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Stefan Schraag Studying septic encephalopathy: 
what animal models can predict

Impaired mental function, delirium, and the development
of deep coma is often seen in patients with systemic in-
flammation, typically as an early symptom [1]. The con-
cept of early or septic encephalopathy as an entity that
cannot be explained by hepatic or renal dysfunction, hy-
potension, or hypoxia is relatively new and has been re-
ported to occur in a range of 8–70% of septic patients
[2], usually associated with a poor outcome [3]. In a pro-
spective study in 50 patients, which examined the rela-
tionship between the degree of encephalopathy, bactere-
mia, Acute Physiology and Chronic Health Evaluation
(APACHE) II score, and survival, the authors could
demonstrate a clear relationship between decreasing
Glasgow Coma Scale score and increasing mortality [4].
The underlying mechanisms have only been defined in
parts. As neither microorganisms nor their products can
be isolated from the blood of many septic patients, septic
encephalopathy probably arises from the action of in-
flammatory mediators on the brain or a cytotoxic re-
sponse of brain cells to these mediators, namely leuko-
cytes, endothelial cells, astrocytes, and neurons [5].

In an ideal world one would suggest that more than
2500 years after the first description of an association
between generalized infection and impaired brain func-
tion by Hippocrates [6] our current insight and knowl-
edge about inflammatory diseases has led to the develop-
ment of a simple and easy-to-use screening tool to iden-

tify those patients who, for multiple reasons, subsequent-
ly will develop systemic inflammatory response syn-
drome (SIRS); however, things are not so simple!

A logical approach to overcome this diagnostic gap is
to create a window to the brain. The electroencephalo-
gram (EEG) has been shown to be a sensitive indicator of
septic encephalopathy and offers the advantage of being
used even in patients who otherwise are not able to be as-
sessed clinically. The degree of changes in the EEG cor-
relates with the severity of the clinical course [7]. In gen-
eral, an increase in slower frequencies can be observed,
and, in more severe cases, additional triphasic waves, the-
ta pattern, and burst suppression may occur. Persistent
cortical lesions may induce multifocal epileptiform po-
tentials [8], although some patients may recover com-
pletely both clinically and with respect to EEG [2]. How-
ever, the EEG provides a large amount of data that are of-
ten difficult to assess; hence, it has not achieved much
enthusiasm in the study of septic encephalopathy. On the
other hand, in this condition somatosensory evoked po-
tentials (SEP), usually in response to median nerve stimu-
lation, show a deteriorated cortical signal with increased
latencies and suppressed amplitudes [9]. Similar to the
EEG, the magnitude of pathological changes in the SEP
is found to be more pronounced in patients with severe or
prolonged septic encephalopathy [10].

In this issue of “Intensive Care Medicine”, Ohnesorge
and colleagues [11] present the results of an animal study
in which they evaluated the predictive value of somato-
sensory evoked potentials (SEP) as an early indicator of
cerebral dysfunction associated with inflammatory dis-
ease. They tried to relate early changes in SEP morphol-
ogy with subsequent development of SIRS, induced ex-
perimentally in mini pigs by injection of Na-Taurocho-
late and enterokinase in the pancreatic duct with the con-
secutive development of pancreatitis. The SIRS was de-
fined as a 33% decrease in systemic vascular resistance
(SVR). In the pre-septic period the investigators found a
decrease in SEP amplitudes in six of eight animals to a



median value of 47% compared with baseline. The major
strength in their study design was the fact that measure-
ments were obtained in 2-h intervals until the appearance
of pre-defined SIRS criteria in every individual animal,
which actually differed between 4 and 18 h; however,
there were no changes in SEP latencies at any point of
measurement.

Impairment of mental state suggests, as in the EEG, a
general slowing and prolongation of the SEP signal. A
recent study in medical ICU patients by Zauner and col-
leagues [12] demonstrated, by utilizing subcortical and
cortical SEP analysis, that septic encephalopathy occurs
more frequently than generally assumed, and that its se-
verity is associated with the severity of illness. Prolonga-
tion of the subcortical SEP pathway (N13–N20 interpeak
latency) was found in 34% of patients, whereas up to
84% of all patients showed a prolongation of the cortical
SEP pathway (N20–N70 interpeak latency). It is remark-
able that this particular study did not report any changes
in SEP amplitudes, which was the main finding in the
study by Ohnesorge and colleagues [11].

So we are back to the crucial question: What animal
models can predict when their results are put into per-
spective of decision making in real patients? The major
problem remains to establish an animal model which
mimics pathophysiology of SIRS in humans and is sensi-
tive to related EEG changes at the same time. It may be
questionable whether Ohnesorge and colleagues [11]
really investigated sepsis-related encephalopathy. Al-
though septic complications of acute pancreatitis do
arise, these are usually late features. The observed loss
of vascular resistance and the increase in body tempera-
ture and heart rate within the described time interval af-

ter pancreatitis was induced are well-known systemic cy-
tokine-induced symptoms, which also occur without evi-
dence of sepsis [13]. Another finding which deserves ex-
planation is the fact that two animals did not show any
decrease in SEP amplitude and another, after an initial
decrease, showed a subsequent increase prior to the time
point where SIRS was defined. This heterogeneous pat-
tern in the time course of SEP amplitudes and the uncon-
trolled nature of the study imply that the data obtained
from the animal model in general probably show a trend
rather than convincingly demonstrate the predictive val-
ue of SEP amplitudes to assess the early stage of septic
encephalopathy; however, this study turned out to be one
of the first to associate the modulation of SEP ampli-
tudes with the possible development of septic encepha-
lopathy in an individual time link. It has shown that
changes in SEP even precede the general suppression
seen in the EEG. Although the results are maybe less
uniform than expected, this pilot approach should en-
courage the investigators to proceed to a more controlled
animal model which considers the multifactorial nature
of the underlying pathologic entity.

In essence, SEP appears to be a promising candidate
for early tracking septic encephalopathy, and the work
by Ohnesorge et al. [11] is undoubtedly a valuable con-
tribution to the evaluation of the technique for this indi-
cation; however, we have to be aware of the large vari-
ability of individual responses, the limitation of an ani-
mal model, and the need for more consistent data in ICU
patients. Meanwhile, our primary focus should be to
clinically assess the mental status of every critically ill
patient equally seriously as we monitor other organ dys-
functions. This is not a trivial task.
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