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Impact of air temperature and drug concentration on liquid emission from elastomeric pumps
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Abstract
Background
Elastomeric pumps (EPs) are devices that allow quantitative and continuous drug administration without the need for electronic control, and they are used by being filled with anticancer agents. Although the package inserts of several manufacturers that provide EPs describe the relationship between the flow rate per unit time and temperature, the solution is only saline solution or 5% glucose solution, and data on anticancer drugs have not been published. In this study, we focused on 5-fluorouracil (5-FU), a drug frequently used in cancer chemotherapy, and examined the effect of changes in standard of EPs and temperature on drug emission.

Methods
We evaluated the EP data of patients treated with Baxter Infusor® LV5 and SV2.5 in terms of emission rate, relationship between 5-FU prescription amount and emission rate, and relationship between emission rate and monthly air temperature in LV5 and SV2.5. The number of EPs sampled in the study was N = 5708 (n = 2988 for LV5 and n = 2720 for SV2.5).

Results
In LV5, the emission rate varied from 88 to 97% (median 94.0%), whereas in SV2.5, the emission rate was observed as 97 to 98% (median 97.4%). The 5-FU prescription amount and the emission rate were not correlated in LV5 and SV2.5, respectively (LV5; y = − 0.0015x + 97.305, R2 = 0.0226, SV2.5; y = − 0.001x + 100.25, R2 = 0.0466). LV5 showed a higher emission rate in the months with higher air temperature and a lower emission rate in the month with lower air temperature. In addition, LV5 showed a significant reduction in emission rate compared with SV2.5 in all months (P < 0.001).

Conclusions
In this study, we clarified that air temperature is an important factor that affects the drug emission of EPs. Therefore, it is necessary to examine the conditions for total fluid volume suitable for the air temperature in each region and to provide sufficient information to patients.
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Background
Elastomeric pumps (EPs) are devices that allow quantitative and continuous drug administration without the need for electronic control, and are used by being filled with antibacterial agents, analgesics, and anticancer agents [1–4]. For cancer chemotherapy, the regimens FOLFOX and FOLFIRI for colorectal cancer and FOLFIRINOX for pancreatic cancer require continuous administration of 5-fluorouracil (5-FU) for 46 h [5–7]. Infusion pumps or EPs can be used for the continuous administration of these agents. In the clinical setting, it is not possible to completely eliminate human error that occurs as a result of an incorrect speed setting of the infusion pump, which can lead to a serious medical accident. On the other hand, EPs are highly safe medical devices that do not require a speed setting, and they discharge a drug solution at a constant speed. With recent advances in cancer chemotherapy, it has been reported that the shift from inpatient to outpatient treatment reduces the burden on patients and improves treatment satisfaction. EPs are useful even if the patient is treated at home instead of in the hospital, because they enable continuous drug administration [8, 9]. Therefore, EPs are used frequently.
Because EPs are produced by multiple medical device manufacturers, standards can vary, resulting in differences in the flow rate and filling amount per unit time depending on these standards. Furthermore, the positional relationship between the EP device and the discharge port, the viscosity of the drug, and temperature are assumed to be factors that affect the discharge of the drug from the EP.
Although the package inserts of several EP manufacturers describe the relationship between the flow rate per unit time and temperature, the solution used is only saline solution or 5% glucose solution, and data on anticancer drugs administered through EPs have not been published. In addition, the drug concentrations in EPs differ for each patient, and it is expected that the amount of drug discharge per unit time may differ depending on drug viscosity. Furthermore, in regions such as Japan where the temperature fluctuates by season, it is expected that the flow rate of the drug may also differ depending on the change in temperature. Against this background, there are no reports using actual drugs such as 5-FU, although various factors that influence the drug emission from the EPs are assumed in the clinical setting.
In this study, we focused on 5-FU as one of the drugs frequently used in cancer chemotherapy and examined the effect of variations in EP standards and changes in temperature on drug emission.
Methods
From July 2008 to August 2013, we investigated the EPs of patients who received drug administration using the Baxter Infusor® (Baxter Healthcare Corporation, Pennsylvania, United States) at the Saitama Cancer Center. Our hospital uses LV5 and SV2.5 as the standard for the Baxter Infusor®. LV5 was prepared by mixing 5-FU (Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan) and saline solution (FUSO Pharmaceutical Industries, Ltd., Osaka, Japan, or Hikari Pharmaceutical Co., Ltd., Tokyo, Japan) to achieve a total of 230 mL, and SV2.5 was prepared by mixing 5-FU and saline solution to achieve a total of 100 mL. Data were collected as follows: the date and time of preparation for each EP, the weight of the EP before drug filling, the weight of the EP after drug filling, the amount of the 5-FU prescription, and the weight of the EP 46 h after the start of drug administration. Based on these data, we examined the emission rate, the relationship between the 5-FU prescription amount and the emission rate, and the relationship between the emission rate and the monthly air temperature in LV5 and SV2.5. The air temperature was taken as the average temperature in 2013 in Saitama city, Japan [10]. The emission rate was calculated using the following method:
Emission rate (%) = EP weight after preparation − EP weight after administration × (5-FU liquid volume (mL)/(5-FU + saline solution volume [mL])/1.045 × 50)/5-FU prescription amount (mg) × 100 × 1.045: 5-FU specific gravity (g/mL) 50:5-FU concentration(mg/mL).The statistical difference between the LV5 and SV2.5 medians was determined using a Mann–Whitney U test. All statistical analyses were performed using IBM SPSS version 22. A p value < 0.05 denoted statistical significance.
Results
We first examined the difference in the 5-FU emission rate between LV5 and LV2.5 (LV5, n = 2988, SV2.5, n = 2720). Our results showed that in LV5, the emission rate of 5-FU varied from 88.0 to 97.0% (median 94.0%), whereas in SV2.5, a stable emission rate of 5-FU was observed from 97.0 to 98.0% (median 97.4%), (Fig. 1).
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Fig. 1Emission rate distribution of LV5 and SV2.5 (LV5, n = 2988; SV2.5, n = 2720)


