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Introduction
Significant challenges exist related to safe intravenous 

(IV) medication coadministration in the pediatric patient. 
To maintain homeostasis, critically ill pediatric patients 
often require many IV medications. An infant in the 
neonatal intensive care unit may receive 8.5 (±8.3 SD; 
range 1–62) IV medications during a single admission.1 
Children in the pediatric intensive care unit have been 
reported to receive as many as 49 IV medications.2 Due 
to medication-specific challenges in pediatric patients, 
medications are often prepared and administered at 
different concentrations than are typically used for 
adults. These concentrations often vary when compared 
with those used in adult patients, particularly due to 
higher nutrition requirements necessitating a large 
percent of an infant’s total fluid intake to be nutritionally 
effective. Although some data are available for physical 

compatibility of IV medications at concentrations 
commonly used in adults, this information is often not 
available for the medications and/or concentrations 
commonly administered to children. Medication physical 
compatibility can vary based on the concentration of the 
drugs, as well as the duration of the infusion.

Incompatible IV medications may form particles that 
may be visible, but the particles are often not visible 
to the unaided eye. A recent evaluation of particulate 
matter infused in a neonatal intensive care unit demon-
strated that infants may receive up to 85,000 subvisible 
particles from IV medications per day, when receiving 
multidrug IV therapies.3 The infusion of subvisible parti-
cles is implicated in microcirculatory impairment, leading 
to severe complications including pulmonary dysfunc-
tion, cardiovascular arrest and multiorgan failure.4–6 

Studies of IV particle administration in animal models 
have demonstrated acute kidney injury, decreased glo-
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merular filtration rates, and myocardial damage leading 
to reduced coronary blood flow.7,8 Furthermore, the sup-
pression of macrophage and endothelial cell cytokine 
secretion in vitro suggests that infusions of high particle 
loads may have negative immune-modulating effects in 
pediatric patients.9 Particulate contamination of IV fluids 
may have life-threatening consequences in the critically 
ill infant, and coadministering medications that have not 
been evaluated for physical compatibility increases the 
risk of unknowingly administering particles to patients.

Methodology for evaluating particulate matter in in-
jectable products is defined in US Pharmacopeia (USP) 
chapter <788>.10 Light obscuration (LO) and microscopic 
particle count tests are the 2 specific methods within 
the pharmacopeia for quantifying subvisible particles. 
However, use of new analytic techniques such as flow 
imaging (FI) and backgrounded membrane imaging (BMI) 
allow for improved identification of particle morphology. 
They also allow for a more accurate characterization of 
particles in solution and may provide greater insight into 
the particulate being infused.11–13

Pediatric patients often receive multiple IV medica-
tions via Y-site connection, which infuse together through 
a single lumen. This is because it is common to face 
significant challenges related to obtaining and maintain-
ing reliable vascular access in pediatric patients.14 Ad-
ditional vascular line placement presents problems due 
to limited viable access points and added risk with each 
line. These risks include infection, hypervolemia, clots, 
perfusion dysregulation, and extravasation.15–21 Addition-
ally, obtaining additional vascular access often takes a 
significant amount of time and may cause a significant 
delay in critical medication administration.

Due to the relatively slow infusion rates used in pe-
diatric patients, the IV medications can be exposed to 
each other for long periods of time before entering the 
bloodstream. Even if an in-line filter is used, there can 
be significant mixing of the medications downstream of 
the filter before entering the bloodstream. If there were 
physical incompatibilities between the medications, 
there could be sufficient time for particle formation.

In the clinical setting, health care providers are often 
faced with a difficult decision: the risk of coadminister-
ing life-sustaining medications without strong physical 
compatibility data, or the risks and delays associated with 
additional vascular access. The purpose of the current 
study was to determine the physical simulated Y-site 
compatibilities of specific combinations of commonly 
used IV medications at standard pediatric concentrations 
using both existing and novel methods.

