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OgJecTIVE Preparation of drug solutions used with electronic syringe infusion pumps plays a crucial role
in the delivery of an accurate drug concentration. Is there a correlation between drug concentrations
during syringe pump infusion and preparation protocols?

MetHoD Norepinephrine, insulin, and sufentanil were prepared in 3 different ways: (1) the drug was
taken from the vial, then the solvent was added followed by an air bubble, and mixing was performed by
turning the syringe top-to-bottom in a 180° shaking movement 5 consecutive times; (2) the drug was
taken from the vial, then the solvent was added and not mixed; and (3) the solvent was taken from a stock
solution, then the drug was added and not mixed. Concentrations of drugs were determined at different
times during administration by reverse-phase high-performance liquid chromatography with ultraviolet
detection. All analyses were performed in triplicate and were based on measurement of peak areas.
Resurts With no shaking of the syringe, the concentration of the injected drugs varies widely. In any case,
mixing of the syringe contents by turning the syringe in a top-to-bottom 180° shaking movement 5 times
with an air bubble would ensure administration of the drug at a constant concentration.

Concrusions Without mixing, the concentrations of all drug solutions varied widely when administered via an
electronic syringe infusion pump. Mixing syringe contents should be made part of the compulsory curriculum
for administering medications at all levels of medical education. (Critical Care Nurse. 2016;36[4]:36-45)

he use of electronic syringe infusion pumps to administer therapeutic agents is common

practice in hospitals, particularly among patients who require slow injection treatments. For

these patients and their practitioners, it is crucial that the administration of drugs (especially for
those having a small therapeutic index) via the syringe pump be consistent, predictable, and reliable. It
has been documented that when, for instance, catecholamine blood concentration varies even for a short
time, there is a strong adverse effect on patients.™ Thus, it stands to reason that the use of syringe infusion

©2016 American Association of Critical-Care Nurses doi: http://dx.doi.org/10.4037/ccn2016756

36  CriticalCareNurse Vol 36, No. 4, AUGUST 2016 www.ccnonline.org



pumps for any such time-lapsed drug administration must
be reliably stable and accurate throughout the procedure.”

In current practice, it is nurses who are responsible
for preparing and administering drugs via syringe pumps,°
but the steps between the prescription and administra-
tion of the drug involve many participants, not only nurses.
This multiplicity of actors and actions increases the
risk of error.” Thus, researchers in several studies have
reported large differences between the expected concen-
trations of the drug and the concentrations delivered.®

Material factors that have been identified as poten-
tial causes of drug-concentration discrepancies with
syringe pumps include nonstandardized use of equip-
ment such as tubes, valves, injectors, and syringes.”"!
Documented human causes of inconsistent drug con-
centrations include drug mislabeling and improper
manipulation of syringes.*** Errors often found include
confusion between 2 products and poor transcription of
the prescription, all exacerbated by stress and fatigue.”
Calculation errors and dilutions are also cited as contrib-
uting factors in failure rates.'*"
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To reduce the incidence of these types of negative
interventions, several authors recommend the standard-
ization or even centralization of preparation of drugs to
be administered via a syringe pump.'**'

In a study® on intravenous administration of an aque-
ous potassium solution, researchers reported that mixing
of the solution was crucial.** The notion of stirring a med-
ication to prepare it for administration is found more
often in the case of a powder to be diluted. Control of
the dissolution can be visual. Authors rarely discuss agi-
tation of drug solutions in their preparation protocols.*

In another recent study** conducted in 100 French
nursing schools, researchers reported a variance in rec-
ommended approaches being taught in preparation of
drugs for infusion via a syringe pump: 40% of instructors
recommended taking an aliquot portion of the drug
before mixing it with the solvent, 24% recommended
filling the syringe first with the solvent and then with
the drug, and 32% did not recommend any particular
method. Once both drug and solution were in the syringe,
only 26% recommended shaking the solution, but with-
out any specified method for doing so.* In the same study,
the researchers also tracked 100 nurses working in hos-
pitals and reported that 64% of these nurses took an ali-
quot of the drug before the solvent, 18% did the inverse,
and 18% were unaware of their method. Among these 100
professionals, once the drug and solution were in the
syringe, only 34% used a mechanical method to mix it.**

These results motivated this study: Is there a correla-
tion between preparation protocols and drug concentra-
tions during administration by syringe pump? If so, as we
postulate and demonstrate here, recommendations must
be disseminated among health professionals for more reli-
able, safe, and efficient infusion of drugs by syringe pump.

