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Abstract  

Background:  Shock is a life-threatening condition of  

circulatory failure that most commonly presents with hypo-
tension, it can also be heralded by other vital sign changes or  

the presence of elevated serum lactate levels, it is important  

that the clinician rapidly identify the etiology so that appro-
priate interventions and therapy.  

Aim of Study:  To investigate the relationship between  
pCO2 gap and blood lactate concentration and 28 day mortality,  

as well as the prognostic usefulness of this relationship.  

Patients and Methods: The present studywasconducted  
on 30 adult septic shock patients at general intensive care  

unit Department of Ain Shams University Hospitals from  
December 2022 to May 2023, who were divided into two  
groups regarding pCO 2  gap into normal and high gap after  
receiving early resuscitation and reaching ScvO 2  >_70%.  

Results:  There was a non-significant relation between  
SOFA score and pCO2  gap in first 12 hours of admission, but  
after 24 hours to end of study, patients with high pCO 2  gap  
have higher SOFA score. An interesting result obtained in this  

study was finding that there was no significant relation between  
APACHE II and pCO 2  gap on admission, but there was a  
significant increase in APACHE II score in high gap group  
after 48 hours till end of study. In the present study, there was  

a non-significant relation between incidence of in-hospital  
mortality rate and pCO 2  gap among studied cases. There was  
a non-significant relation between 28-day mortality and pCO2  

gap among studied cases. This study revealed that there was  

a significant relation between MAP and pCO 2  gap only after  
24 hours of admission and till the end of study, as MAP is  

lower in high gap group. This study revealed that there was  
a significant relation between HR and pCO 2  gap only after  
24 hours of admission and till the end of study, as HR is  
higher in high gap group. In the present study, there was a  

significant low Lactate in normal gap group after 6 hours of  

enrollment. This study revealed that there was a non-significant  

relation between CVP and pCO 2  gap among studied cases.An  
interesting result obtained in this study that there was a non-
significant relation between Scvo 2  and pCO 2  gap among  
studied cases.  
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Conclusion: Targeting ScvO2  more than 70% alone may  
not be sufficient to monitor perfusion in septic shock patients,  
our results suggest that the persistence of high Pv-aCO 2  during  
the early resuscitation of patients in septic shock is associated  

with significant higher multi organ dysfunction, higher lactate  
concentrations, lower MAP and poor outcomes, so the com-
bination of PCO2  gap and ScvO 2  may provide additional  
information about hemodynamics and the ability to clear  

lactate, Further research is required to determine the best use  

of this parameter as a treatment end-point; The predictive  

value for outcome of the central venous pCO 2  difference is  
questionable but persistence of an increased central venous  

pCO2  difference after 24h of therapy seems to enhance the  

likelihood of bad outcome so the importance of PCO 2  gap  
for outcomes might warrant its inclusion as a target in goal-
directed treatment protocols.  
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Introduction  

ONE  of the most common reasons for ICU admis- 
sion is sepsis. Depending on the severity of the  
clinical situation, which is conditioned by the  

existence of organ failure mediated by diverse  

mechanisms of cell death, this heterogeneous and  

complicated disease may result in a 20-50 percent  

mortality rate [1] .  

Septic shock is a type of vasodilatory or dis- 
tributive shock. Septic shock is defined as sepsis  
that has circulatory, cellular, and metabolic abnor- 
malities that are associated with a greater risk of  

mortality than sepsis alone [2] .  

Though sepsis is known to contain microvas-
cular abnormalities, and a decrease in oxygen  
delivery and/or insufficient use of the available  

oxygen form a major part of such organ dysfunc-
tion, the way the many individual mechanisms  
interact is not entirely understood [3] .  

The early detection of tissue injury is conse-
quently critical in the management of these patients,  

and the monitoring of certain physiological varia- 
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bles that can be used to determine tissue perfusion  

status has been advocated in their initial care [4] .  

Multicenter clinical trials have lately been  
unable to prove the utility of SvcO 2  monitoring as  
guidance in patient resuscitation [5] .  

As a result of the above, the most recent version  
of the Surviving Sepsis Campaign does not propose  
using this variable as an initial resuscitation aim  

or target in the management of patients with sepsis  

[6] .  

As a result, other metrics for assessing tissue  

perfusion are required to guide therapy. The venous-
to-arterial CO2 pressure difference (pCO 2  delta or  
ApCO2), which serves as a proxy marker for the  

venous-to-arterial CO 2  content differential, is one  
such metric [7] .  

The difference between PCO 2  in central venous  
blood and PCO2  in arterial blood is known as  
central venous to arterial CO 2  gap (P v-a CO 2) [8] .  

P v-a CO 2  has been considered as an indicator  

of the adequacy of venous blood flow to wash out  

CO2  in peripheral tissues [8] .  

Due to CO2  synthesis at the peripheral level,  
coupled with oxygen intake and metabolism in  

general, venous CO 2  concentrations are higher  
than arterial CO 2  concentrations under healthy  

conditions [9] . In numerous clinical situations,  
including sepsis, the pCO2  delta value has been  
proposed as a measure capable of reflecting altered  
tissue perfusion [10] .  

The purpose of the study is to investigate the  

behavior of pCO 2  delta and its relationship to blood  
lactate concentration and 28 day mortality during  

resuscitation in the very early phase of septic shock  

and if we could use pCO 2  delta as complementary  
tool for goal directed therapy in septic shock.  

