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Abstract
Background
Preventing end-organ failure in patients with shock requires rapid and easily accessible measurements of
fluid responsiveness. Unlike septic shock, not all patients in cardiogenic shock are preload responsive. We
conducted this study to determine the discriminant power of changes in end-tidal carbon dioxide (ETCO2),

systolic blood pressure (SBP), inferior vena cava (IVC) collapsibility index (IVC-CI), and venous to arterial
carbon dioxide (Pv-aCO2) gap after a fluid challenge and compared it to increases in cardiac output.

Methodology
In a prospective, quasi-experimental design, mechanically ventilated patients in cardiogenic shock were
assessed for fluid responsiveness by comparing improvement in cardiac output (velocity time integral) with
changes in ETCO2, heart rate, SBP, Pv-aCO2 gap, IVC-CI after a fluid challenge (a crystalloid bolus or passive

leg raise).

Results
Out of 60 patients, with mean age 61.3 ± 14.8 years, mean acute physiology and chronic health evaluation
(APACHE) score 14.82 ± 7.49, and median ejection fraction (EF) 25% (25-35), 36.7% (22) had non ST-segment
elevation myocardial infarction (NSTEMI) and 60% (36) were ST-segment elevation myocardial infarction
(STEMI). ETCO2 was the best predictor of fluid responsiveness; area under the curve (AUC) 0.705 (95%

confidence interval (CI) 0.57-0.83), p=0.007, followed by reduction in Pv-aCO2 gap; AUC 0.598 (95% CI; 0.45-

0.74), p= 0.202. Changes in SBP, mean arterial pressure (MAP), IVC-CI weren’t significant; 0.431 (p=0.367),
0.437 (p=0.410), 0.569 (p=0.367) respectively. The discriminant value identified for ETCO2 was more than

equal to 2 mmHg, with sensitivity 58.6%, specificity 80.7%, positive predictive value 73.9% [95% CI; 56.5% to
86.1%], negative predictive value 69.7% [95% CI; 56.7% to 76.9%].

Conclusions
Change in ETCO2 is a useful bedside test to predict fluid responsiveness in cardiogenic shock.

Categories: Cardiology, Internal Medicine
Keywords: etco2, fluid responsiveness, cardiogenic shock, passive leg raise

Introduction
Cardiogenic shock (CS) is a vicious cycle of cardiac injury and systemic decompensation associated with high
morbidity and mortality. About 7-10% of patients with acute myocardial infarction are in cardiogenic shock
on presentation [1]. The cascade involves declining stroke output leading to end-organ hypoperfusion,
resulting in multisystem organ failure and death. Management strategies are based on early
revascularization and hemodynamic support. Supportive measures include an assessment of the adequacy of
preload [2]. Determining whether an increase in preload will improve cardiac function is the concept of ‘fluid
responsiveness’.

Determining fluid responsiveness is now the standard of care for the management of shock due to any
etiology [3]. In cardiogenic shock, compromised cardiac output can lead to excessive build-up of preload by
blind and well-intentioned fluid boluses. This may actually worsen the cardiac output of a failing heart
leading to progressive pulmonary edema and further deterioration of hemodynamic parameters [4]. Most of
the studies about determining preload responsiveness have been done in septic shock, and our
understanding of fluid responsiveness comes from them [5]. Hence the need for assessing fluid
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responsiveness in cardiac patients becomes imperative.

Traditional, static methods to assess fluid responsiveness like central venous pressure (CVP) and pulmonary
artery occlusion pressures (PAOP) have lost their applicability in resuscitation protocols and can be
unreliable in cardiogenic shock [6]. Dynamic indices such as stroke volume variation (SVV) and pulse
pressure variation (PVV) are useful for assessing fluid responsiveness in septic shock but are invasive,
require patients to be in sinus rhythm and on a set tidal volume of 8 ml/kg/I [7]. Hence, the utility of these
methods is limited in cardiogenic shock, which frequently has patients with atrioventricular (AV)-nodal
dysfunction and arrhythmias.

