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Clinical Implications

o Standardized antibiotic desensitization protocols specific
to a pediatric population have been developed at our
tertiary care center. These protocols result in ease of dose
calculation, and use higher concentrations of the base
solutions, which minimizes the volume reaching the
patient.

TO THE EDITOR:

For patients with a history of a mast cell-mediated hyper-
sensitivity reaction with a drug, a safe method of drug admin-
istration is available."® Through this process known as rapid
drug desensitization (RDD), temporary tolerance to the drug is
induced in the hypersensitive individual. The temporary
tolerance remains effective as long as the drug is continued.’
RDD is indicated only if the historical reaction is consistent
with an IgE-mediated mechanism, although it can be consid-
ered in some non—IgE-mediated reactions (type I hypersensi-
tivity reactions only)."” The risk during a desensitization ranges
from mild reactions including flushing, itching, erythema, and
urticaria to more severe reactions including anaphylaxis." RDDs
should be performed only in the absence of a reasonable
alternative drug.

Desensitization protocols involve the stepwise administration
of the drug in controlled incremental dosing without eliciting
serious reactions.””” Although the development of protocols
by the Brigham and Women’s Hospital Rapid Desensitization
Program"” has largely resolved the obstacles in dose calculations,
challenges with the dispensation of small doses for pediatric
patients remained. The use of standard volume (250 mL) bags in
these protocols necessitated the use of small concentrations for
small doses, resulting in large volumes.

To overcome these issues, we decided to standardize desen-
sitization protocols for 12 commonly used antibiotics at the
Children’s Hospital of Philadelphia. Pharmacists created
calculation sheets that use the pharmacy’s standard concentra-
tion for each individual antibiotic as the most concentrated
solution (concentration 3). This solution is then further diluted
10-fold and 100-fold to make concentrations 2 and 1, respec-
tively. The minimum rate that can be run through the pump is
0.1 mL/h. The concentrations are chosen such that the rate
does not go below 0.1 mL/h. Therefore, for some drugs, the
solution may be diluted 100-fold or 1000-fold for concentra-
tions 2 and 1, respectively.

The steps of administration are based on the principles
established by the Brigham and Women’s Hospital Rapid
Desensitization Program.'” Each protocol is administered via

834

12 steps with increasing rates every 15 minutes such that the
administered dose increases in fixed increments. The doses
administered in the first 11 steps of the procedure are the
equivalent of 1/50,000th, 1/25,000th, 1/10,000th, 1/5,000th,
1/2,000¢h, 1/1,000th, 1/500th, 1/250¢h, 1/100th, 1/50th, and
1/25th of the final dose. The dose remaining after the 11th step
is administered via step 12 over 174 minutes. To achieve these
dose increments, our protocol calculates the rate depending on
the predetermined fixed concentration for the specific
antibiotic.

Pharmacy prepares the various drug doses in either 4 syringes
or 3 syringes and 1 bag on the basis of the volume of drug left for
step 12. The first syringe contains the solution with concentra-
tion 1 (lowest concentration of the drug). The second syringe
contains the solution with concentration 2 (intermediate con-
centration). Both syringes 3 and 4 (or bag 4) contain the solution
with concentration 3 (highest concentration).

For enhanced safety awareness and to further minimize
medical error, the colors on the Desensitization Calculation
Sheet correlate to a specific concentration (see Table E1 in this
article’s Online Repository at www.jaci-inpractice.org). Con-
centration 3 is assigned 2 different colors to differentiate between
steps 9 to 11 and step 12. In addition to the calculation sheets,
standardized orders have also been created in our Computerized
Physician Order Entry (CPOE) system. Each desensitization
requires the prescriber to enter 4 orders that match the corre-
sponding color code on the desensitization sheet.

To analyze the success of these protocols, we performed a
retrospective analysis of desensitizations performed at Children’s
Hospital of Philadelphia on children in the age group of 2 to 21
years from November 2014 to July 2015, and analyzed their
outcomes.

