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The Characteristics of High Altitude Pulmonary Edema in Naqu at the Altitude of 4,500 m
Abstract
Purpose: High altitude pulmonary edema (HAPE) has rapid onset and development, and may be life-threatening if not treated in time. It is important to correctly identify and recognize the characteristics of HAPE and to provide timely treatment. We aimed to summarize the characteristics of patients with HAPE by analyzing their general information, clinical symptoms, examination and laboratory results.
Methods: 429 HAPE patients were enrolled in our study, and 200 of them were divided into three groups according to the period from their arrival in Naqu to the onset of the disease. We collected and analyzed the demographic information, results of laboratory tests, imaging and electrocardiography of all the participants at admission. The patients’ results of laboratory tests and imaging at admission were compared with those at discharge. The results of blood routine were compared among different groups. 
Results: Most of the HAPE patients were male (90.21%). The average white blood cell and neutrophil counts, alanine aminotransferase and aspartate aminotransferase levels, uric acid level, lactic dehydrogenase and creatine kinase levels were increased among HAPE patients at admission. The counts of white blood cell, neutrophil and lymphocyte, and the concentration of hemoglobin in HAPE patients at admission were higher than those at discharge (p<0.05).The counts of white blood cell and neutrophil were lower in patients who developed the disease in more than 7 days than in those who developed the disease within 1 day or 3 days (p<0.05).
Conclusion: The proportion of males in HAPE patients was higher. Hepatocyte and myocardium in HAPE patients were more likely to be damaged. The white blood cell and neutrophil counts were significantly higher than normal range, and their increment was reduced as the incubation period extended.
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What is already known about this topic?
1. High altitude pulmonary edema (HAPE) has rapid onset and development, and may be life-threatening if not treated in time.

2. Study has found that the incidence of acute mountain sickness was associated with altitude and the changes of blood routine and endocrine hormone of HAPE patients were related to the period of high-altitude exposure.
What does this article add?
1. This study showed the clinical characteristics of HAPE patients suffered at the altitude of 4,500 meter.
2. It found that the hepatocyte and myocardium in HAPE patients were more likely to be damaged.

