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This column is designed to address a
specific pharmacotherapeutic issue in the
pediatric patient. Typically, the commentary
will be in response to an article that will
have appeared in a prominent pediatric jour-
nal, and the results are deserving of being
reinforced or challenged. We hope to provoke
thought and controversy through the opin-
ions presented in these commentaries. The
article prompting this editorial appeared in
the May 2007 issue of Pediatrics, and was
entitled “Therapeutic Drug Monitoring for
Caffeine in Preterm Neonates: An Unneces-
sary Exercise?”

Caffeine is widely regarded as the drug of
choice for apnea of prematurity.}? This is largely
based on its efficacy and relatively wide thera-
peutic index.!? A recent article by Natarajan et
al. concluded that monitoring caffeine serum
concentrations is not necessary when caffeine
is used for apnea of prematurity.? The premise
for their conclusions is based on results from
a retrospective review of 101 neonates who re-
ceived 5 to 8 mg/kg/day caffeine for apnea of pre-
maturity. The authors concluded that because
94% of measured serum caffeine concentrations
were within the “therapeutic range” (5.1 to 20
mg/L [2.5 to 10 mmol/L]) there was no need to
routinely monitor serum concentrations.
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Is it sufficient to know that caffeine serum
concentrations are in the “therapeutic range”
when a patient is experiencing an increase in

ABBREVIATIONS TDM, therapeutic drug monitoring

apnea events, or when concentrations are above
the “therapeutic range” if toxicity is observed?
The answer lies, in part, in the way clinicians
use therapeutic drug monitoring (TDM) in the
management of apnea. In a recent review, the
conclusion by Natarajan et al. that monitoring
serum caffeine concentrations is not neces-
sary presumes that the therapeutic range for
caffeine is between 5 and 20 mg/L (2.5 to 10
mmol/L) and that within this range all re-
sponses are equal.! The use of TDM to merely
achieve standard “therapeutic ranges” has been
challenged, especially in neonates, because
clinical data describing pharmacodynamic re-
sponse curves are often not available, leaving
one to extrapolate from other populations or
make up values as the basis for therapeutic
ranges.*®

Despite the large number of concentrations
between 5 and 20 mg/L (2.5 to 10 mmol/L),
Natarajan et al.? reported that caffeine con-
centration-per-dose (mg/kg) ratios were from
less than 1 up to 5, reflecting more than five-
fold variability. When these authors plotted
multiple serum caffeine concentration-to-dose
ratios over time, the values changed in unpre-
dictable directions, sometimes increasing and
sometimes decreasing. Thus, in any group of
neonates, the relationship between apnea
control and caffeine serum concentrations can
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be expected to change with time. Furthermore,
the unpredictable change in direction and
magnitude of caffeine values makes estimat-
ing this change from prior caffeine dose and
concentration pairs difficult.

Apnea is defined in several ways, but a fairly
common definition is apnea lasting longer
than 20 seconds, or longer than 10 seconds
when accompanied by bradycardia or oxygen
desaturation below 80 percent. Desaturation
events lasting less than 10 seconds may also be
interpreted as significant apnea by some clini-
cians.” Apnea of prematurity is by definition a
diagnosis of exclusion, and typically requires
that the clinician feels confident in excluding
such common etiologies as infection, anemia,
cardiac causes such as patent ductus arterio-
sus, neurologic causes such as intraventricular
hemorrhage or seizures, gastrointestinal reflux,
and insufficient oxygen supplementation. Thus,
when caffeine is used, it is with the assumed
or proven elimination of the other etiologies,
or to prevent apnea episodes after extubation.
When a neonate treated with caffeine devel-
ops breakthrough apnea, a practitioner will
often begin a sepsis workup and evaluation
for anemia, and perhaps other actions such
as additional laboratory testing, placing the
infant on antibiotics, nasal continuous positive
airway pressure, and occasionally mechani-
cal ventilation. The severity of episodes that
causes a clinician to make these interventions
is variable, since the link between apnea and
adverse neonatal outcomes is unproven.” On
the other hand, selected animal studies and
intuition cause most clinicians to believe that
apnea with bradycardia or desaturations is not
good for neonates and is probably harmful.

In the clinical environment, there remain
important confounders for the target response
and the target serum concentration of caffeine.
Nursing documentation of apnea using typical
apnea monitoring devices has been proven to
miss over 50% of apnea events longer than 30
seconds.®? Thus, usual clinical monitoring that
combines leads for chest wall movement, heart
rate recording, and oximetry is insufficient to
truly ensure adequate measurement of apnea
frequency to assess control. Similar issues arise
when weighing the effect of caffeine on events
that may be viewed as apnea equivalents, such
as bradycardia or desaturations. Consequently,

in the clinical arena, some events that do not
provoke the medical team to make additional
interventions could be acceptable clinically, and
perhaps provide the best measure of desired
caffeine response. The number of these events
in a given day may fluctuate due to numerous
factors that are unrelated to the serum caffeine
concentrations.

