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Resuscitation with Plasma in Patients with Septic Shock

Summary: There is a knowledge gap regarding the optimal initial fluid to achieve
effective resuscitation and improved outcomes in septic shock. Shock-induced
endotheliopathy (SHINE) may be an underlying pathologic mechanism for worsened
outcomes in septic shock and a potential therapeutic target that can be modulated by
resuscitation fluids. This project proposes a pilot randomized controlled trial to
address this knowledge gap by evaluating plasma as a potential novel strategy to
mitigate SHINE and improve clinical outcomes.

Background:

Sepsis and septic shock are a major worldwide public health problem. Although implementation
of the evidence-based Surviving Sepsis Guidelines has resulted in improvement in sepsis-related
deaths, in-hospital mortality continues to range from 12-40%. The guidelines provide strong
recommendations for initial resuscitation with crystalloids — 30 mL/kg within the first 3 hours.!
However, the guidelines state that there is “little available evidence from RCTs to support its
practice; this is an area in which research is urgently needed”." Randomized trials have primarily
compared crystalloids to colloids and have not evaluated the recommended fluid volume.
Furthermore, there is observational data from large administrative databases that increased fluid
administration in the first 24 hours increases mortality.?
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Abbreviations: sTM = soluble thrombomodulin; sFLT-1 = soluble fms-like tyrosine kinase-1; VEGF =
vascular endothelial growth factor; sRAGE = soluble receptor for advanced glycation endproduct;
HMGE-1 = high mobility group protein-1; IL = interleukin; vWF = von Willebrand factor; tPA = tissue
plasminogen activator; NE = norepinephrine; rTEG = rapid thromboelastogram

*indicates biomarkers that belong to more than 1 category

Recently, shock-induced endotheliopathy (SHINE) has been proposed as a shared
pathophysiologic mechanism associated with worsened outcomes in patients with critical iliness
including trauma and sepsis.® Activation of the sympathoadrenal system and release of
catecholamines due to acute injury (i.e., sepsis or trauma) leads to breakdown of the glycocalyx,
or the network of membrane-bound proteoglycans and glycoproteins that covers the endothelium
(Figure 1).47 This has been associated with capillary leakage and microvascular thrombosis,
ultimately resulting in organ dysfunction and increased mortality. Research suggests that
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endotheliopathy is both a marker and a driver of worsened outcome.® Thus, interventions to
prevent, mitigate, or treat SHINE may improve outcomes in patients with shock. SHINE
biomarkers, such as syndecan-1,2 interleukin-6 (IL-6),° and soluble fms-like tyrosine kinase
(sFLT-1),” have been shown to correlate with clinical outcomes in septic patients.

Resuscitation of shock patients with plasma shows promise as a novel resuscitative strategy.
Specifically, plasma may improve outcomes by modulating SHINE as measured by biomarkers
of glycocalyx damage (i.e., syndecan-1),"%"" and endothelial injury (i.e., sFLT-1, VEGF, sTM)."8
Resuscitation with plasma as the primary volume expander in trauma patients have been
associated with a reduction in serum biomarkers of endotheliopathy,'? improved survival, and
decreased morbidity associated with inflammatory and edema-related complications such as
acute lung injury’ and abdominal compartment syndrome.’™ Animal models of sepsis and a
prospective sub-study of a randomized, controlled trial (RCT), have shown that resuscitation with
plasma is associated with decreased levels of syndecan-1, which may reflect restoration of
endothelial integrity, although the underlying mechanism is unknown.'>'” Plasma resuscitation in
a rat model of sepsis demonstrated attenuation of inflammatory markers, endothelial injury, and
catecholamines; significantly reduced pulmonary edema as measured by wet-to-dry weight ratios;
and improved 48-hour survival as compared to normal saline.'® However, although these studies
suggest that plasma may be a promising therapy in septic shock, there have been no human
RCTs. Furthermore, there have been no studies establishing causation between SHINE and
outcome.

H hesis an ific Aims:

Hypothesis: We hypothesize that among patients with septic shock, initial resuscitation with
plasma versus balanced crystalloids will decrease biomarkers of endotheliopathy, improve patient
outcomes (such as decrease number of ICU-free days, decreased morbidity associated with end-
organ damage), and reduce in-hospital all-cause mortality. We propose to perform a pilot RCT to
test this hypothesis using the following specific aims:

Specific Aim 1: To evaluate the effects of plasma versus balanced crystalloids on serum markers
of glycocalyx breakdown, endothelial leakage, inflammation, hemostasis, sympathy-adrenal
activation, and degree of coagulopathy (using rapid thromboelastography parameters) [Figure 1].

