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\T ADVANCES in the development of elec-

Rece
trodes have opened a new field for investigae-
tion of physiologic processes by direct moni-
toring of specific signals obtained from the
tissues. The details are deseribed in several

recent monographs3-46112330 These new
“tools”™ will allow recording of patho-
ologic alterations in the patient, while
“new cuvettes” used in the dingnosis
are the capillaries, the extrucellular space,
and the individual cells.

Methodology

ELECTRODES FOR MEASUREMENT OF
TISSUE P, AND Py,

These electrodes are used for the measure-
ment of oxygenation (P,,) and blood flow
(Py, washin and washout) in various tissues.
The determinations can be made with either
surface or needle-type electrodes.

Multiwire surface electrodes of the Clark
loped in our laborttory, ™ I
proved of value in basic research and in clini-
cal practice for monitoring local oxygen sup-
plies and blood flows in the microcirculations
of various tissues and organs (fig. 1). Data
have been collected from the kidneys*®* of
patients at operation.

Micro-needle  polarographic  electrodes
for Py, and Py, measurements'+ 36 have
achieved great importanee as tools for basic
research. Compared with Clark-type  elee-
trodes, which are protected by inert mem-
branes, the function of micro-tip electrodes
cin be disturbed more easily by the presence
of different ions, protein concentration, and
electrical noise. Furthermore, they must be
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handled with extreme care to prevent break-
age of the thin tips, and their application in
clinical medicine is still very limited.

Features of the multiwire surface electrode
("Dortmund-type™) developed in our labora-
tory are as follows:

1) Oxygen or hydrogen tension can be
monitored continuously and simultaneously at
eight to 16 different points within tissues.

2) Weight of the electrode is such that it
can be supported by the tissue without the
risk of ischemia due to excessive pressure on
the capillaries being monitored.

3) The electrode can be adapted with a
flange and secured to the tissue by means of
wet cellophane or a piece of wet felt (see
fig. 1).

4) Signals from the electrode are transmitted
via thin, flexible Teflon-insulated wires. This
enables us to obtain precise recordings of the
local oxygen or hydrogen tensions despite
motion of the functioning organ.

Measurement of Oxygen Tension

At a polarization voltage of ~700 mV, the
single platinum wire (dinmeter: 15 pm) of the
electrode, registers a reduction current of 1 to
2 x 107 amps/100 mm Hg. The calibration
curve is linear. Drift of the signal is approxi-
mately 3 per cent per hour. The radius of the
hemispheric surfuce area of the different
platinum wires is 2 5 um when a mem-
brane 25 pm thick is used. Under these
conditions, convection sensitivity is 3 to 4 per
cent and the 95 per cent response time is 3
to 4 seconds.

Measurement of Hydrogen Tension

For the recording of hydrogen tension
(P, the platinum wires must be palla-
dinized.¥3* Voltage used for the polaro-
graphic oxydation of hydrogen lies within a
range of 0—100 mV. A hydrogen tension (Py.)
of 100 mm Hg generates a current of 1 to
2 x 107 amps. Drift of the electrode is ap-
proximately 5 per cent per hour.
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Recording Instrumentation

A multichannel polarization voltage and a
multichannel amplifier unit are used in com-
bination with an automatic data logger con-
sisting of a scanner, an AD-converter, an elec-
tronic clock, a seralizer, and a magnetic
tape  (MIT-Py-system) (Mess-Instrumente-
Technik, Friedenspromenade 40, 8000
Mimchen, GFR). Py, and Py, signals are re-
corded on a multichanuel recorder. The tape-
recorded digital data are evaluated by a com-
puter, which corrects for drift ofthe electrodes,
and plots the histograms as well as the result-

ing P, and Py, curves. If on-line computer
facilities are availuble, direct evaluation of the

digitalized data is possible.

