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Diab. Nutr. Mctab. 3: 227-233, 1988 

In vivo calibration of a subcutaneous glucose sensor 
for determination of subcutaneous glucose kinetics 

G. Velho", Ph . Froguel", D.R. Thevenot .. and G. Reach• 

ABSTRACT. The aim of thi s work was to develop a method for calibrating in vivo a subcutane­
ous glucose sensor; this ca libration procedure was used to investigate the kinetics of the 
estimated subcutan eous glucose concentration during variations in blood glucose leve l. These 
experiments we re performed in anaesthe tized rats: I) In 25 animals, glycaemia was decreased 
from 5.8 + 0.2 to a 2.9 ± 0.2 mmol/1 plateau , following the intravenous injection of I unit of 
insu lin. This drop was followed by a decrease in the signa l amplitude with a 5 min time lag, from 
13.54 + 1.09 to 10.28 ± 1.05 nA (p < 0.01); 2) These two steady states allowed to pe rform a 
two-point in v ivo calibration of the sensor and to calculate the' apparent subcutaneous glucose 
leve l during subsequent glucose admin istration: a) Following a continuous glucose infusion 
(n = 6) that increased glycaemia within 35 min to a 5.6 ± 0.4 mmol / 1 plateau, the subcutaneous 
glucose level increased to a 5.1 + 0.2 mmol / 1 plateau (NS); when glycaemia was increased to 11.3 
+ 0.3 mmol/l (n = 7), subcu taneous glucose concentration raised to 10.7 + 0.4 mmol/1 (NS); b) In 
contrast, after a glucose bolus (n-:- 7), the glycaemic peak_ at 2 min was 12.4 ± 0.9 mmol/l, while 
the subcutaneous glucose peak, observed at 2 min, was o nl y 6.2 + 0.6 mmol / 1 (p < 0.01). We 
conclude, therefore, tha t unde r steady stale conditions, the apparent subcutaneous glucose 
concentration re flects blood glucose level, thus validating the subcutaneous tissue as a site for 
the implantation of a glucose sensor to be used in a closed-loop insulin de livery syste m. · 

lNTRODUCTIO 
Glucose sensors arc an essentia l part of closed-loop 
insµ li n del ivery sys tems in which an elec tric signal 
is generated by the sensor, as a functio n of glucose 
concentration, and is processed by a compu ter lo 
regula te the flow rate of a pump del ivering insulin 
(l) . . \1ost of the sensors proposed so far co nsist of a 
glucose electrode in which the ox idation of glucose 
by glucose-oxidase is respons ible for the genera­
tion of the signal (2). In the past few years, needl e 
type glucose sensors have been proposed fo r sub­
cu taneous implantat ion (3-5). lnclcecl , a subcu­
taneous implan table sensor would be of great in­
teres t, since it could allow for easy replacement in 
case of impairmen t of the sensor performances . 
However , if a subcutaneous sensor is su pposed to 
work as part of a closed-loop insulin deli ver y sys­
tem, intended lo regulate blood glucose (BC) level 
in diabetic patients, this assumes tha t the rdation­
ship bet ween the generated curren t and RC con­
cent ra lio_n is well defin ed. As things now stand , th P­
rc la t'io nship between 1he true subcutaneous glu­
cose concen tralion, wh ich will be moni tored, and 
the BG level is un known, s ince the former is not 
measurable. 
The aim of this work was, therefore, to character­
ize these re lationshi ps. As a fi rst step, we defined a 

me thod for ca librating in vivo a subcu taneous glu­
cose sensor, namely for determining, fo r a given 
sensor, the variation in the current corresponding 

. to a change in BC concentration. This in vivo 
sensiti vi ty coeffi cient was theri used to determine 
from the sensor out put an apparent subcutaneous 
glucose concentrati on and lo es timate its varia-
1 ions occurring during modifi cations of BC con­
cen lrat ions. These experime nts were performed in 
anaesthetizcJ rat s. 