Specific Aim 2: To evaluate differences in total volume of fluids needed to resuscitate patients
in the plasma group versus crystalloids group during the initial 24 hours of resuscitation.

Specific Aim 3: To determine the effect of plasma resuscitation on organ dysfunction, ventilator-
free days, intensive care unit (ICU) free days, hospital length of stay, mortality, and adverse
events.

Sianificance:

This will be the first randomized trial comparing plasma, which has been demonstrated to have
beneficial effects in animal models and in other types of shock, to usual care or balanced

crystalloids. Furthermore, this study will provide insights regarding the mechanism by which fluids
can influence outcomes in septic shock.

Preliminary Data:

Plasma Resuscitation in Rat Model of Septic Shock - We randomized rats who underwent cecal
ligation and puncture to resuscitation with plasma (n = 14), normal saline (n = 11), and sham (n =
5). Resuscitation with plasma as determined by lactic acid clearance attenuated inflammatory
markers (interleukin-6) [Figure 2], glycocalyx shedding (syndecan-1) [Figure 3], and
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catecholamines (norepinephrine). Plasma significantly reduced pulmonary wet-to-dry weight
ratios, increased mean arterial pressures (MAPs), reduced volume of total fluids administered,
and improved 48-hour survival.

o |
n

Sl—

t i

| S —

.
. |

Tl

: .
)

40
A

IL-6, ng/ml
20 30
) 1
Syndecan-1, ng/ml
30
f

20

e t =

ra— ﬁ
o _ -

Pre-resus (t=22h) Post-resus (t=28h) Pre-resus (t=22h Post-resus (t=28h)

[ FFP (h=14) NS (n=11) sham (n=5) | [ - P (o=12) NSi(0=11) sham (n=5) |
Figure 2 — Significant decrease in serum IL-6 in I_=|guret.3 - ?lgnlflcaqtt c:fecrea_tsr? I? serum syndecan-d1

septic rats resuscitation with plasma as In septic rats I’eSLtISCI a IOI’IIWI i P a}gma as compare

compared to normal saline.'® 0 normai safine.

Study Design & Methods:

The proposed trial is a pilot, efficacy, single-center RCT comparing initial plasma to balanced
crystalloid resuscitation in surgical patients with septic shock. The trial will investigate modulation
of SHINE as a strategy by which outcomes in shock patients may be improved. The trial will follow
the Consolidated Standards in Reporting of Trials (CONSORT) guidelines' and has been
registered on ClinicalTrials.gov (NCT03366220).

Setting: The study will take place at Memorial Hermann Hospital — Texas Medical Center (MHH-
TMC), a Level | trauma and tertiary care center located in Houston, Texas.

Study population: The target population includes critically ill (including medical patients),
traumatically-injured or surgical patients who have sepsis, hypotension with MAP < 65 mmHg,
and signs of hypoperfusion such as lactic acid > 2.2 mmol/L, altered mental status or decreased
urine output (< 0.5 mL/kg in the past hour).2°

Inclusion Criteria:

Patients meeting the following criteria will be enrolled:
e 218 yearsold and
e Have a Sepsis Screening Score (SSS) 2 4 with a suspected source of infection (Table 1)
e Written informed consent obtained

Patients meeting any of the following criteria will be randomized:
e Hypotension with MAP < 65 mmHg

Lactic acid > 2.2 mmol/L,

Altered mental status

Decreased urine output of < 0.5 mL/kg in the past hour.
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Heart rate 70 -109 55 — 69 40 — 54 < 39
110 -139 140 -179 =180
Temp (°C) 36 - 384 34 -359 32 — 339 30 - 319 < 299
38.5-38.9 39 - 409 > 41
Temp (°F) 96.8-101.1 93.1-96-6 89.6— 93.0 86 — 89.5 < 859
101.2- 1-2.0 102.1-105.6 =105.7
Respiratory rate 12 - 24 10 —11 6 - 9 35 - 49 = 5
25 -34 =90
Latest WBC count 3 - 149 15 -199 1 - 29 < 1
20 - 399 > 40
Acute change in mental status No Yes

SIRS Score (total points)

Table 1 — The Sepsis Screening Score??

