Can capnography use during
sepsis treatment reduce
mortality by improving
hemodynamic management?

AUTHOR: MARC MARTURIA | REIXACH

CLINICAL TUTOR: JORDI JIMENEZ OYA

UDG COTUTOR: ANGELS GISPERT AMETLLER

METHODOLOGICAL TUTOR: RAFAEL MARCOS GRAGERA




Can capnography use during sepsis treatment reduce mortality by improving hemodynamic

management?

| would like to express my sincere gratitude to all the staff of the Emergency
Deptartment in Hospital Universitari Doctor Josep Trueta for having received me so

well. | have |learnt a lot from each one of you.

It is necessary in this thanks to specially mention Dr. Jordi Jiménez, not only for showing me all the
medicine | have learnt next to him, but also for showing me the exciting and grateful world of

emergencies. Thank you very much!

Also, Dra. Gispert and Dr. Marcos thanks for guiding me through this adventure, it also wouldn’t

have been possible without your invaluable assistance.



Can capnography use during sepsis treatment reduce mortality by improving hemodynamic
management?

List of abbreviations

SEMES Sociedad Espafiola de Medicina de Urgencias y Emergencias
SOFA Sequential Organ Failure Assessment

qSOFA Quick Sequential Organ Failure Assesment

HUDJTG Hospital Universitari Doctor Josep Trueta de Girona

ID Infectious diseases

ED Emergency department

MAP Mean arterial pressure

SAP Systolic arterial pressure

ETCO2 End-tidal carbon dioxide

RR Respiratory Rate
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Abstract

Background: Sepsis and septic shock are life-threatening pathologies with an elevated
mortality. Recent scientific evidence is showing that the most decisive period to affect
mortality and prognosis when treating those pathologies is the first hour of treatment,
named “Golden Hour”. Also, new evidence has shown the utility of capnography as a
perfusion monitoring tool, even showing to be a better measurement than MAP for

volume responsiveness.

Objective: This study aims to demonstrate that a new protocol in hemodynamic
management, using capnography as a volume responsiveness monitoring tool, in order to
detect earlier those patients in which vasoactive drugs will be needed to guarantee
perfusion, can reduce mortality by letting ED teams act earlier, as it is indicated in the new

scientific consensus.

Design: This is a randomized, controlled, transversal study carried out by the Emergency
Department of Hospital Universitari Doctor Josep Trueta de Girona. A non-probabilistic
sampling method will be performed, including all patients for which septic code is

activated in this centre from February 2021 to January 2024.

Key words: Capnography, ETCO2, sepsis, septic shock, ED, crystalloids, noradrenaline,

PAM, SAP, SOFA, qSOFA.
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Introduction
INFECTION, INFECTIOUS DISEASES, SEPSIS AND SEPTIC SHOCK

One of the most accepted definitions for infection is “any pathological process secondary
to the invasion by pathogenic or potentially pathogenic microorganisms of a tissue, fluid
or anatomical cavity that under normal conditions must remain sterile”. However, this
definition is not perfect, since, for example, the colon is not sterile, and a Clostridium
difficile infection can be generated there(l). Another definition for infection, more
accurate, is “the invasion of the host organism by microorganisms, their toxins or by
parasites that can cause pathological conditions or diseases(2). This pathological
conditions or diseases is what we call infectious diseases. Infectious diseases can be
classified by their origin, the pathogen which causes it, or by the severity of the patient

clinical situation.

In this last way to classify it we must talk about two important concepts: sepsis and septic

shock.

There has always been a lot of discussion about which should be the definition of sepsis.
The first person to use this term was Hipdcrates in IV century b.C. who defined it as a
process by which meat decomposes and wounds become infected. In our times, until
2015, the definition accepted by the scientific community for sepsis was based on the
concept of systemic inflammatory response syndrome (SIRS), but since 2017 the accepted

definition is the one published by Sepsis Definitions Task Force that has introduced a new
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concept of sepsis as a “life-threatening organ dysfunction caused by a dysregulated host
response to infection”. Until 2015 it was also accepted the term “severe sepsis”, which
was defined as the presence of sepsis in association which organ disfunction
manifestations, such as hypoxemia, oliguria, bleeding disorders, lactic acidosis or mental
disturbance among others; since 2015 severe sepsis concept was no longer accepted due

to its redundancy, because sepsis itself is always severe(3,4).

The other important concept to define before continuing is the concept of septic shock:

In medicine, a shock is defined as the clinical context in which, as a result of varied causes,
there is a sudden deficit in blood supply (and therefore oxygen and nutrients) to tissues,
that conditions a cellular metabolic suffering such that, if not resolved, it will inexorably

lead to the death of tissues and the organisms that sustains them.

Septic shock is classified as a distributive shock, also called vasogenic, which originates

from a pressure drop in the circuit as a consequence of vasodilation.

The most accepted definition for septic shock is “a subcategory of sepsis in which
circulatory and metabolic alterations are deep enough to considerably increase mortality
risk”. Sepsis Definition Task Force also purposed the criteria that defines the occurrence of
septic shock: hypotension, sustained requirement of vasopressors to maintain MAP (mean

arterial pressure) > 65 mmHg and a serum lactate level > 2 mmol/L (5).



Can capnography use during sepsis treatment reduce mortality by improving hemodynamic

EPIDEMIOLOGY

Infectious diseases have been, and in
many countries still be the most
frequent cause of mortality. About 12
million people worldwide die from
infectious diseases, which represents
21% of total causes of death. In
developing countries, the numbers are
even those

more alarming: In

countries ID are causing around 50%
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of deaths(6). In developed countries the situation was similar last century, but nowadays

has changed a lot due to the introduction of antibiotics towards the middle of XX century;

however, the improvement of life expectancy, which leads to a greater number of chronic

processes in the population and also the realization of a major number of invasive

techniques, states of immunosuppression for drug or patients treated with chemotherapy,

among other factors has led to an increase in mortality from infectious diseases.

In the Spanish health system, according to SEMES and recent studies(7,8):

- Sepsis is the most prevalent pathology in the ICU.

- 10.4% of patients attending the emergency department are diagnosed of an infectious

disease (being the most prevalent those of respiratory origin).

10
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- Between 5-10% of that patients meet criteria for sepsis.

- 30% of them will develop a septic shock.

- In the Catalan health system, the incidence registered for sepsis between 2008 and 2012

was 213 cases/100.000 habitants, with a 21.6% hospital mortality(8).

Worldwide epidemiological data is also alarming; according to WHO, who has published

its first world report about septicaemia(9):

- Every year 49 million people are diagnosed of septicaemia worldwide.

- The first infectious focus is the hospital: 49% of patients with sepsis attended at ICU have

been infected in-hospital.

- 11 million people will die from sepsis every year.

- In-hospital mortality rates are alarming: 27% of mortality in hospital and 42% of

mortality in ICU.

- The ones who survive the septic episode aren’t out of risk: In one-year period 50% of

them will die or develop complications that will lead to disability.

11
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PHYSIOPATHOLOGY

The first step in the initiation of the host response to the pathogen is the activation of
innate immune cells, which are basically macrophages, monocytes, neutrophils, and
natural killer cells. This happens by the union of pathogen associated molecular patrons
(PAMP), such as bacterial endotoxins or fungal B-glucans, to a specific patron recognition
receptor of this cells(10,11). Another way to initiate this inflammatory process are the

damage associated molecular patrons (DAMP), which basically are intracellular material

from death host cells, such as ATP or mitochondrial DNA.
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These molecules bind to specific receptors in monocytes or macrophages, such as toll-like

receptors (TLR, leptin type C receptors, NOD receptors (nucleotide-binding
oligomerization domain-like receptors) and RLRs (RIG-1-like receptors). The activation of

these receptors results in the activation of intracellular pathways in those immune cells

12
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that cause the transcription and release of pro-inflammatory cytokines, such as TNFa, IL-1

and IL-6.

