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Abstract: Background: The importance of perfusion-guided resuscitation in septic shock has re-
cently emerged. We explored whether the use of hemoadsorption led to a potential beneficial role 
in microvascular alterations in this clinical setting. Methods: A pre-planned secondary analysis of a 
Phase-II interventional single-arm pilot study (NCT05658588) was carried out, where 17 consecutive 
septic shock children admitted into PICU were treated with continuous renal replacement therapy 
(CRRT) and CytoSorb. Thirteen patients were eligible to be investigated with sublingual microcir-
culation at baseline, 24, 48, 72 and 96 h from the onset of blood purification. Patients achieving a 
microvascular flow index (MFI) ≥ 2.5 and/or proportion of perfused vessels (PPV) exceeding 90% by 
96 h were defined as responders. Results: In 10/13 (77%), there was a significant improvement in MFIs 
(p = 0.01) and PPVs% (p = 0.04) between baseline and 24 h from the end of treatment. Eight patients 
displayed a high heterogenicity index (HI > 0.5) during blood purification and among these, five 
showed an improvement by the end of treatment (HI < 0.5). Conclusions: In this pilot study, we 
have found a potential association between CytoSorb hemoadsorption and a microcirculation im-
provement in pediatric patients with septic shock, particularly when this observation has been as-
sociated with hemodynamic improvement. 
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1. Introduction 
In recent years, the critical importance of “perfusion-guided” resuscitation in the 

management of septic shock has been increasingly highlighted in the literature [1]. Sub-
lingual microcirculation analysis has emerged as a valuable bedside technique for inves-
tigating the impact of septic shock on organ perfusion and assessing the efficacy of thera-
peutic interventions by directly visualizing microvascular blood flow. 

Numerous studies, both in animal models and human subjects, have consistently 
demonstrated that microcirculation is significantly compromised in septic shock [2]. 
Moreover, the severity of these microcirculatory alterations correlates with the overall se-
verity of the disease and serves as a predictive indicator of mortality [3]. Interestingly, 
vasoactive medications commonly used to treat septic shock have been associated with 
either a limited improvement or no discernible impact on the microcirculation [4]. Nota-
bly, cumulative exposure to vasopressors in septic shock has been associated with in-
creased mortality [5,6]. 

Given these considerations, there has been growing interest in exploring the poten-
tial benefits of adjuvant therapies, such as blood purification techniques. These therapies 
aim to reduce the reliance on vasopressors, exert anti-inflammatory effects, and ultimately 
enhance organ perfusion [7]. However, our current understanding of the impact of blood 
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purification techniques on microcirculatory resuscitation in septic shock remains limited, 
particularly in the context of pediatric critical care [8]. In our recent study involving chil-
dren with septic shock, we observed a significant reduction in the Vasoactive Inotropic 
Score (VIS) and Pediatric Logistic Organ Dysfunction (PELOD-2) score at 72 and 96 h fol-
lowing the initiation of CytoSorb therapy, when compared to baseline. Importantly, these 
reductions were more pronounced in the hemoadsorption group than in a historical co-
hort of pediatric patients who underwent continuous renal replacement therapy (CRRT) 
alone [9]. 

Furthermore, we embarked on an exploration of whether the observed hemodynamic 
improvements were accompanied by corresponding changes in microcirculation during 
CytoSorb and CRRT therapy in the same cohort of pediatric patients. Our overarching 
hypothesis revolved around whether the utilization of hemoadsorption, which enables 
control over septic shock mediators, could potentially exert a beneficial influence, not only 
on global hemodynamic variables, but also on microvascular alterations within this clini-
cal setting.  

2. Materials and Methods 
2.1. Study Design 

This was a pre-planned secondary analysis of a Phase-II interventional single-arm 
pilot study conducted in the Pediatric Intensive Care Unit (PICU) at the Bambino Gesù 
Children’s Hospital in Rome, Italy. The study protocol underwent review and approval 
by the local Ethics Committee in July 2019 (Ethics Committee Reference: N376). Informed 
written consent was obtained from the next of kin or legal guardian for each patient en-
rolled in the study [9]. 

The patient recruitment and data collection period spanned from July 2019 to October 
2021. Eligibility screening was conducted for all patients admitted to the PICU who pre-
sented with either microbiologically confirmed or suspected septic shock. The inclusion 
criteria for participation in the study were as follows: 1. Body weight ≥ 10 Kgs, 2. A diag-
nosis of septic shock as defined by the International Pediatric Consensus Conference cri-
teria [10], and 3. The requirement for CRRT; CRRT was indicated either due to acute kid-
ney injury, as defined using the Kidney Disease Improving Global Outcome (KDIGO) cri-
teria [11], or the presence of fluid overload ≥10%. The study was registered in the clinical 
trials database under the identifier NCT05658588. 

