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SAFETY OF CONCURRENT INTRAVENOUS DRUG APPLICATION

Vidomir Salipur?, Ivana Nesi&

Simultaneous application of multiple intravenous pharmaceuticals, during which
they come into direct contact, is common in clinical practice. This is done with both
intravenous infusions and injections. While it can be practically and clinically justified, this
practice can only be safe for patients if all the combined products are mutually compatible.
Physical and chemical incompatibility, with precipitation being the most common and
important phenomenon, presents a possible health risk. Intravenous drugs and simple
intravenous liquids both have the potential for displaying incompatibility. Over time, many
studies utilizing various analytical methods have uncovered numerous inadequate
combinations. However, the methodology of these studies is very heterogeneous; it is not
always clear whether the results are clinically relevant, and many combinations have not
been tested yet. It has also been shown that healthcare providers who are involved in
therapy management sometimes do not possess enough knowledge about drug
compatibility, although this can be improved with appropriate interventions. Furthermore,
a precisely defined protocol for compatibility studies could aid interpretation and
comparison of future research data. On the other hand, easily accessible databases and
knowledge of alternative application methods for therapy could prevent incompatibilities in
everyday work.
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Introduction

It is common in everyday clinical practice for
patients to receive multiple drugs at the same
time as part of their therapy. Furthermore,
parenteral application of drugs is also common in
this setting, especially in the form of intravenous
injections and infusions (1). ldeally, these dosage
forms should be applied separately using a new
venous access site each time (2). However, it
should be taken into account that intravenous
therapy is a specific form of drug application that
requires special tools and equipment, as well as
trained personnel, time management and a
favorable condition of the patient. With that in
mind, it is clear why a need for simultaneous

application of two or more intravenous drugs—
infusions, injections or both—arises in practice
(1-3).

The greatest advantage in combining these
forms is in critical patients who require many
drugs delivered in a short time span. Depending
on the severity of a condition, it is often not
possible to secure enough venous access sites in
certain patients if each drug must be administered
separately (1—2). Even when it is possible, using
multiple venous accesses increases the risk of
mechanical, infectious and thrombotic
complications due to their association with
intravenous drug application (4).

Of course, just like any intervention, this
practice also carries its risks. The biggest problem
lies in the mutual compatibility of the dosage
forms being combined. Any unwanted interaction
between the drug components being combined
represents an incompatibility that manifests itself
as a chemical or physical change (1). Naturally,
microbiological contamination is also a possibility
when dealing with sterile products (4). Looking at
incompatibility through these types of changes is
typical from the point of view of pharmaceutical
technology. Pharmacologically speaking, one can
speak of therapeutic incompatibility as well, which
manifests itself in the body. However, this is
outside of the scope of this paper. With that said,
the direct contact between two drug formulations
can lead to physical and chemical changes that
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can further impact the efficacy and safety of the
overall therapy. This is why having reliable
information about the compatibility of two drugs is
required to ensure their safe application (1).

Combining Intravenous Forms

It should be defined what exactly is meant
by combining or mixing two or more intravenous
drugs. Two methods that are used in practice fit
this description. The first method is used in
patients receiving an infusion to which new
infusions or injections need to be added.
Depending on the dosage form, they are
connected or are directly injected in the infusion
set carrying the primary infusion via injection and
Y-site ports (1, 3). The connectors that are used
are usually Y-shaped, which means that two
formulations being applied meet at the
intersection and are mixed before entering the
bloodstream. Time of contact between them is
relatively short (ranging from 1—-2 minutes to an
hour), which is why physical incompatibility is the
more important negative outcome when utilizing
this method compared to chemical incompatibility,
which often requires more time to result in
significant change. This compatibility is referred to
as Y-site compatibility (1, 2).

The second method is more direct and
involves adding a sterile drug to an infusion before
application. Injections can be mixed in a similar
way. These preparations are often done in a
hospital pharmacy. Since in this instance time of
contact is usually longer (measured in hours or
days), more attention is given to chemical
compatibility (1, 2, 5).

