
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 December 26; 9(36): 11122-11508

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I December 26, 2021 Volume 9 Issue 36

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 36 December 26, 2021

REVIEW

Diet and microbiome in the beginning of the sequence of gut inflammation11122

Ceballos D, Hernández-Camba A, Ramos L

MINIREVIEWS

Stem cell therapy: A promising treatment for COVID-1911148

Zheng ZX

ORIGINAL ARTICLE

Case Control Study

Association between serum Sestrin2 level and diabetic peripheral neuropathy in type 2 diabetic patients11156

Mao EW, Cheng XB, Li WC, Kan CX, Huang N, Wang HS, Hou NN, Sun XD

Plasma brain natriuretic peptide, platelet parameters, and cardiopulmonary function in chronic 
obstructive pulmonary disease

11165

Guo HJ, Jiang F, Chen C, Shi JY, Zhao YW

Retrospective Cohort Study

Analysis of the incidence and influencing factors of hyponatremia before 131I treatment of differentiated 
thyroid carcinoma

11173

Cao JJ, Yun CH, Xiao J, Liu Y, Wei W, Zhang W

Retrospective Study

Cognitive magnetic resonance imaging-ultrasound fusion transperineal targeted biopsy combined with 
randomized biopsy in detection of prostate cancer

11183

Pang C, Wang M, Hou HM, Liu JY, Zhang ZP, Wang X, Zhang YQ, Li CM, Zhang W, Wang JY, Liu M

Nomogram based on inflammation-related markers for predicting survival of patients undergoing 
hepatectomy for hepatocellular carcinoma

11193

Pu T, Li ZH, Jiang D, Chen JM, Guo Q, Cai M, Chen ZX, Xie K, Zhao YJ, Liu FB

Association of frailty with in-hospital outcomes in elderly patients with heart failure11208

Kang YP, Chen LY, Zhu JJ, Liu WX, Ma CS

COVID-19 pandemic and exacerbation of ulcerative colitis11220

Suda T, Takahashi M, Katayama Y, Tamano M

Surgical perspectives of symptomatic omphalomesenteric duct remnants: Differences between infancy and 
beyond

11228

Kang A, Kim SH, Cho YH, Kim HY



WJCC https://www.wjgnet.com II December 26, 2021 Volume 9 Issue 36

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 36 December 26, 2021

Clustering cases of Chlamydia psittaci pneumonia mimicking COVID-19 pneumonia11237

Zhao W, He L, Xie XZ, Liao X, Tong DJ, Wu SJ, Liu J

Sodium nitroprusside injection immediately before balloon inflation during percutaneous coronary 
intervention

11248

Yu Y, Yang BP

Machine learning approach to predict acute kidney injury after liver surgery11255

Dong JF, Xue Q, Chen T, Zhao YY, Fu H, Guo WY, Ji JS

Application effect for a care bundle in optimizing nursing of patients with severe craniocerebral injury11265

Gao Y, Liao LP, Chen P, Wang K, Huang C, Chen Y, Mou SY

Clinical Trials Study

Influence of pontic design of anterior fixed dental prosthesis on speech: A clinical case study11276

Wan J, Cai H, Wang T, Chen JY

Observational Study

Real-world data on the infliximab biosimilar CT-P13 (Remsima®) in inflammatory bowel disease11285

Huguet JM, Cortés X, Bosca-Watts MM, Aguas M, Maroto N, Martí L, Amorós C, Paredes JM

Correlation of periodontal inflamed surface area with glycemic status in controlled and uncontrolled type 
2 diabetes mellitus

11300

Anil K, Vadakkekuttical RJ, Radhakrishnan C, Parambath FC

Audiological characteristics and exploratory treatment of a rare condition of acute-otitis-media-associated 
sudden sensorineural hearing loss

11311

Cao X, Yi HJ

Yield of testing for micronutrient deficiencies associated with pancreatic exocrine insufficiency in a clinical 
setting: An observational study

11320

Jalal M, Campbell JA, Tesfaye S, Al-Mukhtar A, Hopper AD

Prospective Study

Birthing ball on promoting cervical ripening and its influence on the labor process and the neonatal blood 
gas index