We hypothesized that combination of PCO 2  
gap and ScvO 2  may provide additional information  
about hemodynamics and the ability to clear lactate.  

Aim of the work:  

To investigate the relationship between pCO 2  
gap and blood lactate concentration and 28 day  

mortality, as well as the prognostic usefulness of  

this relationship.  

Subjects and Methods  

Type of study: Prospective observational study.  

Study setting:  General ICU Department, Ain  
Shams University Hospitals.  

Study period:  6 months.  

Study population:  Patients with the following  
criteria:  
1- Septic shock issued by international sepsis and  

septic shock treatment guidelines: Patients with  

septic shock will be identified with a clinical  
construct of sepsis with persisting hypotension  

requiring vasopressors to maintain MAP >_65mm  
Hg and Having a serum lactate level >2mmol/L  

(18mg/dL) despite adequate volume resuscita-
tion.  

2- ScvO2  >_70% achieved 6 hours after resuscitation.  

Selection criteria for cases:  

Inclusion criteria:  
18 years or older, both males and females and  

patients met the diagnostic criteria of septic shock  

issued by international sepsis and septic shock  

treatment guidelines for septic shock: Patients with  

septic shock will be identified with a clinical  
construct of sepsis with persisting hypotension  

requiring vasopressors to maintain MAP >_65mm  
Hg and having a serum lactate level >2mmol/L  

(1 8mg/dL) despite adequate volume resuscitation.  

Exclusion criteria:  

Patients with any other type of shock, pregnan-
cy, irreversible underlying disease such as end-
stage neoplasm and sever chronic obstructive pul-
monary disease  

Sampling method:  Consecutive sampling.  

Sample size:  30 critical care patients with septic  

shock, by using Power Analysis and Sample Size  
Software (PASS 11) (Version 11.0.08) for sample  

size calculation, to reach power 80%, at alpha error  

5% and after reviewing previous study results  

(Bitar et al., 2020).  

Study procedure:  All selected patients were  
divided into two groups according to:  

P (CV-a) CO 2 : Group (1): P (CV-a) CO 2  
<6mmHg were considered as belonging to the Low  

gap group. Group (2): P (CV-a) CO 2  >_6mmHg  
were considered as belonging to the High gap  
group.  

All Patients were subjected to the following:a  

detailed history taking from patient or relatives  

including the chronic diseases, family history, past  
history, present history and possible source of  
sepsis, a complete physical examination: General  

and local examination carried out for all patients  
and study patients resuscitated according to surviv-
ing sepsis campaign last guidelines: Measure lactate  
level, obtain blood cultures before administrating  
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antibiotics, administer broad-spectrum antibiotics,  

begin rapid administration of 30ml/kg crystalloid  
for hypotension or lactate ≥4mmol/L and apply  
vasopressor if hypotensive during or after fluid  

resuscitation to maintain a mean arterial pressure  

≥65mm Hg. The time of inclusion (T0) and study  

enrolment was considered as the time at which  

ScvO2  reaches ≥70. The patients' age, sex, diagno-
sis, Acute Physiologic Assessment and Chronic  
Health Evaluation II (APACHE II) score obtained.  

Early fluid resuscitation started, time points of 0,  

6, 12, 18, 24, 36, 48, 60, 72, 84, 96, 108, 120 hours  
after resuscitation were T0, T6, T12, T18, T24,  
T36, T48, T60, T72, T84, T96, T108, T120.Data  
like heart rate (HR), MAP, CVP, lactate, p (CV-a)  

CO2  and ScvO2  were collected at each time point.  

SOFA Score collected at T0, T12, T24, T48.  
T72,T96, T120. APACHE II Score collected at T0,  
T48, T96, T120 Full laboratory investigations: At  
the beginning of the study (CBC, pan cultures,  

coagulation profile, kidney function tests, liver  

function tests, cardiac enzymes, CRP, blood gases  

samples from artery and from central venous line).  

Central venous catheter insertion to all patients in  
the superior vena cava (position veried by X-ray,  

the tip of catheter being superimposed on the 4 th  
right intercostal space), aseptic technique was used.  

P (CV-a) CO 2  calculated as the difference between  
PcvCO2  and PaCO 2  respectively obtained from  
central venous blood and arterial blood samples.  

Patients were separated into two groups according  

to the initial (T0) value of P (CV-a) CO 2  patients  
with a P (CV-a) CO 2  <6mmHg will be considered  
as belonging to Low gap group, those with a P  
(CV-a) CO2  ≥6mmHg will be considered as be-
longing to the High gap group.  

The study groups were compared as regard to  

the following variables: Mortality as primary out-
come measure, haemodynamic parameters and  

lactate concentration at each time and condition  
improvement, as measured by APACHE II score.  

Ethical considerations:  

Study Approved by Ethical Committee of Fac-
ulty of Medicine of Ain Shams University, all  

patients or their legal guardians had given their  

Informed consent to participate. All participants  

or their legal guardians chose to participate on  

their own free will and were fully informed regard-
ing the procedures of the Research and any potential  

risks and all patients' data were highly confidential.  

Statistical analysis and data interpretation:  

Statistical analysis was done by SPSS v26 (IBM  

Inc., Armonk, NY, USA). Quantitative variables  
were presented as mean, standard deviation (SD)  

and range and were compared between the two  

groups utilizing unpaired Student's t-test. Qualita-
tive variables were presented as frequency and  

percentage (%) and were analyzed utilizing the  

Chi-square test or Fisher's exact test when appro-
priate. A two tailed p-value <0.05 was considered  
statistically significant. Kaplan Meier curve was  

used to show the mortality rate.  