Next, we investigated the correlation between the amount of the 5-FU prescription and the emission rate in LV5 and SV2.5. We found no correlation between the 5-FU prescription amount and the emission rate in each group (Fig. 2; LV5 y = − 0.0015x + 97.305, R2 = 0.0226, SV2.5 y = − 0.001x + 100.25, R2 = 0.0466). We examined the relationship between the emission rate of 5-FU and the monthly average air temperature in Saitama city.
[image: ../images/40780_2020_185_Fig2_HTML.png]
Fig. 2a Amount of 5-FU prescription and emission rate distribution in LV5. b Amount of 5-FU prescription and emission rate distribution in SV2.5


As compared with SV2.5, LV5 showed a higher emission rate in the months with higher air temperature and a lower emission rate in the month with lower air temperature. In addition, LV5 showed a significant reduction in emission rate as compared with SV2.5 in all months (Fig. 3; LV5 vs SV2.5, January 89.1% vs 96.2%, February 89.0% vs 96.2%, March 89.6% vs 96.5%, April 91.3% vs 96.9%, May 93.5% vs 97.1%, June 94.3% vs 97.2%, July 94.4% vs 97.1%, August 94.4% vs 97.3%, September 93.9% vs 97.0%, October 91.5% vs 95.7%, November 90.0% vs 95.3%, December 89.7% vs 96.0%, P < 0.001).
[image: ../images/40780_2020_185_Fig3_HTML.png]
Fig. 3Relationship between the emission rate and the monthly air temperature in Saitama. For all months, LV5 showed a significant reduction in emission rate as compared with SV2.5 (P < 0.001) (January LV5 n = 220, SV2.5 n = 247; February LV5 n = 202, SV2.5 n = 220; March LV5 n = 208, SV2.5 n = 249; April LV5 n = 212, SV2.5 n = 249; May LV5 n = 202, SV2.5 n = 342; June LV5 n = 213, SV2.5 n = 321; July LV5 n = 350, SV2.5 n = 297; August LV5 n = 355, SV2.5 n = 246; September LV5 n = 331, SV2.5 n = 79; October LV5 n = 248, SV2.5 n = 134; November LV5 n = 242, SV2.5 n = 132; December LV5 n = 205, SV2.5 n = 204)


