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ABSTRACT

This prospective, single-center observational study evaluated the association between early (within the first 24
hours) administration of fresh-frozen plasma (FFP) and clinical outcomes in 30 patients with catecholamine-
resistant septic shock, a pro-inflammatory phenotype, and endothelial damage. Patients who received FFP had
greater baseline severity, reflected in higher lactate concentrations on admission (5.12 vs. 2.10 mmol/L; p
= 0.005), higher initial norepinephrine (NE) doses (0.30 vs. 0.18 pg/kg/min; p = 0.022), and greater use of a
second vasopressor (56% vs. 4.8%; p = 0.005). This result suggests that FFP was preferentially used as rescue
therapy in patients with greater hemodynamic and metabolic severity. Despite this, vasopressor support
showed a progressive reduction in both groups, with significant differences between groups at 24 hours (FFP/
control ratio 1.93; p = 0.019), followed by convergence and no further divergence at 48 and 72 hours. Fresh
frozen plasma (FFP) demonstrated an acceptable safety profile and early hemodynamic changes, but did not
significantly reduce ICU mortality compared to conventional therapy. These findings suggest that, while FFP
may have modulating potential, its clinical efficacy remains open to further investigation and warrants larger
randomized controlled trials to determine optimal dosage and duration of therapy.
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INTRODUCTION

Septic shock is the most severe form of sepsis and is defined by persistent hypotension requiring vasopressors to
maintain a mean arterial pressure >65 mmHg, along with serum lactate levels >2 mmol/L despite adequate fluid
resuscitation, a condition associated with in-hospital mortality exceeding 40%'%. Although norepinephrine (NE)
is the first-line vasopressor, a significant subgroup of patients progresses to catecholamine-resistant septic shock,
with persistent tissue hypoperfusion and organ dysfunction despite normalization of macrocirculatory
parameters’. This uncoupling is largely explained by hemodynamic incoherence, a phenomenon characterized by
the dissociation between the restoration of blood pressure or cardiac output and the persistence of microcirculatory
dysfunction, ultimately responsible for oxygen transport to tissues *¢. Hemodynamic inconsistency is common
in septic shock and is associated with the progression of multiple organ failure’.
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Sepsis is a heterogeneous syndrome resulting from a profoundly dysregulated immune and vascular response to
infection, rather than from the direct effect of the pathogen. Pro-inflammatory and prothrombotic phenotypes,
driven by cytokines such as interleukin-6, tumor necrosis factor, and IL-1, are associated with activation of
coagulation, inhibition of fibrinolysis, and endothelial dysfunction, causing clinical variability and divergent
therapeutic responses®’. Clinical and molecular studies have demonstrated that these subphenotypes exhibit
distinct risks and responses to treatment, helping explain the failure of uniform medical strategies in sepsis and
shock!?. A central component of this pathophysiology is damage to the endothelial glycocalyx, whose degradation
leads to increased vascular permeability, capillary leakage, complement activation, and microvascular
thrombosis. Biomarkers such as syndecan-1 reflect this damage and are consistently associated with greater
severity, vasopressor requirements, and mortality'!.

In this context of hemodynamic incoherence, biological heterogeneity, and endothelial dysfunction, adjuvant
therapies such as fresh frozen plasma (FFP) and plasma exchange have emerged, with the capacity to modulate
the inflammatory response, restore protective plasma components, and improve vascular integrity. However, the
available clinical evidence is limited and heterogeneous, stressing the need to evaluate their impact on relevant
clinical outcomes in actual practice settings and to generate future hypotheses that more strongly support their
use.

MATERIAL AND METHODS

Study Design and Setting

A prospective, observational study was conducted in the Intensive Care Unit (ICU) of Hospital Pablo Arturo
Sudrez in Quito, Ecuador. Patients were followed from admission until discharge or death in the ICU. The decision
to administer FFP or conventional therapy (CT) was made exclusively by the attending physician, without
investigator intervention.

Population and Selection Criteria

Adult patients (>18 years) diagnosed with septic shock according to Sepsis-3 criteria were included using
consecutive non-probability sampling. Inclusion criteria included at least 24 hours of shock duration, a surgically
resolved or clinically resolving infectious focus, a NE requirement between 0.1 and 0.3 pg/kg/min, and elevated
inflammatory markers defined as ferritin >750 ng/mL and/or interleukin-6 (IL-6) >500 pg/mL. Eligibility required
meeting at least one of these inflammatory criteria; in patients from the conventional therapy group, inclusion
was predominantly based on elevated ferritin levels, even when IL-6 values were below the predefined threshold.
Patients with prior use of a second vasoactive agent, transfusion for other clinical indications, documented
limitations on therapeutic effort, pregnancy, or refusal of the informed consent were excluded.