rvn :TIIODS 
Needle type glncose sensor 
The des ign of '.the sensor was modifier! from Sh i­
chiri et al.(~). Rrieflv , th e cathode was made of a 
stee l nccd lc (23C) , c'oa teJ with gold or sil ver by 
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ell'c trolysis {Usifhmmc, Sair; I Graticn , France). 
The anode was fo rmed by the tip of a platinu m 
wire, rneltcd by a gas fl ame to form a rni crosphere 
( I mm diameter), then elec tricall y isola ted in side a 
polyeth ylene cathe ter (Biolrol , Par is, France) and 
cas t in an cpuxide resin inside the calhode needle. 
The electrode ti p was then dipped into a suspen­
sion of 2000 l U/ rnl glucose oxidasc (Grad II, 
Boehri nger Mnnnheirn , Mannheim, W. Germa ny) 
and 1000 IU/ rnl heparin U--1-l08, Choay, Par is, 
France) in acetone and ethano l (1: l volume) con­
lain ing 25% cellulose ace tate (Prolabo, Paris, 
France) . After air drying, it was dipped into a 1% 
glutaraldehy<l e hydri c solution (Prolabo) , and 
again allowed lo a ir dry. lt was then dipped in a 
solution of 5% polyurethane (EG85A, Thirmedics, 
Woburn Mass., U.S.A.) in dimeth vlfo rmamide 
and tetrahydrof uran (l :9 vo lume, P r~labo). Forty 
to 50% of the prepared sensors had sat isfactory in 
vitro linearit y range (higher than 15 mmol/1) and 
respon e time (t -i,Y, shor ter than I min) . Other 
sensors were d iscarded. Sensors were s tored dry at 
4° C, between preparation and implanta tion (3 lo 
l 0<lays) . Each experiment (n = 25) was per formed 
with a differen t sensor, lo make sure that the 
calibra tion re-sul ls were independen l oft he c harac­
t eri st ics of a given sensor. 

In vitro calibration of the sensor 
The Pnsor was connec ted Lu a 11 amperonwtr ic un it 
(P l{G-Del, Tacussc l Elcclro niquc, Vil leurbannc, 
Franc<') imposing a 650 m V vol I age diffe rence be­
I ween the anode and th e ca l hodc and allowing fo r 
cu rrent recordi ng (pen recorder S l·~l20, Goerz 
El <:'c tro. Vienna , Au tria), expressed in nanoam­
pE' res. Before each in vivo experi ment, the charac­
teristi cs of the sensor (i. e. the in vitro sensiti vit y, 
cxpres eel in nA/ mmol/ 1 glu co e, the linear ity 
range and the response time) were dete rm ined in 
physiologica l saline solution by recording I he hasal 
cnsor currenl On) for 30-60 min (unti l signal 

slab ili za tion), and the sensor response to stepwise 
increase in the glucose concenlralion. Th is in 
vitro stud y was repeated after explan tatiun of the 
·en ·or. 

In vivo calibration: determination uf the in vi vo sensi­
tivity coefficient 
Each experiment was carr ied oul wi th a <liff erent 
an imal (n = 25) . Overnigh t fasted male Wistar ra ts 
(250-300 g body weigh t , Jan vier, Sain t Berl hcv i, 
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Fra nce) were anaest hc l iz<'d with pcntobarbital (50 
mg/kg intraperil oncally, Clin Midy, Sain t ] can de 
la Ruelle, Fra nce) , nnd pol ycthyle11e (Biotrol 3, 
Biotrol, France) and silicone (Silasti c 602-J 35, 
Dow Corni ng, Mid land .Mich, U.S.A.) cathete rs 
were inse rted respecti vely into the left jugular vein 
and liomolatcral carot ide artery. for glucose or 
insulin inj r.c lion, and for blood sampling for the 
determina tion of RC concentration. After the in 
vitro charnctc rization , the sensor was implanted in 
the subscap ular subcutaneous ti ssue by blunt dis­
section. Ani mal s wer<' kepl spontaneously brea­
thing under a fl ow of carbogen (O~:CO~, 95:5) and 
warmed under a lamp. 
At least 1 hr after surgery, when BG and the sensor 
011tput were stable. l U of insulin (Endopancrine 
U40, Organon , Sa int Denis, France) was injected 
through the jug11lar cathe ter. Blood samples (0 .3 
ml) we re serially drawn through the carotid cathe­
te r, from - 10 Lo 50 min, wit h a 5 min in terval. 
Samples were immediately cen tri fuged and plasma 
glu l'osc concentration was determined with a glu­
cose analyzer (Beckman, Fullerton Ca. , U.S.A.). 
Following insulin injec tion , the sensor oulput de­
creased lo reach a plat eau , as did the BG concen­
tration. The pre-insuli n and post-insul in s teady 
slates of tlw BC level and of the sensor ou tp ut 
rnadr ii possib le to calculate. by a two-po int cali­
bral ion of I he cnsor, an in vivo sensitivity coeffi­
r irnt, cx prcss<'d in nA/ mmol/ 1, as 1h e ra tio be­
lwccn the decrease in the sensor current and the 
decrease in glu cose co ncentration , and an extrapo­
lated in vivo res idual current (10 ) which would be 
observed in the absence of gl ucose. 
ln the exper iments where glucose was con tinuo us-
1 y administered after the insulin- induced hypogly­
cae n1ia (sec below) , a second pla teau was reached 
both fo r the 11G concenlration and the sensor sig­
na l. I I was t herefo rc possib le to calibrate the sen­
sor a second ti me and to calculate, under these new 
co11di t ions, a second in vi vo sens it ivity coefficienl 
liased on th ese pre and post-glucose infusion pla­
teaus. 