Methods
Drugs Tested

Three compounds that met the following 3 key criteria

were chosen for testing:

* Use of the drug requires a syringe pump.

* Dilution of the drug in a solvent is necessary.

* The drug has a narrow therapeutic index, which
requires strong control of the drug concentration
to avoid adverse effects on the patient.

Norepinephrine is often used in emergency depart-

ments for patients with hemodynamic instability. Thus
delivery of norepinephrine must be stable and at a con-
stant concentration. Norepinephrine (8 mg, 4 mL) must
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Table 1 Products used for the study and presentation

Generic name Commercial name Laboratory Concentration
Norepinephrine Noradrenaline Mylan 2 mg/mL
Insulin Umuline Lilly 100 IU/mL
Ropivacaine Ropivacaine KABI Fresenius 2 mg/mL
Sufentanil Sufentanil Renaudin 5 pg/mL
Sodium chloride solution Chlorure de sodium 0.9% Macopharma 9 mg/mL
Glucose solution Glucose 5% Macopharma 50 mg/mL

be diluted with 5% glucose (28 mL) so as to reach a con-
centration of 0.25 mg/mL.

Insulin must be continuously administered at a
constant rate to patients hospitalized for critical glyce-
mic disorders, which could eventually lead to death if
untreated.? Insulin (0.5 mL of 1000 IU/10 mL) is
diluted with 49.5 mL saline (0.9% sodium chloride
solution) so as to obtain a 1 [U/mL solution.

Sufentanil is a synthetic opioid used to potentiate
anesthetics during childbirth with epidural analgesia.*
A study has shown that variations of sufentanil concentra-
tion during the delivery process may significantly influence
the quality of analgesia.”” Thus we decided to use ropiva-

caine

High-performance liquid chromatography (37.5 mL
was used to assess drug concentrations. of 0.2%

aqueous
solution) diluted with saline (0.9% sodium chloride solu-
tion, 7.5 mL) and sufentanil (25 pg, 5 mL) so as to obtain
0.5 pg/mL of sufentanil.

Preparation of Drug Solutions

All solutions were prepared by nurses under the stan-
dard conditions used in hospitals. One nurse prepared
the solution and another controlled the process by double-
checking the work of the first nurse to ensure that the
drug concentration was correct. The preparation did
not include any complex calculations of doses. Stock
solutions, syringes, and drugs were purchased from reg-
ular sources and used in the usual way (Table 1).

The material used consisted of Agilia brand elec-
tronic syringe infusion pumps (Fresenius SE and Co).
This equipment was used in accordance with the factory-
directed protocol.

The syringes and needles used were as follows:

* 50-mL syringe (B Braun Medical Inc)

¢ 1.1 x 40 mm needle (Beckton Dickson BD Microlance).
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¢ 0.5-mL syringe (Terumo Medical Corp) graduated
in international units and milliliters with incorpo-
rated needle to collect the desired amount of insulin.

Method of Mixing

We chose a mixing method after visual tests had
been done with some physiological saline solutions,
with the drug being replaced by a coloring agent (methyl
alcohol blue). We varied several factors such as the num-
ber of reversals of the syringe, the movement of the
syringe, and the presence or absence of an air bubble
during the agitation. Better results were obtained with
the following method: addition of a 5-mL air bubble in
the syringe and 5 successive reversals of 180°.

