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ABSTRACT 
 
Carbon dioxide, which is the final product of aerobic and anaerobic metabolism, is still 
debatable if it could be used to detect adequacy of tissue perfusion and metabolism. The 
aim of this study was to evaluate whether the venous-arterial pCO2 gradient provides useful 
information on tissue dysfunction in patients admitted to the ICU. A total of one hundred 
(100) patients were admitted to ICU with a length of stay (LOS) >24 h. A sample of arterial 
and venous blood was taken for gas analysis at admission. Venous-arterial pCO2 gradient 
(ΔpCO2) and organ dysfunction in the first 24 h and ICU mortality were correlated. Organ 
dysfunction was defined as a SOFA score ≥ 2 for each organ. The patients, whether 
ventilated or not, were subdivided and compared on the basis of ΔpCO2 value: ΔpCO2 ≥ 6 
mmHg (Higher group) and ΔpCO2 <6 mmHg (Normal group). Fifty eight patients (58%) 
showed a ΔpCO2 ≥ 6 mmHg (Higher group) and forty two patients (42%) showed a ΔpCO2 ≤ 
6 mmHg (Normal group). The higher ΔpCO2 group showed a larger rate (34%) of 
cardiovascular dysfunction than the normal ΔpCO2 group (8%)(P< 0.05). Respiratory 
dysfunction was found in 54% of the patients of the High group and only in 32% of the 
Normal group. Similarly, renal dysfunction was also slightly larger in the High group (26%) 
than in the Normal group (20%) (P > 0.05). As expected, patients of Higher group showed 
more complications (52%) than the Normal group (32%) (P > 0.05) and ICU mortality 
(40%) was three times larger than the Normal group (12%) (P < 0.05). The result obtained 
from this research support that ΔpCO2 can indicate the adequacy of the tissue perfusion and 
metabolism in ICU patients and can be used as a reliable biomarker for early prediction of 

organ dysfunction and outcome in critically ill patients.  
 
Key words:  Dysoxia, shock, delta pCO2, hemodynamics, scoring systems, organ 
dysfunction, clinical outcome.   

 
 
INTRODUCTION 
 
Few parameters were used at the bedside to assess tissue 
hypoxia, such as base differences, urine output and blood 
lactate, but these parameters indicate that hypoperfusion is 
already installed and may be late to guide the start of 
hemodynamic resuscitation (Curtis and Cain, 1992). 

The arteriovenous difference in carbon dioxide tension 
(ΔpCO2) is calculated after simultaneous sampling of 
arterial (paCO2) and mixed venous blood (pvCO2) from the 
distal of a pulmonary artery catheter that ranges under 
physiological conditions, from 2 to 5 mmHg (Vallee and 
Vallet, 2008). p(v-a)CO2 values above 6 mmHg could 
indicate the persistence of peripheral hypoperfusion, even 
with ‘‘normalized'' SvCO2 values (Vallet and Teboul, 2000). 

The aim of this research is to: 1) Investigate the ∆pvCO2 
changes for better understanding of the possibilities of 
using it as a predictor of clinical outcome in ICU patients; 2) 
To evaluate whether the venous-arterial pvCO2 gradient 
provides   valuable   information   on   tissue  perfusion   and  
organ dysfunction in ICU patients. 
 
 
MATERIALS AND METHODS 
 
A prospective observational cohort study was performed at 
the Critical Care Department at Cairo University, the Kasr 
Alaini teaching hospital, Cairo, Egypt. The study includes 50  
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adult critically ill patients admitted to the intensive care 
units. The local Ethics and Research Committees approved 
it and oral consent was obtained from the patient or legally 
responsible.      

 
 
Inclusion criteria 

 
The inclusion criteria include adult patients ≥ 18 years, 
admitted to ICU, with a length of stay ≥ 24 h and fulfilled the 
criteria of severe sepsis or septic shock according to the 
definitions made by the ACCP and SCCM Consensus 
Conference. 