ELECTRODES FOR MEASUREMENT OF
TISSUE POTASSIUM, SODIUM,
CALCIUM, AND PROTON
ACTIVITY
Measurement of lonic Acticity

Ton-selective electrodes have been de-
veloped for measurement of tissue pK, pNa,
pCa, and pH.32-% Sodium- and caleium-
selective electrodes have become available
as a result of the pioneering work by Simon
and colleagues™* 23 from the Laboratory of
Organic Chemistry at the Federal Institute of
Technology in Ziirich, who were able to
synthesize new ligands with high selectivity
for sodium and calcium ions.'*** Incorporation
of these new lipophilic ligands and valino-
mycin into polyvinylchloride (PVC)* has
resulted in membranes with high selectivity
for sodium, potassium, and caleium. Single
and multiple solid-state surface electrodes
for tissue measurements have been con-
structed. 5262 Measurements obtained from
the surfaces of brain, liver, kidney, and skele-
tal muscle have indicated that they monitor
the extracellular cation activities of different
tisswes with great accuracy. The principle
of construction for a typical liquid membrane
surfuce electrode is shown in figure 2. A silver
wire is glued into a small PVC cvlinder,
and the silver tip is coated with a ligand-
impregnated PYC membrane. Treatment of
the silver surface with tetmphenylborate
and addition of tetraphenylborate to the
membrane phase® result in a very stable,
solid electrode. Drift is approximately 0.1
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Fic. 1. Multichanne] surfuce electrode for meas-
urement of Py, or Py, in tissue.

SILVER

— MEMBRANE

1mm
Fic. 2. Diagram of ion-selective electrade (solid-
state) for measurements of K7 Na*, and Ca*~ on
the surfuces of tissues.

mV/hour. For a given set of experimental
conditions, 90 per cent of the final signal
amplitude is attained within 5 to 10 seconds.
Silver chloride is used as a reference clec-
trode. Absolute potential of this measuring
circuit amounts to about 30 mV in 100 myM
solutions. Slopes of the K~ and Na® elec-
trodes lie within the range of 54-38 m\/
Togarithmic activity unit and that for the
Ca* electrode, within 24—26 mV/logarithmic
activity unit. The selectivity data have been
reported recently.® For pH measurements
yH-sensitive glass membranes or

we use
needle

Recording Instrumentation
Measurement of the electromotive forees
(EMF) generated by different ion activities at
and within the fon-specific membranes of the
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FIG. 3. Slope of Py, (measured values) and oxygen
saturation along the sinusoid of nt liver. Ar-
terialized end at left. venous at right.
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FIG. 4. Calenlated field of oxygen tension between
two brain capillaries. The latter are shown as two
open circles below the X-axis. (See also Thews®)

electrodes is obtained with a multichannel
amplifier system and a differential input,
originally developed in our laboratories. The
input impedance of the ion-specific electrode
channel is >10" Q, and the ionic activities
can be recorded simultaneously as pNa,
pCa, pK, and pH values and as mM or mEq
values. Patterns of ionic activity are registered
ona multichannel recorder. Digital evaluation
of the data is possible with equipment simi-
lar to that described for the Py, and Py, clec-
trodes.

Experimental Considerations

TisSUE PERFUSION AND OXYGEN SUPPLY

Krogh first published his ingenious concept
of the three-dimensional distribution of oxy-
gen tension in tissue in 1919.® Based on his
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experimental data and a theoretical model
that consisted of a system of pamallel capil-
laries and their surrounding cells, he de-
veloped a system to deal with gas-exchange
prablems when oxygenation (P} and blood
flow were altered. It became known, subse-
quently, as the “Krogh cylinder.” Experi-
mental evidence to support the model as an
appropriate first approximation of the physio-
Jogic situation has become available only in
the past 13 vears. Figure 3, based on these
data, shows the mean decrease of Py, along
liver sinusoids as Oy is taken up by liver
cells. The decrease in Py, the result of dif-
fusion from hemoglobin in the ervthrocytes
to the mitochondria in the surrounding cells,
is non-linear, whereas the decrease in oxygen
saturation along the capillary is linear. The
Py, profile between adjacent brain capillaries
as induced by diffesion of oxygen is also
non-linear (fig. 4). Although the practical as-
peets of this problem are of utmost impor-
tance, our understanding must still rely
heavily on the theoretical model, since data
on intercapillary Py, gradients are not avail-
able. When the two gradients along and be-

1950

Opitz und Schneider

Fic. 5. Three-dimensional distribution of O.

within two parallel Krogh cyvlinders. (Reproduced
with permis

ion from Opitz and Schneider.'!)
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tribution of oxygen ten-
sions in diflerent orzans.
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tween capillaries are used to construct a
three-dimensional Krogh model,* it becomes
evident that a spatial and therefore inhomo-
geneous tissue distribution of P, must exist
(see fig. 3). The results of experiments per-
formed to study tissue oxyzen supplies in
different organs are shown in figure 6. Py,
frequencey distribution curves, or so-called
P, histograms, were obtained for different
organs following several hundred tissue P,
measurements.