Regardless of which method is employed,
the intravenous forms being combined are not just
drug solutions, but also simple intravenous fluids.
This is why incompatibility is not limited just to
interactions between two or more active
ingredients. In fact, intravenous fluids are often
the primary infusion with the role (among others)
of being the carrier of any additional therapy.
Additionally, these solutions are used for diluting,
reconstituting and directly mixing drugs. However,
despite their simple composition (consisting of
electrolytes, glucose and related compounds),
intravenous fluids have the potential to interact
with drug molecules and therefore cannot be
considered inert (1, 3). In a larger sense,
packaging material and excipients can also be a
source of incompatibility. While most intravenous
dosage forms are solutions, some emulsions can
also be delivered in this manner. Compatibility
considerations become even more complicated for
complex pharmaceuticals such as parenteral
nutrition — emulsion or not. The same can be said
for blood products (3).

Forms of Incompatibility

Physical incompatibility most often presents
as precipitation, turbidity, color change, gas
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formation or change in pH level. It can be visible
and is often accompanied by chemical changes.
Precipitation is the most important incompatibility-
related phenomenon and oftentimes occurs as a
result of pH change. Many parenteral forms are
buffered, but their buffer capacity is limited. By
mixing two solutions of significantly different pH
levels, a change in drug ionization (in the case of
weak acids and bases) occurs, leading to changes
in  solubility and consequently precipitate
formation (3, 5).

Precipitates can also be formed in ion
exchange reactions, e.g. when polyvalent cations
from one solution displace monovalent cations
from another. They can also form when the end
result of post-mixing is a solvent in which one of
the drugs is poorly soluble (3, 5). Precipitate
formation is the most common manifestation of
incompatibility and presents a serious problem, as
it can lead to embolism if the particles formed
enter the systemic circulation. Smaller particles
can also cause organ damage due to the occlusion
of small blood vessels. Overall, this leads to an
increase in patient morbidity in cases where
precipitation occurs during therapy. Local
reactions such as phlebitis are less severe (6, 7).
On the other hand, precipitates can also be a
purely technical problem in instances where they
cause mechanical blockage in an infusion set,
which stops further drug delivery (7).

Changes in pH can happen without
concomitant precipitation, but they are still an
unwanted event. Gas formation can be dangerous
as a potential cause of gas embolism. This
frequently crops up in the form of carbon dioxide
release in scenarios when one of the formulations
being combined contains bicarbonates (2, 3, 8). In
cases of incompatibility, emulsions display
instabilities specific to their pharmaceutical form
(creaming, sedimentation, phase separation and
others) (2, 3).

Chemical incompatibility is frequently not
visible and is a result of chemical degradation
reactions typical for drug molecules—oxidation,
reduction and hydrolysis. Packaging
incompatibility can also be put in this category.
Most of the time, drug degradation is considered
significant when there is a loss of active ingredient
larger than 10% or a toxic product has formed. As
a consequence, this leads to a reduction in the
therapeutic effect or possible toxicity (3, 6, 9).
Changes in pH level and external factors, such as
temperature, light and oxygen, can have a crucial
effect on the rate of chemical change. Biologic
drugs are especially sensitive to changes in
internal and external conditions and, as a rule, are
generally not mixed with other drugs (3).

Experiences in Clinical Practice

Many studies looked at various individual
drug combinations and their compatibility (2, 6,
10-12). Likewise, research has been done on the
occurrence of incompatibility in clinical practice,
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with the results being highly variable. One study
showed that 7.2% of all intravenous drug
combinations used were incompatible in one
clinical setting, while another gave a finding of
15% (13, 14). It should be clear that the drugs
being looked at in these studies are those that are

most often used in everyday clinical work—
particularly in intensive care units, which require
complex treatment plans. Table 1 lists certain
examples of incompatibility along with the
mechanisms of their formation.

Table 1. Examples of incompatibility encountered in practice

Drug-drug combination

Consequence of incompatibility

Heparin and many antibiotics (15)

Beta-lactams and vancomycin (16)

Precipitate formation

Furosemide and low-pH solutions (3)

Ringer’s solution and many drugs (17)

Metoclopramide and sodium bicarbonate (3)

Gas formation

Pantoprazole and many drugs (12)

Color change and Precipitate formation

Adrenaline and sodium bicarbonate (18)

Inactivation of adrenaline

Atracurium and high-pH solutions (3)

Inactivation of atracurium

Midazolam and hydrocortisone (11)

Loss of hydrocortisone

Diazepam and PVC (19)

Sorption to packaging

Propofol and lidocaine (20)

Droplet coalescence and phase

separation of emulsion

It is also noticeable from systematic reviews
in this area that certain drugs have a particular
tendency to interact, such as vancomycin,
hydrocortisone, pantoprazole and in general drugs
whose solutions are highly acidic or basic
(10-12). However, there is not always a strict
distinction between “allowed” and “unallowed”
combinations, as compatibility issues can
sometimes be overcome with certain modifications
in the drug mixing process. Time of contact,
concentration of reacting components and type of
solvent are all factors that determine whether a
borderline incompatibility will manifest itself or not
(2-3, 10). On the other hand, there are also
situations when different studies give conflicting
results about the compatibility of a certain drug
combination (2, 12).