Preparation 1: the drug was taken from the vial, then
the solvent was added followed by an air bubble, and
mixing was performed by turning the syringe top-to-
bottom in a 180° shaking movement 5 consecutive times.

Preparation 2: the drug was taken from the vial, then
the solvent was added and not mixed.

Preparation 3: the solvent was taken from a stock
solution, then the drug was added and not mixed.

A 0.5-mL syringe was used to draw up the insulin for
the preparations so that the precise dose required could
be collected. In all cases, air was purged after the sample
was prepared.

Sample Collection
For both norepinephrine and insulin, the same pro-
cedure was used to test all 3 preparations. The flow rate
of the syringe pump was set to 8 mL/h, and aliquots
were collected as follows:
* For norepinephrine, at time zero and then every
hour for 4 hours until the syringe was empty.
* For insulin, at time zero and then every 70 min
until the syringe was empty.
* Every experimental sequence was repeated 5 times.
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For the sufentanil/ropivacaine mixture only, prepara-
tions 1 and 2 were compared by the following method.
Boluses of 3 minutes were collected at a flow rate of 100
mL/h every 10 minutes. Thus, 9 boluses were collected.
Four aliquots were taken from each bolus every minute
(0, 1, 2, and 3) and analyzed 6 times by means of high-
performance liquid chromatography (HPLC).

HPLC Analyses

Concentrations of drugs were determined by
reverse-phase HPLC with ultraviolet detection. Calibra-
tion was set for a range of known concentrations of drugs
(0-0.8 mg/mL for norepinephrine, 0-2 IU for insulin, and
0-1 pg/mL for sufentanil). Linearity and reproducibility
were ascertained for each drug. All analyses were per-
formed in triplicate, based on the measure of peaks area.

For norepinephrine, a diphenyl Pursuit column
(4.6 x 150 mm, 5 pm, Varian) was used with a Waters
HPLC (600E quaternary pump, automatic sampler 717
and PDA 2996 ultraviolet detector). The mobile phase
was H,O + 0.05% trifluoroacetic acid/methanol (95:5)
at 1 mL/min flow rate. Peak analysis (retention time =207
min) was performed at 278 nm.

For insulin, a C18 Sunfire column (4.6 x 150 mm, 5 pm,
Waters) was used with Agilent HPLC (1200 Infinity, ultra-
violet detector). The mobile phase was H,0+0.1% trifluoro-
acetic acid/methanol (40:60) at 1 mL/min flow rate. Peak
analysis (retention time=4.2 min) was performed at 270 nm.

For sufentanil, a C18 Sunfire column (4.6 x 150 mm,
5 pm, Waters) was used with Agilent HPLC (1200 Infin-
ity, ultraviolet detector). The mobile phase was H,0+0.1%
trifluoroacetic acid/acetonitrile (69:31) at 1 mL/min
flow rate. Peak analysis (retention time =8.2 min) was
performed at 230 nm.

Statistical Methods

Statistical analyses were performed by using R version
3.0.3 (R Foundation for Statistical Computing). For each
drug studied, the intrasyringe variability in concentration
is expressed by the relative standard deviation, and the
mean concentration measurements at each time are com-
pared with one another by the Friedman test. For each
preparation method, concentration variability is repre-
sented by the overall standard deviation of the measured
concentrations. Preparation methods are compared with
one another by an overall test of variances comparison
(Levene test, based on a nonparametric approach), then
by pairwise comparisons, adjusting the P values with the
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Holm method. The level of significance (type I error)
retained is 5%. Numerical results are presented in Tables
2 through 4.

Results
Norepinephrine

Results are summarized in Figure 1 and Table 2.
Best results were obtained for preparation 1, all con-
centrations are close to the expected concentration
(0.25 mg/mL) along the time of administration when
the syringes are mixed, with less than 0.3% variation in
concentration. For preparations 2 and 3, without shak-
ing, norepinephrine concentrations are different either
at the beginning or at the end of administration. Indeed,
for preparation 2, 21% of variation of concentration
was observed for a single syringe, and for preparation 3,
the variation was as high as 33% for 1 syringe.