Methods
Determination of Combinations to Test. To create a 

list of medication combinations based on institutional 
standard concentrations, we surveyed a group of in-
patient pediatric clinical pharmacists. The pharmacists 
were practicing in a variety of subspecialty areas in 

a freestanding pediatric hospital. The list was then 
reviewed independently by 3 pediatric clinical phar-
macists to evaluate the applicability of any existing 
data using standard search terminology in PubMed 
and Trissel’s 2 Clinical Pharmaceutics database.22 The 
criteria for inclusion of each recommended combination 
in this evaluation were either a lack of existing com-
patibility data for the combination or the existing data 
were for a lower concentration of 1 or both medications 
compared with what is clinically used in practice at the 
study institution.

Preparation of Samples. All preparation of samples 
took place in a USP <797> compliant sterile compound-
ing area in a laminar flow hood by 2 pharmacists with 
sterile IV medication preparation competency. For each 
combination, 3 different sample syringes were pre-
pared, 1 on each day of analysis. Further dilutions from 
manufacturer available concentrations, if required, were 
compounded using standard compounding instructions 
specific to this institution with the manufacturer recom-
mended diluent. Medications tested are listed in Table 
1. Medication concentrations, diluents (if required) and 
the drug-drug combinations tested are listed in Tables 2 
and 3. All samples were prepared in sterile 10 mL Bec-
ton Dickinson (BD) syringes in a 1:1 volume ratio of each 
medication with another commonly used medication us-
ing a fluid dispensing connector (B Braun) or 18-gauge 
needle. To simulate Y-site infusion compatibility, these 
syringes were then incubated at room temperature 
(20°C–22°C) for 4 hours. The pH of the samples was 
tested immediately after mixing and again at the 4-hour 
time point using MilliporeSigma MQuant pH test strips.

Analytical Methods for Particles. Visual inspection 
was the first method performed at the 4-hour time 
points. Each sample (n = 3 for each combination) was 
lightly swirled 4 times and then divided into 3 aliquots, 
1 for each instrumental method. Each aliquot was gently 
swirled 4 more times prior to each instrumental method 
being performed to promote uniform distribution of any 
possible particulates. The number of measurements 
completed for each instrumental method varied and 
was selected to achieve a similar total volume of sample 
analyzed for each instrument.

Visual Inspection. Each of the 3 samples for each 
combinations was visually inspected immediately after 
mixing and at 4 hours using both a white and black 
background by 2 different investigators independently. 
The investigators performing the visual analysis were 
both licensed pharmacists with sterile IV medication 
preparation competency. Visual detection of the forma-
tion of particles, crystals, or cloudiness constituted a 
positive finding of physical incompatibility. Color change 
was visually assessed at both timepoints. Gas formation 
was evaluated as quantity and size (diameter measured 
in millimeters) of bubbles present upon mixing and at 
the 4-hour time point and quantification of any gas ac-
cumulation within the syringe at both timepoints.
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FI Microscopy. We performed microparticle analysis 
in our research lab using FI via FlowCam VS (Yokogawa 
Fluid-Imaging Technologies, Inc) instrument for 3 
samples of each combination. The sample volume per 
run was 250 µL. Samples were run as-is and were not 
diluted, centrifuged, or filtered. The lower particle size 
for analysis was 1 µ (defined as the lower limit of interest 
for this evaluation). A standard water wash protocol was 
used to clean the instrument after each measurement, 
and the number of microparticles measured in “particle-
free” water before each subsequent run was less than 

10 particles/mL. Any silicone oil droplet contaminates 
from the syringe were removed from final particle 
counts with a filter criterion of circularity ≥0.8 and aspect 
ratio of ≥0.8. For each of the 3 samples tested, the 
average particle count was calculated from the values 
from 9 separate measurements for a total analyzed 
volume of 2.25 mL of each sample.