Discussion
To provide appropriate cancer chemotherapy, it is important to confirm that the prescribed drug has been adequately administered. Bioavailability is generally used for oral drugs, which is a measure of how well the administered drug is absorbed into the body and exerts its effect. On the other hand, the bioavailability of drug administration by intravenous injection is 100%. However, in the case of administration using EPs, it is unavoidable that a certain amount of liquid remains inside the device after administration. Therefore, even if the prescription dose is estimated to be 100%, there is a difference in the dose into the body. The residual liquid volume after emission was about 3 mL the for LV5 and about 1 mL for SV2.5, which was about 1% of the total liquid volume, and it has been reported that the adverse effect is very small [11]. However, in this study, we confirmed that the emission rates were about 88 to 97% for LV5 and about 97 to 98% for SV2.5. From these results, we demonstrated that the residual liquid volume was about 3 to 12% for LV5 and about 2 to 3% for SV2.5, which is more than the manufacturer’s nominal 1%.
Next, we focused on 5-FU viscosity as a factor related to drug emission and examined the correlation between the amount of the 5-FU prescription and the emission rate. As shown in a previous report [8], we confirmed that there was no correlation between the amount of 5-FU prescribed and the emission rate (Fig. 2).
When we examined the emission rate and monthly air temperature, we found a higher emission rate for LV5 in the months with higher air temperature and a lower emission rate in the month with lower air temperature (Fig. 3). The emission rate of SV2.5 was less affected by air temperature as compared with LV5, suggesting that the greater the flow rate per unit time, the more likely it is to be affected.
Sato et al. reported no correlation between the residual fluid volume of 5-FU and air temperature, and a negative correlation between the administration time error and air temperature [12]. Other reports have recommend that the total liquid volume should be adjusted according to the EP standards and seasons [13, 14]. These reports agree with the results of the present study on the relationship between the prescription amount of 5-FU and emission rate, and the relationship between temperature and the emission rate. The strengths of this study compared with previous studies include a large sample size, longer study period, and use of multiple standard EPs. Therefore, our results provide more robust findings in comparison with these reports [13, 14] .
In addition to the viscosity of the drug and the temperature, which are factors that affect drug emission, there is a positional relationship between the EP device and the discharge port. In daily life, it is difficult to maintain the positional relationship between the EP device and the discharge port. Because there are sufficient cases in this study, the degree of influence on the positional relationship was expected to be small. Because the Baxter Infusor® is used by fixing the discharge port to the skin, we initially expected that there would be no significant difference in drug emission, because the skin temperature was kept constant. However, in contrast to expectations, we found that the effect of air temperature was greater than that of skin temperature, because there was a large difference in the monthly emission rate.
In the present study, factors other than temperature and viscosity that affect the emission rate were not investigated; therefore, there might be other factors that correlate with the emission rate, e.g.,. For example, venous pressure and the cover material used while carrying EPs. As per previous report, the venous pressure is very small compared with the internal pressure of the reservoir of the EP body [15]. The effect on the emission rate is considered limited; however, the effect may depend on the type and material of CV port and cover while carrying Eps. However, under clinical conditions, it became clear that the effect of temperature on the emission rate was significant. It is necessary to investigate these conditions to provide a more detailed correlation with emission rates.
The limitation of this study is the lack of information on therapeutic effects, such as prognosis and adverse events. If the administration time is significantly earlier or later than 46 h, the therapeutic impact remains unclear, such as whether all prescription drugs are therapeutically effective or prone to adverse events. In addition, it is unclear whether it is better to terminate the administration even if there is residual liquid 46 h after initiating the administration. Because these possibilities cannot be ruled out, the present study investigated the factors that affect the excretion rate to investigate optimal conditions for administering the prescribed dose at the optimal time.
When the continuous dose of 5-FU is 3200 mg/m2, as in FOLFOXIRI therapy [16], or when the patient’s body surface area is large, the volume of 5-FU will increase and EPs with a large standard may be used. In that case, the administration of a dose close to the prescribed amount is possible by adjusting the total liquid volume. Therefore, it is recommended to set the total liquid volume after carefully considering the local temperature and the diluted liquid volume. Manufacturers of EPs do not disclose the flow rate when filling with an anticancer drug such as 5-FU, and the total amount of liquid and the amount of diluted liquid are set at each medical facility. From the results of this study, we have revealed the emission rate of LV5 and SV2.5 of Baxter’s products, which has enabled us to provide useful information to facilities using the LV5 and SV2.5 EPs. We recommend that medical facilities in each region using not only the LV5 and SV2.5 but also various EPs examine the total liquid volume and promote information sharing among medical staff for medical safety management.
Conclusion
In this study, we demonstrated that air temperature is an important factor that affects the drug emission of EPs. Therefore, the conditions for total fluid volume should be examined in terms of the suitability for the air temperature in each region and to provide sufficient information to patients.
Acknowledgements
Not applicable.