Results  

This study is a prospective observational study.  

The study was conducted at the intensive care unit  

(ICU) of anesthesiology, critical care medicine and  
pain management department of Ain Shams Uni-
versity Hospital (ASUH). This study included 30  
patients, 14 patients in high gap group and 16  
patients in low gap group.  

Age and sex were insignificantly different be- 
tween both groups (Table 1).  

Table (1): Demographic data of the studied groups.  

High gap group  
(n=14)  

Low gap group  
(n=16)  

p - 
value  

Age (years):  
Mean ±  SD  58.3± 11.26  60.4± 11.02  0.601  
Range  39-73  44-79  

Sex:  
Male  6 (20%)  10 (33.33%)  0.282  
Female  8 (26.67%)  6 (20%)  

Risk factors (DM, old CVS, IHD, asthmatic,  
CKD, AF, MV replacement, hypothyroid, HTN,  
HCV +ve, cirrhosis, COPD and BPH) were insig-
nificantly different between both groups Table (2).  

Diagnosis (pneumonia, DKA, ascending cholan-
gitis, UTI, infected bed sores, infected permcath,  

infective endocarditis, AKI, spontaneous bacterial  
peritonitis, cellulitis, post-operative sepsis, Fourni-
er's gangrene, meningitis and infected diabetic  
foot) were insignificantly different between both  

groups Table (3).  

During the study, 5 (35.71%) patients died in  

high gap group (first patient died after 36 hours,  
second patient died at 2 nd  day, third patient died  
at 3 rd  day, fourth patient died at 7 th  day and fifth  
patient died at 8 th  day) and 2 (12.05%) patients  
died in low gap group (first patient died at 11 th  

day and second patient died at 13 th  day).  

SOFA score at T0 and T12 was insignificantly  
different between both groups. SOFA score at T24,  

T48, T72, T96 and T120 was significantly higher  
in high gap group than low gap group ( p<0.001)  
(Table 4).  



High gap group  
(n=14)  

Low gap group  
(n=16)  

p - 
value  

Pneumonia:  
Yes  
No  

0.523  5 (16.67%)  
9 (30%)  

4 (13.33%)  
12 (40%)  

DKA, septic shock:  

Yes  
No  

1 (3.33%)  
15 (50%)  

1 (3.33%)  
13 (43.33%)  

0.922  

0.277  0 (0%)  
16 (53.33%)  

0.961  7 (23.33%)  
9 (30%)  

Infected bed sores:  
Yes  
No  

1 (3.33%)  
15 (50%)  

0.222  3 (10%)  
11 (36.67%)  

Infected permcath:  
Yes  
No  

1 (3.33%)  
15 (50%)  

1 (3.33%)  
13 (43.33%)  

0.922  

0.544  

0 (0%) 0.277  
16 (53.33%)  

5 (16.67%)  
11 (36.67%)  

0.277  0 (0%)  
16 (53.33%)  

0.886  2 (6.67%)  
14 (46.67%)  

0.277  0 (0%)  
16 (53.33%)  

0.341  1 (3.33%)  
15 (50%)  

0.088  3 (10%)  
13 (43.33%)  

Infected Diabetic  
foot:  

Yes  
No  

2 (6.67%)  
14 (46.67%)  

0.171  0 (0%)  
14 (46.67%)  

Table (3): Diagnosis of the studied groups.  

Ascending  
cholangitis:  

Yes  
No  

UTI:  
Yes  
No  

1 (3.33%)  
13 (43.33%)  

6 (20%)  
8 (26.67%)  

Infective  
endocarditis:  

Yes  
No  

AKI, septic shock:  

Yes  
No  

Spontaneous  
bacterial  
peritonitis:  

Yes  
No  

Cellulitis:  
Yes  
No  

Post operative  
sepsis:  

Yes  
No  

Fournier's  
gangrene:  

Yes  
No  

Meningitis:  
Yes  
No  

1 (3.33%)  
13 (43.33%)  

3 (10%)  
11 (36.67%)  

1 (3.33%)  
13 (43.33%)  

2 (6.67%)  
12 (40%)  

1 (3.33%)  
13 (43.33%)  

0 (0%)  
14 (46.67%)  

0 (0%)  
14 (46.67%)  

DKA: Diabetic ketoacidosis.  
UTI : Urinary tract infection.  
AKI : Acute kidney injury.  

AF:  
Yes  
No  

MV replacement:  
Yes  
No  

Hypothyroid:  
Yes  
No  

HTN:  
Yes  
No  

HCV +ve:  
Yes  
No  

Cirrhosis:  
Yes  
No  

COPD:  
Yes  
No  

BPH:  
Yes  
No  

5 (16.67%)  
9 (30%)  

1 (3.33%)  
13 (43.33%)  

1 (3.33%)  
13 (43.33%)  

4 (13.33%)  
10 (33.33%)  

1 (3.33%)  
13 (43.33%)  

1 (3.33%)  
13 (43.33%)  

0 (0%)  
14 (46.67%)  

0 (0%)  
14 (46.67%)  

2 (6.67%) 0.134  
14 (46.67%)  

0 (0%) 0.277  
16 (53.33%)  

2 (6.67%) 0.626  
14 (46.67%)  

6 (20%) 0.605  
10 (33.33%)  

2 (6.67%) 0.626  
14 (46.67%)  

0 (0%) 0.277  
16 (53.33%)  

1 (3.33%) 0.341  
15 (50%)  

3 (10%) 0.088  
13 (43.33%)  

* : Significant as p-value 50.05. 
DM 
 

: Diabetes mellitus. 
CVS 
 

: Cerebrovascular stroke. 
IHD 
 

: Ischemic heart disease. 
CKD 

 

: Chronic kidney disease. 
AF 
 

: Atrial fibrillation. 
MV 
 

: Mitral valve. 
HTN 

 
: Hypertension. 