3. It showed that the WBC and neutrophil counts were significantly higher than normal range, and their increment was reduced as the incubation period extended.
1 INTRUCTION
High altitude pulmonary edema (HAPE) is a reversible form of non-cardiogenic pulmonary edema typically occurring in young, healthy individuals who ascend to altitudes over 2,000m.1 Generally, it occurs in healthy lowlanders who first arrive at the plateau or long-term plateau residents return from the plain area.2, 3 Study found that the incidence of HAPE was 0.2–2% in subjects without a previous history of HAPE.1 There are many factors influence the risk of HAPE, including ascent rate, sleeping altitude, age, gender, obesity, previous exposure to high altitude, individual susceptibility and a history of HAPE.4,5 With the development of tourism, travel to high altitude is becoming increasingly common, and it is important to understand the risks associated with HAPE.
Study has found that the incidence of acute mountain sickness was associated with altitude and the changes of blood routine and endocrine hormone of HAPE patients were related to the period of high-altitude exposure.6,7 Most of these studies involved patients who developed HAPE or acute mountain sickness at altitude of 3,200-3,700 meters, but few of them enrolled patients occurred HAPE at a higher altitude. Naqu is located in the geographical coordinates of 29°-36°N, with an average altitude of 4,500 meters. Due to the development of economy and tourism, there are many HAPE patients in Naqu.
The purpose of this study was to summarize the characteristics of patients with HAPE by analyzing their general information, clinical symptoms, examination and laboratory results for better understanding HAPE and improving the early diagnosis and prognosis of HAPE patients.
2 METHODS
2.1 Participants
A cross-sectional study enrolled 429 patients (age ranged 18-75 years) who admitted into the People’s Hospital of Naqu from October 2016 to December 2018. All of them were diagnosed with HAPE according to the criteria (GBZ 92-2008).This study was approval from the ethic committee of People’s Hospital of Naqu. All subjects of this study received detailed information regarding the research and informed consent in accordance with the declaration of Helsinki. Subjects were excluded if they have pulmonary disease, uncontrolled hypertension and diabetes, cardiovascular disease, cerebrovascular disease, kidney disease, liver disease, or hematological disease.
2.2 Demographic and clinical information
The demographic information of all the participants were collected at admission, includinggeneral information (age, sex, smoking history, drinking history, long-term plain living history, comorbidities, etc .), clinical manifestations (dizziness, headache, chest tightness, cough, sputum, dyspnea, and disturbance of consciousness), signs (cyanosis, breathing sounds of both lungs, and snoring sounds), vital signs (temperature, respiration, heart rate, and blood pressure) and therapy methods (the type of medication and the duration of treatment).
2.3 Laboratory test
Blood routines was analyzed by automatic haematology analyzer (Sinnowa，China) including white blood cell count (WBC), neutrophil count, lymphocyte count, red blood cell count (RBC), hemoglobin concentration (HGB), and platelet count (PLT). Biochemical indicators were analyzed by the automatic biochemical analyzer (Sinnowa，China) including liver enzymes, indicators of renal function, random blood glucose, serum electrolytes, and myocardial enzymes.
2.4 Imaging and electrocardiography
Chest roentgenograms of all the patients were performed by the X-ray instrument (Siemens，Germany). The computed tomography (CT)(Siemens，Germany) was applied for brain CT scan. 12-lead electrocardiogram was performed by the electrocardiograph (GE MAC1200ST，USA).
2.5 Statistical analysis
Counting data were presented as a percentage, measurement data were presented as means ± SD, and all the data were analyzed by SPSS22.0. Variance analysis (ANOVA) was applied for the comparison of WBC, neutrophil, lymphocyte, RBC, HGB, PLT among groups divided according to the period from the patient’s arrival in Naqu to the onset of the disease. Independent t test and (2 test were applied to compare the patients’ laboratory test and imaging changes between admission and discharge, respectively. P < 0.05 was considered as the statistically significant level.
3 RESULTS
3.1 Clinical characteristics of patients