All study procedures were conducted in accordance with the ethical standards and 
guidelines set forth by the responsible committee for human experimentation, including 
institutional and national regulations. The study adhered to the principles outlined in the 
Helsinki Declaration, ensuring the protection of the rights, safety, and well-being of all 
participating patients. 

2.2. Data Collection and Definition 
Data collection for this study was managed through an electronic case report form 

(eCRF). At the time of patient admission (i.e., enrolment), a comprehensive set of infor-
mation was documented, encompassing demographics, comorbidities, source of admis-
sion, primary diagnoses, PELOD-2 and VIS [12,13], as well as the Pediatric Index of Mor-
tality 3 (PIM-3) score [14]. Continuous monitoring of invasive arterial pressure was initi-
ated at baseline, which marked the onset of therapy, and persisted for a duration of 96 h. 
Lactate levels, VIS, and PELOD-2 scores were assessed at multiple time points, specifically 
at baseline, 24, 48, 72 and 96 h following the commencement of therapy. Sublingual mi-
crocirculation assessments were conducted daily for five consecutive days starting from 
the initiation of blood purification. A handheld vital microscope (HVM) utilizing incident 
dark field microscopy imaging technology (Braedius Medical, Huizen, The Netherlands) 
was employed to capture five video recordings at each designated time-point. Subse-
quently, the three videos with the highest quality were selected for subsequent analysis, 
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in accordance with a recent consensus [15,16]. The videos underwent a meticulous offline 
analysis process, utilizing dedicated software (Analysis Manager V2, Braedius Medical, 
Huizen, The Netherlands) [17]. Additionally, a qualitative assessment was conducted by 
two independent operators [16,18]. Intrao-bserver and intero-bserver variabilities are 
around 5% in our department [18].  

Several critical microcirculatory parameters were computed, including total small 
vessel density (TVD), proportion of perfused vessels (PPV), and perfused microvascular 
density (PVD). 

For the semi-quantitative evaluation of microcirculatory flow, the methodology de-
scribed by Boerma et al. [19] was adopted. Each recorded image was divided into four 
equal quadrants, and flow within each quadrant was assigned a numerical score: no flow 
(score 0), intermittent flow (score 1), sluggish flow (score 2), and continuous flow (score 
3). The microvascular flow index (MFI) was then determined based on the predominant 
flow type in each quadrant and subsequently averaged across all quadrants. Furthermore, 
the heterogeneity index (HI) of MFI was also computed [20]. Patients who exhibited an 
improvement in microcirculation were categorized as “responders”; this classification was 
based on the attainment of specific criteria within 96 h from the commencement of blood 
purification treatment, including achieving an MFI ≥ 2.5 and/or PPV exceeding 90% 
[2,3,19]. 

2.3. CytoSorb Therapy 
A hemodialysis catheter was carefully inserted into a central vein, with the choice of 

internal jugular or femoral placement contingent upon the patient’s size and suitability; 
CRRT was carried out employing a standard hemofilter constructed from either poly-
arylethersulphone or ANST69. In addition, a CytoSorb (CytoSorbents Inc., Princeton, NJ, 
USA) adsorber was integrated into the CRRT circuit, and configured to operate in contin-
uous veno-venous hemodiafiltration (CVVHDF) mode. The effluent dosage was main-
tained at 2000 mL/h × 1.73 m2, ensuring effective blood purification. 

Within the CRRT circuit, the CytoSorb cartridge was strategically positioned in series 
with the hemofilter, with routine replacement scheduled for every 24 h. This arrangement 
was sustained for a maximum duration of 96 h. Prior to each CRRT session, the circuit 
underwent a thorough saline solution flush and was primed with either albumin, blood, 
or saline, a decision made in accordance with the clinical judgment of the attending phy-
sicians. 

To manage anticoagulation, unfractionated heparin (UFH) was administered 
through a continuous heparin–sodium infusion, typically adjusted to maintain a post-fil-
ter activated clotting time (ACT) within the range of 160 to 180 s. In cases where contrain-
dications to UFH were identified, regional citrate anticoagulation was judiciously em-
ployed as an alternative approach. 

