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Pentoxifylline (PTX) is reported to provide beneficial
outcomes in the treatment of neonatal sepsis and seri-
ous inflammatory conditions.1,2 In the neonatal inten-
sive care setting, PTX is administered by intravenous
(IV) infusion and is routinely co-administered via Y-
site with other parenteral medications and/or fluids.
Although the physicochemical compatibility of PTX with
a range of parenteral drugs, IV fluids, and lipid-free
parenteral nutrition solutions has been reported, there
is an emerging demand for more PTX compatibility
data against previously untested medications (ampicillin,
cloxacillin, fentanyl, fluconazole, furosemide, hydrocor-
tisone, and ibuprofen lysine) and high-concentration IV
drugs (alprostadil, dopamine, epinephrine, midazolam, mil-
rinone, morphine, and norepinephrine) which may be
used in fluid-restricted, vulnerable patients.3–5 In order to
address this requirement for contemporary information, we
investigated the physical and chemical compatibility of
PTX with a panel of 20 drugs, in 51 PTX-drug combina-
tions.
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Pentoxifylline injection (Trental; Sanofi, Italy) was diluted
1 in 4 with 0.9% w/v sodium chloride injection to achieve a
clinically relevant test concentration of 5 mg/ml. Parenteral
medications were prepared and/or diluted in accordance
with the manufacturers’ instructions or standard neonatal
clinical protocols. Medications that required reconstitution
were filtered prior to mixing. An established procedure,
including a validated, stability-indicating high-performance
liquid chromatography (HPLC) assay was used for eval-
uating the physical and chemical compatibility of the
PTX-drug combinations at room temperature.3,4,6 Briefly,
clear glass vials with impermeable lids were used for each
combination of drugs and the respective control solutions:

∙ PTX solution and the test drug solution were combined
1:1 in each of the four vials;

∙ PTX solution was diluted 1:1 with 0.9% w/v sodium
chloride injection (n = 4 vials) as the reference solution
for the purposes of visual comparison and HPLC assay,
and;
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∙ The test drug solution was diluted 1:1 with the appli-
cable diluent (n = 4 vials) for the purpose of visual
comparison.

All vials were gently mixed and inspected at 5, 15, and 60
min for physical compatibility. Chemical compatibility of
all 51 drug mixtures was determined at 60 min on the basis
of the PTX concentration ratio of PTX plus test drug to
PTX reference solution. Visual observation and chemical
compatibility testing also occurred at 2 hours for 10 test
drug solutions (22 combinations) at the highest concentra-
tion or if prolonged Y-site mixing in the clinical setting was
plausible. The ratio of the mean peak areas was determined
and the 95% confidence interval (CI) of the ratio was cal-
culated using the confidence limits from a two-sided t-test
(α = 0.05; SigmaPlot v14.5; Systat Software, San Jose,
CA). Further details of the method are provided in File S1.

No precipitation, color change, or turbidity was observed
in any of the test mixtures, indicating PTX was physically
compatible with the test drugs. This finding is consistent
with previous reports and in the context of our chemical
compatibility data, reflects the importance of determining
both the physical and chemical compatibility of IV drug
combinations, irrespective of the mode of administration.3,4

PTX concentration ratio data are shown in Table 1. Six
of the drugs not previously tested (cloxacillin, fentanyl,
fluconazole, furosemide, hydrocortisone, and ibupro-
fen lysine) were shown to be compatible with PTX,
although our results indicated it may be preferable to
dilute ibuprofen lysine in 5% w/v glucose, rather than
0.9% w/v sodium chloride injection. Eight drugs tested at
higher concentrations or in different diluents than previous
studies (aciclovir, alprostadil, epinephrine, midazolam,
milrinone, norepinephrine, phenobarbitone, and
piperacillin/tazobactam) were compatible with PTX.3,4

Overall, the concentration ratios for all of these combina-
tions were in the range of 99.0%‒100.9%, and the 95% CI
spanned 100%, indicating there was no difference in PTX
concentration between the combination and PTX reference
solution.

One notable issue of concern was the incompatibility of the
two aminopenicillins with PTX injection (Table 1). Amox-
icillin (100 mg/ml) was previously reported to be incom-
patible with PTX3; however, we considered it prudent to
compare ampicillin (hitherto untested) and amoxicillin in
the present study. We found the PTX concentration was
approximately 3% and 4% lower when combined with
ampicillin 100 mg/ml and amoxicillin 100 mg/ml, respec-
tively, compared to control, after 1 h. Although further
investigation of the cause(s) of this apparent incompati-
bility was beyond the scope of our study, we recommend

avoiding co-administration of PTX with amoxicillin or
ampicillin.