11330

Shen HC, Wang H, Sun B, Jiang LZ, Meng Q

CASE REPORT

Mucormycosis – resurgence of a deadly opportunist during COVID-19 pandemic: Four case reports11338

Upadhyay S, Bharara T, Khandait M, Chawdhry A, Sharma BB

Ductal breast carcinoma metastasized to the rectum: A case report and review of the literature11346

Ban B, Zhang K, Li JN, Liu TJ, Shi J



WJCC https://www.wjgnet.com III December 26, 2021 Volume 9 Issue 36

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 36 December 26, 2021

De Garengeot hernia with avascular necrosis of the appendix: A case report11355

Yao MQ, Yi BH, Yang Y, Weng XQ, Fan JX, Jiang YP

Mature mediastinal bronchogenic cyst with left pericardial defect: A case report11362

Zhu X, Zhang L, Tang Z, Xing FB, Gao X, Chen WB

Difficulties in diagnosing anorectal melanoma: A case report and review of the literature11369

Apostu RC, Stefanescu E, Scurtu RR, Kacso G, Drasovean R

Solid pseudopapillary neoplasm of the pancreas in a young male with main pancreatic duct dilatation: A 
case report

11382

Nakashima S, Sato Y, Imamura T, Hattori D, Tamura T, Koyama R, Sato J, Kobayashi Y, Hashimoto M

Acute myocardial infarction in a young man with ankylosing spondylitis: A case report11392

Wan ZH, Wang J, Zhao Q

Acute appendicitis complicated by mesenteric vein thrombosis: A case report11400

Yang F, Guo XC, Rao XL, Sun L, Xu L

Inguinal endometriosis: Ten case reports and review of literature11406

Li SH, Sun HZ, Li WH, Wang SZ

Dramatic response to immunotherapy in an epidermal growth factor receptor-mutant non-small cell lung 
cancer: A case report

11419

Li D, Cheng C, Song WP, Ni PZ, Zhang WZ, Wu X

Three-dimensional inlay-guided endodontics applied in variant root canals: A case report and review of 
literature

11425

Yan YQ, Wang HL, Liu Y, Zheng TJ, Tang YP, Liu R

Ectopic pregnancy implanted under the diaphragm: A rare case report11437

Wu QL, Wang XM, Tang D

Ear ischemia induced by endovascular therapy for arteriovenous fistula of the sigmoid sinus: A case report11443

Li W, Zhang SS, Gao XR, Li YX, Ge HJ

Giant schwannoma of thoracic vertebra: A case report11448

Zhou Y, Liu CZ, Zhang SY, Wang HY, Varma SN, Cao LQ, Hou TT, Li X, Yao BJ

Severe digital ischemia coexists with thrombocytopenia in malignancy-associated antiphospholipid 
syndrome: A case report and review of literature

11457

Chen JL, Yu X, Luo R, Liu M

Rare spontaneous extensive annular intramural esophageal dissection with endoscopic treatment: A case 
report

11467

Hu JW, Zhao Q, Hu CY, Wu J, Lv XY, Jin XH



WJCC https://www.wjgnet.com IX December 26, 2021 Volume 9 Issue 36

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 36 December 26, 2021

Mucinous cystic neoplasm of the liver: A case report11475

Yu TY, Zhang JS, Chen K, Yu AJ

Retroperitoneal parasitic fetus: A case report11482

Xia B, Li DD, Wei HX, Zhang XX, Li RM, Chen J

De novo mutation loci and clinical analysis in a child with sodium taurocholate cotransport polypeptide 
deficiency: A case report

11487

Liu HY, Li M, Li Q

Surgery for hepatocellular carcinoma with tumor thrombosis in inferior vena cava: A case report11495

Zhang ZY, Zhang EL, Zhang BX, Zhang W

LETTER TO THE EDITOR

Advantages and issues of concern regarding approaches to peripheral nerve block for total hip 
arthroplasty

11504

Crisci M, Cuomo A, Forte CA, Bimonte S, Esposito G, Tracey MC, Cascella M



WJCC https://www.wjgnet.com X December 26, 2021 Volume 9 Issue 36

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 36 December 26, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Moises Rodriguez-Gonzalez, MD, Adjunct Professor, 
Senior Researcher, Department of Pediatric Cardiology, Hospital Universitario Puerta del Mar, Cadiz 11009, Spain. 
doctormoisesrodriguez@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Liu; Production Department Director: Xu Guo; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

