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Abstract
BACKGROUND
The novel coronavirus disease 2019 (COVID-19) has spread widely around the world with strong infectivity, rapid mutation and a high mortality rate. Mechanical ventilation has been included in the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 8) as an important treatment for severe and critical COVID-19 patients, but its clinical efficacy in COVID-19 patients is various. Therefore, it is necessary to study the influencing factors on the efficacy of mechanical ventilation in severe and critical COVID-19 patients.

AIM
The aim of this study is was to determine the influencing factors on the efficacy of mechanical ventilation in severe and critical COVID-19 patients.

METHODS
A total of 27 severe and critical COVID-19 patients were enrolled in this study and treated with mechanical ventilation at the Optical Valley Campus of Hubei Maternal and Child Health Care Hospital (Wuhan, Hubei Province) from February 20, 2020th to April 55th, 2020. According to the final treatment outcomes, the patients were divided into the “effective group” and “death group.”. The clinical data of the two groups,’ patients such as the treatment process and final outcome, were retrospectively analyzed in order to determine the specific curative effects on the two groups and the reasons for the differences in such curative effects, as well as to explore the factors related to death.

RESULTS
This e subjects of this study were enrolled 27 severe and critical COVID-19 patients, including 17 males (63.0%) and 10 females (37.0%). Their ages were 74.41 ± 11.73- years- old, and 19 patients (70.4%) were over 70- years- old. Severe COVID-19 patients over 70- years- old who were treated with mechanical ventilation died in 14 cases (82.4%); thus, this was the peak age. A total of 17 patients died of basic disease, 16 of whom had more than two basic diseases. The basic diseases were hypertension, diabetes, and cardiovascular and cerebrovascular diseases. At the same time, 13 patients (76.5%) died from an abnormal increase in blood glucose. Among them, eight had diabetes before contracting COVID-19 and five had a stress-induced increase in blood glucose after contracting COVID-19. Diabetic ketoacidosis occurred in one case. The use of tTocilizumab may be a double-edged sword which that carries a certain risk in clinical usage. Among the death casespatients who died, 16 (94.1%) went into septic shock at the end. There were significant differences in the degree of infection, cardiac and renal function, and blood glucose between the death group and effective group.

CONCLUSION
Age, blood glucose, cardiac and renal function, and inflammatory reaction are important indicators of poor prognosis for mechanical ventilation in severe and critical COVID-19 patients. 
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Core Ttip: A total of 27 severe and critical coronavirus disease 2019 (COVID-19) patients were treated with mechanical ventilation and divided into the “effective group” and “death group” according to the final outcomes of the treatment. There were significant differences in the degree of infection, cardiac and renal function, and blood glucose between the death group and effective group. We found that age, blood glucose, cardiac and renal function, and inflammatory reaction are important indicators of poor prognosis for mechanical ventilation in severe and critical COVID-19 patients.



INTRODUCTION
The novel coronavirus disease 2019 (COVID-19) has spread widely around the world with strong infectivity, rapid mutation, and a high mortality rate.[1-3]. It has a wide clinical spectrum, including mild respiratory disease, asymptomatic infection, and severe pneumonia with acute respiratory failure and even death. Mechanical ventilation has been included in the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 8) as an important treatment for severe and critical COVID-19 patients, but its clinical efficacy is various. Therefore, it is necessary to study the influencing factors on the efficacy of mechanical ventilation in severe and critical COVID-19 patients. From February 19th, 2020 to April 5th, 2020 at Hubei Maternal and Child Health Hospital in Guanggu District (Wuhan, Hubei Province, China), a total of 27 severe and critical COVID-19 patients  were treated with noninvasive or invasive mechanical ventilators, 17 of whom died. We retrospectively analyzed the clinical features of the 27 patients in order to improve our understanding of COVID-19 and provide references for clinical treatment.

MATERIALS AND METHODS
Case groups
A total of 27 patients underwent ventilator treatment at Hubei Maternal and Child Health Hospital from February 19th, 2020 to April 5th, 2020. The criteria for diagnosis and classification were taken from the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 7) issued by the National Health Commission and State Administration of Traditional Chinese Medicine.
Exclusion criteria were as follows: (1) pPrevious medical history combined with organ transplantation and immune system disease, ; (2) pPregnant or lactating women, ; (3) sSuffering from mental illness,; and (4) nNot consenting to ventilator treatment.