Light Obscuration. Microparticle analysis was 
performed using LO with the HIAC 9703+ (Beckman-
Coulter) instrument for 3 samples of each combination. 
For each analysis, a 1-mL loading volume was used, 

Table 1. Medications Evaluated, Lot Numbers, and Manufacturers

Medication or Diluent Lot Number Manufacturer

Alprostadil C40351 Pfizer

Ampicillin 9A02AS, 0C02AS Athenex Pharmaceuticals

Ampicillin/sulbactam AF1520004-a AuroMedics Pharma

Bumetanide 070075, 030055, 30023, 70103; 18295DD Westward; Hospira

Calcium chloride CE039G0 International Medical Systems Limited

Cefepime 0C0175A42 Apotex

Ceftriaxone LD146579, LD146661 Baxter

Cisatracurium WT005; 08430DD Sandoz; AbbVie

D5W NS 20 mEq KCl Y312371 Baxter

Dexmedetomidine NC133241, NC113241; NC128414 Baxter; Novaplus

Dihydroergotamine OC263A Perrigo

Epinephrine 51081e9 International Medical Systems Limited

Heparin 6020450, 6017918 Fresenius Kabi

Hydromorphone 070953F Teva

Ketamine 171217A Mylan

Lacosamide 910206 UCB, Inc

Lactated Ringer’s y336987 Baxter

Milrinone 05313KL Hospira

Ondansetron M2006276 Accord

Rocuronium KJ5443, KD5770 Sandoz

Sildenafil CSD190003 AuroMedics Pharma

Vancomycin NC1232770, NC133791 Baxter

Vasopressin 345513 PAR Pharmaceuticals

Dextrose 5% 4339506, Y338554 Baxter

Normal saline Y340014, Y342087, V20A07A, Y339537 Baxter

Dextrose 50% 10-200-DK Hospira

Potassium chloride 6022375 Fresenius Kabi

Sterile water for injection 4341561 Baxter
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Table 2. USP <788> Drug-Drug Combination Cumulative Results for USP Method 1 and Method 2* 

