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BLOOD LACTATE DURING DOUBLE-LUNG TRANSPLANTATION:  

A PREDICTOR OF GRADE-3 PRIMARY GRAFT DYSFUNCTION 

 

INTRODUCTION 

The main early postoperative risk after lung transplantation is the onset of primary graft dysfunction, a 

multifactorial injury to the transplanted lung that develops within the first 72 hours after 

transplantation.1 Grade-3 primary graft dysfunction (PGD3) appears in 10%-30% of patients 

undergoing lung transplantation.2 Of prime importance is the fact that patients with a PGD3 at day 3 

(PGD3-T72) had an increased risk of 30-day and 5-year mortality.3 

Blood lactate level (BLL) is a simple routine low-cost biologic parameter, and is routinely used as a 

point of-care to adapt intraoperative and intensive care therapy and to elaborate prognosis scoring. A 

cut-off value for BLL is usually considered normal in most studies between 2.0 and 2.5 mmol/l, and 

critical when superior to 4 mmol/l, which leaves an area of uncertainty.4, 5 Hyperlactatemia is also 

known to be an independent factor of poor prognosis in many surgical situations, such as major liver 

surgery,6, 7 vascular surgery,8 and cardiac surgery.9-11 Conflicting results have been published 

regarding cardiac12-14 and liver transplantations.15, 16 In addition to this, lactate kinetics has gained a 

prominent place as a prognostic predictor in recent clinical studies.17 

Major surgical procedures, cardiac surgery, cardiac, and liver transplantations have some points in 

common with lung transplantation: high-risk patients, ischemia-reperfusion phenomena, significant 

intraoperative bleeding, or catecholamine infusion. There are few data on variation of lactate level and 

significance of hyperlactatemia during lung transplantation except for two cohorts. The first included 

only cystic fibrosis patients18 and the second included 86 patients having undergone single and double 

lung transplantation, half of them underwent a conventional cardiopulmonary bypass.19 This study 

found that increased lactate levels were independently associated with longer intubation times, 

postoperative acute kidney injury, and longer length of stay. 

The present retrospective study was done to test the hypothesis that intraoperative BLL, measured at 

each specific key time during surgery, could be a predictor of PGD3-T72 after double-lung 

transplantation.
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METHODS  

  

Ethics approval  

This analysis of the prospectively maintained institutional Anesthesia Lung Transplant database was 

approved by the Ethics Committee of the French Society of Anesthesia and Critical Care 

(IRB00010254-2017-047; obtained January 29, 2018). It waived informed consent since patients were 

informed before their inscription on the waiting list that their medical information could be used for 

research. Our Lung Transplant group attests that they performed all procedures in strict compliance 

with the International Society for Heart and Lung Transplantation ethics statement. 

 

Study subjects  

All consecutive patients having undergone double-lung transplantation in our tertiary center between 

January 2012 and December 2019 were reviewed retrospectively from a prospective database. Patients 

having their second transplant during the study period, a multi-organ transplantation, under 

preoperative extracorporeal membrane oxygenation or under cardiopulmonary bypass were excluded 

from the analysis. 

  

Procedures 

The surgical technique was a bilateral sequential single-lung transplantation, without systematic use of 

circulatory assistance, as described first by Pasque et al.20 Our team usually performs it via minimally 

invasive incisions (i.e. bilateral anterior thoracotomy. The anesthetic management is fully described in 

the Supplementary file 1. Briefly, our strategy lies in early rehabilitation after surgery leading to the 

extubation in the operating room of nearly a third of the patients.21 This is made possible i) by the 

infusion of short-acting anesthetic drugs, propofol and remifentanil, whose dosage is guided by the 

bispectral index; ii) an accurate hemodynamic assessment during all phases of the transplantation 

reducing fluid support and vasopressor drug doses; iii) optimal pain management achieved by thoracic 

epidural analgesia began before anesthetic induction apart from the usual contraindications; iv) and 

finally by non-invasive ventilation established immediately after extubation in the operating room. In 
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addition, intraoperative ECMO may be planned or unplanned in cases of a hemodynamic failure (e.g., 

right ventricular dysfunction, cardiac failure) or a respiratory failure (e.g., severe hypercarbia or 

hypoxemia refractory to standard medical treatment). Its modalities have been described previously.22 

 

Data collection 

Table 1 summarizes the variables collected and their sources. In summary, they consist in patient and 

donor characteristics, intraoperative clinical variables and blood lactate levels, and postoperative data. 

The data were fully anonymized before extraction and analysis.  

