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Pathomechanism



I n s u l t
Endotoxin, Trauma, Sterile 

inflammation, Operation, etc.

Humoral activity
Interferon, Complement

M a c r o p h a g e s
TNF; IL-1,6,10; PAF

P M N
FR, PAF, Chemotaxis

E n d o t h e l
NO, E-selectin, NFkB

Fisiol. reactions
Fever, Metabolic changes

Sepsis, SIRS

MODS

Local insult goes systemic

Molnár and Shearer Br J Int Care Med 1998; 8: 12It isn’t the insult, but host response what
determines severity and outcome



Surgery, 
Trauma,

Pancreatitis
Isch-reperf.
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Health=balance between the antagonistic forces

Acid Base
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Organ dysfunction
+ 

dysregulated host 
response



Cytokine adsorbtion…

NOT ONLY IN SEPTIC patients but in any DAMPs & PAMPs: 
CYTOKINE STORM

To regain balance!



Is this patient septic or not?



Respiratory 
dysfunction

Hemodynamic 
instability

Renal 
dysfunction

Altered 
mentationEtc, etc, ....Etc, etc, etc....

I have never treated „SEPSIS” in my life! 
But…

You treat organ dysfunction –
but there is no „Anti-Sepsis Tablet”



Does the patient have infection or not?

Infection = ABs

No infection = No ABs



Diagnosis is not easy

At least 173 of them!!

I      PCT

Inflammatory

WARNING!
Using biomarkers is not easy



Journal of  Immunology  Research, 2015; Volume 2015, ID 510436, 13 pages
http://dx.doi.org/10.1155/2015/510436

Immuno-
globulins Steroids

EC cytokine-
removal

....



Individualizing treatment 
with the help of biomarkers



Patients with 
suspected infection = 209

Infection = 85
PCT available at T-1 = 114

No-infection = 29

ΔCRP, WBC, T

AUC ΔPCT: 0.85



Proven infection = 141
Appropriate AB = 108 (77%)
Inappropriate AB = 33 (23%)

No infection/micro = 68

Patients with 
suspected infection= 209

EProK-study

3.2. PCT kinetics in medical and surgical patients

In patientswith infection, PCT followed similar kinetics inmedical (n=
91) and surgical (n=50)patients,with substantial differences in the abso-
lute values at t0 (median: 2.74 [25%-75% interquartile range: 1.30-7.72] vs
6.46 [2.61-40.07], P= .002) and at t24 (4.41 [1.52-13.55] vs 17.02 [6.74-
69.45] ng/mL, Pb .001, respectively). Medical and surgical patients were
further divided into appropriate—Am (n = 70) and As (n = 38)—and
inappropriate—IAm (n = 21) and IAs (n = 12)—subgroups. Kinetics in all
subgroups followed the same pattern as described for the whole sample
(Fig. 2B and C).

Kinetics of CRP were similar in both groups, with no significant dif-
ferences within and between groups during the study period (Fig. S5A
and B). The same holds true for body temperature, with the only differ-
ence being that, in themedical cohort at t24, temperaturewas higher for
the next 3 days (Fig. S5C and D) (Table S3).

3.3. Predictive value of PCT for indicating appropriate
antimicrobial treatment

The ROC analysis revealed that a PCT elevation from t0 to t16 had an
AUC of 0.73 (95% CI, 0.63-0.83; Pb .001) and that from t0 to t24 had an
AUC of 0.86 (95% CI, 0.77-0.94; Pb .001) (Fig. 3). According to the
Youden index, the best cutoff for PCT increase from t0 to t16 was 69.2%,
and from t0 to t24, it was 73.5% (Table 2).

4. Discussion

The main findings of this study were that PCT kinetics during the
first 24 hours after commencing empirical antimicrobial therapy show
significant differences in patients on appropriate antimicrobial therapy
compared with those on inappropriate antimicrobial therapy and that
there were significantly higher absolute PCT values but similar kinetics
in surgical compared with medical patients with infections.

4.1. Diagnosing infection

Although the classical definitions of sepsis syndromes[21] and con-
sensus criteria of sepsis [22] have been implemented worldwide for de-
cades, differentiating systemic inflammatory response from bacterial
infection remains a challenge [23,24], and mortality from sepsis and
septic shock is still very high. This uncertainty in the diagnosis may
lead to unnecessary overuse of antimicrobials resulting in increased
bacterial resistance, adverse effects from the antimicrobials, and in-
creased costs [25].

