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Abstract
Following cardiac surgery, hyperlactatemia due to anaerobic metabolism is associated with an increase in both morbidity 
and mortality. We previously found that an elevated respiratory quotient (RQ) predicts anaerobic metabolism. In the present 
study we aimed to demonstrate that it is also associated with poor outcome following cardiac surgery. This single institu-
tion, prospective, observational study includes all those patients that were consecutively admitted to the intensive care unit 
(ICU) after cardiac surgery with cardiopulmonary bypass, that had also been monitored using pulmonary artery catheter. 
Data were recorded at admission (H0) and after one hour (H1) including: oxygen consumption ( VO

2
 ), carbon dioxide pro-

duction ( VCO
2
 ), RQ ( VO

2
∕VCO

2
 ), lactate levels and mixed venous oxygen saturation ( SvO

2
 ). The primary endpoint was 

defined as mortality at 30 days. Comparison of the area under the curve (AUC) for receiver operating characteristic curves 
was used to analyze the prognostic predictive value of RQ, lactate levels and SvO

2
 , in terms of patient outcome. We studied 

151 patients admitted to the ICU between May 2015 and February 2016. Seventy eight patients experienced a worse than 
expected outcome in the post-operative period, and among those seven died. RQ at H1 in non-survivors ( 0.83 ± 0.08 ) was 
higher than in survivors ( 0.75 ± 0.09 ; p = 0.02). The AUC for RQ to predict mortality was 0.77 (IC95% [0.70–0.84]), with 
a threshold value of 0.76 (sensitivity 64%, specificity 100%). By comparison, the AUC for lactate levels was significantly 
superior (AUClact 0.89, IC95% [0.83–0.93], p = 0.02). In this study, elevated RQ appeared to be predictive of mortality after 
cardiac surgery with CPB.
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1  Introduction

The major cause of mortality and morbidity after cardiac 
surgery is the occurrence of low cardiac output syndrome 
(LCOS) due to myocardial dysfunction [1, 2]. This can 
induce renal failure with a possible need of renal replace-
ment therapy, hemodynamic failure with necessity for cir-
culatory assistance or the administration of dobutamine, or 
neurological failure with confusion. Hyperlactatemia and 
low mixed venous oxygen saturation ( SvO2 ) are often used 
as indicators of anaerobic metabolism and tissue hypoxia 
due to LCOS after cardiac surgery [3, 4]. In their study of 
325 patients who had undergone cardiac surgery, Maillet 
et al. [5] found an association between lactate levels above 

3 mmol/L upon intensive care unit (ICU) admission, and 
higher risk of morbidity and mortality, thereby indicating 
hyperlactatemia as an important prognostic factor. Consist-
ently, another study suggested that patients spend less time 
in the ICU and have a better post-surgical outcome when 
lactate levels are maintained under 2 mmol/L and/or SvO2 
above 70% [6].

For all patients undergoing general anesthesia, the meta-
bolic demand for oxygen gradually increases [7] during the 
post-operative period, due to several factors: emergence 
from anesthesia, pain, increase in body temperature and 
shivering, and recovery of spontaneous ventilation. Perio-
perative cardiopulmonary bypass (CPB) also causes an 
important neuroendocrine reaction [8] whereby organisms 
react firstly by increasing cardiac output (CO) and oxygen 
delivery ( DO2 ), and secondly by increasing oxygen extrac-
tion ( EO2 ) [9]. These necessary adaptive mechanisms may 
nevertheless be insufficient, and can result in a mismatch 
between oxygen demand and supply. In a more general 
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context, studies have shown that morbidity was due to an 
increase in EO2 and low SvO2 at admission, rather than to 
conventional risk factors [3, 10]. In contrast, other studies 
have questioned the reliability of SvO2 as an indicator of 
morbidity [11]. Additionally, it has been demonstrated that 
normal SvO2 can be falsely reassuring in cases of EO2 abnor-
malities (tissue hypoxia with normal SvO2 ) [12].

During hypoxia, anaerobic metabolism creates hydrogen 
ions and lactic acid. Hydrogen ions are buffered by bicar-
bonate, which increases tissue carbon dioxide levels. This 
phenomenon is undetected if CO is sufficient to eliminate 
carbon dioxide excess. Therefore, studying venous–arterial 
carbon dioxide difference ( Cv − aCO2 ) alone cannot elimi-
nate the possibility that anaerobic metabolism is taking place 
[13, 14].