Study Groups and Variables

Patients were classified into two groups based on the treatment received: CT or FFP. Demographic variables,
clinical severity (lactate and SOFA score), vasopressor requirements, need for mechanical ventilation, cumulative
fluid balance at 24, 48, and 72 hours, and at ICU discharge, inflammatory biomarkers (ferritin, interleukin-6, and
D-dimer), as well as the clinical outcomes of mortality and length of stay in the ICU, were recorded.

Procedure and Data Collection

Patients were identified daily by reviewing the ICU admission census. After verifying compliance with the
selection criteria and acquiring informed consent, prospective and systematic collection of clinical, hemodynamic,
and laboratory variables was performed. NE doses were recorded upon admission and longitudinally at 24, 48,
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and 72 hours. Each patient was identified using an alphanumeric code to ensure data anonymization and
traceability.

Fresh frozen plasma administration (exposure)

FFP was administered as part of routine clinical care at the attending intensivist's discretion. The local pragmatic
regimen consisted of one unit of FFP (approximately 150 mL) every 8 hours for 24 hours (i.e., three
administrations, total volume approximately 450 mL per patient). The first dose was initiated as soon as the
predefined inclusion criteria were met, including persistent vasopressor requirement and elevated inflammatory
markers. Infusion duration or rate was not systematically recorded; however, FFP was administered according to
institutional transfusion practice. The clinical rationale for FFP administration was persistent catecholamine
requirement despite standard therapy, in a pragmatic real-world context.

Safety monitoring.

Patients were actively monitored for transfusion-related adverse events, including transfusion-related acute lung
injury (TRALI) and transfusion-associated circulatory overload (TACO), during and up to 24 hours after each
FFP administration. TRALI was defined as new acute hypoxemia with bilateral pulmonary infiltrates not
attributable to cardiac failure or fluid overload, and TACO as acute respiratory distress with clinical evidence of
volume overload requiring intervention. When clinically indicated, bedside transthoracic echocardiography was
performed as part of routine ICU care to assess ventricular function, volume status, and signs of acute cardiac
dysfunction or fluid intolerance. Adverse events were prospectively recorded in the clinical chart and reviewed
daily by the study team.

Concomitant therapies

All patients received standard care for septic shock according to international guidelines, including early
antimicrobial therapy, source control, fluid resuscitation, and norepinephrine as first-line vasopressor. Additional
supportive therapies, such as mechanical ventilation, renal replacement therapy, and corticosteroids, were
prescribed at the attending physician's discretion based on clinical indications. Epinephrine was used as the
second-line vasopressor when required, in accordance with local ICU protocols, given the unavailability of
vasopressin in our setting. These cointerventions were not protocolized and were not used as criteria for group
allocation.

Statistical analysis

Statistical analysis was performed using R software version 4.5.3, with p-values < 0.05 considered statistically
significant. The normality of quantitative variables was assessed using the Shapiro-Wilk test; those with a non-
normal distribution were described as median and interquartile range (P25—-P75). Qualitative variables were
expressed as absolute frequencies and percentages. Bivariate comparisons between groups were performed using
the Mann-Whitney U test for continuous variables and the chi-square test or Fisher's exact test for categorical
variables. Longitudinal analysis of NE requirement was performed using a generalized linear mixed model with
a Gamma distribution and log linkage, including group, time, and their interaction as fixed effects, and an intercept
per patient as a random effect. Model adequacy was assessed by graphical inspection of the residuals.

Ethical Considerations

The study was approved by the Research Ethics Committee of the Eugenio Espejo Hospital (CEISH-HEEE-2025-
021) as minimal-risk research. Data were anonymized using alphanumeric coding, preserving confidentiality and
compliance with the principles of the Declaration of Helsinki.

BioNatura Publishing Consortium (BIPC) © Clinical Biotec S.L. — Madrid, Spain




https://bionaturajournal.com/

BioNatura Journal 2026, 10.70099/BJ/2026.03.01.10

RESULTS

Thirty patients were included: 9 in the FFP group and 21 in the conventional therapy (CT) group.