For patients requiring extracorporeal membrane oxygenation (ECMO) support, the 
placement of CRRT access and return was strategically positioned post-oxygenator and 
pre-pump to ensure compatibility and safety within the ECMO circuit. 

Statistical Analysis 
For descriptive data, continuous variables are expressed as mean ± standard devia-

tion (SD) or median and interquartile range (IQR), according to their distribution; cate-
gorical variables are expressed as count (n) or percentage (%). To evaluate changes be-
tween two timepoints, the Mann–Whitney U test was performed. Spearman correlation 
was used to assess the association between microcirculation and hemodynamic parame-
ters, both in the cohorts and in the responders’ population. Differences were considered 
statistically significant at p < 0.05. All the tests were performed using NCSS 2021 Statistical 
Software (2021) (NCSS, LLC., Kaysville, UT, USA). 
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3. Results 
3.1. Study Population 

We enrolled a total of 17 patients, with 13 meeting the criteria for inclusion with sub-
lingual microcirculation monitoring. The median age of the participants was 9 years, with 
a median weight of 35 kg. Upon admission to the PICU, the median PIM-3 score was 
98.6%. Table 1 provides a comprehensive overview of the demographic and clinical char-
acteristics of the enrolled population at the time of PICU admission, along with the sub-
sequent outcomes. All patients received both CRRT and CytoSorb therapy within 24 h 
from the onset of septic shock. The median duration of hemoadsorption therapy was 72 
h, with a range of 48 to 96 h. During the treatment course, patients required a median of 
three cartridges. 

Table 1. Demographic and clinical characteristics at PICU admission and outcome of the study pop-
ulation. Data are expressed as median and ranges.  

Patients 13 
Gender M: 5 (38%) F: 8 (62%) 

Age 11 [4–13] 
Source of infection: 

Primary Bacteremia −5 
Gastronintestinal −2 

Respiratory −1 
Abdominal −1 

Meningo-encephalitis −1 
Other −3 

Septic shock 13 (100%) 
Vasopressors 13 (100%) 

VIS at PICU admission 47 [35–63] 
Lactate at PICU admission 3.9 [1.6–8] 

Extracorporeal support 13 (100%) 
CKRT 13 (100%) 

HP 13 (100%) 
ECMO 0 

Invasive mechanilcal ventilation 13 (100%) 
PICU LOS 13 [8–26] 

PICU Mortality 3 (23%) 
Mortality at 28 days 3 (23%) 

3.2. Microcirculatory Changes during CytoSorb Therapy 
Figure 1 displays the distribution of all microcirculatory parameters within the pa-

tient population undergoing combined therapy. No statistically significant differences 
were observed in the microcirculation parameters at different time points during the treat-
ment across all patients. Among responders (10/13, 77%), a significant improvement in 
MFIs (p = 0.01) and PPVs% (p = 0.04) was noted between the baseline and 24 h from the 
end of treatment. However, no significant differences were observed for other parameters 
in this subgroup (Table 2). 
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Figure 1. Microcirculation parameters of the patients treated with CytoSorb and Continuous Renal 
Replacement Therapy (CRRT) over time. The box plot (purple box) for patient investigated (black 
dots) are median data (interquartile range) of microcirculatory parameters for small vessels (<20 
µm) of microvascular flow index (MFI) and proportion of perfused vessels (PPV), and for medium 
average vessels (large and small vessels) for total small vessel density (TVD) and perfused micro-
vascular density (PVD) at the following time points: T1 before the onset of blood purification (BP); 
T2 24 h from the onset of BP; T3 48 h from the onset of BP; T4 72 h from the onset of BP; T5 96 h from 
the onset of BP. 

Table 2. Median data of microcirculatory parameters for small vessels (<20 µm) of mean flow index 
(MFI) and proportion of perfused vessels (PPV), and for medium average vessels (large and small 
vessels) for total small vessel density (TVD) and perfused microvascular density (PVD) in respond-
ers and non-responders patients at different time points. Baseline: before the onset of blood purifi-
cation (BP); 24 h from the onset of BP (24 h); 48 h from the onset of BP (48 h); 72 h from the onset of 
BP (72 h); 96 h from the onset of BP (96 h). 