 
 
Exclusion criteria 
 
The exclusion criteria involved patients <18 years of age; 
patients admitted to the ICUs with a length of stay < 24 h; 
patients with COPD; patients with a hemoglobin level of 
less than 10 gm\L and patients having acute pancreatitis, 
presented initially as SIRS. All patients were subjected to: 
 
1) Detailed, thorough history and full clinical examination; 
2) Full laboratory investigations (urea, creatinine, Na, K, 
CBC, SGPT, SGOT, bilirubin, albumin, INR, RBS, ABG and 
VBG); 
3) Critical care scoring systems (APACHE II, SOFA, and GCS) 
abstracted and calculated from clinical and laboratory 
records; 
4) Venous-arterial pCO2 gradient abstracted and calculated 
from blood gases analysis from arterial and central venous 
blood samples during the first 24 h after admission and 
serial samples followed; 
5) Two to five readings (according to LOS) of investigations 
registered in the master table at admission and last day; 
6) Organ dysfunctions (SOFA score ≥2), complications and 
ICU mortality collection;  
7) ICU length of stay (LOS). 

 
The patients were subdivided and compared based on 
ΔpCO2 value: ΔpCO2 ≥ 6 mmHg (Higher group) and ΔpCO2 
<6 mmHg (standard group). In addition, they were grouped 
into ventilated and non-ventilated groups according to 
whether they are mechanically ventilated or not. 

 
 
Statistical analysis 

 
All collected questionnaires were revised for completeness 
and accuracy. Pre-coded data were collected and verified 
before analysis; statistical analyses were performed using 
SPSS software for Windows, version 15.0 (SPSS Inc., 
Chicago IL, USA). A p- value of less than 0.05 was 
considered of statistical significance. 

RESULTS 
 
Patients were compared and divided into two groups 
according to delta pCO2 value: ΔpCO2 ≥ 6 mmHg (Higher 
group) and ΔpCO2 <6 mmHg (Normal group). They were 
also subdivided according to mechanical ventilation into 
non-ventilated and ventilated groups.  

 
 
Descriptive data (demographic and clinical) 

 
Demographic characteristics 

 
Demographic characteristics of all ICU patients include: 

 
Age: Patients' mean age was 60.9±14.9 years for standard 
group, and 55.4±19.3 years for the higher group of ΔpCO2 
with no significant statistical difference between both 
groups and p-value of 0.268. 
 
Gender: 38.0% (19 patients) were males, and 62.0% (31 
patients) were females, with no significant statistical 
difference between the two groups of delta pCO2 and p-
value of 0.768. 

 
Cause of admission: There were 33 patients with severe 
sepsis (66.0%) and 17 patients with septic shock (34.0%). 
Higher group shows more patients with septic shock (14) 
than the standard group of delta pCO2 (3) with significant p-
value being 0.016 (Figure 1).  

 
 
Clinical characteristics of all ICU patients 

 
Clinical characteristics of all ICU patients include the 
following: 
 
Comorbidities in the ICU: As regarding medical and 
surgical comorbidities of admitted patients. 
 
a) Surgery: There were 15 post-operative patients (30%) 
and 35 non-operative patients (70%). Post-operative 
patients were more in the higher group (10) than in the 
normal group of delta pCO2 (5) with no significant 
statistical differences between the two groups of delta pCO2 
and p value being 0.537.  

 
b) Medical: There were 28(56.0%) diabetic patients, 
32(64%) HTN patients, 27(54%) cardiovascular patients, 
18 (36%) CKD patients, 5(10%) CLD patients, 10(20%) 
neurological patients, 31(62%) chest patients, 12(24%) 
malignant patients and 3 (6%) patients with thyroid 
diseases. There was no significant statistical difference 
between both groups of delta pCO2 in all medical diseases 
except   in   hypertensive patients, patients in normal group  
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Figure 1: Differences between both groups of delta PCO2 regarding sepsis 

 
 

Table 1: Differences between delta pco2 groups regarding critical care scoring systems.  
 

Variable Mean ± SD normal delta pco2 Mean ± SD higher delta pco2 P value 

GCS 13.7±2.5 11.9±4.2 0.062 

APACHE score 19.9±5.4 24.3±7.5 0.020 

SOFA score 6.6±2.7 8.5±4.3 0.061 
 

(Note that SOFA score was higher in the high group than in normal group but this was insignificant). 

 
 
(18) was more than patients in the higher group of delta 
pCO2 (14) with significant p-value of 0.008. 
 
 
Hemodynamics 
 
Heart rate: It was more in the higher group of delta 
pCO2(110.5±13.5) than in the standard group of delta pCO2 
(95.3±20.0) with significant statistical differences  in both 
groups of delta pCO2 and p-value of 0.013. 
 