December 26, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 11165 December 26, 2021 Volume 9 Issue 36

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 December 26; 9(36): 11165-11172

DOI: 10.12998/wjcc.v9.i36.11165 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Case Control Study

Plasma brain natriuretic peptide, platelet parameters, and 
cardiopulmonary function in chronic obstructive pulmonary disease

Hai-Jian Guo, Feng Jiang, Chu Chen, Jia-Yu Shi, Ya-Wen Zhao

ORCID number: Hai-Jian Guo 0000-
0002-0108-4213; Feng Jiang 0000-
0002-4406-2129; Chu Chen 0000-
0002-9689-3151; Jia-Yu Shi 0000-
0003-3627-8314; Ya-Wen Zhao 0000-
0002-7976-6433.

Author contributions: Guo HJ and 
Chen C coordinated and conducted 
most of the experiments and data 
analysis and participated in 
drafting the manuscript; Zhao YW 
participated in data analysis; Shi JY 
performed data analysis and 
revised the manuscript; Jiang F 
supervised the project and 
experimental design and provided 
financial support; Guo HJ wrote 
the main part of the paper; and all 
authors read and approved the 
final manuscript.

Institutional review board 
statement: This study was 
approved by the Medical Ethics 
Committee of the Affiliated 
Hospital of Nantong University.

Informed consent statement: All 
study participants provided 
informed written consent prior to 
study enrollment.

Conflict-of-interest statement: No 
potential competing interests were 
reported by the authors.

Data sharing statement: The data 
that support the findings of this 

Hai-Jian Guo, Feng Jiang, Chu Chen, Jia-Yu Shi, Ya-Wen Zhao, Department of Cardiology, 
Affiliated Hospital of Nantong University, Nantong 226001, Jiangsu Province, China

Corresponding author: Feng Jiang, MM, Attending Doctor, Department of Cardiology, 
Affiliated Hospital of Nantong University, No. 20 Xisi Road, Nantong 226001, Jiangsu 
Province, China. jiangfengjf53@163.com

Abstract
BACKGROUND 
Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease 
with worldwide occurrence and high disability and mortality rate. It occurs 
mostly in the elderly population with pulmonary heart disease, type II respiratory 
failure, and other serious complications.

AIM 
To investigate the correlation of plasma brain natriuretic peptide (BNP) and 
platelet parameters with cardiac function and pulmonary hypertension in patients 
with COPD and pulmonary heart disease.

METHODS 
From June 2016 to June 2019, 52 patients with COPD-pulmonary heart disease 
(pulmonary heart disease group), 30 patients with COPD (COPD group), and 30 
healthy individuals (control group) in our hospital were enrolled in the study. The 
pulmonary heart disease group was further divided into subgroups according to 
cardiac function classification and pulmonary artery pressure. Plasma BNP and 
platelet parameters were estimated and compared among each group and 
subgroup. The correlation of plasma BNP and platelet parameters with cardiac 
function classification and pulmonary artery pressure was then analyzed.

RESULTS 
In the pulmonary heart disease group, the COPD group, and the control group, 
the levels of plasma BNP, platelet distribution width (PDW), and mean platelet 
volume (MPV) showed a decreasing trend (P < 0.05), while an increasing trend 
was found in platelet count (PLT) and plateletcrit (PCT) levels among the three 
groups (P < 0.05). In the pulmonary hypertension mild, moderate, and severe 
subgroups, the levels of plasma BNP, PDW, and MPV showed an increasing trend 
(P < 0.05), while a decreasing trend was observed in PLT levels (P < 0.05); 
however, PCT levels showed no significant difference among the three subgroups 
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(P > 0.05). In the cardiac function grade I, II, III, and IV subgroups, the levels of 
plasma BNP, PDW, and MPV showed an increasing trend (P < 0.05), while a 
decreasing trend was noted in PLT and PCT levels among the four subgroups (P < 
0.05). Correlation analysis showed that the levels of plasma BNP, PDW, and MPV 
in patients with pulmonary heart disease were positively correlated with their 
pulmonary artery pressure (P < 0.05), while PLT was negatively correlated with 
their pulmonary artery pressure (P < 0.05). Moreover, plasma BNP, PDW, and 
MPV levels were positively correlated with cardiac function grade (P < 0.05) of 
these patients, while PLT and PCT levels were negatively correlated with their 
cardiac function grade (P < 0.05).

