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Abstract. Characteristics of pulmonary infection after mitral 
valve repair in patients with metabolic syndrome (MS) and its 
relationships with blood pressure, blood glucose and blood lipid 
were investigated. Clinical data of 126 patients were retrospec-
tively analyzed, and patients were divided into infection group 
(n=19) and non-infection group (n=107). The differences of MS 
components in patients between the two groups were compared, 
and the distribution of pathogens and related factors of pulmo-
nary infection were analyzed. The postoperative pulmonary 
infection rate was 15.08% (19/126); the body mass index 
(BMI), blood pressure, fasting blood glucose (FBG), triglyc-
eride, total cholesterol, low-density lipoprotein cholesterol, the 
extubation time of trachea cannula, ventilator use time, rethora-
cotomy hemostasis rate, sternal dehiscence rate and incidence 
of low-cardiac-output syndrome were higher and high-density 
lipoprotein (HDL-C), left ventricular ejection fraction (LVEF) 
was lower in the infection group than that in the non-infection 
group (p<0.05). The rate of postoperative pulmonary infec-
tion in patients with MS was higher than in those without MS 
(p<0.05). Cardiac function, BMI, FBG, HDL-C, LVEF value, 
extubation time of trachea cannula, ventilator use time, sternal 
dehiscence, rethoracotomy hemostasis and low-cardiac-output 
syndrome were independent risk factors for pulmonary infec-
tion after mitral valve repair in patients with MS. In conclusion, 
pulmonary infection easily occurs in patients with MS after 
mitral valve repair. Taking intervention measures according 
to the characteristics of pulmonary infection pathogens and 
predisposing factors is expected to reduce the incidence of 
pulmonary infection.

Introduction

Valvular heart disease is one of the most common types 
of heart disease in the clinic, of which mitral valve disease 
appears most frequently. Due to the long-term abnormality 
of blood flow, low body immunity and malnutrition easily 
occurs making corporeity of patients susceptible (1,2). Heart 
valve replacement is the main surgical mode in the treatment 
of valvular heart disease at present with a significant effect, 
which saves lives and improves the quality of life  (2,3). 
However, valve replacement must be performed under specific 
hypothermic cardiopulmonary bypass conditions, which are 
severe and time-consuming, involving operations of invasive 
and allogeneic implantation; it severely impairs the patient's 
immune system, and incurs various infections after operation, 
of which pulmonary infection is particularly significant, thus 
aggravating cardiopulmonary circulating load, and leading to 
prolonged hospitalization, increased hospital costs, and even 
danger to the lives of patients, seriously affecting the patient's 
surgical outcome and prognosis (4).

Metabolic syndrome (MS) is a multiple metabolic disorder 
mainly involving obesity, hyperinsulinemia, hyperglycemia, 
dyslipidemia and hypertension, and it is a disease closely related 
to cardiovascular diseases. The risk of coronary heart disease in 
patients with MS is increased 3-fold, cardiovascular mortality 
increased 2-fold, and the risk of total mortality increased 
1.5-fold (5). The characteristics of pulmonary infection after 
mitral valve repair in patients with MS are rarely reported.

The aim of the current study was to investigate the char-
acteristics of pulmonary infection after mitral valve repair in 
patients with MS and its relationship with blood pressure, blood 
glucose, blood lipid and other factors, and to take targeted 
measures to provide reference for reducing the incidence of 
pulmonary infection.

Materials and methods

Clinical data. The complete clinical data of 126 patients 
undergoing mitral valve replacement from March 2013 to 
February  2015 in Luoyang Center Hospital Affiliated to 
Zhengzhou University (Luoyang, China) were retrospectively 
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analyzed, including 45 males and 81 females, with an average 
age of (47.12±6.98) years. Valve replacement was performed 
among patients under intravenous combined anesthesia and 
hypothermic cardiopulmonary bypass. The clinical data of 
all the patients are shown in Table I. Diagnostic criteria for 
pulmonary infection (6) were in accordance with the standards 
formulated by the Centers for Disease Control and Prevention 
(Atlanta, GA, USA). The patients were divided into the infec-
tion group (n=19) and non-infection group (n=107) according 
to whether pulmonary infection occurred. The diagnosis of 
MS is based on the recommendations of the Diabetes Branch 
of Chinese Medical Association (Beijing, China) on MS (7).