This cutoff has a negative predictive value of 96%,2? which would rule out the majority patients
without sepsis. Enrolled patients will be randomized only if they meet criteria for septic shock: 1)
hypotension with MAP < 65 mmHg, and 2) evidence of hypoperfusion including lactic acid > 2.2
mmol/L, altered mental status, or decreased urine output of < 0.5 mL/kg in the past hour.

Exclusion Criteria:
-Pregnancy
-Prisoners
-Non-survivable traumatic brain injury

-Evidence of ongoing hemorrhage (eg. active gastrointestinal bleed), history of congenital
bleeding disorders, therapeutic anticoagulation

-History of congestive heart failure

-Major burns (>20% total body surface area)

-History of adverse reactions to blood product transfusion
-Contraindications to blood transfusions (eg. Jehovah’s Witness)
-Contraindications to central venous line and arterial line placement
-Do-Not-Resuscitate or Comfort Care status

-Participation in another interventional study that specifically focuses on sepsis, involves
the use of a non-approved product (medication or equipment), or interventions that affect blood
coagulation.

-Pending transfer to another unit within the hospital that is not Shock Trauma Intensive
Care Unit (STICU) or Medical Intensive Care Unit (MICU).

Screening and Enrollment: Patient screening and enrollment will take place at Memorial
Hermann Hospital. The research team will screen patients by communicating with the on-call
STICU and emergency department (ED) physicians daily to identify patients eligible for
enrollment. Hospitalized medical patients on the floor who develop severe sepsis will be identified
using the rapid response page, which is already in place to alert the rapid response team of
medical floor patients with potential severe sepsis.
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Enrolled patients will be monitored for up to 72 hours (in time for cultures to result) by the research
team for development of septic shock (MAP < 65 mmHg and evidence of poor perfusion, such as
urine output < 0.5 mL/kg/hr, venous lactic acid = 2.2 mmol/L, altered mental status from baseline).
Upon meeting these criteria for septic shock, patients will be randomized and immediately started
on therapy fluid (either plasma or balanced crystalloids).

Crystalloid administration may already be underway prior to patient randomization. Receiving
crystalloids prior to randomization will not be an exclusion criterion in this study as long as the
total volume received has not met or exceeded 30 mL/kg. The research team will work
expeditiously to obtain informed written consent, and once consent has been obtained and patient
is randomized, prior fluids will be exchanged for therapy fluid (either plasma or balanced
crystalloids).

Informed Consent:

Exception from Informed Consent will not be used in this trial. Written informed consent will be
obtained from potential subjects or a legally authorized representative prior to randomization.
Randomization: Randomization will occur once the informed consent has been obtained. A 1:1
allocation will be used for the randomization. Subjects will be randomized to either the intervention
arm (use of plasma) or the control arm (standard of care). Randomization will be performed using
a computer-generated random sequence placed in opaque, consecutively-numbered, sealed
envelopes kept in the locked Center for Translational Injury Research (CeTIR) office. A CeTIR
research coordinator is available 24 hours a day, 7 days a week. Allocation will be 1:1. Patients
will be stratified by enrolliment location (STICU, ED, and Medical) in 5 blocks of 4 and 1 block of
6 for a total of 26 patients. [Figure 4].

Patient Randomization Flowsheet

STICU/Medical/ED Surgical & Trauma
Patients
Screen with Sepsis Screening Scale (5SS)
2 4 points

v —

Known or suspected infection
Obtain cultures, start broad-spectrum antibiotics

v

Enroll patient

Monitor for
72 hours

Randomize Patient

Plasma Group | p| Crystalloid Group

Figure 4 — Flow diagram depicting patient screening, enroliment, and randomization.

Intervention: Initial resuscitation with plasma will be 10 mL/kg (700 mL in a typical 70 kg adult).
Traditional doses of plasma, when used to correct coagulopathy range from 10-15 mL/kg.?® The
plasma will be administered at a rate of 2-3 mL/kg/hr (140-210 mL/hr in a typical 70 kg adult). A
research physician will be at bedside to follow patient resuscitation. Plasma administration may
be terminated before the entire dose is administered if patients show clinical improvement, or if
the treating clinician has concerns about circulatory overload. After the initial dose of plasmahas
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been given, subsequent fluid resuscitation (crystalloid or colloid) will be given at the discretion of
the treating clinician.