CONCLUSION 
Plasma BNP and PLT parameters are significantly correlated with the cardiac 
function and pulmonary hypertension in patients with COPD and pulmonary 
heart disease, indicating that these parameters have high clinical relevance in 
reflecting the health condition of these patients and for guiding their treatment.

Key Words: Chronic obstructive pulmonary disease; Pulmonary heart disease; Plasma 
brain natriuretic peptide; Platelet parameter; Cardiac function; Pulmonary hypertension; 
Correlation analysis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we estimated and compared the plasma brain natriuretic peptide 
(BNP) and platelet count parameters among different groups and subgroups. We found 
that plasma BNP and platelet parameters in patients with chronic obstructive 
pulmonary disease (COPD) and pulmonary heart disease clearly differed from those of 
the subjects in the COPD and healthy control groups. Moreover, with the increase in 
pulmonary arterial pressure and grading of heart function classification in the 
pulmonary heart disease group, plasma BNP and platelet-associated indices showed an 
apparent trend. Therefore, our study showed that plasma BNP and platelet parameters 
are correlated with the classification of pulmonary arterial pressure and cardiac 
function in patients with combined COPD and pulmonary heart disease, which indicate 
that these parameters have high relevance in reflecting the patients’ health condition 
and in guiding their clinical treatment.

Citation: Guo HJ, Jiang F, Chen C, Shi JY, Zhao YW. Plasma brain natriuretic peptide, platelet 
parameters, and cardiopulmonary function in chronic obstructive pulmonary disease. World J 
Clin Cases 2021; 9(36): 11165-11172
URL: https://www.wjgnet.com/2307-8960/full/v9/i36/11165.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i36.11165

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is characterized by irreversible airflow 
limitation. As COPD develops in patients, they begin to show increased pulmonary 
circulation resistance, abnormally enhanced vascular intimal function, occurrence of 
vascular fibrosis and occlusion, and reshaping of the pulmonary circulation structure, 
which lead to pulmonary arterial hypertension (PAH) and further induces chronic 
pulmonary heart disease (pulmonary heart disease)[1]. Hence, for properly guiding 
clinical treatment, it is crucial to screen appropriate biochemical indices for patients 
diagnosed to have combined COPD and pulmonary heart disease. Platelets are known 
to contribute to thrombus formation, and pulmonary artery thrombosis is the main 
factor that leads to death in patients with COPD complicated with pulmonary heart 
disease. Plasma brain natriuretic peptide (BNP) is a sensitive marker of cardiac insuffi-
ciency[2,3]. To study the effect of plasma BNP and platelet parameters on assessing the 
health condition of patients with COPD and pulmonary heart disease, we conducted 
the present research.

https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
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MATERIALS AND METHODS
Subjects and samples
Inclusion criteria: In this cross-sectional study, COPD was diagnosed according to the 
guidelines for the diagnosis and management of COPD (Diagnosis and Treatment of 
Chronic Obstructive Pulmonary Disease Guide)[4], while pulmonary heart disease 
was diagnosed based on the diagnostic criteria published in the seventh edition of 
Internal Medicine[5]. Exclusion criteria: Patients with bronchial asthma and bronchial 
dilation and those with other lung diseases such as severe tuberculosis were excluded.

From June 2016 to June 2019, 52 patients with COPD and pulmonary heart disease, 
30 patients with COPD, and 30 healthy volunteers in our hospital were enrolled in this 
cross-sectional study. The patients were grouped according to their diagnosis as 
follows: The first group: 52 patients with COPD and pulmonary heart disease were 
included in the pulmonary heart disease group according to the diagnostic criteria for 
COPD complicated with pulmonary heart disease. This group included 30 males and 
22 females, with an age range of 66-84 years and mean age of 74.67 ± 11.23 years. The 
second group: 30 patients with COPD alone were included in the COPD group as they 
were diagnosed to have only COPD but not pulmonary heart disease. This group 
included 17 males and 13 females, with an age range of 63-79 years and mean age of 
72.67 ± 10.27 years. The third group: 30 healthy volunteers with healthy heart, liver, 
and kidney function; no chronic respiratory diseases; and no history of diabetes, 
cancer, allergies, and immune disorders were included in the control group.