lJetPrminalion of s11-bculnneou.s g lu.cose concentration 
Thr in vi vo sr nsiti vit y coeffi cient, determined in. 
each ind ivid ual ex peri men t was used to calcula te 
the apparent subcutaneous glucose level. This es­
ti mation of subi..; utaneous gl ucose was obta ined by 
su hs I rac ting from l he sensor cu rren l, observed al a 



given time, the in vivo residual current (10 ), and 
th en by divid ing th e resultant curren t by th·e sensi­
ti vity coeffi cient. T his calcula ti on was carried out 
in three situations: the insu lin-induced hypogly­
caemia itse lf and th e subsequent i.v . glucose ad­
minis trations, either as a continuous glucose inf u-
ion (20 to 60 mg/ kg/ min) using an infusion pump 

(Inf u 362, Datex, Uhwiesen, Switzerland), or as a 
glucose bolus (0.5 g/kg), These glucose adminis­
trations were performed shortly afler a stable hy­
poglycaem ic level was achieved. 

Expression of results .and statistics 
All data in tex t and figures are given as mean + 
SEM, and their stati stical signifi cance was assessed 
by the two- tail paired t-tes t. 

RESULTS 

In vitro characteristics of the sensors 
When assessed in vitro, respecti vely before implan­
tation and after explantal ion, th e linearity range of 
th e se nsor response was up Lo 18.0 ± 0.9 and 15.3 
+ 0.9 mmol/1 of glucose (n = 25), and ils response 
Lime (L,xn) Lo each glucose increment was 44 + 4 
and 42 + 2 econds. The in vitro sensitivity of th e 
sensor, was 0.82 + 0.10 and 0.92 + 0.1 nA/ 
mmo l/ 1 and the current obser ved in th e absence of 
glucose (10 ) 8.04 + 1.05 and 7.73 ± 1.18 nA , 
befo re and after the in vivo experiment , re pe ti ve­
ly. 
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Fig. 1 - Plasma g lucose concentration (closed circles) and 
sensor output (so lid line) fo llowing the injection of 1 U o f 
insulin at time zero (mean ± SEM, n = 25). 

Subcutaneous glucose sensor 

In vivo calibration 
Fol lowing the i. v. injection ofl U of insulin (Fig. 1) , 
BG level decreased from 5.8 + 0.2 to a 2.9 + 0.2 
mmol/ 1 plateau and the current genera ted by the 
sensor decreased, with a fi ve min time lag, from 
13.54 + 1.09 Lo 10.28 + 1.05 nA (n = 25,p < 0.01). 
The high amplitudes of the SEM refl ect the variabil­
ity of the 25 different sensors' sensiti vity coeffi­
cient. The in vivo sensiti vity coeffi cient calculated, 
in each experiment , by this procedure was 1.15 + 
0.10 nA/ mmol/ 1 glucose (p < 0.05 versus the in 
vitro value) . The extrapolated signal output for 0 
mmol/ 1 glucose concentration (10) was 7.00 ± 1.13 
nA (N .S. versus the in vitro values) . The correlation 
coefficient for the signal amplitude (nA) vs BG level 
(mmol/ 1) was in each experiment greater than 0.96. 