The present study was approved by the Ethics Committee 
of the Affiliated Hospital of Hebei University (Baoding, 
China), and the Ethics Committee of Luoyang Center Hospital 
Affiliated to Zhengzhou University (Luoyang, China). Written 
informed consents were signed by the patients or guardians.

Methods
Measurement of physiological indexes. The clinical data of 
all the patients were recorded, including age, sex, type of 
heart disease and cardiac function classification. Patients were 
weighed at fasting and with unlined clothes, and the height 
was measured. Each index was measured two times and aver-
aged. Body mass index (BMI) = body weight/height2. Blood 
pressure of brachial artery in the right upper extremity was 
measured (using mercury sphygmomanometer) after patients 
rested quietly for 15 min, and the average was taken from the 
values of three times of blood pressure.

Detection of serological indexes. Fasting anterior cubital 
vein blood (5 ml) was extracted from patients the next day 
in the morning, followed by anticoagulation, centrifuga-
tion at 3,000 x g at 4˚C for 15 min and refrigeration at 4˚C, 
in preparation for the testing. The fasting blood glucose 
(FBG), triglyceride (TG), total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C) and low-density lipoprotein 
cholesterol (LDL-C) were detected by enzyme method. Blood 
(2 ml) was collected from patients under the strict aseptic opera-
tion, and sent to the clinical laboratory of the hospital, followed 
by culture and identification of bacteria by specialized staff.

Statistical analysis. Data were analyzed by Statistical Product 
and Service Solutions 18.0 software (SPSS, Inc., Chicago, IL, 

USA). The measurement data conforming to normal distribu-
tion were expressed as (mean ± SD), and statistically analyzed 
by t-test and chi-square test. Univariate and multivariate 
logistic regression analyses were used to analyze the risk 
factors and independent risk factors of pulmonary infection 
after mitral valve repair in patients with MS. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Pulmonary infection and comparison of metabolic indexes 
in patients between the two groups. There were 19  cases 
with pulmonary infection, and the infection rate was 15.08% 
(19/126). The remaining 107 patients were in the non-infection 
group. The BMI, blood pressure, FBG, TG, TC, LDL-C in the 
infection group were higher than those in the non-infection 
group, and HDL-C was lower in the infection group than that 
in the non-infection group. The differences were statistically 
significant (p<0.05) (Table II).

Relationship between MS and pulmonary infection. Of the 
126 patients studied, 24 were complicated with MS, 10 of 
whom had pulmonary infection, with an infection rate of 
41.67%. Of the 102 cases without MS, 9 cases had pulmonary 
infection, and the infection rate was 8.82%. The difference 
was statistically significant (p<0.05) (Table III).

Characteristics of pathogenic bacteria in pulmonary infection. 
By analyzing the blood samples of 19 mitral valve replacement 
patients with pulmonary infection and positive bacteriology, 
it was found that each specimen was detected with a single 
strain. Among them, 14 strains were gram-negative bacteria, 
accounting for 73.68%, including 9 strains of Acinetobacter 
baumannii (47.37%), 4 strains of Pseudomonas aeruginosa 
(21.05%), 3  strains of Klebsiella pneumoniae (15.79%), 
2 strains of Enterobacter cloacae (10.53%) and 1 strain of 
Escherichia coli (5.26%); there were 3 strains of gram-posi-
tive bacteria, including 2 strains of Staphylococcus aureus 
(10.53%), 1 strain of Staphylococcus epidermidis (5.26%) and 
1 strain of fungus (5.26%) (Fig. 1).

