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Introduction
Lactate, a by‑product of anaerobic 
metabolism, is often considered a marker 
of tissue hypoxia.[1,2] Conventional clinical 
end points of resuscitation remained 
an insensitive marker of underlying 
physiological disturbance.[3,4] Serum lactate 
as a surrogate of hypoperfusion has been 
successfully used in predicting the need for 
resuscitation in trauma patients.[5] The serum 
lactate levels are a well‑validated predictor 
of mortality in trauma,[6‑10] sepsis,[11‑13] and 
congenital cardiac surgeries.[14‑16]

Base deficit  (BD) represents the additional 
base that must be added to a liter of blood 
to normalize the pH. Significant BD has 
been shown to be a predictor of morbidity 
and mortality in critically ill and trauma 
patients.[17‑21]
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Abstract
Background: Serum lactate and base deficit have been shown to be a predictor of morbidity and 
mortality in critically ill patients. Poor preoperative oxygenation appears to be one of the significant 
factors that affects early mortality in tetralogy of Fallot  (TOF). There is little published literature 
evaluating the utility of serum lactate, base excess  (BE), and oxygen partial pressure  (PO2) as 
simple, widely available, prognostic markers in patients undergoing surgical repair of TOF. 
Materials and Methods: This prospective, observational study was conducted in 150 TOF patients, 
undergoing elective intracardiac repair. PO2, BE, and lactate levels at three different time intervals 
were recorded. Arterial blood samples were collected after induction  (T1), after cardiopulmonary 
bypass  (T2), and 48 h  (T3) after surgery in the Intensive Care Unit  (ICU). To observe the changes 
in PO2, BE, and lactate levels over a period of time, repeated measures analysis was performed with 
Bonferroni method. The receiver operating characteristics (ROC) analysis was used to find area under 
curve  (AUC) and cutoff values of various biomarkers for predicting mortality in ICU. Results: The 
patients who could not survive showed significant elevated lactate levels at baseline  (T1) and 
postoperatively  (T2) as compared to patients who survived after surgery  (P  <  0.001). However, 
in nonsurvivors, the BE value decreased significantly in the postoperative period in comparison to 
survivors  (−2.8  ±  4.27  vs. 5.04  ±  2.06)  (P  <  0.001). In nonsurvivors, there was a significant fall 
of PO2 to a mean value of 59.86  ±  15.09 in ICU  (T3), whereas those who survived had a PO2 of 
125.86  ±  95.09  (P  <  0.001). The ROC curve analysis showed that lactate levels  (T3) have highest 
mortality predictive value (AUC: 96.9%) as compared to BE (AUC: 94.5%) and PO2 (AUC: 81.1%). 
Conclusion: Serum lactate and BE may be used as prognostic markers to predict mortality in 
patients undergoing TOF repair. The routine analysis of these simple, fast, widely available, and 
cost‑effective biomarkers should be encouraged to predict prognosis of TOF patients.
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Tetralogy of Fallot  (TOF), the most 
common form of cyanotic congenital 
heart disease, is characterized by a large 
ventricular septal defect, an overriding 
aorta, right ventricular  (RV) outflow 
obstruction, and RV hypertrophy.[22] Poor 
preoperative oxygenation appears to be 
one of the significant factors that affect 
early mortality in the surgical treatment of 
TOF.[23]

The resurgence in interest to identify 
simple, widely available, clinical 
biomarkers for predicting impending major 
adverse events after surgical repair of 
TOF has spurred from the need to further 
decrease the mortality in these patients. 
The serum lactate, base excess  (BE), and 
oxygen partial pressure  (PO2) that are 
easily available as blood gas analyzers 
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are widely used in perioperative setup. These biomarkers 
can be utilized together to assess the ratio of oxygen 
delivery  (DO2) and oxygen consumption and thereby can 
help in estimating the likelihood of major adverse events 
following repair of TOF.