A total of 5 antibiotic RDDs were carried out in the given
period. The drugs desensitized were ertapenem (Figure 1), ceftri-
axone (see Figure E1 in this article’s Online Repository at www.
jaci-inpractice.org), linezolid (see Figure E2 in this article’s On-
line Repository at www.jaci-inpractice.org), ceftazidime (see
Figure E3 in this articles Online Repository at www.jaci-
inpractice.org), and oxacillin (see Figure E4 in this article’s On-
line Repository at www.jaci-inpractice.org).

Two of the 5 patients (40%) were male. The average age of
patients at the time of desensitization was 12 years (3-19 years).
Two of our patients required treatment for a cystic fibrosis res-
piratory exacerbation, 2 others required treatment for endo-
carditis, and 1 patient required treatment for pyelonephritis
(Table I). Three of the 5 patients had a history of very recent
reactions (2 during the same hospitalization, and one 6 months
carlier). One patient had a reaction 6 years earlier, and 1 patient
had a distant reaction history (>15 years earlier).

Three of the 5 patients had underlying asthma. The severity of
reaction history varied, with 3 patients having a history of cuta-
neous reactions (hives only). The history of 1 patient was vague
and consisted of cyanosis of legs immediately after the use of
ceftazidime 6 years earlier. One patient had anaphylaxis during the
same hospitalization with another carbapenem (imipenem). His
desensitization was carried out with a different drug in the same
drug family (ertapenem) because his risk was thought to be high.
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Protocol for ertapenem 2 100 mg
Update total mg/DOSE Full Dose: 220|mg
Concentration 1 0.02|mg/ml
Concentration 2 2|mag/ml
Concentration 3 20|mg/ml
Step | Concentration | Rate (mL/h) | Time (min) | Administered dose (mg) |
Ertapenem Desensitization (Step 1- 4)
1 1 0.88 15 0.0044
2 1 1.76 15 0.0088
3 1 4.4 15 0.022
4 1 8.8 15 0.044
Ertapenem Desensitization (Step 5 - 8)
5 2 022 15 0.11
6 2 0.44 15 0.22
7 2 0.88 15 0.44
8 2 1.76 15 0.88
Ertapenem Desensitization (Step 9 -11)
9 3 0.44 15 2.2
10 3 0.88 15 4.4
11 3 1.76 15 8.8
Ertapenem Desensitization (Step 12)
12 3 35 | 174 202.8708)]
CPOE Order Ordering Dose (mg) Per CPOE ' 1:0t3| Volume (mL)
Order Administered Per CPOE Order
Ertapenem Desensitization (Step 1 - 4) 0.079 3.960
Ertapenem Desensitization (Step 5 - 8) 1.65 0.825
Ertapenem Desensitization (Step 9 - 11) 15.4 0.770
Ertapenem Desensitization (Step 12) 202.871 10.14354

FIGURE 1. A 12-step ertapenem desensitization performed on patient P1. CPOE, Computerized physician order entry.

All 5 of our patients completed initial desensitization and the
subsequent therapeutic treatment course. Therefore, 100% of
our desensitizations were considered successful. One of the pa-
tients (P2) developed facial erythema a week after the desensi-
tization procedure and completed the remaining course with the
use of an antihistamine as a premedication. The other patient
(P3) had a history of “chronic idiopathic urticaria.” He had ur-
ticaria at the time of start of desensitization. He was also the only
patient premedicated for the desensitization. There was no
escalation in urticaria during the desensitization procedure. He
continued to have urticaria through the course of drug admin-
istration and completed the dosing with the use of antihistamines
and steroids.

The development of standardized protocols at our institution
has simplified all steps of the medication use process (ordering,
verification, preparation, dispensing, administration, and quality
improvement). The higher concentrations of the base solutions

have also resulted in lower volume requirements in pediatric
patients.

Although the number of RDDs reported here is small, we
believe that our experience provides evidence that the use of
standardized drug-specific desensitization protocols in a pediatric
population may be able to minimize the errors, and volumes
associated with the administration of smaller pediatric dosing.
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METHODS

We conducted a retrospective chart review of the outcome of
all RDD procedures carried out at the Children’s Hospital of
Philadelphia, a pediatric tertiary care center, between November
2014 and July 2015. The electronic health record was queried for
demographic information, drug allergy information, drug
desensitization protocol used, and outcome of the protocol.
Relevant clinical information was abstracted from the allergy
consult and progress notes. This included patient characteristics
that could be associated with higher risk of reactions specifically
age, sex, the presence of asthma, and severity of previous re-
actions. Other factors that could affect the outcome of the
desensitization procedure such as the use of premedications,
comorbidities, and indication for drug use were also assessed.