In contrast, an increase in carbon dioxide production 
( VCO2 ) and the ratio between this and the oxygen con-
sumption ( VO2 ) (respiratory quotient [RQ]) are thought 
to be more significant parameters. During septic shock, 
Mekontso-Dessap et al. [15] found that the ratio between 
veno-arterial carbon dioxide tension difference ( ΔPCO2 ) 
and arterial–venous oxygen difference ( Ca − vO2 ) had the 
highest correlation with arterial lactate level. Moreover, in 
cardiac surgery, increases in VCO2 and RQ during extra-
corporeal circulation predict hyperlactatemia [16]. Inter-
estingly, calculation of RQ is possible continuously, and 
without blood sampling during mechanical ventilation, 
by using indirect calorimetry to measure VO2 and VCO2 
( RQ = VO2∕VCO2).

The current study aims to evaluate the relationship 
between RQ and mortality after cardiac surgery. Second-
ary aims are to assess if a high RQ is associated with organ 
dysfunction, and to compare its performance at predicting 
prognosis to that of SvO2 and arterial lactate levels.

2 � Materials and methods

2.1 � Study protocol

The following protocol has been approved by the local eth-
ics committee. This is a single institution, prospective and 
observational study conducted in a cardiothoracic ICU. Over 
a 10 month period, all patients consecutively admitted to 
the ICU after cardiac surgery with CPB, who had also been 
monitored using pulmonary artery catheters (Swan Ganz, 
CCOMBO V, Edwards Lifes Sciences, Irvine, CA, USA) 
were included in this study.

The decision to use a pulmonary artery catheter was 
made by the anesthesiologist according to our protocol: a 
Swan–Ganz catheter was usually used for patients with a 
low left ventricular ejection fraction ( LVEF < 40% ), pul-
monary hypertension, recent myocardial infarction, or 

undergoing a redo or combined (valve plus bypass) surgery. 
Patients undergoing emergency surgery (aortic aneurysm, 
heart transplantation), receiving extracorporeal membrane 
oxygenation (ECMO) or under 18 years old were excluded 
from the study.

All patients were fitted with a radial artery catheter and 
a central venous catheter. During surgery, induction and 
maintenance of anesthesia was achieved via the continu-
ous and target controlled infusion (TCI) of propofol and 
remifentanil provided by the Orchestra Base Primea (Fre-
senius Vial®) infusion system. A neuromuscular blocking 
agent (cisatracurium) was used to facilitate tracheal intuba-
tion. Standard patient monitoring was performed during the 
surgery. Concerning CPB, every patient received the same 
priming fluid protocol: 700 mL of Isofundine® and 500 mL 
of HES. The mean arterial pressure goal (between 60 and 
80 mmHg) was maintained in every patient, with a pump 
flow of 2.2 L∕min∕m2 . After surgery, a continuous infusion 
of propofol and remifentanil was maintained during transfer 
to the ICU.

In the ICU, patients were sedated with propofol (1–2 
mg/kg/h) and remifentanil ( 0.05−0.10 μg∕kg∕min ) and 
connected to an Engström–Carestation ventilator (General 
Electric HealthCare) with a CAiVOX® metabolic module. 
This module includes a fast response paramagnetic oxygen 
analyzer, an infrared carbon dioxide measurement tool and 
a pneumotachograph to measure inhaled and exhaled vol-
umes. It thus allows for measurements of VO2 and VCO2 
at each respiratory cycle, along with a RQ calculation via 
indirect calorimetry [17]. The measured respiratory gases 
were sampled via a connector near the Y-shaped section 
of the respiratory circuit. A controlled-volume ventilation 
mode was used with a tidal volume (Vt) of between 6 and 
8 mL/kg of ideal body weight, a respiratory rate (RR) of 
15 adapted to the results of the arterial gasometry for nor-
mocapnia, and a fraction of inspired oxygen ( FiO2 ) set at 
40% then adjusted to preserve normoxia. Anesthesia was 
maintained until the patient was stable and normothermic, 
without excessive bleeding.