It can be important to know the serum caf-
feine concentration at which a desired response
occurred in a specific patient. For example, in
the event of breakthrough apnea, bradycardia,
or desaturations without other obvious disease-
related etiologies, comparing current caffeine
serum concentrations to those previously
associated with efficacy allows one to select
appropriate loading and maintenance doses of
caffeine that will rapidly achieve and sustain
the known effective concentration. If an adjust-
ment in caffeine dosage resolves the patient’s
signs and symptoms, expensive and invasive
tests or procedures that are used to evaluate
other causes of apnea may be avoided.

Tachycardia can occur in neonates for nu-
merous reasons, including worse respiratory
distress, fluid overload, and pain or agitation.
If a patient with tachycardia has a caffeine
concentration below 20 mg/L (10 mmol/L), one
would be inclined to attribute the tachycardia
to another cause. Conversely, the elevated heart
rate might be attributed to caffeine if the serum
concentration were above 20 mg/L (10 mmol/L).
If caffeine doses were held when it actually
was helping to manage increasing respiratory
distress, the patient might be unnecessarily
intubated. Most clinicians would agree that
mechanical ventilation is likely more toxic than
methylxanthines to both short- and long-term
outcomes. However, if routine TDM documents
that the same caffeine serum concentration
was not associated previously with tachycardia,
the clinician might be prompted to investigate
alternative etiologies.

Failure to identify the “critical caffeine con-
centration” for a patient (the concentration
at which apnea control is acceptable and no
toxicity is present) may cause a practitioner to
misinterpret the caffeine concentration when
clinical circumstances are changing. We have
defined pharmacodynamic curves for caffeine
efficacy (based on an acceptable or optimal
response) and toxicity (based on tachycardia)
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Figure. Pharmacodynamic curves for caffeine efficacy
based on an acceptable or optimal response, and lack of
toxicity. Pharmacodynamic profile is based on clinical ex-
perience in 268 neonates over a 3-year period. Using this
curve, a reduction of caffeine concentration from 20 mg/L
(10 mmol/L) to 10 mg/L (5 mmol/L) would result in loss of
clinical response in 35% of the potential responders, despite
both concentrations being in the “therapeutic” range.
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for our institution as an aid for our expecta-
tions (Figure).

The use of caffeine in neonates meets some
important criteria used to justify routine TDM
for other drugs. These include: a wide range
of drug clearances resulting in a several-fold
range of drug concentrations; changing drug
clearances related to clinical events or as the
patient ages; difficulty in separating changing
caffeine concentrations from other etiologies
of increasing apnea, bradycardia, or oxygen
desaturation events, or signs of caffeine tox-
icity, resulting in expensive laboratory tests
and work-up; potentially aggressive or toxic
interventions as a result of therapeutic fail-
ure, in this case being the use of mechanical
ventilation.

The usefulness of a caffeine serum concen-
tration would depend on how the clinician
employed TDM. For example, in the study by
Natarajan et al. a serum caffeine concentration
would not be routinely obtained, but would
be monitored only if toxicity was noted, or if
breakthrough apnea occurred.? The caffeine
concentration would be used to confirm a clini-
cal suspicion. This approach to monitoring may
create a cycle where the decision to assess a
serum concentration is based on expectations

that are created by an artificial “therapeutic
range.” Although the target range of 5 to 20
mg/L (2.5 to 10 mmol/L) was noted in the Na-
tarajan study,® a recent review by the same
authors! suggested that a range of 8 to 40 mg/L
(4 to 20 mmol/L) may be more appropriate. The
higher target range is more consistent with our
own experience (Figure).

It is reasonable for expert opinion to disagree
on issues such as the need for TDM when pa-
tients have responded well to a medication. It
depends, in part, on how the practitioner clini-
cally applies TDM. If the intent is to simply
target a prescribed therapeutic range, limiting
caffeine serum concentration monitoring to the
presence of clinical symptoms or toxicity may
be reasonable. If the purpose of TDM is to indi-
vidualize caffeine dosage in order to meet each
patient’s clinical needs by obtaining the best
possible response, optimum dosing can only be
accomplished through routine monitoring of
serum caffeine concentrations and documen-
tation of the “critical caffeine concentration”
for that patient. It is this author’s contention
that the caffeine “therapeutic range” has not
been properly designed and adherence to a
concocted range is detrimental. Furthermore,
documentation of the effective caffeine serum
concentration that is unique to individual pa-
tients can help avoid unnecessary laboratory
tests and interventions. Individualized serum
concentration monitoring in patients receiving
caffeine is essential to optimal care of critically
ill neonates or other populations with changing
physiology, and should not be compromised for
simplicity or perceived cost savings.
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