In addition to the inflammatory response, the haemostatic pathway is also activated in
sepsis, with the simultaneous inflammatory and coagulation cascades activation. The
spectrum of this interaction can range from mild thrombocytopenia to a fulminant
disseminated intravascular coagulation (DIC)(12). The etiology of this coagulation’s
dysregulation is multifactorial, however it is believed that the hypercoagulability in sepsis
it’s due to the liberation of altered endothelial cell tissue factor(10). The tissue factor
causes the systemic activation of the coagulation cascade, resulting in the production of
thrombin, platelet activation and formation of platelet and fibrin clots. These
microthrombi can cause local perfusion defects resulting in tissue hypoxia and organ

dysfunction.
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The initial pro-inflammatory state of sepsis is often replaced by a prolonged state of
immunosuppression. There is a decrease in the number of T cells (helper and cytotoxic) as
a result of apoptosis and a decreased response to inflammatory cytokines. The post-
mortem studies of ICU who died of sepsis demonstrated a global depletion of CD4+ and
CD8+ T cells, most notably in lymphoid organs like the spleen(11,13—-15). The above
findings suggest that the immune system in a septic patient cannot organize an effective

immune response to infections.

Talking about the shock, this can be produced by three ways:

-By a volume deficit: hypovolemic

-By a fail in cardiac contraction: cardiogenic

-By alterations in the vascular tone: distributive

Septic shock brings together aspects of the 3 pathophysiological alterations mentioned.

As it is mentioned above, in sepsis there is a liberation of endogen and exogen toxins,
which lead to a proinflammatory mediators liberation that cause peripheral vasodilation

and the formation of microemboli.

The CNS and endocrine system are also activated, producing adrenalin, noradrenalin,
glucocorticoids, aldosterone, glucagon and renin, which lead the patient to an
hypermetabolic state, and, as a consequence, to a pulmonary, renal and splenic

vasoconstriction, which can lead to a multisystemic fail.

14
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The septic shock goes through different phases: the initial, the compensatory, the

progressive and the refractory.

The initial phase is characterized by a generalized vasodilatation, manifested in the
decrease in blood pressure as a consequence of the reduction of preload and afterload. In
the compensatory phase increased heart rate may be evident, and hemodynamically the
cardiac output and the cardiac index are increased, while the ventricular ejection volume
is altered due to a decrease in the myocardial contractility. Other evident signs and
symptoms in this phase are hypoxemia, tachypnoea, rales, altered state of consciousness

or oliguria.

During the progressive phase, the hypoperfusion is severe, and it is manifested by global
cyanosis and oxygen desaturation; it also can appear generalized edema (anasarca) due to

failure of the sodium-potassium pump.

Finally, the patient can enter a refractory phase. In this there is no response to any
treatment, due to massive cell destruction, which causes a multi-organ failure. In a high

percentage, death is the end result of this phase.

15
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SEPSIS CODE

Sepsis and septic shock are time-dependent pathologies. It's management requires a fast
identification and an acute treatment, as scientific evidence has demonstrated that
diagnostic or therapeutic delay negatively influences in patient’s evaluation: depending on
whether appropriate antibiotic therapy is administered in the first 30 minutes after

diagnosis or between 9-12h, mortality varies between 17% and 74%, respectively(16—18).

According to that, and with the aim of initiate early diagnostic-therapeutic measures,
including adequate antibiotic treatment and hemodynamic support, the Catalan public
health system implemented in all its sanitary territory the sepsis code, which is an
emergency protocol with an integrated model of care that standardizes and accelerates
decision making, establishing clear diagnostic and therapeutic criteria without space for

interpretation, which minimize the loss of time in the response of health teams.

In 2012 Sepsis Code was launched in HUDJTG, developing an action protocol with care
recommendations. This protocol was updated in 2016, adapting it to the
recommendations of the Third International Consensus on Sepsis(18). In 2018, an update
was done with the Surviving Sepsis Campaign Bundle(17), which highlights the relevance
of action in the first hours especially the first (also called the Golden Hour), in the outcome

of the septic process.

16
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The sepsis code in HUDJTG has 3 basic pillars:

- Early antibiotic therapy (< 1h.).

- Focus control (microbiological culture < 1h; surgical debridement (if needed) <

6h.).

- Hemodynamic stability (SAP > 90 mmHg. /MAP > 65 mmHg. during first 3-6 h.).

Cadena de Ressuscitacid en la Sepsia Greu
Maneig inicial (6 hores) de |la sépsia greu

Ajust
resisténcies

Deteccid
Focus

3@:"5 amb Control Milloria Monitoratge vasculars
Istuncions . . )
Lactat focus septic ff de lavolémia objectius (Noradrenalina)
>3 mmol/| Cultius 20-30 mi/kg TAM > 65 i
Antibigtic < 1h cristal-loides FC<110x Valoracié UCI

Sata02>92%
Diiiresi > 0.5¢¢/kg/h
ctat 10%< inicial

<3h
Revalorar volémia
3-6h

Temps es vida >

In the emergency department of HUJTG sepsis code can be activated, even in the triage, if

Drenatge
[< 6h en XOC)

the patient presents both criteria:
- Suspected infection, hypothermia (T2 < 36 °C) or hyperthermia (T2>37’5°C).
-1 out of 3 gSOFA (quick SOFA) criteria.

Cuick Sequenual Organ Failure Assessment (SOFA) score

qSOFA (Quick SOFA) Criteria Points
Respiratory rate =22/min 1
Change in mental status 1

17
Systolic blood pressure =100 mmHg 1
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gSOFA is the simpler version of SOFA (Sequential Organ Failure Assessment Score), made

to be used in the triage in a fastest and simpler way than SOFA, to initiate the sepsis code.

Unlike SOFA, gSOFA does not include analytical parameters, so it allows ED professionals

to discern those patients who present a high risk to suffer organic dysfunction, and

therefore they need priority attention, in a much faster way than SOFA.

SOFA is a scoring system made to classify septic patients in order to its gravity and also

determine the rate of organ failure. This score evaluates 6 parameters (PaO2/FiO2,

platelets, bilirubin, cardiovascular, GCS Score, and creatinine/urine output). Each

parameter is punctuated between 0-4, according to the values in the table. A SOFA score 2

2 points is diagnostic of sepsis. Beyond that, as the score rises, so does the rate of organ

failure and the risk of mortality(19).

Score
0 I 2 3 4
Respiratory system
Pa0 /RO, (mmHg) =400 <400 <300 <200 with respiratory < 100 with respiratory
support support
Hepatic system
Bilirubin (mg/dL) <1.2 1.2-1.9 20-5.9 6.0-11.9 =12.0

Cardiovascular system
MAP =70 mmHg

Coagulation

Platelets » 10%/ulL =150
Central nervous system
Glasgow coma scale 15
Renal system

Creatinine (mg/dL) <12

Urine sutput (mL/d)

MAP <70 mmHg

<150
13-14

1.2-1.9

Dopaminc =<5 or
dobutamine (any dose)’
=100

10-12

20-3.4

Dopaminc 5.1=15or

epinephrine =0.1 or

norepinephrine =0.1*
<50

69

3.5-4.9
<500

Dopamim: =15 or
epinephrine =0.1 or
norepinephrine =0.1*
<20

<6

=50
=200

Motes: ‘All catechelamine deses represent lg/kg/min. Organ dysfunction is identified as an increase in the SOFA score of =2 peints. In patients with not known preexisting
organ dysfunction, the baseline SOFA score & assumed to be zero. Intensive Care Med. The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ
dysfuncrion/failure. On behalf of the Werking Group on Sepsis-Related Problems of the Eurepean Seciety of Intensive Care Medicine. 22(7), 1996, 707-710, Vincent L,
Moreno R, Takak |, et al. With permission of Springer."