There is little published literature evaluating the utility of 
serum lactate, BE, and PO2 as easily available cost‑effective, 
prognostic markers in patients undergoing surgical repair of 
TOF. This study was, therefore, designed to evaluate serum 
lactate, BE, and PO2 as prognostic biomarkers to predict 
mortality in TOF patients undergoing surgical repair.

Materials and Methods
After obtaining approval from the hospital Ethical 
Committee and written informed consent, this prospective, 
observational study was conducted in 150 TOF patients 
undergoing elective intracardiac repair on cardiopulmonary 
bypass  (CPB). Patients with preexisting congestive 
cardiac failure, coagulopathy, renal failure  (serum 
creatinine  >2 mg/dl, anuria, or oliguria requiring dialysis), 
hepatic dysfunction  (aspartate aminotransferase  >40 U/L, 
alanine aminotransferase  >40 U/L), immune or central 
nervous system dysfunction, local or systemic infection 
or inflammation  (fever, leukocytosis, tachycardia, or 
tachypnea) were not included in the study.

Anesthetic and surgical management was standardized 
in all patients. Anesthesia was induced with 
ketamine  (1–2  mg/kg), fentanyl  (2–3  µg/kg), and 
rocuronium‑bromide  (0.8–1  mg/kg). Anesthesia was 
maintained with sevoflurane  (0.5%–1%) in oxygen–air 
mixture with intermittent doses of fentanyl, midazolam, and 
vecuronium. Blood gas analysis and activated clotting time 
were performed intraoperatively, at half hourly intervals. At 
the end of the surgery, the sternum was closed, and patients 
were shifted to Intensive Care Unit  (ICU) for elective 
ventilation. The intravenous infusion of injection dopamine 
was started in all patients, and if required, dobutamine was 
added to maintain hemodynamics.

The lactate, BE, and PO2 levels were recorded through 
Roche cobas b‑221 blood gas analyzer at three time points:
•	 T1 ‑ After induction (baseline value)
•	 T2‑20 min after protamine administration
•	 T3‑48 h after surgery in the ICU.

Intraoperative CPB duration was noted. Once the patients 
were shifted to the ICU, the duration of postoperative 
ventilation, inotropic use, and stay in ICU was recorded.

Statistical analysis

The data were analyzed in SPSS software version 20 (IBM 
corporation, USA). The qualitative data were compared 
applying Chi‑square test. The quantitative data were 
analyzed using Student’s t‑test and Wilcoxon‑Rank sum, 
wherever applicable. To observe the change over a period 
of time in various biomarkers, repeated measures analysis 
was applied by Bonferroni method. The receiver operating 
characteristic  (ROC) analysis was used to find area under 
curve  (AUC) and cut‑off values of various biomarkers for 
predicting mortality.

Results
A total of 150  patients were included in the study. 
Of them, 11  patients expired  (nonsurvivors) and 
139  patients  (survivors) had a successful outcome. Their 
characteristics and perioperative parameters are shown in 
Table 1.

The patients who survived after surgical repair  (survivors) 
demonstrated significant changes with time in lactate 
trends as compared to nonsurvivors. In survivors, lactate 
levels were increased from a mean value of 1.62  ±  0.45 
at baseline  (T1) to 3.20  ±  0.63 after CPB  (T2) and then 
it decreased to 2.11  ±  0.63 in ICU  (T3). However, in 
nonsurvivors, lactate instead of being cleared away from 
circulation continued to show a significant increasing 
trend measuring 2.29  ±  0.92, 3.26  ±  0.7, and 4.01  ±  0.73 
at T1, T2, and T3, respectively. The patients who could 
not survive demonstrated significant elevated lactate levels 
at baseline  (T1) and postoperatively  (T2) as compared to 
patients who survived after surgery (P < 0.01).

