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Background: To determine whether Pcv-aCO2/Ca-cvO2 combined with Pcv-aCO2 could predict the outcomes in patients compli-
cated with abdominal infection and sepsis after abdominal tumor operation.
Methods: Total 92 patients admitted to our hospital from January 2017 to December 2020 who underwent abdominal tumor operation 
were enrolled. Blood gas analysis of artery and central vein, various laboratory indexes, SOFA score, hemodynamic parameters at 
different time points and treatment outcome were recorded.
Results: ROC curve analysis showed that hemodynamic parameter alone could not predict ICU treatment outcome and mortality of 
patients, but 72-hour SOFA score could predict treatment outcome of patients (AUC = 0.930, 95% CI: 0.803–1.000, p = 0.019). The 
significant hemodynamic parameter for evaluating treatment outcome and prognosis of patients was Pcv-aCO2 + Ratio of T3. Kaplan– 
Meier univariate survival curve and Log-rank suggested that patients who had higher combined predictive parameter of T3 Ratio + T3 
Pcv-aCO2 still had ischemia and hypoxia of tissues and organs after standard fluid resuscitation, and treatment outcome was not good. 
In subgroup analysis, patients with higher Ratio had higher lactate, higher T72 SOFA score, and poor treatment outcome.
Conclusion: The combination of Ratio and Pcv-aCO2 could evaluate clinical treatment outcome of patients complicated with 
abdominal infection and sepsis after abdominal tumor operation.
Keywords: ratio, Pcv-aCO2, Ca-cvO2, sepsis, hemodynamic, abdominal tumor

Introduction
Abdominal tumors include gastric cancer, cardia cancer, colorectal cancer, hepatobiliary and pancreatic tumors, and 
retroperitoneal tumors. In China, the incidence of gastric cancer is high, accounting for about 50% morbidity and 
mortality of cases worldwide.1 Another example is pancreatic bile duct tumor, which has severe operation trauma, long 
operation time and poor prognosis. Surgical resection is still the first choice for abdominal tumors in China. However, 
most abdominal tumors invade the digestive tract, so patients are often accompanied with gastrointestinal dysfunction, 
insufficient intake, poor nutritional status, low immune function. Recently, gut microbiota has become an important 
factor in clinical oncology.2,3 Gastrointestinal tract invasion, destruction of gastrointestinal immune barrier, disorder of 
gut microbiota and trauma of operation itself may lead to abdominal infection and sepsis with abnormal hemodynamics 
after operation. The basic task of intensive care unit (ICU) is to ensure stable hemodynamic of patients, improve oxygen 
delivery of tissues and organs, and further improve oxygen metabolism of tissues and even cells.4

At present, in the early stage of fluid resuscitation, central venous oxygen saturation (ScvO2), lactate clearance rate 
(LCR), Pcv-aCO2 and other hemodynamic parameters have been widely used in clinical treatment. However, all the 
parameters have limitations, because after normalization of macro hemodynamic parameters and antibiotics treatment, 
microcirculation damage still affects capillary permeability and leukocyte endothelial interaction, and is considered to be 
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an important factor of organ damage.5,6 Significantly higher ScvO2 than normal range can increase the mortality of 
patients with septic shock.7 Pcv-aCO2 might be used as an independent parameter to evaluate the effect of fluid 
resuscitation, and Pcv-aCO2 combined with ScvO2 can better evaluate tissue perfusion during fluid resuscitation than 
ScvO2 alone.8 However, for patients with severe sepsis and septic shock, Pcv-CO2 can be in a normal range, but they 
have microcirculation disturbance, tissue ischemia and hypoperfusion.

Recently, we introduced Pcv-aCO2/Ca-cvO2 (Ratio) as a new parameter better than Pcv-aCO2 to detect sepsis with 
abnormal hemodynamics in patients with abdominal tumor after operation.9,10 In this study, we aimed to determine 
whether Pcv-aCO2/Ca-cvO2 combined with Pcv-aCO2 could predict the outcomes in patients complicated with 
abdominal infection and sepsis after abdominal tumor operation.