Abbreviations: PaO,, partial pressure of oxygen; FiO,, fraction of inspired oxygen; MAP, mean arterial pressure.

18
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Once sepsis code is activated, the patient is automatically ubicated in the critic patient’s

area of the emergency department to initiate this treatment algorithm:

| Acces Urgent a I'Hospital

Pacient ubicat a

urgéncies — Metge assistencial

v \

Infermera de Triatge

-Motiu de Consulta
-Presa de Constants (TA, FC, T*i FR)
| — e

Pacient amb sospita de infeccié o infeccié documentada

¥

il = —

haTa TAS<100 mm Hg ifo TAM < 65 mm Hg Assisténcia médica
Assist &di :
Biilieegf;:nrgeplsu; . — 5a02 < 90% ifo FR =22x - - ——  Segons ﬂ_i:;“ de
¢ Alteracio de I'estat mental P

Activacid de Codi Séepsia

-Analitica amb perfil ¢
septicémia, lactat i T
bilirubina Avaluar evidéncies de
'“"““’E“-‘_SEEKQE“S focus disfuncié organica
-RX torax

Criteris d’exclusio
-Prondstic vital <= 6 m
-Dependéncia ABVD

-Criteris Facultatius

Encara sospita de
sépsia? F

Monitoritzacio de situacio clinica

Disfuncio organica ——-

Reavaluacio de possible sépsia sila
clinica ho requereix

v

ACCIONS A REALITZAR:
* 2 vies perifériques + uriméter.
* Serumterapia: cristal-loides a 30mL/Kg en 30 min.

* Si no millora TA, valoreu NA 0,04mcg/Kgimin.
* Antibidtic empiric abans de la 1a hora.
* Control del focus (proves dimatge +/- 12 < Bhj.

OBJECTIUS a les primeres Gh:
- TAM = 65 mmHg

- Diliresi = 0,5cciKgh

- Lactat < 18mg/dL

-Hb = TgidL

Reavaluacio a les 6h del diagnodstic:

Si malgrat I'adequada ressucitacio amb fluids es compleixen

alguna de les seguents:

1) Es requersixen de drogues vasopressores per mantenir TAM
= 65 mmHg

2} Lactat séric = 2 mmol /1 o 18 mg/ dl

3) Oligoandria (< 0.5cc/kgh)

4} Mecessitat de Ventilacio Mecanica (invasiva o no invasiva)

)'¢0) 0= = = | (o4 Valoracié per UCI

Hemodynamic support tasks during first hours focus on recover SAP and MAP. This is done
by resuscitation with crystalloids, and the response is monitored with MAP and lactate

clearance, assessed 3 hours after the start of resuscitation: 3 hours after initiating

19
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crystalloids a blood gas test (venous or arterial) with lactic acid analysis is performed, and
compared with the lactate level at the arrival. If this lactate clearance is > 10%, lactate
levels < 18 mg/dL or MAP is > 65 mmHg. it is considered that resuscitation progress is
satisfactory and hemodynamic support keeps at this stage. If lactate clearance is < 10%,
lactate levels > 18 mg/dL and MAP is < 65 mmHg. it is considered that there is no response
to resuscitation and vasoactive drugs are needed. Then it is indicated to initiate
noradrenaline perfusion at a 0,04mcg/Kg/min with the aim of recovering MAP and correct

perfusion.

CAPNOGRAPHY AND ETCO2

Capnography is the monitoring of the concentration or partial pressure of carbon dioxide
in the respiratory gases. It is usually presented as a representation graph of the airway
CO2 wave as a function of time, including inspirations and expirations. It is connected with

nasal glasses, which directly collect the respiratory gases of the patient.

Capnography can analyse RR, rhythm, morphology of the wave, tendency, and the

numeric ETCO2 value (end tidal carbon dioxide).

ETCO2 is the end tidal carbon dioxide, in other words, the average amount of CO2 at the
end of expiration. It is a really valuable tool, in both anaesthesiology and emergencies
fields, as it is an indicator of pulmonary ventilation/perfusion ratio and also systemic

perfusion.

20
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Its profits in those fields range from the evaluation of the correct placement of an

endotracheal tube, evaluation of a CPR, monitoring sedation, monitoring carbon dioxide

insufflation during gastroscopy, measuring acidosis in children with gastroenteritis,

diagnose and monitor a patient suffering a diabetic ketoacidosis or a major trauma with

hypovolemia, to diagnose sepsis and predict mortality or elevated SOFA scores in those

patients(20,21,30,31,22-29).

Recent studies even demonstrated the ability of ETCO2 in predicting volume

responsiveness. Monnet et al. published in 2013 “End-tidal carbon dioxide is better than

passive leg raising
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which results demonstrated
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that a PLR-induced increase in ETCO2 > 5% predicted a fluid-induced increase in Cl (cardiac

index) > 15% with sensitivity of 71% (95% confidence interval; 48-89%) and specificity of

100% (82-100%). With these results, Monnet et al. concluded that “the changes in ETCO2

induced by a PLR test predicted fluid responsiveness with reliability, while the changes in

arterial pulse pressure did not”.

22
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Justification

When treating sepsis and septic shock, its fundamental to accelerate and optimize the
decision-making process. Early identification and treatment of septic shock have been
shown to improve survival, and it is estimated that, when treating sepsis, mortality
increases 8% for every hour of delay in starting treatment(32). Actual international
consensus (Surviving Sepsis Campaign 1-Hour Bundle, 2019) recommends early start

(during 1%t hour after diagnosing) of serum therapy and vasoactive drugs if needed(18).

These protocols establish that initial treatment of sepsis include resuscitation with
crystalloids at a 30 ml/Kg dose, with monitored response with SAT, MAP, lactate clearing
and Rising Test (Annex 1). Only if those monitored parameters show no response,
normally checked 3 hours after initiating resuscitation with crystalloids, vasoactive drugs
will be initiated. In that case, if TAM remains <65 mm Hg, lactate clearance is < 10%, or
there is lack of response to Rising test noradrenaline 0,04mcg/Kg/min infusion will be

initiated.

According to previously cited recommendations those 3 hours could? be a very valuable

time to act early.

Lactic acidosis is a well-accepted marker for disease severity in this population, a good
mortality predictor in ED patients with infection. However, it takes about 30 minutes to
analyse lactate levels in a venous gasometry, and the information that gives you about the
patient is static.

23
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Some studies have tried to use ETCO2 measurement in the ED, in sepsis and septic shock,
to predict mortality. Their conclusions were that ETCO2 concentration may perform
similarly to lactate levels as a predictor for mortality in patients with suspected sepsis.
However, those were studies with small sample of patients, and so they also concluded
that “further studies are necessary to determine if ETCO2 can be used to decrease time to

recognition and therapy of patients with sepsis”(30).