Detection of plasma BNP
To estimate plasma BNP levels, 5 mL fasting venous blood was collected from each 
patient and centrifuged at 3000 rpm for 5 min to isolate the plasma. The plasma was 
then tested for BNP levels by chemiluminescence enzyme-linked immunosorbent 
assay with an E test TOSOH II BNP kit (Tosoh Corp., Tokyo, Japan).

Examination of platelet parameters
The blood samples were collected in disposable vacutainers coated with EDTA-K2 and 
an anticoagulant, and the following parameters were assessed by an automatic blood 
cell analyzer (SYSMEX-XT-2000i): Platelet count (PLT), platelet distribution width 
(PDW), plateletcrit (PCT), and mean platelet volume (MPV).

Subgrouping
Patients were subgrouped according to their pulmonary artery pressure: On the basis 
of the 2009 European Society of Cardiology Guidelines[6] and the echocardiography 
results for pulmonary artery systolic pressure (PASP), the patients in the pulmonary 
heart disease group were divided into mild (35 mmHg ≤ PASP < 50 mmHg), moderate 
(50 mmHg ≤ PASP < 70 mmHg), and severe (PASP ≥ 70 mmHg) subgroups.

According to the World Health Organization criteria for evaluating cardiac function 
in patients with PAH[7] (Table 1), the patients were divided into cardiac function I, II, 
III, and IV subgroups.

Comparison of parameters
The following comparisons were made in this study: (1) Comparison of plasma BNP 
and platelet parameters among the pulmonary heart disease, COPD, and control 
groups; (2) Comparison of plasma BNP and platelet parameters among the different 
pulmonary artery pressure subgroups; (3) Comparison of plasma BNP and platelet 
parameters among the different heart function classification subgroups; and (4) 
Analysis of the correlation of plasma BNP and platelet parameters with pulmonary 
arterial pressure and cardiac function in patients with COPD and pulmonary heart 
disease.

Statistical analysis
Statistical analysis was performed using SPSS software version 19.0 (Armonk, NY, 
United States). The measurement data were expressed as mean ± SD. One-way 
analysis of variance was used to compare the data between multiple groups, while 
least square difference was used as a comparative analysis for within group 
comparison. Case presentation was used to enumerate data, and the results were 
compared between the two groups by the χ2 test. Spearman’s correlation analysis was 
used to determine correlation, and P values of less than 0.05 were regarded as statist-
ically significant.
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Table 1 World Health Organization criteria for evaluating cardiac function in patients with pulmonary arterial hypertension

Grade Symptom

I Daily manual activity is unrestricted.

II Physical activity is mildly restricted, and the symptoms disappear after taking rest; symptoms of shortness of breath and fatigue gradually 
develop after performing daily general activities.

III Physical activity is clearly constrained, and there are no apparent symptoms after taking rest; performing activities that require greater strength 
than that for daily activities could induce shortness of breath, fatigue, and palpitation.

IV No physical activity is allowed, especially in those with right heart failure syndrome; resting can also trigger anhelation and fatigue symptoms, 
and any physical activity can aggravate the abovementioned symptoms.

RESULTS
Comparison of plasma BNP and platelet parameters among the pulmonary heart 
disease, COPD, and control groups
As shown in Table 2, the levels of plasma BNP, PDW, and MPV showed a statistically 
significant correlation with pulmonary heart disease and COPD condition (P < 0.05), 
while the PLT and PCT levels showed an opposite trend (P < 0.05).

Comparison of plasma BNP and platelet parameters among the different pulmonary 
artery pressure subgroups
As shown in Table 3, in the mild, moderate, and severe subgroups, the levels of 
plasma BNP, PDW, and MPV showed a gradual increasing trend (P < 0.05), although 
the PLT level exhibited a declining trend (P < 0.05). The PCT value showed no 
significant difference among the three groups (P > 0.05).