The BE values were similar initially  (T1)  (5.86 ±  1.21  vs. 
5.79 ± 1.20) (P = 0.086) and also after CPB (T2) (5.03 ± 2.01 
and 4.90 ± 1.34) in survivors and nonsurvivors (P = 0.774). 
However, in nonsurvivors, the BE value decreased 
significantly in the postoperative period in comparison 
to survivors  (−2.8  ±  4.27  vs. 5.04  ±  2.06)  (P  <  0.001). 
The mean initial PO2 levels  (T1) were similar in 
survivors and nonsurvivors  (P  =  0.086). In survivors, 

Table 1: Baseline characteristics and perioperative parameters in survivors and nonsurvivors
Variable All patients (n=150) Survivors (n=139) Nonsurvivors (n=11) P
Age (years) 18.07±14.9 18.34±14.6 14.61±18.5 NS
Weight (kg) 33.78±21.8 34.29±21.3 27.36±27.5 NS
CPB duration (min) 93.03±50.9 93.34±52.8 89.1±6.6 NS
ICU duration (days) 2.83±1.4 2.85±1.3 2.6±1.6 NS
Hospital duration (days) 6.74±1.9 6.67±1.8 7.63±2.1 NS
Data presented as mean±SD. NS: Nonsignificant (P>0.05, survivors vs. nonsurvivors, Wilcoxon rank‑sum test), SD: Standard deviation, 
ICU: Intensive Care Unit, CPB: Cardiopulmonary bypass
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there was a significant increase in PO2 after CPB  (T2) 
in comparison to nonsurvivors  (121.31  ±  69.95  vs. 
79.40  ±  16.26)  (P  <  0.001). In patients who could not 
survive, there was a further significant fall of PO2 to a 
mean value of 59.86  ±  15.09 in ICU  (T3), whereas those 
who survived had a PO2 of 125.86 ± 95.09  (P < 0.001) as 
shown in Table 2.

The ROC curve analysis  [Figure  1] showed that 
lactate  (T3) has the highest mortality predictive value with 
an AUC of 96.9%  (sensitivity: 90.9%, specificity: 89.9%, 
cutoff value  ≥3.0 mmol/l), while PO2  (T3) has the lowest 
mortality predictive value out of these three biomarkers 
with an AUC of 81.1%  (sensitivity: 72.7%, specificity: 
72.7%, cutoff value  ≤66.1). The mortality predictive value 
of BE  (T3) was slightly lesser than lactate with an AUC 
of 94.5%  (sensitivity: 89.9%, specificity: 90.9%, cutoff 
value ≤3.25) [Table 3].

Discussion
The quest for accurate identification of patients who have the 
potential to further deteriorate after cardiac surgery like TOF 
repair is still inadequate. Traditional end points of resuscitation 
such as heart rate, blood pressure, urine output, temperature 
gradient, and peripheral perfusion remained insensitive 
indicators of underlying physiological disturbance.[2‑4]

The serum lactate is a well‑validated marker of 
hypoperfusion, resuscitation, and mortality.[5‑16] BD has also 
been utilized as a prognostic marker in various studies.[17‑21] 
Recently, poor preoperative oxygenation has been found to 
be one of the significant factors to affect mortality in TOF 
patients.[22,23]

The easy availability of rapid blood gas and serum 
analyzers makes serum lactate, BE, and PO2 measurements 
simple and cost‑effective. However, there is little data 

evaluating these three biomarkers together in predicting the 
outcome of TOF patients undergoing surgical repair. This 
study is a prospective observation of arterial blood lactate, 
BE, and PO2 as prognostic markers in patients undergoing 
TOF repair.