  

Primary and secondary outcomes 

The primary outcome was the absolute value of blood lactate level measured at each of the six time-

points and their evolution throughout surgery. The secondary outcome was the kinetic of lactate 

expressed as lactate variability and ΔLactate. Lactate variability was calculated for each patient 

dividing the standard deviation of lactates by the mean of the lactates for all the measurements.23 

∆Lactate was calculated for each patient as the difference between the highest lactate value measured 

during surgery and its value at the end of the surgical procedure and was expressed as a trend (increase 

or decrease in ∆Lactate). If maximal blood lactate level was observed at the last measurement, then the 

case was considered as having an increased ∆Lactate.  

 

Statistical Analysis  

Continuous data were described with mean ± standard deviation and compared with Student test if the 

distribution was Gaussian. If not, they were described with median [25th percentile-75th percentile] 

and compared with the Mann-Whitney test. Categorical variables were described as number 

(percentage) and compared with Chi-Square test or Fisher’s Exact test as appropriate. 

The evolution of intraoperative BLL was evaluated with a paired T-test with Holm correction to 

compare lactate at different times. Missing data for BLL were replaced with multiple imputations 

which require that all variables had a continuous modeling type. The algorithm used least squares 

imputation. The covariance matrix was constructed using pairwise covariances. The variances (i.e., 
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diagonal entries) were computed using non-missing value for each variable. The off-diagonal entries 

for any variables were computed using all observations that were non-missing for both variables.24 

We used an adjusted-repeated-measures mixed-model to test the relation between lactate level changes 

over time and the occurrence of PGD3-T72. 

ROC analysis was performed for lactate parameters regarding their predictive ability to discriminate 

PGD grade 3. The maximum Youden index (J = maxc [Se(c) + Sp(c) - 1]) was chosen to determine the 

optimal thresholds (c) of BLL for the discrimination. For each lactate parameter, the ability of the 

multiple logistic regression models to allow discrimination was quantified by the area under the ROC 

curve (AUC) which measures the ability of a classifier to distinguish between classes and is used as a 

summary of the ROC curve. The higher the AUC, the better the performance of the model at 

distinguishing between the positive and negative classes. Variables associated with p values lower 

than 0.20 were included in a multiple stepwise regression with forward - backward method. Each 

lactate parameter was independently adjusted for multivariate model. P value <0.05 was considered as 

significant.  

Survival rate (time to death at one year) was estimated using the Kaplan–Meier estimator for each 

group of patients (lactates levels at the end of surgery < or ≥ to 2.6 mmol/L) and compared by log-rank 

test. 

All analyses were performed using SAS software (version 9.4; SAS Institute, Carry, NC). 
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RESULTS  

 

Donors, recipients, and intraoperative characteristics 

Transplant activity was stable in our center during the study period with an average of 65 procedures 

per year. From January 2012 to December 2019, 14 patients had a single-lung transplantation and 510 

patients a double-lung transplantation. Among these, 61 patients were excluded from this study, some 

of them for more than one criterion (Figure 1). Consequently, the analysis was performed on a cohort 

of 449 patients. Seventy-two patients (16%) had a PGD3-T72 and constituted the PGD3-T72 group 

while 377 patients (84%) the No-PGD3-T72 group  

Comparison of donors, recipients, and intraoperative characteristics (univariate analysis) is presented 

in Table 2. 

 

Lactate levels during surgery  

There were 240 (8.9%) missing data of BLL over 2.694 samples; they were replaced using multiple 

imputations.  

In the entire study population, BLL reached a maximal point at T5 (2.4 [1.7-3.6] mmol/L), 

significantly higher than all other values (p<0.001) but not with T6 (p=0.082) (Figure 2). Repeated-

measures mixed-model of lactate level during surgery presented a significant interaction between time 

and PGD-T72 group (p<0.001) (Figure 3). 

Blood lactate levels of patients having required ECMO during surgery (199 cases) were compared to 

those measured in patients having not required ECMO during surgery (Supplementary file 2). 

 

Prediction of PGD3-T72 using BLL alone 

BLL were greater in No-PGD3-T72 group compared to PGD3-T72 group at all the six times during 

surgery. Lactate variability was greater in the PGD3-T72 group (0.5 [0.4-0.6] versus 0.4 [0.3-0.5], 

p<0.001). ∆Lactate increased in 34 cases (47.2%) in the PGD3-T72 group whereas it increased in 140 

cases in the other group (37.1%); this difference was not statistically significant (p=0.110) (Table 3).  
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Prediction of PGD3-T72 was permitted by threshold values of BLL at T1 (0.8 mmol/L), T2 (1.3 

mmol/L), T3 (2.0 mmol/L), T4 (1.7 mmol/L), T5 (2.6 mmol/L), and T6 (2.6 mmol/L) and by a 

threshold value of the variability (0.46). Threshold value of BLL at T6 was the best predictor since its 

AUC was significantly larger (Table 4).  