Authors’ contributions
Conceived the study: TA, KM, TN, and MO; designed the experiments: TA, KM, TN, and MO; performed the experiments: KM, TN, and MO; analyzed the data: TA, KM, TN, AS, FS, and TY; wrote the paper: TA, KM, AS, FS, and TY. All authors provided intellectual input and are responsible for the contents of the paper, including the data, analysis, and interpretation. The author (s) read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All the data generated or analyzed in this study are included in the published article.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Harmanjeet H, Zaidi STR, Ming LC, Wanandy T, Patel RP. Physicochemical stability of voriconazole in elastomeric devices. Eur J Hosp Pharm. 2018;25:e88–92.Crossref

	2.
Theodorides AA. The role of elastomeric pumps in postoperative analgesia in orthopaedics and factors affecting their flow rate. J Perioper Pract. 2017;27:276–82.Crossref

	3.
Villalba J, Peñalver J, Torner P, Serra M, Planell J. Home-based intravenous analgesia with elastomeric pump as an outpatient procedure for pain control after anterior cruciate ligament repair. Rev Esp Cir Ortop Traumatol. 2018;62:65–70.PubMed

	4.
Chopra A, Hurren J, Szpunar S, Edwin SB. Assessment of postoperative pain control with an elastomeric pain pump following cardiothoracic surgery. Pain Med. 2017;18:1450–4.PubMed

	5.
de Gramont A, Tournigand C, Louvet C, André T, Molitor JL, Raymond E, et al. Oxaliplatin, folinic acid and 5-fluorouracil (folfox) in pretreated patients with metastatic advanced cancer. The GERCOD. Rev Med Interne. 1997;18:769–75.Crossref

	6.
André T, Louvet C, Maindrault-Goebel F, Couteau C, Mabro M, Lotz JP, et al. CPT-11 (irinotecan) addition to bimonthly, high-dose leucovorin and bolus and continuous-infusion 5-fluorouracil (FOLFIRI) for pretreated metastatic colorectal cancer. GERCOR Eur J Cancer. 1999;35:1343–7.Crossref

	7.
Conroy T, Paillot B, François E, Bugat R, Jacob JH, Stein U, et al. Irinotecan plus oxaliplatin and leucovorin-modulated fluorouracil in advanced pancreatic cancer--a Groupe Tumeurs digestives of the federation Nationale des Centres de Lutte Contre le Cancer study. J Clin Oncol. 2005;23:1228–36.Crossref