Insulin

Insulin concentrations were measured for the 3 prepa-
rations and results are reported in Table 3 and Figure 2.
Best results were obtained for preparation 1 (with shak-
ing); those concentrations are close to the expected value
(11U/mL) at

any timeof  As long as the solution is well mixed,
the experi- it does not matter whether drug or
ment with solvent is introduced first.

less than 1%

variation. In preparation 2, where solvent was added to
the drug, some variations were observed, especially at
the beginning of the administration. However, for prepa-
ration 3, where insulin was added after the solvent and
without shaking, a variation in the concentration of
insulin was observed, up to 57% for the same syringe.

Sufentanil

For sufentanil, shaking was crucial for the concentra-
tion (Table 4 and Figures 3 and 4). However, in all cases,
the first measure (first minute of the first bolus) always
showed a lower value than expected (0.5 pg/mL). Fur-
thermore, we observed a slight difference between the 5
syringes that could be due to an experimenter factor (2
persons performed these experiments), and for 1 syringe,
an error occurred (the volume of sufentanil was probably
lower than expected). In the experiments run without
shaking, sufentanil concentration reached the expected
value only after the fourth or fifth bolus and finished
above the expected concentration by 10% to 30%.
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Table 2 Norepinephrine/glucose 5%
Concentration,
Preparation mean (SD), mg/mL Minimum-maximum 95% Cl Relative SD, % P
Norepinephrine then glucose 5% with shaking
1-1 0.2517 (0.0007) 0.2501-0.2530 0.2514-0.2521 0.26 .86
1-2 0.2486 (0.0005) 0.2479-0.2492 0.2483-0.2488 0.18 15
1-3 0.2516 (0.0006) 0.2508-0.2528 0.2512-0.2520 0.25 .03
1-4 0.2469 (0.0007) 0.2460-0.2479 0.2465-0.2473 0.28 .03
1-5 0.2506 (0.0003) 0.2503-0.2514 0.2505-0.2508 0.13 31
Norepinephrine then glucose 5% without shaking
2-1 0.2581 (0.0319) 0.2363-0.3191 0.2398-0.2764 12.35 .02
2-2 0.2627 (0.0394) 0.2360-0.3221 0.2432-0.2822 12.94 .02
2-3 0.2706 (0.0569) 0.2329-0.3793 0.2380-0.3032 21.04 .02
2-4 0.2507 (0.0167) 0.2369-0.2827 0.2412-0.2603 6.65 .02
2-5 0.2537 (0.0086) 0.2442-0.2697 0.2488-0.2587 3.40 .02
Glucose 5% then norepinephrine without shaking
3-1 0.2533 (0.0113) 0.2367-0.2708 0.2468-0.2598 4.46 .02
3-2 0.2581 (0.0650) 0.1889-0.3637 0.2208-0.2953 2517 .02
3-3 0.2636 (0.0567) 0.2003-0.3642 0.2311-0.2961 21.51 .02
3-4 0.2535 (0.0304) 0.2029-0.2893 0.2360-0.2709 12.01 .02
3-5 0.2405 (0.0787) 0.1274-0.3633 0.1953-0.2856 32.74 .02
Table 3 insulin/saline
Concentration,
Preparation mean (SD), mg/mL Minimum-maximum 95% Cl Relative SD, % P
Insulin then saline with shaking
1-1 1.0257 (0.0053) 1.013-1.030 1.0226-1.0287 0.52 .02
1-2 1.0287 (0.0064) 1.016-1.036 1.0250-1.0324 0.63 .02
1-3 1.0446 (0.0096) 1.030-1.056 1.0391-1.0501 0.92 .02
1-4 1.0364 (0.0060) 1.027-1.044 1.0330-1.0399 0.58 .02
1-5 1.0214 (0.0090) 1.007-1.030 1.0163-1.0266 0.88 .02
1- 1.0192 (0.0096) 1.004-1.032 1.0138-1.0247 0.94 .02
Insulin then saline without shaking
2-1 1.0150 (0.0235) 0.9999-1.0960 1.0015-1.0285 2.32 .03
2-2 1.0498 (0.0346) 1.0130-1.1130 1.0300-1.0696 3.29 .02
2-3 1.0365 (0.0230) 0.9980-1.0690 1.0233-1.0496 347 .02
2-4 1.0374 (0.0085) 1.0220-1.0450 1.0326-1.0423 2.21 .03
2-5 0.9968 (0.0336) 0.9338-1.0290 0.9776-1.0161 0.82 .02
2-6 0.9999 (0.0169) 0.9672-1.0170 0.9902-1.0096 1.69 .02
Saline then insulin without shaking
3-1 1.2367 (0.7078) 0.8327-2.5990 0.8310-1.6425 57.23 .02
3-2 1.1324 (0.2253) 1.0000-1.5720 1.0033-1.2615 19.89 .02
3-3 1.0725 (0.0483) 1.0250-1.1620 1.0448-1.1002 450 .02
3-4 1.1023 (0.3314) 0.7521-1.6500 0.9123-1.2923 30.07 .02
3-5 1.0424 (0.0140) 1.0270-1.0670 1.0343-1.0504 1.34 .02
3-6 1.0083 (0.0397) 0.9460-1.0510 0.9855-1.0311 3.94 .02

