemodilution to reduce vein irritation. The
Standards of Practice also recommends that medica-
tions with a pH below 5 or above 9 are not appropriate

for infusion through a short peripheral or midline
catheter.”

Stability

According to the Handbook on Injectable Drugs, van-
comycin is stable after reconstitution for 14 days in
refrigeration and room temperature." Information from
manufacturers of several types of elastomeric infusion
devices indicates stability periods ranging from 24
hours to 17 days at room temperature.'' Stability in an
ethyl vinyl acetate (EVA) container was recently studied.
An admixture of 10 mg/mL in 0.9% sodium chloride
was stable for 30 days at 4°C and 7 days at 23°C.!

Particulate Matter

Vancomycin is a lyophilized powder requiring reconsti-
tution. Particles of undissolved drugs ranging from Spm
to 20 pm in diameter have been found in reconstituted
drugs.! Particles greater than Spm in diameter can
become lodged in capillaries of the lungs, which range
from 7 pm to 12 pm in diameter.” The drug manufac-
turing process provides a high quality product. How-
ever, not all particles may have been eliminated.
Filtration after admixture or during infusion will
remove particulate matter.

Compatibility

Drug incompatibility is a physical or chemical phenom-
enon resulting in a concentration-dependent precipita-
tion or a pH alteration. Solution changes include
precipitation, haziness, or gas formation. Vancomycin is
incompatible with numerous other medications. How-

TABLE 2

Osmolarity and pH of Vancomycin Admixtures and Appropriateness of Vascular Access Device Use

With Such Admixtures

Admixture Calculated Osmolarity pH* Peripheral VAD PICC
Serum/blood alone 285-295 mOsm/L 7.35-7.45 — —
1g in 100 mL 0.9% sodium chloride 328 3.19 N Y
1 gin 250 mL 0.9% sodium chloride 316 32-34 N Y
1.5 g in 100 mL 0.9% sodium chloride 339 3.3-3.5 N Y
1.5 g in 250 mL 0.9% sodium chloride 320 32-34 N Y
2 gin 100 mL 0.9% sodium chloride 348 3.3-34 N Y
2 gin 250 mL 0.9% sodium chloride 324 32-34 N Y

VAD, vascular access device; PICC, peripherally inserted central catheter.
*pH values are subject to change over time. Clinical decisions about stability should be made based on the range of data points.
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ever, heparin could produce the greatest concern. Phys-
ical incompatibility evidenced by a precipitate forma-
tion is seen when heparin and vancomycin are admixed
in the same fluid container or syringe, and when one
drug is injected through a Y-site of administration tub-
ing containing the other drug." The use of saline flush-
ing before and after each dose of vancomycin is
required to prevent contact with the heparin used in
many catheter-flushing protocols. Adequate flushing
may prevent accumulation of drug precipitate and
reduce the risk of lumen occlusion. Aminophylline,
amobarbital, aztreonam, chloramphenicol, dexametha-
sone, and sodium bicarbonate are incompatible with
vancomycin when admixed in the same container. When
given through a Y-injection site, it is incompatible with
ampbhotericin B, aztreonam, numerous cephalosporins,
foscarnet, nafcillin, piperacillin, propofol, ticarcillin,
and several antineoplastic agents.

¢ INFUSION METHODS

Choices of Vascular Access Device

Vancomycin will cause tissue damage if it should escape
from the vein into the subcutaneous tissue. Although
common admixtures are isotonic, the acidic pH indi-
cates the need for infusion through a central venous
catheter. The length of therapy with vancomycin usually
extends over many weeks. The chosen vascular access
should allow for the delivery of the entire course of
therapy with the minimal number of devices used.
Short peripheral or midline catheters should be
avoided because of the potential for local phlebitis,
thrombosis and tissue sloughing if extravasation occurs.
Peripherally inserted central catheters (PICC) are the
preferred choice for most infectious disease patients.
However, a nontunneled percutaneous central catheter,
tunneled catheter or implanted port may also be used.

Rate of Administration

Infusion rates for vancomycin have been studied exten-
sively to correlate drug side effects with the infusion
rate. These studies are usually in clinical settings such as
operating rooms or intensive care units, where slow
infusion is impractical. Rates as fast as one gram
injected over 10 minutes have been studied. Early stud-
ies demonstrated an increased frequency of anaphylac-
toid reactions, while more recent studies with
antihistamine pretreatment allowed this rapid infusion
in 89% of patients studied.'

