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The initial distribution 
volume of glucose and 
cardiac output after 
haemorrhage in dogs 

The purpose o f  the study was to evaluate the role o f  insulin 

in glucose kinetics after glucose administration using an in- 
sulinogenic index to indicate the magnitude o f  insulin response. 

The initial distribution volume o f  glucose (IDV-G) was cal- 
culated with a one-compartment model from repeated meas- 

urements o f  plasma glucose concentration three to seven min- 
utes after administration o f  100 rag" kg - t  glucose. The IDV- 
G was compared with the insulin response and the thermo- 
dilution assessments o f  cardiac output, measured simultane- 

ously both before and after induced haemorrhage (30 ml" kg -1 
over 30 min) in 12 adult mongrel dogs. The plasma insulin 

concentration was measured during the procedure and insu- 
linogenic indices were calculated. There was no correlation be- 
tween the 1DV-G and insulinogenic indices, but there was a 

correlation between the IDV-G and thermodilution cardiac out- 
put before and after induced haemorrhage (r = 0.85, n = 24, 
P < 0.001). We conclude that the initial distribution volume 

o f  glucose is an indication o f  cardiac output in normo- and 
hypovolaemic dogs. Modification o f  glucose kinetics by the in- 
sulin response to glycaemic stimuli was negligible in that short 

period o f  time. 

Cette dtude a pour objet lEvaluation, apr~s l'administration 
de glucose, du r61e de l'insuline dans la cindtique du glucose 
en utilisant un index insulinogdne prdcisant l'ordre de grandeur 
de la rdponse insulinique. Le volume initial de distribution 

de glucose (VID-G) est calculi gr~fe ~ u n  modele d compar- 
timent unique obtenu par des mesures rdpdtdes de la glycdmie 
de trois ~ sept minutes apr~s l'administration de I00 mg" kg - I  
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de glucose. Le VID-G est compard d la rdponse insulinique 
et au ddbit cardiaque par thermodilution, mesurds simultand- 
ment avant et aprbs une hdmorragie provoqude (30 ml" kg - t  

en 30 minutes) chez 12 chiens b6tards adultes. La concentration 
plasmatique de l'insuline est mesurde pendant le prdldvement 

et l'index insulinique calculd. I1 n'existe pas de corrdlation entre 
le VID-G et l'index insulinique, mais il en existe une entre 
le VID-G et le ddbit cardiaque avant et aprbs l~dmorragie (r 
= 0,85, n = 24, P < 0,001). Nous concluons que le volume 

initial de distribution du glucose correspond au ddbit cardiaque 
chez le chien normo- et hypovoldmique. Les modifications de la 
cindtique du glucose par la rdponse insulinique au stimulus du 

glucose sont n~gligeables pendant cette courte pdriode de temps. 

Since the introduction of the Swan-Ganz catheter in 1970 
in clinical practice, 1 the thermodilution technique has be- 
come the standard measurement of cardiac output. How- 
ever, this invasive monitoring procedure has potential 
hazards and complications. 2"~ Other methods of 
cardiovascular monitoring, which are safer, easier, and 
less invasive than thermodilution assessments of cardiac 
output need to be established. 

In a previous study, S we calculated the initial distri- 
bution volume of glucose (IDV-G) after a bolus of glu- 
cose 5 g, using a one-compartment model, in 13 critically 
ill patients. This value was compared with the thermo- 
dilution assessments of cardiac output measured simul- 
taneously. Correlations were found between the IDV-G 
and the thermodilution cardiac output (r = 0.89, n = 
27, P < 0.001). The results indicated that the IDV--  
G reflected cardiac output rather than glucose metab- 
olism. Glucose can be given repeatedly and safely in small 
amounts unless neurological dysfunction or hyperglycae- 
mia is present. However, the effect of exogenous glucose 
loading on insulin release remains unresolved, because 
plasma insulin concentrations were not measured. 

The present study was designed to evaluate the role 
of insulin on glucose kinetics after glucose administration, 
using the insulinogenic index 6 as an indicator of the in- 
sulin response to an exogenous glucose load. Also, the 
relationship was determined between the initial distribu- 
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tion volume of glucose and thermodilution assessments 
of cardiac output before and after induced haemorrhage 
in dogs. 

