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Venous-arterial CO2 difference to arterial-venous O2 content differ-
ence ratio as marker of resuscitation in pediatric septic shock 
Yos Kowara, Arie Utariani, Bambang Pujo Semedi, Purwo Sri Rejeki 

Abstract 
Objective: Sepsis is still a major cause of mortal-
ity in pediatric intensive care units. During ini-
tial resuscitation, central venous oxygen satura-
tion (ScvO2) and/or lactate level have become a 
standard monitoring target nowadays. Carbon 
dioxide (CO2) partial pressure difference be-
tween central vein and artery (Pv-aCO2) has 
also been recommended as an additional mark-
er to identify persistent global hypoperfusion. 
Recently, the Pv-aCO2/Ca-vO2 ratio, which 
represents respiratory quotient, is presumed to 
be superior in detecting anaerobic metabolism. 
Design: Single center observational analytic re-
search with cross-sectional study. 
Setting: Resuscitation Room at academic hospi-
tal. 
Patients and participants: Twenty-four pediatric 
patients with septic shock, aged 2 months to 12 
years old. 
Interventions: Patients were resuscitated at the         
. 

Emergency Department of Dr. Soetomo General 
Academic Hospital, Surabaya. Initial first hour 
therapy included oxygenation, antibiotic admin-
istration, fluid bolus, and catecholamine titra-
tion. Central venous catheter was inserted in all 
patients through subclavian or jugular veins. 
Measurements and results: Lactate was meas-
ured in the first and third hour after patient 
arrival. Arterial and central vein blood gas 
analysis was performed concurrently at the 
third hour. Patients were followed up after 48 
hours to assess outcome. Pv-aCO2/Ca-vO2 ratio 
was more effective compared to ScvO2 and lac-
tate clearance in predicting the 48-hour mortali-
ty rate (p 0.047). The cutoff value of the Pv-
aCO2/Ca-vO2 ratio of 1.54 had the highest sen-
sitivity and specificity to represent global hy-
poxia in pediatric patients with sepsis. 
Conclusion: Pv-aCO2/Ca-vO2 ratio is a useful 
marker in predicting mortality in pediatric pa-
tients with septic shock. 
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Introduction 
Sepsis is still a major cause of morbidity and mor-
tality in children. The cross-sectional global study 
of 128 Pediatric Intensive Care Units (PICUs) in 
five continents by SPROUT, which took five days          
. 