Simple bedside maneuvers like passive leg raise (PLR), capillary refill time (CRT), and end-tidal carbon
dioxide (ETCO2) provide opportunities to make an assessment of fluid responsiveness in a patient easy and

reliable, and of recent been the center of attention for physicians managing critically ill patients [8]. PLR is a
well-described method to noninvasively provide a fluid challenge and thereby detect fluid responsiveness.
The legs of a supine patient are raised to 45 degrees and held there for 30 to 90 seconds to assess a response
[9]. Capnography is considered a simple, inexpensive, and non-invasive method to detect effective
restoration of spontaneous circulation during cardiac arrest and estimate shock intensity in the early stage
[10]. ETCO2 is known to be decreased in volume-related hypotensive states and has a correlation with blood

pressure, serum lactate, and base excess [11,12]. A study conducted by Toupin et al. in general ICU patients
reported that an increase of 2 mmHg in ETCO2 was associated with fluid responsiveness with a sensitivity of

75%, a specificity of 70%, and an area under the curve of 0.8 (95% CI, 0.7 to 0.9; P < 0.01) [13]. Monitoring of
ETCO2 can be a good alternative to assess the expected increase in cardiac output after a fluid challenge.

We hypothesized that changes in ETCO2 after a fluid challenge to identify fluid responsiveness could be

extended to patients with cardiogenic shock. The objective of our study was to determine the predictive
ability of ETCO2 as a marker for fluid responsiveness in this group of patients.

Materials And Methods
We carried out a quasi-experimental study at a cardiology-dedicated, tertiary care teaching hospital located
in a major urban center. The study duration was from January 2020 to June 2020. Consecutive adult patients
who were mechanically ventilated, sedated, and in cardiogenic shock were included. Cardiogenic shock was
defined as ejection fraction < 40% by echocardiogram, systolic blood pressure (SBP) <100 mmHg despite
adequate fluid resuscitation (at least one liter of crystalloids or 500 mL of colloids and evidence of end‐
organ damage (mottled skin, urine output <0.5 mL/kg for one hour, or arterial blood gas lactate more than 2
mmol/L) [14]. Patients with temporary pacemakers or atrial and ventricular arrhythmias were excluded.

To measure cardiac output, velocity time integral (VTI) was measured via echocardiography (Aplio i-series,
i600; Canon Medical Systems Corporation, Ōtawara, Japan) by calculating blood flow across the aortic valve.
Left ventricular outflow tract (LVOT)‐VTI was obtained by placing a pulsed‐wave Doppler sample volume in
the LVOT immediately proximal to the aortic valve in the anteriorly angulated apical four‐chamber view and
tracing the outer boundaries of the peak spectral Doppler signal [15]. Continuous end-tidal CO2 monitoring

was obtained using Nihon Kohden CO2 Sensor TG-900P JG-900P (Nihon Kohden Corporation, Tokyo, Japan).

At baseline, ETCO2, VTI, SBP, mean arterial pressure (MAP), inferior vena cava (IVC) collapsibility index, and

arterio-venous CO2 gap (Pv-aCO2 gap) from simultaneous arterial and venous blood gas were measured. A

10% increase in VTI was considered as an increase in cardiac output [16]. ETCO2 changes and the changes in

other hemodynamic variables post fluid challenge were noted.

The managing team was then advised a fluid challenge given to the patients either as an auto-transfusion by
passive leg raise (PLR) maneuver or a crystalloid bolus of 300 cc. The fluid bolus was administered to
patients in whom a PLR maneuver was contraindicated, e.g., patients with an intra-aortic balloon pump
(IABP). During PLR, the patient’s legs were lifted from a recumbent position to 45º with the help of two
nursing staff for two minutes [17]. Patients were divided into two groups according to their response to fluid
challenge as “fluid responders” and “fluid non-responders” as per a 10% rise in VTI from baseline.

