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Previous work on cerebral perfusion and cerebrovascular reactivity in sepsis has yielded
conflicting results. In a retrospective analysis, hypotension was shown to be the only predictor
of delirium in postoperative patients with sepsis [6]. Bowton et al. found low CBF in [7]
patients with sepsis and these results suggest a role of cerebral ischaemia in the development
of sepsis-associated delirium. In contrast, a recent study on cerebral haemodynamics in
mechanically ventilated patients with sepsis-associated delirium [8] reported normal global
CBF measured with transcranial Doppler (TCD). However, a SPECT study in a small group
of general medical patients showed that frontal or parietal cerebral perfusion abnormalities
occur in delirium [9]. To date, two studies have been undertaken addressing the issue of
cerebral autoregulation in patients with sepsis, again yielding inconclusive results. Matta and
Stow reported intact pressure autoregulation and cerebral carbon dioxide reactivity in 10
patients with sepsis [10], whereas Smith et al., using carotid TCD and cardiac output
measurements, demonstrated that cerebral blood flow was correlated with cardiac index in
septic shock patients; a finding the authors rated as consistent with a loss of cerebrovascular
autoregulation [11]. Both studies did not differentiate between patients with and without

sepsis-associated delirium.

The role of biomarkers in sepsis-associated delirium is even less clear. Potential markers for
delirium have recently been reviewed [12], but much research has focused on patients with
delirium independent of sepsis. It is also not clear whether the results also apply to patients
with sepsis. It would be helpful to have reliable serum markers that support the diagnosis of
sepsis-associated delirium. Recent research has investigated the value of S-100p and neuron-
specific enolase (NSE) [13, 14]. However, the endpoint of these studies was mortality and

irreversible brain injury. The results of these two studies are contradictory and difficult to









lower in patients with sepsis-associated delirium (11 (5-14) vs.15 (11-15) p = 0.028).

Recombinant activated protein C was not used in this group of patients.

Haemodynamic, respiratory, and cerebral perfusion data are shown in Table 3. Seven patients,
all of whom had sepsis-associated delirium required noradrenaline for haemodynamic
support. There was no significant difference in MAP or cerebral perfusion assessed with TCD
and NIRS in the two groups of patients. However, the calculated index of autoregulation was
significantly different between these groups (p = 0.015, Figure 1). There were no significant
correlations between Mx, the index of autoregulation and the APACHE Il score, or Mx and

catecholamine requirements.

Patients with sepsis-associated delirium had higher CRP levels (p = 0.008, Figure 1). In
contrast, no significant differences were found for IL-6 levels (378 (21-8299) vs.86 (42-
1117) pg/mL (p = 0.3) in patients with and without sepsis-associated delirium, respectively.
Interestingly, higher CRP levels were correlated with increasingly disturbed autoregulation

(Spearman Rho = 0.621, p = 0.01, Figure 2).

With regard to possible serum markers, we found significant associations with sepsis-
associated delirium for both S-100B (p = 0.029) and cortisol (p = 0.011) (Figure 1). S-100,
but not cortisol, discriminated between survivors and non-survivors (0.103 ug/L (0.036-

0.193) and 0.247 ug/L (0.153-0.638), respectively, p = 0.003).

Discussion
In our small group of patients, cerebral perfusion assessed with transcranial Doppler and near-

infrared spectroscopy did not differ between patients with and without sepsis-associated






and autoregulation. However, one could speculate that disturbance of autoregulation may be
the result of the inflammatory response. An association between IL-6 and autoregulation
would have supported this concept. However, such a relationship was not found in our
patients. This may be explained by the fact that fluctuations of 1L-6 occur much more rapidly
than CRP levels, or that changes in autoregulatory status have a different temporal pattern
than changes in IL-6. However, further investigations into the relationship between
inflammation and cerebrovascular function are warranted. It would be valuable if e.g.
monitoring of autoregulation could be used to quantify the effects of an inflammatory insult to

the brain.