	8.
Kimata T, Sakamoto E, Kawachi A, Takahashi Y, Kuroki A, Nakamura M, et al. Performance of a portable continuous infusion pump (SUREFUSER a) in continuous infusion of 5-FU. Gan To Kagaku Ryoho. 2010;37:1513–8.PubMed

	9.
Salman D, Biliune J, Kayyali R, Ashton J, Brown P, McCarthy T, et al. Evaluation of the performance of elastomeric pumps in practice: are we under-delivering on chemotherapy treatments? Curr Med Res Opin. 2017;33:2153–9.Crossref

	10.
Japan Meteorological Agency. Average temperature data for Saitama City. https://​www.​data.​jma.​go.​jp/​obd/​stats/​etrn/​view/​monthly_​a1.​php?​prec_​no=​43&​block_​no=​0363&​year=​2013&​month=​&​day=​&​view=​. Accessed 12 Nov 2020. 2013.

	11.
Limited B. Prescribing information of Baxter infusor. 2020.

	12.
Sato J, Terui K, Awatsu A, Koyama M, Itoh J, Saijo Y, et al. Survey on the compliance of patients with continuous infusion of 5-fluorouracil via portable infusion pumps. Gan To Kagaku Ryoho. 2010;37:671–5.PubMed

	13.
Kawabata Y, Nakagawa A. Optimal volume of medicinal solution in the portable disposable infusion pump (SUREFUSER a) for FOLFOX6, FOLFIRI therapy of colorectal cancer patients (2nd report)-influence of temperature on outflow speed of the medicinal solution. Yakugaku Zasshi. 2010;130:621–7.Crossref

	14.
Mitsuishi MTS, Ohtake C, Yamazaki T, Yoshida N. Management of Factors Influencing the flow rate of 5-fluorouracil injection using a in the outpatient Chemotherapy.J Jpn Soc. Hosp Pharm. 2011;47:65–8.

	15.
Kawabata Y, Nakagawa A, Uchikoshi H, Tamiya Y. The optimal volume of medicinal solution in the portable disposable infusion pump (SUREFUSER a) for FOLFOX6, FOLFIRI therapy of colorectal cancer patients. Yakugaku Zasshi. 2009;129:359–64.Crossref

	16.
Falcone A, Ricci S, Brunetti I, Pfanner E, Allegrini G, Barbara C, et al. Phase III trial of infusional fluorouracil, leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI) compared with infusional fluorouracil, leucovorin, and irinotecan (FOLFIRI) as first-line treatment for metastatic colorectal cancer: the Gruppo Oncologico Nord Ovest. J Clin Oncol. 2007;25:1670–6.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Impact of air temperature and drug concentration on liquid emission from elastomeric pumps


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40780_2020_185_Fig2_HTML.png
Emission rate (%)

Emission rate(%)

120
100
80
60
40
20

120
100
80
60
40
20

] ‘ [ ] ' piLd $
y = —0.0015x + 97.305 s VO
R?=0.0226
0 1000 2000 3000 4000 5000
5-FU prescription amount (mg)
y =-0.001x + 100.25
R? = 0.0466
0 1000 2000 3000 4000 5000

5-FU prescription amount (mg)





OEBPS/images/40780_2020_185_Fig3_HTML.png
Emission rate(%)

100

30.0

- 25.0

- 20.0

T T
- -
o o
=} =}

T
Iy
=}

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
mulLV5 1 SV2.5 —Average air temprature in Saitama city 2013

\
o
=}

Temparature(°C)





OEBPS/images/40780_2020_185_Fig1_HTML.png
mLV5
SV2.5

1200

1000

(=] [=] [=
(=] o o
© © <

sd3 10 1equinN

(=]
[=]
N

o

00l
66
86
L6
96
S6
¥6
€6
26
16
06
68
88
18
98
S8

€8
Z8
18
08~1.
0L~19
09~1G
0S~Ly

Emission rate(%)





OEBPS/css/sidebar.gif