The blood bank will have thawed plasma available on call as soon as an eligible patient has been
identified. Type and screen will be performed concurrently to provide donor-matched plasma for
subjects randomized to intervention group. For patients who proceed to the operating room during
fluid resuscitation, the anesthesiology team will continue fluid administration per study protocol.

Control: Usual care using balanced crystalloids (Iso-Lyte or Plasma-Lyte) only will follow
Surviving Sepsis Campaign guidelines. Controls will receive 30 mL/kg (2100 mL in a typical 70
kg adult) of crystalloids within the first 3 hours." Crystalloid administration may be terminated
before the entire dose has been administered if patients show clinical improvement, or if the
treating clinician has concerns about circulatory overload. After the initial dose of crystalloids has
been given, subsequent fluid resuscitation (crystalloid or colloid) will be given at the discretion of
the treating clinician.

Observational Arm: Patients with suspected sepsis who do not meet the criteria for
randomization or unable to obtain informed consent in a timely fashion (within 3 hours of research
team being notified) will be enrolled in a prospective observational arm of the study. Baseline
demographic and hospitalization data including the fluid therapy per the attending physician’s
discretion will be collected. Blood samples will also be collected at 0, 2, 3, 6, 12, and 24 hours
upon determination of patients’ eligibility for the observational study arm. A waiver of informed
consent with be requested given that no intervention will be performed on the patient and that the
study will be at minimal risk to the patient. The research team will attempt to obtain written
informed consent from the patient or his/her legal authorized representative for 24 hours after
patient enrollment into the observational study arm. If informed consent is denied by the patient
or his/her legal authorized representative, no further data or blood samples will be collected and
any data or blood samples collected prior to decline of participation will not be used in this study.

Endpoints of Resuscitation: Fluid resuscitation in both the intervention and the control arms wiill
be titrated to serial reassessments of the patient’s volume status via blood pressure monitoring
(MAP > 65 mmHg), urine output measurements (goal of =2 0.5 cc/kg/hr), CVP measurements (>8
mmHg), stroke-volume variation on hemodynamic monitors (such as the Vigileo), inferior vena
cava (IVC) collapsibility index via bedside ultrasound,?* and lactate clearance (goal of = 50%
clearance after 6 hours of resuscitation). Serial laboratory examinations including lactate levels
will be performed per standard of care in the ICU, until the lactate has normalized. Additional fluid
support after the initial plasma or crystalloid bolus will be given at the discretion of the treating
clinician, keeping in mind that septic shock patients in several randomized trials required 6-8L
crystalloid per day.2527

Co-interventions: Both groups will receive standard care following Surviving Sepsis Guidelines,
including procurement of blood cultures, administration of broad-spectrum antibiotics, transfusion
of packed red blood cells for hemoglobin < 7 mg/dL, and use of vasopressors to maintain MAP >
65 mmHg.

Data Collection:
Data collected will include: demographics, past medical history, hospital information including
2. IRB NUMBER: HSC-MS-17-0714
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initial resuscitation information and post-operative care, complications (Appendix A), and
discharge information. A list of the data elements to be collected can be found in Appendix A.
Data will be collected from the subject’'s medical record and the trauma registry. Risk/Safety
evaluation will be performed at half enroliment (at 13 enrolled and randomized patients).

All subjects enrolled in this study will be assigned a study specific number. The de-identified data
will be entered into a secure, password protected database accessible to only those involved in
the study. A study linking log which will link subject identifiers to the study number will be kept by
the study PI.

To ensure patient confidentiality is maintained at all times, all data will be maintained in
accordance with HIPAA rules and regulations. Hard copy source documentation will be kept in a
secure area in a locked office and electronic data will be stored on secure, password-protected
computers accessible to only those study specific personnel.

Outcomes - Biomarkers of Endothelial and Glycocalyx Injury: The primary outcome is a
reduction in serum biomarkers associated with glycocalyx breakdown (syndecan-1, sTM),
endothelial leakage (sFLT-1, VEGF, sTM), sympatho-adrenal activation (NE, epinephrine), and
inflammation (VEGF, sRAGE, HMGB-1, IL-6, 8, 10, 1a, 1B) in the plasma group. A rodent model
has shown evidence of glycocalyx restoration after 2 hours of resuscitation with plasma as
compared to crystalloid.” Biomarkers will be drawn at 0, 2, end of initial bolus of fluid
administration, 6, 12, and 24 hours to evaluate their trend in response to plasma versus crystalloid
resuscitation. Timing of biomarker lab draw at the end of the initial fluid bolus will be variable since
termination of fluid resuscitation depends on patients’ clinical response. Lactic acid will be drawn
per standard of care to guide resuscitation. Standard labs for critically ill patients (such as
complete blood count, basic metabolic panel, and arterial blood gases) will be obtained per STICU
protocol. See Table 2 for timing of biomarker lab draws. Funding for measuring biomarkers will
be obtained from an additional source if the grant is awarded.