Comparison of plasma BNP and platelet parameters among the different heart 
function classification subgroups
As shown in Table 4, patients in cardiac function classification subgroups I, II, III, and 
IV showed increasing levels of plasma BNP, PDW, and MPV (P < 0.05) and declining 
levels of PLT and PCT (P < 0.05).

Correlation of plasma BNP and platelet parameters with pulmonary arterial pressure 
in the pulmonary heart disease group
As shown in Table 5, correlation analysis showed a positive correlation between 
plasma BNP, PDW, and MPV level and pulmonary arterial pressure in the pulmonary 
heart disease group (P < 0.05); however, a negative correlation was noted between PLT 
and pulmonary arterial pressure (P < 0.05).

Analysis of correlation of plasma BNP and platelet parameters with cardiac function 
in the pulmonary heart disease group
As shown in Table 6, correlation analysis revealed a positive correlation between 
plasma BNP, PDW, and MPV levels and heart function classification in the pulmonary 
heart disease group (P < 0.05); however, PLT and PCT levels were negatively 
correlated with heart function classification (P < 0.05).

DISCUSSION
Timely and accurate diagnosis of patients with COPD and pulmonary heart disease is 
important in guiding their clinical treatment and for improving prognosis. Our present 
study showed that plasma BNP and platelet parameters in patients with COPD and 
pulmonary heart disease clearly differed from those of the subjects in the COPD and 
healthy control groups. Moreover, with the increase in pulmonary arterial pressure 
and grading of heart function classification in the pulmonary heart disease group, 
plasma BNP and platelet-associated indices showed an apparent trend, thus 
suggesting that plasma BNP and platelet parameters could serve as markers of the 
incidence and development of COPD with pulmonary heart disease as well as enable 
to assess efficiently intervention methods.
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Table 2 Comparison of plasma brain natriuretic peptide and platelet parameters among the pulmonary heart disease, chronic 
obstructive pulmonary disease, and control groups

Index PAH group (n = 52) COPD group (n = 30) Controls (n = 30) F P value

Plasma BNP (pg/L) 59.93 ± 25.77 32.66 ± 6.45a 14.13 ± 2.46a,c 65.484 0.000

PLT (×109/L) 122.93 ± 27.25 161.26 ± 32.25a 198.46 ± 43.69a,c 49.040 0.000

PDW (fL) 19.78 ± 4.96 14.62 ± 2.69a 9.79 ± 1.62a,c 69.027 0.000

PCT (%) 0.17 ± 0.04 0.21 ± 0.05a 0.26 ± 0.04a,c 37.817 0.000

MPV (fL) 19.08 ± 5.21 14.65 ± 3.12a 10.03 ± 2.02a,c 48.422 0.000

aP < 0.05 vs the pulmonary heart disease group.
cP < 0.05 vs the chronic obstructive pulmonary disease group.
BNP: Brain natriuretic peptide; COPD: Chronic obstructive pulmonary disease; PLT: Platelet count; PDW: Platelet distribution width; PCT: Plateletcrit; 
MPV: mean platelet volume.

Table 3 Comparison of the plasma brain natriuretic peptide and platelet parameters in the different pulmonary artery pressure 
subgroups

Index Mild group (n = 16) Moderate group (n = 23) Severe group (n = 13) F P value

Plasma BNP (pg/L) 34.75 ± 11.14 61.18 ± 18.77a 88.72 ± 16.55a,c 39.806 0.000

PLT (×109/L) 138.39 ± 21.75 122.39 ± 28.66a 104.86 ± 19.65a,c 6.637 0.003

PDW (fL) 16.78 ± 2.69 19.22 ± 4.2a 24.47 ± 5.15a,c 13.149 0.000

PCT (%) 0.19 ± 0.04 0.17 ± 0.05 0.16 ± 0.03 1.319 0.277

MPV (fL) 14.70 ± 3.64 19.08 ± 4.12a 24.46 ± 3.29a,c 23.827 0.000

aP < 0.05 vs the mild group.
cP < 0.05 vs the moderate group.
BNP: Brain natriuretic peptide; PLT: Platelet count; PDW: Platelet distribution width; PCT: Plateletcrit; MPV: mean platelet volume.