HCV 
 

: Hepatitis C virus. 
COPD 

 

: Chronic obstructive pulmonary disease. 
BPH 
 

: Benign prostatic hyperplasia.  
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DM:  
Yes  
No  

Old CVS:  
Yes  
No  

IHD:  
Yes  
No  

Asthmatic:  
Yes  
No  

CKD:  
Yes  
No  

6 (20%)  
8 (26.67%)  

8 (26.67%)  
6 (20%)  

4 (13.33%)  
10 (33.33%)  

1 (3.33%)  
13 (43.33%)  

3 (10%)  
11 (36.67%)  

10 (33.33%) 
 

0.282  
6 (20%)  

5 (16.67%) 0.153  
11 (36.67%)  

3 (10%) 0.526  
13 (43.33%)  

1 (3.33%) 0.922  
15 (50%)  

6 (20%) 0.338  
10 (33.33%)  

Table (2): Risk factors of the studied groups.  

High gap group 
 

Low gap group  p - 
(n=14) (n=16) value  
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Table (4): SOFA score of the studied groups.  

High gap  
group  

Low gap  
group  

p- 
value  

T0:  
Mean  6.86  7.81  0.307  
SD  2.68  2.34  

T12:  
Mean  7.93  6.19  0.066  
SD  2.50  2.48  

T24:  
Mean  9.00  4.38  <0.001 *  
SD  3.26  2.58  

T48:  
Mean  9.77  2.56  <0.001 *  
SD  3.68  2.53  

T72:  
Mean  9.50  2.13  <0.001 *  
SD  4.28  2.16  

T96:  
Mean  10.70  1.63  <0.001 *  
SD  4.64  2.19  

T120:  
Mean  11.50  1.50  <0.001 *  
SD  4.79  2.25  

*: Significant as p-value 50.05.  
SOFA: Sepsis-related organ failure assessment.  

APACHE II score at T0 was insignificantly  
different between both groups. APACHE II score  

at T48, T96 and T120 was significantly higher in  
high gap group than low gap group (p-value <0.001)  
(Table 5).  

Table (5): APACHE II score of the studied groups.  

High gap  
group  

Low gap  
group  

p- 
value  

T0:  
Mean  19.71  18.19  0.547  
SD  7.52  6.19  

T48:  
Mean  17.31  8.56  <0.001 *  
SD  8.12  4.18  

T96:  
Mean  15.70  7.63  <0.001 *  
SD  6.11  4.47  

T120:  
Mean  18.90  7.19  <0.001 *  
SD  7.25  4.35  

*: Significant as p-value 50.05.  
APACHE: Acute physiology and chronic health evaluation.  

Heart rate at T0, T6, T12 and T18 was insignif-
icantly different between both groups. Heart rate  
at T24, T36, T48, T60, T72, T84, T96, T108 and  
T120 was significantly higher in high gap group  
than low gap group ( p-value <0.05) (Table 6).  

Table (6): Heart rate (beats/min) of the studied groups.  

High gap  
group  

Low gap  
group  

p - 
value  

T0:  
Mean  123.57  115.75  0.129  
SD  15.94  11.30  

T6:  
Mean  121.79  114.00  0.087  
SD  13.04  10.98  

T12:  
Mean  114.50  106.56  0.068  
SD  12.59  10.33  

T18:  
Mean  112.00  104.88  0.061  
SD  9.01  10.76  

T24:  
Mean  111.36  98.00  0.010*  
SD  15.29  10.93  

T36:  
Mean  109.00  94.56  <0.001 *  
SD  11.98  6.48  

T48:  
Mean  110.85  93.19  <0.001 *  
SD  15.42  11.43  

T60:  
Mean  112.42  92.69  <0.001 *  
SD  12.74  12.43  

T72:  
Mean  115.80  92.31  <0.001 *  
SD  14.39  11.45  

T84:  
Mean  110.00  89.50  <0.001 *  
SD  12.87  9.70  

T96:  
Mean  110.30  87.94  <0.001 *  
SD  13.81  11.21  

T108:  
Mean  109.10  86.81  <0.001 *  
SD  12.35  8.53  

T120:  
Mean  111.20  87.00  <0.001 *  
SD  13.54  11.13  

*: Significant as p-value 50.05.  

Mean arterial pressure at T0, T6, T12 and T18  

was insignificantly different between both groups.  

Mean arterial pressure at T24, T36, T48, T60, T72,  
T84, T96, T108 and T120 was significantly lower  
in high gap group than low gap group ( p-value  
<0.05) (Table 7).  

CVP at T0, T6, T12, T18, T24, T36, T48, T60,  
T72, T84, T96, T108 and T120 was insignificantly  
different between both groups (Table 8).  
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Table (7): Mean arterial pressure (mmHg) of the studied  
groups.  