In view of the observational nature of the study, it was 
deemed unnecessary to calculate the number of subjects 
required. However, to ensure the correct description of 
abnormalities, 150 patients were considered as sufficient. 
Every patient included in the study verbally received infor-
mation about the study and could decline to participate.

2.2 � Data collection

The following data were recorded:

Demographic characteristics age, sex, weight, height, cal-
culated body surface area, type of surgery, LVEF (%) and 
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the European system for cardiac operation risk evaluation 
(EuroSCORE II).
Hemodynamic parameters heart rate; systolic, diastolic 
and mean blood pressure; cardiac index; central venous 
pressure (CVP); systolic, diastolic and mean pulmonary 
artery pressure; pulmonary artery occlusion pressure 
(PAOP); systemic vascular resistance and pulmonary vas-
cular resistance (SVR and PVR); support from inotropes 
and vasopressors, both qualitative and quantitative.
Ventilation parameters Vt, FiO2 and end-tidal carbon 
dioxide ( EtCO2).
Metabolic parameters VO2 , VCO2 and RQ.
Biological parameters arterial and mixed venous blood 
gases, arterial lactate, SvO2 , hemoglobin and arterial 
and venous oxygen content ( CaO2 and CvO2 ) were all 
recorded using a RapidLab® series 1265 (Siemens 
HealthCare Diagnostics).

The following equations were used to calculate these 
parameters:

whereby Hb refers to hemoglobin. PaO2 refers to the partial 
pressure of oxygen in arterial blood. PvCO2 refers to par-
tial pressure of carbon dioxide in mixed venous blood. Ca 
refers to the oxygen concentration of arterial blood. ΔPCO2 
refers to veno-arterial carbon dioxide tension difference. 
PaCO2 refers to the partial pressure of carbon dioxide in 
arterial blood. All other abbreviations have previously been 
expanded upon in the text above.

Hemodynamic, ventilation, metabolic and biological data 
were collected one hour after admission of the patient in 
ICU (H1). Patient temperature remained stable during blood 
recordings ( 36−37◦C ). In addition, biological data (renal 
and liver function, hemoglobin and electrolyte panels) were 
recorded at admission (day 1), and again the day after admis-
sion (day 2), in order to calculate the sequential organ failure 
assessment (SOFA) score.

The patients were monitored for 30 days post-surgery; at 
this time, patient outcome was recorded (whether the patient 
had died, or was currently residing in hospital, at home or in a 
rehabilitation center). All data were anonymized and recorded 
in the database. The person responsible for collecting the data 

CaO2 = (1.34 × SaO2 × Hb) + (0.003 × PaO2)

CvO2 = (1.34 × SvO2 × Hb) + (0.003 × PvO2)

Ca − vO2 = CaO2 − CvO2

EO2 =
Ca − vO2

CaO2

DO2 = CaO2 × CO

ΔPCO2 = PvCO2 − PaCO2

was not in charge of the patient care. Patients with missing data 
concerning RQ, respiratory gases, lactate level or SvO2 were 
not included in the statistical analysis.

The primary endpoint of this study was defined as mortal-
ity at 30 days. Secondary endpoints included: the occurrence 
of a LCOS at day 2 (renal failure corresponding to a KDIGO 
classification of stage 2 or higher, with renal replacement 
therapy or an increase in serum creatinine to more than two 
times the basal value, and/or hemodynamic failure with 
necessity for circulatory assistance or the administration of 
dobutamine at more than 3 μg∕kg∕min for more than 12 h), 
a post operative ICU length of stay of more than 72 h, or a 
hospital length of stay of more than 14 days.

2.3 � Statistical analysis

Data were analyzed using t tests for continuous variables 
and chi-2 analysis for categorical variables. The prognosis-
predictive performances of RQ, lactate levels and SvO2 
were assessed using area under the curve (AUC) measure-
ments for receiver operating characteristic (ROC) curves. 
The Youden index was used to select the optimal threshold 
value. Data are expressed as median, minimum and maxi-
mum. A p-value of less than 0.05 was considered statistically 
significant.

Sta t i s t ica l  analyses  were  per formed us ing 
MedCalc®software for Windows, version 15.0 (Medcalc, 
Ostend, Belgium).