Materials and Methods
Patients
This was a retrospective study on patients admitted to Tianjin Medical University Cancer Institute and Hospital from 
January 2017 to December 2020 who underwent abdominal tumor operation. There were 92 hospitalized patients with 
sepsis and hemodynamic abnormalities after operation, including 61 males and 31 females, with an average age of 63.19 
± 10.81 years for males and 66.90 ± 11.48 years for females (t = −1.536, P = 0.128). This study was approved by the 
Ethics Committee of Tianjin Medical University Cancer Institute and Hospital (Approval No. bc2016032, date 
2016 March).

Inclusion criteria were: Sequential Organ Failure Assessment (SOFA) score >2; complicated with hemodynamic 
abnormalities after operation: systolic blood pressure <90 mmHg, or lower than baseline blood pressure >40 mmHg, 
pulse pressure <20 mmHg, urine volume <0.5 mL/kg / Hr, heart rate >100 times/min, Central Venous Pressure (CVP) <5 
mmHg, blood lactic acid >2.7 mmol/L, ScvO2 <60%; diagnosis of abdominal infection accompanied with abdominal 
symptoms (abdominal distension, abdominal pain, bowel sounds weakened or disappeared, tenderness, rebound pain), 
accompanied by increased white blood cell/procalcitonin or pathogenic microorganisms in abdominal drainage fluid 
culture. Exclusion criteria were: Age <18 years old; patients with unimproved respiratory disease or chronic obstructive 
pulmonary disease with Forced expiratory volume in one second (FEV1) <0.50; patients after lobectomy and pneumo-
nectomy; death/abandon treatment within 24 hours after transfer to ICU.

Measures and End Points
Vital signs and hemodynamic parameters, arterial and central venous blood gas analysis parameters at different time points, 
urine volume per hour, CVP, hemoglobin, serum creatinine, total bilirubin, platelet count, blood lactic acid and Glasgow Coma 
Score (GCS) were detected. All patients were treated according to 2016 international guidelines for Surviving Sepsis 
Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016.11 Intravenous fluid, vasoactive 
drugs, inotropic drugs and red blood cells were used for bundle treatment. The standard of 6-hour Early Goal Directed Therapy 
(EGDT) was taken as the end point: MAP ≥ 65 mmhg, CVP 8–12 mmhg, urine volume ≥0.5 mL/kg/hr, ScvO2 ≥70%.

The following hemodynamic parameters were recorded at different time points: before fluid resuscitation as T0, after 
3 hours of fluid resuscitation beginning as T3, after 6 hours of fluid resuscitation beginning as T6. Meanwhile, the SOFA 
score before and after 72 hours of treatment was recorded as T0SOFA and T72 SOFA.

Pcv-aCO2, CaO2, CcvO2, Pcv-aCO2 / Ca-cvO2 (Ratio) and 6-hour lactate clearance rate (LCR) were calculated at 
respective time point; SOFA score was evaluated before treatment and 72 hours after treatment; ICU admission length 
(days) and ICU treatment outcome (survival, death or automatic abandon treatment) were recorded.

The calculation formula was as follows:
·CaO2=(1.34×SaO2×Hb)+(0.003×PaO2)
·CcvO2=(1.34×ScvO2×Hb)+(0.003×PcvO2)
·Ca-cvO2=CaO2-CcvO2
·Pcv-aCO2=PcvCO2-PaCO2
·Ratio=Pcv-aCO2/Ca-cvO2
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Statistical Analysis
SPSS20.0 statistical software was used for data analysis. The measurement data were expressed as mean ± standard 
deviation (x ± sd). The t-test was used to compare data with normal distribution; the measurement data of non normal 
distribution were expressed as median (upper and lower quartiles), and the Mann–Whitney U-test or Wilcoxon rank test 
was used for comparison; the count data were expressed as percentage or rate, and compared by chi-square test or 
Fisher’s exact test. ROC curve was used to evaluate predictive value of various hemodynamic parameters for treatment 
outcome. Kaplan–Meier method was used to draw survival curve, Log Rank test was used to compare survival curve 
between groups, and Cox Regression analysis was used to test predictive value of each parameter for survival. P < 0.05 
indicated statistical significance.

