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Studies on Hemolysis due to the Administration of High Dose Fentanyl

—Experimental Studies on Hemolysis due to the Administration of Fentanyl Solution—

Hitoshi IMAIZUMI
Department of Anesthesiology, Sapporo Medical College
(Chief : Prof. T. Takahashi)

High dose fentanyl has been known to produce adequate anesthesia with minimal change in
cardiovascular hemodynamics in cardiac patients undergoing surgery. However hemolysis has been
recognized after the administration of high dose fentanyl, which has never been reported in detail.
The etiologic factors might be due to the effect of the large dose of fentanyl itself or preservatives
contained in the ampule. Changes of osmotic pressure caused by a large volume of hypo-osmotic
solution also may be a factor of hemolysis.

The author intended to clarify the mechanisms of the hemolysis after the administration of high
dose fentanyl.

The results were as follows:

1. Five solutions per 1.1 m/ were added to 2.0 m/ of the red blood cell in saline. A significant
increase in hemoglobin and potassium concentration and a significant decrease in osmotic pressure
and sodium concentration in the supernatant of the mixture with fentanyl+saline and hypo-osmotic
solution-+saline were observed as compared to saline alone, preservatives-saline, and isotonic
fentanyl+10 % NaCl.

2. Five solutions per 0.55, 0.11 and 0.055 m/ were added to the red blood cell in saline. There
was a significant increase in hemoglobin and potassium concentration of the supernatant of the
mixture with the groups larger than fentanyl solution (0.5 m/ in a total volume of 3.1 m/ compared
to saline alone.

In conclusion: The mechanism of hemolysis was found to be a hypotonic local hemolysis.
Therefore, large volumes of fentanyl should be administered in isotonic fluid by the addition of an
adequate amount of 109 NaCl solution and the speed of injection should be slowed via the peripheral
vein or preferably via the central vein. (Received January 10, 1986 and accepted January 27, 1986)
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Table 1 Constituents of the solution.

Solution Osmotic Pressure Na K
(mOsm/L) (mEq/L) (mEq/L)
(1) Saline 1.0 m/~+Saline 0.1 m! 286 151 0.20
(II) Preservatives §(Saline)1.0 m/+4Saline 0.1 m/ 287 156 0.40
(Il) Hypotonic solution 1.0 m/+4Saline (.1 m/ 42 28 0.35
(IV) Fentanyl solution 1.0 m/+Saline 0.1 m/ 42 27 0.58
(V) Fentanyl solution 1.0m/+10%NaCl 0.1 m/ 278 149 0.37

#: Preservatives {

paraoxy benzoate methyl : 500 yg/m/
paraoxy benzoate propyl: 50 ug/ml
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Fig. 1 Correlation of the dilution grade of red blood
cells with the amount of saline solution.
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Table 2 Correlation of white blood cell, red blood cell, hemoglobin and hematocrit value with

the grade of dilution.

Regression

Coefficient

Hiemm Line # of Correlation Slenifisance
White blood cell value Y=5.14X+0.97 r=0.801 p<0.01
Red blood cell value Y=4.29X—-0.24 r=0.928 p<0.01
Hematocrit value Y=4.24X—0.26 r=0.928 p<0.01
Hemoglobin value Y=4.20X—0.65 r=0.924 p<0.01
# f X : Dose rate(m//min)

| Y : Dilution grade(%)
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Fig. 2 Photograph of the supernatant of the mixture,
consisting of 1.1 m/ of the solution and 2.0 m/
of the red blood cell in saline.

Red color is shown by hemolysis.

Group : (I) Saline 1.0 m/+ Saline 0.1 m/
(II) Preservatives(Saline) 1.0 m/

+Saline 0.1 m/

Hypotonic solution 1.0 m/

+Saline 0.1 m!/

Fentanyl solution 1.0 m/

+Saline 0.1 m/

Fentanyl solution 0.1 m/

+10 %NaCl 0.1 m/
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Table 3 Concentrations of osmotic pressure, sodium, hemoglobin, potassium of the supernatant
of the mixture, consisting of 1.1 ml of the solution and 2.0 m/ of the red blood cell