Estimation of the subcutaneous g lucose concentration 
Figure 2 represent the change in subcutaneous 
glucose concentration , during insulin-induced hy­
poglycaemia, calculated from the sensor output 
(Fig. 1) and taking into acco unt in each experi­
ment the respective in vivo sensiti vity coe ffi cient. 
The cur ve refl ec ts th e changes in BG levels with 
5-min delay. One mu t not that after the trans­
format ion of th e data , the va riance of th e es timat­
ed subcutaneous glucose concentration was, at any 
time, similar to that of BG. ln 6 of th ese experi ­
ments, a 20 ma/ kg/ min glucose infusion was in­
itiated short ly after the insulin-induced_ h ypogly-
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Fig. 2 - Plasma gl ucose concentration (closed circles), and 
apparent subcutaneous glucose level (closed squares) ca lcu­
lated from Figure 1, following insulin injection (mean ± 
SEM, n = 25). 
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caemi c plnteau was renched (Fig. 3). It increased 
the BC con cen tra tion from 3.5 + 0.5 mmol/ 1 to a 
5.6 ± 0.11- mmol/1 plateau. In the meant ime, the 
estimated subcutaneous gl ucose level rose to a 5 .1 
+ 0.2 mmol/1 platea u (NS). In 7 other experi­
ment s (Fig . 3), glucose infusion rate was progres­
s ively increased from 20 to 60 mg/kg.min- 1 to 
reach a high e r BC concent ration. Blood glucose 
increased progress ive ly from 2.5 ± 0.2 to 11.3 ± 
0.3 mmol/1 and th e estimated subcutaneous glu­
cose concentration increased, with a 5 min tim e 
lag, Lo reach 10.7 + 0.4 mmol / 1 at 40 min (NS) . 
Figure 4 rep resen ts the corre lation between the 
esli mated · su bcu taneous glucose concentrations 
and BG levels reached a t the different plateaus 
obtained during these series of experiments (21 
va lues obtained with 7 different sensors, which are 
represented by diffe ren t sy mbol s). As can be seen , 
for each se nsor, these two parameters were linear­
ly correlated, the mean value of the " r" coefficient 
being 0 .9987 ± 0.0002 (n = 7). This figure was 
obtained by using only s tationary levels of BG and 
sensor cu rren t observed before and after insulin or 
glucose infus ions, wit h a l leas l 5 min of s table 
leve ls, thus overcoming the b ias wh ich wou ld be 
introduced by the Lime lag bet ween changes in 
blood and subcutaneous glucose co ncentrations. 
After a 0.5 mg/kg glucose bolus inject ion (n = 7, 

Fig. 3 - Plasma glucose concentration (circles) and apparent 
subcutaneous g lucose level (squares) during intravenous 
glucose infusion: A) 20 mg/ kg/min, open symbols, n =- 6; B) 
20-60 mg/kg/min, closed symbols, n = 7. Glucose infusion 
was initiated when a stable hypoglycaemic /eve/ was 
achieved following rhe insulin injection (Fig. 2). Mean ± 
SEM. 

Fig. 5), the peak in BC concentrati on , al 2 min, was 
12.11, + 0.9 mmol/ 1, while tlw apparent subcutane­
ous glucose peak, a lso observed at 2 min, was only 
6.2 +0.6 mmo l/ 1 (p <0.01). Both the BG concen­
trat ion and the estimated s ubcu taneous g lucose 
level returned to basal at 30 min (3.1 ±0.7 mmol/1 
vs 2.2 + 0 .4 mmol/1, respeclively, .S.). 