Capnography is a non-invasive, real-time and dynamic method of determining exhaled
end-tidal carbon dioxide (ETCO2), which is a function of basal metabolic rate, cardiac
output and ventilation status, so it is, somehow, a direct indicator of tissue perfusion. In
recent studies, it has been shown that ETCO2 can predict severe metabolic acidosis in

diabetic ketoacidosis(24,33) and gastroenteritis(27).

Other studies have also shown that ETCO2 levels are low in patients suffering hypovolemic
shock, and that ETCO2 can be used as a marker in injury severity and a predictor of
mortality in major trauma patients(25). Low ETCO2 levels also have been associated with
lactic acidosis and it’s associated to organ dysfunction, leading us to postulate utility in
another disease state where acidosis is a well-established marker of poor outcome, severe

sepsis(28—30).
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Hypothesis of the study

The application of capnography as a monitoring tool in the septic and septic shocked
patients management can decrease mortality and predict complications, such as lactic

acidosis.

Study Objectives
MAIN OBJECTIVE

The main objective of this study is to demonstrate that the application of capnography in
septic and septic shocked patients can reduce the mortality in those pathologies, by
letting ED professionals to early predict complications, and so, early initiate serum therapy

and vasoactive drugs, if needed.

SECONDARY OBJECTIVES

1. Determine the incidence of septic and septic shocked patients in HUDJTG

2. Demonstrate that the use of capnography in septic processes can reduce the

average number of days of hospital admission required in those patients.

3. Demonstrate that the use of capnography contributes to the early initiation of

effective treatment.

4. Evaluate, through the analysis of independent variables, the risk factors of

developing complications in septic processes.
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Material and methods
STUDY DESIGN

This study will be a randomized, controlled, transversal study. It will be conducted in the

Emergency Department of Hospital Universitari Doctor Josep Trueta de Girona

Subjects will be randomized in a 1:1 ratio to lactate determination group or capnography

group as a monitoring tool.

STUDY POPULATION, INCLUSION AND EXCLUSION CRITERIA
The study population will be composed by all patients with sepsis/suspected sepsis or
septic shock attended by the Emergency Department of Hospital Universitari Doctor Josep

Trueta de Girona, with the following inclusion and exclusion criteria:

Patients exhibiting qSOFA>2 in HUJTG (patients with sepsis/suspected sepsis or septic

shock in which sepsis code will be activated).

1. Patients with expressed limitation of therapeutic effort on their clinic history, or
dependant for activities of daily living: Barthel index 260, Rockwood Clinical Frailty

Scale>7 or Profund index>11 (Annexes 2,3 and 4)
2. Patients that arrive at the ED with cardiorespiratory arrest.

3. Patients with oncologic pathology tributary of palliative treatment.
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4. Those patients in whom they or their relatives do not give their informed consent.

SAMPLE

The sample size was calculated using the free application Calculadora de Grandaria

Mostral (GRANMO)(34).

To calculate the size of the sample, it is needed a mortality proportion in septic patients
using capnography and without using it. A previous meta-analysis was searched to get this
data, but due to the lack of studies nowadays in this field, no one was found. Instead of
that, the size-weighted mortality of participants from the three main studies found in
which capnography was performed was calculated, giving a 13,245% average

mortality(29-31).

In the non-performed capnography group, the average mortality of sepsis, which is 21,6%

was taken from a recent thesis(8).

Getting this data, a bilateral contrast done with an alpha significance level of 5% and a
power of 80% assuming that the differences detected were moderate, we will need 355

patients per arm of the clinical trial (total 710).

A dropout rate of 10% because of the possibility of incomplete data collecting sheets or

their misplacing has been anticipated.
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HUDJTG activates an average of 350 septic codes per year; about 3% of which are
paediatric. That are not included in the study due to the different protocol, treatment and
ED in HUDJTG. That reduces the annual cases that could be included in the study to 339.
Assuming that among them some will have exclusion criteria, we estimate that a 3-year
period will be needed to carry out the study, starting in February 2021 and ending in

January 2024 (both months included).

To get the sample a non-probabilistic consecutive sampling method will be performed,
selecting all patients that accomplish inclusion and exclusion criteria; to be included in the

study patients will also have to give their informed consent (Annex 5).

The sample will be composed of two groups: a control group and an intervened group.

VARIABLES AND METHODS OF MEASUREMENT
All the variables of the study will be collected prospectively for 36 months (from February

2021 to January 2024) and are summarized below:

The independent variable is the capnography (ETCO2 measurement) monitoring
intervention. Both groups will have the lactate level analysis done as it is in the analytical
pre-set for septic code in HUDJTG. However, in only one group the capnography will be

done.
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- Group A is a control group, it will receive the protocolized attention in HUDJTG

established by sepsis code, without capnography (Annex 6).

- Group B is an intervention group, it will be treated by the same protocol as group
A, the sepsis code, but in addition, ETCO2 determination by capnography will be
performed, to monitor the hemodynamic response of the patient, 1 hour after
initiating resuscitation with crystalloids. In addition to lactate clearance > 10%,
lactate < 18 mg/dL or MAP > 65 mmHg, ETCO2 increase > 5% determined by
capnography 1 hour after initiating resuscitation with crystalloids will indicate
considering the patient fluid responsive. If the patient is not considered fluid
responsive 1 hour after initiating resuscitation with crystalloids, noradrenaline
perfusion at a 0,04mcg/Kg/min will be started with the aim of recovering MAP and

correct perfusion.

It is a dichotomous qualitative variable and will be expressed in a percentage.

The main variable is the in-hospital mortality. It also is a dichotomous qualitative variable

and will be registered at the hospital discharge.
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Hospital length of stay due to the septic process will be taken as a secondary variable. It is
a continuous quantitative variable, and it will be measured through the time expressed in
hours, between the hospital admission and the hospital discharge; it will be expressed in

hours, and it will be registered in the clinical history of the computer database.

1. Age: measured as a continuous quantitative variable to later group it into age
clusters, to become a discrete variable, defined as follows: adult population:
(a)young adults up to 39 y.o., (b) intermediate adults up to 49 y.o., (c) mature
adults up to 59 y.o. and Elderly population: (d) early or primary stage between 60

and 69 y.o., (e) intermediate phase from 70 to 84 y.o., and (f)advanced phase > 85

y.o.

2. Sex: Measured as a nominal qualitative variable with the next categories: Male,

Female or Other

3. Focus of infection: Measured as a nominal qualitative variable with the next
categories: Respiratory focus, abdominal focus, urologic focus, skin and soft tissues

focus, endovascular devices focus, CNS focus.

4. Pathogen: Measured as a nominal qualitative variable, with the scientific name of

the pathogen.
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Antibiotic prescribed and dose: Measured as a nominal qualitative variable, with
the generic name of the antibiotic administrated to the patient during

hospitalization.

Time from the hospital admission until the antibiotic administration: Continuous

guantitative variable expressed in minutes.

Time from the hospital admission until the administration of vasoactive drugs in
patients that need them: The average mean will be calculated, and it will be

expressed in minutes as a continuous quantitative variable.

Time from the hospital admission until the beginning of resuscitation with

crystalloids: Expressed in minutes, as a continuous quantitative variable.

Patient SOFA score: Is a discrete quantitative variable, from 0 to 4, which

corresponds as the SOFA score given to the patient at his/her arrival. (Annex 7)

Patient qSOFA score: Is a discrete quantitative variable, from 0 to 4 which

corresponds at the quick SOFA score given to the patient at the triage. (Annex 8)

MAP at the arrival: Measured in mm Hg. as a continuous quantitative variable to
later group it into clusters, to become a discrete variable defined as follows: (a)
<45 mm Hg; (b) 45-49 mmHg; (c) 50-54 mmHg; (d) 55-59 mmHg; (e) 60-64 mmHg;

(f) 65-69 mmHg; (g) 70-75 mmHg; (h) >75 mmHg.