3 � Results

3.1 � Population

Between May 20th 2015 and February 19th 2016, we con-
secutively included 162 patients admitted to the ICU after 
cardiac surgery. Eleven patients were excluded due to miss-
ing data (three for failure to record RQ, and eight due to 
missing gas analysis data). A flowchart depicting the patient 
population is shown in Figure 1.

Patients characteristics are outlined in Table 1.
In our population, seven patients died while in the ICU. 

Concerning complications, 45 patients developed a LCOS, 
and 71 patients had a higher than expected length of stay 
(more than 72 h in ICU, or more than 14 days in hospital). 
All the results concerning RQ described in next section can 
be found in Table 2.

3.2 � Primary endpoint

3.2.1 � Univariate analysis

RQ at H1 was significantly higher in non-survivors than in 
survivors ( 0.83 ± 0.08 vs. 0.75 ± 0.08 ; p = 0.02) (see Fig. 2).
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Lactate levels were found to be significantly higher 
in non-survivors than survivors ( 2.7 ± 0.5 vs. 1.4 ± 0.6 ; 
p < 0.001 ). SvO2 levels were significantly lower in non-
survivors than in survivors ( 57.3 ± 12.4 vs. 64.6 ± 7.6 ; p = 
0.02) (see Fig. 3a, b).

3.2.2 � ROC curves

Concerning mortality, the AUC for RQ was 0.77 ( IC95% 
[0.69–0.84]) and for lactate levels it was 0.89 ( IC95% 
[0.83–0.93]). The predictive value of lactate levels was sig-
nificantly higher than that of RQ (p = 0.02). No difference in 
the AUC was found between RQ and SvO2 (AUC 0.71 ( IC95% 
[0.63–0.78]); p = 0.62). These results are shown in Figure 4.

The optimal threshold value for RQ is 0.76, with 100% 
sensitivity and 64% specificity.

3.3 � Secondary endpoints

3.3.1 � LCOS

Forty patients presented with LCOS, five whom with renal 
failure, a further four benefited from renal replacement 
therapy, 34 presented with hemodynamic failure and need 
of dobutamine.

Patients with LCOS tended to have a higher RQ 
( 0.78 ± 0.08 ) than other patients ( 0.75 ± 0.08 ), however this 
difference did not reach statistical significance (p = 0.08).

There was also no statistical difference between AUCs 
for RQ, lactate and SvO2 concerning patient outcome, as 
shown in Table 3.

3.3.2 � Length of stay (LOS)

Seventy-six patients had a higher than expected length of 
stay: 56 patients stayed more than 3 days in the ICU and 
46 patients stayed more than 14 days in hospital. Patients 

with a higher length of stay did tend to have a higher RQ 
( 0.77 ± 0.08 ) than other patients ( 0.75 ± 0.09 ), however this 
difference did not reach statistical significance (p = 0.056) 
(see Fig. 5).

Moreover, there was no significant difference between the 
AUCs for RQ, lactate levels and SvO2 concerning length of 
stay, as shown in Table 4.

4 � Discussion

4.1 � Anaerobic metabolism and RQ

The main finding of this study is that after cardiac surgery, 
an elevated RQ 1 hour after arrival in the ICU was signifi-
cantly associated with mortality.

RQ elevation during anaerobic metabolism is linked to 
an increase in VCO2 [15, 18]. RQ is used to determine the 
anaerobic threshold in sport training [19]. During normoxia, 
VCO2 is correlated with VO2 . When a mismatch between 
oxygen demand and supply occurs, tissue hypoxia can be 
observed, with cells producing lactate and hydrogen ions via 
the anaerobic pathway, in turn increasing VCO2.

Other studies have found a relationship between RQ and 
mortality in critically ill patients. Ranucci [16] studied the 
predictive value of carbon dioxide-derived parameters dur-
ing cardiac surgery. They found that an increase in VCO2 and 
RQ during CPB (threshold value 0.9) was correlated with 
hyperlactatemia. In our study, we observed a similar cor-
relation between RQ and mortality, with a threshold value 
of 0.76.