Results
Primary Tumors and Etiological results of Enrolled Patients
The primary tumor sites of all patients enrolled in this study are summarized in Table 1. The etiological results of the 
abdominal drainage fluid were as follows: 5 cases of Morganella morganii ssp morganii (3 cases improved; 2 cases died/ 
abandon treatment, same as followed); 1 case of pharyngeal streptococcus (1/0); 6 cases of Enterobacter Cloacae (6/0); 2 
cases of Streptococcus mitis (2/0); 2 cases of Staphylococcus haemolyticus (2/0); 2 cases of Acinetobacter Baumannii (2/ 
0); 1 case of Stenotrophomonas maltophilia (0/1); 1 case of Stephanoascus ciferrii (1/0); 4 cases of Enterococcus faecium 
(Group D) (4/0); 4 cases of Candida albicans (3/1); 11 cases of Klebsiella pneumoniae ssp pneumoniae (10/1); 1 case of 
Candida glabrata (1/0); 1 case of Shewanella alga (1/0); 1 case of Staphylococcus epidermidis (0/1); 1 case of Serratia 
marcescens (1/0); 1 case of Streptococcus oralis (1/0); 1 case of Aeromonas sobria (1/0); 1 case of Cryptococcus laurentii 
(1/0) and 1 case of Staphylococcus hominis (1/0). In addition, the clinical diagnosis of abdominal infection was 
established comprehensively, but no pathogenic evidence was found in 22 cases (20/2). It should be pointed out that 
some patients were infected with mixed bacteria; and some patients were clinically diagnosed with abdominal infection, 
and were given antibiotics as preemptive therapy, their clinical manifestations were significantly improved, and the 
infection parameters of laboratory examination tended to be normal.

Comparison of Hemodynamic Parameters Before and After Treatment
We performed routine fluid resuscitation treatment for all patients enrolled, and recorded various related hemodynamic 
parameters MAP, CVP, ScvO2, lactic acid, 6-hour LCR (Table 2). MAP, CVP and ScvO2 after fluid resuscitation 
treatment at T6 of all patients reached standard of EGDT basically, and even LCR, Pcv-aCO2 and other hemodynamic 
parameters reached standard (LCR > 15%, Pcv-aCO2 ≤6 mmHg). The Wilcoxon rank test showed that the comparison of 
lactate (T0 vs T6) in different time periods was Z = - 4.001, P < 0.001. However, 12 of 92 patients died or abandoned 
treatment, and the treatment failure rate was 13.04% (12/92).

Table 1 Comparison of Primary Tumor of Enrolled Patients

Improvement Death / Abandon Treatment Total χ2/t Value p value

Gender 0.001 0.977
Male 53 8 61

Female 27 4 31
Primary tumor 11.223 0.047

Upper gastrointestinal cancer 21 1 22

Liver and gallbladder cancer 9 5 14
Pancreaticoduodenum/bile duct/ periampullary cancer 20 6 26

Urinary and retroperitoneal cancer 6 0 6

Colorectal cancer 21 1 22
Others 2 0 2
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The Significance of Different Hemodynamic Parameters on the Prognosis of Patients
According to hemodynamic parameters of T0, T3 and T6, including lactate, ScvO2, Pcv-aCO2, Ratio, 6-hour LCR, and 
SOFA score before treatment (T0SOFA) and 72 hours after treatment (T72SOFA), we predicted treatment outcome of 
enrolled patients (Table 3). We found that T72SOFA score could better predict the treatment outcome of patients (AUC = 
0.930, 95% CI: 0.803~1.000, P = 0.019).

T0, T3, T6 Lactate, ScvO2, Pcv-aCO2, Ratio and T0, T72SOFA were substituted into multivariate Cox regression 
model analysis (Table 4). During 6-hour period of fluid resuscitation, no single parameter was an independent factor of 
treatment outcome and mortality of patients. Only 72 hours of SOFA score could be used as an independent factor of 
treatment outcome for patients with sepsis and abnormal hemodynamics after abdominal tumor operation. However, the 
SOFA score after 72 hours of treatment might lag behind for severe patients. After early fluid resuscitation for 6 hours, 
although MAP, CVP, ScvO2 and even LCR reached the EGDT standard, and Pcv-aCO2 and other hemodynamic 
parameters reached standard (LCR >15%, Pcv-aCO2 ≤6 mmhg), there were still treatment failure cases. Therefore, we 
need to use more hemodynamic parameters or even combine multiple parameters to predict therapy effect.