Arterial blood pressure: It was less in the higher group of 
delta pCO2(71.2±31.8) than  in the standard group of delta 
pco2(84.6±16.2) with no significant statistical differences 
in both groups of delta pCO2 and p-value of 0.058. 
 
Respiratory rate: This was more in the higher group of 
delta pCO2 (22.8±8.8) than in the standard group of delta 
pCO2(22.8±6.4) with no significant statistical differences  in 
both groups of delta pCO2 and p-value of 0.999. 
 
Mechanical ventilation: There were 18 mechanically 
ventilated patients (36.0%) and 32 non-mechanically 
ventilated patients (64.0%) with no significant statistical 
differences in both groups of delta pCO2 and p-value of 
0.551. 
 
Duration of mechanical ventilation and length of stay: 
Both durations were longer in higher group of delta pCO2 

than in the standard group with no significant statistical 
differences in both groups of delta pCO2 as regards both 
durations. 
   
Need for inotropic drugs: There were 22(44.0%) patients 
without inotropes and 28(56.0%) patients with inotropes. 
Patients taking inotropes were more in the higher group 
(19) than in the normal group of delta pCO2 (9) with no 
significant statistical differences between the two groups of 
delta pCO2 and p-value of 0.152. 
 
Laboratory assessment: There was no significant 
statistical difference between both groups of delta pCO2 

except for blood glucose levels that show lower levels in the 
higher group (201.9±85.6) than in the normal group 
(270.7±119.3) with significant p-value of 0.038. 
 
ICU scoring systems: There was no significant statistical 
difference between both groups of delta pCO2 except for 
APACHE score that shows higher levels in the higher group 
(24.3±7.5) than in the normal group (19.9±5.4) with p-
value of 0.020 (Table 1 and Figure 2). 
 
Complications in the ICU: Higher group shows more 
patients with complications than normal group of delta 
pCO2, but there was no significant statistical difference 
between both groups' with p-value of 0.255. 
The number of organ dysfunction in ICU: Higher group 
shows more organ dysfunction than normal group But, this  
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Figure 2: Error bar showing differences between mean and SD of APACHE II score of 
both pco2 groups. 

 
 

  
 

 
Figure 3: Differences between both groups of delta pco2 regarding the number of 
organ dysfunctions in ICU.  

 
 
was an insignificant statistical difference between both 
groups of delta pCO2 and p value of 0.625 (Figure 3).  

 
Differences between delta PCO2 groups in the first h and 
last 24 h regarding type of organ dysfunction in the ICU: 
There was no significant statistical difference between both 
groups of delta pCO2 except for cardiovascular dysfunction 
that was (17 patients) in higher group and (4 patients) in 
normal group in the first 24 h with p-value of 0.005 and (16 
patients) in higher group and (6 patients) in normal group  
in the last 24 h with p-value of 0.010) (Figure 4).   

Clinical outcome in the ICU: Mortality was more in the 
higher group (20 patients died) than in the normal group of 
delta pCO2 (6 patients died) and discharged patients was 
more in normal group than in the higher group of delta 
pCO2 with significant p-value of 0.042 (Figure 5).  

 
The relation between the first and last reading of delta 
pCO2: There were insignificant changes between delta pCO2 
in the first 24 h (Mean± SD=6.8 ± 8.48) and delta pCO2 in 
the last 24 h (Mean ± SD=6.3 ± 8.3) with p-value of 0.740. 
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Figure 4: Differences between both delta PCO2groups regarding CVS dysfunction. 
 
 

 
 

Figure 5: Differences between both groups of delta PCO2 regarding the outcome. 

 
 

Table 2: Differences between first and last reading of SOFA score. 
 

Variable Mean ± SD P value 

Sofa score(first reading) 7.7 ± 3.8 
0.006 

Sofa score (last reading ) 3.9 ± 5.1 

 
  
Differences between first and last reading of SOFA score: 
SOFA score was higher in the early 24 h (Mean± SD=7.7 ± 
3.8) than in the previous 24 h (Mean± SD=3.9 ± 5.1), hence, 
there were significant changes between both readings with 
p-value of 0.006 (Table 2).  
 