Parenteral nutrition products are a challenge
of their own. Several types of them can be
commercially acquired, but they can also be
prepared in hospital pharmacies. It is useful to
make a distinction between formulations without
lipid components (solutions) and those that
contain them (emulsions). Regardless of whether
they are all-in-one or applied separately, they
have a high potential for drug compatibility issues
due to their complex composition. For example,

trace elements can act as catalysts in degradation
reactions, while any change in the calcium ion—
phosphate ratio can result in precipitate formation.
Of course, other components can be a source of
instability as well. Special attention should be
given to lipid formulations, as drugs that are
stable in non-lipid forms can become unstable in
the presence of lipids. Generally, mixing drugs and
parenteral nutrition products should be avoided.
Nevertheless, this practice is common in pediatric
medicine when securing multiple venous access
sites is not possible (21-22).

There is even less data in the literature
about adding intravenous drugs to blood products.
In fact, this practice is banned in many hospitals
(23). For this reason, they are generally not
mixed, and the same applies to biologic therapy
(3, 23).

Uncovering Incompatibility

Although the term incompatibility is related
to the term stability, stability guidelines laid out by
the International Council for Harmonisation (ICH)
do not require manufacturers to assess the
compatibility of their drugs with other products,
including intravenous drugs (24). However, since
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many intravenous drugs require in-use stability
testing, this process can be used to determine
whether a drug is compatible with various
intravenous solutions that are used as a solvent or
diluent (25).

Data on intravenous compatibility has been
gathered from experience, but also from formal
studies of various drug combinations. These
studies are based on monitoring physical and
chemical stability. As there is no standardized
protocol for them, researchers choose which
parameters and analytical methods to employ
during the study. Physical stability is usually
determined by monitoring for precipitation
formation, color change, gas bubbles and changes
in pH level. Precipitates can be detected visually,
but it is better to use nephelometry or
turbidimetry. Color change is a visually qualitative
change that can be quantified with certain
instrumental methods, such as
spectrophotometry. Changes in pH levels can be
measured with a pH meter. Chemical changes are
often detected with the help of HPLC. However,
studies look at physical changes most of the time,
as in practice it is more common to mix drugs
through a concurrent infusion rather than directly,
where chemical stability would be more important
(2, 10, 11, 26).

The main downside of these studies is the
heterogeneity of their methodologies. Each study
makes its own choice on which parameters to
follow and which analytical methods to utilize.
Furthermore, it is not always clear whether the
results are clinically relevant due to the way the
study was conducted. One paper showed that
researchers often monitor for physical changes
after hours of mutual contact, even though in
practice the time of contact is much less than that.
The same paper showed that none of the studies
reviewed had a blinded design, without which
potential bias cannot be overlooked (2). The
American Journal of Health-System Pharmacy
recently published guidelines on stability and
compatibility testing that touch on the area of
intravenous incompatibility. The article deals with,
among other things, sample preparation, variation
of external factors and testing the impact of
packaging on compatibility (26). Guidelines such
as these could prove to be very useful for
standardizing future research in the area of
incompatibility.

Preventing Incompatibility

Actively preventing drug incompatibility is
an imperative of safe clinical practice. A necessary
precondition for this to be achieved is knowing
ahead of time whether a certain combination of
products is compatible. If an interaction is
possible, and the combination of drugs is
necessary and justified, an intervention can be
made on several levels (27). When possible, an
alternative, non-interacting dosage form should be
used. Similarly, a drug can be switched with one
that is compatible (3).
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If the intravenous route is, in fact, needed,
an attempt should be made to separate the two
formulations by time or space. That can mean
using a different venous access site to apply the
second drug (2). However, nowadays, there is the
option of using multi-lumen catheters that contain
several spatially separated lumens in one tube,
which enables the separate and simultaneous
delivery of multiple intravenous drugs (3, 13).
Another option is in-line filters built into infusion
sets that prevent particles above a certain size
(like those from precipitates) from passing into the
bloodstream (28).