 

Multivariable analysis for the prediction of PGD3-T72 

Multiple multivariable analysis not including lactate parameters but including four independent factors 

(PaO2/FiO2 ratio 10 minutes after second lung implantation, intraoperative fluid support, end-stage 

lung disease (ESLD), and ECMO requirement during surgery) permitted prediction of PGD3-T72. 

Pulmonary fibrosis was the pulmonary disease which had the strongest relationship with the 

occurrence of PGD3-T72 (Supplementary Table 1). The AUC of this model was 0.860 (Table 5). 

Including separately threshold values of BLL at each time and threshold value of the variability (0.46) 

modifies slightly, or not at all, the AUC of this prediction model (Table 5).  

But, when BLL cut-off at 2.6 mmol/L at the end-surgery status (T6) was included in the model, the 

AUC increased to 0.867, with a sensitivity = 76.9.%, specificity = 85.4%. No significant difference 

was observed between the different lactate models (T6 vs T4, p=0.893, T6 vs T5, p=0.921) but the 

highest specificities were observed for the models including BLL threshold at T6 (85.4%), and highest 

sensitivity of BLL threshold was observed at T5 (83.1%).  

ROC curves of the model including the four clinical independent factors and of the model adding the 

BLL at T6 were not statistically different (p=0.837; Figure 4). The red curve provides AUC under the 

ROC curve for multivariate analysis including four independent factors (PaO2/FiO2 ratio 10 minutes 

after second lung implantation, intraoperative fluid support, end-stage lung disease, and ECMO 

requirement during surgery) (AUC=0.860) showing a low positive predictive value (41.4%) but a high 

negative predictive value (95.4%). The blue curve provides AUC under the ROC curve for 

multivariate analysis including five independent factors (PaO2/FiO2 ratio 10 minutes after second 

lung implantation, intraoperative fluid support, end-stage lung disease, ECMO requirement during 

surgery and blood lactate level at the end-surgery status) (AUC=0.867) showing a low positive 

predictive value (51.4%) but a high negative predictive value (95.8%).  
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Among the predictive parameters, ECMO had the best accuracy (AUC=0.794, p=0.041) while BLL at 

T6 (AUC=0.724) had similar accuracy to ESLD (AUC=0, 698, p=0.795) and P/F ratio (AUC=0.682, 

p=0.628), and better accuracy than fluid support (AUC=0.588, p=0.027) (Supplementary Table 2). 

The repeated-measures mixed-model of lactate during surgery remained significant after adjustment 

for covariates (F ratio= 4.22, p<0.001 for interaction). 

 

Relation between one-year survival and BLL 

Overall survival at one year was 10.5 % (95% confidence interval 8 – 13). Patients with a lactate level 

≥ 2.6 mmol/L at T6 had significantly lower survival compared with patients with a lactate level < 2.6 

mmol/L (Log rank, p=0.005) (Figure 5). 

 

Sensitivity analysis 

Sensitivity analysis was performed including patients with missing data, using only 2454 data of 

lactates out of 2694 data (8.9%). 

The same results were observed for lactate information, in univariate analyses (T1, p=0.001, T2 

p=0.003, T3 p<0.001, T4 p<0.001, T5 p<0.001, T6 p<0.001, variability of lactate p=0.001 and 

∆Lactate p=0.209). 

Repeated-measures mixed-model of lactate level during surgery presented a significant interaction 

between time and PGD-T72 group (p<0.001), which remained significant after adjustment on 

covariates (p=0.001). 

Including threshold values of BLL at T1 (0.8 mmol/L), T2 (1.3 mmol/L), T3 (2.0 mmol/L), T4 (1.7 

mmol/L), T5 (2.6 mmol/L), and T6 (2.56 mmol/L) and threshold value of the variability (0.47) 

modified slightly or not at all the AUC of this prediction model (AUC=0.860). OR of the model 

including T1=1.66 [0.88-3.16], p=0.120, AUC=0.862; T2=2.00 [0.62-2.31], p=0.588, AUC=0.864; 

T3=1.75 [0.88-3.47], p=0.109, AUC=0.859; T4=2.17 [0.99-4.78], p=0.052, AUC=0.867; T5=2.18 

[1.08-4.41], p=0.029, AUC=0.864, T6=2.68 [1.32-5.41], p=0.006, AUC=0.865, and variability of 

lactate=1.68 [0.85-3.32], p=0.136, AUC=0.863. 
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DISCUSSION  

 

Our study showed that blood lactate level increased progressively throughout surgery, to reach a 

maximum after the second graft implantation. The repeated mixed-model found a dynamic increase in 

the PGD3-T72 group to achieve a threshold value above 2.6 mmol/l at end-surgery status with the 

highest AUC predicting grade 3 primary graft dysfunction at 72 hours with a high negative predictive 

value (92.7%). However, it slightly improved a multivariate clinical model to predict PGD3-T72, but 

its weight in the model was overshadowed by other major factors such as ECMO during surgery. Its 

weight was similar to ESLD, and PaO2/FiO2 at second graft implantation, but better than 

intraoperative fluid support. 