Age was similar between groups. The sex distribution did not differ (male: 67% in FFP vs. 48% in CT; p = 0.440).
The frequency of diabetes and hypertension was similar, as was BMI in the FFP vs. CT group comparison. (Table

1y

Characteristic Total (n=30) FFP (n=9) CT (n=21) p value
Age, years 61,00 (41,00-76,00) 54,00 (47,00-70,00) 63,00 (41,00-76,00) 0,928
Male sex, in (%) 16 (53%) 6 (67%) 10 (48%) 0,440
Female sex, in (%) 14 (47%) 3 (33%) 11 (52%) 0,440
Diabetes (yes), n (%) 5 (17%) 2 (22%) 3 (14%) 0,622
Diabetes (no), n (%) 25 (83%) 7 (78%) 18 (86%) 0,622
Hypertension (yes), n (%) 11 (37%) 3 (33%) 8 (38%) >0,999
Hypertension (no), n (%) 19 (63%) 6 (67%) 13 (62%) 0,999
BMI, kg/m* 25,85 (22,70-30,30) 2540 (22,70-30,40) 26,00 (23,00-29,90) 0,892

Data as median (Q1-Q3) or n (%). Wilcoxon/Fisher test as appropriate.
FFP: fresh frozen plasma; BMI: body mass index.
Table 1. Demographic characteristics and comorbidities (FFP vs. CT)

No differences were found between groups in ferritin at admission, IL-6, or D-dimer. Leukocytes, neutrophils,
platelets, and MPV did not differ between groups. (Table 2.)

Characteristic Total (n=30) FFP (n=9) CT (n=21) p value
Ferritin on 1.175.50 1.153,35 1.181,00 0,788
admission, ng/mL

(433,00-1.448,30) (811,85-1.582.50) (397,00-1.448,30)
IL-6 on admission, 419,89 1.331,59 419,89 0,333
pg/mL

(148,00-2.362,00) (236,26-5.946,51) (93,02—1.844,00)
D-dimer, ng/mL 9.850,00 9.410,00 10.940,00 0,977

(2.810,00-17.200,00) = (4.890,00-14.690,00)  (2.650,00-19.240,00)
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Leukocytes, /uL 14.790,00 18.200,00 14.600,00 0,150
(11.030,00-22.120,00)  (14.620,00-24.270,00) (11.030,00-17.030,00)
Neutrophils, % 91,15 (85,60-94,60) 93,20 (87,00-95,00) 90,80 (80,80-93,60)  0»36°
Platelets, /uL 195.000,00 136.000,00 238.000,00 0,098
(136.000,00— (109.000,00— (142.000,00—
264.000,00) 217.000,00) 270.000,00)
MPYV, fL 9,55 (8,20-10,00) 9,70 (9,20-10,40) 9,10 (8,20-9,90) 0,147

Data as median (Q1-Q3). Comparison between groups using the Wilcoxon rank-sum test.
FFP: fresh frozen plasma; IL-6: interleukin-6; MPV: mean platelet volume.
Table 2. Analytical and inflammatory parameters (FFP vs. conventional therapy)

In the first 24 hours, the maximum vasoactive dose was higher in the FFP group, with a median of 0.30 (0.23—
0.63), compared with 0.18 (0.10-0.30) in the CT group, a difference that was statistically significant (p = 0.022).
No significant differences in the maximum vasoactive dose were observed at 48 or 72 hours. At the start of FFP
in the plasma group, the median NE dose was 0.38 (0.26—0.45). (Table 3)

The use of a second vasoactive agent was more frequent in the FFP group (56%) than in the CT group (4.8%),
with a statistically significant difference (p = 0.005). Among those who received a second vasoactive agent,
epinephrine was used in 100% of cases in both groups, with no difference (p > 0.999). No differences were
observed in fluid balance at 24, 48, and 72 hours, or at discharge (Table 3).

ICU mortality was similar between groups (FFP: 11% vs. CT: 24%; p = 0.637). However, ICU length of stay was
longer in the FFP group, with a median of 7.0 (6.0-9.0) days compared to 4.0 (3.0—6.0) days in the conventional
therapy group (p = 0.042). The proportion of patients requiring mechanical ventilation did not differ between
groups (67% in FFP vs. 48% in CT; p = 0.440). (Table 3)

The SOFA score on admission was comparable (FFP: 10.00 [8.00—13.00] vs. CT: 10.00 [8.00—12.00]; p = 0.964).
At discharge, the SOFA score tended to be higher in FFP (4.00 [2.00—-6.00]) compared to CT (2.00 [1.00—6.00]),
although this difference did not reach statistical significance (p = 0.102).

Lactate levels on admission were significantly higher in the FFP group than in the CT group (p = 0.005). Central
venous oxygen saturation was similar between groups. Capillary refill on admission was prolonged in both groups
(FFP: 4.00 [4.00-5.00] vs conventional therapy: 3.00 [3.00—4.00]; p = 0.223), with no significant difference.
(Table 3)

No TRALI or TACO events were observed in this sample.