randomly during 2013-2014, reported that 569 out 
of 6925 children (8.9%) met the criteria of severe 
sepsis with the highest morbidity and mortality at 
38% during the first year of life. As many as 67% 
experienced multi-organ dysfunction when diag-
nosed early. (1) All dysfunctions lead to regional 
and even cellular hypoxia in global tissue, which 
leads to high morbidity and mortality. 
Current guidelines for hemodynamic management 
of severe sepsis and septic shock recommend the 
use of global tissue hypoxia markers as the ulti-
mate target of resuscitation. (2) Early identification 
of tissue hypo perfusion and adequate resuscitation 
are key factors in the management of patients with 
shock. During the initial resuscitation period, tar-
geting central venous oxygen saturation (ScvO2) 
or lactate, or a combination of both, have been 
widely used. (2,3) However, each of these two var-
iables has its own limitations. The use of ScvO2 
seems to provide better real-time information than         
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lactate. Sepsis itself basically cause microcircula-
tion heterogeneity, which results in capillary shunt-
ing. This is evident in the high ScvO2 value. In-
deed, abnormally high ScvO2 values have been 
associated with increased mortality in patients with 
septic shock. (4) There is no consistent advantage 
found for lactate-based resuscitation over resusci-
tation guided by oxygen parameters. Thus, addi-
tional markers of inadequate perfusion must be 
explored, especially when the ScvO2 value is close 
to normal. (4) 
Recently, the central venous-arterial carbon diox-
ide partial pressure difference (Pv-aCO2) is rec-
ommended as a complementary tool to identify 
patients with persistent global hypoperfusion. (5) 
A cutoff value of 6 mmHg reflects whether global 
oxygen flow is sufficient (gap <6 mmHg) or insuf-
ficient (gap ³6 mmHg). (6) In fact, high Pv-aCO2 
predicts clinical outcomes independently of oxy-
gen-based parameters and can predict lactate varia-
tion. (7) Rhodes conducted a retrospective study of 
139 infants aged less than 30 days who underwent 
cardiopulmonary bypass heart surgery. Patients 
with poor outcomes had differences in arterial and 
venous CO2 with a median value of 8.3 mmHg 
compared to 5.9 mmHg and this was in line with 
the values of lactate and ScvO2. (8) Besides prog-
nostic value, the combination of arterial and ve-
nous CO2 gaps and the use of ScvO2 have been 
widely used to guide resuscitation of septic shock 
patients. (9,10) 
In addition, several studies have suggested correct-
ing the weakness of Pv-aCO2 by comparing Pv-
aCO2 with differences in oxygen content from the 
central artery to the vein (Ca-vO2). The Pv-
aCO2/Ca-vO2 ratio that represents the ratio of 
VCO2/VO2 (respiratory quotient) is superior to 
only Pv-aCO2 for detecting anaerobic metabolism. 
(11) Mekontso-Dessap, et al showed a Pv-
aCO2/Ca-vO2 ratio >1.4 is superior to Pv-aCO2, 
ScvO2, or Ca-vO2 alone in predicting hyperlac-
tatemia in critical adult patients. (12) More im-
portantly, the variation in the Pv-aCO2/Ca-vO2 
ratio is faster than the lactic acid kinetic, which 
makes it an interesting variable to monitor. In adult 
patients, Mesquida studied 35 patients with septic 
shock with criteria of 5.6±2.1 mmHg and a Pv-
aCO2/Ca-vO2 ratio of 1.6±0.7 mmHg.dl/ml O2. 
Adult patients with lactate, which did not drop, 
have a higher ratio (1.8±0.8 vs 1.4±0.5). The cutoff 
ratio of 1.4 mmHg.dl/ml showed a sensitivity of 
0.8 and specificity of 0.75 for predictions of lactate 
repair. (13) Another study in 84 adult septic pa-
tients has also shown a high ratio of Pv-aCO2/Ca-
vO2 related to the poor lactate clearance after re-
suscitation, even more so than ScvO2. (7) 
 

In this study, we discuss the question of whether 
Pv-aCO2/Ca-vO2 ratio is useful in predicting early 
mortality compared with another hypoxia marker 
such as ScvO2, lactate, DO2, a VO2 for pediatric 
septic patients. Tissue hypoxia itself refers to the 
imbalance between supply (oxygen delivery) and 
demand (oxygen consumption). (14) Measure-
ments of oxygen delivery and consumption (both 
directly and indirectly) will determine the severity 
global tissue hypoxia, similar to how lactate repre-
sents this condition. There have been no in-depth 
studies of this marker in pediatric patients. 
 
Material and methods 
Study design and setting 
We evaluate every pediatric patient admitted to the 
Resuscitation Room of Dr. Soetomo General Aca-
demic Hospital from February to April 2019. As 
many as 12 to 15 pediatric patients were admitted 
to the Resuscitation Room each month during the 
study. The Resuscitation Room only accepts code 
blue patients according to the Canadian triage cri-
teria. The ethics commission of Dr. Soetomo Gen-
eral Academic Hospital has given approval for this 
study. 
 
Participant selection criteria 
Pediatric patients who met the following criteria 
were recruited into the resuscitation protocol: 1) 
Age 2 months - 12 years, 2) Suspect sepsis which 
was confirmed with 3 of the 8 sepsis signs (heart 
rate, systolic blood pressure, respiratory rate, tem-
perature, pulse, capillary refill time, perfusion, 
consciousness) according to ACCCM-PALS 
guideline. (2) During the first hour, patients re-
ceived standard protocols, the first being oxygena-
tion either by administering supplemental oxygen 
or intubation with controlled ventilation if patient 
was likely to develop respiratory failure. Simulta-
neously, intravenous or intraosseous line was in-
serted, administration of crystalloids (according to 
body weight) and antibiotics. For initial screening, 
a complete blood and lactate examination (lactate-
1) were carried out. If patient succumbed into fluid 
resistant shock, inotrope or vasopressor was ad-
ministered to raise blood pressure. The exclusion 
criteria were 1) Major congenital heart abnormali-
ties with the presence of shunting, 2) Lactate-1 
value <2 mmol/l, 3) Pediatric Logistic Organ Dys-
function (PELOD) score <11 to assess the severity 
of 6 organ dysfunctions, 4) SpO2>92% due to 
Haldane effect. 
 