MFIs AU (median) 
 Baseline 24 h 48 h 72 h 96 h p value 

All 2.3 2.5 2.6 2.5 2.8 0.2 
Responders 2.3 2.5 2.4 2.8 2.8 0.01 

Non Responders 2.7 2.5 2.7 1.3 1.1 0.2 
PPVs % (median) 

 Baseline 24 h 48 h 72 h 96 h p value 
All 91 24.9 94.8 93.4 94.1 0.7 

Responders 90 95 95 93 93 0.04 
Non Resonders 93.2 96.4 98.8 62.5 54 0.4 

TVDm mm/mm2 (median) 

 Baseline 24 h 48 h 72 h 96 h p value 
All 10.6 11.1 12.3 11.4 11.7 0.4 

Responders 10.5 11.3 12 11 11 0.7 
Non Responders 8.7 11.4 11.3 9.9 10.1 0.7 

PVDm mm/mm2 (median) 
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 Baseline 24 h 48 h 72 h 96 h p value 
All 9.9 10.3 11 10.4 11.4 0.3 

Responders 9.8 10.5 10.5 10.5 11 0.3 
Non Responders 8.3 11 11.2 6.7 4.7 0.06 

Among the responders, 7 out of 13 patients exhibited an HI > 0.5 at various time points 
during therapy (20). Among these patients, 4 displayed elevated heterogeneity only during 
the early phase (<48 h), with a subsequent normalization of the index to <0.5 by the end of 
the treatment (Figure 2a). Patients with higher HI values during a later period (>48 h) were 
primarily non-responders in terms of MFIs and PPVs improvement (Figure 2b). 

 
(a) 
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(b) 

Figure 2. (a) Shows patterns of heterogenicity in microcirculation and their evolution from baseline 
T1; early period (<48 h); late period (>48 h) in those patients (4 on 7) who showed elevated heteroge-
neity only during the early phase (<48 h), with a subsequent normalization of the index to <0.5 by 
the end of the treatment (b) Shows patterns of heterogenicity in microcirculation and their evolution 
from baseline T1; early period (<48 h); late period (>48 h) in those patients (3 on 7) with higher HI 
values during a later period (>48 h). 

3.3. Relationship with Hemodynamic Variables, Vasopressor Dosage and Mortality 
The correlation of sublingual microcirculatory parameters with global hemodynamic 

variables, lactate, a PELOD-2 score and a VIS evidenced that non-responders showed an 
improvement; however, this was not significant for the hemodynamic parameters, the 
VIS, the PELOD-2 score and lactate reduction (Table 3). 

Table 3. Median data (interquartile ranges) of hemodynamic variables: Systolic Blood Pressure 
(SBP), Diastolic Blood Pressure (DPB), Mean Blood Pressure (MAP), lactate, Vasoactive Inotropic 
Score (VIS) and Pediatric Logistic Organ Dysfunction 2 (PELOD-2) in responders and non-respond-
ers patients at different time points. Baseline: before the onset of blood purification (BP); 24 h from 
the onset of BP (24 h); 48 h from the onset of BP (48 h); 72 h from the onset of BP (72 h); 96 h from 
the onset of BP (96 h). 

SPB mmHg (median) 
 Baseline 24 h 48 h 72 h 96 h p value 

All 75 100 47 100 100 0.0005 
Responders 79 103 109 109 110 0.0045 

Non Responders 70 125 129 115 122 0.0809 
DBP mmHg (median) 

 Baseline 24 h 48 h 72 h 96 h p value 
All 55 60 62 64 61 0.4225 

Responders 55 60 62 55 60 0.6893 
Non reponders 55 58 69 76 70 0.3711 

MAP mmHg (median) 
 Baseline 24 h 48 h 72 h 96 h p value 
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All 55 75 81 82 84 0.0033 
Responders 56 74 80 80 80 0.0126 

Non Responders 53 93 93 91 88 0.3711 
Lactate mmol/L (median) 

 Baseline 24 h 48 h 72 h 96 h p value 
All 3.9 1.1 1.3 1.3 1.3 0.0148 

Responders 2.8 1.3 1.3 1.3 1.3 0.0501 
Non Responders 9 1 1.1 1.6 1.4 0.0809 

VIS (median) 
 Baseline 24 h 48 h 72 h 96 h p value 

All 47 32 24 13 0 0.0001 
Respoders 47 33 24 13 0 0.0007 

Non responders 87 21 20 8 5 0.0765 
Pelod-2 (median) 