Dopamine hydrochloride (1.2 mg/ml in 0.9% w/v sodium
chloride injection) was previously shown to be incom-
patible with PTX and our current findings were similar
for dopamine 1.6 mg/ml in 0.9% w/v sodium chloride
(Table 1).3 However, when diluted in 5% w/v glucose injec-
tion, dopamine (1.6 mg/ml) was compatible with PTX. At
the higher concentration of 7.2 mg/ml, there was no dif-
ference between the two diluents, although the 95% CI of
the concentration ratios (99.2%) did not span 100% after
two hours, thus indicating a statistically significant differ-
ence compared to controls. Nevertheless, based on these
results, we conclude there is no clinically significant risk
when dopamine hydrochloride is diluted in 5% w/v glu-
cose injection and co-administered via Y-site with PTX
injection.

Morphine hydrochloride and morphine sulfate 500 µg/ml
in 5% w/v glucose, 10% w/v glucose, and 0.9% w/v
sodium chloride were compatible with PTX injection, how-
ever, results were mixed for morphine hydrochloride and
morphine sulfate 200 µg/ml (Table 1). Combined with pre-
vious data, we conclude it would be preferable to dilute
morphine hydrochloride and morphine sulfate in 5% w/v
glucose injection. Dilution in 10% w/v glucose or 0.9%
w/v sodium chloride showed modest reductions in con-
centration ratios (1%‒2% compared to control) and most
likely presents no clinically significant risk when morphine
is co-administered via Y-site with PTX injection for up to
1 h.3,4

A confounding result in our current study was the unequiv-
ocal compatibility of undiluted calcium gluconate injection
(100 mg/ml) with PTX injection (Table 1). Previously,
we found that PTX was compatible with diluted calcium
gluconate injection (50 mg/ml, a concentration used in
the neonatal setting); however, the PTX concentration
was approximately 5% lower when mixed with calcium
gluconate 100 mg/ml for 1 h.4 In the present study, we
tested the combination on two separate occasions (n = 10)
and extended the mixture time to two hours, with consistent
results evident from the tight 95% CI of the concentration
ratio. Whilst we are unable to elucidate the reasons for
these conflicting data, we conclude it is reasonable to
indicate that PTX is compatible with diluted and undiluted
calcium gluconate injection.

Potential limitations of the present study were the mod-
est range of physical compatibility tests we were able to
perform and conducting HPLC analysis only for the pri-
mary drug (PTX). Turbidity and pH measurements are
commonly conducted in physical compatibility studies
and have been reported in physicochemical compatibility
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TABLE 1 Ratio of pentoxifylline (PTX) concentration when combined with the test drug, compared to PTX standard solution

(2.5 mg/ml)

