

[image: image1]
Incidence and Associated Risk Factors for Lactic Acidosis Induced by Linezolid Therapy in a Case–Control Study in Patients Older Than 85 Years












	
	ORIGINAL RESEARCH
published: 25 February 2021
doi: 10.3389/fmed.2021.604680






[image: image2]

Incidence and Associated Risk Factors for Lactic Acidosis Induced by Linezolid Therapy in a Case–Control Study in Patients Older Than 85 Years

Tingting Liu1†, Chao Hu2†, Jionghe Wu1†, Miao Liu3, Yifan Que2, Jiang Wang4, Xiangqun Fang1, Guogang Xu2* and Hongxia Li1*


1Department of Pulmonary and Critical Care Medicine, The Second Medical Center, National Clinical Research Center for Geriatric Diseases, Chinese People's Liberation Army General Hospital, Beijing, China

2The Second Medical Center, National Clinical Research Center for Geriatric Diseases, Chinese People's Liberation Army General Hospital, Beijing, China

3Second Medical Centre, Institute of Gerontology, Chinese People's Liberation Army General Hospital, Beijing, China

4Centre of Pulmonary and Critical Care Medicine, Chinese People's Liberation Army General Hospital, Beijing, China

Edited by:
Tzvi Dwolatzky, Technion Israel Institute of Technology, Israel

Reviewed by:
Pier Giorgio Cojutti, University of Udine, Italy
 Hideshi Okada, Gifu University, Japan

*Correspondence: Hongxia Li, lhxsls@sina.com
 Guogang Xu, guogang_xu@163.com

†These authors have contributed equally to this work

Specialty section: This article was submitted to Geriatric Medicine, a section of the journal Frontiers in Medicine

Received: 10 September 2020
 Accepted: 18 January 2021
 Published: 25 February 2021

Citation: Liu T, Hu C, Wu J, Liu M, Que Y, Wang J, Fang X, Xu G and Li H (2021) Incidence and Associated Risk Factors for Lactic Acidosis Induced by Linezolid Therapy in a Case–Control Study in Patients Older Than 85 Years. Front. Med. 8:604680. doi: 10.3389/fmed.2021.604680



Background: Serum lactic acid is considered a prognostic indicator in critically ill patients. However, studies on linezolid-induced lactic acidosis (LILA) are still limited. Individuals older than 85 years old (very elderly) have limited capacity for organ compensation, and LILA data from these patients are lacking. In this study, we evaluated the risk factors for LILA in patients older than 85 years and established a risk prediction model for geriatric practice.

Methods: In this retrospective cohort study, blood gas analysis data and arterial lactate levels were monitored in patients older than 85 years during the use of teicoplanin or linezolid. After propensity score matching analyses, we compared the incidence of lactic acidosis between the teicoplanin and linezolid therapy groups and identified the risk factors of LILA.

Results: The incidence of lactic acidosis was found to be much lower in the group receiving teicoplanin than those receiving linezolid therapy (0 vs. 35.7%; p < 0.0001). A duration of linezolid therapy ≥ 9 days [odds ratio (OR), 3.541; 95% confidence interval (CI), 1.161–10.793; p = 0.026], an arterial blood glucose level ≥ 8 mmol/L (OR, 4.548; 95% CI, 1.507–13.725; p = 0.007), and a high sequential organ failure assessment score (OR, 1.429; 95% CI, 1.213–1.685; p < 0.0001) were risk factors for LILA. The constructed risk model could be used to predict LILA (area under the curve, 0.849; specificity, 65.1%; sensitivity, 91.4%, with a negative predictive value of 93.2% and a positive predictive value of 59.3%).

Conclusions: LILA can occur in patients older than 85 years after a relatively shorter duration of linezolid therapy. Therefore, close monitoring of blood gas and arterial lactate levels during linezolid therapy in the very elderly population is necessary.
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INTRODUCTION

Serum lactic acid is produced by anaerobic glycolysis, mainly in the skeletal muscles, skin, erythrocytes, and central nervous system (1). Clinically, elevated lactate levels often represent hypoxia in tissues, so lactate is commonly used to evaluate tissue perfusion and prognosis in critically ill patients (2, 3). It has been reported that when the blood lactate level is higher than 10 mmol/L, the mortality rate is >80% (4, 5).