Exposures and outcomes 
After the first hour, patients were divided into cold 
or warm shock with normal or low blood pressure.     
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Type of shock was determined with support of 
echocardiography to analyze hemodynamic values. 
Echocardiographic examination was focused on 
inferior cava vein examination, heart contractility, 
and systemic vascular resistance conditions. We 
administered fluid bolus, inotrope or vasopressors 
based on echocardiography results combined with 
clinical condition. Central venous catheter was 
placed through a left or right internal jugular vein 
or subclavian vein with ultrasonography guidance. 
Confirmation of the catheter’s tip was done by 
chest X-ray. During the next 2 hours, the condition 
was closely monitored for oxygenation and ventila-
tion, improvement in perfusion, vital signs, level of 
consciousness, and urine production. If surgery 
was needed, such as thoracocentesis due to pulmo-
nary empyema, or laparotomy due to intra-
abdominal infection, the patients were prepared for 
operative procedure immediately. 
Blood gas analysis from artery and central vein 
were measured 3 hours post resuscitation. Parame-
ters taken into account include as acidity (pH), ar-
terial oxygen tension (PaO2), arterial carbon diox-
ide tension (PaCO2), arterial saturation (SaO2), 
central venous oxygen tension (PvO2), central ve-
nous carbon dioxide tension (PvCO2), and central 
venous saturation (ScvO2). Cardiac index (CI) was 
measured with echocardiography 3 hours follow-
ing resuscitation along with sampling of hemoglo-
bin concentration (Hb) and lactate (lactate-3). 
These variables of global hypoxia were measured: 
lactate clearance (LC), arterial oxygen content 
(CaO2), oxygen delivery (DO2), arterial-venous 
oxygen content difference (Ca-vO2), oxygen con-
sumption (VO2), oxygen extraction ratio (O2ER), 
venous-arterial carbon dioxide tension difference 
(Pv-aCO2). Patients were followed for 48 hours in 
intensive care unit. 

• LC=lactate-1 - lactate-3 / lactate-1 x 100% 
• CaO2=(Hb x 13.4 x SaO2) + (PaO2 x 0.0031) 
• DO2=CI x CaO2 
• Ca-vO2=CvO2 - CaO2 
• VO2=CI x Ca-vO2 
• O2ER=VO2 / DO2 x 100% 
• Pv-aCO2=PvCO2 - PaCO2 
• Ratio Pv-aCO2 / Ca-vO2=Pv-aCO2 / Ca-vO2 
 
Statistical analysis 
Statistical analysis was performed with SPSS sta-
tistics software version 20. Continuous variables 
were expressed as mean ± standard deviation, and 
categorical variables were expressed as the abso-
lute number and proportions (%). A descriptive 
analysis was performed. Comparisons between 48-
. 

hour survival and non-survival were performed            
with binary logistic regression. Two-tailed p<0.05 
was taken to indicate statistical significance. The 
ability of the Pv-aCO2/Ca-vO2 ratio for predicting 
mortality was calculated using a receiver operator 
characteristic (ROC) curve, and a cutoff value was 
counted to get the best sensitivity and specificity. 
 