High gap  
group  

Low gap  
group  

p- 
value  

T0:  
Mean  67.36  68.69  0.305  
SD  1.34  4.59  

T6:  
Mean  69.93  72.38  0.068  
SD  3.27  3.72  

T12:  
Mean  72.57  76.56  0.059  
SD  4.62  6.24  

T18:  
Mean  73.64  77.19  0.103  
SD  5.83  5.67  

T24:  
Mean  71.00  81.31  <0.001*  
SD  5.99  9.18  

T36:  
Mean  71.21  84.81  <0.001*  
SD  6.60  10.16  

T48:  
Mean  70.46  85.94  <0.001*  
SD  8.26  9.50  

T60:  
Mean  70.33  87.00  <0.001*  
SD  6.58  9.54  

T72:  
Mean  68.90  88.50  <0.001*  
SD  5.95  10.50  

T84:  
Mean  70.50  89.13  <0.001*  
SD  10.15  10.09  

T96:  
Mean  70.00  91.56  <0.001*  
SD  4.50  10.09  

T108:  
Mean  69.20  91.81  <0.001*  
SD  4.83  10.36  

T120:  
Mean  68.80  93.31  <0.001*  
SD  5.29  10.64  

*: Significant as p-value ≤0.05.  

Table (8): CVP (cmH 2O) of the studied groups.  

High gap  
group  

Low gap  
group  

p - 
value  

T0:  
Mean  10.36  8.50  0.266  
SD  5.09  3.85  

T6:  
Mean  13.57  12.13  0.123  
SD  2.93  2.03  

T12:  
Mean  13.57  13.13  0.565  
SD  2.47  1.71  

T18:  
Mean  15.00  13.69  0.117  
SD  2.66  1.74  

T24:  
Mean  15.00  13.75  0.092  
SD  2.11  1.81  

T36:  
Mean  15.21  13.81  0.108  
SD  2.89  1.64  

T48:  
Mean  15.15  13.69  0.104  
SD  1.57  2.80  

T60:  
Mean  15.25  13.31  0.081  
SD  3.67  1.92  

T72:  
Mean  15.10  13.19  0.099  
SD  2.56  2.88  

T84:  
Mean  15.60  13.56  0.087  
SD  3.34  2.48  

T96:  
Mean  15.60  14.88  0.429  
SD  2.99  1.63  

T108:  
Mean  15.80  14.06  0.092  
SD  1.69  2.82  

T120:  
Mean  15.90  14.19  0.052  
SD  3.03  1.17  

*: Significant as p-value 50.05. CVP: Central venous pressure.  

Lactate at T0 was insignificantly different be-
tween both groups. Lactateat T6, T12, T18, T24,  
T36, T48, T60, T72, T84, T96, T108 and T120  
was significantly higher in high gap group than  
low gap group (p-value <0.001) (Table 9).  

ScvO2 at T0 T6, T12, T24 T36, T48, T60, T72,  
T84, T96, T108 and T120 was insignificantly  
different between both groups (Table 10).  

p(CV-a) CO2 at T0, T6, T12, T18, T24, T36,  
T48, T60, T72, T84, T96, T108 and T120 were  
significantly higher in high gap group than low  

gap group (p-value < 0.001) (Table 11).  

The mortality rate was insignificantly different  

between high gap group and low gap group. The  

mortality rate was 3 (21.43%) patients in high  

gap group while no mortalities in low gap group  
(Table 12).  
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Table (9): Lactate (mmol/l) of the studied groups.  

High gap  
group  

Low gap  
group  

p - 
value  

T0:  
Mean  7.97  8.01  0.964  
SD  2.51  2.43  

T6:  
Mean  9.08  4.78  <0.001*  
SD  2.14  2.04  

T12:  
Mean  9.84  2.52  <0.001*  
SD  3.47  1.47  

T18:  
Mean  10.23  1.76  <0.001*  
SD  3.35  1.68  

T24:  
Mean  10.00  1.41  <0.001*  
SD  3.64  2.34  

T36:  
Mean  9.86  1.21  <0.001*  
SD  3.50  1.48  

T48:  
Mean  10.11  1.25  <0.001*  
SD  3.89  1.85  

T60:  
Mean  10.28  1.34  <0.001*  
SD  3.67  2.03  

T72:  
Mean  10.49  1.52  <0.001*  
SD  4.01  2.35  

T84:  
Mean  10.85  1.36  <0.001*  
SD  4.11  2.61  

T96:  
Mean  10.79  1.48  <0.001*  
SD  4.31  3.11  

T108:  
Mean  11.43  1.43  <0.001*  
SD  4.67  2.65  

T120:  
Mean  12.13  1.51  <0.001*  
SD  5.04  3.31  

Table (10): ScvO 2  (%) of the studied groups.  

High gap  
group  

Low gap  
group  

p - 
value  

T0:  
Mean  72.29  73.63  0.071  
SD  1.77  2.09  

T6:  
Mean  71.57  73.56  0.129  
SD  3.01  3.85  

T12:  
Mean  72.00  73.94  0.065  
SD  2.22  3.15  

T18:  
Mean  71.86  73.81  0.094  
SD  3.46  2.71  

T24:  
Mean  73.07  74.63  0.173  
SD  2.87  3.18  

T36:  
Mean  73.14  75.00  0.082  
SD  2.68  2.92  

T48:  
Mean  72.31  74.44  0.063  
SD  2.63  3.16  

T60:  
Mean  72.67  74.88  0.054  
SD  2.81  2.92  

T72:  
Mean  73.30  74.69  0.271  
SD  2.16  3.48  

T84:  
Mean  72.40  74.19  0.119  
SD  1.51  3.27  

T96:  
Mean  73.20  75.44  0.061  
SD  2.04  3.20  

T108:  
Mean  72.30  74.88  0.080  
SD  3.62  3.42  

T120:  
Mean  72.10  74.13  0.103  
SD  2.69  3.12  

*: Significant as p-value ≤0.05.  *: Significant as p-value ≤0.05.  
ScvO :Central venous oxygen saturation.  
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Table (11): p(CV-a) CO 2  (mmHg) of the studied groups.  