 
Correlations between delta pvCO2 and all quantitative 
variables    
 
Different quantitative variables like age, serum k level, 
serum NA level, blood glucose level, liver enzymes, albumin, 

platelets count, GCS, length of stay, and respiratory rate are 
inversely proportional to delta pCO2 value but urea, 
creatinine, bilirubin, hemoglobin, hematocrit, total 
leucocytic count, INR, APACHE II, SOFA scores, arterial PH, 
duration of MV, and organ dysfunction directly 
proportional to delta pCO2 value. 

All these correlations are statistically insignificant except 
-serum k level is inversely proportional to delta pCO2. 
Hence, when delta pCO2 increases, serum k level also 
decreases and vice versa. P-value=0.010 and Glasgow coma 
score is inversely proportional to delta pCO2, hence, when 
delta  pCO2  increases,  Glasgow  coma  score  decreases  and  
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Figure 6: Scatter diagram showing a negative correlation between 
GCS score and delta pco2.  

 
 

Table 3: Logistic regression for predictors of complications in ICU. 
  

Variable B Wald Sig. Exp(B) 

 

95.0% C.I. for EXP(B 

lower Upper 

Age 0.023 0.349 0.555 1.023 0.948 1.105 

Gender 1.782 2.111 0.146 5.941 0.537 65.733 

PCO2 difference 0.899 0.726 0.394 0.407 0.051 3.218 

APACHE  score 0.121 1.282 0.257 1.129 0.915 1.393 

 
 
vice versa. With significant p-value of 0.005, 3-SOFA score 
is directly proportional to delta pCO2 with significant value 
of 0.046 (Figure 6).  
 
 
Predictors for outcome   
 
To assess the effect of several factors on the patient 
outcome, linear logistic regression was performed. The 
model contained five independent variables (Age, sex, 
APACHE II score, SOFA score, and pCO2 difference). The full 
model containing all predictors was statistically 
insignificant, x2 (5, N=50) =13.185, p= 0.022. The model as 
a whole explained between 23.2% (Cox and Snell R square 
and 30.9% (Nagel kenke R square) of the variance in the 
outcome and correctly classified 70.0% of cases.  

Only two of the independent variables made a unique 
statistically significant contribution to the model (pCO2 
difference and SOFA score). pCO2 recording odds ratio of 
0.251 which is less than 1 indicating that the patient with 

delta pCO2 that had more than 6 (higher group) were 0.251 
times more liable to bad outcome (death) with p-value of 
0.050, with other controlling factors in the model and SOFA 
score recording odds ratio of 0.753 which is less than 1 
indicating that for every unit increase in SOFA score, the 
patient was 0.753 times more liable to bad outcome (death) 
p=0.054 and other controlling factors in the model.  

Direct logistic regression was performed to assess the 
effect of several factors on the patient complication. The 
model contained five independent variables (Age, sex, 
APACHE II score, SOFA score, and pCO2 difference).   

The full model containing all predictors was statistically 
insignificant, x2 (5, N=50) = 19.030, p= 0.002. The model as 
a whole explained between 31.7% (Cox and Snell R square 
and 54.1% (Nagel kenke R square) of the variance in 
complication to the patient and correctly classified 88.0% 
of cases. As shown in Table 3, only SOFA score showed 
statistically significant with recording odds ratio of 0.400 
which is less than 1 indicating that for every unit increase 
in  SOFA  score,  the  patient  was  0.400 times more liable to  
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Table 4: Logistic regression for predictors of inotropes use in ICU. 
  

  Variable B Wald Sig. Exp(B) 

 

95.0% C.I. for EXP(B) 

Lower Upper 

Age 0.013 0.391 0.532 1.013 0.973 1.055 

Gender 0.324 0.183 0.669 1.383 0.313 6.110 

APACHE score -0.062 0.785 0.376 0.940 0.821 1.077 

SOFA  score  0.531 8.363 0.004 1.700 1.186 2.436 

PCO2 difference 0.832 1.234 0.267 2.298 0.529 9.971 

 
 

Table 5: Logistic regression for predictors of CVS dysfunction in ICU. 
  

  Variable B Wald Sig. Exp(B) 

 

95.0% C.I. for EXP(B) 

Lower Upper 

Age 0.016 .410 0.522 1.016 0.967 1.068 

Gender 0.999 .876 0.349 2.715 0.335 22.003 

APACHE  score 0.005 .003 0.956 1.005 0.842 1.199 

SOFA score  0.790 7.694 0.006 2.204 1.261 3.851 

PC02 
difference 

2.210 3.904 0.048 9.120 1.018 81.706 

 
 
have complication p-value of 0.007 and other controlling 
factors in the model. 
 