We integrated Pcv-aCO2 and Ratio at T0, T3 and T6 time points utilizing a binary Logistic regression model, and 
combined with T72sofa for ROC analysis (Figure 1 and Table 5). The results showed that the most significant 
hemodynamic parameter to evaluate treatment effect and prognosis of patients was Pcv-aCO2 + Ratio of T3 point. 
Therefore, we selected T3 Pcv-aCO2 + T3Ratio as hemodynamic parameter to predict therapeutic effect of fluid 
resuscitation in patients with abdominal infection complicated with sepsis. The ROC curve of combined predictive 
probability at T3 time point showed that the cutoff point was 0.15188789, and T3 combined predictive probability was 
segmented into two group (<=cutoff point vs > cutoff point).

Table 2 Comparison of Hemodynamic Parameters of Patients Before and After Treatment

MAP CVP ScvO2 (%) Lactic Acid Pcv-aCO2 Ratio

T0 84.65±14.73 8.77±5.61 63.84±9.19 2.15 (1.43, 3.40) 5.70±2.65 1.40±0.59
T3 86.80±11.02 9.57±4.90 67.71±7.35 3.16±2.67 4.12±2.84 1.12±0.84

T6 88.73±12.67 8.57±4.43 69.64±7.76 1.70 (1.20, 2.60) 3.86±1.93 1.13±0.55

Table 3 Prediction on Treatment Outcome of Enrolled Patients by T0, T3 and T6 Parameters and 
SOFA Score

Parameters AUC p value 95% CI

Lower Limit Upper Limit

T0ScvO2 0.412 0.632 0.036 0.788

T0 lactic acid 0.772 0.138 0.584 0.960

T0Ratio 0.526 0.886 0.214 0.838
T0PcvaCO2 0.526 0.886 0.186 0.867

T3ScvO2 0.439 0.738 0.110 0.767

T3 lactic acid 0.825 0.077 0.644 1.000
T3Ratio 0.754 0.165 0.561 0.948

T3PcvaCO2 0.667 0.363 0.457 0.877

T6ScvO2 0.289 0.251 0.000 0.636
T6 lactic acid 0.886 0.035 0.710 1.000

T6Ratio 0.632 0.473 0.376 0.887

T6PcvaCO2 0.579 0.667 0.353 0.805
6hr LCR 0.298 0.271 0.000 0.707

T0SOFA 0.649 0.416 0.407 0.891

T72SOFA 0.930 0.019 0.803 1.000

Abbreviation: LCR, Lactate clearance rate.
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Influence of Hemodynamic Parameters on Treatment Outcome of Enrolled Patients
We recorded the length in ICU admission and therapy outcome of all enrolled patients after fluid resuscitation and 
performed univariate Kaplan–Meier survival analysis (Figure 2).

Table 4 Survival Prediction of Patients with Different Indicators by Multivariate Cox 
Regression Model Analysis

HR Value B Value 95% CI p value

T0

ScvO2 1.007 0.007 0.976~1.039 0.668

Pcv-aCO2 0.979 −0.022 0.846~1.132 0.771
Ratio 0.863 −0.148 0.483~1.542 0.618

Lactic acid 0.985 −0.015 0.876~1.108 0.804

T3
ScvO2 1.020 0.019 0.949~1.096 0.597

Pcv-aCO2 1.015 0.015 0.679~1.518 0.941
Ratio 1.022 0.021 0.241~4.327 0.977

Lactic acid 0.942 −0.060 0.779~1.138 0.534

T6
ScvO2 1.026 0.026 0.985~1.068 0.217

Pcv-aCO2 1.013 0.013 0.804~1.276 0.913

Ratio 0.959 −0.042 0.445~2.066 0.915
Lactic acid 0.866 −0.144 0.702~1.069 0.180

6hr LCR 1.001 0.001 0.994~1.008 0.765

T0SOFA score 1.045 0.044 0.954~1.145 0.345
T72SOFA score 0.851 −0.161 0.760~0.953 0.005

Abbreviations: HR, Hazard Ratio; CI, Confidence Interval.

Figure 1 ROC analysis of Pcv-aCO2 and Ratio at T0, T3 and T6 time points based on binary Logistic regression model. AUC of T3 combined prediction probability 
parameter was the highest (AUC = 0.798, P = 0.005) except for T72 SOFA.
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Kaplan–Meier univariate survival curve was drawn for related hemodynamic parameters, and Log-rank was used to 
test treatment outcomes between two groups. Patients with a higher predictive probability of T3Ratio + T3Pcv-aCO2 had 
ischemia and hypoxia after standard fluid resuscitation, and treatment outcome was poor. The best cutoff point of 
T3Ratio = 1.12 (Sensitivity: 0.700, Specificity: 0.696), and we then used Pcv-aCO2 = 6 mmhg combined with Ratio = 
1.12 to refine sub-grouping.