Drug 1 Drug 2 USP <788> Method 1 USP <788> Method 2

LO  
10+

LO 
25+

LO 
Result

FI  
10+

FI 
25+

FI 
Result

BMI 10+ BMI 
25+

BMI 
Result

Cisatracurium 
2 mg/mL

Alprostadil 
20 mcg/mL in D5W

11 ± 4 0 ± 1 C 38 ± 16 2 ± 3 I 5 ± 25 1 ± 5 C

Cisatracurium 
2 mg/mL

Ketamine 
10 mg/mL

43 ± 5 1 ± 1 I 130 ± 28 2 ± 3 I 166 ± 23 10 ± 8 I

Cisatracurium 
2 mg/mL

Ampicillin 
30 mg/mL in NS

11 ± 8 0 ± 0 C 101 ± 25 9 ± 7 I 95 ± 106 1 ± 34 I

Cisatracurium 
2 mg/mL

Vasopressin 
1 u/mL in D5W

5 ± 1 0 ± 0 C 36 ± 22 1 ± 3 I 0 ± 15 1 ± 11 C

Cisatracurium 
2 mg/mL

Bumetanide 
0.25 mg/mL

1 ± 2 0 ± 1 C 15 ± 17 1 ± 2 C 8 ± 14 1 ± 16 C

Milrinone 
200 mcg/mL

Alprostadil 
20 mcg/mL in D5W

4 ± 2 1 ± 1 C 72 ± 22 7 ± 5 I 13 ± 24 22 ± 
80

I

Hydromorphone 
0.5 mg/mL in D5W

Bumetanide 
0.25 mg/mL

2 ± 1 0 ± 0 C 36 ± 19 4 ± 5 I 30 ± 23 0 ± 3 I

Dexmedetomidine 
4 mcg/mL

Ketamine 
10 mg/mL

82 ± 6 0 ± 0 I 79 ± 20 4 ± 3 I 139 ± 25 12 ± 10 I

Dexmedetomidine 
4 mcg/mL

Bumetanide 
0.25 mg/mL

4 ± 2 0 ± 0 C 38 ± 20 4 ± 5 I 1 ± 9 2 ± 10 C

Ampicillin/
sulbactam 
20 mg/mL in NS

Heparin 500 u/mL 
in NS

15 ± 4 0 ± 1 C 18 ± 11 0 ± 0 C 7 ± 28 2 ± 13 C

Ampicillin/
sulbactam 
20 mg/mL in NS

Bumetanide 
0.25 mg/mL

5 ± 1 0 ± 0 C 15 ± 9 0 ± 0 C 1 ± 19 1 ± 10 C

Rocuronium 
10 mg/mL

Hydromorphone 
0.5 mg/mL 
in D5W

0 ± 1 0 ± 0 C 34 ± 10 4 ± 5 I 6 ± 8 0 ± 4 C

Rocuronium 
10 mg/mL

Dexmedetomidine 
4 mcg/mL

2 ± 1 0 ± 0 C 48 ± 11 1 ± 3 I 0 ± 10 0 ± 4 C

Rocuronium 
10 mg/mL

Ketamine 
10 mg/mL

57 ± 4 0 ± 1 I 90 ± 46 0 ± 0 I 139 ± 24 7 ± 8 I

Rocuronium 
10 mg/mL

Vasopressin 
1 u/mL in D5W

6 ± 1 0 ± 0 C 18 ± 14 1 ± 2 C 3 ± 14 1 ± 10 C

Rocuronium 
10 mg/mL

Bumetanide 
0.25 mg/mL

1 ± 1 0 ± 0 C 51 ± 14 7 ± 7 I 14 ± 22 1 ± 7 I

Bumetanide 
0.25 mg/mL

Alprostadil 20 
mcg/ml in D5W

4 ± 2 0 ± 0 C 14 ± 7 1 ± 2 C 5 ± 14 1 ± 8 C

Bumetanide 
0.25 mg/mL

Sildenafil 
0.8 mg/mL

1 ± 1 1 ± 1 C 23 ± 21 6 ± 9 I 146 ± 
189

16 ± 10 I

Bumetanide 
0.25 mg/mL

Ampicillin 
30 mg/mL in NS

4 ± 1 0 ± 1 C 33 ± 12 0 ± 0 I 0 ± 17 0 ± 5 C

Bumetanide 
0.25 mg/mL

Heparin 
500 u/mL in NS

25 ± 6 0 ± 0 C 54 ± 20 2 ± 3 I 10 ± 16 1 ± 8 C
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and the sizing bin settings on the instrument were set 
to ≥2, ≥5, ≥10, and ≥25 µm. A standard water wash 
protocol was used after each measurement to clean the 
instrument, and the number of microparticles measured 
in “particle-free” water before each subsequent run 
was less than 10 particles/mL. For each sample, the 
average particle count was calculated from the values 
from 4 measurements for at total analyzed volume of 
4 mL of each sample.

Subvisible Particle Analysis via BMI. Subvisible 
particle analysis was performed using the Horizon 
Subvisible Particle Analysis Instrument (Halo Labs). 
For each measurement, each filter was rinsed with 50 
µL of particle free water and then 500 µL of sample 
pipetted onto the 0.4-µm filter membrane specific to 
this instrument. The filter was dried, washed with 500 
µL of particle free water, dried, and analyzed. Each set 
of images were then analyzed for dust contamination, 
and these particles were manually removed from the 
final particle counts. Each measurement was multi-
plied by 1.587 to correct for the area of the filter disk 
not physically counted. For each sample, the average 
particle count was calculated from the values from 6 
measurements for a total analyzed volume of 3 mL of 
each sample.

Determination of Compatibility. USP <788> method 
1 and 2 were both used to determine compatibility. 
USP <788> Method 1 assessments were performed 
using LO.18 Flow imaging results were assessed using 
USP <788> method 1 criteria, and BMI results were 

assessed using USP <788> method 2 criteria. For this 
evaluation, the particles per milliliter count specified in 
USP <788> for large volume parenterals were used for 
all samples. For FI and LO methods, the combination 
was considered compatible if the total count of particles 
greater than or equal to 10 µm did not exceed 25 
particles/mL and the total count of particles greater 
than or equal to 25 µm did not exceed 3 particles/mL. 
Combinations evaluated with BMI were considered 
physically compatible if they fell within the USP <788> 
particle count limits of less than or equal to 12 particles/
mL >10 µm, and less than or equal to 2 particles/mL 
over 25 µm.10

Results
Twenty-nine different combinations of medications 

were tested. None of the samples tested required 
further dilution for particle counting on any of the 
instruments. Particle counts for each combination 
and method are reported in Tables 2 and 3. None of 
the samples analyzed met criteria for incompatibility 
based on visual inspection. The pH measurements 
for all samples did not vary between timepoints. No 
color change or gas formation was noted on visual 
inspection.