 

Andersen recently published a detailed review of studies of hyperlactatemia in cardiac surgical 

patients and stated that elevated BLL has relatively high specificity but only moderate sensitivity in 

predicting outcomes.10 Conflicting results have been published regarding cardiac transplantation: 

threefold increased mortality in the group with BLL above 4 mmol/l at ICU admission;12 a variable of 

little interest because hyperlactatemia is mostly transient and benign.13, 14 Similarly, conflicting results 

have been published regarding liver transplantation: moderately predictive of BLL at ICU admission 

for 30-day and in-hospital mortality;15 strong prediction of early graft outcomes when arterial BLL at 

the end of liver transplantation is ≥ 5 mmol/l.16 Few publications have reported lactate evolution and 

prognostic significance during lung transplantation. Felten et al. reported that a median lactate level 

above 4.0 mmol/l [interquartile range 7.3] at the end of the procedure was related to PGD3 in cystic 

fibrosis patients receiving primary bilateral lung transplantation.18 In a recent study, Worrell et al. 

observed after adjustment in a cohort of 86 patients, that cardiopulmonary bypass duration, global 

ischemic time, and catecholamine use were associated with higher static lactate level during surgery, 

whereas inhaled nitric oxide and higher pulmonary artery pressures were associated with lower levels. 

Higher lactate level peaks in intensive care units were associated with longer length of stay after lung 

transplantation.19 Similarly, Xu et al. observed that postoperative peak lactate level measured in the 
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ICU within 72 h after lung transplantation was an independent predictor for 30-day and late mortality. 

However, their findings observed very high mean peak lactate levels around 5 mmol/L and 

pronounced early mortality (23% at 30 day).25 The present study is the first to look specifically at 

lactate evolution during double-lung transplantation by having carried out dosages throughout the 

operation at precise moments corresponding to the main surgical steps. Specifically, this study looked 

for an association between intraoperative measurements of lactate levels and the diagnosis of PGD3 

made 3 days later and regardless of postoperative events and treatments. 

 

Lactate level and lactate clearance are commonly used as a hemodynamic biomarker and to target 

cellular perfusion, influenced by macro-circulation, microcirculation, and mitochondrial function.26 

BLL is especially interesting during lung transplantation because it reflects circulation impairment 

caused by two successive sequential single-LT procedures. It reveals the major hemodynamic 

repercussion of two successive pulmonary artery clampings, a variable depending on preoperative 

cardiac status and heart manipulation. These variations are particularly significant during left atrial 

cuff suture. BLL also bespeaks the ischemia-reperfusion after implantation of two successive ischemic 

organs. In addition, other major intraoperative events, such as bleeding, or cardiopulmonary 

assistance, may unbalance organ perfusion and oxygenation, leading to elevation of BLL. ECMO has 

increasingly replaced the traditional cardiopulmonary bypass roughly since the beginning of the last 

decade,27 as it requires less heparin and it is less inflammatory and aggressive.28-30 Half of our cases 

were performed under ECMO, which may impact per se on lactate metabolism. It is difficult to 

distinguish which part of lactate modification may be due to the patient’s severity and which part may 

be imputed to the ECMO itself. Some teams use repeated lactate measurements (i.e., every 30 

minutes) to assess systemic perfusion when ECMO is used.31 Thus, it can be an overlap between 

transplant-specific events and ECMO effect on lactate levels per se. The increase in blood lactate 

levels in patients having required an intraoperative ECMO is difficult to analyze. Indeed, this increase 

may be due to the ECMO itself, the lactate level increasing in case of systematic perfusion failure, or 

to the cause of the ECMO initiation. Since we decided to use ECMO mostly in case of a major 

respiratory or hemodynamic failure,22 an increase in lactate levels can be attributed to this 
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complication or to ECMO. Furthermore, the analysis of the data is complicated by the fact that the 

initiation of ECMO is performed at different step of the surgery. 