In a small study of 16 critically ill patients, infusion
of one gram in 50 mL over 30 minutes did not produce
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changes in heart rate, blood pressure and several other
cardiac indices. Following cardiopulmonary bypass
surgery, hemodynamic data was collected from intra-
arterial and pulmonary artery catheters before the van-
comycin infusion. The same measurements were taken
at 10, 20, and 30 minutes after the infusion, along with
histamine and vancomycin plasma levels. All patients
maintained stable heart rates, mean arterial pressure,
central venous pressure, and several other cardiac mea-
surements. In one patient, the histamine level increased
significantly but returned to the baseline level 30 min-
utes after the infusion. This patient displayed signs of
red-man syndrome (RMS) with a rash and itching of the
chest and arms. However, this did resolve itself without
treatment."”

Infusion of vancomycin during surgery is considered
to be risky from the combined hypotensive effects of the
anesthetic agents and vancomycin. Another study
examined this issue through a randomized, double-
blind study of patients undergoing elective orthopedic
procedures. One group of patients received vancomycin
1g in 250 mL over 30 to 60 minutes prior to anesthesia
induction, followed by 250 mL of normal saline. The
second group of patients received the same solutions in
reverse order: plain saline before anesthesia and van-
comycin following anesthesia induction. They reported
no hemodynamic changes in either group.'®

Other studies have examined the concept of continu-
ous IV infusion compared with the traditional intermit-
tent infusion methods with mixed results.”? Two
studies found no improved activity of vancomycin and
no change in the course of the disease process, conclud-
ing that continuous infusion was not worthwhile. The
most recent of these studies found that microbiological
and clinical outcomes between the randomized groups
were similar. The authors concluded that continuous
infusion may be more cost-effective than intermittent
infusion. With continuous infusion, the total amount
infused was less. However, this study did not include
costs for volumetric infusion controlling devices, nurses’
time and other disposable supplies.?> This study also did
not include an examination of the type of vascular
access or the complex infusion therapies required for
critical care patients.

Another approach compared one daily infusion with
the conventional twice daily infusion, revealing the rates
of side effects to be similar between the two groups of
patients.?* Although these recent studies may indicate
future alterations, the most common rate of infusion is
usually one hour. A central venous catheter to provide
adequate hemodilution of the infusion is preferred.
Although not recommended by the INS Standards of
Practice, if peripheral veins must be used, choosing a
small-gauge catheter (ie, 24 g), a large vein, and extend-
ing the infusion time over 1.5 to 2 hours may reduce
vein irritation and localized phlebitis.
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Delivery Methods

Options for infusing vancomycin include gravity flow
controlled by roller clamps or other mechanical devices,
volumetric infusion pumps, elastomeric balloon devices,
and a multi-chambered fluid container placed in a
portable infusion pump.

Flow control is an important consideration for the
choice of infusion devices. Rapid infusion has been
studied in controlled clinical situations with minimal
negative outcomes, but flow control is needed to pro-
duce adequate serum concentrations.

Gravity infusions are usually regulated with a roller
clamp and require frequent monitoring to ensure cor-
rect flow rate. Factors affecting their accuracy include
the position of the catheter in relation to the vein wall
or venous valve, patient movement, solution tempera-
ture, and height of the fluid container. Manual flow
control devices can be added to the administration set.
However, the accuracy rating of both the roller clamp
and the add-on manual devices is plus or minus 10%.%

Although electronic volumetric infusion pumps are
not easily adaptable for intermittent medications in the
home care setting, they may be used in the hospital set-
ting. Most electronic infusion pumps have an accuracy
rating of 5% or less.” These devices also have the great-
est range of programmable infusion volumes and rates.

Elastomeric balloon containers control flow rates by
the size of the opening in the tubing at the point of
attachment to the container. Once the clamp is opened,
the collapsing balloon delivers the medication at a pre-
determined rate. Depending on the size of the container,
the amount injected into the balloon, and the size of the
opening, infusion rates range from 30 minutes to several
days. They are used for intermittent doses of antibiotics
and other drugs, including regional analgesia. Balloon
sizes can accommodate volumes of up to 250 mL. The
entire unit is disposable. The patient must be taught
how to flush the catheter before and after the medica-
tion infusion.