Discussion
Our results show that the drug solutions

shaken before being infused with the syringe pump in order
to obtain a constant drug concentration during the infu-
sion. Indeed, the starting point of this study was to evaluate
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the effect of mixing and stirring on homogenization of drug
had to be solutions used with electronic syringe infusion pumps.
After having reviewed the literature on various errors
in drug administration, we set out to develop a practice

to minimize such errors. We set up an experimental
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Table 4 Ropivacaine/sufentanil
Concentration,
Preparation mean (SD), mg/mL Minimum-maximum 95% Cl Relative SD, % P
Ropivacaine, then saline, then sufentanil, with shaking
1-1 0.5415 (0.0090) 0.4933-0.5537 0.5398-0.5432 1.66 <.001
1-2 0.5097 (0.0142) 0.4260-0.5223 0.5069-0.5124 2.79 <.001
1-3 0.5289 (0.0099) 0.4712-0.5385 0.5270-0.5308 1.86 .001
1-4 0.5562 (0.0133) 0.4799-0.5686 0.5536-0.5588 2.38 .01
1-5 0.5048 (0.0122) 0.4401-0.5445 0.5025-0.5071 2.41 .002
1-6 0.4491 (0.0111) 0.3852-0.4631 0.4470-0.4513 2.48 <.001
Ropivacaine, then saline, then sufentanil, without shaking
2-1 0.4734 (0.0712) 0.2762-0.5497 0.4597-0.4870 15.04 <.001
2-2 0.5243 (0.1912) 0.2079-0.6560 0.4877-0.5609 36.46 <.001
2-3 0.5658 (0.0196) 0.4836-0.6004 0.5620-0.5696 3.47 <.001
2-4 0.5298 (0.0597) 0.3482-0.5763 0.5184-0.5413 11.26 <.001
2-5 0.5375 (0.0150) 0.4628-0.5613 0.5347-0.5404 2.78 <.001
2-6 0.5700 (0.1134) 0.2788-0.6599 0.5482-0.5917 19.90 <.001
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Figure 1 Norepinephrine concentration versus time according to the method of preparation.

protocol wherein pairs of nurses were invited for the
study, and within each pair, the following controls were
set in place: simple and straightforward calculations were
used; the protocol applied by one nurse was checked by
the other; and solvents were chosen in light of preestab-
lished recommendations.
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In the case of norepinephrine administration, the
observed variation (21% for preparation 2 and 33%
for preparation 3) is much higher than acceptable
variations in drug concentrations (10%).* These con-
centration discrepancies could have a highly negative
effect on patients who are in unstable hemodynamic
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condition, requiring inappropriate adjustment of the
administered doses.