Elevated lactate levels caused by drugs do not necessarily indicate hypoxia, and such high lactate levels gradually decrease back to the normal range after drug withdrawal. Among different types of drug-induced lactic acidosis, little is known about linezolid-induced lactic acidosis (LILA). Linezolid is the first clinically available oxazolidinone antibacterial agent against infections caused by multidrug-resistant gram-positive pathogens (6–8). The most common adverse reaction to linezolid is reversible myelosuppression (anemia, thrombocytopenia, and leukopenia) (9), and some rare adverse reactions are toxic optic neuropathy (10, 11), irreversible peripheral neuropathy (12–14), and lactic acidosis (15, 16). The incidence of LILA has been reported to be between 5 and 33%, affecting the survival of patients (17–20).

However, large-sample studies on the risk factors for LILA and relevant data on the very elderly population are less reported so far. Hence, we analyzed the risk factors for LILA and established a risk prediction model.



METHODS


Study Design and Participants

This retrospective cohort case–control study was conducted at the Second Medical Centre of Chinese People's Liberation Army General Hospital.

Blood gas analysis and arterial lactate levels of patients older than 85 years were monitored during teicoplanin or linezolid treatment from October 2016 to April 2019 in our hospital. To compare lactic acidosis incidence between patients receiving teicoplanin and linezolid therapy, the baseline characteristics of patients in those groups were adjusted using propensity score matching. Patients receiving linezolid therapy were divided into the lactic acidosis and non-lactic acidosis groups, and the risk factors for LILA were evaluated.

Patients with shock, patients with respiratory failure (partial pressure of oxygen ≤ 60 mmHg) or liver failure (Child–Pugh classification C), patients with heart failure (NYHA classification 3 or higher), and those using drugs that affect lactate levels (such as metformin, salicylates, and nucleotide reverse transcriptase inhibitors) or receiving renal replacement therapy were excluded.

Patients older than 85 years had a low compensatory ability, with lactic acidosis defined as a serum pH <7.35 and arterial lactate level ≥ 3.5 mmol/L in the study. End-point referred to the time when the medication was stopped. The baseline and end-point lactate levels were obtained from blood gas analyses performed when teicoplanin or linezolid therapy was started and stopped. An arterial blood collection syringe (BD Preset, UK) was used to collect 1 ml of radial artery blood, which will be sent for testing within 15 min. A blood gas analyzer (Roche Cobas B221, Switzerland) was used to analyze arterial blood pH and lactate levels. The World Health Organization-The Uppsala Monitoring Centre Method was used to evaluate LILA, and the causal relationship was certain or probable/likely to be classified as LILA. Linezolid was from Pfizer (USA) with two different formulations: linezolid injection (0.6 g: 300 ml) and linezolid tablet (0.6 g). The dosage regimen was administrated as linezolid injection (0.6 g qm) and linezolid tablet (0.6 g qn) for all patients.



Data Collection

Baselines of the following clinical and laboratory variables were collected retrospectively from the electronic medical records system: sex, age, duration of linezolid therapy, infection site, the use of invasive ventilation, comorbid diseases such as chronic obstructive pulmonary disease, pulmonary fibrosis, coronary heart disease, hypertension, atrial fibrillation, diabetes mellitus), chronic kidney disease (CKD), neurological disease, malignant tumor, and thyroid hypofunction; laboratory indexes including the levels of serum creatinine, albumin, hemoglobin, creatine kinase, lactate dehydrogenase, alanine dehydrogenase, aspartate transaminase, troponin I (TNI), pro-brain natriuretic peptide, D-dimer, arterial blood glucose and estimated glomerular filtration rate (eGFR), sequential organ failure assessment (SOFA) score, and arterial lactate levels at baseline and the end-point. SOFA score was assessed when starting teicoplanin or linezolid treatment.



Statistical Analysis

Quantitative data with normal distributions were expressed in the form of means and standard deviations and were analyzed by t-tests. Data with non-normal distributions were conveyed as medians and interquartile ranges and were assessed with the Mann–Whitney U test. Moreover, categorical variables were described as frequencies, with comparisons being made by using the chi-square test. To adjust for the significant differences in patients' baseline characteristics in the two treatment groups, we performed propensity score matching by implementing the nearest-neighbor matching in a 1:1 ratio. Factors with significant differences in univariate analysis were entered into a multivariate binary logistic regression model (forward: LR) to determine their independent effects. The results of the binary logistic regression model are presented as odds ratios (ORs) and the associated 95% confidence intervals (CIs). The sensitivity and specificity of the risk prediction model were tested using the receiver operating characteristic curve analysis. The 30-day mortality rates of patients in the lactic acidosis and non-lactic acidosis groups were assessed by the Kaplan–Meier method with the Breslow test. Variables with p-values < 0.05 were considered statistically significant. All analyses were performed using IBM SPSS statistical software package version 23.0 (SPSS, Chicago, IL, USA).