 

The originality of our study was to perform a dynamic view of lactate variability by a repeated-mixed-

model showing a progressive increase of lactate across the time of surgery as a predictive marker of 

PGD3-T72. Our results suggest that BLL is an early negative biomarker for PGD3 since it 

significantly increased after lung implantations and since it predicted the absence of PGD3 if its level 

was below a threshold of 2.6 mmol/l at end-surgery status. BLL can be used routinely in clinical 

practice, as it is simpler and less expensive than other proposed biomarkers such as combination of 

biomarkers of impaired fibrinolysis (PAI-1, Protein C) with lung epithelial injury (RAGE and SP-D) 

and cell adhesion (ICAM-1),32 cytokine/chemokine levels (IL-6, IL-8, and IL-10, as well as monocyte 

chemoattractant protein (MCP)-1, matrix metalloprotease (MMP)-9),33 and postreperfusion increase in 

sRAGE.34 

We approached lactate clearance using ∆Lactate and lactate variability as proposed by Vincent et al 

but our findings were less predictive than static lactate measurements or the repeated-measures mixed-

model on outcomes.17 This can be explained at least in part by the chronological analysis during 

double-lung transplantation, where timing is not measured in minutes but by events (pulmonary artery 

clampings, first and second graft implantation, one or two lung ventilation...). Time duration between 

two set points was highly variable among patients but measurement set points were standard in our 

protocol.  

 

We have reported a link between a BLL above 2.6 mmol/l at the end of surgery and the occurrence of 

PGD3. The latter has a poor prognosis as it is a major contributor to early morbidity and mortality 

after lung transplantation.3 Among the mechanisms evoked to explain this relation, a link between 

severe postoperative PGD and the development of bronchiolitis obliterans syndrome has been 

shown.35  Thus, it is understandable that one-year mortality is higher in patients with BLL at or above 

the cut-off of 2.6 mmol/L since these patients have an increased risk of PGD3-T72. But an increase in 

BLL at the end of the procedure is also a sign of cellular perfusion failure whatever its origin.26 This 
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probably has consequences for many organs and may help explain the increased mortality when BLL 

is high at the end of surgery. 

 

Strengths and weaknesses of the study 

The main strength of this study is the large size of the cohort with less than 9% missing lactate 

samples, which does not change the results as shown in the sensitivity analysis.  

Our study presents several limitations.  

The first limitation concerns the studied population. Patients who underwent preoperative 

ECMO or intraoperative cardiopulmonary bypass were excluded from the study since they represent 

few patients (31 for preoperative ECMO, and three for intraoperative cardiopulmonary bypass). In 

particular, patients who required preoperative ECMO have an initial severity greater than other 

transplant recipients. On the other hand, we treated a high proportion of cystic fibrosis patients and no 

patients with primary pulmonary hypertension, a consequence of our center’s recruitment for lung 

transplantation. 

Otherwise, epinephrine infusion could have overestimate BLL because of lactate release from 

skeletal muscle and gluconeogenesis. In our cohort, 51 patients required epinephrine during surgery; 

among them 36 patients were transferred to the ICU under epinephrine infusion.  

Our patients' characteristics and our intraoperative management strategy prevent any external 

validation of our results but, more generally, the problem of external validity arises for most studies of 

lung transplant databases. This can be explained by the significant differences in donor selection, 

recipient recruitment, graft preservation, intraoperative conduct with variable use of ECMO, etc. Our 

study should lead other centers to evaluate the prognostic value of intraoperative lactate levels. 

 

 

 

Conclusion 

Blood lactate level increased during double-lung transplantation and reached a maximum after the 

second lung implantation. This increase was higher in the group of patients who will present grade 3 
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primary graft dysfunction at day 3. A value below the threshold of 2.6 mmol/L at the end of surgery 

had a high negative predictive value for the occurrence of a grade-3 primary graft dysfunction 

prognostic at post-operative day 3. This value should be part of other good prognostic factors 

encouraging intensivists to begin an early rehabilitation program adapted to lung transplantation. 
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FIGURE LEGENDS  

Figure 1. Flow chart 

* means that a single patient can have several criteria for exclusion from analysis. 

  

Figure 2. Blood lactate levels throughout the procedure 

·  T1: before induction of anesthesia, 

·  T2: at first pneumonectomy 

·  T3: after first graft implantation, 

·  T4: second pneumonectomy, 

·  T5: after second graft implantation, 

·  T6: at end-surgery status 

 

Boxplot and whisker presentation (2A and 2B) shows from bottom to top the 10th percentiles, the 25th 

percentile, the 50th percentile (median value), the 75th percentile, and the 90th percentile. 

 

Figure 3. Blood lactate level throughout the procedure for No-PGD3-T72 group (white) and PGD3-

T72 group (grey) 

·  T1: before induction of anesthesia, 

·  T2: at first pneumonectomy 

·  T3: after first graft implantation, 

·  T4: second pneumonectomy, 

·  T5: after second graft implantation, 

·  T6: at end-surgery status  

Boxplot and whisker presentation (2A and 2B) shows from bottom to top the 10th percentiles, the 25th 

percentile, the 50th percentile (median value), the 75th percentile, and the 90th percentile. 

 

Figure 4. Receiver operating characteristic curves (ROC curves) for two models of prediction of 

PGD3-T72 
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Figure 5. One-year survival. Kaplan-Meier survival curves with 95% confidence intervals. 