In another context Monnet et al. [20] compared SvO2 
and anaerobic markers (lactate levels and the ratio between 
veno-arterial carbon dioxide tension difference [ ΔPCO2 ] 
and arterio–venous oxygen content difference [ Ca − vO2 ]) 
in septic patients as a substitute for RQ. Patients with an 
increased VO2 after fluid expansion were characterized by 
a higher lactate level and a higher ΔPCO2∕Ca − vO2 ratio, 
compared to those showing no increase in VO2 . SvO2 did not 
predict this increase in VO2 . They concluded that anaero-
bic markers should be used instead of SvO2 as indicators 
to initiate hemodynamic resuscitation in septic patients. 
Although interesting, these results need to be validated in 
a surgical context. Assuming the Fick equation, VCO2 and 
VO2 are respectively linearly correlated to Cv-aCO2 and 
Ca − vO2 . In consideration of the Haldane effect and rela-
tionship between central venous carbon dioxide concentra-
tion ( CvCO2 ), SvO2 and PCO2 , the ratio between ΔPCO2 
and Ca − vO2 appears therefore to be correlated with RQ. 
Both ratios ( ΔPCO2∕Ca − vO2 and RQ) can predict tissue 
hypoxia, allowing for the initiation of early hemodynamic 
resuscitation.

Fig. 1   Flow chart
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Table 1   Population characteristics

LVEF left ventricular ejection fraction
CPB cardio pulmonary bypass
MAP mean arterial pressure
CVP central venous pressure
CI Cardiac Index
RQ  respiratory quotient
Renal failure Cockroft creatinine clearance < 90mL∕min

Characteristics 
(med; [min–
max])

N (n = 151) Non survivors 
(n = 7)

Survivors (n = 
144)

LCOS (n = 40) No LCOS (n = 
111)

Length of stay 
higher (n = 76)

Length of stay 
usual (n = 75)

Age (years) 72 [30–88] 73 [63–83] 71 [30–88] 70 [35–88] 72 [30–85] 74 [35–88] 68 [30–85]
Sex (n)
 Male 106 6 100 25 81 44 62

Euroscore (%) 2.8 [0.5–15.9] 9.8 [2–15.9] 2.8 [0.5–15] 3.9 [0.7–14.9] 2.5 [0.5–15.9] 4.0 [0.7–15.0] 2.2 [0.5–15.9]
Surgery(n)
 Valve 93 2 91 25 68 49 44
 Bypass 24 0 24 6 18 6 18
 Combined 

surgery
27 3 24 7 20 16 11

 Other 7 2 5 2 5 5 2
Pre-op. characteristics
 LVEF (%) 65 [25–80] 65 [35–80] 60 [25–80] 59 [25–80] 61 [30–80] 63 [25–80] 60 [30–80]

Pre op. renal 
failure (n)

123 7 116 35 88 63 60

Surgery duration (min)
 CPB 115 [45–300] 162 [59–262] 116 [45–300] 128 [59–262] 113 [45–300] 117 [48–262] 117 [45–300]
 Aortic clamp-

ing
84 [0–205] 86 [34–158] 84 [0–205] 87 [34–149] 82 [0–205] 86 [28–158] 82 [0–205]

 Total 300 [80–630] 320 [240–630] 300 [80–560] 335 [180–630] 300 [80–600] 300 [180–630] 300 [80–360]
Per-op vasopressors (mg)
 Dobutamine 0.0 [0.0–94.0] 34.2 [0.0–94.0] 0.0 [0.0–67.7] 8.9 [0.0–94.0] 0.0 [0–67.7] 0.0 [0.0–94.0] 0.0 [0.0–47.9]
 Noradrenaline 0.4 [0.0–11.0] 3.8 [1.4–7.8] 0.4 [0.0–11.0] 0.8 [0.0–11.0] 0.3 [0.0–7.8] 0.5 [0.0–7.8] 0.2 [0.0–11.0]

Hemodynamic
 MAP H1 

(mmHg)
71 [44–120] 72 [59–75] 71 [33–120] 71 [44–96] 71 [33–120] 69 [44–102] 73 [33–120]

 CVP H1 
(mmHg)

9 [1–19] 8 [6–19] 9 [1–19] 8 [3–19] 9 [1–19] 9 [3–19] 9 [1–18]

 CI H1 (mL/
min/m2)