 Baseline 24 h 48 h 72 h 96 h p value 
All 9 5 5 5 5 0.0031 

Responders 8 5 5 5 5 0.0028 
Non Responders 11 6 6 5 5 0.5536 

We also calculated the Spearman correlation in our cohort between the Systolic Blood 
Pressure (SBP), Diastolic Blood Pressure (DBP), Mean Arterial Pressure (MAP), lactate and 
VIS with MFIs, PPVs, TVDm and PVDm, observing in responders patients a weak positive 
correlation between MFIs and VIS (r = −0.36, p 0.02) and a weak negative correlation be-
tween PPVs and VIS (r = −0.39, p 0.01) and PVDm and VIS (r = −0.38, p 0.01). A weak posi-
tive correlation was also found between MFIs and SBP (r= 0.36, p 0.02), PPVs and SBP (r = 
0.31, p 0.05), DBP and TVDm (r = 0.32, p 0.04), DBP and PVDm (r = 0.27, p 0.07) and MAP 
and PVDm (r = 0.36, p = 0.02). No correlations were found for any patients except for a 
weak correlation between PVDm and MAP (r = 0.28, p = 0.04), and in non-responders pa-
tients (Table 4).  

Table 4. Spearman correlation in our cohort between Systolic Blood Pressure (SBP), Diastolic Blood 
Pressure (DBP), Mean Arterial Pressure (MAP), Vaso-inotropic Score (VIS), lactate (LAC) with mean 
flow index (MFI) and proportion of perfused vessels (PPV) and for medium average vessels (large 
and small vessels) for total small vessel density (TVD) and perfused microvascular density (PVD) 
in responders and non-responders patients. 

 
Spearman Vis Spearman PSYS Spearman PDIA Spearman MAP Spearman LAC 

MFIs AU 
(median) 

p value MFIs Au 
(median) 

p value MFIs Au 
(median) 

p value MFIs Au 
(median) 

p value MFIs Au 
(median) 

p value 

All −0.15 0.293 0.19 0.173 −0.08 0.565 0.14 0.331 −0.31 0.362 
Responders 0.36 0.022 0.36 0.022 −0.11 0.490 0.24 0.155 −0.08 0.617 

Non Responders 0.38 0.181 −0.05 0.863 −0.01 0.966 0.01 0.983 −0.09 0.753 

 PPVs% 
(median) p value PPVs% 

(median) p value PPVs% 
(median) p value PPVs% 

(median) p value PPVs% 
(median) p value 

All −0.20 0.140 0.27 0.053 −0.06 0.685 0.25 0.074 −0.27 0.054 
Responders −0.39 0.014 0.31 0.052 −0.12 0.478 0.28 0.089 −0.16 0.326 

Non Responders 0.28 0.337 0.25 0.391 0.12 0.721 0.32 0.306 −0.43 0.124 

 
TVD 

mm/mm2 

(median) 

p value 
TVD 

mm/mm2 

(median) 
p value 

TVD 
mm/mm2 

(median) 
p value 

TVD 
mm/mm2 

(median) 
p value 

TVD 
mm/mm2 

(median) 
p value 

All −0.20 0.146 −0.13 0.350 0.29 0.040 0.21 0.137 −0.12 0.411 
Responders −0.24 0.128 −0.20 0.222 0.32 0.044 0.27 0.095 −0.06 0.698 
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Non Responders −0.09 0.769 0.12 0.691 0.21 0.505 0.25 0.428 −0.27 0.345 

 

PVDm 
mm/mm2 
(median) 

 

p value 

PVDm 
mm/mm2 
(median) 

 

p value 

PVDm 
mm/mm2 
(median) 

 

p 
value 

PVDm 
mm/mm2 
(median) 

 

p value 

PVDm 
mm/mm2 
(median) 

 

p value 

All −0.24 0.077 −0.03 0.853 0.20 0.165 0.28 0.049 −0.14 0.310 
Responders −0.38 0.017 −0.06 0.695 0.23 0.162 0.36 0.028 −0.06 0.735 

Non Responders 0.06 0.851 0.14 0.625 0.18 0.586 0.17 0.601 −0.34 0.233 

Persisting microcirculation alterations, defined as MFIs < 2.5 and HI index > 0.5, pre-
dicted mortality in our cohort in two out of three patients. In these patients who did not 
survive (n = 3), two patients showed a persisting microcirculation alteration and died from 
septic shock; however, the third patient who showed an improvement in their microcir-
culation parameters died from a cerebral hemorrhage. Figure 3 reports the time course of 
MFIs, PPVs, PVDm and TVDm in relationship to the time course of MAP and VIS in re-
sponders and non-responders. 