In our patients elevated CRP, S-1008, and cortisol were associated with sepsis-associated
delirium. The association between CRP and delirium has been previously described in non-
septic patients [29]. With regard to S-100p our data are consistent with data from patients
with delirium after cardiac surgery [30]. Is this increase in S-100p due to brain injury? The
interpretation of S-100p, a protein found predominately in astrocytes and Schwann cells, is
difficult. Even when an increase in S-100p is not due to extracranial sources including the
heart, skeletal muscle, and the kidneys [31] it is not absolutely specific for brain damage [32],
but may also indicate a disturbance of the blood-brain barrier [33]. It has been suggested that
low values reflect blood-brain barrier dysfunction, whereas higher values reflect brain
damage. A cut-off value has been suggested based on a pharmacokinetic model [34].
However, S-100p cut-off values depend on the kit used, and comparisons can only be made
when identical kits have been used. In our patients we found moderate elevations of S-1008,
but we cannot differentiate between blood-brain barrier dysfunction and glial or neuronal
damage. Some of our patients had acute renal failure and haemofiltration, but neither renal

failure [13] nor haemofiltration [35] influence S-100p levels. We did not measure NSE,
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Table 2: Patient characteristics Il

n | Time | Intubated PaO, Glc | Heparin (1U/24h) | NA | DOB | Steroids | Sedation
1 30 10.2(8.0) | 133 10,000 L, H

2 42 13.6 (11.0) | 8.3 22,000 L, HQ
3 39 X 9.2(7.6) 8.0 10,000 X M, F

4 37 8.3(8.3) 6.3 LMWH 5,000 X P,M

5 30 X 11.3(9.1) 9.6 15,000 18 P,M

6 39 X 16.2 (9.3) 5.3 10,000 14 X P, Mi, M
7 29 11.5(8.4) 6.5 20,000 7 300 None

8 42 8.6 (6.8) 5.3 20,000 11 | 400 M

9 48 X 13.4(12.1) | 6.9 10,000 26 X Mi, M
10| 46 X 15.0(10.2) | 7.0 LMWH 2,500 20 X Mi, F, M
11| 48 X 11.3(8.6) 5.7 LMWH 5,000 18 X P,M,R
12| 42 185(15.1) | 7.6 15,000 P,M

13| 25 X 19.2 (9.3) 4.8 LMWH 5,000 P, F

14 6 13.8 (12.0) 6.7 None X None

15| 44 11.7(116) | 6.1 LMWH 5,000 300 M, H

16| 26 11.8(11.2) | 6.8 LMWH 5,000 None

Legend: Time: Time interval (hours) between admission to the intensive care unit and

measurements. PaO,: Partial pressure of oxygen during measurement (lowest recorded value

between admission to ICU and measurement). Glc: blood glucose levels (mmol/L) NA:

LWMH: low molecular weight heparin. Noradrenaline: ug/min during measurement, DOB:

Dobutamine: pug/min during measurement. Steroids: Pat 3: 3 x 100mg hydrocortisone/24h, Pat

14: 25mg methylprednisolone/day, all others 4x50mg hydro-cortisone/24h. Sedation: L:

Lorazepam, H: Haloperidol, Q: Quetiapine, M: Morphine, F: Fentanyl, P: Propofol, Mi:

Midazolam, R: Remifentanil. Patients 1-12: sepsis-associated delirium present, patients 13-16

no sepsis-associated delirium.
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Table 3. Haemodynamics, cerebral perfusion and respiratory parameters

Sepsis-associated delirium | No sepsis-associated delirium | p
MAP (mmHg) 75 (57-87) 85 (73-94) 0.1
FV (cm/s) 76 (40-97) 48 (45-98) 0.3
TOI (%) 59 (49-74) 65 (59-69) 0.2
Sa0, (%) 97 (91-100) 99 (93-100) 0.2
PaCO, (kPa) 5.4 (3.7-9.4) 5.3 (4.5-5.5) 0.7
Temp (°C) 37.1 (35.0-38.6) 37.3 (36.3-38.5) 0.5

All parameters are shown as median (range). MAP: mean arterial pressure, FV: cerebral blood

flow velocity in the middle cerebral artery, TOI: cerebral tissue oxygenation index, SaO:

arterial oxygen saturation, PaCO,: arterial partial pressure of CO,. Temp: ear temperature. All

values represent means of data collected during a 60 min measurement. TOIl and FV are

averaged values from both cerebral hemispheres. P values were calculated with the Mann-

Whitney U test.
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