Retrospective Analysis Based on T6Ratio and T6Pcv-aCO2
We further evaluated the role of Ratio and Pcv-aCO2 in the survival of patients with acute hemodynamic abnormalities 
and fluid resuscitation after abdominal tumor operation complicated with abdominal infection and sepsis. We divided 
patients into four subgroups: Group1 (Ratio ≤ 1.12 + Pcv-aCO2 ≤ 6 mmhg), Group2 (Ratio > 1.12 + Pcv-aCO2 ≤ 6 
mmhg), Group3 (Ratio ≤ 1.12 + Pcv-aCO2 > 6 mmhg), Group4 (Ratio > 1.12 + Pcv-aCO2 > 6 mmhg) (Table 6). We 
compared MAP, CVP, ScvO2 and lactic acid in four groups. The lactic acid of G2 was higher than that of G1 (t = - 2.193, 
p = 0.038). For 72 hour SOFA score and length in ICU admission, only G1 patients had lower 72 hour SOFA score than 

Table 5 ROC Analysis of Pcv-aCO2 and Ratio at T0, T3 and T6

Parameters AUC p value 95% CI

LOWER Limit Upper Limit

T0Pcv-aCO2+T0Ratio 0.694 0.066 0.554 0.834

T3Pcv-aCO2+T3Ratio 0.798 0.005 0.666 0.930
T6Pcv-aCO2+T6Ratio 0.692 0.070 0.531 0.853

T72SOFA 0.948 <0.001 0.885 1.000

Figure 2 Kaplan-Meier survival analysis of patients after fluid resuscitation treatment. Patients with higher than combined predictive probability of T3Ratio + T3Pcv-aCO2 
had ischemia and hypoxia of tissues and organs after standard fluid resuscitation, and treatment outcome was poor (chi-square value was 8.487, p = 0.014).
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G2 patients (p = 0.019). For treatment outcome, three groups had different treatment outcomes (chi-square value: 9.158, 
P = 0.010), only G1 patients had better treatment outcome than G2 patients (p = 0.008). Patients with higher Ratio had 
higher lactate, higher 72 hour SOFA score and poor treatment outcome. However, the outcome of G4 was similar to that 
of G1, but the success rate of G1 was higher than that of G4.

Discussion
Sepsis is a common complication after tumor operation with high mortality.12 Abdominal operation leads to large trauma 
and high risk of postoperative infection and gastrointestinal dysfunction, which can rapidly progress to sepsis with 
hemodynamic disorder, circulatory and respiratory failure and multiple organ dysfunctions with high mortality.13 Recent 
studies suggest fluid therapy for the complication after abdominal operation.14 This study focused on patients with sepsis 
and hemodynamic instability after abdominal tumor operation, and identified the parameters to predict the effect of early 
fluid resuscitation.

We found that Ratio combined with Pcv-aCO2 was a key factor to evaluate clinical efficacy of fluid resuscitation in 
patients with abnormal hemodynamics. Patients with Ratio ≤ 1.12 and Pcv-aCO2 ≤ 6 mmhg had better fluid resuscitation 
efficacy and better survival outcome.

Hemodynamic abnormalities combined with severe sepsis and septic shock are common causes of death in critically 
ill patients.15,16 At present, hemodynamic parameters of fluid resuscitation include EGDT, lactate and LCR, which are 
widely used to evaluate the efficacy of fluid resuscitation. However, each parameter has its limitation and is affected by 
other factors.17,18 In addition, Pcv-aCO2 was reported to show no relationship with poor prognosis of patients with 
sepsis.19 Mekontso-Dessap et al found that prediction ability of Pv-cCO2/Da-vO2 for hyperlactemia was significantly 
better than that of Pv-aCO2 and SvO2 in critically ill patients.9 Therefore, we introduced Pcv-aCO2/Ca-cvO2 (Ratio) 
combined with Pcv-aCO2 to evaluate therapeutic effect and prognosis of early fluid resuscitation in patients with sepsis 
and abnormal hemodynamics.