Inspection of figure 6 indicates the following
points not predicted by the Krogh model:

1) The lowest Py, values are below those
found in the so-called lethal comer* located

between two capillaries at the venous end of

the Krogh cvlinders.

2) Maxima of the Py, histograms are fairly
low, or in a rge of 15 to 30 mm Hg An
exception is the outer cortex of the kidney,
an organ with a high functional blood flow.

3) The venous blood Py, is nat indicative of

the low tissue Py, values and lies above the
maxima found in the P, histograms.

1) Despite great varinbility in capillary
architectures. magnitudes of blood flow, and
0. uptakes, P, histograms recorded from
different organs reveal a surprising monotonic
similarity.

Homogeneity of the P, histograms demon-
strates that under physiologic conditions, or-
gan oxygen supply is controlled precisely by a

1 these

very efficient system. Data identify
al mito-

controls are needed. Since the eritic
chondrial Py, appears to be below 0.1 mm Hg*
and since tissue Py, approaches this value, we
must also conclude that O, utilization is sub-
jeet to very efficient optimization. In fact, a
contradiction is apparent between the op-
timized utilization of oxygen in the tissues
and the recorded higher venous blood Py,
values. The latter imply that from a practical
standpoint, cardiac output normally exceeds
the effective requirement for oxygenated
blood by an estimated 30 per cent of total
How, and sugsest that maintenance of a high
venous blood Py, is part of an important
regulatory system for the intact organism.

REDISTRIBUTION OF MICROCIRCULATION

Experiments performed by Kessler et al.®!

have indicated that an important aspect of

tissue regulation to protect against hypoxemia
may reside in the ability for redistribution
of blood flow within the microcirculation.
According to Suwa and Takahashi,® tissue
capillaries are inhomogeneous in length, a
pattern that appears to result in an inhomo-
gencous distribution of capillary blood flow.
An example of length frequency distribution
in rat liver sinusoids is shown in figure 7.
We have also included calculations of micro-
flow (expressed in per cent of control) for dif-
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. Length frequeney distribution curve for
liver sinusoids described by Suwa and Taka-
hashi® Upper portion of the figure indicates the
magnitude of calculated flow (in per cent) us the
capillary lengths are reduced from 500 to 200 pm.

ferent capillary lengths according to the
Hagen-Paoiseuille relationship.

Krumme et al 3% have estimated liver
microflow in anesthetized rats by measure-
ment of Ha-washout following saturation with
an inspired gas mixture of 20 per cent O..
5 per cent H., and 75 per cent Na. The meas-
urements obtained with H.
wire electrodes are summarized in figure 8.
The data, which indicate a pattern of inhomo-
geneous microflow, are compared in the upper
part of the figure with our caleulations, again
assumed on the basis of low, intermediate
and high values for microflow present in
sinusoids of different Iengths. Comparison of
the theoretical data from figure § with those of
fimure 7 reveals a remarkable similarity. This
is particularly surprising in view of the fact
that capillay  diameter, an important de-
terminant of flow, was not taken into ac-
count because exact measurements were not
possible in cito.

Inhomogeneity of capillary length and blood
flow distribution within the microcirculation
has been shown to result in a high mixed

sensitive multi-
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venous blood P, This finding mises the
possibility that the venous blood O, reserve™
an be utilized for redistribution of How in
the microcirculation whenever Q. require-
ments are  increased.  Measurements  per-
formed with P, and Py, electrodes have dem-
onstrated that such redistribution can indeed
be induced by several stimuli, including
arteriad hypoxemia and drugs, and that this
mechanism e, within limits, prevent the
consequences  of tissue oxygen lack. For
example, Krumme et al®% have evaluated
changes in the rat liver in situ during arterial
hypoxemia with and without the addition of a
potent vasoconstrictor such as norepineph-
rine. Changes in the sinusoid blood flow were
evaluated in three regions characterized as
having “high.” “normal.” and “low™ blood
flows (fie. 9). A reduction in the inspired O.
concentration reduced blood flow by 21.2 per
cent in the “high"-flow and only 7.2 per
cent in the “low”-How sinusoids. In contrast,
addition of norepinephrine (fig. 10) increased
flow in the “low -flow region by 216 per
cent, and decreased it in the “high™-flow
region by 20.7 per cent. These data sug-
gest that measurements of global blood flow
are in no way indicative of the distribution
of blood within an organ. and point to the
need for more specific monitoring within
organs of both flow distribution and metabolic
activ