Results 
From the 24 patients admitted to this study, 17 pa-
tients survived within 48 hours after initiation of 
resuscitation, while 7 patients did not. Patient de-
mographic, early assessment and procedures un-
dertaken were described in Table 1. Between these 
two groups, age and initial diagnosis of abdominal 
infection had a p value less than 0.250. These two 
variables then analyzed further using multivariate 
regression. There was no significant difference in 
variations of the initial diagnosis of the four organ 
systems and the procedures performed between the 
two groups. Initial clinical conditions including 
heart rate, systolic blood pressure, and arterial 
mean pressure did not differ between the two 
groups. The assessment of the expected sepsis var-
iable also did not differ between the two groups. 
Similarly, the amount of fluid given during the first 
hour was not different, i.e. between 20-30 ml/kg. 
For initial prognostic factors, PELOD scores 
showed 2-4 organs failure in both groups. 
Laboratory results regarding Hb, pH, and [H+] sta-
tistically showed p value <0.25. The difference in 
lactate clearance >10% did not correlate with the 
outcome of survival within 48 hours (p>0.25). For 
the seven oxygenation markers, Pv-aCO2 and ratio 
of Pv-aCO2/Ca-vO2 showed p value <0.25 be-
tween survivor and non-survivor groups. The Pv-
aCO2/Ca-vO2 value in the survivor group 
(1.24±0.88 mmHg.dl/ml O2) was lower than non-
survivor group (2.16±0.91 mmHg.dl/ml O2). 
Results of the univariate test based on the 48 hour 
survival, generated 7 variables with p value 
<0.025, including age, abdominal infection, Hb, 
pH, [H+], Pv-aCO2, and Pv-aCO2/Ca-vO2 (Table 
2). Therefore, these 7 variables were subjected to 
multivariate analysis (Table 3). The multivariate 
analysis results showed that only Pv-aCO2/Ca-vO2 
value was significant in predicting the 48 hour out-
come with RR 2.95 (95% CI 1.016-8.565), which 
means that patients with higher Pv-aCO2/Ca-vO2 
ratio are 2.95 times more likely to die within 48 
hour than those with lower Pv-aCO2/Ca-vO2 ratio, 
with the lowest deviation of 1.016 times and the 
highest deviation of 8.565 times. 
To determine cutoff of Pv-aCO2/Ca-vO2 ratio, 
receiver operator characteristic (ROC) curve (Fig-                
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ure 1) was used. A cutoff value was calculated to 
determine the best sensitivity and specificity to 
predict 48 hour mortality (Figure 2). 
 
Discussion 
There was no significant difference in DO2 be-
tween survivor and non-survivor groups. In survi-
vor group, DO2 was 578 ml/m2/min and in non-
survivor group was 606 ml/m2/min. Value of VO2 
in the two groups did not differ significantly. This 
showed that optimization in DO2 and VO2 during 
early resuscitation of pediatric septic patients did 
not affect the 48-hour outcome. This is in line with 
resuscitation studies based on DO2 and VO2 val-
ues in adults, which also did not show superiority 
compared to EGDT (early goal-directed therapy). 
The targets of DO2 resuscitation ≥600 ml/m2/min, 
and VO2≥170 ml/m2/min had not been shown to 
improve survivability. (14) In pediatric patients, 
the metabolic rate is higher per body surface area 
than adults, but this study shows similarity in the 
pathophysiology of sepsis in pediatric oxygen con-
sumption. An adult study in septic patients with a 
lactate cutoff outcome of 2 mmol/l showed DO2 
value 427-471 ml/m2/min and an VO2 value 109-
127 ml/m2/min. (12) The normal value of ER in 
adult sepsis patients was around 25%. In patholog-
ical experiments in animals, O2ER reaches a criti-
cal ratio of 70%. (15) In this study the average 
O2ER was 37% in survivor group and 30% in non-
survivor group, where there were no significant 
difference. This means that it has been proven that 
therapy based on DO2 balance and VO2 does not 
cause clinical differences in pediatric patients with 
mild or severe sepsis severity. In adult patients, a 
study of sepsis with a reference to lactate 2 mmol/l, 
the two groups also showed no difference in O2ER 
that was 27-28%. (12) 
Pv-aCO2 is widely used combined with the ScvO2 
value to describe tissue oxygenation. In adult sep-
sis patients, Pv-aCO2 ≥6 mmHg means good cellu-
lar level oxygenation function. When combined 
with low ScvO2 (<70%), it can be concluded that 
patients experience shock with circulatory failure, 
and immediate action is required to increase DO2. 
(7) In this pediatric study, the average Pv-aCO2 of 
survivor group was 6.1 mmHg, whereas in the non-
survivor group, was 9.8 mmHg. When combined 
with ScvO2 values, the survivor group was 63% 
and non-survivor group was 70%. This is in line 
with the study conducted by Mallat, where central 
venous saturation failed to detect global hypoxia. 
(16) This is because responding to the ScvO2 tar-
get is not everything, various other variables also 
need to be considered. In the study of pediatric                 
. 