Five combinations met the criteria for compatibility 
across all 3 instrumental methods. These combinations 
included the following: 1) cisatracurium 2 mg/mL with 
bumetanide 0.25 mg/mL; 2) ampicillin/sulbactam 20 

Table 2. USP <788> Drug-Drug Combination Cumulative Results for USP Method 1 and Method 2* cont

Bumetanide 
0.25 mg/mL

Epinephrine 
100 mcg/mL

5 ± 2 0 ± 0 C 100 ± 12 10 
± 5

I 56 ± 22 2 ± 6 I

Bumetanide 
0.25 mg/mL

Calcium chloride 
100 mg/mL

15 ± 9 0 ± 1 C 7 ± 6 0 ± 0 C 134 ± 
125

6 ± 16 I

Vancomycin 
5 mg/mL in NS

Ceftriaxone 
40 mg/mL in D5W

2 ± 1 0 ± 0 C 26 ± 14 1 ± 2 I 28 ± 25 2 ± 8 I

Vancomycin 
5 mg/mL in NS

Cefepime 
40 mg/mL in NS

30 ± 10 0 ± 0 I 691 ± 51 47 ± 
13

I 258 ± 
43

17 ± 13 I

Vancomycin 
5 mg/mL in NS

Lacosamide 
10 mg/mL

4 ± 1 0 ± 0 C 27 ± 11 3 ± 5 I 16 ± 19 1 ± 4 I

Calcium chloride 
100 mg/mL

D20 1/2 NS with 
20 mEq/L KCl

1 ± 1 0 ± 0 C 14 ± 7 0 ± 0 C 36 ± 28 0 ± 7 I

Dihydroergotamine 
4 mcg/mL in NS

D5WNS with 
20 mEq/L KCl

3 ± 1 0 ± 0 C 52 ± 17 3 ± 3 I 30 ± 11 6 ± 2 I

Dihydroergotamine 
4 mcg/mL in NS

Ondansetron 
2 mg/mL

10 ± 5 0 ± 0 C 51 ± 29 2 ± 3 I 29 ± 15 9 ± 6 I

Ceftriaxone 
40 mg/mL in D5W

Lactated Ringer’s 1 ± 1 0 ± 0 C 27 ± 13 1 ± 3 I 15 ± 20 2 ± 5 I

10+ and 25+, particles over 10 and 25 µm in size, respectively; BMI, backgrounded membrane imaging; C, compatible; D5W, 5% dextrose in water; 
FI, flow imaging; I, incompatible; KCl, potassium chloride; LO, light obscuration; NS, normal saline; USP Methods 1 and 2, see text for details.

*  Compatible per USP <788>, but incompatible by FlowCam imaging. Numeric data are presented as particles per milliliter, mean ± SD.
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mg/mL in normal saline (NS) with heparin 500 unit/mL 
in NS; 3) ampicillin/sulbactam 20 mg/mL in NS with 
bumetanide 0.25 mg/mL; 4) rocuronium 10 mg/mL with 
vasopressin 1 unit/mL; and 5) bumetanide 0.25 mg/mL 
with alprostadil 20 mcg/mL in 5% dextrose in water 
(D5W). The remaining 24 combinations reached the 
threshold to be considered incompatible by at least 
1 of the 3 instrumental methods. The combinations that 
met criteria for incompatibility across all 3 methods 
were cisatracurium 2 mg/mL with ketamine 10 mg/mL, 
dexmedetomidine 4 mcg/mL with ketamine 10 mg/
mL, rocuronium 10 mg/mL with ketamine 10 mg/mL, 
and vancomycin 5 mg/mL in NS with cefepime 40 mg/
mL in NS. Results are compiled in Table 3 with author 
recommendations.