In this diagnostic dilemma, there has been considerable interest in
the use of infection/sepsis biomarkers. Among these biomarkers, the
two most commonly used are PCT and CRP. Several studies have
shown that PCT has a better sensitivity and specificity for indicating bac-
terial infections than CRP [26]. This was confirmed by the results from
this study, where only PCT was able to differentiate patients with prov-
en infection from patients with no infection. These results are similar to
those reported by recent large randomized trials [10,11].

4.2. Appropriate antimicrobial therapy

Inappropriate empirical antimicrobials have a strong adverse effect
on survival [27], although such therapy is a common feature in the
ICU, reportedly as high as 25% to 30% [5,15]. Once inappropriate antimi-
crobials are initiated, it often takes days (until organism isolation and
sensitivities are produced) to correct them. In our study, 23% of patients
received inappropriate antimicrobials. This high incidence may be due
to the lack of fast and reliable diagnostic tests for bacterial infections
and to the subsequent delay in microbiological results. Earlier recogni-
tion of potential inappropriatemicrobial therapymay allow anopportu-
nity to substantially improve outcome.

To our knowledge, this is the first study to show that the early kinet-
ics of PCTmeasuredwithin thefirst 24 hoursmay help clinicians to eval-
uate the appropriateness of empirical antimicrobial therapy in critically
ill patients. The rationale formeasuring successive PCT levelswithin this
time frame came from the assumption that, by giving appropriate anti-
biotics, this may slow the inflammatory response within hours and that
this could be detected by serial measurements of PCT.

In a study by Charles et al [15], they observed a signal of lower PCT
levels on day 2 in the appropriate group, but the difference was not sig-
nificant. This may be due to the fact that, in their study, PCT was mea-
sured retrospectively; therefore, the time elapsed between the PCT
measurements and the antibiotic therapy was uncontrolled, unlike
this study where investigating PCT kinetics as precisely as possible dur-
ing the first 24 hours was a particular aim. In this study, although PCT
continued to increase after the initiation of empirical antimicrobial

Fig. 3. Receiver operating characteristic curve.

Table 2
Cutoff values for appropriate and inappropriate antimicrobial treatment in the entire cohort

Cutoff value Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) P

PCT t0-t8 ≥45.6% 56.5% (0.46-0.66) 69.7% (0.51-0.84) 31.7% (0.28-0.54) 85.4% (0.78-0.92) .090
PCT t0-t16 ≥69.2% 65.7% (0.56-0.74) 84.8% (0.68-0.94) 42.1% (0.33-0.60) 92.8% (0.82-0.95) .048
PCT t0-t24 ≥73.5% 79.6% (0.70-0.86) 87.8% (0.71-0.96) 53.5% (0.41-0.70) 95.2% (0.84-0.98) b .001

The best cutoff value was determined using the Youden index. PPV indicates positive predictive value; NPV, negative predictive value.
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AUC PCTt0-16: 0.73

AUC PCTt0-24: 0.86

Pattern of PCT kinetics – could be used early for
individualizing treatment: timing, monitoring 



Stabilization phase

Too well

Too ill



Let’s go to the bedside!



How we do it



Attenuating the cytokine storm early?

The ACESS trial
Adsorbtion of Cytokines Early in Septic Shock



ACESS - Inclusion criteria

• Suspected sepsis of medical etiology
• IPPV
• PCT >3 ng/ml
• Norepinephrine ≥ 10 µg/min
• PiCCO confirmed normovolemia and CO
• Signs of hypoperfusion: ScvO2, lactate, dCO2, 

oligo-anuria metabolic acidosis

17 patients over >2 years!



ACESS – Preliminary results 

Dr. Nándor Öveges Dr. Ildikó László

Thank you!



ACESS – organ dysfunction (10/7 pts)



ACESS – inflammation (10/7 pts)



ACESS – PCT and cytokines
IL-10

IL-1ra

IL-6

IL-8

TNF-α

PCT may be an appropriate biomarker to
monitor the cytokine storm



ACESS – Lessons learned
• CytoSorb is not a ”Magic Bullet”
• Patient heterogeneity remains a problem

• We have to go multicentric (anybody interested J?)

• Huge scatter in cytokine levels
• More patients needed (multicenter)

• Performance of the adsorber changes over time 
• Find a way of monitoring performance

• Changing the adsorber <24h maybe indicated
• PCT seems to be a useful marker for 

individualization
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