For insulin administration, the concentration variation
(up to 57%) is even more significant during preparation
3. These differences in drug concentration, compared
with the expected insulin concentration, could have
severe deleterious glycemic effects on treated patients.

For sufentanil, these concentration variations (10%
to 30% for the nonshaking preparation) are observed
before the third bolus. This factor may explain the loss
of analgesic effects observed when ropivacaine/sufentanil
mixture is epidurally administered via a syringe pump
to women in labor. Failure to reach the analgesic con-
centration is one of the causes of ineffectiveness of an
epidural analgesic.”

It is important to note that all of the drug solutions
were shaken with (1) an air bubble and (2) mixing by
turning the syringe top-to-bottom in a 180° shaking
movement 5 consecutive times. To our knowledge, these
2 measures have never been recommended. This method
is reproducible and easy to teach in nursing schools.

The differences observed for the drug concentrations
between preparations 2 and 3 may be explained by
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several factors that have been not studied: viscosity,
density, and speed of solvent introduction. However,
all things being equal, stirring of the 3 drug solutions
allowed us to obtain constant concentrations through-
out an infusion via a syringe pump.

Limitations

Several limitations affected our work:

* Syringes whose contents were intended to be mixed
were prepared according to the habits of the nurses,
thus according to both proposed methods (some
nurses added solvent first, some added drug first).
The results after mixing were comparable, so we did
not differentiate between the initial preparations.

* The intermittent samplings do not correspond to
reality, except in the case of sufentanil. Continuous
tests could be done for more precise results.

» We used 50-mL syringes, which are typically used
in France; nevertheless, some teams may use 20-mL
syringes, which could yield different results.

e Our study was limited to 3 drugs, but as the viscos-
ity of other drugs of interest may vary, results with
other drugs could be different.
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Conclusions

This is an experimental study that calls for clinical
studies to confirm the effects of mixing the drug solu-
tions in the syringes on the patients. Proper preparation
of drug solutions infused via electronic syringe pumps is
crucial for the delivery of an accurate drug concentration,
just as improper preparation contributes to multiple
types of errors. For drugs with a narrow therapeutic
index, control of the drug concentration is often required
for the drug to be effective and to avoid complications.
In certain cases, commercially available drug solutions
would be an ideal target that would eliminate prepara-
tion problems (eg, viscosity, solubility) resulting from
human error. In any case, mixing of the syringe contents
by shaking the solution in a top-to-bottom 180° shaking
movement 5 times with an air bubble would be an ideal
compromise and would ensure that the drug is adminis-
tered at a constant concentration. The mixing technique
described here is simple, quick, and does not cost any-
thing, so we encourage adoption of this technique for
preparing drug solutions for infusion via a syringe pump.
We strongly recommend that this practice become part
of the compulsory curriculum at all levels of medical
education. This study demonstrates that there is more
to discover about and correct within even our most
mundane practices. CCN

Acknowledgment
We particularly thank Eric Pussard, php, for his methodological assistance.

Financial Disclosures
This study was supported by funding for a nurse research program from the
French Ministry of Health.

Now that you've read the article, create or contribute to an online discussion about
this topic using eLetters. Just visit www.ccnonline.org and select the article you
want to comment on. In the full-text or PDF view of the article, click “Responses”
in the middle column and then “Submit a response.”

@tmore

To learn more about infusions in critical care settings, read “Norepi-
nephrine Dosing in Obese and Nonobese Patients With Septic
Shock” by Radosevich et al in the American Journal of Critical Care,
January 2016;25:27-32. Available at www.ajcconline.org.

References

1. Winchell R], Simons RK, Hoyt DB. Transient systolic hypotension: a
serious problem in the management of head injury. Arch Surg. 1996;
131(5):533-539; discussion 539.