 
Predictors for the need of inotropic in the ICU 
 
Direct logistic regression was performed to assess the effect 
of several factors on the patient use of inotropes. The model 
contained five independent variables (Age, sex, APACHE II 
score, SOFA score and pvCO2 difference). The full model 
containing all predictors was statistically insignificant, x2 
(5, N=50) = 18.476, p= 0.002). The model as a whole 
explained between 30.9% (Cox and Snell R square and 
41.4% (Nagel kenke R square) of the variance in inotropes 
use of patient and correctly classified 76.0% of cases. As 
shown in the Table 4, only SOFA score showed statistically 
significant with recording odds ratio of 1.700 which 
indicate that for every unit increase in SOFA score, the 
patient will be 1.7 times more in need for inotropes with p-
value of 0.004 and other controlling factors in the model.  
 
 
Predictors for CVS dysfunction 
 
To assess the effect of a number of factors on the patient 
use of the presence of CVS dysfunction, linear logistic 
regression was performed. The model contained five 
independent variables (Age, sex, APACHE II score, SOFA 
score and pvCO2 difference). The full model containing all 
predictors was statistically insignificant, x2 (5, N=50) = 
35.036, p<0.001. The model as a whole explained between 
50.4% (Cox and Snell R square and 67.8% (Nagel kenke R 
square) of the variance in the presence of CVS dysfunction 

and correctly classified 84.0% of cases. As shown in Table 5, 
pvCO2 difference and SOFA score show statistically 
significant effect on CVS dysfunction and the most reliable 
predictor was pvCO2 difference recording odds ratio 9.120 
which indicate that for the group with delta pvCO2 6 and 
more, the patient will be 9.120 times more liable to 
occurrence of CVS dysfunction with p-value of 0.048 and 
controlling other factors in the model.   
 
 
Predictors of CNS dysfunction 
 
Direct logistic regression was performed to assess the effect 
of several factors on CNS dysfunction. The model contained 
five independent variables (Age, sex, APACHE II score, 
SOFA score and pvCO2 difference). The full model 
containing all predictors was statistically insignificant, x2 
(5, N=50) = 23.684, p< 0.001. The model as a whole 
explained between 37.7% (Cox and Snell R square) and 
51.7% (Nagel kenke R square) of the variance in 
development of CNS dysfunction and correctly classified 
78.0% of cases. As shown in Table 6, only SOFA score 
showed statistically significance with recording odds ratio 
of 1.834 which indicate that for every unit increase in SOFA 
score, the patient will be 1.8 times more liable to develop 
CNS dysfunction with p-value of 0.005 and other controlling 
factors in the model.  
 
 
Predictors of renal dysfunction  
 
Direct logistic regression was performed to assess the effect 
of several factors on the patient use of renal dysfunction.  
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Table 6: Logistic regression for predictors of CNS dysfunction in ICU. 
 

  Variable B Wald Sig. Exp(B)  
95.0% C.I. for EXP(B) 

Lower Upper 

Age 0.047 3.102 0.078 1.048 

 

0.995 1.105 

Gender 0.284 0.111 0.739 1.328 0.250 7.049 

APACHE  score -0.037 0.230 0.632 0.964 0.829 1.121 

SOFA score  0.606 7.832 0.005 1.834 1.199 2.804 

PCO2 difference 0.300 0.117 0.733 1.351 0.241 7.583 

 
 

Table 7: Logistic regression for predictors of renal dysfunction in ICU. 
 

  Variable B Wald Sig. Exp(B) 

 

95.0% C.I. for EXP(B) 

Lower Upper 

Age 0.005 0.055 0.815 1.005 0.967 1.043 

Gender -0.905 1.807 0.179 0.404 0.108 1.514 

APACHE  score 0.058 0.862 0.353 1.059 0.938 1.196 

SOFA score  0.173 2.122 0.145 1.189 0.942 1.501 

PCO2 difference -0.731 1.112 0.292 0.481 0.124 1.873 

 
 

Table 8: Logistic regression for predictors of hepatic dysfunction in ICU. 
  