Recently, a new type of portable infusion device was
introduced for use with antibiotic therapy (AutoDose®
Infusion System, Tandem Medical, San Diego). The sys-
tem consists of a multi-chambered fluid container, or bag,
designed to hold the pre-infusion saline, the drug and
diluent, the post-infusion saline, and the heparin flush
solution. The filled container is placed into the infusion
device, which is powered by a mechanical roller. Opening
the doors charges the device by uncoiling the roller. When
the fluid container is loaded, the doors are closed, the sys-
tem is started, and pressure is generated by the roller,
forcing fluid out of each chamber in the correct sequence.
The rate, which is controlled by restrictive tubing in the
administration set that includes a particulate and air
eliminating filter, can be chosen to flow at 200mL/h,
100mL/h or 67mL/h (allowing a 100 mL volume to
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infuse over 1.5 hours). This system allows the user to
accomplish the entire SASH (Saline, Administer drug,
Saline, Heparin) protocol with one connection to the
catheter hub, ensuring proper flushing.

A large home care pharmacy recently reported a net
savings of $5.74 per dose of antibiotic when using the
AutoDose system. The standard method used had been
gravity infusion with pre-filled syringes supplied for
flushing. The costs of this method were compared with
the costs of the AutoDose technique. A documented
reduction of training visits for the AutoDose system also
yielded a cost savings. Based on 18,000 doses annually,
a total savings of $103,320, or a cost reduction of 23%
compared with other infusion methods, was projected.?

e PATIENT MANAGEMENT

Dosing

Adult dosage is 15 mg/kg of body weight, rounded to
the nearest 250 mg increment. The frequency of each
dose is determined by the calculated creatinine clear-
ance (CrCl), or the amount of fluid the kidneys are
capable of filtering per minute. Dosing intervals every
12 hours requires CrCl of 70 mL/min or greater. As the
CrCl decreases, dosing intervals increase to every 24,
48, or 72 hours.}

Pediatric doses are 10 mg/kg per dose infused every 6
hours. The neonatal dose is 15 mg/kg as an initial dose,
followed by 10 mg/kg per dose every 12 hours for the
first week after birth. From 1 week to 1 month of age,
the dosing interval is usually every eight hours.*

Serum Monitoring

Much controversy exists over the issue of routine moni-
toring of serum levels of vancomycin. There is a lack of
scientific evidence supporting the need for obtaining
peak serum concentrations. No well-controlled studies
have examined the cure rate in comparison with specific
serum concentrations. Peak serum levels are dependent
on accurate infusion flow rates and proper timing of the
blood sample. Without adequate flow control, part of
the dose may be eliminated from the body before the
entire dose has infused. Timing the home visit for
obtaining the blood sample following dose infusion can
also be a challenge. For these reasons many are recom-
mending reliance on trough levels only. Most organisms
susceptible to vancomycin will be killed when the serum
trough level is between five and 15 mg/L.”" If trough lev-
els exceed this amount, adjusting dosage intervals is pre-
ferred to decreasing the volume of the dose. In addition
to the clinical benefit, costs are reduced because admixed
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doses do not have to be wasted, just given at a later time.
In home care, this will reduce delivery costs as well.

e ADVERSE DRUG REACTIONS

Renal, auditory, and central nervous system toxicity can
occur with vancomycin. Monitoring for toxicity
involves knowing the patient’s additional risk factors
such as medical history and all drugs the patient is
receiving. Patient education provides another strategy
to monitor outcomes. The patient should be provided
with written information about signs and symptoms of
toxicity and the actions to take. This information
should use language appropriate for the patient’s age
and learning level. It is also helpful to make signs and
symptoms relevant to everyday life. Examples include
family complaints about having the television or radio
too loud, indicating hearing loss or the exact color and
amount of urine.

Renal toxicity is reported to be less than 5% when
only vancomycin is being given. When combined with
aminoglycosides, the incidence ranges between 8% and
35%.” The patient should be assessed for decreased fre-
quency of urination, a darkening color of urine, periph-
eral edema, increased thirst, and dry skin.

Ototoxicity is usually seen in the form of tinnitus and
loss of high-tone sounds, although this appears to be
associated with high serum concentrations, usually
above 80 mg/L.”

Central nervous system problems may be seen as
headache, complaints of feeling lightheaded or dizzy,
nausea, vomiting, or an unsteady gait.