Frequency [" o]
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50 -
350
40 § = B
o 2
30 240%
380%
20 n=215
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F16. 8. Frequencey distribution curve of microflow
rates for rt liver in situ. On the upper part flow
was calculated for three lengths of capillaries
ssumption that a 500-gm Tength was repre-
sentative for a flow of 100 per cent.
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Fic. 9. The effect of hypoxemia on blood flow
produced by Towering the inspired O; concentra-
tion from 20 to 10 per cent was evaluated in the
sinusoids of the rat liver by the technique of
hydrogen clearmee. The analysis was made for
three regions, indicated from left to right by the
three vertical or slhinted lines. Low flow at left
and high fow at right. A reduction in the inspired
0, concentration reduced blood flow in the “low-
flow™ region by 7.2 per cent and that in the “high-
flow™ region by 21.2 per cent.

INSUFFICIENCY OF TISSUE PERFUSION
AND/OR OXYGEN SUPPLY

When a compensatory factor such as an in-
crease of organ blood flow, a redistribution
of flow at the microcireulation level, or a de-
cre in oxygen uptake®™ does not suffice
to secure local oxygen demand, several
pathologic situations may develop. We can
chameterize them as follows (see fig. 11):
1) Normal-flow (100 per cent) anoxia (A) at
end-capillaries caused by arterial hypoxemia:
2) High-flow (200 per cent) anoxia (B) at end-
capillaries due to @ decrease in O, capacity

0, - Sat.
100°%

FiG. 11. Types of tissue anoxi.
Cross-hatched  area indicates
segment of capillary subjected
to at critically Tow Py,
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FiG. 10. The effect of hypoxemin plus adminis-
tration of norepinephrine on blood flow when
inspired Q. decreased from 20 to 10 per cent.
Measurements were made in the sinusoids of the
rat liver. Symbols are the same as in figure 9.
In contrast to hypoxemia alone, addition of nore-
pinephrine increased blood flow in the “low-
flow™ region by 21.6 per cent.

secondary to anemia or extreme hemodilu-
tion®4; 3) Low-flow (70 per cent) anoxia (C)at
end-capillaries due to vasoconstriction, de-
crease in cardiac output, or rheologic disturb-
ance; 4) No-flow (0) anoxia (D) at end-capillaries
due to cessation of blood flow secondary to
embolization, edema, ete. Clinically inade-
quate oxygenation is often the result of a
combined effect.

DISTURBANCES OF TISSUE PERFUSION AND OF
LoCAL OXYGEN SUPPLY SECONDARY
TO HEMORRHAGE
Measurements made during hemorrhage
have shown that local skeletal muscle oxygen
supply is disturbed at an early stage following

0, - Sat.
100%

Low Pao, Low Het

y
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Fi1G. 12. P, histograms in dog skeletal
musele before (lower) and during (upper)
hemorrhagic  shock. (Reproduced  with
permission from Sinagowitz et ol *')
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hemorrhage when blood gases, arterial blood
pressure, and central venous pressure are
still within the nonnal ringe.®-*3! Comparison
of tissue P, meusurements with other direct
methods, such as photometric techniques and
hydrogen clearance, has shown that estima-
tion of the P, histogrum is still the most
accurate method for analysis of the microcir-

RR [mmHg]
':g e o O

Hf

Po, [mmHg]

culation. Although the Py, histogram does not
allow conclusions based on absolute numbers,
it does tell us whether the microcirculation
is disturbed or not. A “physiologic™ histogram
implies that the denmunds placed upon the
microcirculation compared with oxygen de-
mands of the tissues have not been excessive.
When the microcireulation is disturbed, the

MSKM 1

FiGc. 13. Oxygen ten-
sions measured inskeletal
muscle of a patient during

70~
Po, [mmHg]
30+

blood transfusion

gastrointestinal  bleeding
and concomitant  blood
trnsfusion. Upper and
lower limits of Py, read-
ings from a multiwire
electrode are shown. Ar-
terial blood pressure (RR)
and heart rate (HF) are
shown in the upper por-
tion of the graph. (Re-
produced with permis-
sion from Schénleben et
al %)

time [min]
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Fic. 14. P,, histograms of skel
muscle in a patient during mechanical
ventilation with 100 per cent O; and with

PERFUSION AND CELL FUNCTION

35 per cent O.. Mean muscle Py, increased
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MSKM 2

Pag, = 72.4L mmHg
100% 0,

7]

from 11 mm Hg during ventilation with 0
100 per cent O, to 4.3 mm Hg during
ventilation with 35 per cent Oy, probably 30
due to redistribution of flow in the micro-
circulation.