A total of 429 patients were enrolled. The mean age of them was 39.42±10.90 years, and about 90.21% of them were male. The patients’ characteristics were presented in detail in table 1. About 14.45% of the patients developed fever, 51.51% of the patients had tachycardia, 62.70% of the patients had a respiratory rate greater than 20/min, and 16.55% of the patients had a high blood pressure. Moist rales were heart in 90.91% of the patients. Among them, there are 28 patients with only right lung moist rales, and 4 patients with only left lung moist rales. Oxygen therapy was the most important treatment method, which was applied n all the patients. 
3.2 The laboratory findings of patients at admission
Among the 361 patients with the examination of blood routine, average WBC counts and neutrophil counts were increased. Hepatic enzymes were examined in 202 patients, and the average alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were increased among them. The average uric acid level of 256 patients was increased, and the average lactic dehydrogenase (LDH) and creatine kinase (CK) level of 149 patients were increased as well. See the details in table 2.
3.3 The imaging and electrocardiogram results of patients at admission
The chest roentgenograms of 361 patients showed high density shadow, patch shadow, ground-glass opacity, increased and thickened hilar, and increased lung marking. About 79.5% of these patients had bilateral lung edema, 9.75% of them had more obvious abnormal shadows in the right lung but only 0.7% of them were more severe in the left lung. Moreover, in those with unilateral lung involved, the right side was common (89.19%). In 51 patients having brain CT examination, 39.21% of them were diagnosed with brain edema. See the detail in table 3.
Only 9.23% of the195 patients getting electrocardiogram tests had normal results. In those with abnormal electrocardiogram, 52.31% of them had tachycardia, 1% of them had bradycardia, 19.49% of them had left-axis deviation, and 14.26% of them had right- axis deviation. See the detail in table 3.
3.4 The comparison of laboratory and imaging results between admission and discharge
A total of 57 patients reviewed blood routine and chest roentgenograms before discharge. The blood routine results showed that the counts of WBC, neutrophil and lymphocyte, and the concentration of hemoglobin were higher at admission than those at discharge (p<0.05), whereas the counts of RBC and PLT were similar between admission and discharge. As for the chest imaging results, only 13.73% of the 57 patients showed a normal chest roentgenogram. The percentage of high-density shadow, patch shadow and ground-glass opacity as well as the percentage of increased and thickened hilar was decreased at discharge when compared with those at admission, (all p<0.05). However, the percentage of increased lung marking was increased. The details were showed in table 4.
3.5 The comparison of blood routine among patients grouped according to the length of time arriving in Naqu
According to the period from the arrival in Naqu to the onset of HAPE, the patients were divided into three groups, group A (≤1 day), group B (3 days), and group C (≥ 7 days). A total of 200 patients were enrolled. Among them, 42 patients were in group A, 86 patients were in group B and 72 patients were in group C. In the comparison of blood routine results at admission, we found that the WBC and neutrophil counts in group C were lower than those in group A and group B. The details were shown in figure 1.
4 DISCUSSION
HAPE is a non-cardiogenic disease caused by low pressure and hypoxia that occurs after ascending to high altitude areas from low altitude areas. It has rapid onset and development, and may be life-threatening if not treated in time. Therefore, it is important to correctly identify and recognize the characteristics of HAPE and to provide timely treatment. In this study, we analyzed the clinical and general information of 429 patients with HAPE in Naqu area (average altitude of 4,500m). We found that in these 429 patients, the proportion of males was higher than females, and the involvement of right lung was more common, and the hepatocyte and myocardium of them were easily damaged. The WBC and neutrophil counts were significantly higher than normal range, and their increment was reduced as the incubation period extended.