Oxygen Saturation: Measured as a continuous quantitative variable.
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PAFI index (Pa02 / FIO2): Measured as a continuous quantitative variable.

Coagulation platelets (x 10°/L): Measured as a continuous quantitative variable to
later group it into clusters, to become a discrete variable defined as: (a) >150, (b)

<150, (c) <100, (d) <50, (e) <20.

Liver bilirubin (mg/dL): Measured as a continuous quantitative variable to later
group it into clusters, to become a discrete variable, defined as: (a) <1.2, (b)1.2-1.9,

(c) 2.0-5.9, (d)6.0-11.9, (e) >12.0.

Glasgow coma scale score (Annex 9): Measured as a discrete quantitative variable
to later group it into clusters, to become a discrete variable defined as: (a)15,

(b)13-14, (c)10-12, (d)6-9, (e)<6.

. Creatinine (mg/dL): Measured as a continuous quantitative variable to later group

it into clusters, to become a discrete variable defined as: (a)<1.2, (b)1.2-1.9, (c)2.0-

3.4, (d)3.5-4.9, (e) >5.0.

Urine output on the first 24h. (mL): Measured as a continuous quantitative variable
to later group it into clusters, to become a discrete variable defined as: (a)800-

2.000, (b)799-650, (c)649-500, (d)<500, (e)<200.

Charlson comorbidity index: It is a discrete quantitative variable, from 0 to 33,

which corresponds to the index given to the patient. (Annex 10)
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20. Barthel scale: It is a discrete quantitative variable, from 0 to 100, which
corresponds to the punctuation given to the patient according to Barthel scale.

(Annex 2)

21. Rockwood scale: It is a discrete quantitative variable, from 0 to 7, which
corresponds to the punctuation given to the patient according to Rockwood

fragility scale. (Annex 3)

22.ETCO2 levels (in those patient’s in which capnography is performed): It is a

continuous quantitative variable expressed in mm. Hg.

23. Lactate levels: Measured as a continuous quantitative variable expressed in

mmol/L.

24. Requirement for ventilatory support: None, IV (invasive ventilation), or NIV (non-

invasive ventilation)

RANDOMIZATION TECHNIQUE
The patients who participate in this study after meeting all inclusion criteria and none of

the exclusion criteria will be randomly assigned to one of two groups:

- Group A is a control group, it will receive the protocolized attention in HUDJTG

established by sepsis code, without capnography (Annex 6)
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- Group B is an intervention group, it will be treated by the same protocol as group
A, but in addition, ETCO2 determination by capnography will be performed, to

monitor patient’s hemodynamic response, as explained above.

With the randomized selection we avoid selection bias. When the sepsis code is activated
for a new patient meeting all inclusion and exclusion criteria and accepting his/her
participation in this study, he/she will be assigned randomly through a computer program

to group A or B.

DATA COLLECTION METHOD

Before joining the study, the attending doctors will give to the patient all the information
about the study and it’s aims, collected in the information document for the study (Annex
11), and this document will be signed by the patient, stating that he has received it, has

been explained and has understood it correctly.

After that, the patient will be asked to sign the informed consent (Annex 5) to be included
in the study, in which the doctor will highlight the confidentiality and voluntary aspects of
it. As it is likely that the patient will not be able to sign it due to his/her serious condition,
the informed consent will be required from a first-degree family member, representative
or legal guardian if they are present. Once the patient is conscious, he/she will also be

asked to sign the informed consent.

The informed consent forms and study information sheets will be available in Catalan,

Spanish and English but only Catalan version is annexed.
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All data will be collected prospectively during the 36 months of patient’s recruitment

using data collection sheets (Annex 12) as a collection method.

In each patient treated at the HUDJTG for which the sepsis code is activated, and after
meeting all the inclusion and exclusion criteria, and giving his/her informed consent, a

group (group A or group B) will be randomly assigned.

During the patient’s treatment, or when it’s finished, indifferently, the emergency sanitary
team will fill in the data collection sheet. During the care process, the attending doctor will
have the responsibility to indicate the nursing team the collection of information

necessary to fill up this document a posteriori.

Statistical Analysis

All statistical variables analysis will be performed using the Statistical Package for Social
Science (SPSS) version 26. The descriptive analysis of the variables will be performed to
compare the characteristics of the population of both groups. It is expected that the basic
demographics of the participants during the study will be similar and, therefore,

comparable groups.

Statistical significance will be considered at p value < 0.5 and confidence intervals will be

calculated at 95%.
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DESCRIPTIVE ANALYSIS

Results of data collected will be presented as proportions and percentages for categorical
variables. For quantitative variables, results of data collected will be presented as mean *
SD and interquartile range (25-75) depending on whether they have a normal distribution

or not.

BIVARIATE INFERENCE
The difference of proportion of the qualitative variables (dependent and covariables) of
both A and B groups will be contrasted applying the Chi square test (x2) and Fisher’s exact

test when the expected frequencies are < 5.

To compare the means and the medians of the quantitative variables of both A and B

groups the T Student’s test and U-Mann-Whitney’s test will be used.

MULTIVARIATE ANALYSIS
To give more external validity to our study a Logistic Regression will be conducted in order
to adjust the relationship between changes in mortality in the different groups adjusted

with potential confounders, which are collected as covariables.

In the case of secondary dependent variable, which is hospital length of stay, as it is a
guantitative continuous variable, a Linear Regression will be estimated with the same

independent variable, and adjustment for the same covariates will be performed.
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The existence of possible interactions between the intervention and/or covariates will be

assessed.

It will be considered that a significant difference between both groups exists when p-value

< 0.05.

Ethical considerations

This study will respect the medical ethics principles of human experimentation, following
what was established by the World Medical Association in the Declaration of Helsinki —

Ethical Principles for Medical Research Involving Human Subjects(35).

Also, database will use the medical record number instead of the names of patients to
guarantee the anonymity of all patient’s data, according to Ley Orgdnica 3/2018, de 5 de

diciembre, de Proteccion de Datos Personales y garantia de los derechos digitales(36).

All participants will be personally informed by an ED doctor and an information document
about the study will be given to them (Annex 11) together with the informed consent
(Annex 5), which participants will have to voluntarily sign before joining the study. If the
patient is under-aged, remains unconscious or inevitably dies, the informed consent will

be requested to first-degree relatives or legal guardian.
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The present project will be presented and evaluated by the Clinical Research Ethics
Committee (CEIC) of the HUDJTG, and its approval will be obtained before initiating the

study.

The investigators of this project declare that there are no conflicts of interest.

Study limitations

Several limitations of this study should be acknowledged.

Due to the lack of similar studies done before, the sample size was calculated using
different population’s mortality. When sample size was calculated, the expected mortality
of group A (with the current sepsis code protocol) was obtained from a doctoral thesis
based on the Catalan population, and the expected mortality of group B was obtained by
calculating the mean mortality of the studies published to date in which similar protocols,
although not the same, were used in American population. In order to minimize this bias,

the sample of both groups was slightly increased.

Another limitation of this study that must be acknowledged is the fact that nowadays the
Catalan public health system, specially its ICU’s and ED’s, like HUDJTG ED, are saturated
due to the Coronavirus SARS-CoV-2 pandemic, and because of that, its professionals may

not be able to give their fully attention and dedication to this study.