Blue: Patients with a lactate level < 2.6 mmol/L at the end of surgery 

Red: Patients with a lactate level ≥ 2.6 mmol/L at the end of surgery 

The P value is presented for the overall comparison (log-rank test). 
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PGD3-T72 group

72 patients (16%)

No-PGD3-T72 group

377 patients (84%)

Double-lung transplantation

2012 – 2019 

510 patients

Exclusion from analysis*

- 18 cases of multi-organ transplantation

- 13 cases of transplanted twice during the study period

- 31 cases of bridge to transplantation

- 3 cases with cardio-pulmonary bypass

449 patients analyzed
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Figure 3
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Post-hoc analysis in the 

PGD3-T72 group
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Figure 4

Model built using four independent 

factors : PaO2/FiO2 ratio 10 minutes 

after second lung implantation, 

intraoperative fluid support, end-stage 
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blood lactate level at the end-surgery 
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Table 1. Variables collected and their sources 

Variable Source 

Patient and donor characteristics Prospectively maintained 

database* 

Intraoperative clinical variables Prospectively maintained 

database* 

 surgery and ischemia durations  

 intraoperative ventilator and hemodynamic parameters  

 transfusion requirements   

 ECMO  

Intraoperative lactate measurements (time points) GEM4000 blood gas analyzer 

located in the operating room** 

 T1: after induction of anesthesia 

T2: at first pneumonectomy 

T3: 10 minutes after first graft implantation 

T4: at the second pneumonectomy 

T5: 10 minutes after second graft implantation 

T6: end-surgery status before transfer to the intensive care 

unit 

 

PGD on day 3*** Electronic medical records 

 

* Encrypted database created using FileMaker Pro (FileMaker Company Santa Clara, California 

95054) and accessible only on the local intranet with a personal password 

** Internal control qualities (ProBioQual) of the GEM4000 Analyzer (Werfen, Le Pré Saint Gervais, 

France) were analyzed every 3 months, in accordance with the manufacturer's recommendations. 

Reference values are 0.5 to 1.6 mmol/l 

*** Classification of the 2016 Consensus Group statement of the International Society for Heart and 

Lung Transplantation1  
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Table 2. Donors and preoperative recipients’ characteristics and intraoperative data  

 

 

 

 No-PGD3-T72 

group 

(n=377) 

PGD3-T72 

group 

(n=72) 

P value 

Donor characteristics    

 Age, year 49 [38-61] 50 [40-59] 0.639 

 Male gender 214 (56.8) 45 (62.5) 0.367 

 Body mass index 25 [22-28] 23 [21-26] 0.013 

 Tobacco use, pack-year 0 [0-15] 1 [0-15] 0.402 

 PaO2/FiO2 ratio. 372.6 ± 87.3 356.9 ± 90.0 0.164 

 Oto score 8 [6-10] 9 [7-11] 0.232 

Recipient preoperative characteristics    

 Age, year 40 [28-55] 43 [28-55] 0.932 

 Male gender  190 (50.4) 37 (51.4) 0.877 

 Body mass index 20 [18-22] 21 [18-26] <0.001 

 Diabetes 115 (30.5) 18 (25.0) 0.349 

 Preoperative ICU hospitalization 27 (7.2) 6 (8.3) 0.727 

 Vasopressor use prior to surgery 3 0.8) 0 (0) - 

 On mechanical ventilation 4 (1.0) 2 (2.8) 0.245 

 High emergency LT 17 (4.5) 3 (4.2) 0.897 

 Time on waiting list, days 19 [8-46] 18 [6-54] 0.981 

 Lung Allocation score 36.5 [34.1-40.2] 38.2 [35.9-44.7] 0.021 

 Re-transplantation 7 (1.9) 2 (2.8) 0.609 

 Thoracic surgery history 77 (20.4) 17 (23.6) 0.542 

 Pulmonary artery hypertension* 146 (38.7) 32 (44.4) 0.363 

 Patent foramen ovale 36 (9.6) 7 (9.7) 0.507 

 End-stage lung disease   <0.001 

  Cystic Fibrosis 203 (53.9) 28 (38.9)  

  COPD/Emphysema 107 (28.4) 9 (12.5)  

  Fibrosis 38 (10.1) 27 (37.5)  

  Other pathology 29 (7.7) 8 (11.1)  
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Table 2. Continued 

 No-PGD3-T72 

group 

(n=377) 

PGD3-T72 

group 

(n=72) 