RESULTS


Patient Characteristics and Clinical Factors

In this retrospective cohort study, 199 and 108 patients were administered teicoplanin or linezolid therapy, respectively (Figure 1). Of the patients, 15.3% (15/98) were skin and soft tissue infections, and most were single streptococcal infections. Pulmonary infections were found in 84.7% (83/98) of the patients, mainly hospital-acquired pneumonia or ventilator-associated pneumonia. They were mixed infections based on gram-negative bacteria (Acinetobacter baumannii, Klebsiella pneumoniae, or Pseudomonas aeruginosa). All patients received the standard dose of antibiotics. Patient characteristics and clinical factors such as infection site, underlying disease (coronary heart disease, atrial fibrillation, and neurological disease), and SOFA scores are shown in Supplementary Material. Propensity score matching was used to adjust for significant differences in the baseline characteristics of the two groups. As a result, 98 patients were matched in each of the teicoplanin and linezolid therapy groups (Figure 1). The balance in baseline characteristics between the two groups improved considerably (Table 1).


[image: Figure 1]
FIGURE 1. Screening of patients using teicoplanin or linezolid during the study period.



Table 1. Patient demographic and clinical characteristics after propensity score matching (nearest neighbor matching).
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Arterial Lactate Levels at Baseline and the End-Point in Patients in the Teicoplanin and Linezolid Therapy Groups

After propensity score matching, the incidence rates of lactic acidosis in the teicoplanin and linezolid therapy groups were 0% (0/98) vs. 35.7% (35/98), respectively, with significant differences (p < 0.0001, Table 2). No significant difference was found in the baseline of arterial lactate levels between the two groups. In contrast, the arterial lactate level at the end-point was significantly higher in the linezolid therapy group than that in the teicoplanin therapy group (p < 0.0001, Table 2).


Table 2. Arterial lactate at baseline and the end-point of patients.
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Univariate Analysis of Risk Factors for Linezolid-Induced Lactic Acidosis

In the linezolid therapy group, there were 35 patients with lactic acidosis and 63 patients with non-lactic acidosis. The median duration of linezolid therapy was 10 (7, 12) days in the lactic acidosis group and 8 (5, 11) days in the non-lactic acidosis group (p = 0.053, Table 3). The numbers of patients with CKD in the lactic acidosis and non-lactic acidosis groups were 24 (68.6%) and 31 (49.2%) (p = 0.064, Table 3), respectively. Arterial lactate levels at the end-point were significantly different between the two groups [4.6 (3.7, 5.5) mmol/L vs. 2.1 (1.6, 2.6) mmol/L, p < 0.0001, Table 3]. The clinical parameters, such as serum creatinine, hemoglobin, TNI, D-dimer, arterial blood glucose levels, and eGFR were significantly different between the two groups (p < 0.05, Table 3). The SOFA scores of the two groups were 10 (9, 15) and 6 (5, 9) (p < 0.0001, Table 3), respectively. The 30-day mortality rates were 48.6 and 28.6%, respectively, and were significantly different (p = 0.015, Table 3, Figure 2).


Table 3. Univariate analysis of risk factors of linezolid-induced lactic acidosis.
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FIGURE 2. Kaplan–Meier plot showing 30-day survival ratesinlinezolid-induced lactic acidosis group is lower than that in non-lactic acidosis group (48.6 vs. 28.6%, P = 0.015).




Risk Factors Associated With Linezolid-Induced Lactic Acidosis According to Multivariate Binary Logistic Regression

Significant factors (p < 0.1) in the univariate analysis were entered into a multivariate binary logistic regression model to determine their independent effects. No associations were observed between LILA and CKD, serum creatinine levels, hemoglobin levels, TNI levels, pro-brain natriuretic peptide levels, D-dimer levels, or eGFR. Duration of linezolid therapy ≥ 9 days (OR, 3.541; 95% CI, 1.161–10.793; p = 0.026, Table 4), arterial blood glucose level ≥ 8 mmol/L (OR, 4.548; 95% CI, 1.507–13.725; p = 0.007, Table 4), and a high SOFA score (OR, 1.429; 95% CI, 1.213–1.685; p < 0.0001, Table 4) were associated with LILA.