High gap  
group  

Low gap  
group  

p - 
value  

T0:  
Mean  7.29  4.25  <0.001*  
SD  1.54  1.13  

T6:  
Mean  8.14  3.38  <0.001*  
SD  1.70  1.45  

T12:  
Mean  8.07  2.88  <0.001*  
SD  2.13  1.96  

T18:  
Mean  8.00  3.13  <0.001*  
SD  2.18  1.93  

T24:  
Mean  7.36  3.00  <0.001*  
SD  2.02  2.13  

T36:  
Mean  7.71  2.94  <0.001*  
SD  2.13  1.53  

T48:  
Mean  8.00  2.38  <0.001*  
SD  2.16  1.71  

T60:  
Mean  8.42  3.00  <0.001*  
SD  2.23  2.00  

T72:  
Mean  8.90  2.75  <0.001*  
SD  2.64  1.98  

T84:  
Mean  9.00  2.50  <0.001*  
SD  2.05  1.75  

T96:  
Mean  8.10  2.44  <0.001*  
SD  2.51  2.42  

T108:  
Mean  8.20  2.81  <0.001*  
SD  2.49  2.04  

T120:  
Mean  9.10  2.38  <0.001*  
SD  2.38  1.89  

*: Significant as p-value 50.05.  
P(cv-a) CO2: Central venous-arterial carbon dioxide difference.  

Table (12): Kaplan-Meier survival curve at 
5th 

 day mortality.  

High gap  
group  
(n=14)  

Number of mortalities  3 (21.43%)  0 (0.0%)  0.054  

Mean survival  4.393  5.000  

SE  0.320  0.00  

SE: Standard error.  

Table (13): Kaplan-Meier survival curve at 28 th  day mortality.  

High gap  
group  
(n=14)  

Number of mortalities  5 (35.71 %)  2 (12.05%)  0.101  
Mean survival  19.536  26.000  
SE  3.056  1.326  

SE: Standard error.  

The mortality rate was insignificantly different  

between high gap group and low gap group. The  

mortality rate was 5 (35.71%) patients in high gap  
group and 2 (12.05%) patients in low gap group  

(Table 13).  

Discussion  

Sepsis exists on a continuum of severity ranging  

from infection and bacteremia to sepsis and septic  
shock, which can lead to multiple organ dysfunction  

syndrome (MODS) and death. The definitions of  
sepsis and septic shock have rapidly evolved since  
the early 1990s [11] .  

The systemic inflammatory response syndrome  

(SIRS) is no longer included in the definition since  
it is not always caused by infection, sepsis is a  

clinical syndrome that has physiologic, biologic,  
and biochemical abnormalities caused by a dysreg-
ulated host response to infection. Sepsis and the  

inflammatory response that ensues can lead to  

multiple organ dysfunction syndrome and death  
[12] .  

Septic shock is a type of vasodilatory or dis-
tributive shock. Septic shock is defined as sepsis  
that has circulatory, cellular, and metabolic abnor-
malities that are associated with a greater risk of  

mortality than sepsis alone [2] .  

ABG is a test have been used for identification  
of respiratory, metabolic, and mixed acid-base  
disorders, with or without physiologic compensa-
tion, by means of pH and CO 2  levels, measurement  
of the partial pressures of respiratory gases involved  

in oxygenation and ventilation, monitoring of acid-
base status, as in patient with diabetic ketoacidosis  

(DKA), assessment of the response to mechanical  

ventilation in a patient with respiratory failure,  
determination of arterial blood gases in advanced  

chronic pulmonary disease for assessment of the  

need for home oxygen [12] .  

The difference between PCO 2  in central venous  
blood and PCO2  in arterial blood is known as  
central venous to arterial CO 2  gap (P v-a CO 2) [8] ,  
P v-a CO2  has been considered as an indicator of  
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the adequacy of venous blood flow to wash out  

CO2 in peripheral tissues [8] , Elevated P v-a CO 2  
(>_  6 mmHg) occurs in cases of decreased systemic  
blood flow. Normalization of P v-a CO 2  during  
resuscitation was associated with normalization of  
serum lactate [13] .  

Early hemodynamic optimization using resus-
citation bundles targeting central venous oxygen  

saturation (ScvO 2) and macro hemodynamics were  
initially associated with significant reduction of  

mortality in septic shock [14] , however; the useful-
ness of oxygen-derived parameters has been strong-
ly questioned [15] , and recent studies not succeeded  
to prove its benefits [16]  and [17] , Meanwhile other  
studies claim that using P v-a CO 2  has been linked  
to beneficial outcomes for shocked patients resus-
citation.  

The present studywasconducted on 30 adult  
septic shock patients at general intensive care unit  
Department of Ain Shams University Hospitals  
from December 2022 to May 2023, who were  
divided into two groups regarding pCO 2  gap into  
normal and high gap after receiving early resusci-
tation and reaching ScvO 2  >_70%.  

Thus the aim of our study was to evaluate the  
use of central venous to arterial pCO 2  difference  
in patients with septic shock as a complementary  

tool for goal directed therapy and its relation to  

outcome.  