Ethical approval for the study was obtained from the National Institute of Cardiovascular Diseases Ethical
Review Committee (Approval number: 58/2019). Verbal informed consent for participation and publication
was taken from the next of kin. The study has been performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later amendments. No individual data is presented.

Continuous variables are reported as means with standard deviation, and skewed distributions are reported
as medians with interquartile ranges. Categorical variables are reported as proportions. Student t-test and
chi-square tests were used to compare “fluid responders” with “fluid non-responders”. A receiver operating
characteristic (ROC) curve was constructed comparing velocity time integral against changes in ETCO2, SBP,
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Pv-aCO2 gap, heart rate, and IVC collapsibility index. The area under the curve (AUC) along with its 95%

confidence interval (CI) were obtained. Sensitivity (%), specificity (%), positive predictive values (PPV %),
negative predictive values (NPV %), and accuracy (%) was calculated. A p-value <0.05 was considered
statistically significant. IBM statistical package for the social sciences (SPSS) version 21.0 (IBM Corp.,
Armonk, NY) was used for all analyses.

Results
Sixty patients in cardiogenic shock were assessed for fluid responsiveness. Mean age was 61.3 ± 14.8 years
and 40% (24) were females. About 53.3% (32) were known diabetics, 45% (27) were hypertensive, and 28.3%
(17) had chronic obstructive pulmonary disease (COPD). Mean acute physiology and chronic health
evaluation (APACHE) II score was 14.82 ± 7.49; 21 (35%) patients were on an intra-aortic balloon pump.
Forty-four patients (73%) had acute kidney injury (AKI). Out of the 60 patients enrolled, 36.7% (22)
presented with non ST-segment elevation myocardial infarction (NSTEMI) and 60% (36) with ST-segment
elevation myocardial infarction (STEMI); 52.8% (19) had an anterior wall myocardial infarction. Mean
ejection fraction was 25% [35% - 25%]. All patients were well sedated to maintain a constant minute
ventilation. All were on vasopressors with doses titrated to a mean arterial pressure of ≥ 65mmHg (Table 1).
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Characteristics Total

N 60

Gender

Male 60% (36)

Female 40% (24)

Age (years) 61.3 ± 14.8

≤ 60 years 45% (27)

> 60 years 55% (33)

Risk factors

COPD 28.3% (17)

Congestive heart failure (CHF) 9.8% (4)

Smoking 26.7% (16)

Diabetes 53.3% (32)

Hypertension 45% (27)

Chronic kidney diseases (CKD) 15% (9)

Ejection fraction (EF) 25 [35 - 25]

APACHE 14.82 ± 7.49

Myocardial infarction

STEMI 60% (36)

Anterior Wall Myocardial Infarction 52.8% (19)

Inferior Wall Myocardial Infarction 19.4% (7)

Inferior Posterior Myocardial Infarction 11.1% (4)

Antero Inferior Myocardial Infarction 8.3% (3)

High Lateral Myocardial Infarction 5.6% (2)

Infero-Lateral Myocardial Infarction 2.8% (1)

NSTEMI 36.7% (22)

Non-ICMP 3.3% (2)

Acute kidney injury (AKI) 73.3% (44)

Intra-aortic balloon pump (IABP) 35% (21)

TABLE 1: Demographic and clinical characteristics of patients
COPD = chronic obstructive pulmonary disease, STEMI = ST-segment elevation myocardial infarction, NSTEMI = Non ST-segment elevation
myocardial infarction, Non-ICMP = non-ischemic cardiomyopathy, APACHE = acute physiology and chronic health evaluation.