septic patients, it has been shown how Pv-aCO2 
and ScvO2 cannot be a benchmark for the success 
of therapy. What Ospina wrote might be a reason 
that could explain. Pv-aCO2 may be normal even 
though hypoperfusion has occurred in very high 
cardiac output conditions such as septic shock. In 
this study, both the lactate and survivability groups 
had optimal DO2 values. High flow can prevent 
the accumulation of CO2 in the vein. In the same 
way, Pv-aCO2 can be high in normal perfusion due 
to the Haldane effect. That is why changes in CO2 
must be evaluated together with changes in O2. 
(17) 
Gustavo provides an explanation of the ratio of Cv-
aCO2 to Ca-vO2 as an illustration of VCO2 com-
pared to VO2. (18) Similarly, the Pv-aCO2 to Ca-
vO2 ratio and the results in this study showed a 
significant difference for 48-hour survival. Even 
this ratio is the only hypoxic marker that is superi-
or to ScvO2 or lactate itself. Previous studies have 
shown that Pv-aCO2/Ca-vO2 ratio and Cv-
aCO2/Ca-vO2 ratio could be stronger predictors of 
ScvO2 in describing global hypoxia in adult septic 
patients through fluid response to increased VO2. 
(16) Other study showed a combination of hyper-
lactatemia and a high ratio of Cv-aCO2/Ca-vO2 
correlates with high SOFA scores and 28-day mor-
tality. (17) This finding described that combination 
of lactate as the end product of anaerobic metabo-
lism, ScvO2 as the result of balance between DO2 
against VO2, and the ratio of Pv-aCO2/Ca-vO2 as 
a representative of VCO2 to VO2, had its own util-
ity to describe global hypoxic conditions in pediat-
ric patients with sepsis. This is in line with what 
Monnet wrote. Cardiac output (CO) is no longer 
the only outcome factor in patients with septic 
shock. (19) The discrepancy between DO2 and 
VO2, between macrocirculation and microcircula-
tion, and between oxygen utilization and carbon 
dioxide production explains why the results of this 
study, Pv-aCO2/Ca-vO2 ratio was the only global 
hypoxic markers that describe the outcome. 
In this study the value of Pv-aCO2/Ca-vO2 ratio of 
1.54  has a sensitivity of 0.714 and specificity of 
0.706 in predicting global hypoxia in pediatric sep-
tic patients. Previous studies only existed in adult 
patients with sepsis. Mekontso-Dessap used a ratio 
of 1.412. Mallat used a number of 1.8 as a cutoff 
value to distinguish groups that responded to an 
increase in VO2 or not to 98 adult patients on me-
chanical ventilation. (16) The study conducted by 
Du for 86 adult patients reported a cutoff value of 
1.23 at the 8th hour examination which correlated 
with lactate clearance. (7) 
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Study limitations 
Several limitations should be taken into account 
from our study. First, this was a single center 
study. Second, it would be better if the range of 
pediatric population was focused on a specific age, 
especially at the age of less than 6 years according 
to the major population of this study. Third, this 
study did not show that lactate clearance had a 
correlation with mortality in 48 hours. However, 
lactate is still the standard of successful 
resuscitation in many protocols or guidelines. 
Some patients died although having a good lactate 
clearance because of hypoxia, severe acidosis, or 
uncorrectable hyperkalemia. And last, we did not 
calculate Cv-aCO2/Ca-vO2 as the standard of 
presenting VCO2/VO2, because there were too 
many theories about how to calculate Cv-aCO2 in 
normal adult patient and yet it is very complicated 
and needs multistage calculation. (20,21) Some 
studies had shown that Pv-aCO2/Ca-vO2 can 
replace Cv-aCO2/Ca-vO2 if there were no Haldane 
effect. (22) In hypoxemic patients, carbon dioxide 
had a greater affinity to haemoglobin than in nor-       
. 