Comparison of two calibrations of the sensor 
The in verse of the in vivo sens iti vity coeffi cient 
(1/x) is 1he parameter which describes th e varia­
lion in the subcu taneo us glucose concentration 
responsible for a one nA variation in the sensor 
o utput , and can th erefo re be used in ·Lhe algo­
rithms of the insulin inf us ion control system. This 
val ue was iden ti cal when ca lculated on th e basis of 
the plateaus reached before and afte r the insulin 
injec ti on (1.17 ± 0 .19 mmol.1- 1/nA), or of those 
observed before-and after the glucose ii:ifusions 
(1.21 +0.18 mmol/ 1/nA, n = 13, NS) . The co rre­
la ti on between these two values was r =0.998 (y = 
0.97x + 0.087 mmol/1/nA). Similarly th e two es­
timations ofl 0 were identical (5.69 ± 1.46.nA vs. 
5.53 + J .53 nA, n = 1-3, NS) and we ll correlated (r 
= 0.977, y = l.Qll.x - 0.38). 

DISC S IO 
This work was undertaken Lo define a me th od of 
calibra tion of a glucose cnsor implanted in Lhe 
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Fig. 4 - Correlation between the est imation of subcutaneous 
glucose concentration and the concomitant plasma glucose 
/eve/ reached at low, basal and high glucose level plateaus 
obta ined during the experiments of insulin induced hypo­
glycaemia and glucose infusion. Each symbol represents a 
different sensor (21 points for 7 sensors, r = 0.9987 ± 0.0002, 
11 = 7, Mean ± SEM). 
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Fig. 5 - Plasma glucose concentration (closed circles) and 
apparent subcutaneous glucose level (closed squares) fol­
lowing i. v. glucose injection (0.5 g/kg), administered when a 
stable hypoglycaemic level was achieved following the insu­
lin injection (Fig. 2). Mean ± SEM of 7 experiments. 

subcutaneous t issue. This issue is crit ical since 
this calibrat ion will allow us to calculate, from the 
sensor output , an estimat ion of the prevailing sub­
cutaneous glucose concentra tion. This estimation, 
processed by means of a lgorithms, will determine 
the flow rat e of the pump delivering insuli n, in a 
closed-loop insulin deli very system. However, the 
calibration of a subcutaneous implanted sensor 
presents a specific diffi culty, which is due to the 
fact that the rela tionship be tween the true subcu­
tan eous glucose concentrat ion and the BG leve l is 
unknown . For thee reasons, Mallhews cl al. (5) 
and Pf ciff cr c l al. (6) pref erred to present the 
sensor output expressed in nA , and 11 0 1 to propose 
any I ransforma ti on into an apparent glucose con­
centration. 
Shichi ri et al. (3) , and Cla remont el a l. (4) cali ­
brated the glucose sensor on I he basis of an in vitro 
calibra tion, perfo rmed respectively in physiologi­
cal saline, or in a buffered glucose solu tion. This 
assumes, however , that both the current observed 
in the absence of glucose (10 ) and the sensiti vity of 
the sensor a rc identi cal under bo th in vitro and in 
vivo conditions. Th is might not be true, and migh t 
be one explanation for the very low values of the 
estimated glucose concent rat ion in pig subcutane­
ous tissue, wh ich was only 20% of the concomit ant 
BG level (4). lf we consider our experi ments in rats, 