Methods 
The protocol was approved by the animal investigation 
committee of the institution. Twelve adult mongrel dogs 
weighing 7-9 kg were used for the experiments. During 
pentobarbital anaesthesia (30 mg. kg -I /v), the trachea 
was intubated and the end-tidal carbon dioxide was main- 
rained at 4.5-5.5% by mechanical ventilation with room 
air throughout the procedure. The left femoral artery was 
cannulated for blood sampling and continuous blood 
pressure monitoring. A Swan-Ganz catheter (Baxter 
Healthcare Corp. Model 93A-741H-7.5F) was inserted 
through the right femoral vein and advanced until the 
tip lay in the pulmonary artery. An infusion of lactated 
Ringer's solution was begun and continued at a constant 
rate of 4 ml. kg-I.  hr-I. A period of 30 min was then 
allowed to establish a steady circulatory state. 

Prior to the glucose administration, cardiac output was 
measured by cardiac output computer 9520A (American 
Edwards Laboratories) with 5 ml of chilled, normal saline 
solution. The measurements were performed in duplicate 
and averaged. The coefficients of variation for repeated 
measurements were <5%. 

Then 0.5 ml-kg -I glucose (100 mg. ml -I) was ad- 
ministered through the proximal port of the Swan-Ganz 
catheter over 30 secs. Blood samples were drawn imme- 
diately before and at three, five, seven, and nine minutes 
after the injection, respectively. Two hours later, haem- 
orrhage was induced by stepwise bleeding (1 
ml. kg -1. min -I) over 30 min. Thirty minutes after com- 
pletion of the haemorrhage, a second series of measure- 
ments and blood sampling was performed. All plasma 
samples were separated immediately and stored at -20~ 
until the measurement of glucose and insulin concentra- 
tions was completed. 

Plasma glucose concentrations were measured using 
the glucose oxidase method (Gluco-20 glucose analyzer, 
Fuji Co. Ltd.), and plasma insulin concentrations were 
measured by radiommunoassay method (ARC-300, 
ALOKA). Each value was measured in duplicate and 
averaged. 

The initial distribution volume of glucose was calcu- 
lated, using a one-compartment model, from the incre- 
mental plasma glucose decay curve between three and 
seven minutes after glucose administration. In a one com- 
partment model, the volume of distribution (Vd) is cal- 
culated as follows: 

Vd = Dose/C 0 

where Dose = amount of drug administered. CO = initial 

plasma concentration at time zero after instantaneous dis- 
tribution, but before the start of elimination. The Gauss- 
Newton method was used in a microcomputer-based non- 
linear least-square programme on the NEC PC-9800 
computer 7. A weight factor of 1/c 2 was used, where c 
was the value of the point on the time course. 8 

The insulinogenic index, as described by Seltzer et al., 6 

was calculated by dividing the area circumscribed by the 
plasma insulin-time curve (i.e., the incremental area above 
the level before a glucose administration) by the corre- 
sponding area circumscribed by the plasma glucose-time 
curve throughout the nine-minute sampling period. 

Numerical data were expressed as mean • SD. Sta- 
tistical analysis was performed using Student's t-test and 
regression analysis. Values were considered statistically 
signficant when P < 0.05. 

Results 
The IDV-G, insulinogenic index and cardiac output of 
each dog are shown in the Table. Mean IDV-G was 1.01 
• 0.13 L before haemorrhage, which decreased to 0.73 
• 0.13 L after haemorrhage. The mean insulinogenic 
index was reduced from 0.70 • 0.49 to 0.39 • 0.43, 
and the mean cardiac output from 1.58 • 0.52 L .  min -I 
before haemorrhage and to 0.63 • 0.19 L .  rnJn -I after 
haemorrhage. 

There was no correlation between the IDV-G and the 
insulinogenic index (r = 0.19, n = 24), and the IDV- 
G and the plasma glucose level immediately before the 
glucose challenge (r = 0.21, n = 24). A correlation was 
found between the IDV-G and cardiac output (r = 0.85, 
n = 24, P < 0.001, Figure). Correlations were also found 
between the IDV-G and cardiac output before (r = 0.63, 
n = 12, P < 0.05) and after bleeding (r = 0.86, n = 
12, P < 0.001). 