Interviewer bias it is also likely to appear in our study as some HUDJTG ED doctors are

already familiar to the use of capnography, and some other are not. In order to reduce
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that bias, an specific theoretical formation and practical training on capnograph use will
be done to all HUDJTG ED doctors. Normally, to train the 21 doctors associated to the
HUDJTG ED, two groups would be made, but due to the Coronavirus SARS-CoV-2
pandemic, and also the commitment of this study in the better training of health
personnel in charge, 4 different groups will be made, and a 3-hour formation will be given

to each one.

Working plan and chronogram

All the study process is expected to last 44 months, and all the activities carried out during

this time will be organized in the following phases:

WORKING PLAN

This first part of the study lasts five months and consists on the elaboration of the current
protocol, and the training of HUDJTG ED professionals in capnography use and in the new

protocol.

During this phase, also, investigators, collaborators and statisticians will meet in order to

specify the tasks every member of the team will be in charge.

This part of the study lasts 3 years (36 months) and it consists on the selection of patients
who accomplish the inclusion and exclusion criteria described before, the group
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assignment to each patient, also according to randomization criteria described before,
their treatment and the data collection, using the data collection form attached (Annex

12).

After processing the database, all data will be analysed using the appropriate statistical

tests by an external statistician. This part of the study should last 1 month.

Results and conclusions will be extracted and evaluated by all the research team.

During the last two months, the researchers will write and edit a scientific paper to be

published.

CHRONOGRAM

Year 2020 2021 2022 2023

2024

Month S|D‘N‘DJ FIM| A(M| J]J|A[ S| O N[D|J| F|M A/MJ[J|A SO N|D|J[ F{ M| A|M J[J| Al §0O

Phase 1: Preparation, training
and coordination

Phase 2: Fatient recruitment
and data collection

Phase 3: Statistical analysis

Phase 4: Edition and
publication
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Budget of the study
EXPENSES | uNIT cosT | HOURS/UNITS TOTAL
PERSOMMEL/STAFF
Formation of trainers 60E 12h. T720€
Data manager A0E 40h. 1.600E
Statistician S0E 48h. 2.400€
Subtotal: 4.720€
MATERIAL COSTS
Capnography tube 6,9€ | 355 2449 5£
Subtotal: 2.449 5€
PUBLICATION AND DIFUSSION COSTS
Linguistic correction 150€
Article publication 1.500€
Subtotal: 1.650€
TOTAL: B.B19,5€
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Annexes

Annex 1: Passive Leg Rising Test
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‘-.. l/ recumbent positon )

Assess PLR effects by directly
" qsh ould return to basaling)

rrasuring CO
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; Uze thehed adjustrmen expa n
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—
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Annex 2: Barthel Index

Barthel Index of Activities of Daily Living

; Choose the scoring point for the stelement that most closely comes ponds to the petents cument
leve| of abllity foreach of the following 10 lerms. Record actual, not potential, functioning. Information can be
obfained from the patient's self e pod, from a se pamte party who B familiar with the patents abilties (such s a
relative ), or from oteervation. Refer b the Guide lines section on the fo llowing page for detailed iformation on
scofng and inempetation

The Barthel Index

Bowels Transfer
0 = incontinent (or needs to = ghvenemmala) 0 = unable - no sitting balance
1 = pocas lonal sccident (onca’week ) 1= majpr halp fone or two people, physical), can sit
2 = contine nt 2 =minar halp (verkal or physical j
FPafenis Score: 3 = independant
Fatenfs Soore:
Blacer )
0 = incantinent, or cathets ized and unable to mansge Mobility
1 =pccasional sccident (max. once per24 hours) 0 = immaobile
2 =continent (forover T days) 1 =whee khair inde pe ndent, including comers, efc.
Fafents Seore: 2 =walks with helpofone mmon (verbal or physical)

3 = independant (bul may we any aid, &.g,, stick)

Grooming Patienfs Score:
0 = neads helpwith pe monalcars

1 = independani face/hairfeeths having (mple me ms Dressing

prewvided ) 0 = depandent

Pafents Score: 1=needs help, butcando about half unaided
- 2 = independent {including butto e, zips, boes, et )

Toilet we Pabenfs Score:

0 = depa ndent

1 = needs some help, but can do something alkone Sigirs

2 = independent (on and off. dressing, wiping) 0 =unable

Patents Score: 1 =neads help (vertal physkcal, camying aid)
2 = indepands it up and down

Feeding Patenfs Soore:
0 = unable

1 = neads helpcutting, spreading butier. etc. Bathing

2 = independent (food provided within mach) 0 = depandes nt

Pafents Score: 1 = independant for in shower)
Patenfs Soore:

Total Score:
[Colinetal., 1088)

Segoring:

Sum the patienfs acames foraach tem. Total poesible scome mage from 0 - 20, with lower scomes indieating
increased deabilty. If \wed to meas ure impmove ment after rehabilietion, changes of more than two oink in e
total scom reflecta probable genuine change, and change on one tem from fully dependent to independent & ako
likaly o be reliable.

Sources:

=  ColinC, Wads OT, Davies 5, Horne V. The Barthel ADL Index: & miabiity &wdy. vt Disabd St 1988; 10(2)51-63.

= Mahorey Fl, Barhel OW. Functional svalstion: the Barhe| Index. b Strte bed J. 1965, 1481-85,

* Wads DT, ColinC, The Barhel ADL Index: & sindasd meas ure of physicaldiability? inf Dissby Stug, 15988 102 ) 54-8T,
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Annex 3: Rockwood Clinical Frailty Scale

Clinical Frailty Scale*

| Very Fit — People who are robust, active, energetic
and motivated. These people commonly exercise
regularty They are among the fittest for their age.

2 Well - Pecple who have no active disease
symptoms but are less fit than category |. Often, they
exarcise or are very active occasionally, e.g. seascnally.

3 ManagingWell — People whose medical problems
are well controlled, but are not regularly active
beyond routine walking.

4 Vulnerable —While not dependent on others for
daily help, often symptoms limit activities. A common
complaint is being “slowed up”, and/or being tired
during the day.

5 Mildly Frail - These people often have more
evident slowing, and need help in high order IADLs
(finances, transportation, heavy housework, medica-
tions). Typically, mild fraitty progressively impairs
shopping and walking outside alone, meal preparation
and housework.

!
*
t
)
f
f

6 Moderately Frail — Pecple need help with all
outside activities and with keeping house. |nside, they
often have problems with stairs and need help with
bathing and might need minimal assistance {cuing,
standby) with dressing.

management?

7 Severely Frail - Completely dependent for
personal care, from whatever cause (physical or
cognitive). Even so, they seem stable and not at
high risk of dying (within ~ & months).

8 Very Severely Frail - Completely dependent,
approaching the end of life. Typically, they could

| not recover even from a minor illness.

9. Terminally Ill - Approaching the end of life. This
category applies to people with a life expectancy
% <6 months, who are not otherwise evidently frail.

Scering frailty in people with dementia

The degree of fraifty corresponds to the degree of dementia
Common symptoms in mild dementia include forgetting the
details of a recent event, though still remembenng the event itself,
repeating the same guestion/story and socal withdrawal.

In moderate dementia, recent memory is very impaired, even
though they seemingly can remember their past Ife events well.
They can do personal care with prompting.

In severe dementia, they cannot do personal care without help.