Studies suggest that men were more susceptible to HAPE than women.8-11 Similar to other studies, we found that 90.21% of 429 HAPE patients were men patients, and more than 50% of the female patients were menopausal. The work of Sophocles et al. suggested that premenopausal women with physiological levels of female hormones were somehow protected from HAPE.2 The study of Wetzel et al. and Sylvester et al. further explained the mechanism. They showed that estradiol attenuated vasoconstrictive reaction caused by hypoxia in lungs isolated from female sheep.12,13 In addition, we found that 90% of the patients had abnormal breath sounds and wet rales, but nearly 10% of them had no abnormalities in auscultation of the lungs. Therefore, for patients with high-risk factors, although there are no obvious moist rales or abnormal breath sounds, attention still has to be paid to HAPE. Moreover, Li et al. showed that the right lung of HAPE patients were more likely to be involved.7 Our study also found that both in imaging and signs, the right lung involvement was more pronounced. However, the mechanism was still unclear and need to be further explored.
In terms of laboratory results, our results suggested that the WBC counts (mainly the counts of neutrophil) of HAPE patients were increased at admission, and returned to the normal range after treatment, which was similar to other studies.7 The underlying mechanism might be that hypobaric hypoxia induced stress response and activated WBC.14 The reduced increment of WBC and neutrophil as the incubation period extended further confirmed this view. In addition, the counts of RBC and PLT and the concentration of hemoglobin were at normal range. This may be related to the short period of the patients’ stay in plateau environment, since it took time for the compensatory hyperplasia of bone marrow to increase the counts of them. However, it could still be found that the concentration of hemoglobin and counts of RBC were at the upper limit of normal range, and decreased after treatment such as oxygen therapy. Recent studies have found that the increased hemoglobin was one of the important reasons for the formation of lower extremity thrombosis in plateau areas.15 Therefore, we should follow up the RBC counts and hemoglobin in HAPE patients, and pay attention to thrombogenesis.
Study showed that hypobaric hypoxia can cause dysfunction of cardiovascular system.16 In this study, we found that 51.51% of HAPE patients had tachycardia, and the electrocardiogram results showed that only 9.23% of patients had a normal electrocardiogram. The measurement of myocardial enzymes in HAPE patients showed that the serum levels of LDH and CK were significantly increased, which was similar to the results of other studies.1,16 When the body is in an acute hypoxic environment, the cardiomyocyte reduces the synthesis of membrane protein and destructs the integrity of cytomembrane due to the disorder of energy metabolism, which further leads to abnormal increase of membrane permeability and promotes the release of a large amount of intracellular LDH and CK to circulation.17 In addition to the cardiac system, we also found that patients with HAPE had increased uric acid and impaired liver function. Uric acid is an oxidative stress marker. The increase of uric acid at high altitude contributes to an appreciable portion of plasma total antioxidant capacity.18,19 As for the damage of liver function, hypoxia played a critical role. Hypoxia induced swelling of hepatocytes, lipid peroxidation, and increased activity of nuclear factor-κB in hepatocytes and greatly exacerbated acetaminophen-induced liver toxicity, which caused fulminant hepatocellular injury.20
This study had some limitations. First, selection bias and unmeasured confounding factors might have occurred due to the retrospective design. We made effort to collect factors which might influence the susceptibility of HAPE. Second, there was no direct comparison of the characteristics between the HAPE patients at 4,500m and those at mid-high altitude. Finally, there was no further comparison of treatment effect between different interventions, and further research on intervention and prevention were needed.
5 CONCLUSIONS
In summary, with the analysis of 429 patients with HAPE in Naqu area, we found that the proportion of males was higher, the right lung involvement was more common, and the  hepatocyte and myocardium in HAPE patients were more likely damaged. It is suggested that in clinical work, relevant laboratory tests should be completed for HAPE patients as soon as possible, and intervention measures should be given to prevent further complications. In addition, research on patient intervention and disease prevention were still needed.
ACKNOWLEDGEMENTS
This study has received support by the Natural Science Foundation of  Tibet (XZ2017ZR-ZY004).
DISCLOSURES