Methods
The clinical data of the 27 COVID-19 patients was collected and studied, including gender, age, basic disease, blood oxygen saturation on admission, complications, oxygenation index before ventilation, time and type of ventilator use, whether gGlucocorticoid and tTocilizumab were used in combination, laboratory examination, computed tomography (CT) manifestation of lungs, and direct death factors. The approval of the Ethics Committee of Hubei Maternal and Child Health Hospital was obtained.
Laboratory examination: The white blood cell count, lymphocyte count, lymphocyte granulocyte ratio, platelet count, C-reactive protein (CRP), interleukin-6 (IL-6), calcitonin, ESRerythrocyte sedimentation rate, lactic acid, D-dimer, B-type natriuretic peptide (BNP), urea nitrogen, creatinine and fasting blood glucose of all patients were measured on admission, before ventilator use and before death, discharge or transfer. Chest CT examination or bedside chest X-ray examination was administered.
The treatment process and final outcomes of the patients were statistically analyzed. According to the final treatment results, the patients were divided into the “effective group” and “death group.”. Then the above observation indexes of the two groups were then retroactively tracked, and a retrospective control study was conducted established in order to determine the specific curative effects on the two groups and the reasons for the differences in such curative effects, as well as to explore the factors related to death.

Statistical analyseis
Descriptive statistical analyseis was were performed using SPSS 25.0 software (IBM, Chicago, IL, United States). Counting data was are expressed as a percentage, and the two sample rates were compared using χ2 test; measurement data conforming to the normal distribution was are expressed as the mean ± SDstandard deviation, and measurement data that is are not normally distributed was are expressed as the median (interquartile range) forom description. Measurement data with the same normal distribution and uniform variance between the two groups was were compared using the t-test, and the variance was not uniform by the t’-test; the measurement data between the two groups with normal distribution and uniform variance was were the same item in the same group at different times. Analysis of variance was used for inter-comparison, and rank-sum test was used for those with uneven variance. The Mann-Whitney U-test or Kruskal-Wallis H-test was used to compare the measurement data of skewed distribution between groups. Spearman’s rank correlation coefficient was used in thefor correlation analysis of measurement data conforming to skewed distribution. P < 0.05 represents a significant difference.


RESULTS
The 27 severe and critical COVID-19 patients were 17 males (63.0%) and 10 females (37.0%). Their ages were 74.41 ± 11.73- years- old, and 19 patients (70.4%) were over 70- years- old. Among them, 15 patients (55.6%) had hypertension, ten 10 (37%) had diabetes, ten 10 (37%) had nervous system disease, and nine 9 (33.3%) had heart disease. The distribution of other combined diseases is shown in Table 1. A total of 23 patients (85.2%) were complicated with two or more basic diseases. The lymphocyte count, platelet count, CRP, IL-6, lactic acid, D-dimer, BNP, creatinine, and fasting blood glucose of all patients were measured on admission, before ventilator use and before discharge (death) (Tables 1 and 2, Figure. 1).
There were 24 cases of bacterial pneumonia (88.9%), 18 cases of anemia (66.7%), eight 8 cases of arrhythmia (29.6%), ten 10 cases of heart failure (37%), seven 7 cases of acute renal failure (25.9%), three 3 cases of gastrointestinal bleeding (11.1%), eight 8 cases of liver function damage (29.6%), ten 10 cases of electrolyte disorder (37%), 19 cases of abnormal hyperglycemia (70.4%), three 3 cases of pneumothorax (11.1%), five 5 cases of pleural effusion (18.5%), and 17 cases of shock (63%).