in saline.
. Osmotic Pressure Na Hb K
P (mOsm/L) (mEq/L) (mg/dl) (mEq/L)
@P) 287+9.0** 154.3+0.3** 14.2+ 8.9** 0.88+0.35**
(1) 29243,3** 154.1+0.3** 12.3+ 7.2** 1.10+0.52**
(1 159+4.9 102.8+1.4 688.5+300.0** 3.13+0.53*
av) 195+2.5 101.9+1.2 451.8+184.0 2.36+0.53
V) 288+6.0** 154.3+0.3** 15.8+ 7.0** 0.95+0.34*
Mean+S.D. «: p<0.05 =x: p<0.01 vs(IV)
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Fig. 4 Correlation of potassium concentration with
the hemoglobin concentration of the
supernatant of the mixture.
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Fig. 5 Photogmaph of the supernatant of the mixture,
consisting of 0.5, 0.1 and 0.05 m/ of the drug
solution and the red blood cell in saline. Final
volume was 3.1m/. Red color is shown by
hemolysis.
Group: (I) Saline 1.0 m/+ Saline 0.1 m/

(II) Preservatives(Saline) 1.0 m/
+Saline 0.1 m/
Hypotonic solution 1.0 m/
+Saline 0.1m/
Fentanyl solution 1.0 m/
+Saline 0.1 m!/
Fentanyl solution 1.0 m/
+10%NaCl 0.1 m/
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Table 4 Hemoglobin concentration of the supernatant
of the mixture.

Group 0.5m! 0.1m/ 0.05m!/
(1) 11.1+ 3.8** 16.0£6.2 12.3+2.6
(1D 13.6+ 4.6** 14.84+4.0 13.3+2.9
(11D 60.4+23.7 22.3+6.8* 12.5+2.8
(Iv) 54.4+15.6 19.4+5.0 15.0+3.6
Vv) 15.8+ 3.9** 15.9+4.8 14.9+4.0
Mean+S.D. «: p<0.05 =*x:p<0.01 vsAV)
(mg/dl)
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MNFTRERICED - 1.



194 5 B

3-3-3 LEBRDEERE

Table5 = I B2 L VHOBBEDFHMESY L 7.
B 0.5 ml B s\, B EIVEOBEE S 246
mOsm/L chzoiestLt, 18, II#, VEcn30l
mOsm/L-305 mOsm/L S FE &<, ZOEMITER
0.1m! F#ChEFCA LR, MBEOBITAEE MR
DL, LA L, FEHKO0.0om! BETis BERcE
BEhERR LN - T

3:34 FEBMHOEMREEE

Table 6w ) v aBEOCTHELR L. F )
v ABEIRERE LRROEF L O DF D, ¥
% O0.5ml Bt i, MEEEIVEOF b ) v o BE
», 124.3mEq/L, 125.4mEq/L T4 %D LT,
I8, I8, VETI152.5mEq/L-154.4 mEq/L &
B CoBEMEER 0.1 ml F#ThEBIADR,

Table 5 Osmotic pressure of the supernatant of the
mixture.

Group 0.5m/ 0.1m/ 0.05m/
(1 301+1** 302+2%* 306+ 5
(1D 302+2** 301+2%* 304+10
Q119) 2465 290+4 306+ 8
aw 2462 291+2 308+ 5
(V) 305+5*F 300+2** 31311

Mean+S.D. *: p<0.05 =++: p<0.01 vs(AV)
(mOsm/L)
Table 6 Sodium concentration of the supernatant of
the mixture.

Group 0.5m! 0.1m/ 0.05m!
(D 153.8+0.6"* 152.2+0.4**  153.8+3.9
(I 152.5+1.7** 152.0+0.8**  154.3£6.0
m 124.3+2.4 147.0+0.8 150.9+£4.9
av 125.4+1.0 146.2+0.8 155.2+2.6
v 154.44+0.6 150.6+0.4" 156.7£4.3

Mean+S.D. «: p<0.05, #*: p<0.01 vs(IV)
(mEq/L)
Table 7 Potassium concentration of the supernatant of
the mixture.

Group 0.5m! 0.1m/ 0.05m/
(D 0.78£0.09**  0.84+0.05 0.81+0.09
(1D 0.83£0.08*"  0.88+0.09 0.82+0.06
Q119) 1.29+0.19 0.88+0.06 0.8240.06
aw 1.19+0.16 0.91+0.06 0.85+0.07
v 0.82+0.07"*  0.89+0.06 0.82+0.05

Mean=S.D. «: p<0.05, #+: p<0.01 vs(IV)
(mEq/L)
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Fig. 6 Correlation of the volume of fentanyl solution
with hemoglobin concentration of the
supernatant of the mixture, consisting of
fentanyl solution and the red blood cell in
saline.
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