P value 

Surgical procedure 

 Preoperative plasmapheresis 149 (39.5) 31 (43.1) 0.575 

 Ex-vivo procedure 87 (23.1) 13 (18.1) 0.348 

 Pulmonary reduction 72 (19.1) 22 (30.6) 0.139 

 First lung ischemic time (min) 286 [236-383] 284 [230-398] 0.832 

 Second lung ischemic time (min) 412 [349-516] 441 [360-550] 0.373 

 ECMO during surgery 134 (35.5) 65 (90.3) <0.001 

 PaO2/FiO2 ratio at second graft 

implantation 
233 [138-347] 135 [84-257] 0.002 

Fluid and Transfusion    

 Estimated blood loss (L) 1.0 [0.6-1.5] 1.3 [0.8-2.2] 0.003 

 Fluid support (L) 2.8 [2.0-3.5] 3.0 [2.5-4.0] 0.005 

 PRBC (units) 4 [3-6] 6 [4-9] <0.001 

 FFP (units) 4 [3-6] 6 [4-8] <0.001 

 Platelets (units) 0 [0-0] 0 [0-1] <0.001 

End-surgery status    

 Vasopressors    

  Epinephrine 21 (5.6) 15 (20.8) <0.001 

  Norepinephrine (µg/kg/min) 0 [0-0] 0 [0-1.0] 0.002 

 PaO2/FiO2 ratio at end-surgery status 257 [172-361] 156 [90-229] <0.001 

 iNO dependence 47 (12.5) 12 (16.7) 0.334 

 ECMO continued after surgery 41 (10.9) 53 (73.6) <0.001 

 Extubation in the OR 163 (43.2) 3 (4.2) <0.001 

Values are expressed as median (25th percentile-75th percentile), mean ± standard deviation, or n 

(%) as appropriate. 

PGD-T72: Primary graft dysfunction grade 3 at day 3; PaO2/FiO2 ratio: ratio of arterial oxygen 

partial pressure to fractional inspired oxygen; ICU: Intensive care unit; LT: lung transplantation; 

COPD: Chronic obstructive pulmonary disease; ECMO: Extracorporeal Membrane Oxygenation; 

PRBC: packed red blood cells; FFP: fresh frozen plasma 

Other pathology: this category includes patients having graft versus host disease, bronchial 

bronchiectasis, and bronchiolitis obliterans syndrome. 

* means that mean pulmonary artery pressure was > 25 mmHg at rest at the preoperative evaluation 
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Table 3. Values of blood lactate level and occurrence of primary graft dysfunction grade 3 at day 3 

 No-PGD3-T72 

group 

(n=377) 

PGD3-T72 

group 

(n=72) 

P value 

Blood lactate level    

 After induction of anesthesia (T1) 0.8 [0.6-1.0] 0.9 [0.7-1.3] 0.001 

  BLL at T1 ≥ 0.8 mmol/L 193 (51.2) 47 (65.3) 0.027 

 At first pneumonectomy (T2) 1.0 [0.7-1.5] 1.2 [0.8-1.7] 0.003 

  BLL at T2 ≥ 1.3 mmol/L 127 (33.7) 34 (47.2) 0.031 

 At first graft implantation (T3) 1.5 [1.1-2.1] 2.2 [1.4-3.9] <0.001 

  BLL at T3 ≥ 2.0 mmol/L 110 (29.2) 42 (58.3) <0.001 

 At second pneumonectomy (T4) 1.6 [1.1-2.5] 2.4 [1.7-3.8] <0.001 

  BLL at T4 ≥ 1.7 mmol/L 177 (47.0) 57 (79.2) <0.001 

 At second graft implantation (T5) 2.2 [1.6-3.2] 3.4 [2.3-5.0] <0.001 

  BLL at T5 ≥ 2.6 mmol/L 159 (42.2) 52 (72.2) <0.001 

 At end-surgery status (T6) 2.0 [1.5-3.1] 3.4 [2.4-5.0] <0.001 

  BLL at T6 ≥ 2.6 mmol/L 137 (36.3) 53 (73.6) <0.001 

Variability of BLL 0.4 [0.3-0.5] 0.5 [0.4-0.6] <0.001 

  Variability ≥ 0.46 138 (36.6) 40 (55.6) 0.003 

∆Lactate   0.110 

 Decreasing 237 (62.9%) 38 (52.8%)  

 Increasing 140 (37.1%) 34 (47.2%)  

 

Values are expressed as median (25th percentile-75th percentile) or number (percentage).  

PGD3-T72: Primary graft dysfunction grade 3 at day 3 

BLL: blood lactate level 

P values for absolute lactate level were adjusted because of multiple comparisons with Holm 

correction. 