Table 4. Multivariate analyses of risk factors for linezolid-induced lactic acidosis.
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Establishment of the Risk Prediction Model

The risk of LILA can be predicted by three factors: the duration of linezolid therapy, arterial blood glucose level, and SOFA score.

Logit (P) = −5.263 + 1.264 × duration of linezolid (≥9 = 1, <9 = 0) + 1.515 × arterialblood glucose (≥8 = 1, <8 = 0) + 0.357 × SOFA score.

The probability of LILA in each patient: P = eLogit(P)/(1 + eLogit (P)).

Receiver operating characteristic curve analysis was used to evaluate the accuracy of the risk prediction model. The area under the curve was 0.849 (95% CI 0.772–0.926, p < 0.0001, Figure 3). The cutoff value was 0.2825, with a sensitivity of 91.4%, a specificity of 65.1%, a negative predictive value of 93.2%, and a positive predictive value of 59.3%.


[image: Figure 3]
FIGURE 3. Receiver operating characteristic curve analysis was used to evaluate the accuracy of the risk prediction model. Area under the curve was 0.849 with 95% CI (0.772–0.926) (p < 0.0001). Cutoff was 0.2825 with a sensitivity of 91.4%, a specificity of 65.1%, a negative predictive value of 93.2%, and a positive predictive value of 59.3%.




Validation of Model Stability in 32 Additional Patients

To verify the stability of the risk prediction model, 32 patients older than 85 years from the First Medical Centre of Chinese People's Liberation Army General Hospital between January and October 2019 were included. All the patients had blood gas analysis and arterial lactate levels monitored during the use of linezolid. The gold standard for the diagnosis of LILA was the combination of blood gas analysis and arterial lactate measurements.

According to the four-fold table (Table 5), the sensitivity of the risk prediction model was 100%, the specificity was 80%, the negative predictive value was 100%, and the positive predictive value was 58.3%.


Table 5. Thirty-two patients older than 85 years verified the stability of the risk prediction model.
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DISCUSSION

Linezolid has been used as a powerful medicine to treat multidrug-resistant gram-positive bacterial infections; however, this type of antibiotic could cause type B lactic acidosis due to inhibition of mitochondrial oxidative phosphorylation in the absence of apparent tissue hypoxia. LILA in the elderly has not been deeply concerned for a long time until a notable incidence of LILA was reported. LILA was supposed to affect the survival of patients in clinical practice.

In the current study, 35.7% of very elderly patients (older than 85 years) receiving linezolid therapy were observed with lactic acidosis. This overall percentage of LILA was slightly higher than previously reported, 6.8% in Im's study and 10.6% in Mori's study in all age groups (17–20). The reason for the higher percentage of LILA could be partly caused by the patients with mild disease who were excluded from the study due to the absence of blood gas monitoring. The very elderly population included in our study had relatively severe disease and multiple diseases or called comorbidities. In previous studies, those patients whose lactate levels were not being monitored were included in the non-lactic acidosis group, which might also lead to the underestimation of LILA incidence (20).

In our research, we found that the 30-day mortality rate was 48.6% in the lactic acidosis group, which was significantly higher than that in the control group (p < 0.05). In a systematic review and meta-analysis of 47 cases of LILA retrieved from PubMed, 25.5% of the patients died, indicating a high risk of mortality associated with LILA (21).

Previous reports have shown that LILA is associated with a longer duration of medicine therapy (15, 16, 22–24). In a retrospective study, duration of linezolid therapy > 6 weeks was a risk factor for LILA (19), but LILA has been reported to occur after a shorter duration of linezolid therapy (4 h−7 days) (21, 25–28) and even earlier in children with a median time of 2 (1, 13) days (29). Del Pozo had shown that the median duration of the administration of linezolid in patients with lactic acidosis was 8 days (20). We found that the duration of linezolid therapy ≥ 9 days was a risk factor for LILA in the very old population, suggesting that LILA in the very elderly population could occur after a short course of medication, although the underlying mechanism has not yet been clarified. Therefore, early and routine monitoring of lactate levels and blood gases is necessary for geriatric wards.