Out of 60 patients, 29 (48.3%) were fluid responders. There were no significant differences between the two
groups concerning ejection fraction (p = 0.62) or the type of myocardial infarction (STEMI, p = 0.399;
NSTEMI, p = 0.381). However, amongst the different types of STEMI, inferior wall myocardial infarction was
found to be the most responsive to fluids, 0% (zero) non responders, 36.8% (seven) responders, p = 0.041
(Table 2).
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Fluid Responsiveness after PLR

P-value
Non responders (∆VTI≤10%) Responders (∆VTI>10%)

Total (N) 31 29 -

Ejection fraction (EF)

≤ 25% 58.1% (18) 51.7% (15)
0.622

> 25% 41.9% (13) 48.3% (14)

Myocardial infarction

STEMI 54.8% (17) 65.5% (19) 0.399

Anterior Wall MI 70.6% (12) 36.8% (7)

0.041*

Inferior Wall MI 0% (0) 36.8% (7)

Inferior Posterior Wall MI 11.8% (2) 10.5% (2)

Antero Inferior Wall MI 5.9% (1) 10.5% (2)

High Lateral Wall MI 11.8% (2) 0% (0)

Infero-Lateral Wall MI 0% (0) 5.3% (1)

NSTEMI 41.9% (13) 31% (9) 0.381

Non-ICMP 3.2% (1) 3.4% (1) 0.962

TABLE 2: Fluid responders/non-responders in different types of myocardial infarctions
PLR = passive leg raise, VTI = velocity time integral, STEMI = ST-segment elevation myocardial infarction, NSTEMI = Non ST-segment elevation
myocardial infarction, Non-ICMP = non-ischemic cardiomyopathy, MI = myocardial infarction.

*significant at 5%

ROC curves showed an AUC of 0.705 (95% CI: 0.57, 0.83; p = 0.007) for change in ETCO2, 0.437 (95% CI:
0.28, 0.58; p = 0.410) for change in MAP, 0.431 (95% CI: 0.28, 0.58; p = 0.367) for change in SBP, 0.569 (95%
CI: 0.42, 0.71; p = 0.36) for change in IVC collapsibility index, and 0.598 (95% CI: 0.45,0.74; p = 0.202) for
change in Pv-aCO2 gap. Using the Youden index, a change in ETCO2 of two units was found to have a
discriminant value for fluid responsiveness with a sensitivity of 58.6% [95% CI; 38.9%, 76.5%] and specificity
51.6% [95% CI; 33.1%, 69.9%] to detect fluid responsiveness (Table 3, Figure 1).
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Fluid response as per VTI

Total
Non responders (∆VTI≤10%) Responders (∆VTI>10%)

Fluid response as per ETCO2  

Non responders (∆ETCO2<2) 25 (41.7%) 12 (20%) 37 (61.7%)

Responders (∆ETCO2≥2) 6 (10%) 17 (28.3%) 23 (38.3%)

Total 31 (51.7%) 29 (48.3%) 60 (100%)

Accuracy 70.0% [95% CI; 56.8% to 81.2%]

Sensitivity 58.6% [95% CI; 38.9% to 76.5%]

Specificity 80.7% [95% CI; 62.5% to 92.5%]

Positive Predictive Value 73.9% [95% CI; 56.5% to 86.1%]

Negative Predictive Value 69.7% [95% CI; 56.7% to 76.9%]

TABLE 3: Sensitivity analysis of change in ETCO2 > 2 as a diagnostic test for fluid response in
cardiogenic shock
VTI = velocity time integral, ∆ETCO2 = change in end-tidal CO2

FIGURE 1: Receiver operating characteristic (ROC) curve analysis for
fluid responsiveness
∆ETCO2 = change in end-tidal CO2, ∆MAP = change in mean arterial pressure, ∆SBP = change in systolic
blood pressure, ∆IVCvarIndex = change in inferior vena cava collapsibility index, ∆CO2 Gap = change in
partial pressure arterial-venous CO2

Discussion
Our study revealed that changes in ETCO2 can dynamically identify improvements in cardiac output at the

bedside after a fluid challenge and thereby provide a good bedside assessment of fluid responsiveness in
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patients with cardiogenic shock.