  Variable B Wald Sig. Exp(B) 

 

95.0% C.I. for EXP(B) 

Lower Upper 

Age 0.065 1.763 0.184 1.067 0.970 1.174 

Gender -1.053 0.540 0.463 0.349 0.021 5.795 

APACHE score -0.672 4.208 0.040 0.511 0.269 0.971 

SOFA score  1.681 5.456 0.020 5.370 1.311 22.003 

PCO2 difference -1.676 0.937 0.333 0.187 0.006 5.574 

 
 
The model contained five independent variables (Age, sex, 
APACHE II score, SOFA score and pvCO2 difference) (Table 
7). The full model containing all predictors was statistically 
insignificant, x2 (5, N=50) = 9.426, p< 0.093. 
 
 
Predictors for hepatic dysfunction  
 
Direct logistic regression was performed to assess the effect 
of several factors on hepatic dysfunction. The model 
contained five independent variables (Age, sex, APACHE 
score, SOFA score and pvCO2 difference). The full model 
containing all predictors was statistically insignificant, x2 
(5, N=50) = 26.846, p< 0.001. The model as a whole 
explained between 41.5% (Cox and Snell R square) and 
71.0% (Nagel kenke R square) of the variance of 
development of hepatic dysfunction and correctly classified 
92.0% of cases. As shown in Table 8, APACHE II score and 
SOFA score show statistically significant effect on hepatic 
dysfunction and the strongest predictor was SOFA score 
recording odds ratio of 1.311 which indicate that for every 
unit increase in SOFA score, the patient will be 1.311 times 

more liable to occurrence of hepatic dysfunction with p-
value of 0.020 and other controlling factors in the model.   
 
 
Predictors of coagulation dysfunction  
 
Direct logistic regression was performed to assess the effect 
of several factors on the patient use of coagulation 
dysfunction. The model contained five independent 
variables (Age, sex, APACHE II score, SOFA score, and pvCO2 
difference) (Table 9).  The full model containing all 
predictors was statistically insignificant, x2 (5, N=50) = 
7.012, p< 0.220. 
 
 
Predictors for respiratory dysfunction 
 
Direct logistic regression was performed to assess the effect 
of several factors on respiratory dysfunction. The model 
contained five independent variables (Age, sex, APACHE II 
score, SOFA score and pvCO2 difference) (Table 10). The full 
model      containing    all     predictors      was       statistically  
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Table 9: Logistic regression for the predictor of coagulation dysfunction in ICU. 
  

 Variable B Wald Sig. Exp(B) 

 

95.0% C.I. for EXP(B) 

Lower Upper 

Age -0.027 1.395 0.238 0.973 0.930 1.018 

Gender 0.223 0.083 0.773 1.250 0.275 5.685 

APACHE  score 0.050 0.509 0.476 1.051 0.917 1.204 

SOFA score  0.200 2.732 0.098 1.221 0.964 1.547 

PCO2 difference -0.922 1.052 0.305 0.398 0.068 2.317 

 
 

Table 10: Logistic regression for predictors of respiratory dysfunction in the ICU. 
 

  Variable B Wald Sig. Exp(B) 

 

95.0% C.I. for EXP(B) 

Lower Upper 

Age -0.079 1.401 0.237 0.924 0.811 1.053 

Gender 0.242 0.048 0.826 1.274 0.146 11.090 

APACHE score -0.116 1.198 0.274 0.891 0.724 1.096 

SOFA score  0.567 5.242 0.022 1.762 1.085 2.863 

PCO2 difference 1.278 1.204 0.273 3.591 0.366 35.249 

 
 

Table 11: Most predictor variables for organ dysfunction, outcome and complications in ICU. 
 

Predictor Variable 

Most predictor for the outcome  SOFA score and PCO2 difference  

Most predictor for complication SOFA score 

Most predictors for inotropes use  SOFA score 

Most predictor for CVS dysfunction PCO2 difference and SOFA score 

Most predictor for CNS dysfunctions SOFA score 

Most predictor for renal dysfunction None  

Most predictor for hepatic dysfunction APACHE II and SOFA scores  

Most predictor for coagulation dysfunction None  

Most predictor for respiratory dysfunction SOFA score 

 
 
insignificant, x2 (5, `1`N=50) = 13.105, p< 0.022. The model 
as a whole explained between 23.5% (Cox and Snell R 
square) and 44.7% (Nagel kenke R square) of the variance 
in development of respiratory dysfunction and correctly 
classified 91.8% of cases. As shown in Table 11, only SOFA 
score was statistically significant with recording odds ratio 
of 1.762 which indicate that for every unit increase in SOFA 
score, the patient will be 1.762 times more liable to develop 
respiratory dysfunction with p-value of 0.022 and other 
controlling factors in the model. 
 