201
0 Po°2=LL.3 mmHg
1 35% 0,
0 T T T T 1/ 1/ Po, [mm Hg]
0 10 20 30 40 50 60

histogram assumes an irregular shape, with
several peaks and shifts to low mean Py,
values. A typical example of a disturbance in-
duced by hemorrhage in the dog is shown in
figure 123122 The distribution curve has shifted
to the left. However, even under these condi-
tions, the data reveal that portions of the
tissues may still be normally supplied with
oxygen. Figure 13 shows values obtained in
skeletal musele of a patient treated in the in-
tensive care unit following partial pancreatec-
tomy.** The local Py, measurements were
made with a multiwire electrode placed at
several positions (each recording consisted of
cight readings); the fgure indicates the
highest and the lowest Py, values for each
set of readings. The gradual decrease in
musele P, was partially reversed by blood
trmsfusion, but muscle Po, remained below
normal (see figure 12 for frequency distribu-
tion) until, at 90 minutes, the patient had a
substantial hematemesis due to a stress ulcer.
In retrospect, the tissue Py, readings were
indicative of a compromised circulation de-
spite apparently adequate vital signs and
what was thought to be appropriate blood-
volume replacement. As shown recently,'” an
increase in intraluminal pressure of the ileam
also can cause severe disturbances of local
tissue oxygen supply.

DISTURBANCES OF TISSUE PERFUSION
INDUCED BY HYPEROXIA IN
INSPIRED AIR

An excessively high oxygen concentration
in the inspired air can cause marked changes

Formation of Lactate
-

[yNal/g mmj

0.7

0.6

0.5 g

0,44

0,3 ’ °

0.2+

o A T T
0 20 <0 50 a0 100 [%]
Decrease in Oxygen Uptake

FiG. 15. Relationship between the decrease in
oxvgen uptake and Iactate formation in the per-
fused rat liver. A substantial increase in lactate
appears when O, uptake has decreased by 30 per
cent.
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FIG. 16. Section of mt liver after anoxia for an hour (perfusion fixation: 0.2\ glutaraldehyde

+ 0.2 M sucro
(arrow
swellings in the cristae of the mitochondria. § =

in the microcirculation. This was seen during
skeletal muscle monitoring with multiwire
P, electrodes in critically ill patients* (fig. 14).

* Obsenvations in patients treated in the intensive
care unit were made in collabomtion with Dr.
Schonleben and Prof. Bimte from the Department
of Surgery of the University of Mimster.

in 0.1M cacodylate buffer, pH, 74 and 580 mOsm for 10 min). Small
are seen in the evtoplasm, especially near the space of Dissé (D). There are slight, localized

cuoles

inusoid. Magnification, 30,000x.

The findings of these studies can be sum-
marized as follows:

1) The threshold for a change in tissue Py,
lies within a narrow range between high and
low inspired O concentrations. For example,
an inspired O, concentration of 30 per cent
may be optimal, while values below 21 per
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FIG. 17. View of rat liver obtained after 10 mi of ischemia (i.e., no-Hlow anoxia). Many large vacuoles
(V) are present in the cvtoplasm of hepatocytes close to the spaces of Dissé (D). The latter are distinctly
snlarged. The ber of autoly (A) is increased, while the distiosomes (Dy) of the Golgi apparatus

13
appear shortened and show partial enlargement. The intercristal spaces of the mitochondria are some-
what distended. Magnification, 30,000x.

cent and above 40 per cent may result in tance secondary to the effect of O; on sphine-
marked alterations of the local oxygen supply.  ters that control blood flow.

Similar results have been recorded in the 2) Adequacy of tissue oxygenation cannot
beating rat heart.®3 The effect is probably  be predicted solely from measurement of
mediated via changes in intercapillary dis-  arterial blood Py, since “‘normal”™ values
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F1c. 18. Correlation between extrucellular pH and
potassitun efflux during no-flow anoxia.

may be associated with an inadequate tissue
supply.