mal patients that can interfere the calculation of 
Cv-aCO2. (23) Therefore, we added hypoxemia as 
an exclusion criterion for this study. 
 
Conclusion 
In this prospective cross-sectional study, we found 
no difference between oxygen delivery, oxygen 
consumption, oxygen extraction ratio, lactate 
clearance, and central vein oxygen saturation in the 
first 3 hours resuscitation with mortality 48 hours. 
Although it describes  global hypoxia in its own 
way, this study showed ratio of venous-arterial 
CO2 difference to arterial-venous O2 content dif-
ference, which describes cellular respiratory quo-
tient, was the best to represent global hypoxia that 
leads to early mortality in septic shock patients. 
The cutoff value of the Pv-aCO2/Ca-vO2 ratio of 
1.54 had the highest sensitivity and specificity to 
represent global hypoxia in pediatric with sepsis. 
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Table 1. Patient demographic, early assessment, and procedure 
 
Subject characteristic All 

(n=24) 
Survivor 48h 
(n=17) 

Non survivor 
(n=7) 

p value 

Gender 
- Male 
- Female  
Age (months) 

 
15 (62.5%) 
9 (37.5%) 
27±36 

 
11 (45.83%) 
6 (25%) 
20±29 

 
4 (16.67%) 
3 (12.5%) 
44±47 

0.728 
 
 
0.146 

Initial diagnosis 
- Respiratory infection 
- Post arrest/near arrest 
- Meningo/encephalitis 
- Abdominal infection 
- Urinary tract infection 

 
16 (66.67%) 
2 (8.33%) 
10 (41.67%) 
12 (50%) 
2 (8.33%) 

 
12 (75%) 
1 (50%) 
8 (80%) 
10 (83.3%) 
0 (0%) 

 
4 (25%) 
1 (50%) 
2 (20%) 
2 (16.7%) 
2 (100%) 

 
0.528 
0.511 
0.409 
0.190 
0.999 

Clinical condition 
- Heart rate (times/minute) 
- Systolic blood pressure (mmHg) 
- Mean arterial pressure (mmHg) 
- Amount of sepsis variables (n) 
- Loading volume in 1 hour (ml/kg) 
- PELOD score 

 
164±33 
85±31 
57±25 
5±2 
27±16 
20±18 

 
166±26 
85±23 
58±21 
5±1 
29±17 
17±21 

 
158±48 
86±46  
54±34 
5±2 
23±13 
26±9 

 
0.556 

0.949 
0.744 
0.738 
0.396 
0.272 

Procedure 
- Antibiotic 
- Fluid bolus 
- Dobutamine 
- Dopamine 
- Norepinephrine 
- Adrenaline 

 
20 (83.33%) 
15 (62.5%) 
2 (8.33%) 
13 (54.17%) 
4 (16.67%) 
1 (4.17%) 

 
14 (70%) 
11 (73.3%) 
10 (76.9%) 
0 (0%) 
2 (50%) 
0 (0%) 

 
6 (30%) 
4 (26.7%) 
3 (23.1%) 
2 (100%) 
2 (50%) 
1 (100%) 

 
0.841 
0.728 
0.478 
0.999 
0.329 
1.000 

 
Legend: PELOD=Pediatric Logistic Organ Dysfunction. Binary logistic regression; variables with p value 
<0.25 was analyzed using multivariate regression. 
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Table 2. Risk variables according to survival 
 
Variables All 

(n=24) 
Survivor 48h 
(n=17) 