__ __ i Secondary
Table 2: Timing of Lab Draws Upon Randomization (T=0) in hours outcomes include

T=0 | T=2 | T=EoR | T=6 | T=12 | T-24 additional volume of

Serum v v v v v v fluid  required for

Biomarkers i
bi " q _ : resuscitation after the
Serum biomarkers = syndecan-1, sTM, S.FLT_L TJ‘EGF, sRAGE, HMGB-1, initial bolus of study
IL-6, 8, 10, 1a, 1B, vWF, tPA, NE, and epinephrine; fluid (crystalloid or

EcR = End of Resuscitation (variable, depending on patient response to fluids) plasma) within the first

24 hours of
resuscitation, time on vasopressors, time until lactate normalization, ventilator days, ICU-free
days, and hospital length of stay. Organ dysfunction will be measured including acute lung injury
and acute renal failure. Standardized definitions will be used as outlined in the method of
operation used in previously conducted trials by our group.?® Potential harms of plasma
administration will be assessed including symptomatic and asymptomatic venous
thromboembolisms, transfusion-related allergic reactions, febrile non-hemolytic transfusion
reaction, delayed-serological transfusion reactions, and transfusion-associated -circulatory
overload. Risk/safety evaluation will be performed at half recruitment (13 randomized patients).
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Blinding: The healthcare provider will not be able to be blinded to the study intervention. The
outcome assessors will be blinded when feasible, and the laboratory technicians and statisticians
will be blinded.

Sample Size: We propose to enroll 26 patients (13 in each treatment arm) for the pilot randomized
study to obtain unbiased estimates of treatment effect. We propose to enroll up to 100 patients to
the observational study arm. Because this is a feasibility pilot study, we do not provide a power
analysis for any outcomes since no formal hypothesis testing will be conducted. Instead, we will
calculate estimates of treatment effect and 95% confidence intervals for all measures. We will
also calculate probabilities of treatment benefit/harm using Bayesian analyses and conservative
neutral priors. These estimates will inform the design of a future larger trial.

Statistical Analysis: Because this is a pilot, efficacy trial, we will perform both a per-protocol and
an intention-to-treat analysis. Both frequentist and Bayesian analysis will be performed. For the
primary outcome and all continuous outcomes (using variable transformations if needed), we will
use mixed models that include group and time period as covariates with a random subject effect.
We will report group differences and 95% Cls from these models. For binary outcomes, a log
binomial (or Poisson in case of non-convergence) will be used to estimate relative risks and 95%
Cls. Hazard ratios and 95% Cls will be reported for time-to-event comparisons. For the Bayesian
analysis, neutral conservative priors (that exclude large treatment effects almost never seen with
medical interventions) will be used to estimate the probability of both benefits and harms, as
defined by our primary and secondary outcomes.
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Appendix A: List of Data Elements
Demographics

e Age

e Gender
e Race

e Ethnicity

e Height/Weight/BMI

Past Medical History
e Admitting Diagnosis (type of injury - blunt/penetrating)
e Concomitant medical conditions/diseases
e Current home medications

Hospital Information
e Admission date/time (ED and STICU/SIMU)
e Time of injury
e Type of injury
e Pre-hospital treatment (LSIs)

¢ |Initial resuscitation therapy (blood products, IR, OR, LSls)

e Vital signs

e Degree of pretibial edema

e Laboratory results

e Diagnostic procedure results

e Daily STICU/SIMU data ( i.e. ventilator settings, vital signs)

e Vasopressor use (medication, dose)

e Blood products and fluids

e Sepsis diagnostic information

e Operative and endovascular interventions

e Complications (ARDS, AKI, venous thromboembolic events, sepsis, severe sepsis, septic
shock, transfusion reactions, infections, multi-organ failure, pneumonia)

Discharge Information
e Date/time of discharge
e Disposition
e ISS
e AIS
e Cause of death (as applicable)
e Number of ventilator days
e Number of ICU days
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