Table 4 Comparison of plasma brain natriuretic peptide and platelet parameters among the different heart function classification 
subgroups

Index I (n = 16) II (n = 14) III (n = 13) IV (n = 9) F P value

Plasma BNP (pg/L) 31.15 ± 5.46 53.58 ± 7.49a 78.99 ± 15.44a,c 93.46 ± 12.05a,c,e 88.199 0.000

PLT (×109/L) 143.16 ± 19.45 131.16 ± 20.41a 107.46 ± 23.58a,c 96.52 ± 20.11a,c,e 12.866 0.000

PDW (fL) 15.66 ± 2.13 17.99 ± 3.33a 22.16 ± 2.68a,c 26.45 ± 4.52a,c,e 27.386 0.000

PCT (%) 0.20 ± 0.04 0.17 ± 0.04a 0.15 ± 0.03a,c 0.13 ± 0.02a,c,e 6.817 0.001

MPV (fL) 14.03 ± 2.44 18.16 ± 3.07a 22.15 ± 4.05a,c 24.05 ± 3.74a,c,e 26.531 0.000

aP < 0.05 vs group I.
cP<0.05 vs group II.
eP < 0.05 vs group III.
BNP: Brain natriuretic peptide; PLT: Platelet count; PDW: Platelet distribution width; PCT: Plateletcrit; MPV: mean platelet volume.

During the progression of COPD, PAH increases in patients and right ventricular 
function is decompensated. As the disease progresses further, patients show right 
ventricular enlargement, hypoxia, relative increase in blood flow, and persistent 
permissive hypercapnia, which induce ventricular hypertrophy and gradually lead to 
the development of pulmonary heart disease[8,9]. Plasma BNP is a common biological 
diagnostic marker of left ventricular dysfunction, and its level is affected by multiple 
factors such as right atrial pressure, pulmonary vascular resistance, and right 
ventricular hypertrophy[10]. BNP is associated with multiple physiological processes, 
where it can selectively relax the renal arteries, increase glomerular filtration rate, and 
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Table 5 Analysis of correlation of plasma brain natriuretic peptide and platelet parameters with pulmonary arterial pressure in patients 
with chronic obstructive pulmonary disease and pulmonary heart disease

Index r P value

Plasma BNP (pg/L) 0.783 0.000

PLT (×109/L) -0.471 0.000

PDW (fL) 0.566 0.000

PCT (%) -0.216 0.124

MPV (fL) 0.726 0.000

BNP: Brain natriuretic peptide; PLT: Platelet count; PDW: Platelet distribution width; PCT: Plateletcrit; MPV: mean platelet volume.

Table 6 Analysis of correlation of plasma brain natriuretic peptide and platelet parameters with cardiac function classification in the 
pulmonary heart disease group

Index r P value

Plasma BNP (pg/L) 0.929 0.000

PLT (×109/L) -0.670 0.000

PDW (fL) 0.806 0.000

PCT (%) -0.553 0.000

MPV (fL) 0.814 0.000

BNP: Brain natriuretic peptide; PLT: Platelet count; PDW: Platelet distribution width; PCT: Plateletcrit; MPV: mean platelet volume.

retain diuretic natriuretic function. It can also relax vascular smooth muscle, inhibit 
smooth muscle hyperplasia, expand peripheral arteries, reduce cardiac afterload, and 
adjust myocardial remodeling, thus effectively improving ventricular functions[11,12].

In the present study, plasma BNP levels in the pulmonary heart disease group were 
clearly higher than those in the COPD and healthy control groups. The mechanism 
underlying this finding might be related to the increase in ventricular overload and 
stimulation of BNP secretion from the left and right ventricular muscle in the 
pulmonary heart disease group. The study also showed that, with the increase in 
pulmonary arterial pressure and grading of heart function classification in the 
pulmonary heart disease group, plasma BNP levels gradually showed an upward 
trend, and significant differences in the BNP levels were noted between the groups. 
This finding suggests that increase in pulmonary arterial pressure and decline in 
cardiac function may be caused by increased levels of plasma BNP. Correlation 
analysis also showed a positive correlation of plasma BNP levels with pulmonary 
arterial pressure and heart function classification grade.

