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The Effects of Viscosity and Osmolality of Enteral Solution
on Flow Rates Through Nasogastric Tubes in Vitro
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ABSTRACT

This study was designed to measure viscosity, osmolality and in vitro flow rates via nasogastric
tubes for 6 types of commercially available and 9 hospital-blenderized enteral solutions and
to examine the effect of viscosity and osmolality of enteral formula on the flow rates in gravity
drip administration.

Each solution was infused through 18, 16, 14, 12 French sizes of silicone rubber tube. Flow
rates were measured six times at 25C using formula bags and drip sels hung at a uniform
height on a intravenous drip stand with tube uniformly positioned in collecting container.

Viscosity ranged widely from 16.0 to 195.5 cps with mean, 64.61% 64.42 for hospital-blenderized
formula while mean viscosity of commercial formula was 7.60E£4.84 cps. Mean osmolality
of commercial formula and hospital-blenderized formula were 370+ 100.80, 540.33% 89.37
mOsm/kg respectively. There was negative relationship between viscosity of formula and flow
rates through tubes but no significant relationship between flow rates and osmolality. Some
of hospital-blenderized formula was too viscous to be infused through tube with gravity drip
administration and the recipe of formula requires to be modified. On the other hand, commercial
[ormula with the low viscosity flows too rapidly with large bore size tibes. Smaller size of
tube must be selecled for hyperosmolar solution to decrease possible side effects associated
with tube feeding,

Two kinds ol regression equations for flow rates obtained according to viscosity and tube
sizes were also presented for the purpose of practical uses.

In conclusion, this study emphasizes that viscosity of fomula, osmolality, patient’s tolerance
and comfort, caloric density should be considered in the selection of tubes for gravity drip
administration.
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Table 1. Osmolality, viscosity, caloric density, and energy nutrient distribution of enteral solutions
. .. alori o
Types of lormula (m(g)szlll/zghgzo) Vl(sé;):;ty ger?sit; PRC Ratio(%)
(keal/ml) CHO PRO FAT
Commercial Formula
Energen!) 700(760)/L3 2.0 1.00 81 18 1
Ensure 463(470) 2.0 1.00 55 14 31
Iscocal 255(500) 9.5 1.00 50 13 37
Nutrison? 294(290) 3.0 1.00 49 16 5
Greenbia 488(465) 13.0 1.00 55 25 20
Greenbia 355 10.5 1.00 53 19 28
+Isocal
Mean®) + D 370.00% 100.80 7.601+ 4.84 1.00£ 0.00 52,401+ 2.79 1740+ 4.83 30.20* 6.69
Hospital-Blenderized
formula
A 644 16.0 1.01 54 16 30
B 528 17.5 1.02 66 13 21
C 588 32.5 1.13 61 15 26
D 505 64.5 1.01 60 15 27
E 431 17.0 1.11 56 21 23
F 560 20.5 0.99 53 18 29
G 667 53.0 1.10 57 15 28
H 625 165.0 0.96 53 19 28
1 515 195.5 1.02 62 16 22
Mean+ SD 540.351£89.37 64.61£64.62 1.05£0.05 58.00£4.53 16.00+£2.87 26.00+£3.24

1) Flemental diet
2) For pediatric use

8) Manufacturer’s measurement ol osmolality
4) Mean for five commercial formulas except Energen
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Table 2. Mean flow rates by tube sizes

E§ F o et Expol &
97} 2.0~18.0cps2 ZRE 4
AE FEAES 7o) 18k Q) FEAN HT
100.67~34.00ml/min £=2 FZv}. dhy, Ao
HA7t W X E B HYZAE A5G4S
(16.0~195.5cps) 3 S5 & 5= I 44.83ml/minol] 4]
FH A 4.70m/mine. 2 =39}

A} AFete) &R nAe 9% =
A A7 dxE s 54T FoEQ 2o 4F
A (r=—0.60~—0.58 p<0.05)& r}elyert 4
Foe 29 A Heloy oA AR e
2121} (Table 3).
€ FEHEY HEe] 2 4 FE &

o R¥Tolth AxTt £ &4 5
éE—“" Zade Ags Holn vk 3F
Ax7 29 dgEd JAANEL 18

French tubet flow rate=—17.8 Xlog.d =+89.9(r

Tube sizes
Types of formula
18 Fr. 16 Fr. 14 Fr. 12 Fr.
Commercial formula {ml/min) (ml/min) (ml/min) (ml/min)
Energen 100.67% 1.03 87.55+£0.82 77.00+1.10 63.70+ 0.82
Ensure 56.34+ 0.82 53.671£0.82 47.35+1.03 38.73£0.59
Iscocal 87.881+ 0.52 76.50£ 0.89 63.50% 0.55 48.081+ 0.20
Nutricia 75.1710.98 70.97+ 0.67 62.67+0.97 49.67£ 0.30
Greenbia 34.00+ 0.52 256 +0.51 21.08+ 0.05 1557+ 0.21
Greenbia 45.80% 0.66 4147+ 0.64 36.00% 0.36 26.10L£ 0.66
~+Isccal
Hospital-Blenderized
formula
A 44,831 0.68 89.25+0.27 31.18%£0.10 20.10+0.40
B 38.83L 1.47 87.67+1.87 35.00+ 0.63 31.00£0.55
C 31.77£0.39 22,371+ 0.19 20.90% 0.21 7.22+0.17
D 20.25+ 0.42 16.92X 0.58 14.92+ 0.38 11.60£ 0.44
E 16.25% 0.27 13.25+ 0.42 10.50£ 0.45 8.581£0.20
F 9.62% 1.05 6.60+ 0.89 5.88+ 0.26 4.68£0.19
G 9.38+0.35 9.02+0.04 8.851+0.537 8.28+ 0.42
H 6.80% 0.22 5.65+0.21 4.58+ 0.26 3.501£0.27
I 4.70+0.38 417+ 0.24 3.25+0.23 2.50£ 0.29

Total mean® SD 38.78% 29.299

33.95+ 26.43%)

29.36+ 23.00b°) 28.49+ 18.539)

Values with different subscripts in the same row are significandy different from each other ar p<{0.05 by

Duncan’s multiple range test
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Table 3. Pearson correlation coefficient between flow rates by tube sizes, viscosity and osmolarity

18Fr 16Fr 14Fr 12Fr

Viscosity —0.6009** —0.5918"* —0.5918%* —0.5832"
Osmolality —0.2947 —~0.2976 —0.2918 —0.2595
<005  **P<0.0)

2 1004 g 10
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Fig. 2. Correlations between viscosity and flow rates of cnteral solutions by wbe sizes.
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Fig. 3. Mean flow rates by tube size for each formula.
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