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Early extubation in COVID-19 pneumonia patients and 
temporal changes in the lactate dehydrogenase profile
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ABSTRACT

	 Objective: Since the beginning of the 2019 global pandemic of Coronavirus Disease, using invasive mechanical ventilation as 
support therapy has been a critical treatment of acute respiratory failure. In the context of a collapsed health system, having an 
early extubation predictor becomes a useful way of supporting clinical management, by enabling to anticipate the availability of 
mechanical ventilators. Hence, we assessed the relationship between the progression of lactate dehydrogenase and early extuba-
tion in patients with COVID-19. Design: A retrospective study. Setting: A single private hospital in Chile. Patients: Adults aged 
18 or older diagnosed with COVID-19 pneumonia and requiring mechanical ventilation, having been admitted to an ICU during 
the study period. Interventions: None. Measurements and Main Results: Fifty two individuals, 73% males, were included 
with a median age of 47.1 years old and a median body mass index of 29. Individuals extubated within the first 5 days of me-
chanical ventilation, early extubation group, amounted to 34.6%. The average decrease in serum lactate dehydrogenase levels 
was 27.5 UI/L per day (p < 0.01) in the early extubation group compared to 14.7 UI/L per day (p < 0.01) in the late extubation 
group (individuals extubated after day 5). During the first 48 hours, the average daily decrease was 56.7 UI/L in the early extuba-
tion group compared to 13.2 UI/L per day in late extubation group (p < 0.01). Conclusions: Serum lactate dehydrogenase daily 
level decrease during the first days of mechanical ventilation is associated with earlier patient extubation.
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RESUMEN

	 Objetivo: Desde inicios de la pandemia de 2019 de enfermedad por Coronavirus, la terapia de soporte con ventilación 
mecánica invasiva ha sido fundamental en el tratamiento de la falla respiratoria aguda. En contexto de un sistema de salud 
saturado, es útil contar con un predictor de extubación precoz para apoyar el manejo clínico, al anticipar disponibilidad de 
ventiladores mecánicos. Por lo tanto, evaluamos la relación entre progresión de lactato deshidrogenasa y extubación precoz en 
paciente cursando con COVID-19. Diseño: Estudio retrospectivo. Ámbito: Centro único, hospital privado en Chile. Pacientes: 
Adultos mayores o igual a 18 años, con diagnóstico de Neumonía por COVID-19 y requerimientos de ventilación mecánica, in-
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Introduction

The Coronavirus-19 (COVID-19) pandemic has had a huge 
impact on health worldwide. Although most infected 
people develop a mild disease, approximately 5% of in-

dividuals may present with acute respiratory distress syndrome 
(ARDS) and multiple organ failure, requiring mechanical ventila-
tion (MV) and management in an intensive care unit (ICU)[1]. 
Ventilatory support is key for management but is associated 
with complications. MV-associated lung injury and MVassoci-
ated pneumonia are more likely to occur with each day after in-
tubation[2]. Therefore, patient prompt extubation is imperative 
for providing tremendously needed mechanical ventilators. To 
this end, it is useful to have a biomarker that serves as guideline 
and support for decision making.
	 Several biomarkers have been studied looking to help clini-
cians to make better decisions based on mortality and severity 
grading quantitative predictors[3],[4]. Lactate dehydrogenase 
(LDH) is an intracellular enzyme involved in anaerobic glycolysis 
and widely found in almost all living tissues. LDH levels aug-
ment in several conditions such as tissue injuries, inflammation, 
and hemolysis[5]. COVID-19 related increase in LDH levels are 
associated with higher rates of complications and mortality[3]. 
LDH has not yet been studied as a biomarker to predict early 
extubation, nevertheless, nor has been examined whether is as-
sociated with reductions in MV-related comorbidities[2].
	 In this study, we assessed the progress of LDH levels during 
mechanical ventilation and how it relates to early extubation in 
COVID19 acute respiratory failure patients.