DISCUSSION
Our study indicates showed that severe COVID-19 patients over 70 years of age who were treated with mechanical ventilation died in 14 cases (82.4%); thus, this was the peak age. A total of 17 patients died of basic disease, 16 of whom had more than two basic diseases. The basic diseases were hypertension, diabetes and cardiovascular and cerebrovascular diseases. At the same time, 13 patients (76.5%) died from an abnormal increase in blood glucose. Among them, eight had diabetes before contracting COVID-19 and five had a stress-induced increase in blood glucose after contracting COVID-19. Diabetic ketoacidosis occurred in one case.
Studies have shown[4-6] that the immune response ability of patients with diabetes is decreased, and there is often immune dysfunction such as the decrease of CD3+ T cells, imbalance of CD4+/CD8+ cells and decrease of natural killer T cell activity, which increase the risk of virus infection. Angiotensin converting enzyme-2 (ACE-2), the functional receptor of severe acute respiratory syndrome coronavirus (SARS-CoV), is also expressed in islets. During infection, the virus may destroy islets and aggravate diabetes mellitus through ACE-2. After COVID-19 infection, blood glucose metabolism is affected in patients with an irregular diet, limited exercise after hypoxia and the use of glucocorticoids. Therefore, blood glucose monitoring should be strengthened throughout the course of the disease, and the hypoglycemic program should be adjusted in time.
SARS-CoV-2 can enter lung cells through ACE-2 receptor-mediated endocytosis and proliferate in large quantities, releasing more viruses by budding or inducing programmed cell death. After being recognized by the pattern recognition receptors on the immune cells of the body, a large number of cytokines are released through signal transduction, activating more immune cells to participate in the elimination of the virus, and forming a cytokine storm. An over-activated immune system will certainly kill a large number of normal lung cells and seriously damage the lung ventilation function, leading to respiratory failure and eventual death by hypoxia. The cytokine storm induced by COVID-19 is mainly related to IL-1B, IL-6, IL-12, interferon gammaIFN-γ, interferon gamma-induced protein,IP10 and monocyte chemoattractant protein-1MCP1. The expression of IL-6 was higher than those that of tumor necrosis factor alpha TNF-α and IL-1. A high concentration of IL-6 can induce thrombosis, vascular leakage, and various pathological functions related to myocardial dysfunction, leading to tissue hypoxia, hypotension, multiple organ dysfunction and disseminated intravascular coagulation. Therefore, IL-6 in the COVID-19 cytokine storm is generally used as a biomarker for judging the severity and prognosis of the disease.[7-10]. In this study, the total number of lymphocytes, white blood cells, platelet count, lactic acid, IL-6, and D-dimer were selected as the observation indexes. Through a comprehensive analyseis of these indicators in 17 patients on admission, before ventilator use and before death, we can see that the absolute values of the lymphocyte and platelet counts in critical COVID-19 patients showed a progressive decline, IL-6 showed an abnormal increase, and lactic acid increaseds. According to the pathological changes in COVID-19 patients, the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 7) added immunotherapy, tTocilizumab, blood purification therapy, etc. In our 17 dead patients, nine cases9 used tTocilizumab and one case1 used DFPP. We found that after the use of tTocilizumab, IL-6 increased abnormally up to 50,000 pg/mL and lymphocytes decreased progressively. In one lymphocytic case, the lowest absolute value of B cells was 0, indicating that the cytokine storm was not completely inhibited. At the same time, it was observed that two patients died the following day and three experienced worse symptoms the following day. Thus, the use of tTocilizumab may be a double-edged sword which carries a certain risk in clinical usage. After blocking the IL-6 receptor, the abnormal rise in IL-6 aggravated tissue hypoxia, hypotension and multiple forms of organ damage. [11-14].
Digestive tract hemorrhage occurred among the death complications. After COVID-19 infection, the platelet counts abnormally decreased on admission, before ventilator use and before death. The lowest platelet count decreased to six and liver function damage occurred, further aggravating the damage of the coagulation function. At the same time, D-dimer abnormally increased in severe COVID-19 patients, and the risk of thrombosis also increased. [15-18]. Patients with severe infection and sepsis may be at risk of falling into a hypercoagulable state which leads to a risk of thrombosis, and those in a low coagulation state may be at risk of bleeding. In addition, anticoagulant monitoring in the treatment of COVID-19 patients receiving extracorporeal membrane oxygenation (ECMO) and continuous renal replacement therapy is particularly important for reducing bleeding complications and blood product consumption. In early critical patients, mechanical ventilation for more than 48 h is a high-risk factor for the occurrence of stress ulcers in the digestive tract. Thus, it is necessary to strengthen early gastrointestinal nutrition and proton pump inhibitors. In our successful cases, we found that platelets and hemoglobin decreased with timely blood transfusion, timely search for bleeding lesions and timely use of proton pump inhibitors to prevent stress ulcers. The coagulation function and platelet count were detected. 
Among the death cases, 16 (94.1%) went into septic shock at the end, which was related to cytokine storm, vascular leakage, insufficient volume, etc. The creatinine value of the effective group was slightly higher than that of the death group, and the creatinine before discharge was better than that on admission and before ventilator use, with the highest creatinine value during hospitalization, indicating that renal failure was not the direct cause of death from COVID-19, but mainly changed after hypoxia and systemic inflammatory reaction.[19-21] However, we detected the COVID-19 virus in the saliva, urine, throat swab and anal swab of a patient treated with ECMO. 

CONCLUSION
Our study finds found that age, blood glucose, cardiac and renal function, and inflammatory reaction are important indicators of poor prognosis for mechanical ventilation in severe and critical COVID-19 patients.

ARTICLE HIGHLIGHTS
Research background
The clinical efficacy of ventilator treatment in coronavirus disease 2019 (COVID-19) patients is variousvaried. As such, it is necessary to study the influencing factors on the efficacy of mechanical ventilation in severe and critical COVID-19 patients.