2. Bates DW, Vanderveen T, Seger D, Yamaga C, Rothschild J. Variability
in intravenous medication practices: implications for medication safety.
Jt Comm ] Qual Patient Saf. 2005;31(4):203-210.

3. Valentin A, Capuzzo M, Guidet B, et al. Errors in administration of
parenteral drugs in intensive care units: multinational prospective
study. BMJ. 2009;338:b814.

44 CriticalCareNurse Vol 36, No. 4, AUGUST 2016

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Berg RA, Donnerstein RL, Padbury JF. Dobutamine infusions in stable,
critically ill children: pharmacokinetics and hemodynamic actions.
Crit Care Med. 1993;21(5):678-686.

Santeiro ML, Stromquist C, Coppola L. Guidelines for continuous infu-
sion medications in the neonatal intensive care unit. Ann Pharmacother.
1992;26(5):671-674.

French decree 2004-802. July 29, 2004. Article R. 43117 CSP.

Dracup K, Bryan-Brown C. Nursing morbidity and mortality confer-
ence. AmJ Crit Care. 2003;12:492-494.

Wheeler DW ,Degnan B, Shemi ], Burnstein R, Menon D ,Gupta A.
Variability in the concentrations of intravenous drug infusions prepared
in a critical care unit. Intensive Care Med. 2008;34:1441-1447.

Décaudin B, Dewulf S, Lannoy D, et al. Impact of multiaccess infusion
devices on in vitro drug delivery during multi-infusion therapy. Anesth
Analg. 2009;109(4):1147-1155.

Fourniés P, Cordonnier P, Mormand D, et al. Optimisation du mode
d’administration de I'adrénaline: choix du montage et de la dilution.
Presented at: Congres National d’Anesthésie et de Réanimation, 2003;
Paris, France.

Lovich MA, Doles ], Peterfreund RA. The impact of carrier flow rate and
infusion set dead-volume on the dynamics of intravenous drug delivery.
Anesth Analg. 2005;100(4):1048-1055.

Allen EM, Van Boerum DH, Olsen AF, Dean JM. Difference between the
measured and ordered dose of catecholamine infusions. Ann Pharmacother.
1995;29(11):1095-1100.

Parshuram CS, Ng GYT, Ho TKL, et al. Discrepancies between ordered
and delivered concentrations of opiate infusions in critical care. Crit Care
Med. 2003;31(10):2483-2487.

De Barbieri I, Frigo AC, Zampieron A. Quick change versus double pump
while changing the infusion of inotropes: an experimental study. Nurs
Crit Care. 2009;14(4):200-206.

Kozer E, Seto W, Verjee Z, et al. Prospective observational study on the
incidence of medication errors during simulated resuscitation in a pae-
diatric emergency department. BMJ. 2004;329:1321.

Garnerin P, Pellet-Meier B, Chopard P, Perneger T, Bonnabry P. Measuring
human-error probabilities in drug preparation a pilot simulation study.
Eur ] Clin Pharmacol. 2007;63:769-776.

Adapta RM, Mani V, Murray L], et al. Errors during the preparation of
drug infusions: a randomized controlled trial. Br ] Anesth. 2012;109(5):
729-734.

Van den Bemt PMLA, Fijn R, van der Voort PHJ, Gossen AA, Egberts TCG,
Brouwers JRBJ. Frequency and determinants of drug administration
errors in the intensive care unit. Crit Care Med. 2002;30(4):846-850.
Apkon M, Leonard ], Probst L, DeLizio L, Vitale R. Design of a safer
approach to intravenous drug infusions: failure mode effects analysis.
Qual Saf Health Care. 2004;13(4):265-271.

Parshuram CS, To T, Seto W, Trope A, Koren G, Laupacis A. Systematic
evaluation of errors occurring during the preparation of intravenous
medication. CMAJ. 2008;178(1):42-48.

Etchells E, Juurlink D, Levinson W. Medication errors: the human factor.
CMAJ. 2008;178(1):63-64.