Regarding co-morbidities, there was insignifi-
cant statistical difference in the distribution of co-
morbidities between both groups, there were 6  
(20%) diabetic patients in high gap group versus  
10 (33.33%) in normal gap group (p-value 0.282),  
8 (26.67%) old cerebrovascular stroke in high gap  
group versus 5 (16.67%) in normal gap group (p-
value 0.153), 4 (13.33%) ischemic heart disease  

in high gap group versus 3 (10 %) in normal gap  
group (p-value 0.526), 1 (3.33%) asthmatic patient  

in high gap group versus 1 (3.33%) in normal gap  

group (p-value 0.922), 3 (10%) chronic kidney  
disease in high gap group versus 6 (20%) in normal  
gap group (p-value 0.338), 5 (16.67%) atrial fibril-
lation in high gap group versus 2 (6.67%) in normal  

gap group (p-value 0.134), 1 (3.33%) mitral valve  
replacement in high gap group versus 0 (0%) in  

normal gap group (p-value 0.277), 1 (3.33%) hy-
pothyroid in high gap group versus 2 (6.67%) in  
normal gap group (p-value 0.626), 4 (13.33%)  
hypertensive in high gap group versus 6(20%) in  
normal gap group (p-value 0.605), 1 (3.33%) hep-
atitis C positive in high gap group versus 2 (6.67%)  
in normal gap group (p-value 0.626), 1 (3.33%)  
liver cirrhosis in high gap group versus 0(0%) in  

normal gap group ( p-value 0.277), 0 (0%) chronic  
obstructive pulmonary disease in high gap group  
versus 1 (3.33%) in normal gap group ( p-value  
0.341), 0 (0%) benign prostatic hyperplasia in high  

gap group versus 3 (10%) in normal gap group ( p  
-value=0.088).  

According to cause of admission, all patients  
are diagnosed with septic shock with no statistically  

difference between both groups regarding the cause  
of sepsis (p-value >0.05).  

Such results indicated that both groups were  

comparable and both the demographic characteris-
tics, risk factors and cause of admission were not  

interfering with net results of the study.  

PCO2  gap and Outcome: As regard to SOFA  
score, in the present study we collect SOFA score  

in 7 different points and results showed that SOFA  

score was insignificantly different between both  

groups at T0 and T12 and was significantly higher  

in high gap group than normal gap group at T24,  
T48, T72, T96 and T120.  

Vallée's study, shows that regarding SOFA score  

there was no significant relationship with pCo 2  
gap at T0, At T24 the low gap patients had a  
significantly lower SOFA score than the High gap  
patients [18]  (this came in accordance to our study).  

However, there is a difference with Vallée's study  

in that they did not measure SOFA score after 24  
hours.  

In Mallat's study, there was no significant dif-
ference in SOFA score between both high and  
normal gap groups at T0. From T0 to T24, the  
decrease in SOFA score was significantly greater  
for patients who achieved a normal compared with  
high pCO2  gap at T6 (which is consistent with our  
study) [13] .  

According to APACHE II score, in the present  

study we correlate APACHE II score with both  
groups at 4 different points T0, T48, T96 and T120  
and that reveal no significant correlation in both  

normal and high groups at T0. The correlation  
shows significant increase in APACHE II score in  
high gap group at T48, T96 and T120 in comparison  
with normal gap group.  

Vallée F's study, APACHE II score collected  

only in one point at T0 and there was no significant  

difference between both high and normal gap  

groups [18] .  

In Mallat's study, at T0 there was no significant  
difference inAPACHE II score between both groups  

[13] .  



1112 Central Venous to Arterial pCO 2  Difference for Septic Shock Therapy  

Our studyis different from these studies in that  

we collectAPACHE II score at 4 different points  
T0, T48, T96 and T120 which could help more  
about prediction of outcome.  

In our study, in terms of in-hospital mortality  
rate, it was insignificantly different between high  
gap group and low gap group. The mortality rate  
was 3 (21.43%) patients in high gap group while  
no mortalities in low gap group.  

As regard 28-day mortality; the overall mortality  

was 47.76% and the mortality rate was insignifi-
cantly different between high gap group and low  
gap group. The mortality rate was 5 (35.71%)  

patients in high gap group and 2 (12.05%) patients  
in low gap group.  

This came in accordance with Van Beest's study,  

the hospital mortality rate for all patients was  

24.5% (13/53). The in-hospital mortality rate was  
21% for low gap group and 29% for the high gap  
group [19] .  

In Vallée F's study, mortality rate at day 28 for  

all patients was 44% (22/50) and there was no  

significant difference between both groups: 34%  

(9/26) for low gap group and 54% (13/24) for high  

gap group and that agree with our results [18] .  

On the other hand, In Mallat's study, the overall  

28-day mortality was 55% (44/80), with 75% mor-
tality within 28-days for high pCO 2  gap versus  
42% for the normal group which is against our  
study [13] .  

In addition, in Ospina-Tascón's study, the final  
sample was 85 patients, the 28-day mortality was  

37.6%, and they calculated the mortality risk ratios  
at day 28 in patients with ScvO 2  >_70% and per-
sistent high pCo2  gap and was considered signifi-
cant [20] .  

PCO2  gap and Hemodynamics:  
According to MAP, in our result the relationship  

between MAP and PCO 2  gap was not significant  
between both groups at T0, T6, T12 and T18 and  

there were significant improvement observed in  
normal gap group from T24.  