ETCO2 had been studied in the recent past for its useful correlation with cardiac output [18-20]. The simple

principle behind its usage is based on its ability to detect changes in cardiac output (i.e., systemic perfusion)
by changes in exhaled carbon dioxide when the minute ventilation and metabolism remains constant.
Various studies have looked into the utility of ETCO2 as a marker of fluid responsiveness in septic shock

patients [21,22]. Its use has been well documented in stable cardiac surgery patients to track changes in the
cardiac index after PLR [13].

The management of shock is centered on optimizing oxygen delivery to the tissues [23]. It is relatively
straightforward in patients with a septic shock where fluids become part and parcel of resuscitation. A
cardiogenic shock, on the other hand, is not that straightforward. Usual care includes preload and afterload
reduction and increasing cardiac contractility by using inotropes [3].

According to Frank-Starling mechanics, increasing preload by administering fluids can augment cardiac
output if the heart is functioning at the steep portion of the volume-pressure curve. Measures to directly
assess cardiac output non-invasively, like VTI and transthoracic electrical bio-impedance, or invasively by
Swan-Ganz catheters or pulse contour analysis (PiCCO) or indicator dye dilution (LiDCO) are all standard of
care but can be cumbersome and require expertise to assimilate information. There is a need for a simple
and inexpensive bedside tool to follow changes in cardiac output during resuscitation of patients in shock,
something that end-tidal CO2 monitoring fulfills.

Our study was different from others because our cohort were patients with cardiogenic shock. Giving too
much or too little preload can either subject a patient to worsening pulmonary edema or end-organ
hypoperfusion. We found that an increase in end-tidal CO2 of two has a sensitivity of 60% and specificity of

84% to predict fluid responsiveness. In a handful of studies in general ICU patients, a change in ETCO2 of

two was found to predicate volume responsiveness [13,24-29]. Toupin et al. showed that in cardiac surgery
patients, an increase of 2 mmHg in ETCO2 was associated with fluid responsiveness with a sensitivity of 75%

and an AUC of 0.8 [13].

Change in ETCO2 is a direct reflection of cardiac output when minute ventilation and CO 2 production are

constant [26]. To address this, our patients were on sedation to achieve a constant minute ventilation.

The other indices compared with VTI in our study, such as changes in SBP, MAP, IVC collapsibility index,
and Pv-aCO2 gap, were not found to be useful in predicting response to fluid. These results are consistent

with those reported by other investigators. We hypothesize that the widespread sympathetic activation with
a consequent increase in systemic vascular resistance may prevent a change in MAP or SBP with changes in
cardiac output.

The main strength of our study is our study population comprised of patients in cardiogenic shock. The lack
of data in this cohort regarding the key element of resuscitation, i.e., fluid, is a major reason we conducted
this study. We evaluated a diverse variety of patients, including STEMIs (encompassing all the different
types, anterior, inferior, posterior, and combination of these) and NSTEMIs. We used echo to document
changes in cardiac output, which is an easily accessible tool in a resource-limited setting where more
sophisticated devices, such as pulse contour analysis (PiCCO) or indicator dye dilution (LiDCO), aren’t
available. We included patients on IABP and gave them an actual bolus of crystalloid to assess its impact on
cardiac output.

Our results are limited by the relatively small number of patients, especially those on IABP. We had 21 such
patients, and more data is required to assess volume responsiveness in such patients. Another limitation is
that the dose of vasopressors was not quantified, and comparisons weren’t made between patients on mild,
moderate, or severe doses of vasopressor to estimate responsiveness to fluid challenge in this cohort. Lastly,
VTI is an echo based calculation and is subject to human errors.

Conclusions
Fluid assessment is a key element in the management of patients with cardiogenic shock and is often the
most unclear variable. We found that a simple bedside tool can be a strong predictor of response to fluids.
Further studies that enroll larger numbers and assess the effects of fluid challenge directed management
and their impact on time in shock, recovery from acute kidney injury, and days on assisted ventilation can
further clarify the management of these patients.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. National Institute of
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Cardiovascular Diseases Ethical Review Committee issued approval ERC-58/2019. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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