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Clinical Application of Gas Forming Infusion Pump for
Intravenous Postoperative Pain Control

Sang Beom Nam, M.D., Chul Ho Chang, M.D., Ho Dong Rhee, M.D., and Youn-Woo Lee, M.D.

Department of Anesthesiology and Pain Medicine and Anesthesia and Pain Research Institute,
Yonsei University College of Medicine, Seoul, Korea

Background: There are many types of infusion pumps, for example the mechanical infusion pump
and the electronic infusion pump. All of them have some limitations when used in the medical field,
and therefore, a new gas forming infusion pump with an accurate infusion volume and velocity was
developed. We examined the accuracy of the new gas forming infusion pump (ANAPA®, Ewha Inc.,
Korea) before clinical use.

Methods: We studied 49 patients who were planning to have lumbar spine surgery. Infusions were
started after the patients awoke from general anesthesia. Pumps were filled with a total volume of 100
ml composed by fentanyl (10pg/kg), ketorolac (1, 2 or 3 mg/kg), and saline. Expected basal rate was
2.0 ml/h. The infused volume, pain score, and side effects were checked at 3, 6 hours after beginning
the infusion and every 6 hours thereafter.

Results: The average infusion velocity was 2.1 ml/h, but a statistically regular infusion velocity was
maintained. There were no infusion failure cases after the infusion pump was revised. The numeric
pain score was high at early postoperative stages, but 12 hours later, the pain subsided.

Conclusions: We concluded that the new gas forming infusion pump is one of the safe and regular
volume delivering devices for intravenous postoperative pain control. Attaching a patient controlled
analgesic device on this infusion pump could make postoperative pain management more complete.

Key Words: Infusion pump, Postoperative pain, Spine surgery
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Table 1. Demographic Data

Group I (N = 18)

Group II (N = 13) Group III (N = 18)

Sex (M/F) 10/8

Age (yr) 474 + 15.1
Weight (kg) 74.1 £ 13.8
Height (cm) 168.6 + 10.5

8/5 711
444 + 133 469 + 13.3
69.4 + 12.8 643 + 92
1654 + 11.6 1623 + 7.9

All values except patients number are expressed as mean * SD. There are no intergroup differences among the
three groups. Group I: fentanyl 10pg/kg + ketorolac 1 mg/kg, Group II: fentanyl 10pg/kg + ketorolac 2 mg/kg,

Group III: fentanyl 10pg/kg + ketorolac 3 mg/kg.

Fig. 1. Gas forming infusion pump (ANAPA®). A: Gas
forming unit in which Na,COs and citric acid are
separated by a membrane, B: Drug chamber and
piston, C: Infusion route, capillary tube and
microfilter located at the tip of infusion route, D:
pressure reducing valve.
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Fig. 2. Time course cumulative infusion volume of gas- forming infusion pump in all the patients (A), Group I (B),
Group II (C) and Group III (D). Results are mean + SD. There was no significant difference among the infusion
velocity by the time.

Table 2. Numeric Rating Scale Pain Score

Time (h) 3 12 24 48 Mean

Group I 58.3 + 27.3 38.9 + 20.3* 217 + 150 167 + 11.9* 28.0 + 22.5%
Group II 50.0 + 24.2 377 + 18.8* 311 + 184% 208 + 222 % 32.5 + 21.9%
Group III 56.7 + 28.5 322 + 25.1% 25.6 + 22.3* 194 + 5.1 % 30.0 + 24.3*

All values are expressed as mean * SD. There are no intergroup differences among the three groups. Group I:
fentanyl 10pg/kg + ketorolac 1 mg/kg, Group II: fentanyl 10pg/kg + ketorolac 2 mg/kg, Group III: fentanyl 10
pg/kg + ketorolac 3 mg/kg. *P < 0.05 compared with numeric pain score at the beginning of infusion.
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