Materials and Methods

	 This retrospective study included a cohort of patients diag-
nosed with COVID-19 pneumonia requiring MV. It was con-
ducted at Clínica Alemana de Santiago in converted ICUs man-
aged by anesthesiologists, during the second COVID-19 wave 
in Chile (March to July 2021). The protocol of the study was 
approved by the ethic committee of Clínica Alemana de San-
tiago, with the exception of the informed consent due to the 
exceptional pandemic situation [Approval N° 2020-35].
	 Patients included in this study were 18 years old or older 
with a COVID-19 acute respiratory failure requiring MV support. 
Exclusion criteria were presence of pulmonary embolism (PE) 
(diagnosed by imaging methods), active cancer, death within 
5 days of MV, and clinical evidence of myocarditis or rhabdo-

myolysis. We searched for the ability of LDH levels to predict 
early extubation. Patients extubated within the first 5 days of 
tracheal intubation were classified as early extubation group, 
while patients extubated from day 6 and after were classified 
as late extubation group. Data was adjusted by the following 
factors: patients’ baseline characteristics (age, body mass index 
[BMI], SOFA score), noninvasive ventilation (NIV) support before 
intubation, daily doses of methylprednisolone, volume of com-
promised lung on a Computed Tomography (CT) scan (less or 
more than 30%), aspartate aminotransferase (AST), total biliru-
bin at the start of MV, and daily serum LDH measured for the 
first 7 days.
	 The analysis of continuous variables between groups was 
made with MannWhitney’s or Student’s T tests, depending on 
their distribution. We compared categorical variables by means 
of the ChiSquare or Fisher’s exact tests, as appropriate. We built 
a logistic model to analyze the association between early extu-
bation and factors. Mixed models were used for the analysis of 
LDH levels, using the day of measurement as the time variable. 
We also used mixed models for covariance analysis to estimate 
early extubation; LDH level was the response variable, time the 
continuous variable, and early extubation the differentiating 
factor (considering p < 0.05 as significant).

Results

	 Of the 60 COVID-19 patients requiring MV admitted into 
the converted ICU’s, 8 were excluded according to the defined 
criteria (6 PE cases and 2 deceased). The median age of the 52 
patients enrolled was 47.1 years (SD ±12.5), and a mean BMI 
of 29 (26.5-32.4). Males amounted to 73% of the patients.  
Involvement over 30% of the lung in pulmonary CT scans were 
present in 58% of the patients. NIV support before intubat-
ing was established in 92% of the patients. The preintubation 
PaO2/FiO2 ratio was 206 (172-257). Methylprednisolone pulses 
were administered to 86% of the patients. Table 1 describe the 
characteristic of both groups.
	 The percentage of early extubated patients was 34.6%, 
with a significant relationship to age both in the univariate and 
multivariate analysis models. Early extubation did not signifi-
cantly relate to NIV support before intubation, use of corticoids, 
CT lung involvement, PaO2/FiO2 ratio, or SOFA and Apache 
scores. The late extubation group did show more ICU hospital-
ization days than early extubation group with a statistically dif-
ference. Reintubation cases, tracheostomy and infection cases 

gresado a UCI durante el período estudiado. Intervención: No. Resultados: Fueron incluidos cincuentas y dos individuos, 73% 
de sexo masculino, con una mediana de 47,1 años de edad e índice de masa corporal de 29. El grupo de extubación precoz, 
individuos extubados dentro de los 5 primeros días de ventilación mecánica, correspondió al 34,6%. El descenso promedio de 
lactato deshidrogenasa en el grupo de extubación precoz fue de 27,5 UI/L diario (p < 0,01), comparado con 14,7 UI/L diario en 
el grupo de extubación tardía (individuos extubados posterior al día 5 - p < 0,01). En las primeras 48 horas el descenso promedio 
en el grupo de extubación precoz fue 56,7 UI/L diario, comparado con 13,2 UI/L diario en el grupo de extubación tardía (p < 
0,01). Conclusiones: El descenso diario del nivel sérico de lactato deshidrogenasa en los primeros días de ventilación mecánica 
se asocia con una extubación precoz.

Palabras clave: COVID-19, respiración artificial, L-Lactato deshidrogenasa, extubación traqueal.
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Table 1. Describe the characteristic of both groups