Light obscuration identified 4 of the 29 (14%) 
combinations as incompatible. Subvisible particle 
analysis via BMI identified physical incompatibility in 
59% of combinations (17 of 29). Flow imaging identified 
76% of combinations tested (22 of 29) as incompatible. 
All of the samples deemed incompatible by LO were 
also found to be incompatible by the other 2 methods 
as well. Flow imaging and BMI results agreed in 20 of 
the 29 samples tested (69%).

Discussion
USP <788> methods 1 and 2 were both evaluated 

in this study to ensure accuracy in the findings. Flow 
imaging was used in conjunction with LO to assess 
combinations using USP <788> method 1 criteria, while 

Table 3. Drug-Drug Combinations by Compatibility

Drug 1 Drug 2 LO 
Result

FI 
Result

BMI 
Result

Author 
Recommendations

Compatible by all instruments
 Cisatracurium 2 mg/mL
 Ampicillin/sulbactam 20 mg/mL in NS
 Ampicillin/sulbactam 20 mg/mL in NS
 Rocuronium 10 mg/mL
 Bumetanide 0.25 mg/mL

Bumetanide 0.25 mg/mL
Heparin 500 u/mL in NS
Bumetanide 0.25 mg/mL
Vasopressin 1 u/mL in D5W
Alprostadil 20 mcg/ml in D5W

C
C
C
C
C

C
C
C
C
C

C
C
C
C
C

Compatible at Y-site

Incompatible by all instruments
 Cisatracurium 2 mg/mL
 Dexmedetomidine 4 mcg/mL
 Rocuronium 10 mg/mL
 Vancomycin 5 mg/mL in NS

Ketamine 10 mg/mL
Ketamine 10 mg/mL
Ketamine 10 mg/mL
Cefepime 40 mg/mL in NS

I
I
I
I

I
I
I
I

I
I
I
I

Incompatible at 
Y-site

Incompatible by 2 instruments, 
compatible by 1
 Cisatracurium 2 mg/mL
 Milrinone 200 mcg/mL
 Hydromorphone 0.5 mg/mL in D5W
 Rocuronium 10 mg/mL
 Bumetanide 0.25 mg/mL
 Bumetanide 0.25 mg/mL
 Vancomycin 5 mg/mL in NS
 Vancomycin 5 mg/mL in NS
 Dihydroergotamine 4 mcg/mL in NS
 Dihydroergotamine 4 mcg/mL in NS
 Ceftriaxone 40 mg/mL in D5W

Ampicillin 30 mg/mL in NS
Alprostadil 20 mcg/mL in D5W
Bumetanide 0.25 mg/mL
Bumetanide 0.25 mg/mL
Sildenafil 0.8 mg/mL
Epinephrine 100 mcg/mL
Ceftriaxone 40 mg/mL in D5W
Lacosamide 10 mg/mL
D5WNS with 20 mEq/L KCl
Ondansetron 2 mg/mL
Lactated Ringer’s

C
C
C
C
C
C
C
C
C
C
C

I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

High risk of being 
incompatible 
at Y-site, not 
recommended to 
infuse together

Incompatible by 1 instrument, 
Compatible by 2
 Cisatracurium 2 mg/mL
 Cisatracurium 2 mg/mL
 Dexmedetomidine 4 mcg/mL
 Rocuronium 10 mg/mL
 Rocuronium 10 mg/mL
 Bumetanide 0.25 mg/mL
 Bumetanide 0.25 mg/mL
 Bumetanide 0.25 mg/mL
 Calcium chloride 100 mg/mL

Alprostadil 20 mcg/mL in D5W
Vasopressin 1 u/mL in D5W
Bumetanide 0.25 mg/mL
Hydromorphone 0.5 mg/mL in 
D5W
Dexmedetomidine 4 mcg/mL
Ampicillin 30 mg/mL in NS
Heparin 500 u/mL in NS
Calcium chloride 100 mg/mL
D20 1/2 NS with 20 mEq/L KCl

C
C
C
C
C
C
C
C
C

I
I
I
I
I
I
I
C
C

C
C
C
C
C
C
C
I
I

Inconclusive. Data 
are inconsistent 
but evidence 
of potential 
incompatibility 
exists. Avoid co-
infusion of these 
combinations at 
Y-site whenever 
possible.