Long-term hypoxia in patients with COPD leads to increased blood viscosity. 
Moreover, other influencing factors such as infection and acidosis could damage 
vascular endothelial cells and expose collagen tissue in these patients. This further 
results in the accumulation of platelets around the tissue, which subsequently activates 
coagulation and easily leads to thrombus formation and pulmonary arterial embolism
[13]. Clinical data show that small pulmonary artery embolization is the leading cause 
of death in patients with COPD and pulmonary heart disease[14].

Platelet parameter is a set of markers that reflect blood coagulation function in 
patients. PLT effectively reflects platelet formation and decay, and its reduction is the 
main cause of bleeding. PDW indicates the variability in platelet size, while MPV 
reflects megakaryocyte and platelet generation. The parameters PDW, PCT, and MPV 
are markers of thrombopoiesis, wherein a high level of MPV was confirmed to be an 
independent risk factor of myocardial infarction in patients with coronary heart 
disease and thus can predict adverse cardiovascular events with high sensitivity[15,
16]. Our study revealed that PDW and MPV exhibited a declining trend in the 
pulmonary heart disease, COPD, and control groups, although PLT and PCT showed 
an increasing trend. With the constant increase in pulmonary artery pressure, PDW 
and MPV in the pulmonary heart disease group showed an upward trend, with a 
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decline in PLT. Moreover, with the increase in the grade of heart function classi-
fication, PDW and MPV increased, but PLT and PCT levels declined. Correlation 
analysis also showed a positive correlation between platelet parameters and pu-
lmonary arterial pressure and cardiac function classification in the pulmonary heart 
disease group. This finding suggests the relevance of platelet parameters in reflecting 
the health condition of these patients.

CONCLUSION
In conclusion, in patients with combined COPD and pulmonary heart disease, plasma 
BNP and platelet parameters were found to be correlated with the classification of 
pulmonary arterial pressure and cardiac function, thus indicating that these 
parameters have high relevance in reflecting the patients’ health condition and in 
guiding their clinical treatment. The number of subjects included in this study was 
small; therefore, in future studies, a larger sample size is needed to analyze further the 
relationship between plasma BNP and platelet parameters and pulmonary artery 
pressure and cardiac function classification. The mechanisms by which plasma BNP 
and platelet parameters affect pulmonary artery pressure and cardiac function should 
also be further studied.

ARTICLE HIGHLIGHTS
Research background
Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease with 
worldwide occurrence and high disability and mortality rate. Following the 
development of COPD, patients begin to show increased pulmonary circulation 
resistance, abnormal enhancement of vascular intima function, development of 
vascular fibrosis and occlusion, and remodeling of pulmonary circulation structure.

Research motivation
This study could serve as an important reference to explain the correlation of plasma 
brain natriuretic peptide (BNP) and platelet parameters with pulmonary arterial 
pressure and cardiac function classification in patients with COPD complicated with 
cor pulmonale.

Research objectives
This study aimed to investigate the correlation of plasma BNP and platelet parameters 
with cardiac function and pulmonary hypertension in patients with COPD and 
pulmonary heart disease.

Research methods
Fifty-two patients with COPD-pulmonary heart disease, 30 patients with COPD, and 
30 healthy individuals were enrolled in the study. Plasma BNP and platelet count 
(PLT) parameters were estimated and compared among different groups and 
subgroups.

Research results
In the pulmonary heart disease, COPD, and control groups, the plasma BNP, platelet 
distribution width (PDW), and mean platelet volume (MPV) levels showed a 
decreasing trend, while the PLT and PCT levels showed an increasing trend. In 
patients with pulmonary heart disease, the plasma BNP, PDW, and MPV levels were 
positively correlated, and the PLT level was negatively correlated with their 
pulmonary artery pressure and cardiac function grade.

Research conclusions
Plasma BNP and PLT parameters are significantly correlated with cardiac function and 
pulmonary hypertension in patients with COPD and pulmonary heart disease, and 
these parameters can be used to monitor patients’ health status and recommend 
appropriate treatment.
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Research perspectives
The mechanisms by which plasma BNP and platelet parameters affect pulmonary 
artery pressure and cardiac function should also be further studied.
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