Early extubated Late extubated OR [IC 95%] P Value

Age (years) 41.4 (SD ± 11.6) 50.2 (SD ±11.9) 0.95 [0.88-0.99] < 0.01

BMI (Kg/Mt2) 29.3 (SD ± 4.2) 30.9 (SD ±5.3) 0.3

Male 61 % 79% 0.15

NIV support pre-intubation 94% 91% 0.59 [0.03-10.14] 0.67

SOFA score 3 (2-3) 3 (2-5) 0.08

APACHE score 4 (2-7) 5 (3-8) 0.27

Compromise > 30% of lung tissue 75% 64% 1.66 [0.42-6.56] 0.46

Pre intubation PaO2/FiO2 ratio 261 (SD ± 62) 247 (SD ± 83) 1.00 [0.99-1.01] 0.58

Methylprednisolone pulse 78% 91% 0.33 [0.06-1.71] 0.17

Days between hospitalization and intubation 1 (0-1) 1 (0-2) 0.46

Days between start of symptoms and intubation 8 (7-11) 9 (8-11) 0.67

ICU hospitalization days 5 (4-5) 9 (7-11) < 0.01

Reintubation cases 0 4 0.12

Tracheotomy cases 0 2 0.29

Infection cases 2 10 0.13

did not show difference. 
	 Temporal changes in LDH levels were not associated to liver 
enzyme or total bilirubin levels - dichotomized to twice the top 
normal value in the univariate model - when measured at the 
beginning of MV or at 72 hours after intubation.
	 The preintubation level of LDH showed a significant re-
lationship with the CT lung involvement. Levels of LDH were 
112.4 UI/L higher in the group of patients with lung involve-
ment > 30% (p = 0.01), with a significant decrease 24 hours 
postintubation (p < 0.03).
	 LDL levels were not different at baseline between early and 
late extubation groups (p = 0.19) (Figure 1A). LDL levels de-
creased over time significantly in both early and late extubation 
groups. The average LDH level decrease in the early extubation 
group was 27.5 UI/L per day (p < 0.01) while 14.7 UI/L per 
day in the late extubation group (p < 0.01) (Figure 1A). The 
assessment of the LDH drop gradient during the first 48 hours 
showed an average drop of de 56.7 UI/L (p < 0.01) in the case 
of the early extubated group, versus 13.2 UI/L per day for the 
late extubated one (Figure 1B).

Discussion

	 Previous studies have established that high initial levels of 
LDH are a biomarker of worse prognosis in COVID-19 infec-
tion[7]. We show that time-course levels of LDH during first 
days after intubation are useful to predict early extubation. 
Mechanically ventilated patients exhibiting a more pronounced 
decrease in LDH levels during the first 5 days of MV, have an 
association with earlier extubation compared to those patients 
with a less pronounced reduction. This suggests that the serial 
control of this biomarker may be considered in the clinical de-
cision-making process of these patients. Considering this cen-
ter’s patient management, the LDH trend can support decisions 

on dose adjustments of sedation and neuromuscular blocking 
drugs.
	 Baseline LDH levels were higher in patients with a greater 
than 30% lung involvement measured by CT scans. This finding 
is likely in response to the degree of cell damage, as is also the 
case in lung fibrosis[8]. Decrease in LDH levels after 24 hours 
of MV may reflect the lung protector effect of MV. However, 
we know that patients benefit from other intervention as well. 
We have observed that early NIV support as a bridge to MV 
or no delay in intubation when necessary, improves outcomes. 
Patients also benefit from well systematized management pro-
tocol including early initiation of methylprednisolone pulses. 
ClimenteMartini et al.[9], demonstrated the beneficial effect of 
methylprednisolone with less mortality in severe cases (HR of 
0.11).
	 As expected, the late extubation group had significantly 
more ICU hospitalization days than early extubation group. 
They had also more reintubation, tracheostomy, and infection 
cases, but without statistically significance.
	 LDH levels did not show a relation to liver tests and hence 
were not considered in the multivariate analysis. Notably, liv-
er function tests are not associated with death or MV dura-
tion[10]. We considered other laboratory tests and vital signs 
concentrated in severity scores as APACHE and SOFA, both 
without statistical differences between groups.
	 There was no accountable death within 30 days in the 
sample, excepting the two patients excluded for early death. 
We don’t have an explanation for this low mortality, probably 
because a small sample size. Another explanation could be 
the way we have been working in this ICU with well system-
atized management protocol that includes a NIV support, early 
intubation and prono ventilation, high corticoids doses, active 
searching and treatment of infection, appropriate nutrition and 
boost the intestinal transit.
	 Limitations in our study were a small sample size of patients 
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from a single unit of our center. Another limitation relates to 
LDH broad tissue distribution making questionable the origin of 
the elevation of LDH levels. Should we find a lungspecific bio-
marker that better distinguishes the trends of patient evolution, 
thus eliminating confusing factors that can raise LDH levels, is 
still and ideal open demand. Nonetheless, the main advantage 
of well-known LDH tests is its worldwide, fast and low cost 
availability. Currently health systems need simple and afford-
able solutions to help clinicians take better care of COVID-19 
patients. 

Conclusion

	 Patients showing a pronounced daily reduction in LDH lev-
els during the first days of MV are more likely to be extubated 
earlier than patients with smaller reductions. LDH serial quanti-
fications may more completely enlighten clinicians’ extubation 
decision making process.
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