Hypersensivity and RMS are actually two separate
side effects, both related to the immune system and
mast cells. Mast cells contain granules that house hista-
mine and heparin. They are located in subcutaneous tis-
sue, lungs, and the gastrointestinal tract. When
stimulated, mast cells release their granules into the
bloodstream. Other mediators such as prostaglandins
and leukotrienes are created by lipid synthesis on the
mast cell wall. Stimulation of mast cells occurs by four
different mechanisms: immunoglobulin E (IgE), activa-
tion of complement proteins, physical and chemical.*®

An allergic reaction, or hypersensitivity, is caused by
the presence of IgE. The body has been exposed to the
foreign antigen at some point in the past and has cre-
ated a corresponding antibody. With subsequent expo-
sure, an allergic reaction occurs. The severe form, an
anaphylactic reaction, can be life threatening.

Complement proteins are found in the bloodstream
and can stimulate mast cells. Physical stimulation comes
from pressure, heat, cold, or vibration. Chemical stimu-
lation occurs from the presence of drugs such as nar-
cotics, angiotensin-converting enzyme inhibitors,
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beta-blockers, and vancomycin. When these reactions
are severe, they are known as anaphylactoid reactions;
this syndrome is also known as RMS when associated
with vancomycin infusion.

Regardless of the mechanism that causes the stimula-
tion of mast cells, the clinical signs and symptoms are
the same: skin flushing; erythematous rash on the face,
neck and chest; itching; and hypotension. Although
treatment is also the same, it is important to distinguish
an IgE-mediated allergic reaction from a chemically
induced RMS, as this knowledge will impact future
healthcare. One study found that tryptase, another
chemical released when mast cells degranulate, is pre-
sent during an IgE-mediated allergic reaction, but is
absent during a chemically induced RMS. Therefore,
measuring plasma tryptase levels can assist with appro-
priate diagnosis.”

Many studies have tried to establish a link between
the rate of vancomycin infusion and the incidence of
adverse reactions, especially RMS. However, these reac-
tions have been documented with all infusion rates, and
at both high and low concentrations. RMS will usually
occur with the first dose, but no apparent correlation
exists between infusion rate or concentration of van-
comycin and incidence or severity of RMS. The discom-
fort is managed by premedication with antihistamine,
especially H1 and H2 antagonists.

e CONCLUSION

Clinical practice has changed tremendously since the
original vancomycin instructions for use were written.
Scientific evidence continues to expand our knowledge
of patient outcomes, and it is clear vancomycin can be
safely infused in a variety of healthcare settings.

A common nursing intervention to reduce venous
irritation is to increase the volume of dilution. This
strategy will not reduce vein irritation from vancomycin
because there is little change in the pH and osmolarity
of the final admixture. Infusion through a centrally
placed catheter such as a PICC is recommended because
there will be rapid hemodilution and less ensuing vein
irritation. Side effects such as RMS appear to be an idio-
syncratic event, unrelated to the rate of infusion or con-
centration of the drug.

Safe and effective administration of vancomycin is
dependent upon appropriate collaboration between the
physician, nurse and pharmacist. The type of vascular
access device and infusion controlling device will impact
decisions such as amount of dilution and rate of admin-
istration. Communication between these disciplines will
lead to cost-effective and therapeutically appropriate
choices, thus decreasing side effects and improving
patient outcomes.

283



REFERENCES

1.

Kastango ES, Hadaway L. New perspectives on vancomycin use
in home care: part 1. Int | Pharmaceutical Compounding. 2001;
5(6):465-469.

. Tenover E Biddle ], Lancaster M. Increasing resistance to van-

comycin and other glycopeptides in Staphylococcus aureas.
Emerg Infect Dis. 2001;7(2):327-332.

. MMWR. Recommendations for preventing the spread of van-

comycin resistance: Recommendations of the Hospital Infection
Control Practices Advisory Committee (HICPAC). Centers for
Disease Control: Morbidity and Mortality Weekly Report. 5-2-
01. Available at: http://www.cdc.gov/mmwr/preview/mmwrhtml/
00039349.htm. Accessed May 28, 2002.

. MMWR. Preventing emerging infectious diseases: A strategy for

the 21st century overview of the updated DCD plan. Centers for
Disease Control Morbitity and Mortality Weekly Report. 5-02-
01. Available at: http://www.cdc.gov/mmwr/preview/mmwrhtml/
00054779.htm. Accessed May 28, 2002.

. MMWR. Staphylococcus aureus resistant to vancomycin—

United States, 2002. Centers for Disease Control. Available at:
http://cdc.gov/mmwr/preview/mmwrhtml/mm35126a1.htm.
Accessed July 3, 2002.

. Corrigan A. History of intravenous therapy. In: Hankins J, Lon-

sway R, Hedrick C, Perdue M, eds. Infusion Therapy in Clinical
Practice. 2nd ed. Philadelphia: WB Saunders Company; 2001:1-5.