None of the authors has any interests to declare regarding the publication of this article.
AUTHOR CONTRIBUTIONS
JH Xu: study design, data analysis, manuscript drafting, and final approval of the version to be published. LG Lv, B He, GQ Wang and Bianbazhuoma: study design, data collection and analysis, manuscript modification, and final approval of the version to be published. DL Kong: study design, data interpretation, critical manuscript revision, and final approval of the version to be published.
ORCID 
Jiahuan Xu https://orcid.org/000-0002-2210-8835
REFERENCE
1. Hartman-Ksycińska A, Kluz-Zawadzka J, Lewandowski B. High altitude illness. Przegl Epidemiol. 2016;70(3):490–499..
2. Pollard AJ, Niermeyer S, Barry P, et al. Children at high altitude: an international consensus statement by an adhoc committee of the International Society for Mountain Medicine. High Alt Med Biol. 2001;2:389-403. https://doi. org/10.1089/15270290152608561
3. Paralikar SJ. High altitude pulmonary edema-clinical features, pathophysiology, prevention and treatment. Indian J Occup Environ Med. 2012;16:59-62. https://doi. org/10.4103/0019-5278.107066
4. Schneider M, Bernasch D, Weymann J, Holle R, Bartsch P. Acute mountain sickness: influence of susceptibility, preexposure, and ascent rate. Med Sci Sports Exerc. 2002; 34:1886-1891. https://doi. org/10.1097/00005768-200212000-00005
5. Karinen H, Peltonen J, Tikkanen H. Prevalence of acute mountain sickness among Finnish trekkers on Mount Kilimanjaro, Tanzania: an observational study. High Alt Med Biol. 2008;9:301–306. https://doi. org/10.1089/ham.2008.1008
6. Chan CW, Lin YC, Chiu YH, et al. Incidence and risk factors associated with acute mountain sickness in children trekking on Jade Mountain, Taiwan. J Travel Med. 2016;23(1). pii: tav008. https://doi. org/10.1093/jtm/tav008
7. Li ZB, Chen HY, Li JY, Li GY, Liu CW, Chen YD. Clinical, Laboratory and Imaging Features of High Altitude Pulmonary Edema in Tibetan Plateau. Chinese medical sciences journal. 2018,33(3):160-166. https://doi. org/10.24920/11813
8. Sophocles AM Jr. High-altitude pulmonary edema in Vail, Colorado, 1975-1982. West J Med. 1986;144(5):569-573.
9. Sophocles AM, Bachman J. High altitude pulmonary edema among visitors to Summit County, Colorado. JFamPract. 1983;17:1015-1017.
10. Cheng FY, Jeng MJ, Lin YC, et al. Incidence and severity of acute mountain sickness and associated symptoms in children trekking on Xue Mountain, Taiwan. PLoS One. 2017;12(8):e0183207. https://doi. org/10.1371/journal.pone.0183207
11. Wetzel RC, Sylvester JT. Gender differences in hypoxic vascular response of isolated sheep lungs. J Appl Physiol. 1983;55:100-104.
12. Wetzel RC, Zacur HA, Sylvester JT. Effect of puberty and estradiol on hypoxic vasomotor response in isolated sheep lungs. J Appl Physiol. 1984;56:1199-1203.
13. McGarry T, Biniecka M, Veale DJ, Fearon U. Hypoxia, oxidative stress and inflammation. FreeRadic Biol Med. 2018;125:15-24. https://doi. org/10.1016/j.freeradbiomed.2018.03.042
14. Cai TT, Da Wa WCR, Zhou GE, Du YP. Clinical characteristics of acute pulmonary embolism at different altitudes in plateau areas. Zhonghua Jie He He Hu Xi Za Zhi. 2019;42(10):755-759. https://doi. org/10.3760/cma.j.issn.1001-0939.2019.10.008
15. Bailey DM, Kleger GR, Holzgraefe M, Ballmer PE, Bärtsch P. Pathophysiological significance of peroxidative stress, neuronal damage, and membrane permeability in acute mountain sickness. J Appl Physiol. 2004,96(4): 1459-1463. https://doi. org/10.1152/japplphysiol.00704.2003
16. Li GC. Protective Effects of Trimetazidin against acute hypobaric hypoxia injury in rats. HeBei: HeBei Medical University, 2016.
17. Park HH, Park NY, Kim SG, Jeong KT, Lee EJ, Lee E. Potential Wound Healing Activities of GallaRhois in Human Fibroblasts and Keratinocytes. Am J Chin Med. 2015,43(8): 1625-1636. https://doi. org/10.1142/S0192415X15500925
18. Bartoli F, Trotta G, Crocamo C, Malerba MR, Clerici M, Carrà G. Antioxidant uric acid in treated and untreated subjects with major depressive disorder: a meta-analysis and meta-regression. Eur Arch Psychiatry Clin Neurosci. 2018;268(2):119-127. https://doi. org/10.1007/s00406-017-0817-7
19. Tasaki E, Sakurai H, Nitao M, Matsuura K, Iuchi Y. Uric acid, an important antioxidant contributing to survival in termites. PLoS One. 2017;12(6):e0179426. https://doi. org/10.1371/journal.pone.0179426
20. Chen LD, Chen Q, Lin XJ, Chen QS, Huang YZ, Wu RH. Effect of chronic intermittent hypoxia on gene expression profiles of rat liver: a better understanding of OSA-related liver disease. Sleep Breath. 2019. https://doi. org/10.1007/s11325-019-01987-0
TABLES
Table 1. The characteristic of patients with HAPE
	Characteristics
	Results (n=429)