Characteristic Total (n=30) FFP (n=9) CT (n=21) p value

Vasopressor requirements

Norepinephrine dose at  0.21 (0.15-0.38) 0.30 (0.23-0.63) 0.18 (0.10-0.30) 0.022
admission, ug/kg/min

Norepinephrine dose at 24 h, 0.10(0.05-0.19) 0.16 (0.06-0.20) 0.09 (0.05-0.13) 0.365
ng/kg/min
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Second vasopressor use, n (%) 6 (20%) 5(56%) 1 (4.8%) 0.005

Perfusion and severity

markers

Lactate at admission, mmol/L 2.48 (1.76-3.93) 5.12 (2.90-7.00) 2.10 (1.50-2.80) 0.005

Central venous oxygen 79.0(70.6-86.0) 79.0 (70.6-86.0) 77.4 (75.7-79.0) >0.999

saturation (ScvO2), %

Capillary refill time, seconds 4.0 (3.0-5.0) 4.0 (4.0-5.0) 3.0 (3.04.0) 0.223

SOFA score at admission 10 (8-12) 10 (8-13) 10 (8-12) 0.964

SOFA score at ICU discharge 2 (2-6) 4 (2-6) 2 (1-6) 0.102

Fluid balance

Fluid balance at 24 h, mL 418.8 (102.9- 375.0 (322.3— 462.5 (101.5- 0.965
799.6) 662.0) 799.6)

Fluid balance at ICU discharge, 117.6(—3326.0— —1040.0 (—4006.4— 238.1 (-1735.0— 0.563

mL 1613.0) 2108.0) 1556.3)

ICU outcomes

Mechanical ventilation, n (%) 16 (53%) 6 (67%) 10 (48%) 0.440

ICU mortality, n (%) 6 (20%) 1 (11%) 5 (24%) 0.637

ICU length of stay, days 4.5 (3.0-8.0) 7.0 (6.0-9.0) 4.0 (3.0-6.0) 0.042

Data are presented as median (interquartile range) or n (%). Comparisons were performed using the Mann—Whitney U test or Fisher's

exact test, as appropriate.

FFP: fresh frozen plasma; CT: conventional therapy; ICU: intensive care unit; SOFA: Sequential Organ Failure Assessment; ScvO::

central venous oxygen saturation.

Table 3. Hemodynamic variables, perfusion parameters, and ICU outcomes.

Longitudinal analysis of vasoactive agents (GLMM Gamma)

https://bionaturajournal.com/

Estimated marginal measures (EMMs) showed a decrease in vasoactive support over time in both groups. At 24
hours, the FFP group had higher values than conventional therapy, with an FFP-to-conventional therapy ratio of
1.93 and statistical significance (p = 0.019). At 48 hours, no difference was observed between groups (p = 0.377),
and at 72 hours, no conclusive difference was documented either (p = 0.412), with a trend towards less support
in FFP. (Figure 1)
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Figure 1. Estimated marginal means of norepinephrine dose (ng/kg/min) at 24, 48, and 72 hours in the FFP and conventional
therapy groups. Error bars indicate 95% confidence intervals.

In within-group comparisons, both groups showed significant decreases from 24 hours onward. In the FFP group,
the reduction was observed between 24 and 48 hours (p = 0.014) and between 24 and 72 hours (p = 0.001). In the
conventional therapy group, significant decreases were also observed between 24 and 48 hours (p = 0.049) and
between 24 and 72 hours (p = 0.016). Comparisons between 48 and 72 hours showed no significant differences
in either group.

Group*Time interactions did not reach significance at the 5% level, indicating limited evidence that the time
trajectory differs between strategies, although an inconclusive signal was observed at 72 hours (p = 0.073).
Overall, the results support the finding that the difference between groups is concentrated at the 24-hour point,
with no statistically significant differences at 48 and 72 hours.