Drug
Test
concentration Diluent PTX ratio (%) 95% CI of the ratio

Acyclovir (mg/ml) 5 D5W 99.5 98.9‒100.1

Alprostadil (µg/ml)† 10 NS 99.9 99.4‒100.5

Alprostadil (µg/ml)† 20 NS 99.9 99.5‒100.3

Amoxicillin (mg/ml) 100 WfI 95.8 95.0‒96.6

Ampicillin (mg/ml) 100 WfI 96.9 95.6‒98.2

Calcium gluconate (mg/ml)†‡ 100 U 99.7 99.3‒100.0

Cloxacillin (mg/ml) 100 WfI 100.1 99.1‒101.1

Dopamine (mg/ml) 1.6 NS 97.6 95.9‒99.2

Dopamine (mg/ml) 1.6 D5W 99.3 98.7‒100.7

Dopamine (mg/ml)† 7.2 NS 99.2 98.7‒99.7

Dopamine (mg/ml)† 7 D5W 99.2 99.0‒99.4

Epinephrine (µg/ml)† 25 D5W 99.8 99.1‒100.4

Epinephrine (µg/ml)† 50 D5W 99.5 98.8‒100.1

Fentanyl (µg/ml) 5 D5W 100.0 98.7‒101.3

Fentanyl (µg/ml) 25 D5W 99.2 97.4‒101.0

Fentanyl (µg/ml) 50 U 100.1 99.6‒100.6

Fluconazole (mg/ml)‡ 2 NS 99.4 98.8‒100.1

Furosemide (mg/ml)† 1 NS 100.0 99.7‒100.3

Furosemide (mg/ml)† 1 D5W 99.6 99.2‒100.0

Hydrocortisone (mg/ml) 2 NS 99.2 97.9‒100.5

Ibuprofen lysine (mg/ml) 4 NS 99.3 98.9‒99.8

Ibuprofen lysine (mg/ml) 4 D5W 100.4 99.1‒101.8

Midazolam (µg/ml) 120 D5W 99.4 98.6‒100.2

Midazolam (µg/ml) 120 D10 99.1 98.0‒100.2

Midazolam (µg/ml) 500 D5W 99.8 99.5‒100.1

Midazolam (µg/ml)‡ 500 D10 99.7 99.5‒99.9

Midazolam (mg/ml)† 1 U 99.7 99.4‒100.1

Midazolam (mg/ml)†§ 1 NS 99.0 97.5‒100.5

Midazolam (mg/ml)†§ 1 D5W 99.8 99.3‒100.4

Milrinone (µg/ml) 200 NS 99.3 98.5‒100.1

Milrinone (µg/ml) 200 D5W 100.0 99.0‒101.0

Milrinone (µg/ml)† 400 NS 100.2 99.2‒101.3

Milrinone (µg/ml)†‡ 400 D5W 100.1 99.7‒100.5

Morphine hydrochloride (µg/ml) 200 NS 99.2 98.8‒99.7

Morphine hydrochloride (µg/ml) 200 D10 97.9 97.2‒98.5

Morphine hydrochloride (µg/ml)† 500 NS 99.9 99.2‒100.6

Morphine hydrochloride (µg/ml)† 500 D5W 99.4 98.8‒100.0

Morphine hydrochloride (µg/ml)† 500 D10 100.3 99.8‒100.7

Morphine sulfate (µg/ml) 200 NS 98.3 97.1‒99.6

Morphine sulfate (µg/ml)‡ 200 D10 100.4 99.8‒101.0

Morphine sulfate (µg/ml)† 500 NS 100.3 100.0‒100.5

Morphine sulfate (µg/ml)† 500 D5W 100.2 99.8‒100.6

(Continues)
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TABLE 1 (Continued)

Drug
Test
concentration Diluent PTX ratio (%) 95% CI of the ratio

Morphine sulfate (µg/ml)† 500 D10 100.9 99.7‒102.1

Norepinephrine (µg/ml)‡ 12 D5W 99.7 99.1‒100.2

Norepinephrine (µg/ml)† 64 D5W 100.1 99.5‒100.6

Norepinephrine (µg/ml) 12 NS 99.5 98.3‒100.7

Norepinephrine (µg/ml)† 64 NS 99.3 98.7‒100.0

Phenobarbitone (mg/ml) 20 NS 99.8 99.2‒100.4

Phenobarbitone (mg/ml) 20 D5W 99.9 99.1‒100.7

Piperacillin/tazobactam (mg/ml) 80 D5W 100.2 99.9‒100.5

Piperacillin/tazobactam (mg/ml) 200 WfI 100.5 99.6‒101.5

Results in bold indicate a statistically significant difference, whereby the 95% CI of the ratio did not span 100% (t-test).
Abbreviations: CI, confidence interval; D5W, 5% w/v glucose injection; D10, 10% w/v glucose injection; NS, 0.9% w/v sodium chloride injection; PTX,
pentoxifylline; U, undiluted; WfI, water for injection.
†Duration of mixture contact time = 2 h (contact time for all other combinations = 1 h).
‡n ≥ 8 (all other combinations n = 4).
§Midazolam 5 mg/ml diluted with NS/D5W; all other combinations were dilutions of midazolam 1 mg/ml injection.
¶Pentoxifylline injection was diluted in 0.9% w/v sodium chloride injection to a final concentration of 5 mg/ml to combine with the test drug solution.
Pentoxifylline standard solution (control) for HPLC assay was further diluted to 2.5 mg/ml.

investigations.7–11 However, there are resource implica-
tions for these tests, not least the requirement for large
sample volumes (typically > 10 ml), which is problem-
atic for expensive drugs. Furthermore, the intrinsic value
of some physical compatibility tests is unclear and inter-
pretation or specification limits may be inconsistent12; for
example, in regard to pH unit shift.9–11 In regard to quanti-
fying only the PTX concentration, we have assumed that
physicochemical incompatibility would be the result of
interaction between the two drugs and should be detected
by the HPLC assay of the primary drug. Although there
may be value in quantifying the secondary drug if chem-
ical incompatibility is detected or suspected, a significant
impediment to quantifying all of the secondary drugs would
be developing and validating HPLC assays for the full range
of drugs. A further limitation of the present study was the
use of 1:1 mixing ratios, which is a well-established and
commonly reported method for simulated Y-site compat-
ibility studies.7,8,10,13 By comparison, there are reports of
both 1:1 and 1:4, or 1:1 and 1:10, mixing ratios of IV
drugs, and compatibility studies of parenteral nutrition flu-
ids with IV drugs where 1:1 and a range of mixing ratios
(1:2–1:100) have been investigated to simulate extremes of
high/low infusion rates of the individual components.14–18

Although our study was designed to simulate the neona-
tal setting, where extremes in drug concentrations can be
greater than the range of IV infusion rates, there may be
clinical scenarios where both the conventional 1:1 mixing
ratio of a range of IV drug concentrations and a modest
range of mixing ratios is required in Y-site compatibil-

ity studies. Notwithstanding the limitations outlined above,
by combining conventional visual observation with HPLC
analysis for evaluation of chemical compatibility, we con-
sider our study design provides acceptable evidence of
physicochemical compatibility in the context of simulated
Y-site investigations, and our results will help to address
the reported paucity of IV compatibility data.12,19,20

In conclusion, our physicochemical compatibility testing
of pentoxifylline with 20 parenteral medications used in
neonatal care settings showed that ampicillin and amox-
icillin should be classified as incompatible. All other
drugs may be considered compatible, although glucose
5% w/v was the preferable diluent for dopamine and
morphine. Combined with previous studies, the physico-
chemical compatibility of pentoxifylline has been tested
against more than 40 drugs in over 100 combinations of
various concentrations and diluents.3,4
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