 
Figure 3. Time course of mean flow index (MFI), proportion of perfused vessels (PPV), perfused 
microvascular density (PVD) and total small vessel density (TVD) in relationship to time course of 
Mean Arterial Pressure (MAP) and Vaso-inotropic Score (VIS) in responders and non-responders. 

4. Discussion 
Monitoring microcirculation and tissue perfusion a priority in current critical care, 

especially in critical conditions such as sepsis and shock. Therefore, technologies like sub-
lingual microcirculation analysis and other techniques that monitor organ perfusion 
(near-infrared spectroscopy, tissue oximetry) should ideally be used, particularly in re-
search settings, to evaluate outcomes [21]. 

To the best of our knowledge, this study represents the first investigation into sub-
lingual microcirculation patterns during hemoadsorption with CytoSorb in a pediatric 
population with septic shock. In our cohort, we did not observe a significant improvement 
in microcirculation parameters across the entire population over time. However, 77% of 
patients exhibited improved microcirculation by the end of the blood purification treat-
ment. Furthermore, the significant, although weak, correlation observed between the 
changes in microcirculation and some hemodynamic variables suggest the presence of 
hemodynamic coherence in this subgroup of patients [22]. In contrast, non-responders 
exhibited higher mortality, despite an improvement in systemic hemodynamics [22]. 
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A higher HI index was observed in our population, indicating significant microcir-
culatory heterogeneity and suggesting the severity of septic shock in this cohort. Specifi-
cally, 7 out of 13 patients exhibited high HI values (>0.5), which have been previously 
correlated with a high risk of mortality [20]. Among these patients, four out of seven ulti-
mately showed a normalization of microvascular flow by the end of the treatment. Late-
stage heterogeneity in the microcirculation was observed in all non-responder patients 
and in two of the three patients who did not survive. 

The potential beneficial effects of hemoadsorption on microcirculation flow are be-
lieved to result from a direct effect related to the removal of sepsis mediators responsible 
for endothelial inflammation and micro-thrombosis [23]. Additionally, a secondary effect 
is related to the reduction in vasopressor load, ultimately improving organ perfusion in 
septic shock. While Zuccari et al. [8] previously investigated the impact of CytoSorb in 
adults with septic shock showing an improvement in TVD and PVD over time, no signif-
icant changes in MFI and PPVs during therapy were reported. In our study, we cannot 
definitively conclude that the improvement in microcirculation flow was solely attributa-
ble to the impact of CytoSorb due to the absence of a control group. However, we have 
documented the time course of microcirculation parameters and their relationship with 
global hemodynamics, vasopressor load, and perfusion indexes. 

One previous study [24] demonstrated a lack of improvement in MFIs and FCD in 
children who did not survive septic shock, while De Backer et al. [3] observed that late 
(>48 h) microcirculation alterations were correlated with non-survival in adult patients 
with septic shock. Consequently, we cannot exclude the possibility that changes in micro-
circulation are a consequence of the natural course of sepsis and the effects of standard 
therapies. On the other hand, the observed microcirculation improvement in our popula-
tion suggests that hemoadsorption as an extracorporeal treatment was not associated with 
negative effects on the endothelial barrier, such as the activation of the coagulation cas-
cade, platelet clotting or other potential adverse effects. 

This study has several limitations. First, the small sample size of our cohort may have 
contributed to a type-II error, i.e., the study might have been underpowered to detect sig-
nificant changes in the microcirculatory variables. Nevertheless, this study was designed 
as an exploratory pilot study with the primary aim of detecting changes in microcircula-
tion during hemoadsorption therapy in sepsis. These initial findings justify the need for 
further investigation. Second, it is worth noting that the microcirculatory alterations ob-
served in our study population were relatively mild. This mild severity might have limited 
our ability to detect substantial improvements in microvascular parameters over time. 
Third, it is important to consider that various therapeutic interventions were administered 
over the course of the patients PICU stay. These interventions, including fluids, dobuta-
mine, vasopressors, and steroids, may all have had an impact on the microcirculation and 
could potentially have influenced study results. 

5. Conclusions 
In this pilot study, we have found a potential association between CytoSorb hemoad-

sorption and a microcirculation improvement in pediatric patients with septic shock, par-
ticularly when this observation has been associated with hemodynamic improvement. 
These preliminary findings underscore the necessity for further research to elucidate the 
mechanisms underlying this effect in a larger and more diverse patient population, in-
cluding control groups. 