DISCUSSION

In this prospective study, patients who received FFP presented with greater baseline severity, reflected by higher
lactate concentrations at admission (5.12 vs. 2.10 mmol/L; p = 0.005), higher initial doses of NE (0.30 vs. 0.18
pg/kg/min; p = 0.022), and greater use of a second vasopressor (56% vs. 4.8%; p = 0.005). This result suggests
that FFP was preferentially used as a rescue therapy in patients with greater hemodynamic and metabolic severity.
Consequently, the observed differences must be interpreted in the context of a high risk of confounding by
indication, which precludes causal inference regarding the effects of FFP. Despite this, the evolution of
vasopressor support showed a progressive reduction in both groups, with significant differences between groups
at 24 hours (FFP/control ratio 1.93; p = 0.019), followed by convergence and no subsequent divergences at 48
and 72 hours.
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This pattern is clinically relevant, since it suggests that, even in patients with greater initial compromise, the use
of FFP was associated with initial and subsequently sustained hemodynamic improvement compared to the
control group. In the context of septic shock, the progressive increase in catecholamines not only indicates
vasoplegia but also endothelial and microcirculatory dysfunction, phenomena that are not always corrected by
normalization of blood pressure!>!3. Multiple studies have reinforced the concept of hemodynamic incoherence,
in which macrocirculatory stability does not guarantee adequate tissue perfusion, particularly in patients with
severe inflammatory phenotypes*’.

The physiological rationale for FFP in sepsis is its potential to modulate endothelial damage and glycocalyx
degradation'®. Recent experimental and translational evidence has shown that plasma can attenuate endothelial
barrier disruption, reduce capillary extravasation, and modulate key inflammatory mediators, suggesting a
possible early benefit for vascular stability 4. However, contemporary clinical studies in humans have shown
heterogeneous results, with transient hemodynamic effects that do not consistently translate into reduced
mortality. In cohorts of patients with sepsis and septic shock, early transfusion of FFP has not shown benefits in
28-, 30-, or 90-day mortality, in decreasing the need for fluids or vasopressors, or in the length of stay in the ICU
or on mechanical ventilation '"%,

In our cohort, no significant differences were observed between groups in ferritin, interleukin-6, or D-dimer levels
at admission, showing a high and comparable inflammatory and prothrombotic burden in both groups. This
finding is consistent with recent studies showing that conventional serum biomarkers may not adequately detect
dynamic changes at the endothelial or microvascular levels induced by therapies targeting the plasma
compartment'®. The lack of direct assessment of endothelial glycocalyx damage using biomarkers such as
syndecan-1 limits the physiological interpretation of FFP's potential effects on endothelial function. Given that
glycocalyx degradation is associated with increased vascular permeability, endothelial dysfunction, and worse
outcomes in shock and sepsis, this limitation prevents the establishment of conclusive mechanistic links between
the intervention and the observed clinical changes 6%,

Regarding clinical outcomes, no differences in ICU mortality were observed between groups (11% in the FFP
group vs. 24% in the conventional therapy group; p = 0.637), nor in the proportion of patients requiring
mechanical ventilation. These findings are consistent with contemporary observational evidence in septic
shock/sepsis, where plasma transfusion has not been associated with a reproducible survival benefit after
adjustment for baseline severity, despite a plausible mechanistic rationale and occasional early physiologic or
endothelial/hemodynamic signals reported in the literature >'~2*. Patients treated with FFP had a longer ICU length
of stay (median 7 vs. 4 days; p = 0.042), which likely reflects confounding by indication—FFP tends to be
administered preferentially to patients with greater baseline severity and clinical complexity—rather than a direct
effect of the intervention itself*!#42>,

Importantly, no major transfusion-related complications were observed, including transfusion-related acute lung
injury (TRALI) or transfusion-associated circulatory overload (TACO). This is compatible with the absence of
significant differences in cumulative fluid balance between groups throughout the ICU stay, suggesting that FFP
administration was not associated with clinically relevant volume overload in this cohort; nevertheless, active-
surveillance meta-analyses indicate that TRALI and TACO, while uncommon, remain clinically relevant
outcomes that require systematic detection and adequate sample size to be reliably assessed 2628,

Several restrictions must be acknowledged. The observational and non-randomized design entails a substantial
risk of confounding by indication, as FFP was preferentially administered to patients with greater baseline
severity. In addition, the small sample size and imbalance between groups reduce statistical power and increase
uncertainty around effect estimates, particularly in the FFP group. Finally, the single-center design may limit
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generalizability. Accordingly, these results should be interpreted as exploratory and hypothesis-generating rather
than confirmatory, in line with reporting guidance for observational studies 2°.

CONCLUSIONS

Overall, our results suggest that FFP use was associated with a clinically acceptable safety profile, with no
evidence of fluid overload or serious transfusion events, and may exert an early hemodynamic effect in patients
with catecholamine-resistant septic shock, hemodynamic incoherence, and a pro-inflammatory phenotype with
endothelial damage. Our results should be considered preliminary evidence and a generating hypothesis, and
multicenter studies with larger sample sizes, better control of confounding factors, and direct assessment of
endothelial damage are needed to more precisely define the role of FFP, timing of administration, and dosage in
the management of septic shock.
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