Elevated blood lactate level associated with metabolic 
acidosis is common among critically ill patients with 
systemic hypoperfusion and tissue hypoxia.[1,2] Several 
studies have suggested that blood lactate concentration 
has prognostic value in patients with trauma,[5‑10] septic 
shock,[11,12] acute respiratory distress syndrome,[13] and 
cardiac surgeries.[14‑16]

It has also been speculated that blood lactate concentration 
monitoring during CPB might be a sensitive tool to detect 
an imbalance between oxygen supply and demand.[24,25] The 
associated decreased organ perfusion and impaired DO2 
result in regional hypoxia and anaerobic metabolism. The 
end product of anaerobic metabolism is pyruvate, which 
is converted into lactic acid. In 1993, Abramson et  al. 
demonstrated that the ability to clear lactate within 24 h to 
normal levels was the most accurate predictor of mortality 
in critically ill patients. They found a step‑wise increase 
in the mortality rate as the time to lactate clearance 
increased.[26] In our study, the lactate levels increased from 

Table 2: Trends of lactate (mmol/l), base excess, and 
oxygen partial pressure (mmHg) in survivors and 

nonsurvivors
Variable Mean±SD P

Survivor 
(n=139)

Nonsurvivor 
(n=11)

Lactate
T1 1.62±0.45 2.29±0.92 <0.001
T2 3.20±0.63 3.26±0.7 0.753
T3 2.11±0.63 4.01±0.73 <0.001

Base excess
T1 5.86±1.21 5.79±1.20 0.854
T2 5.03±2.01 4.90±1.34 0.774
T3 5.04±2.06 −2.8±4.27 <0.001

PO2

T1 83.68±24.56 70.69±14.81 0.086
T2 121.31±69.95 79.40±16.26 <0.001
T3 125.86±95.09 59.86±15.45 <0.001

SD: Standard deviation, PO2: Oxygen partial pressure

Figure 1: (a) Receiver operating characteristic curve for lactate (T3), (b) receiver 
operating characteristic curve for base excess (T3) (c) Receiver operating 
characteristic curve for oxygen partial pressure. (a‑c) Receiver operating 
characteristic curves at T3  time point for lactate, base excess, and 
oxygen partial pressure. The lactate levels (T3) showed highest mortality 
predictive value with an area under curve of 96.9%  (sensitivity: 90.9%, 
specificity: 89.9%, and cutoff value ≥3.0 mmol/l). The mortality predictive 
value of base excess (T3) was close to lactate with an area under curve of 
94.5% (sensitivity: 89.9%, specificity: 90.9%, and cutoff value ≤3.25), while 
oxygen partial pressure (T3) showed lowest mortality predictive value out 
of the three biomarkers with an area under curve of 81.1%  (sensitivity: 
72.7%, specificity: 72.7%, and cutoff value ≤ 66.1 mmHg)

c

ba
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its baseline value (T1) to that after CPB (T2). However, the 
serum lactate started getting cleared from the circulation 
as shown by decreasing levels at T3 in survivors as 
compared to nonsurvivors. Although the rise in lactate 
levels can occur due to hepatic dysfunction, baseline and 
postoperative liver function tests were within normal 
limit. We observed that the baseline lactate levels  (T1) 
as well as postoperative lactate levels were significantly 
higher  (P  <  0.001) in nonsurvivors as compared to the 
patients who survived after TOF repair. Hence, even a 
point analysis of baseline (AUC: 71.2%) and postoperative 
lactate levels (AUC 96.9%) was able to predict mortality in 
TOF patients.

The BE is defined as the amount of hydrogen ions that 
would be required to return the pH of the blood to 
7.35 if the PCO2 was adjusted to normal. The BE is thought 
to represent the presence of unmeasured anions and is 
usually taken as a surrogate marker of lactic acidosis.[27]

Martin et  al. observed discordance between the serum 
lactate and BD levels. They found that increased lactate 
levels predict mortality and a prolonged course regardless 
of the associated BD level, whereas an increased BD level 
has no predictive value if the lactate level is normal.[28] In 
our study, we observed that postoperative BE level was 
significantly less  (P  <  0.001) in nonsurvivors as compared 
to survivors. The postoperative BE levels  (AUC: 94.5%) 
were found to be almost a good prognostic marker as 
serum lactate (AUC: 96.9%).