* |.Canadian Study on Heazkh & Agng Revised 2008

2 K. Rockwood et al A global dinical measure of fitness and
fraity in elderly people. CMA| 2005;1 73485425,
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Annex 4: Profund Index
Table 1. The PROFUND Index

Characteristic PROFUND Index
Demographics

=85 Years 3
Clinical features

Active neoplasia 6

Dementia 3

II-IV functional class on NYHA and/or MRC 3

Delirium in last hospital admission 3
Analytical parameters (blood plasma)

Hemoglobin < 10 g/dL. 3
Psychological-functional—sociofamilial features

Barthel’s mdex < 60 4

Caregiver other than spouse or no caregiver 2
Healthcare features

=4 hospital admissions in last 12 months 3
Total score items = 9 0-30 points

Notes: MRC, medical research council; NYHA, new york heart association.
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Annex 5: Informed consent for this study

Full de consentiment informat per a la realitzscio de Festudi

Titod o= Festudi:  Can capnosraphy use |:||.r|'|15 szpsi.': trestmient reduce mortslity by im :m:l'.rinE
he=modynamic management?

Mam an:Emm.':: ...........................................................................................

- He =stat informat BdegUACAmIERT Pl D DB e s

- Hea II-=5|'t =1 full dinformado gue s& m'ha liwrat, se m'ha ﬂpl'cut corr=ctament i F-m:ré
EUSESr-fs Una COpis.

- He posut fer totes las prepuntes desitjades sobee Festudi i els meus dubtes s“ham
resolt de forma satisfactoria.

- He rebut prou inform 00 sobre Fasbug,

- He sntes guin sarm &l meuy paiper durant Festudi.

- He smtas que totes les dades seran tractadeas de fiorma astrictament confidencial.
- Comgrenc que ks meve particpsdo & voluntara.

- Comgrenc que puc retirar-me de Fastudd quan 'n.llE'Ji, sanse hayer de conar
-L'-:plimci-:-ns. i sEmsE que WiNG remarcubEin en |8 mevs abencio saniba

Accepto woluniBriament ks participacio @ Pestudi | dono =1 meu consentiment per ® acces i
wtilitzacia de =5 mewes cades, SEpEE &R conformiitat & Festablert =l Reglament de Froteccig de
Cades .:I.I E| 2016/575 del Parlament Europ=u i @=l Consell, d= 27 dworil d= 2047, relativ o B
Fn:!ten:il': de les perzones 'ﬁsiquzs £n refersncia al tractament de dades personais ia s llure
drculacio d'squestes dades, | &n el seu defecte, i Liei l}@-'mim. de Proteccio de Dades Perzonsls i
E'uruntiu diells drets :iEiI:uls diel 32045,

Desitio rebre informiscio wia Eelefonicn o per comeny skecironic sobre: el futurs resultats d= Fastuc

oS =11
DL T T I
..................................... B 20
Firma del pun'enl:: Firma de I'in'.l-L';IiEul:I-:!r:
[T U ) LT OO

Aguest document s'he ﬁ'i"ﬁrrm:." [ |.'|'-HII:I|'I'|III: is& Ao o quedcr wng i:&llul'i: f"l'n-'.-'n:rn'g.:'dnri uma
ERTe & pocient
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Annex 6: Current sepsis code protocol
| Acces Urgent a I'Hospital
Pacical ubicat -Motiu de Consulta
a‘::':;]lél:‘ciles Bl Metge assistencial Infermera de Triatge -Presa de Constants (TA, FC, T* i FR}
¥ ¥ e e
Pacient amb sospita de infeccié o infeccié documentada
e TAS<100 mm Hg ifo TAM < 65 mm Hg Assisténcia médica
Assistencia medica . - scaons nivell de
Box de Codi Sépsia 9

prioritat

Alteracio de I'estat mental

.“—" S5a02 < 90% ifo FR >22x

- = ——— Criteris d exclusid

Activacio de Codi Sepsia| -Pronostic vital <6m
-Dependéncia ABVD

¢ _ Criteris Facultatius

-Analitica amb perfil
septicémia, lactat i

bilirubina Avaluar evidéncies de Encara sospita de
-Mostres segons focus i 1 AN . 2 i
i disfuncié organica sépsia? F

-RX torax
» 7 TR Monitoritzacio de situacio clinica
| Disfuncio organica - s | Reavaluaci6 de possible sépsia si la
clinica ho requereix
ACCIONS A REALITZAR: Reavaluacis a les 6h del diagndstic:
" 2 vies perifériques + urimeéter. Si malgrat I'adequada ressucitacid amb fluids es compleixen
* Gerumterapia: cristal-loides a 30mLKg en 30 min. alguna de les segients:
* 5i no millora TA, valoreu NA O.04mecg/Kgémin. = ;
m - kit g dhaivicta lsFine: »|1) Esﬁge;qnlﬁ':e;en de drogues vasopressores per mantenir TAM
* Control del f s di 4~ 1Ch = Bh).
R 2) Lactat séric > 2 mmol /10 18 mg/ d

OBJECTIUS a les primerss 6h: 3) Oligoanuria (< 0.5cckg) AeTpe
- TAM = 5 mmHg 4) Mecessitat de Ventilacid Mecanica (invasiva o no invasiva)
- Diiiresi = 0, 5ccKgh =
- Lactat < 18mgidL i¢
_Hbszm y (o]0 = 2a ) [es Valoracio per UCI
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Annex 7: SOFA scale

Score

0 | 1 3 4
Respiratory system
PaO /RO, (mmHg) =400 <400 <300 <200 with respiratory < 100 with respiratory

support support

Hepatic system
Bilirubin (mg/dL) <12 1.2-1.9 2.0-5.9 6.0-11.9 =120
Cardiovascular system

MAP =70 mmHg ~ MAP <70 mmHg Dopamine <5 or Dopamine 5.1-15 or Dopamine =15 or

Coagulation
Platelets x| 0*/ulL =150
Central nervous system

Glasgow coma scale 15
Renal system
Creatinine (mg/dL) =12

Urine cutput (mL/d)

=150

13-14

1.2-1.9

dobutamine (any dose)’

=100

10-12

20-34

epinephrine =0.1 or
norepinephrine =0.1*

<50
6-9

3.5-4.9
=500

epinephrine =0.1 or
norepinephrine =0.1*

=5.0
=200

Motes: ‘All catecholamine doses represent pig/kg/min. Organ dysfunction is identified as an increase in the SOFA score of =2 points. In patients with not known preexisting
organ dysfunction, the baseline SOFA score i assumed to be zero. Intensive Care Med. The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ
dysfunctien/failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. 22(7), 1996, 707-710, Vincent L,
Morenc R, Takal ), et al. With permission of Springer."”
Abbreviations: PaO,, partial pressure of oxygen; FiO,, fraction of inspired oxygen; MAP, mean arterial pressure.
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Annex 8: qSOFA scale
Qick Sequential Organ Failure Assessment (SOFA) score
gSOFA (Quick SOFA) Criteria Points
Respiratory rate =22/min 1
Change in mental status 1
Systolic blood pressure =100 mmHg 1
Annex 9: Glasgow Coma Scale (GCS)
Glasgow Coma Scale
Response Scale Score
Eyes open spontaneously 4 Points
. Eyes open to verbal command, speech, or shout 3 Points
Eye Opening Response - : -
Eyes open to pain (not applied to face) 2 Points
No eye opening 1 Point
Oriented 5 Points
Confused conversation, but able to answer guestions 4 Points
Verbal Response Inappropriate responses, words discernible 3 Points
Incomprehensible sounds or speech 2 Points
No verbal response 1 Point
Obeys commands for movement 6 Points
Purposeful movement to painful stimulus 5 Points
Withdraws from pain 4 Points
Motor Response
Abnormal (spastic) flexion, decorticate posture 3 Points
Extensor (rigid) response, decerebrate posture 2 Points
No motor response 1 Point