1.8 [0.9–3.6] 1.5 [1.3–2.4] 1.8 [0.9–3.6] 1.6 [1.1–3.3] 1.9 [0.9–3.6] 1.8 [0.9–3.3] 1.9 [1.0–3.6]

Biological characteristics
 pH H1 7.32 [7.19–7.48] 7.35 [7.20–7.38] 7.32 [7.19–

7.48]
7.33 [7.22–

7.45]
7.31 [7.19–

7.48]
7.32 [7.19–

7.45]
7.33 [7.19–7.48]

 Lactate H1 
(mmoL/L)

1.3 [0.5–6.0] 2.0 [1.7–6.0] 1.2 [0.5–4.4] 1.3 [0.9–3.7] 1.2 [0.5–6.0] 1.3 [0.8–6.0] 1.2 [0.5–4.4]

 SvO
2
 H1 (%) 66 [43–93] 58 [43–77] 66 [44–93] 63 [43–74] 66 [44–93] 64 [43–77] 67 [49–93]

RQ H1 0.75 [0.60–1.01] 0.79 [0.77–1.01] 0.75 [0.60–
1.00]

0.77 [0.60–
1.01]

0.75 [0.62–
1.00]

0.76 [0.62–
1.01]

0.74 [0.60–0.95]

SOFA score 7 [2–16] 12 [8–16] 7 [2–14] 9 [2–16] 7 [2–16] 8 [2–16] 7 [2–14]
ICU duration 

(days)
3 [1–25] 6 [2–25] 3[1–15] 4 [1–25] 3 [1–14] 4 [1–25] 2 [1–3]



150	 Journal of Clinical Monitoring and Computing (2019) 33:145–153

1 3

4.2 � Study of lactate and SvO
2

Increased lactate level is a well known factor associated with 
mortality after cardiac surgery. Smith et al. [21] found that 
lactate levels predict mortality in the ICU, with an AUC of 
0.78, as opposed to 0.89 ( IC95% [0.83–0.93]) in our study. 
The same findings are reported in several previous studies 
[22] regardless of liver function and lactate clearance [23]. 

The occurrence of tissue hypoperfusion after cardiac surgery 
has been assessed using SvO2 and lactate criteria ( < 70% 
and > 2mmol∕L respectively) [24]: patients who presented a 
ScvO2 < 70% and lactate > 4mmol∕L (defining a severe tis-
sue hypoperfusion), had significantly prolonged ICU stays. 
The authors noticed that at ICU admission, 32% of these 
patients showed no clinical signs of shock (mean blood pres-
sure of > 65mmHg and a urine output of > 0.5mL∕kg∕h ). 
Therefore, measurement of SvO2 and lactate levels after 
cardiac surgery may help to identify occult hypoperfusion 
and guide hemodynamic optimization, before the onset of 
adverse clinical effects.

However, these criteria have several limitations. First, 
blood lactate levels are detected by discontinuous monitor-
ing. Although serial tests are possible, they may be insuffi-
cient to allow for early and efficient hemodynamic optimiza-
tion. Hyperlactatemia is an early marker for tissue hypoxia 
[25], but after prolonged anaerobic metabolism cellular and 
mitochondrial function are too impaired to be reverted to a 
normoxic state, despite hypoxia correction. The inability of 
cells to revert to a normoxic state after prolonged anaero-
bic metabolism may explain the results obtained by Gat-
tinoni et al. [26]: this study showed no difference in mortal-
ity and morbidity between critically ill patients, even after 
CO or SvO2 correction. Secondly, lactate late onset hyper-
lactatemia is not always associated with an impairment of 

Table 2   Primary and secondary outcome about RQ

*p-value < 0.05

Non-survivors (n 
= 7)

Survivors (n = 144) LCOS (n = 40) Non LCOS (n = 
111)

LOS higher (n = 
76)

LOS usual (n = 75)

RQ H1 0.83 ± 0.08* 0.75 ± 0.08 0.78 ± 0.09 0.75 ± 0.07 0.77 ± 0.08 0.74 ± 0.07 *
Lactates levels H1 2.7 ± 0.5* 1.4 ± 0.6 1.57 ± 0.65 1.42 ± 0.73 1.55 ± 0.81 1.35 ± 0.58