Research motivation
Mechanical ventilation has been included in the Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 8) as an important treatment for severe and critical COVID-19 patients. However, the influencing factors on the efficacy of mechanical ventilation in severe and critical COVID-19 patients are unclear and well worthy ofworth studying.

Research objectives
This study aimed to determined the influencing factors on the efficacy of mechanical ventilation in severe and critical COVID-19 patients.

Research methods
A total of 27 severe and critical COVID-19 patients were enrolled in this study and treated with mechanical ventilation. According to the final treatment outcomes, the patients were divided into the “effective group” and “death group.”. The clinical data of the two groups’ patients such as treatment process and final outcome were retrospectively analyzed.

Research results
The 27 severe and critical COVID-19 patients were 17 males (63.0%) and 10 females (37.0%). Their ages were 74.41 ± 11.73- years- old, and 19 patients (70.4%) were over 70- years- old. Of the patients over 70- years- old treated with mechanical ventilation, 14 died. A total of 17 patients died of basic disease, 16 of whom had more than two basic diseases. The basic diseases were hypertension, diabetes and cardiovascular and cerebrovascular diseases. There were significant differences in the degree of infection, cardiac and renal function, and blood glucose between the death group and effective group.

Research conclusions
Age, blood glucose, cardiac and renal function, and inflammatory reaction are were important indicators of poor prognosis for mechanical ventilation in severe and critical COVID-19 patients.

Research perspectives
In this study, we found that age, blood glucose, cardiac and renal function, and inflammatory reaction are important indicators of poor prognosis for mechanical ventilation in severe and critical COVID-19 patients. The use of tTocilizumab may be a double-edged sword which carries a certain risk in clinical usage.
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Figure. 1 Detections inof dDifferent pPatients.
Table 1 Clinical dData of pPatients
	Clinical characters
	n (%)
	Death group, 17 cases, n (%)
	Effective group, 10 cases, n (%)
	P value

	Gender

	Male
	17
	11 (64.7)
	6 (35.3)
	0.310

	Female
	10
	6 (60)
	4 (40)
	

	Age (yrs.)
	74.41 ± 11.73
	77.94 ± 10.49
	68.4 ± 11.75
	0.049a

	< 60 
	6 (22.2)
	2 (11.8)
	4 (40)
	0.10

	60–69 
	2 (7.4)
	1 (5.9)
	1 (10)
	0.48

	70–79
	7 (25.9)
	4 (23.5)
	3 (30)
	0.32

	> 80
	12 (44.4)
	10 (58.8)
	2 (20)
	0.049a

	Underlying disease

	Hypertension
	15 (55.6)
	8 (47)
	7 (70)
	0.17

	Diabetes
	10 (37)
	8 (47)
	2 (20)
	0.13

	Cardiopathy
	9 (33.3)
	5 (29.4)
	4 (40)
	0.28

	Nervous system disease
	10 (37)
	7 (41.2)
	3 (30)
	0.28

	Respiratory disease
	8 (29.6)
	4 (23.5)
	4 (40)
	0.23

	Malignant tumor
	6 (22.2)
	4 (23.5)
	2 (20)
	0.36

	Digestive system disease
	2 (7.4)
	1 (5.9)
	1 (10)
	0.48

	Hematological disease
	1 (3.7)
	1 (5.9)
	0 (0)
	0.63

	Chronic renal insufficiency
	4 (14.8)
	2 (11.8)
	2 (20)
	0.35

	Rheumatoid arthritis
	1 (3.7)
	1 (5.9)
	0 (0)
	0.63

	Decubitus
	1 (3.7)
	1 (5.9)
	0 (0)
	0.63

	More than two diseases
	23 (85.2)
	16 (94.1)
	7 (70)
	0.12

	Clustering onset
	10 (37)
	8 (47)
	2 (20)
	0.13

	Admission classification

	Severe
	16 (59.3)
	10 (58.8)
	6 (60)
	0.31

	Critical
	11 (40.7)
	7 (41.2)
	4 (40)
	

	SpO2 at rest on admission (%)
	85.0 ± 13.46
	82.82 ± 16.47
	88.7 ± 4.11
	0.28

	CT on admission

	Multiple lesions in both lungs
	21 (87.5)
	13 (76.5)
	8 (80)
	0.36

	Limited in single lung
	6 (7.4)
	4 (23.5)
	2 (20)
	