BMI, backgrounded membrane imaging; C, compatible; D5W, 5% dextrose in water; FI, flow imaging; I, incompatible; KCl, potassium chloride; 
LO, light obscuration; NS, normal saline
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USP <788> method 2 criteria were assessed using BMI. 
Notably, FI and BMI are not specifically recommended 
by USP <788>. There are inconsistent results between 
methods, which presents a conundrum regarding 
the optimal method for evaluation, and each method 
presents limitations. However, the combination of all data 
has shed light on particle levels that would be infused 
into patients.

In the United States, USP <788> is the governing 
standard to address physical stability and particulate 
thresholds for aqueous parenterally delivered medica-
tions. The recommended threshold for small volume 
parenteral products (less than 100 mL) lists the accept-
able particle count to be less than or equal to 6000 
or 3000 particles greater than or equal to 10 µm in 
methods 1 and 2, respectively, and less than 600 or 300 
particles greater than or equal to 25 µm per container. 
However, for large volume parenterals (greater than 
100 mL volume) the particles per container thresholds 
were changed to be particle per milliliter thresholds.10 
Importantly, using USP <788> method 1 criteria, a 99-
mL container of a medication would be allowed to have 
6000 particles of ≥10 µm in diameter, whereas a 101-mL 
container would have a limit of only 2525 particles of the 
same size. A similar phenomenon occurs when applying 
method 2 thresholds to the same samples. If we were to 
follow USP <788> particle limits for small volume paren-
terals, the majority of the data presented here could be 
considered “compatible.” However, there is concern that 
the standards presented in the USP <788> may not be 
conservative enough to protect neonatal and pediatric 
patients. Supporting data for these USP <788> thresholds 
could not be found, and thus use of the more stringent 
particle per milliliter thresholds were used in this study.

The rationale for the application of particle per milliliter 
thresholds in this evaluation is multifaceted. Pediatric 
patients require weight-based dosing, which leads to the 
significant volume variation of each patient-specific dose. 
It is rare that a pediatric patient would receive an entire 
container of a manufacturer-supplied medication. Addi-
tionally, the clinical effect of the total particle exposure 
by weight of a 10-mL vial of a medication is significantly 
different in a patient that weighs 0.7 kg compared with 
a 70-kg adult. There are safety concerns related to the 
ability of premature neonates to process particulates in 
solutions as efficiently as adults, and the particle per mil-
liliter counts are more stringent when applied to smaller 
volume infusions. To be able to accurately compare the 
exposure of patients with weights that range from 0.5 
kg to 100 kg accurately, a unifying denominator such as 
mL is required for clinical interpretation.

Particles in high quantities or those with large di-
ameters have the potential to be more devastating in 
small infants and children compared with adults, due to 
smaller pulmonary capillary size and relatively large fluid 
intake relative to their body weight.23,24 Because of the 
administration challenges specific to pediatric patients 

and the clinical risk associated with particle infusions, 
FI and BMI instrumental methodologies were used to 
assess USP <788> methods 1 and 2, despite a lack of 
precedent for either method in USP <788> guidelines. 
In this evaluation, these 2 methods demonstrated much 
higher accuracy for identifying particulates in solution 
when compared with LO.

Medication administration challenges in pediatric pa-
tients are numerous. Specific to this study, the slow rate 
of infusion necessitated by dosing in infants and children 
can lead to a prolonged exposure time of medications 
to each other in the tubing prior to reaching the patient. 
In 1 evaluation of in-line filters following 72 hours of use 
in 9 different patients in a pediatric intensive care unit, 
the majority of particles identified were between 5 and 
50 µm in diameter.9 The capillary diameter in lung tissue 
of infants and children is thought to be somewhere be-
tween 5 and 9 µm.23 Five to 9-µm particle thresholds are 
not addressed by USP <788> and thus are not reported 
in this evaluation. However, it is worth noting that these 
particles may have the potential to cause harm when 
infused into pediatric patients.