In this study, 92 patients with abdominal tumor complicated with abdominal infection, sepsis and hemodynamic 
disorders were included. We performed standard fluid resuscitation for all patients, and introduced T3 and T6 Ratio after 
resuscitation as one of hemodynamic parameters to evaluate the efficacy of fluid resuscitation. However, we integrated 
hemodynamic parameters of T0, T3 and T6, including lactate, ScvO2, Pcv-aCO2, Ratio, and 6-hour LCR, and T0 and 
T72 SOFA scores before treatment (T0) and 72 hours after treatment (T72) into ROC curve, and only T72 SOFA score 
could be used as a predictor parameter. Furthermore, by multivariate Cox regression model analysis only T72 SOFA 
score could be used as an independent factor of treatment outcome for patients receiving fluid resuscitation after 
abdominal tumor operation. Based on the concept of early diagnosis and early prediction, we need to identify the 

Table 6 Comparison of Treatment Efficacy and Survival of Patients with Different Hemodynamic Parameters

Pcv-aCO2≤6 mmHg Pcv-aCO2>6 mmHg

G1 G2 G3 G4
Ratio≤1.12 Ratio>1.12 Ratio≤1.12 Ratio>1.12

T3MAP (mmHg) 86.84±11.07 85.13±11.59 — 89.81±11.06
T3CVP (mmHg) 8.83±4.29 10.40±5.21 — 11.44±6.84

T3ScvO2 (%) 68.21±7.79 68.00±5.77 — 65.22±8.24

T3 Lactic acid (mmol/L) 2.50±2.09 5.17±4.03* — 3.48±1.77
6hr LCR (%) 15.56 (−18.95, 40.59) 35.35 (−4.51, 52.64) — 30.52 (11.90, 66.83)

T3Pcv-aCO2 (mmHg) 2.77±1.40 4.57±1.06 — 9.37±3.59

T3Ratio 0.71±0.28 1.41±0.22 — 2.55±1.39
T72 SOFA score 4.00 (2.00, 7.75) 7.00 (4.00, 14.00)* — 4.00 (2.50, 7.50)

Length of ICU admission (d) 5.00 (3.00, 7.00) 6.00 (3.00, 10.00) — 5.00 (3.50, 5.00)

Outcome (Improvement / death, abandon treatment,%) 92.7% / 7.3% 60% / 40%* — 88.9% / 11.1%

Note: *p < 0.05 for Group 1 vs 2.
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parameters to predict treatment success or failure in a period of 6-hours fluid resuscitation. Kaplan–Meier survival curve 
showed that T3 combined prediction probability could predict the efficacy of fluid resuscitation and prognosis.

Next, the patients were divided into four groups according to Pcv-aCO2 and Ratio, and hemodynamic parameters and 
prognosis at different time points were compared. We found that the outcome of patients with Ratio <= 1.12 and Pcv-aCO2 
<= 6 mmHg was better. Unfortunately, we found no differences in treatment outcome and SOFA score between patients 
whose Ratio + Pcv-aCO2 were not up to standard and up to standard, which might be related to small number of patients in 
subgroup. Therefore, we need to expand the sample size for the comparison. Consistent with our findings, Monnet et al 
reported that P (v-a) CO2 / C (a-v) O2 value and plasma lactic acid concentration had guiding significance in fluid 
resuscitation of shock patients, with advantages of quick response to hypoxia and few influencing factors.20

This study has several limitations. First, as we mentioned above the sample size of this study is relatively small. Second, this 
study is a retrospective study. Third, we did not identify the risk factors for developing sepsis in patients with abdominal tumor. 
Recent studies reported that in colorectal cancer patients, postoperative sepsis was significantly more common among patients 
over 65 years old, with ASA score >2, and with associated comorbidities such as diabetes and cardiovascular disease.21,22

In conclusion, we evaluated the role of Ratio and Pcv-aCO2 in the survival of patients with acute hemodynamic 
abnormalities and fluid resuscitation after abdominal tumor operation complicated with abdominal infection and sepsis. 
Our results suggest that in early stage of sepsis with abnormal hemodynamics, the combination of Ratio and Pcv-aCO2 
could better evaluate hemodynamic status and clinical treatment outcome of patients.
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