The study was approved by our institutional review board and
was conducted in full accordance with all applicable institutional
Research Policies and Procedures and all applicable federal and
state laws and regulations including 45 CFR 46, and the Health
Insurance Portability and Accountability Act (HIPAA) Privacy
Rule. Waiver of consent for this retrospective chart review was
approved by the institutional review board.

Desensitization protocols. Desensitization is considered
for patients when the primary physician/medical team in
conjunction with the Infectious Disease service determines that
the antibiotic is necessary for treatment and no comparable
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alternative is available. The allergy consultant further evaluates
the patient to determine whether the history of reaction and
patient’s clinical status are appropriate for proceeding with drug
desensitization. The use of premedications is dependent on
physician discretion based on the history of reaction and patient
status. When possible, desensitization is performed during
weekday/daylight hours to ensure adequate staffing. Nursing
support should be 1:1 for the patient undergoing desensitization.
Medications required for treatment of any symptoms or
anaphylaxis are requested to be available at the patient’s bedside
and given as needed. These include antihistamines, steroids, al-
buterol, and epinephrine. Oxygen and bag and mask are
requested to be present at the bedside. We use 2 different pumps
for these protocols. These include the Medfusion 4000 Syringe
Pump by Smiths Medical (St. Paul, Minn) and the Alaris Large
Volume Pump by Becton Dickinson (formerly Carefusion)

(Franklin Lakes, NJ).

Outcome. The primary objective of the study was to review
the use of standardized desensitization protocols in a pediatric
population. A specific desensitization was considered “success-
ful” if the drug was tolerated by the patient and continued for
the desired therapeutic duration. If the patient experienced
adverse effects during the desensitization process that led to the
cessation of drug administration, it was considered
“unsuccessful.”
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Protocol for ceftriaxone doses 2 500 mg

Update total mg/DOSE Full Dose: 2000 mg
Concentration 1 0.4|mg/ml
Concentration 2 4img/ml
Concentration 3 40{mg/ml
Step Concentration | Rate (mL/h) | Time (min) | Administered dose (mgu
Ceftriaxone Desensitization (Step 1- 4)
1 1 04 15 0.04
2 1 0.8 15 0.08
3 1 2. 15 02
4 1 4. 15 04
Ceftriaxone Desensitization (Step 5 - 8)
5 2 1. 15 1
6 2 2. 15 2
7 2 4. 15 4
8 2 8. 15 8
Ceftriaxone Desensitization (Step 9 -11)
9 3 2. 15 20
10 3 4. 15 40
11 3 8. 15 80
Ceftriaxone Desensitization (Step 12)
12 | 3 | 159 | 174 1844.28 |
CPOE Order Ordering Dose (mg) Per CPOE Order A dmin-li-ts)tt:rl'e\:ioll’l:rglgn(;ll-i) Oidai
Ceftriaxone Desensitization (Step 1 - 4) 0.72 18
Ceftriaxone Desensitization (Step 5 - 8) 15. 375
Ceftriaxone Desensitization (Step 9 - 11) 140. 35
Ceftriaxone Desensitization (Step 12) 1844 .28 46.107

FIGURE E1. Ceftriaxone desensitization performed on patient P2. CPOE, Computerized physician order entry.
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Protocol for linezolid doses 2 25 mg

Update total mg/DOSE Full Dose: 600{mg
Concentration 1 0.02{mg/ml
Concentration 2 0.2|mg/ml
Concentration 3 2|mg/ml
Step | Concentration | Rate (mL/h) | Time (min) | Administered dose (mg) |
Linezolid Desensitization (Step 1- 4)
1 1 24 15 0.012
2 1 4.8 15 0.024
g 1 12 15 0.06
4 1 24, 15 0.12
Linezolid Desensitization (Step 5 - 8)
5 2 6. 15 0.3
6 2 2! 15 0.6
7 2 24, 15 1.2
8 2 43. 15 24
Linezolid Desensitization (Step 9 -11)
9 3 12. 15 6
10 3 24. 15 12
11 3 48. 15 24
Linezolid Desensitization (Step 12)
12 3 | 9539 | 114 | 553284