Additionally, infusion of large particles may cause 
physical obstruction, a theory that is supported by re-
search performed by Puntis et al24 demonstrating that 
particles in parenteral nutrition were implicated in the 
formation of granulomatosis arteritis in 73 infants. Due 
to the risk of multisystem organ failure, systemic inflam-
matory response syndrome, pulmonary toxicity, and 
even death related to incompatible medications being 
infused together, it is advisable to use caution when 
assessing compatibilities for a clinical setting. Incorpora-
tion of more sensitive analysis methods such as FI and 
BMI may be more appropriate to accurately determine 
physical compatibility.

However, it is worth noting the sometimes inconsis-
tent results between LO, FI, and BMI technologies that 
were identified in this study. One notable inconsistency 
of these data is the instances in which higher particle 
counts were identified using BMI when compared with 
FI or LO. For medications mixed with higher dextrose 
containing fluids (15% dextrose containing solutions and 
above), this may be explained by the refractive index of 
the solution, leading to a failure to detect particles using 
method 1 instruments like FI and LO.25 For dextrose-free 
combinations and those with lower dextrose percent-
ages, particles might break apart due to the turbulence 
of fluid being pulled through the flowcells for FI and LO 
compared with the relatively gentle application process 
of plating samples onto filter disks used with BMI.

Another inconsistency found in these data is in specific 
samples in which testing using LO or FI demonstrated 
a higher particle count when compared with BMI. One 
theory behind this discrepancy may be related to silicone 
oil particles passing easily through the membrane filters 
used for BMI, as demonstrated by Helbig et al.26 Despite 
digital filter-based corrections for silicone oil counts with 
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FI results, some silicone oil droplets may remain present 
in the FI data, and corrections for silicone oil are not 
available for LO data.

Additionally, simulated Y-site compatibility testing 
using a 1:1 mixture within a syringe does not account 
for physicochemical interactions that may occur during 
actual IV administration, including interactions between 
the medication and the IV tubing. Recent publications 
have demonstrated a difference in physical drug com-
patibilities in simulated Y-site testing compared with 
actual Y-site compatibility testing.27 This is a limitation of 
this evaluation, and in the future warrants actual Y-site 
evaluation to determine compatibility while considering 
interactions between the IV tubing and the medications 
evaluated. An additional limitation of this evaluation is 
that chemical compatibility testing was not performed.

A final limitation of this study relates to standard pe-
diatric continuous infusion concentrations. Most medi-
cations tested in this study comply with the American 
Society of Health-System Pharmacists recommenda-
tions, however the concentrations tested for alprostadil, 
heparin, and epinephrine were more concentrated than 
recommended for pediatric patients.28 These concen-
trations were selected based on the highest-possible 
concentration available at the study institution to support 
clinically appropriate extrapolation to concentrations 
lower than those reported.

Applying USP <788> methods clinically to pediatric 
pharmacy practice brings to light clinical and analytical 
controversies. Are current LO and microscopy methods 
the most appropriate to use to test the compatibility of 
medication combinations? Additionally, are the current 
USP <788> particle count thresholds still applicable 
given the increased particle detection rates of instru-
mental methods now available? The USP chapter offers 
no explanation as to where the existing particle count 
thresholds originated, why method 1 has particle count 
limits that are essentially double that of method 2, or 
why large volume parenterals are held to a different 
standard when compared with small volume parenter-
als. Regardless, we feel that results of incompatibility 
from any method used should preclude clinical use of a 
medicine combination for all patients, and for neonates 
and small infants in particular.

This report evaluated medication combinations at spe-
cific concentrations used for pediatric patients. Although 
any incompatibility noted in our evaluation would likely 
suggest a similar physical incompatibility in clinical prac-
tice, it is difficult to fully extrapolate this laboratory-based 
data to the clinic without further chemical compatibility 
testing. However, knowledge of physical compatibilities 
of these medications is a step forward in improving clini-
cal outcomes and reducing IV access requirements in 
pediatric patients.
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