∆Lactate, difference between the highest lactate level measured during surgery and its level at end-

surgery status, is expressed as a trending: decreasing or increasing ∆Lactate. If maximal lactate level 

was observed at the last measurement, then the case was considered as having an increase.  
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Table 4. Threshold values of blood lactate level and of variability of lactate level as predictors of 

primary graft dysfunction grade 3 at day 3 

 

 Threshold 

value 

AUC Sensitivity Specificity PPV NPV P value 

compared 

to T6 

T1 0.8 mmol/L 0.600 56.9% 60.5% 21.6% 88.0% 0.033 

T2 1.3 mmol/L 0.579 47.2% 66.3% 21.1% 86.8% 0.026 

T3 2.0 mmol/L 0.663 58.3% 70.8% 27.6% 89.9% 0.573 

T4 1.7 mmol/L 0.680 80.6% 53.1% 24.7% 93.5% 0.765 

T5 2.6 mmol/L 0.696 72.2% 57.8% 24.6% 91.6% 0.882 

T6 2.6 mmol/L 0.724 73.6% 63.7% 27.9% 92.7% Reference 

Variability 0.46 0.607 56.9% 62.3% 22.4% 88.3% 0.039 

 

AUC: Area under the curve 

PPV: Positive predictive value 

NPV: Negative predictive value 

T1: induction of anesthesia 

T2: first pneumonectomy 

T3: after first graft implantation 

T4: second pneumonectomy 

T5: after second graft implantation 

T6: end-surgery status before transfer to the intensive care unit 
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Table 5. Clinical models for pulmonary graft dysfunction grade 3 at day 3 (multivariable analysis) 

 

 OR [95%CI] P 

value 

AUC Sensitivity Specificity PPV NPV P value for 

AUC 

comparison 

Clinical variables    0.860 81.5% 76.6% 41.4% 95.4% 0.837 

 PaO2/FiO2 ratio at T5 (per 10 

units) * 

0.97 [0.95-0.99] 0.001       

 Fluid support (per 100 units) ** 1.03 [1.01-1.05] 0.038      

 End-stage lung disease  0.011      

 Cystic Fibrosis Reference       

 COPD/Emphysema 0.92 [0.36-2.36] 0.863      

 Fibrosis 3.28 [1.57-6.87] 0.002      

 Other pathology 1.33 [0.44-3.97] 0.611      

 ECMO during surgery 12.04 [4.49– 32.31] <0.001      

 Adding BLL threshold to the clinical model        

 > 0.8 mmol/L at T1 1.75 [0.91-3.36] 0.094 0.865      

 >1.3 mmol/L at T2 1.14 [0.59-2.17] 0.698 0.861      

 >2.0 mmol/L at T3 1.61 [0.85-3.08] 0.145 0.863      

 >1.7 mmol/L at T4 2.33 [1.11-4.92] 0.026 0.864 83.1% 77.3% 42.5% 95.8% 0.893 

 > 2.6 mmol/L at T5 2.13 [1.05-4.29] 0.017 0.866 83.2% 75.1% 40.3% 95.6% 0.921 

 > 2.6 mmol/L at T6 3.48 [1.29-5.15] 0.007 0.867 76.9% 85.4% 51.4% 95.8% Reference 

 Variability>0.46 1.64 [0.82-3.29] 0.159 0.861      
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Table 5: Continued 

 

Each value of blood lactate level was independently adjusted on the predictive clinical variables. 

AUC: Area under the curve; PPV: Positive predictive value; NPV: Negative predictive value 

T1: induction of anesthesia; T2: first pneumonectomy; T3: 10 minutes after first graft implantation; T4: second pneumonectomy; T5: 10 minutes after second 

graft implantation; T6: end-surgery status before transfer to the intensive care unit 

* Values of PaO2/FiO2 ratio at end-surgery status were divided by 10 to provide understandable odds ratios. 

** Values of intraoperative fluid support have been transformed into fractions of 100 ml to provide understandable odds ratio 



QUESTIONS: 
1) Describe the blood lactate levels at each major time-points during surgery. 

2) Describe the kinetic of lactate expressed as lactate variability and ΔLactate.

3) Test if intraoperative blood lactate levels could be a predictor of grade 3 pulmonary graft dysfunction at postoperative day 3

CONCLUSION: Blood lactate level increased during double-lung transplantation and this increase was higher in the group of patients who 

presented a grade 3 PGD. A value below 2.6 mmol/L measured at the end of surgery had a high negative predictive value. 

INTRAOPERATIVE MANAGEMENT: Combination of short-acting anesthetic drugs, thoracic epidural analgesia, ECMO for 

refractory hemodynamic or respiratory failure, and extubation at the end of the surgical procedure if possible

FINDINGS   449 patients transplanted from 2012 to 2019; 16% developed a grade 3 PGD at postoperative day 3      

Blood lactate during double-lung transplantation: 

A predictor of grade-3 primary graft dysfunction (PGD)

BLOOD LACTATE LEVELS PREDICTION