When considering the adequacy of DO2 to the tissues, 
factors such as hemoglobin, cardiac output, and 
oxygenation need to be considered. If DO2 falls below 
oxygen consumption, the tissue extracts more oxygen from 
the blood. The decreased DO2 cannot be compensated 
after a certain point, resulting in anaerobic metabolism 
and lactic acidosis.[29,30] In our study, we observed that the 
initial low PO2 levels got raised after oxygenation during 
CPB and continued to be elevated in postoperative period 
in survivors. However, in nonsurvivors, the PO2 rise was 
not sustained and declined in postoperative period. The 
PO2 levels were significantly higher after CPB  (T2) and 
in the postoperative period  (T3) in survivors as compared 
to nonsurvivors  (P  <  0.001). The postoperative PO2 
levels  (T3) were found to be a good prognostic marker 
with an ROC curve showing AUC of 81.1%. However, 
postoperative lactate (AUC: 96.9%) and BE (AUC: 94.5%) 

levels were found to be a better predictor of mortality than 
PO2 (AUC: 81.1%).

Our study has some limitations. The limitation of lactate 
as a prognostic marker is reflected by the fact that 
hyperlactemia early after CPB may represent intraoperative 
factors, early postoperative tissue oxygen debt, impaired 
lactate clearance, or a combination of these conditions. 
The BE level may be less accurate or misleading in 
patients with acute alcohol intoxication, significant renal 
dysfunction, after large‑volume crystalloid resuscitation, or 
in the presence of hypoalbuminemia. The PO2 levels may 
not always reflect tissue DO2 and utilization. There may be 
various clinical factors affecting arterial PO2.

Another limitation is that we have not done serial 
measurements of these markers for every 4–6 hours.

Although we have observed that baseline and postoperative 
lactate levels are a good prognostic marker, serial lactate 
levels and lactate clearance from the body could be a better 
predictor of mortality in TOF patients.

The serum lactate, lactate clearance and base excess have 
emerged as important biomarker with significant prognostic 
value in various clinical settings. The routine use of these 
simple, easy accessible biomarkers should be encouraged 
before any other advanced biomarker. The deranged levels 
of these biomarkers may indicate significant morbidity, 
mortality and requirement of prompt systematic approach 
to treatment.[31-34]

Conclusion
Serum lactate and BE may be used as prognostic markers 
to predict mortality in patients undergoing TOF repair. The 
routine analysis of these simple, fast, widely available, and 
cost‑effective biomarkers should be encouraged to predict 
prognosis of TOF patients.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

References
1.	 Mizock BA, Falk JL. Lactic acidosis in critical illness. Crit Care 

Med 1992;20:80‑93.

Table 3: Prognostic value of lactate, base excess, and oxygen partial pressure at T3 time point
Cutoff 
value

AUC (%) Sensitivity (%) Specificity (%) PPV NPV OR (95% CI) Correctly 
classified

Lactate ≥3.0 96.9 90.9 89.9 41.7 99.2 89.2 (10.6‑750.2) 87.3
Base excess ≤3.25 94.5 89.9 90.9 41.7 99.2 25.2 (5.1‑125.3) 84.6
PO2 ≤66.1 81.1 72.7 72.7 17.4 97.1 7.08 (1.78‑28.1) 72.6
AUC: Area under curve, PPV: Positive predictive value, NPV: Negative predictive value, OR: Odds ratio, PO2: Oxygen partial pressure, 
CI: Confidence interval



Bhardwaj, et al.: ABG biomarkers as a predictor of mortality in TOF patients

71Annals of Cardiac Anaesthesia  |  Vol 20  |  Issue 1  |  Jan‑Mar‑2017

2.	 Phypers  B. Lactate physiology in health and disease. Contin 
Educ Anaesth Crit Care Pain 2006;6:128‑32.

3.	 Parker MM, Shelhamer JH, Natanson C, Alling DW, Parrillo JE. 
Serial cardiovascular variables in survivors and nonsurvivors of 
human septic shock: Heart rate as an early predictor of prognosis. 
Crit Care Med 1987;15:923‑9.