OXYGEN LACK AND ANAEROBIC GLYCOLYSIS

Whenever compensating mechanisms do
not provide the tissues with suflicient oxygen,
anaerobic glveolysis develops.¥ In studies per-
formed in the isolated, perfused organ (i.e.,
rat liver), reduction in O, supply resulted in
prompt decreases in O, uptake and respiratory
enzyme activity. Most important from the
usual monitoring point of view, lactate for-
mation increased slowly at first (fig. 13),
while the Iactate/pyruvate rutio increased only
when 0. uptake had decreased by 60 to 70
per cent.! et

ULTRASTRUCTURAL ALTERATIONS DURING
NORMAL-FLOW AND NO-FLOW ANOXIA

In agreement with observations made in the
isolated, perfused mat liver during normal-
flow anoxia, ultrastructural analyses reveal
no severe damage.® After one hour of normal-
flow anoxia (i.e., blood flow with a very
low Py,), small vacuoles are found in the cyto-
plasm of the hepatoeytes. Slight local edema
can be observed within the intracristal spaces
of the mitochondria (see fig. 16).

After no-flow anoxia for 10 minutes initiated
by cessation of perfusion, drstic alterations
can be demonstrated by electron microscopy
(Re. 17).

In summary, normal-flow anoxia for an hour

KESSLER. HOPER, AND KRUMME
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auses only slight morphologic alterations,
whereas no-flow anoxia (ischemia) for 10 min-
utes results in pronounced cellular damage.

[ONIC DISTURBANCES DURING NORMAL-FLOW
AND NO-FLOW ANOXIA

During nomal-flow anoxia, extracellular
hydrogen (protons), sodium, potassium, and
caleium ionic activities were measured with
ion-selective surface and needle electrodes.
The two types of electrodes delivered com-
parable results. Alterations of ionic activity
during normmal-flow anoxia (pk, pNa, pCa)
were negligible both in tissue (liver) and in
the perfusate.™ Immediately after cessation of
perfusion, extrcellular pH decreased, and 10
minutes after the onset of no-flow anoxia,
intracellular pH was reduced to 6.5. When the
extracellular pH fell below 7.1, potassium
efflux became very prominent {fig. 18). The
pattern of sodium and pe ium exchange in-
duced by no-flow anoxia is shown in figure 19.

Experiments performed  during no-flow
anoxia at different levels of extracellular
calcium activities have shown a significant
correlation between ischemic potassium efflux
and extracellular calcium activity (fig 20).4
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Fi1G. 19. Extracellular sodium and potassium ac-
tivities on the surface of perfused liver after
the beginning of no-flow anoxia.
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Also, during no-flow anoxia, extmeellular cal-
cium activity, as monitored with the calcium
electrode, increases initially and finally de-
creases. This may represent the point when
-alcium jons penetrate the cellular membrane
to act as “killer ions” and induce cellular
necrosis. Similar, although not identical, dis-
turbances have been observed in other organs,
such the kidney and skeletal musele. In
the kidney, 10 minutes after the onset of
ischemia, an increase in extracellular po-
tassium activity to 32.7 mM and a decrease in
sodium activity to 9.7 my can be detected
with ion-selective electrodes, while ealcium
activity increases only from L7 to 2.2 my.
In skeletal muscle anly small disturbances of
cation activity are found following 10 minutes
of ischemia. However, 90 minutes after cessa-
tion of blood flow, potassinum increases to
about 11 my and sodium decreases to about
30 mar. Under similar conditions, potassium
flux in the brain'® is more pronounced as com-
pared with other tissues.

In summary, cationic fluxes are prominent
early during ischemia due to structural
changes and modification of the biophysical
properties of membranes. These changes can
now be detected with electrode systems small
enough for potential clinical use. The possi-
bility of monitoring directly specific bio-
signals within the microenvironment of capil-
Jaries and cells will allow us to detect dis-
turbances at the tissue level as soon as they
appear and enable us to decide how far the
different compeunsating mechanisms  have
been activated. This may be of dmmatic im-
portance for the care of the patient. Once the

available reserves have heen mobilized, the
“point of no return”™ may have been reached
by a minimal, seemingly insignificant de-
terioration.

Methodology in the field of specific tissue
sensors has created many new possibilities for
direet and continuous clinical monitoring of
different biologic signals in tissue. We are
still in the carly phase of such investigations.
However, the relevance of infomrmation pro-
vided by such monitoring appears to show
great promise, and we need to intensify our
efforts to improve and simplify the methods in
order to understand better the results of our

measurements.
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