Ordering Dose (mg) Per CPOE Total Volume (mL)
CPOE.Qrder Order Administered Per CPOE Order
Linezolid Desensitization (Step 1 - 4) 0.216 10.8 !
Linezolid Desensitization (Step 5 - 8) 4.5 225
Linezolid Desensitization (Step 9 - 11) 42 21
Linezolid Desensitization (Step 12) 553.284 276.642

FIGURE E2. Linezolid desensitization performed on patient P3. CPOE, Computerized physician order entry.
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Protocol for ceftazidime doses 2250 mg

Update total mg/DOSE Full Dose: 1635 mg
Concentration 1 0.1|mg/ml
Concentration 2 1{mg/ml
Concentration 3 100|mg/ml
Step | Concentration | Rate (mL/h) | Time (min) | Administered dose (mg) |
Ceftazidime Desensitization (Step 1- 4)
1 1 1.31 15 0.0327
2 1 262 15 0.0654
3 1 6.54 15 0.1635
4 1 13.08 15 0.327
Ceftazidime Desensitization (Step 5 - 8)
5 2 S22 15 0.8175
6 2 6.54 15 1.635
7 2 13.08 15 3.27
8 2 26.16 15 6.54
Ceftazidime Desensitization (Step 9 -11)
9 3 0.65 15 16.35
10 3 1.31 15 32.7
11 3 262 15 65.4
Ceftazidime Desensitization (Step 12)
12 | 3 | 5.2 | 174 15076989 |

CPOE Order

Ordering Dose (mg) Per CPOE

Total Volume (mL)

Order Administered Per CPOE Order
Ceftazidime Desensitization (Step 1 - 4) 0.589 5886
Ceftazidime Desensitization (Step 5 - 8) 12.263 12.2625
Ceftazidime Desensitization (Step 9 - 11) 114 .45 1.1445
Ceftazidime Desensitization (Step 12) 1507.699 15.076989

FIGURE E3. Ceftazidime desensitization performed on patient P4. CPOE, Computerized physician order entry.
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Protocol for oxacillin doses = 250 mg
2000|mg

1 Update total mg/DOSE Full Dose:
Concentration 1 0.05/mg/ml
Concentration 2 5|mag/ml
Concentration 3 50|mg/ml

Step | Concentration | Rate (mL/h) | Time (min) | Administered dose (mg) |
Oxacillin Desensitization (Step 1- 4)
1 1 32 15 0.04
2 1 6.4 15 0.08
3 1 16. 15 02
4 1 32. 15 04
Oxacillin Desensitization (Step 5 - 8)
5 2 038 15 1
6 2 16 15 2
7 2 32 15 4
8 2 6.4 15 8
Oxacillin Desensitization (Step 9 -11)
9 3 16 15 20
10 3 3.2 15 40
il 3 6.4 15 80
Oxacillin Desensitization (Step 12)
12 | 3 | 1272 | 174 1844.28 |
S R T T or =
Oxacillin Desensitization (Step 1 - 4) 0.72 14 4
Oxacillin Desensitization (Step 5 - 8) i 3
Oxacillin Desensitization (Step 9 - 11) 140. 2.8
Oxacillin Desensitization (Step 12) 1844 28 36.8856

FIGURE E4. Oxacillin desensitization performed on patient P5. CPOE, Computerized physician order entry.

TABLE E1. Color coding on the desensitization calculation sheets

CPOE order no. Color Drug administration steps Concentration of the solution

1 Blue Steps 1-4 Concentration 1 (1/100th or 1/1000th of SC)
2 Green Steps 5-8 Concentration 2 (1/10th or 1/100th of SC)

3 Purple Steps 9-11 Concentration 3 (SC)

4 Orange Step 12 Concentration 3 (SC)

CPOE, Computerized Physician Order Entry; SC, standard concentration.
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