Non survivor 
(n=7) 

p value 

Laboratory values 
- Hb (g/dl) 
- Base excess (mmol/l) 
- PaO2/FiO2 ratio (mmHg) 
- pH 
- [H+] (nmoles/l) 
- ΔpH 
- Lactate-1 (mmol/l) 
- Lactate clearance (%) 

 
10.0±2.2 
-10.0±10.9 
256±116 
7.27±0.15 
57±20 
0.01±0.16 
3.3±3.5 
37±36 

 
9.7±1.97 
-8.8±10.9 
273±94 
7.30±0.14 
53±16 
-0.00±0.17  
2.7±2.7 
40±35 

 
10.85±2.71 
-12.9±11.02 
217±159 
7.20±0.15  
66±27 
0.02±0.10  
4.6±4.9 
30±39 

 
0.249 
0.396 
0.285 
0.165 
0.180 
0.755 
0.256 

0.547 
Oxygenation markers 
- DO2 (ml/m2/min) 
- VO2 (ml/m2/min) 
- O2ER (%) 
- Pv-aCO2 (mmHg) 
- CaO2 (ml.O2/dl) 
- ScvO2 (%) 
- Pv-aCO2/Ca-vO2 (mmHg.dl/ml O2) 

 
586±212 
199±92 
35.3±15.7 
7.2±5.5 
13.8±2.9 
65.2±16.1 
1.51±0.97 

 
578±249 
203±77 
37.5±15.0 
6.1±5.1 
13.4±2.8 
63.2±15.2  
1.24±0.88 

 
606±79 
189±128 
30.0±17.4 
9.8±6.0 
14.7±3.2 
69.9±18.5 
2.16±0.91 

 
0.764 
0.723 
0.294 
0.141 
0.322 
0.360 
0.047 

 
Legend: Hb=hemoglobin; PaO2=arterial oxygen tension; FiO2=concentration of oxygen; pH=acidity; 
DO2=oxygen delivery; VO2=oxygen consumption; O2ER=oxygen extraction ratio; Pv-aCO2=central 
venous-arterial carbon dioxide partial pressure difference; CaO2=arterial oxygen content; ScvO2=central 
venous oxygen saturation; Pv-aCO2/Ca-vO2=ratio of venous-arterial CO2 difference to arterial-venous O2 
content difference. Binary logistic regression; variables with p value <0.25 was analyzed using multivariate 
regression. 
 
 
Table 3. Multivariate analysis in predicting 48 hour survival 
 
Variable p value RR 95% CI 
Age 0.960 0.999 0.956-1.044 
pH 0.918 0.084 0.000-… 
Abdominal infection 0.758 1.602 0.080-32.149 
Pv-aCO2 0.838 0.951 0.588-1.538 
Hb 0.143 1.775 0.824-3.822 
[H+] 0.150 1.046 0.984-1.113 
Pv-aCO2/Ca-vO2 0.047 2.950 1.016-8.565 

 
Legend: pH=acidity; Pv-aCO2=central venous-arterial carbon dioxide partial pressure difference; 
Hb=hemoglobin; Pv-aCO2/Ca-vO2=ratio of venous-arterial CO2 difference to arterial-venous O2 content 
difference; RR=relative risk; CI=confident interval. Multivariate with backward stepwise method; p value 
<0.05 was significant; variables list based on wasted sequence from process. 
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Figure 1. Receiver operating characteristic curve for prediction of mortality at 48 hours in pediatric septic 
shock based on the ratio of venous-arterial CO2 difference to arterial-venous O2 content difference 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend: ROC=receiver operating characteristic; Pv-aCO2/Ca-vO2=ratio of venous-arterial CO2 difference 
to arterial-venous O2 content difference; AUC=area under the curve. 
 
 
Figure 2. Graphic cutoff for Pv-aCO2/Ca-vO2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend: Pv-aCO2/Ca-vO2=ratio of venous-arterial CO2 difference to arterial-venous O2 content difference. 
It shows value of 1.54 with sensitivity 71.4% and specificity 70.6% to predict mortality in the first 48 hours. 
A Pv-aCO2/Ca-vO2 value more than 1.54 indicates higher mortality in pediatric septic shock. 
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