Minor Brain Injury = 13-15 points; Moderate Brain Injury = 9-12 points; Severe Brain Injury = 3-8 points
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Annex 10: Charlson comorbidity index

Comorbidity

Prior myocardial infarction
Congestive heart failure

Peripheral vascular disease
Cerebrovascular disease

Dementia

Chronic pulmonary disease
Rheumatologic disease

Peptic ulcer disease

Mild liver disease

Diabetes

Cerebrovascular (hemiplegia) event
Moderate-to-severe renal disease
Diabetes with chronic complications
Cancer without metastases
Leukemia

Lymphoma

Moderate or severe liver disease
Metastatic solid tumor

Acquired immuno-deficiency syndrome (AIDS)

doi:10.1371/journal.pone.0154627 t003

management?
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Annex 11: Information document for the study

FULL IVINFORMACIO PEL PACIENT

Bemvelgut / da 5r/ a. Voste' o el sen familiar presenta una sépsia, pel que requereix I"activacio del codi
sépsia. Agquest & un protocol habitaal 1 es realitzara de maners nommsl segwint les guies de practica
chinica. El docror d urgéncies de 1"Hospital Universitari Doctor Josep Tmeta de Girona que 1'esta atensnt
el coovida a participar a I"estadi:

CAN CAPNOGRAPHY USE DURING SEPSIS TREATMENT REDUCE MORTALITY BY
IMPROVING HEMODYNAMIC MANAGEMENT?

Aquest esmadi el dura 3 terme 1'iovestigador / a: Marc Marturia, Jordi Jimenez.,

Abans de confirmear la seva participacie en 'estudi de recerca, &s important que entenmni en que
consisteix. Llegin detngudament aquest document 1 £acl fotes les preguntes gue 1 puoguin sorgir.

Objectin de 1"estudi:

Aquest esmudi pretén analitzar si un nou protocel basat en 1"aplicacio de la capnografia com a eina de
monitoratze durant el ractament de la sépsia disminueix la mortalitat en aquests pacients, permetant un
millor maneig hemodinamic.

Participacic voluntaria:
Voste &5 completament 1linre de triar participar © oo en 'esmdi. La seva decizio oo influira en la seva
atencio medica.

Nombre de pacients i durada estimada de 1a participacio dels pacients:

En aguest esmidi es preveu la participacid d'un total de 710 pacients atesos pel servel d'wrgéncies de
I"'Hospital Universitari Doctor Josep Trueta de Girona que precisin 1'activacio del codi sepsia. No es
realitzara segniment dels pacieats més enlla de 1"stencio sanitaria prestada durant 1'ingres.

Procediments de I'esmdi

Fecentment s'ha demostrat que 1'acmiacid en la primers hora de tractament &5 la mes decisiva en el
prondstic dels pacisnts amb sepsiz. En 1"ambit del maneiz hemodinamic els profocols acmals encara no
contemplen aquests coasideracio, 1 requersizen una actualitzacio. Agquest esmdi preten demosmar la
capacitat i la utilitat d'actuar precocment en aquest senftit, permesent sixl reduir la mortalitat en aquest
grup de pacients. Participant en aquest estudi, voste'el seu familiar sera tributari de rebre tractament amb
noradrenslina de forma precos, si ho requeris. La resta del procediment de tractament de 1z sépsia segons
els protocols actuals no varara si voste decideix participar o no; Es fara de la mateixa manera en
qualsevol cas. L'equip, durant o al final de I'assisténcia recollira unes dades referents al sen estar i al
procediment realitzat. Aquesta recol leccie de dades es fara a fraves de formularis que completara el

personal saptan.

Confidencialitat

Dr'acord amb la Llei Organica 1571999, de 13 de desembre, de proteccio de dades de caracter personal
(LOPDY) i Beial Dacret 172002007, les dades personals 1 de zalut (ja constin en la seva historia clinica ja
els hagi proporcionst com consaqiiencia de la seva participacio en aguest esmidi) que s recullin amb
motin d'aguest esmudi son els mecessaris per cobrir els objectms 4 aquest. Aquestes dades seran
idenfificats per mitja d'un codi per garantir ls confidencialitat de la seva identitat i unicament ] meige
tindra acces a aquesta informacio.
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Tanmateix, als representants autoritzat del promotor poden necessitar sccedir a la seva historia chinica
que conte dades personals (a0 codificats) per tal de garantir que 1'estudi 5" estigui duent a terme de forma
adequada 1 que les dades documentats son correctzs. Tambe podran accedir a aguestes dades les
sutoritats samitiries i el Comité Etic d'Investigacio Clinica. Tots ells mantindran en tot moment Iz
confidencialitat d"aquesta informacio.

Las dades gque 25 recullin amb motin d'agquest estudi, entre el guals es trobaran dades personals 1 de
salut {ja constn en la seva histdria clinica ja els hagi proporcionst com a conmsegiencia de la seva
participacio aguest estudl) seran processats 1 analifzat: per 'equip investizador amb la finalitat
d’avalnar-les clientificament. 51 voste decideix participar ea aquest estndl estara consentint expressament
el ractament de les seves dades personsls i de salut pel promotor. Tot aixo de conformitst amb la
LOPFD 1 amb la normativa que la desenvolupa.

Voste podra exercitar en qualsevol moment els seus drets d'acces, recrificacid, cancel-lacio i oposicio
dirigint-se al meige que 1'atén en aguest esmdi el qual ho ha de posar en coneizement dal promoteor.

Adxi mateix, els resultats de I'estudi poden ser comunicadas a les antoritats sanitaries i eventualment a la
commmitat cientifica a Taves de congressos i publicacions sense que la seva identitat sizud revelada
CAp mMonent.

Fregunte: / Informacie:
Per fer alzuna pregunts o aclarir algun tema relacionat amb estudi, o 51 necessita ajuda per gualsevol
problema de salut relacionat amb aguest estodi, 51 as plaw, oo dubtl en posar-se en contacte amb:

| OO £ -1 1 - - - OO O RO

L imvestizgador i agrasix la seva mestimabls col-laboracio.
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Annex 12: Data collection sheet

FULL DE RECOL-LECCIO DE DADES

Edat: oo Sexe: [1 Home. [] Dona. [ Desconegut.

Mdmero d'historia clinica:

Focus infeccids: Fatogen:
Antibidtic prescrit:

Temps des de Fadmissio fins a I'administracio d’'antibiotic:

Temps des de I'admissio fins a I'administracio de noradrenalina si precisa-

Temps des de I'admissia fins a linici de la ressuscitacia amb cristal-loides:

qQs0FA: SOFA:

PAM [pressio arterial mitja) a Madmissio: Saturacio o’ oxigen:
index PAFI: Flaguetes [= 10°/L):
Bilirubina (mg/dL): Creatinina (mg/dL):

Puntuacio escala de coma de Glasgow a I'arribada:

Produccié d'orina primeres 24 h. (mL):

index de: Charlson: Barthel: Rockwood:
ETCO2 a I'arribada, al cap d'1 h.ial cap de 3 h: / !

Lactat (anotar totes les determinacions i hores):

El pacient ha requerit suport ventilatori? Mo VIVINI Wi
Dies d'ingrés requerits:

Desti:  Alta Exitus
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