 
DISCUSSION 
 
Data on 100 adult patients with severe sepsis and septic 
shock was collected and interpreted. Thereafter, patients 
were divided into two groups according to delta pCO2 
value: Δ pCO2 ≥ 6 mmHg (Higher group) and Δ pCO2 <6 
mmHg (Normal group). Both groups were compared 

regarding all demographic and clinical data, complications, 
organ dysfunction and ICU mortality. Fifty-eight patients 
(58%) showed a Δ pCO2 ≥ 6 mmHg (Higher group) and 
forty-two patients (42%) showed a Δ pCO2 ≤ 6 mmHg 
(Normal group). The Higher ΔpCO2 group showed a larger 
rate (34%) of cardiovascular dysfunction than the Normal 
ΔpCO2 group (8%)(P< 0.05). Respiratory dysfunction was 
found in 54% of the patients of the higher group and only in 
32% of the Normal group. Similarly, renal dysfunction was 
also slightly larger in the Higher group (26%) than in the 
Normal group (20%)(P > 0.05). As expected, patients of the 
higher group showed more complications (52%) than 
Normal group (32%)(P > 0.05) and ICU mortality (40%) 
was three times larger than the Normal group (12%)(P < 
0.05). 

Lamia et al. (2006) showed that pCO2 gap is a blood flow 
marker to remove total CO2 produced by the peripheral 
circulation. Vallet and Teboul (2000) evidenced that pCO2 
gap   increased   during    low    blood   flow-induced    tissue  
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hypoxia (ischemic hypoxia) while it remained unchanged 
during hypoxemia-induced hypoxia (hypoxic hypoxia). Our 
study was nicely confirmed in a mathematical model 
analysis. Our results are in line with those of Bakker et al. 
(1992) on 64 patients with septic shock who found that, in 
patients with septic shock, the pCO2 gap was lower in 
survivors than in non-survivors and ∆ pCO2 was related to 
cardiac output. 

Similarly, Melcher et al. (1990) showed that patients 
diagnosed with septic shock were characterized by an 
increased pCO2 gap and a low flow state; the fluid challenge 
was found to decrease the pCO2 gap while increasing 
cardiac output. In contrast, no significant changes in pCO2 
gap and cardiac output were found in patients with normal 
pCO2, thus, confirming the relationship between an 
insufficient flow and increased pCO2 gap (Gutierrez, 2004). 

Studies of Gutierrez (2004) and Bakker et al. (1992) 
underlined the reduced sensitivity of ∆pCO2 to indicate 
tissue hypoxia in septic patients except with low cardiac 
output. Our study found a significant increase in pCO2 gab 
in low flow states (that is, shock) and significant 
cardiovascular dysfunction (low cardiac output and index) 
if delta pCO2 exceeds 6 mmHg. These results are in line with 
the study of Teboul and Mercat (1998) who found out that 
delta pCO2 and SVO2 can help to assess the adequacy of CI to 
global oxygen demand (Mecher et al., 1990). 

Cuschieri and Rivers (2005) found a reverse correlation 
between [P(cv-a)CO2] and cardiac index with a central 
venous blood sample regardless of its cause and suggested 
that, for this purpose, a sample of central venous blood 
could be used instead of blood from the pulmonary artery 
(Teboul and Mercat, 1998). 

Ducey et al. (1992) in the animal model and Cuschieri and 
Rivers (2005) found that changes in delta pCO2 are both 
rapid and sensitive over a wide range of the cardiac index. 
Higher delta pCO2 value was reported in patients with low 
cardiac output without hypoxia as demonstrated by the 
normal lactate levels found (Ducey et al., 1992). This shows 
the lack of specificity of [P(v-a)CO2] in detecting tissue 
hypoxia. Serum lactate was accepted as an indicator of 
anaerobic metabolism and of tissue hypoxia, but under 
normal conditions, the liver is capable of increasing the 
lactate metabolism; this means that in hypoxia and 
anaerobic metabolism situations, a few hours may elapse 
between the onset of the phenomenon and the detection of 
elevated lactate levels in the blood (Jerome and Laurent, 
2011) which explains why the lactate may not be an early 
predictor as the [P(v-a)CO2]. 