In Vallée's study, performed prospective obser-
vational case series study on septic shock patients  

with ScvO2  >70% after early resuscitation in the  

emergency unit evaluating pCO 2 , MAP, HR and  
lactate every 6 hours over 12 hours (T0, T6 and  

T12), MAP was insignificantly different in both  
groups at T0, T6 and T12 and that is consistent  
with first 12 hours in our study [18] .  

In Ospina-Tascón's study, performed on septic  
shock patients and collect measurements of pCO 2  
gap, lactate and hemodynamics at T0 and 6 hours  
(T6), 12 hours (T12) and 24 hours (T24) later.  
According to pCO 2  gap developed during the first  
6 hours of resuscitation patients were classified  
into 4 groups: Persistently high PCO 2  gap (high  
at T0 and T6); increasing pCO 2  gap (normal at T0  
and high at T6); decreasing pCO 2  gap (high at T0  
and normal at T6); persistently normal (normal at  

T0 and T6). Patients with decreasing pCO 2  gap  
had significantly improvement in MAP than pa-
tients with persistent high pCO 2  gap at T6 [20] .  

AS regard to HR, our study show no significant  
difference in both groups at T0, T6, T12, T18 and  
there was significantly higher HR in high gap  
group than low gap group from T24 to T120. This  
is explained by the compensatory sympathetic  

stimulation which increases heart rate in hypoxic  
hypoperfused patients to maintain cardiac output  
and organ perfusion.  

In Mallat's study, HR was insignificantly dif-
ferent in both groups at T0 and at T6 which support  
our results in first 6 hours of study [13] .  

In Ospina-Tascón's study, HR was insignificant-
ly different in both high and normal gap groups at  

T0 and T6 which agrees with our results in first 6  

hours [20] .  

Concerning Lactate, in our study, Lactate was  

insignificantly different in both high and low gap  
groups at T0 and displayed significant decrease in  

normal gap group than high gap group from T6 to  

T120. These results suggest that the presence of a  
high P (CV-a) CO 2  value could be a useful tool to  
identify patients who still remain inadequately  
resuscitated despite a ScvO 2  larger than 70% have  
already been reached.  

This came in accordance withVallée F's study,  
there was no correlation between pCO 2  gap and  
lactate concentration at T0. From T0 to T12 the  

clearance of lactate concentration was significantly  

larger in low gap group than high gap group [18] .  

In addition, in Mallat's study, as our study no  

significant difference in lactate in both high and  

low gap groups at T0, from T0 to T6, lactate de-
crease was significantly greater in patients reached  

normal pCO 2  gap at T6 [13] .  

As regard to CVP, in our study, CVP was insig-
nificantly different at all-time points from T0 to  
T120.  
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Similarly, In Du's study, revealed that CVP was  

insignificantly different in both high and low gap  
groups on admission at T0 and after 6hr of resus-
citation at T6 [21] .  

By contrast, In Ospina-Tascón G's study, CVP  

showedno significant differnce in both high and  

low gap groups at T0, but after resuscitation (T6)  

there was a significant increase in CVP in patients  

with persistent high gap more than in patients with  
decreasing gap.  

In our study, p (CV-a) CO2  showed a significant  
difference in both high and low gap groups at each  
point from T0 to T120.  

In Vallée F's study, low gap group patients had  

a significantly lower pCO 2  gap than patients in  
high gap group at T0, T6 and T12 [18] .  

In Mallat's study, p (CV-a) CO 2  was significant-
ly higher in the group of patients with high versus  

normal pCO 2  gap [13] .  

In terms of Scvo 2 , in our study, there was no  
significant difference in Scvo 2  and pCo2  gap be-
tween both high and low gap groups at all-time  

points.  

In agreement with this, in Vallée F's study, all  

patients had Scvo2  larger than 70% with no statis-
tical difference between groups at T0, T6 and T12.  

In Van Beest's study, there was a significant  

relationship in Scvo 2  and pCo2  gap between both  
high and low gap groups on admission at T0 but  
after resuscitation there was no significant differ-
ence at T6, T 12, T 18, T24 [22] .  

ScvO 2  have been well accepted as target to  
guide resuscitation in sepsis. However, sometimes  

it is not sufficient to reflect tissue perfusion as  

when capillary shunting occurred, ScvO 2  could be  
elevated and mask tissue hypo perfusion. Recently,  

P (v-a) CO2  has gained attention as a complemen-
tary tool to reflect global perfusion in the resusci-
tation of septic shock patients when ScvO 2  is more  
than 70%, however We are aware that complemen-
tary studies are warranted in order to confirm our  

results.  

Conclusion:  
Targeting ScvO2  more than 70% alone may not  

be sufficient to monitor perfusion in septic shock  

patients, our results suggest that the persistence of  

high Pv-aCO 2  during the early resuscitation of  

patients in septic shock is associated with signifi- 

cant higher multi organ dysfunction, higher lactate  
concentrations, lower MAP and poor outcomes,  

so the combination of PCO 2  gap and ScvO 2  may  
provide additional information about hemodynam-
ics and the ability to clear lactate, Further research  

is required to determine the best use of this param-
eter as a treatment end-point; The predictive value  

for outcome of the central venous pCO 2  difference  
is questionable but persistence of an increased  

central venous pCO 2  difference after 24h of therapy  

seems to enhance the likelihood of bad outcome  

so the importance of PCO 2  gap for outcomes might  
warrant its inclusion as a target in goal-directed  

treatment protocols.  
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