Author Contributions: G.B. drafted the manuscript. G.B. and V.C. collected data. G.B. and V.C. an-
alyzed and interpreted the data. G.B. and F.S.T. wrote the manuscript. G.B. and F.S.T. discussed the 
results and reviewed with C.C. and J.C. he manuscript. All authors have read and agreed to the 
published version of the manuscript. 

Funding: The authors did not receive any funds for this manuscript. This work was also supported 
by the Italian Ministry of Health with Current Research funds. 



Biomedicines 2024, 12, 1435 11 of 12 
 

Institutional Review Board Statement: The study protocol was reviewed and approved by IRCCS 
Bambino Gesù Children’s Hospital in July 2019 (N376). The research has been conducted in accord-
ance with the principles of the Declaration of Helsinki. Trial registration: Clinicaltrials.gov 
NCT05658588, registered on 13 December 2022—retrospectively registered, https://clinicaltri-
als.gov/ct2/show/NCT05658588 (accessed on 14 May 2024). 

Informed Consent Statement: Written informed consent was obtained from the minor(s)’ legal 
guardian/next of kin. 

Data Availability Statement: All data analyzed and discussed in the framework of this study are 
included in this published article. The corresponding author may provide specified analyses or fully 
de-identified parts of the dataset upon reasonable request. 

Acknowledgments: We would like to thank all the medical and nursing PICU staff and Dialysis 
Unit of Bambino Gesù Children Hospital who continue to care for patients and parents. 

Conflicts of Interest: The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential conflict of interest. 

References 
1. Bakker, J.; Kattan, E.; Annane, D.; Castro, R.; Cecconi, M.; De Backer, D.; Dubin, A.; Evans, L.; Gong, M.N.; Hamzaoui, O.; et al. 

Current practice and evolving concept in septic shock resuscitation. Intensive Care Med. 2022, 48, 148–163. 
2. De Backer, D.; Creteur, J.; Preiser, J.C.; Dubois, M.J.; Vincent, J.L. Microvascular Blood Flow is altered in patients with sepsis. 

Am. J. Respir. Crit. Care Med. 2002, 166, 98–104. 
3. De Backer, D.; Donadello, K.; Sakr, Y.; Ospina-Tascon, G.; Salgado, D.; Scolletta, S.; Vincent, J.L. Microcirculatory alterations in 

patients with severe sepsis: Impact of time of assessment and relationship with outcome. Crit. Care Med. 2013, 41, 791–799. 
4. Dubin, A.; Pozo, M.O.; Casabella, C.A.; Palizas, F.; Murias, G.; Moseinco, M.C.; Kanoore Edul, V.S.; Palizas, F.; Estenssoro, E.; 

Ince, C. Increasing arterial blood pressure with norepinephrine does not improve microcirculatory blood flow: A prospective 
study. Crit. Care 2009, 13, R92. 

5. Auchet, T.; Regnier, M.A.; Girerd, N.; Levy, B. Outcome of patients with septic shock and high dose vasopressor therapy. Ann. 
Intensive Care 2017, 7, 43. 

6. Dunser, M.; Ruokonen, E.; Pettila, V.; Ulmer, H.; Torgersen, C.; Schmittinger, C.A.; Jacok, S.; Takala, J. Association of arterial 
blood pressure and vasopressor load with septic shock mortality: A post hoc analysis of a multicenter trial. Crit. Care 2009, 13, 
R181. 

7. Legrand, M.; Ait-Oufella, H.; Ince, C. Could resuscitation be based on microcirculation data? Yes. Intensive Care Med. 2018, 44, 
944–946. 

8. Zuccari, S.; Damiani, E.; Domizi, R.; Scorcella, C.; D’Arezzo, M.; Carsetti, A.; Pantanetti, S.; Vannicola, S.; Casarotta, E.; Ranghino, 
A.; et al. Changes in cytokines, hemodynamics and microcirculation in patients with sepsis/septic shock undergoing continuous 
renal replacement therapy and blood purification with CytoSorb. Blood Purif. 2020, 49, 107–113. 

9. Bottari, G.; Guzzo, I.; Cappoli, A.; Labbadia, R.; Perdichizzi, S.; Serpe, C.; Creteur, J.; Cecchetti, C.; Taccone, F.S. Impact of 
Cytosorb and CKRT on hemodynamics in pediatric patients with septic shock: The PedCyto study. Front. Pediatr. 2023, 15, 
1259384. 

10. Goldstein, B.; Giroir, B.; Randolph, A. International Consensus Conference on Pediatric Sepsis. International pediatric sepsis 
consensus conference: Definitions for sepsis and organ dysfunction in pediatrics. Pediatr. Crit. Care Med. 2005, 6, 2–8. 