	Ventilation mode

	Noninvasive ventilation
	15 (55.6)
	10 (58.8)
	5 (50)
	0.28

	Invasive ventilation
	21 (77.8)
	13 (76.5)
	8 (90)
	0.36

	ECMO
	3 (11.1)
	1 (5.9)
	2 (20)
	0.26

	Prone position ventilation
	7 (25.9)
	4 (23.5)
	3 (30)
	0.32

	Tocilizumab
	14 (51.9)
	9 (52.9)
	5 (50)
	0.31

	[bookmark: OLE_LINK1]Glucocorticoid
	15 (55.6)
	12 (70.6)
	3 (30)
	0.04a

	[bookmark: _Hlk71229196]Oxygenation index before ventilation
	132.64 ± 59.3
	122.31 ± 56.88
	149.16 ± 62.32
	0.270

	Days of ventilator treatment
	7.04 ± 6.65
	4.76 ± 4.63
	10.9 ± 7.95
	0.011a

	Complications

	Bacterial pneumonia
	24 (88.9)
	14 (82.4)
	10 (100)
	0.23

	Anemia
	18 (66.7)
	12 (70.6)
	6 (60)
	0.28

	Pneumothorax
	3 (11.1)
	2 (11.8)
	1 (10)
	0.46

	Pleural effusion
	5 (18.5)
	4 (23.5)
	1 (10)
	0.29

	Arrhythmia
	8 (29.6)
	7 (41.2)
	1 (10)
	0.09

	Myocardial ischemia
	12 (44.4)
	10 (58.8)
	2 (20)
	0.049a

	Heart failure
	10 (37)
	9 (52.9)
	1 (10)
	0.03a

	Hepatic dysfunction
	8 (29.6)
	5 (29.4)
	3 (30)
	0.33

	Acute renal dysfunction
	7 (25.9)
	5 (29.4)
	2 (20)
	0.31

	Gastrointestinal hemorrhage
	3 (11.1)
	3 (17.6)
	0 (0)
	0.23

	Shock
	17 (63)
	16 (94.1)
	1 (10)
	0.004a

	Abnormal blood glucose
	19 (70.4)
	13 (76.5)
	6 (60)
	0.23

	Electrolyte disorder
	10 (37)
	6 (35.3)
	4 (40)
	0.31

	Hemoptysis
	1 (3.7)
	0 (0)
	1 (10)
	0.37

	aP < 0.05. CT: Computed tomography; ECMO: Extracorporeal membrane oxygenation.



Table 2 Related tTest rResults of pPatients bBefore and aAfter vVentilation
	Item
	Death group, (17 cases)
	Effective group, (10 cases)

	
	On admission
	Before ventilation
	Before death
	On admission
	Before ventilation
	Before discharge

	Lactic acid
	2.44 ± 1.07
	5.82 ± 6.27
	17.41 ± 7.10b
	2.00 ± 0.12
	2.00 ± 0.12
	2.00 ± 0.12

	IL-6
	347.53 ± 922.41a,b
	125.76 ± 139.63a,b
	12099.43 ± 19424.47a,b
	2.36 ± 1.75
	1.50 ± 1.22
	1.00 ± 0.89

	CRP
	123.20 ± 94.63
	151.02 ± 82.27
	129.23 ± 86.94
	6802.48 ± 9458.94a,b
	854.56 ± 1322.69a,b
	878.56 ± 1251.27a,b

	Blood glucose
	8.45 ± 4.37
	10.97 ± 5.91
	10.38 ± 5.83
	12.72 ± 9.76
	126.03 ± 146.14a,b
	135.51 ± 158.42a,b

	PLT
	151.00 ± 83.35b
	171.13 ± 103.79
	96.27 ± 97.446
	14.86 ± 13.02
	70.27 ± 13.06
	77.74 ± 15.31

	D-Dimer
	13.38 ± 30.23
	17.18 ± 30.18
	13.06 ± 17.51
	4.21 ± 3.70
	2.30 ± 1.64
	49.5 ± 41.95

	BNP
	250.36 ± 349.23a,b
	753.91 ± 1323.52a,b
	1410.28 ± 1806.89a,b
	1.0 ± 0.12
	1.40 ± 0.52
	1.90 ± 0.32

	Cr
	81.70 ± 39.82
	78.75 ± 34.44
	105.81 ± 55.53b
	65.32 ± 41.76
	49.94 ± 59.33
	1.18 ± 2.65

	Lymphocyte
	1.04 ± 1.34
	0.57 ± 0.45
	0.55 ± 0.50
	1.46 ± 2.09
	1.45 ± 1.60
	1.04 ± 1.09

	Lymphocyte/granulocyte ratio (%)
	16.58 ± 29.10
	4.58 ± 3.87
	7.15 ± 7.47
	57.37 ± 42.08
	273.06 ± 109.09a,b
	79.4 ± 25.15b

	aP < 0.05 (in same group); bP < 0.05 (between two groups).
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