Discussion 
The present study demonstrated that (1) there was no 
correlation between the I D V - G  and the insulinogertic 
index, and that (2) a correlation was obtained between 
the IDV-G and cardiac output. Although glucose disposal 
takes place in pools more or less distal to plasma, 9 insulin 
release may modify glucose kinetics even shortly after 
glucose administration. In normal subjects, exogenous 
glucose loading inhibits hepatic glucose output and fa- 
cilitates insulin release from the pancreas. However, this 
does not occur in stressed conditions such as sepsis, bums, 
and surgery 1~ as well as in the post-haemorrhaglc 
state of the present study. Although the mean post- 
haemorrhagic insulinogenic indices in the present study 
were decreased compared with those before haemorrhage, 
three of 12 dogs did not show a decrease of the indices 
as shown in the Table. While each dog showed a con- 
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TABLE IDV-G, insulinogenic index and cardiac output before and after haemorrhage 
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IDV-G(L) lnsulogenic index Cardiac output (L" rnin -t) 
B W  

No (kg) B `4 B .4 B A 

I 8.0 0.81 0.68 1.46 0.61 
2 8.0 I. 18 0.92 0.04 0.04 
3 8.0 1.1 i 0.75 1.20 1.50 
4 8.5 1.04 0.77 0.36 0.06 
5 7.0 0.87 0.61 0.39 0.11 
6 8.0 1.09 0.88 1.09 0.77 
7 7.5 1.12 0.77 0.53 0.71 
8 7.0 0.99 0.84 0.63 0.29 
9 7.0 0.89 0.59 0.66 0.04 

10 8.0 1.16 0.80 0.27 0.18 
11 8.5 0.95 0.72 1.49 0.24 
12 7.0 0.88 0.47 0.31 0.18 

7.74-0.6 1.01 4-0.13 0.734-0.13' 0.704-0.49 

0.82 0.40 
2.57 0.87 
1.54 0.81 
!.03 0.70 
1.54 0.46 
1.51 0.93 
1.69 0.60 
1.73 0.66 
1.68 0.54 
2.13 0.62 
1.97 0.68 
0.79 0.26 

0.39 4- 0.43* 1.58 4- 0.52 0.63 4- 0.19" 

B: before ha.emorrhage; A: after haemorrhage. 
Values are mean -t- SD; *P < 0.05 versus B. 

-7" 

Y = 2.80 X -  1.33 . 

r =0.85 

p < 0.001 " s 
n = 2 4  

(, 

(! 014 016 018 110 112 
IDV-G II) 

FIGURE Relationship between IDV-G and cardiac output. 

sistent decrease in the IDV-G following haemorrhage 
compared with the pre-haemorrhagic value. Thus, there 
was no correlation between the insulinogenic index and 
IDV-G. The insulin response to glycaemic stimuli failed 
to play an important role for determining the IDV-G. 
This modifying factor might also be negligible judged 
from the observation that no consistent relationship was 
obtained between the IDV-G and the plasma glucose con- 
centration immediately before a glucose challenge. 

One may speculate that the initial volume of distri- 
bution for several drugs is composed mainly of the blood 
volume and the extravascular space of the highly perfused 
tissues such as the heart, lungs, kidney and liver, and 
is determined by cardiac output, regional blood flow and 
the characteristics of a particular drug. 13 The results of 
the present study suggest that cardiac output is a major 

determinant of the initial distribution volume of glucose 
rather than glucose metabolism. 

In order to calculate the initial distribution volume in 
a one-compartment model we had to decide when the 
distribution phase started and ended, because the longer 
the interval between drug administration and blood sam- 
piing the more would elimination and metabolism modify 
plasma glucose concentrations. Wolfe et  al. 14 described 
the rapid decay of plasma concentrations during the first 
ten minutes after bolus injection which probably repre- 
sents mixing in the plasma compartment. Cunningham 
and Heath 15 have commented that measurements of 
plasma glucose concentrations at time intervals as short 
as 1 min after glucose loading were influenced by slight 
variation in times of injection and sampling. Thus, a one- 
compartment model was applied to fit the glucose con- 
centrations versus time data from three to seven minutes 
after the injection, and the data obtained after nine min- 
utes were disregarded. 

Induced haemorrhage produces a decrease in circulat- 
ing blood volume and cardiac output. It appears that 
the IDV-G reflects blood volume in the body, because 
cardiac output correlates with preload. However, this is 
not always true especially in patients with congestive heart 
failure where contractility and/or aftefload may also be 
important determinants of cardiac output as well as the 
preload. Thus, the IDV-G method, when used to predict 
cardiac output, should apply only to patients without 
compromised cardiac contractility. 

C o n c l u s i o n  

The insulin response to a glucose load did not correlate 
with the IDV-G. The contribution of insulin to the change 
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of plasma glucose concentration was negligible in a short 
time after glucose loading. The IDV-G correlated with 
thermodilution assessments of cardiac output under the 
experimental conditions described. 
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