Subwtaneous g lucose sensor 

the in vitro and in vivo values of 10 obtained in each 
experiment were correlated (r = 0.479, p < 0.05) , 
but we did not observe any correlati on between the 
values of the sensitivity coeffi cient, determined 
under both conditions, (r = 0.146, n = 25), which 
were found to be signifi cantl y different (p < 0.05), 
with an unexpected h igher value observed in vivo; 
although we do not have an explanation for th is 
phenomenon, the absence of correlation between 
in vitro and in vivo data suggests that it might be 
hazardous to speculate on a di ffe rence observed 
between dala obtained under two completely dif­
ferent situations. In addition, when some sensors 
were tested in vitro in I wo different buffers (data 
not shown), the observed sensitivity coeffi cients 
were well correlated (r = 0.98) but no correlation 
was fo und between the observed values of l0 (r = 
0.668, n = 5) . Claremont et al. tested their sensor 
in vitro in a buffered glucose solution or in plasma; 
they found similar values for 10 , but a significantly 
lower value for the sensitivity coefficient when the 
sensor was tested in plasma(?) . Th is suggests that 
the in vitro characteri stics of a glucose sensor 
migh L depend on the choice of the buffer, which is 
in an y wa y different from the in terstitial fl uid 
present in the subcutaneous tissue. 
Abel et al. cali brated a glucose sensor implanted in 
dogs, by adjusting the ini tial sensor ou tpu t Lo the 
BG concentration , and this in vivo calibration 
procedure was used lo determine the subcutane­
ous glucose concentration during a subsequen t 
glu cose in fusion (8) . However, this is a one-point 
ca libration procedure, and it assumes that the in 
vivo value of 10 was idcn Li cal to t he in vitro· value. If 
we consider the da ta obta ined with our sensors, 
both values, as fT}en I ioncd above were fair ly corre­
lated. It seems that this might have been the case 
with their sensors, since in their experiments in 
dogs, the estimated value of subcutaneous gll! cose 
concen tration remained very r.losc to RC level 
during a glucose infusion, in accordance Lo our 
data in rats. 
To avoid these problems, we used an original in 
vivo two-poin t calibration procedure, which made 
it possible to. transfo r·m, in each ind ividual experi­
ment , the recorded current int o an estimation of 
I he subcu taneous glucose con central ion, wit.bout 
having lo take into accoun t the in vitro data. This 
method a llowed us to determ ine all the in vivo 
charac teristi cs of the sensor: sensitivi ty C'oeffi-
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cient, value of 111 , and even, for some sensors, the 
lineari ty range (fig. I\.). This figure is most impor­
tant sin c:e it demonstrates that fo r each indi vidual 
sensor the apparent subcutaneous glu cose conccn­
lra l ion, cs l imatcd with thi s method (and therefore 
the sensor output from which it was cal culated) , 
was linear ly co rrelated to the corresponding BG 
level, up lo 13 mmol /1, a lthough the sensor in vivo 
calibrati on i lscl f was performed a 1 a mu ch lower 
level (between 6 and 3 mmol/ 1, Fig. l). This va li­
dates a posteriori the calibra ti on procedure whjch 
assumes tha1 1his relati onship is linear. Further­
more, this ca libratidn can be carried oul under 
both upward and down wa rd changes in BG concen­
trations, provided that two s teady leve ls of BC are 
achieved. Th is migh t have practi cal implicati ons 
for the cl inical use of a subcutaneous glucose sen­
so r, since obviously it would be safer to use a 
ca libratio n procedure based on a n increase in BC 
concent ration: for ins tance, a two-poi nt cali bra­
tio n procedure could be achieved by us ing the da ta 
of two success ive BG de ter minations, performed 
by the pat ient before and after breakfast. Inciden­
ta ll v, the fact that these two es ti mat ions of the in 
viv~ sensitiv ity coefficient were identical, as were 
the two estima tions of thi s coeffi cie nt perfo rmed 
in vitro, before and after th e in vivo experiment , 
suggest that the characte ris ti cs of the sensor did 
not change ov~r the duration of t he experimen t (1l 
hr). Finall y, note tha t the upper limi t of the in vil.ro 
linea rity range of the sensors was 18 rnrnol / 1 glu­
cose, and tha t the in vivo linearity range of the 
cnso rs might actuall y exceed 13 mmol/ 1 (wh ich 

was the pla teau va lue used in these ex periments). 
\\'(' uscJ this n1 elhod of ca libratio n to determine 
!ht· in 1·iro kinc' t ics of the apparen t subcutaneous 
gluL·o:,,t• concentration du ri ng glycacmic varia-
1 ions . Tl lt'se kinetics are of pararnoun l irnporlance 
l'o r th e' de. ign of the algori th ms of a clo. cd- loop 
ins ul in dcliH·ry sys tem . Our dala in rats dcmon­
s lrale 1l1a l. I . dur ing insu lin ind uced hypogl) cat'­
rnia and gl ucose infusion, tl 1c appa ren t suhru la11e­
ousgl t1 c·os<· co11 rc n tra lion fo ll ows BC wi th a S min 
dl'lay, whid1 represent ed lh C' i11tcgr~1tion of IIH· 
·enso r rT ' ponse ti nwa nd ofglueos(' transl'cr ti me 
fro111 hl ooJ lo subculaneo us fl uid 1·0111part111C·11 1. 
Alil'I !'t al. obse rved .i .l ightl y lo nger dl'la v in dogs 
(8) . which 111iglit be du l' lo tl1 c slown r1• :,,po11 sc 