	age
	39.42±10.90

	sex（male%）
	90.21%

	smoking history（%）
	15.62%

	drinking history（%）
	12.82%

	long-term plateau living history（%）
	10.02%

	combined with brain edema（%）
	12.82%

	other comorbidity（%）
	9.56%

	symptom
	

	dizziness or headache
	41.15%

	chest tightness
	18.41%

	cough, sputum
	59.91%

	dyspnea
	41.96%

	unconscious
	19.11%

	vital signs
	

	  temperature（℃）
	36.84±0.61

	  heart rate（/min）
	101.60±17.45

	  respiratory（/min）
	21.35±2.70

	  blood pressure（mmHg）
	122.75±18.43/85.14±40.71

	signs
	

	cyanochroia
	83.22%

	  increased breath sounds
	90.91%


	  moist rales
	90.91%

	treatment
	

	oxygen
	100%

	  antibiotics
	92.54%

	  relieve wheezing
	79.25%

	  reduce cough and sputum
	30.54%

	  diuretic
	67.60%

	  glucocorticoid
	8.86%


HAPE, high altitude pulmonary edema

Table 2.The laboratory findings of patients at admission 
	Laboratory findings
	Results

	blood routine（n=361）
	

	WBC (10^9/L)
	14.06±6.66

	neutrophil(10^9/L)
	10.99±6.16

	lymphocyte (10^9/L)
	2.16±1.73

	RBC(10^9/L)
	5.49±0.91

	hemoglobin (g/L)
	168.81±26.03

	PLT (10^9/L)
	205.32±77.41

	heptic function（n=202）
	

	ALT (U/L)
	89.06±326.49

	AST (U/L)
	55.34±173.24

	albumin (g/L)
	41.04±7.63

	globulin (g/L)
	21.42±6.00

	direct bilirubin (umol/L)
	7.95±6.84

	indirect bilirubin (umol/L)
	16.86±11.20

	γ-glutamyl transpeptidase  (U/L)
	49.25±48.03

	random glucose（mmol/l, n=246）
	8.13±3.68

	renal function (n=256)
	

	uric acid (umol/L)
	462.39±173.18

	urea nitrogen（mmol/L）
	9.40±2.84

	creatinine（umol/L）
	102.90±46.14

	electrolyte（n=271）
	

	K (mmol/l)
	4.01±0.59

	Na (mmol/l)
	141.36±9.34

	Cl (mmol/l)
	102.96±10.10

	Ca (mmol/l)
	2.33±0.22

	myocardial enzyme（n=149）
	

	  CK (U/L)
	238.06±219.64

	  CK-MB (U/L)
	17.14±14.29

	  LDH (U/L)
	283.90±192.36


The data were present as means±SD; WBC, white blood cell; RBC, red blood cell; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CK-MB, creatine kinase MB; LDH, lactic dehydrogenase
Table 3. The imaging and electrocardiogram results of patients at admission

	Imaging and electrocardiogram
	results

	chest roentgenograms（n=361）
	

	unilateral lung
	20.50%

	bilateral lung
	79.50%

	high density and patch shadow, ground-glass opacity
	81.72%

	increased lung marking
	57.06%

	increased and thickened hilar
	19.39%

	brain computed tomography（n=51）
	

	normal
	49.02%

	brain edema
	39.21%

	cerebrovascular disease
	11.76%

	electrocardiogram (n=195)
	

	normal
	9.23%

	abnormal heart rate
	54.36%

	arrhythmia
	3.59%

	axis deviation
	33.85%


Table 4. The comparison of laboratory and imaging results of patients between admission and discharge

	
	admission
	discharge
	P

	blood routine（n=57）
	
	
	

	WBC (10^9/L)
	15.28±5.69
	9.06±5.26
	<0.01

	neutrophil (10^9/L)
	11.74±4.62
	6.59±4.46
	<0.01

	lymphocyte (10^9/L)
	2.35±1.18
	1.78±0.86
	<0.01

	RBC(10^9/L)
	5.55±1.00
	5.17±0.85
	0.090

	hemoglobin (g/L)
	166.72±28.78
	155.80±29.49
	0.046

	PLT (10^9/L)
	204.89±78.73
	190.30±70.55
	0.300

	chest roentgenograms（n=57）
	
	
	

	unilateral lung
	29.41%
	35.29%
	0.520

	bilateral lung
	70.59%
	50.98%
	0.030

	high density and patch shadow, ground-glass opacity
	96.08%
	47.06%
	<0.01

	increased lung marking
	56.86%
	60.78%
	0.690

	increased and thickened hilar
	29.41%
	11.76%
	0.030


The measurement data were presented as means ± SD, the counting data were presented as a percentage; the WBC, white blood cell; RBC, red blood cell; PLT, platelet
FIGURE LEGENDS
Figure 1. The comparison of blood routine among patients grouped according to the length of time arriving in Naqu
*, compared with group A, p<0.05; **, compared with group B, p<0.05
WBC, white blood cell; RBC, red blood cell; PLT, platelet