SvO
2
H1 57.3 ± 12.4* 64.4 ± 7.6 62.0 ± 8.6 65.3 ± 7.6 * 63.1 ± 8.2 65.8 ± 7.6 *

Fig. 2   RQ data on survival and non survival patients at H1

Fig. 3   Lactate and SvO
2
 data for mortality at H1
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tissue perfusion or O2 delivery: two studies had reported an 
hyperlactatemia despite an adequate CO and oxygen deliv-
ery [27, 28]. Tissue microdialysis in patients with late onset 
hyperlactatemia found a rise in tissue lactate associated with 
a normal lactate/pyruvate ratio. Then origin of late onset 

hyperlactatemia is unclear and is associated only with a 
slight increased mortality [5].

SvO2 is another useful tool used to monitor tissue oxy-
genation, but it is important to remember its determinants 
[29]: its value depends on hemoglobin, CO, oxygen satura-
tion ( SaO2 ) and oxygen consumption, but also on dissolved 
oxygen. This final criterion is often overlooked because in 
the blood most oxygen is bound to hemoglobin. In critically 
ill patients, an increase in SvO2 is reported after increasing 
FiO2 [30], due to the elevation of dissolved oxygen. There-
fore, before interpreting a SvO2 value, it is firstly important 
to observe FiO2 . In our study, patients were ventilated with 
FiO2 of 40–50% to achieve normoxia and this was unchanged 
during SvO2 investigation. SvO2 reflects the global balance 
between oxygen supply and demand in the entire organ-
ism, but it has been shown to be falsely reassuring in cases 
of regional tissue hypoxia [31, 32]. Finally, monitoring of 
SvO2 requires the use of a pulmonary artery catheter, and the 
safety of these remain to be determined [33, 34].

4.3 � Limitations

Our study presents several biases. Firstly, caregivers were 
not blinded to RQ values. Although RQ was not used dur-
ing patient management as it is not included in our decision 
algorithms, it appeared on the ventilator screens. Therefore, 
its value may have influenced the decisions made by physi-
cians regarding patient care. Moreover, we did not collect 
fluid management and bleeding during CPB as well as dur-
ing post-operative period. We are aware it is a limitation in 
our study, as these factors can have an important effect on 
RQ. We should also have provided a full clinical overview 
by including confusion in our definition of LCOS during 
the post-operative period. These limitations may narrow the 
focus on RQ in our study.

Secondly, the mortality rate is around 4.6% in our popula-
tion with a mean EuroSCORE 2 of 3.7 ± 3.0 . This is higher 
than the mortality rate in other post-cardiac surgery popula-
tion: in the original EuroSCORE2 study [35], mortality was 
4.2% with a mean Euroscore at 3.9. This can possibly be 
explained by the relatively small number of patients and the 
wide 95% confidence interval of the death rate [1.8–9.6].

Finally, we conducted a single institution study, hence 
we cannot exclude a site specific effect concerning the 

Fig. 4   ROC curves for mortality at H1

Table 3   AUC ROC curves for LCOS

Variable AUC [ IC
95%] p-value

RQ 0.70 [0.62–0.77]
Lactate 0.70 [0.62–0.77] 0.95
SvO

2
0.63 [0.55–0.71] 0.40

Fig. 5   RQ data and length of stay at H1

Table 4   AUC ROC curves for length of stay in ICU > 3D and/or hos-
pital > 14D

Variable AUC [ IC
95%] p-value

RQ 0.63 [0.54–0.70]
Lactate 0.59 [0.51–0.67] 0.55
SvO

2
0.58 [0.50–0.66] 0.49
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management of cardiac patients in our hospital. Moreover, 
the selected population is not totally representative of all the 
post cardiac surgery patients.

5 � Conclusion

In this first study, we found that an elevated RQ was cor-
related with mortality and morbidity due to LCOS after 
cardiac surgery, with a threshold value of 0.76 to predict 
mortality. We found a similar correlation with elevated lac-
tate levels and, to a lesser extent, for reduced SvO2 . These 
results suggest that RQ may have a role in the multimodal 
management of ICU patients. Further studies are required, 
particularly to help define a reliable threshold for RQ.
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