. Ryder MA. Peripherally inserted central venous catheters. Nurs

Clin North Am. 1993;28(4):937-971.

. Kastango E, Hadaway L. New perspectives on vancomycin use in

home care, part 2: Delivery systems. Int | Pharmaceutical Com-
pounding. 2002;6(1):55-57.

. Stranz M. Adjusting pH and osmolarity levels to fit standards and

practices. | Vasc Access Devices. 2002;7(3):12-18.

10. Wermeling D, Rapp R, Deluca P, Piecoro J. Osmolality of small-

volume intravenous admixtures. Am | Hospital Pharmacy.
1985;42:1739-1744.

11. Bing C. Extended Stability for Parenteral Drugs. Bethesda, Md:

American Society of Health-System Pharmacists; 2001.

12. Metheny N. Fluid & Electrolyte Balance: Nursing Considerations.

13.

4th ed. Philadelphia: Lippincott; 2000.
INS. Infusion nursing standards of practice. | Intraven Nurs.
2000;23(6S).

14. Trissel LA. Handbook on Injectable Drugs. 9th ed. Bethesda, Md:

American Society of Health-System Pharmacists; 1996.

15. Weinstein S. Plumer’s Principles and Practice of Intravenous Ther-

16.

284

apy. 7th ed. Philadelphia: Lippincott; 2001.

Renz C, Thurn J, Finn H, Lynch ], Moss J. Antihistamine pro-
phylaxis permits rapid vancomycin infusion. Crit Care Med.
1999;27:1732-1737.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Stier G, McGory R, Spotnitz W, Schwenzer K. Hemodynamic
effects of rapid vancomycin infusion in critically ill patients.
Anesth Analg. 1990;71(4):394-399.

Kaenel Wv, Bloomfield E, Amaranath L, Wilde A. Vancomycin
does not enhance hypotension under anesthesia. Anesth Analg.
1993;76(4):809-811.

James J, Palmer S, Levine D, Rybak M. Comparison of conven-
tional dosing versus continuous-infusion vancomycin therapy for
patients with suspected or documented gram-positive infections.
Antimicrob Agents Chemother. 1996;40(3):696-700.

Bernard E, Perbost I, Carles M, et al. Efficacy and safety of van-
comycin constant-rate infusion in the treatment of chronic gram-
positive bone and joint infections. Clin Microbiol Infect.
1997;3(4):440-446.

Klepser M, Patel K, Nicolau D, Quintiliani R, Nightingale C.
Comparison of bactericidal activities of intermittent and continu-
ous infusion dosing of vancomycin against methicillin-resistant
Staphylococcus aureus and Enterococcus faecalis. Pharmacother-
apy. 1998;18(5):1069-1074.

Filippo AD, Gaudio AD, Novelli A, et al. Continuous infusion of
vancomycin in methicillin-resistant staphylococcus infection.
Chemotherapy. 1998;44(1):63-68.

Wysocki M, Delatour F, Faurisson F, et al. Continuous versus
intermittent infusion of vancomycin in severe staphylococcal
infections: Prospective multicenter randomized study. Antimicrob
Agents Chemother. 2002;45(9):2460-2467.

Cohen E, Dadashev A, Drucker M, Samra Z, Rubinstein E, Garty
M. Once-daily versus twice-daily intravenous administration of
vancomycin for infections in hospitalized patients. | Antimicrob
Chemother. 2002;49(1):155-160.

Perucca R. Infusion therapy equipment: Types of infusion therapy
equipment. In: Hankins J, Lonsway R, Hedrick C, Perdue M, eds.
Infusion Therapy in Clinical Practice. 2nd ed. Philadelphia: WE
Saunders Company; 2001.

Closson T, Holmes H, McCoy L. Using new technology to reduce
antibiotic therapy costs: A case study. Infusion. Jan-Feb 2002:18-
25.

Tam V, Moore G, Triller D, Briceland L. Vancomycin peak serum
concentration monitoring: Implications for home care. | Intra-
venous Nursing. 1999;22(6):336-342.

McCance KL, Huether SE, eds. Pathophysiology: The Biological
Basis for Disease in Adults and Children. 3rd ed. St. Louis:
Mosby; 1998.

Renz C, Laroche D, Thurn J, et al. Tryptase levels are not
increased during vancomycin-induced anaphylactoid reactions.
Anesthesiology. 1998;89:620-625.

Journal of Infusion Nursing




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