·ti rnc of I lwi r S(' nso r, or IO some Ji ff ere nee bf' I Wf'e n 
rat and dog suhcu ta neo us ti ssues: 2. L' ndcr s tl'ad y 

slate cond itions, the apparent subcu taneous glu­
cose corH·cn t ra Lion is Ii near I y rcla teJ to tha t of BC 
(Fig. 1-) , up to 13 mrno l/ 1: 3 . This might 1101 be true 
during an acut e and tr::insienl change in BC con­
centra tion , achieved during an i. v. glucose injec­
tion. Although the peak BC concen tration (12.1\. 
rnmol/ 1) remai ned in the in vivo linearity range of 
the sensor , the peak int he ::ipparent subcutaneo us 
glucose> concentrntion was much less pronounced. 
Claremo111 also observed a difference between 
blood and subcutaneous glucose concen tration 
peaks following a glucose bo lus (4,). Th is differ­
ence was probably due Lo the response time of the 
senso r, lo the glucose transfer ti me fro m blood to 
subcutnncous tissue, and Lo the dilution of glucose 
in the ex tracellular space, where it was monitored 
b)' the sensor , the glycaemic peak being higher 
1 lian I he subcutaneous peak because it was mea­
sured befo re the in tra vascular and the ex tra vascu­
lar gl ucose concen tratio ns had reached an equili ­
brium. 
It has Lo be pointed ou l th ::i t we d id no t measure the 
true subcu taneo us gl ucose concen tration, but a 
func tion of the senso r cu rren t, which was referred 
to throughou t thi s Lex i as an " apparen t" subcu­
taneous glucose concen trat ion. cvertheless. two 
differen t approache of sam pling inte rsti tial fluid 
i11 dugs, found that , under sta tionary conditions, 
the true subcutaneous glucose concent ration is 
i11deed identi cal lo BC le vel: Fischer et al. , by a 
wick techn ique , u, i11g subcutaneously implanted 
rn tt o11 threads (9), and Janie-Swain el al. us ing a 
sub('lt tarwou sly i111 pla11ted capillary filtrate collec­
to r ( 10). ThesC' Jata contrast with those ob tained 
bv Clarl' rn on t irr pigs (11-) and Sli ichiri in dogs (3) 
a;1d in hu rnan diabet ic pa ti ent s (11 ) , who fo und 
lo wer \':il ues in the uhcu tancous 1issue. These 
u mlerl'st i mat ions ma y have been du e lo the use , in 
these lall'r :; Ludie,,, o( in Pilro dcLnrn ined scnsitivi-
1 ~· vo<'flici(·n ts to caku latc the s11b<·u laneous glu-
1·u:,,t' <' llll<'t•11tratio n. 
I 11 ('tJJll'i11sio11. w<· de:,nilwd an in vivo. rather than 
a 11 i11 1·i1ro 111 c th od fur t·alibrating a subcutaneous 
,.d ucost· sl'nso r: this 111 c·1 I rod made it possihle lo 
~-lra r:H'tniZ(' I lil' rclatio r1 ship bet W l'Cll BC and np­
parl' 11 I s ulw11 l:11wuus lev1·ls, wlr ich were found to 
lw \'ir tu:il ly idc11 tit·al dur in/!progrcssivc' glvcaerni c 
d1an gt·:,,, wit h a S 1J1i11 t ime la pse. \~ oreo.ver , the 
Lwl I hat t h1'S1' rl' lal iu11ships WL'l'l' highly rep rodu­
cii>k (Fig:,,. :2 and ::\ ) dL·1110 ns l ra tes t hal thi s pa-



ran1P tcr is uilabl c Lo be processed in a closed-loop 
in sulin deli very system using appropria te algo­
r ith ms. Thus, if th sc data, ohtained in rats, are 
relevan t l? man , they wou ld validat esuhculaneous 
ti ssue a a s ite for the implantation of a glu cose 
c nsor, as parl of an artificial endocrine pancreas. 
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