Deardorff DL, Schmidt CN, Wiley RA. Effect of preparation techniques
on mixing of additives in intravenous fluids in nonrigid containers.
Hosp Pharm. 1993;28(4):306, 309-310, 312-313.

Foinard A, Décaudin B, Simon N, Barthelemy C, Storme L, Odou P.
Vancomycin syringe study shows significant reduction in dosing vari-
ability after introducing a revised protocol. Acta Paeditr. 2014;103:
€93-e95. .

Garrigue B, Dehu Y, Girault F, et al. Etude sur le mode de préparation
des principes actifs délivrés par seringue électrique. Méd Urgence. 2012;
34(6):382-384.

Ichai C, Cariou A, Léone M, Veber B, Barnoud D, le Groupe d’Experts.
Expert’s formalized recommendations: glycemic control in ICU and
during anaesthesia—useful recommendations. Ann Fr Anesth Reanim.
2009;28(7-8):717-718.

Polley LS, Columb MO, Wagner DS, Naughton NN. Dose-dependent
reduction of the minimum local analgesic concentration of bupivacaine
by sufentanil for epidural analgesia in labor. Anesthesiology. 1998;89(3):
626-632.

Dull RO, Peterfreund RA. Variations in the composition of spinal anes-
thetic solutions: the effects of drug addition order and preparation meth-
ods. Anesth Analg. 1998;87(6):1326-1330.

United States Pharmacopeial Convention. USP 797 United States Pharmaco-
peia. Rockville, MD: Stationery Office Books; 2007.

Hermanides J, Hollmann MW, Stevens MF, Lirk P. Failed epidural:
causes and management. Br ] Anaesthes. 2012:109(2):144-154.

www.ccnonline.org



CriticalCareNurse

The journal for high acuity, progressive, and critical care nursing

CCN Fast Facts

Preparing Drugs for Infusion Via
Syringe Pump: A Key Step to Ensure
Homogeneous Concentration

Preparation of drug solutions used with electronic
syringe infusion pumps plays a crucial role in the
delivery of an accurate drug concentration. s there
a correlation between drug concentrations during
syringe pump infusion and preparation protocols?

of an accurate drug concentration, just as
improper preparation contributes to multiple
types of errors. For drugs with a narrow therapeu-
tic index, control of the drug concentration is

* Norepinephrine, insulin, and sufentanil were pre-
pared in 3 different ways: (1) the drug was taken from
the vial, then the solvent was added followed by an air
bubble, and mixing was performed by turning the
syringe top-to-bottom in a 180° shaking movement 5
consecutive times; (2) the drug was taken from the
vial, then the solvent was added and not mixed;
and (3) the solvent was taken from a stock solu-
tion, then the drug was added and not mixed.

* Concentrations of drugs were determined at dif-
ferent times during administration by reverse-
phase high-performance liquid chromatography
with ultraviolet detection. All analyses were per-
formed in triplicate and were based on measure-
ment of peak areas.

* With no shaking of the syringe, the concentration
of the injected drugs varies widely. In any case, mix-
ing of the syringe contents by turning the syringe
in a top-to-bottom 180° shaking movement 5
times with an air bubble would ensure adminis-
tration of the drug at a constant concentration.

* Proper preparation of drug solutions infused via

often required for the drug to be effective and to
avoid complications.

In certain cases, commercially available drug
solutions would be an ideal target that would
eliminate preparation problems (eg, viscosity,
solubility) resulting from human error.

The mixing technique described here is simple,
quick, and does not cost anything, so we encour-
age adoption of this technique for preparing drug
solutions for infusion via a syringe pump.
Without mixing, the concentrations of all drug
solutions varied widely when administered via an
electronic syringe infusion pump. Mixing syringe
contents should be made part of the compulsory
curriculum for administering medications at all
levels of medical education.

This study demonstrates that there is more to
discover about and correct within even our most
mundane practices. CCN

electronic syringe pumps is crucial for the delivery
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