4.	 Davis  JW. The relationship of base deficit to lactate in porcine 
hemorrhagic shock and resuscitation. J Trauma 1994;36:168‑72.

5.	 Guyette  FX, Meier  EN, Newgard  C, McKnight  B, Daya  M, 
Bulger  EM, et  al. A  comparison of prehospital lactate and 
systolic blood pressure for predicting the need for resuscitative 
care in trauma transported by ground. J Trauma Acute Care Surg 
2015;78:600‑6.

6.	 Vandromme MJ, Griffin RL, Weinberg  JA, Rue  LW, Kerby  JD. 
Lactate is a better predictor than systolic blood pressure 
for determining blood requirement and mortality: Could 
prehospital measures improve trauma triage? J Am Coll Surg 
2010;210:861‑9.

7.	 Guyette  F, Suffoletto  B, Castillo  JL, Quintero  J, Callaway  C, 
Puyana JC. Prehospital serum lactate as a predictor of outcomes 
in trauma patients: A retrospective observational study. J Trauma 
2011;70:782‑6.

8.	 Régnier MA, Raux  M, Le Manach  Y, Asencio  Y, Gaillard  J, 
Devilliers  C, et  al. Prognostic significance of blood lactate 
and lactate clearance in trauma patients. Anesthesiology 
2012;117:1276‑88.

9.	 Odom  SR, Howell  MD, Silva  GS, Nielsen  VM, Gupta  A, 
Shapiro NI, et al. Lactate clearance as a predictor of mortality in 
trauma patients. J Trauma Acute Care Surg 2013;74:999‑1004.

10.	 Salottolo  KM, Mains  CW, Offner  PJ, Bourg  PW, Bar‑Or  D. 
A  retrospective analysis of geriatric trauma patients: Venous 
lactate is a better predictor of mortality than traditional vital 
signs. Scand J Trauma Resusc Emerg Med 2013;21:7.

11.	 Shapiro  NI, Howell  MD, Talmor  D, Nathanson  LA, Lisbon A, 
Wolfe  RE, et  al. Serum lactate as a predictor of mortality in 
emergency department patients with infection. Ann Emerg Med 
2005;45:524‑8.

12.	 Bernardin  G, Pradier  C, Tiger  F, Deloffre  P, Mattei  M. Blood 
pressure and arterial lactate level are early indicators of 
short‑term survival in human septic shock. Intensive Care Med 
1996;22:17‑25.

13.	 Nanda  SK, Suresh  DR. Plasma lactate as prognostic marker of 
septic shock with acute respiratory distress syndrome. Indian J 
Clin Biochem 2009;24:433‑5.

14.	 Kalyanaraman  M, DeCampli  WM, Campbell  AI, Bhalala  U, 
Harmon TG, Sandiford  P, et  al. Serial blood lactate levels as a 
predictor of mortality in children after cardiopulmonary bypass 
surgery. Pediatr Crit Care Med 2008;9:285‑8.

15.	 Siegel  LB, Dalton  HJ, Hertzog  JH, Hopkins  RA, Hannan  RL, 
Hauser  GJ. Initial postoperative serum lactate levels predict 
survival in children after open heart surgery. Intensive Care Med 
1996;22:1418‑23.

16.	 Cheifetz  IM, Kern  FH, Schulman  SR, Greeley  WJ, 
Ungerleider  RM, Meliones  JN. Serum lactates correlate with 
mortality after operations for complex congenital heart disease. 
Ann Thorac Surg 1997;64:735‑8.

17.	 Ouellet  JF, Roberts  DJ, Tiruta  C, Kirkpatrick AW, Mercado M, 
Trottier  V, et  al. Admission base deficit and lactate levels in 

Canadian patients with blunt trauma: Are they useful markers of 
mortality? J Trauma Acute Care Surg 2012;72:1532‑5.

18.	 Husain  FA, Martin  MJ, Mullenix  PS, Steele  SR, Elliott  DC. 
Serum lactate and base deficit as predictors of mortality and 
morbidity. Am J Surg 2003;185:485‑91.