We also discovered that when the arterial blood glucose level was ≥8 mmol/L, the risk of lactic acidosis was elevated. In the absence of oxygen or mitochondrial oxygen use disorders, glucose produces lactic acid through anaerobic fermentation glycolysis. This could be the major cause of why lactic acidosis is prone to occur with elevated blood glucose.

A high SOFA score could also be a risk factor for LILA, and the risk of lactic acidosis increased 0.429 times for every one-point increase in the SOFA score, suggesting that very elderly patients with high SOFA scores are more prone to lactic acidosis. One study of 10 cases of LILA found that a SOFA score ≥ 11 and the duration of linezolid therapy ≥ 7 days were not risk factors for LILA (20). This was inconsistent with our results, which may be related to the univariate analysis used in previous studies.

Renal dysfunction might affect the excretion of linezolid, leading to the increased blood concentration of linezolid, and thereby induced LILA. Del Pozo (20) found that an eGFR ≤ 30 ml/min (OR, 7.4; 95% CI, 1.0–84.4, p = 0.02) was a risk factor for LILA; however, we did not find that the eGFR was associated with LILA. Actually, the non-renal clearance rate of linezolid was 65%. Furthermore, 30% of lactic acid clearance occurs in the kidney. Unless the lactic acid level is above 6–10 mmol/L, it will not start to be excreted by the kidneys (1). Therefore, eGFR may only be associated with severe hyperlacticacidemia. In our study, lactate levels were mostly mildly to moderately elevated; no correlation was confirmed between LILA and eGFR.

LILA may be associated with linezolid overexposure. In a case report, patients who received regular doses of linezolid (600 mg twice daily) with significant plasma overexposure to linezolid (minimum concentration, 26.99 mg/L) developed significant lactic acidosis (26). A recent study showed that patients ≥ 80 years had concentrations three times higher compared with patients <40 years, suggesting a positive correlation between linezolid concentrations and patient age (30). This may be why the high incidence and early onset of LILA in elderly patients in our study. More data are needed to illustrate the correlation between the concentration of linezolid and LILA.

Based on the multivariate logistic regression analyses, we established a risk prediction model for the occurrence of LILA with high sensitivity and specificity (91.4 and 65.1%, respectively), with a cutoff value of 0.2825. Verification of the model in 32 patients from another medical center showed that it was very stable. Therefore, the risk prediction model can be applied to the very elderly population.

The mechanism underlying LILA is still unclear. Human cells only contain L-lactate dehydrogenase that exclusively synthesizes L-lactic acid. Some colonic carbohydrate-fermenting bacteria produce D-lactic acid by D-lactate dehydrogenase. The usual lactic acid laboratory tests cannot detect D-lactic acid. Therefore, linezolid might induce the production of L-lactic acid by human cells. Linezolid inhibits 23S ribosomal RNA (rRNA) from the 50S subunit of the bacterial ribosome, similar to human mitochondrial 16S rRNA. Hence, linezolid might produce toxic mitochondrial effects by binding to human mitochondrial 16S rRNA and inhibiting mitochondrial protein synthesis (24). Human mitochondrial DNA polymorphisms (A2706G and G3010A) have been found associated with LILA (31, 32), although this finding remains controversial due to the high frequency (up to 80%) of the polymorphisms and the relatively rare occurrence of LILA (33).

To the best of our knowledge, this is the first study to analyze the occurrence of LILA in a large sample of patients older than 85 years. Moreover, we established a risk prediction model to predict the occurrence of LILA. There are some limitations to this study. First, as a retrospective study, the concentration of linezolid was not monitored. A recent preliminary result by our group showed that the trough concentrations of linezolid in elderly patients were more than 8 mg/L. Further studies are of great interest soon. Second, the included patients of very old age presenting relatively severe illness might contribute to the mortality. Third, the sample size was relatively small, and other adverse effects of linezolid such as thrombocytopenia, erythrocytopenia, and nervous lesion were worth further investigation. Furthermore, the mechanism underlying LILA needs to be further studied.



CONCLUSION

This study identified the risk factors for LILA and established a stable risk prediction model. LILA can occur in very elderly patients after a relatively shorter duration of linezolid, indicating that the close monitoring of blood gases and arterial lactate levels during the administration of linezolid is necessary.
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