Conversely, incompatible drugs can
sometimes also be separated by time of
application. In those instances, the infusion set
does not have to be changed if it is flushed with
an appropriate sterile solution, before and after
the incompatible drug is applied (29).

Healthcare workers who are involved in drug
application are responsible for checking the
compatibility of two or more products before
combining them. However, hospital pharmacists
also play an important role as they should be able
to provide information on compatibility (12, 27).
Several studies have shown that, in practice,
knowledge about compatibility is not always
satisfactory, although there is less data on the
actual clinical consequences of incorrect practice
(6, 11, 13, 14). Nevertheless, it has been shown
that the frequency of compatibility issues can be
significantly reduced after applying educational
and preventative measures (11, 13, 14).

Official recommendations exist both on
higher and lower levels. For example, the Royal
College of Nursing in the United Kingdom has
published guidelines that touch on intravenous
therapy compatibility (29). On the other hand,
hospitals can have their in-house guidelines and
protocols that deal with this matter. These
recommendations are often presented in the form
of tables and graphs that are easily accessible to
healthcare providers (30). Still, there are faster
and simpler ways to obtain the necessary facts.
For example, Micromedex and Lexicomp are online
services that offer a compatibility database upon
registration. Stabilis is an online database that
anyone can access (9, 31, 32). The data in these
databases are supported by references to the
original papers where the combinations were
tested. Of course, the quality of the data is directly
correlated with the conception and methodology of
the source studies. As mentioned before, there are
certain issues with studies in this field. Another big
problem is the fact that the number of possible
drug combinations is huge, even when only
considering two-part combinations of a limited
number of drugs. With that in mind, many
combinations have not been tested yet and
therefore are generally not tried out in practice
before sufficient information about them s
generated (2, 10, 11).
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Conclusion

Combining intravenous drugs can be safe in
cases when this practice is justified, only when the
precondition of mutual compatibility is met. A
large number of guidelines and easily accessible
databases allow for a fast check on the adequacy
of a certain combination during everyday work.
Simultaneously, raising awareness of the
possibility of incompatibility, its types and ways to

recognize and prevent it can decrease its
frequency along with the associated health risks.
However, as guidelines in this area are based on
the results of individual research, there is a need
to define a standard protocol for compatibility
testing so that the data generated can be better
evaluated and compared.
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U klinickoj praksi je uobicajena istovremena primena nekoliko lekova
intravenskim putem, prilikom koje dolazi do njihovog direktnog kontakta. To se Cini i sa
intravenskim infuzijama i sa injekcijama. Mada ova praksa moZe biti opravdana iz
prakti¢nih i klinickih razloga, bezbedna je za pacijente samo ako je ispunjen preduslov
da su preparati koji se kombinuju medusobno kompatibilni. Pojava fizicko-hemijskih
inkompatibilnosti, od kojih je najcesca i najznacajnija pojava precipitacije, predstavlja
mogudi rizik po zdravlje. I kod lekova koji se primenjuju intravenski i kod intravenskih
teCnosti jednostavnog sastava postoji potencijal za ispoljavanje inkompatibilnosti. U
mnogobrojnim dosad sprovedenim ispitivanjima koris¢enjem razli¢itih analitickih
metoda utvrden je veci broj nekompatibilnih kombinacija. Medutim, bududi da je
metodologija ovih ispitivanja veoma heterogena, nije jasno da li su dobijeni rezultati
uvek klini¢ki relevantni. Pritom, mnoge kombinacije jos nisu ispitane. Ustanovljeno je i
da zdravstveni radnici, koji su odgovorni za leCenje pacijenata, ponekad nemaju
dovoljno znanja o kompatibilnosti lekova. Ipak, to se moze prevazi¢i odgovarajuc¢im
intervencijama. Takode, precizno definisanje protokola ispitivanja kompatibilnosti
moglo bi olaksati interpretaciju i uporedivanje podataka iz bududih studija. S druge
strane, lako dostupne baze podataka i poznavanje alternativnih metoda primene
terapije mogu spreciti pojavu inkompatibilnosti u svakodnevnom radu.
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