19.	 Bannon  MP, O’Neill  CM, Martin  M, Ilstrup  DM, Fish  NM, 
Barrett  J. Central venous oxygen saturation, arterial base 
deficit, and lactate concentration in trauma patients. Am Surg 
1995;61:738‑45.

20.	 Paladino  L, Sinert  R, Wallace  D, Anderson  T, Yadav  K, 
Zehtabchi  S. The utility of base deficit and arterial lactate in 
differentiating major from minor injury in trauma patients with 
normal vital signs. Resuscitation 2008;77:363‑8.

21.	 Rutherford  EJ, Morris JA Jr., Reed  GW, Hall  KS. Base 
deficit stratifies mortality and determines therapy. J  Trauma 
1992;33:417‑23.

22.	 Brickner ME, Hillis LD, Lange RA. Congenital heart disease in 
adults. Second of two parts. N Engl J Med 2000;342:334‑42.

23.	 Saygi  M, Ergul  Y, Tola  HT, Ozyilmaz  I, Ozturk  E, Onan  IS, 
et  al. Factors affecting perioperative mortality in tetralogy of 
Fallot. Pediatr Int 2015;57:832‑9.

24.	 Fiaccadori  E, Vezzani  A, Coffrini  E, Guariglia  A, Ronda  N, 
Tortorella G, et al. Cell metabolism in patients undergoing major 
valvular heart surgery: Relationship with intra and postoperative 
hemodynamics, oxygen transport, and oxygen utilization 
patterns. Crit Care Med 1989;17:1286‑92.

25.	 Landow  L, Phillips  DA, Heard  SO, Prevost  D, Vandersalm  TJ, 
Fink  MP. Gastric tonometry and venous oximetry in cardiac 
surgery patients. Crit Care Med 1991;19:1226‑33.

26.	 Abramson D, Scalea TM, Hitchcock R, Trooskin SZ, Henry SM, 
Greenspan  J. Lactate clearance and survival following injury. 
J Trauma 1993;35:584‑8.

27.	 Rhodes  A, Cusack  RJ. Arterial blood gas analysis and lactate. 
Curr Opin Crit Care 2000;6:227‑31.

28.	 Martin MJ, FitzSullivan E, Salim A, Brown CV, Demetriades D, 
Long  W. Discordance between lactate and base deficit in the 
surgical intensive care unit: Which one do you trust? Am J Surg 
2006;191:625‑30.

29.	 Hameed  SM, Aird WC, Cohn  SM. Oxygen delivery. Crit Care 
Med 2003;31 12 Suppl: S658‑67.

30.	 Ronco  JJ, Fenwick  JC, Tweeddale  MG, Wiggs  BR, Phang  PT, 
Cooper  DJ, et  al. Identification of the critical oxygen delivery 
for anaerobic metabolism in critically ill septic and nonseptic 
humans. JAMA 1993;270:1724‑30.

31.	 Attana P, Lazzeri C, Picariello C, Dini CS, Gensini GF, Valente 
S. Lactate and lactate clearance in acute cardiac care patient. Eur 
Heart J Acute Cardiovasc Care 2012;1:115-21.

32.	 Andersen LW, Mackenhauer J, Roberts JC, Berg KM, Cocchi 
MN, Donnino MW. Etiology and therapeutic approach to 
elevated lactate. Mayo Clin Proc 2013;88:1127-40. 

33.	 Régnier MA, Raux M, Le Manach Y, Asencio Y, Gaillard J, 
Devilliers C, et al. Prognostic significance of blood lactate 
and lactate clearance in trauma patients. Anesthesiology 
2012;117:1276-88.

34.	 Ladha S, Kapoor PM, Singh SP, Kiran U, Chowdhury UK. 
The role of blood lactate clearance as a predictor of mortality 
in children undergoing surgery for tetralogy of Fallot. Annals of 
Cardiac Anaesth 2016;19:217-24.