11. KDIGO AKI Work Group. KDIGO clinical practice guidelines for acute kidney injury. Kidney Int. Suppl. 2012, 2, 1–138. 
12. Gaies, M.; Jeffries, H.E.; Niebler, R.A.; Pasquali, S.K.; Donohue, J.E.; Yu, S.; Gall, C.; Rice, T.B.; Thiagarajan, R.R. Vasoactive-

inotropic score is associated with outcome after infant cardiac surgery: An analysis from the pediatric cardiac critical care 
consortium and virtual PICU system registries. Pediatr. Crit. Care Med. 2014, 15, 529–537. 

13. Leteurtre, S.; Duhamel, A.; Salleron, J.; Grandbastien, B.; Lacroix, J.; Leclerc, F. Groupe Francophone de Reanimation et 
d’Urgences Pediatriques (GFRUP). PELOD-2: An update of the Pediatric logistic organ dysfunction score. Crit. Care Med. 2013, 
41, 1761–1773. 

14. Straney, L.; Clements, A.; Parslow, R.G.; Pearson, G.; Shann, F.; Alexander, J.; Slater, A.; ANZICS Paedaitric Study Group and 
the Paediatric Intensive Care Audit Network. Paediatric index of mortality 3: An updated model for predicting mortality in 
pediatric intensive care. Pediatr. Crit. Care Med. 2013, 14, 673–681. 

15. Massey, M.; Larochelle, E.; Najarro, G.; Karmacharla, A.; Arnold, R.; Trzeciak, S.; Angus, D.C.; Shapiro, N.I. The microcirculation 
image quality score: Development and preliminary evaluation of a proposed approach to grading quality of image acquisition 
for bedside videomicroscopy. J. Crit. Care 2013, 28, 913–917. 

16. Ince, C.; Boerma, C.E.; Cecconi, M.; De Backer, D.; Shapiro, N.I.; Duranteau, J.; Pinsky, M.R.; Artigas, A.; Teboul, J.L.; Reiss, I.K.; 
et al. Second consensus on the assessment of sublingual microcirculation in critically ill patients: Results from a task force of the 
European Society of Intensive Care Medicine. Intensive Care Med. 2018, 44, 281–299. 



Biomedicines 2024, 12, 1435 12 of 12 
 

17. Carsetti, A.; Aya, H.D.; Pierantozzi, S.; Bazurro, S.; Donati, A.; Rhodes, A.; Cecconi, M. Ability and efficient of an automatic 
analysis software to measure microvascular parameters. J. Clin. Monit. Comput. 2017, 31, 669–676. 

18. Backer, D.; Hollenberg, S.; Boerma, C.; Goedhart, P.; Buchele, G.; Ospina-Tascon, G.; Dobbe, I.; Ince, C. How to evaluate the 
microcirculation: Report of a round table conference. Crit. Care 2007, 11, R101. 

19. Boerma, E.; Mathura, K.R.; Van der Voort, P.H.; Spronk, P.; Ince, C. Quantifying bedside-derived imaging of microcirculatory 
abnormalities in septic patients: A prospective validation study. Crit. Care 2005, 9, R601–R606. 

20. Trzeciak, S.; Dellinger, R.P.; Parrillo, J.E.; Guglielmi, M.; Bajaj, J.; Abate, N.L.; Arnold, R.C.; Colilla, S.; Zanotti, S.; Hollenberg, 
S.M.; et al. Early microcirculation perfusion derangements in patients with severe sepsis and septic shock: Relationship to 
hemodynamics, oxygen transport, and survival. Ann. Emerg. Med. 2007, 49, 88–98. 

21. Biedrzycka, A.; Lango, R. Tissue oximetry in anaesthesia and intensive care. Anaesthesiol. Intensive Ther. 2026, 48, 41–48. 
22. Ince, C. Hemodynamic coherence and the rationale for monitoring the microcirculation. Crit. Care 2015, 19, S8. 
23. Raia, L.; Zafrani, L. Endothelial Activation and Microcirculatory Disorders in Sepsis. Front. Med. 2022, 3, 907992. 
24. Top, A.; Ince, C.; De Meij, N.; Van Dijk, M.; Tibboel, D. Persistent low microcirculation vessel density in nonsurvivors of sepsis 

in pediatric intensive care. Crit. Care Med. 2011, 39, 8–13. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