In a study done on 53 patients with severe sepsis and 
septic shock, Paul (year) found that a bad outcome and 
mortality seems to be enhanced when a high pCO2 gap 
persists after 24 h of therapy and there was no significant 
difference between both groups of ∆pCO2 for age, gender, 
ABP with equivalent inotropic doses and APACHE II. This 
study is in line with our study except for ABP and APACHE 
II   score   which   are   significantly    different between both  

groups as earlier discussed.  
Umeda et al. (2008) found that changes in PaCO2 

variations can influence ΔpCO2. Similarly, hyperventilation 
is associated with an increase in the difference between 
arterial and venous peripheral carbon dioxide. A possible 
explanation is that hypocapnia induces microvascular 
constriction, thus, increasing flow stagnation and the gap. 

Our results were matched by the findings made by Zhang 
and Vincent (1993) who stated that during an acute blood 
flow reduction, increases in VACO2 and AV pH could 
represent reliable early parameters of tissue hypoxia as a 
few hours may elapse between acute blood flow reduction 
and lactate detection in blood. Our study agrees with the 
following three other studies conducted on post-operative 
patients. 

Machado and Guarnieri (2010) who conducted a 
prospective study of 30 patients undergoing myocardial 
revascularization found out that the incidence of patients 
with abnormally high Δ p (v–a) CO2 gradients is associated 
with a higher rate of post-operative complications. 
However, Δ p (v–a)CO2 was considered to be an unreliable 
marker of post-operative complications because it is 
influenced not only by cardiac output, but also metabolic 
demands, oxygen saturation, hematocrit, body temperature, 
respiratory function in the post-operative period, also 
factors affecting CO2 dissociation curve which is curvilinear 
more than oxygen dissociation curve (Cuschieri and Rivers, 
2005). 

In a study conducted by Emmanuel and Emmanuel 
(2010) on the combination of "normal" ScVO2 values and 
increased P(cv-a)CO2 values, it can be argued that, despite 
an apparently normal CI during the entire surgical 
procedure, this condition could relate to a relatively 
insufficient flow state and could be associated with an 
increased O2 demand and hence increased CO2 production. 
Whether increasing in the CI may be beneficial in this 
situation remains to be evaluated (Emmanuel and 
Emmanuel, 2010). 

Our study is in line with the report of Troskot (2010) who 
showed the strong clinical importance of V-a Pco2 for 
prediction of fatal outcomes in non-ventilated patients but 
not in ventilated patients because patients with more 
severe initial clinical presentation are more likely to be 
attached to a ventilator presented with higher values for 
variables related to CO2 (pvCO2, PasCo2, V-a pvCO2, lactate) 
and for clinical variables (body mass index, APACHE II 
score, SAPS, SOFA 1st and 3rd day score), lower values for 
variables related to acid-base status (pH, v pH) and 
hemodynamic variables (mean arterial pressure and 
systemic vascular resistance) (Troskot, 2010). 

Troskot (2010) found a significantly higher survival rate 
among the patients in the non-ventilated group with V-a 
pvCO2 lower than 6 mmHg. It was shown that V-a pvCO2 
exceeding 6 mmHg is associated with numerous 
hemodynamic changes that made its predictive value a 
mediocre   and   so   it   is   not  an   independent predictor of  
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outcome (Troskot, 2010). 
 
 
Conclusion 
 
The predictive value of the pCO2 difference for the outcome 
is questionable. However, a modest time-dependent 
relationship between an increased pCO2 difference and 
outcome was found. Although not significant with the 
persistence of an increased pCO2 difference the odds ratio 
for bad outcome increased.   
 
 
Limitations 
 
Limitations of this study include:  
 
- The small sample size 
 
The study was based on a pre-defined set of study 
parameters, which might not have reflected the true nature 
of general changes observed in sepsis. It was performed in a 
single referral critical care unit which could compromise 
the generalizability of our findings. 
 
- The short term follows up 
 
Potential confounders such as hypothermia may decrease 
cellular respiration, thereby, resulting in CO2 generation 
which may have effect on our results. Since all patients 
were septic, our findings may not be generalized to patients 
less critically ill or those with other forms of shock. 
 
- Limitations of delta PCO2 interpretation  
 
When blood flow is high, major cardiac output changes will 
not result in significant changes in delta PCO2 and this may 
be due to the curvilinearity of CO2-COP relationship. 
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