Analysis of pulmonary infection factors. Among patients 
between the non-infection group and the infection group, 
left ventricular ejection fraction (LVEF) (56.23±13.10) 
vs. (44.14±12.16%), extubation time of trachea cannula: 
(23.98±6.37) vs. (29.60±6.85)  h, ventilator use time: 
(11.21±4.35) vs. (17.01±5.52) h, suggesting that the LVEF 
value was distinctly lower in patients of infection group 
than that of non-infection group, extubation time of trachea 
cannula in infection group was markedly longer than that in 
non-infection group, and the differences were statistically 
significant  (p<0.05)  (Table  IV). Among patients between 
non-infection group and infection group: Sternal dehis-
cence rate: 5.61 vs. 21.05%, rethoracotomy hemostasis rate: 
1.87 vs. 10.53%, incidence of low-cardiac-output syndrome: 
2.80 vs. 10.53%, indicating that the incidence rates of sternal 
dehiscence, rethoracotomy hemostasis and low-cardiac-
output syndrome were obviously higher in infection group 
than those in non-infection group, and the differences were 
statistically significant (p<0.05) (Table V). Univariate analysis 

Table I. Clinical data of 126 patients undergoing mitral valve 
replacement.

Item 	 Case (n)	 Constituent ratio (%)

Type of heart disease
  Rheumatic heart disease	 112	 88.89
  Congenital heart disease	 9	 7.14
  Valvular degeneration	 5	 3.97
Cardiac function (grade)
  I	 5	 3.97
  II	 25	 19.84
  III	 83	 65.87
  IV	 13	 10.32
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of risk factors for pulmonary infection was performed. The 
univariate analysis revealed that cardiac function, BMI, FBG, 
TG, LDL-C, HDL-C, LVEF value, extubation time of trachea 
cannula, ventilator use time, sternal dehiscence, rethoracotomy 
hemostasis and low-cardiac-output syndrome were risk factors 
for pulmonary infection after mitral valve repair in patients 
with MS (Table VI).

Multivariate analysis of independent risk factors for pulmo-
nary infection. Multivariate logistic regression analysis on 

the above risk factors revealed that 10 independent predictive 
risk factors for pulmonary infection were cardiac function, 
BMI, FBG, HDL-C, LVEF value, extubation time of trachea 
cannula, ventilator use time, sternal dehiscence, rethoracotomy 
hemostasis and low-cardiac-output syndrome (Table VII).

Discussion

According to literature, the prevalence of pulmonary infection 
after cardiac surgery is 2.80-15.30% (8), which is consistent 

Table II. Comparison of metabolic indexes in patients between the two groups.

Index	 Non-infection group (n=107)	 Infection group (n=19)	 t-value	 P-value

Age (years)	 47.31±6.87	 47.02±7.14	 0.14	 0.09
BMI (kg/m2)	 22.12±2.98	 24.90±4.86	 4.16	 0.01
Systolic pressure (mmHg)	 110.23±21.14	 119.47±12.63	 2.25	 0.04
Diastolic pressure (mmHg)	 65.57±13.70	 75.58±11.27	 2.98	 0.03
FBG (mmol/l)	 4.96±1.32	 6.19±2.36	 2.36	 0.04
TG (mmol/l)	 1.08±1.01	 1.86±1.34	 4.10	 0.01
TC (mmol/l)	 4.19±0.13	 5.24±0.70	 2.32	 0.04
LDL-C (mmol/l)	 3.40±0.56	 3.93±1.42	 3.45	 0.02
HDL-C (mmol/l)	 1.02±0.35	 1.35±0.41	 3.09	 0.03

BMI, body mass index; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol.

Table III. Relationship between MS and pulmonary infection.

	 Pulmonary	 Constituent
Group	 infection (n)	 ratio (%)	 χ2	 P-value

MS (n=24)	 10	 41.67	 9.54	 <0.001
Non-MS (n=102)	 9	 8.82

MS, metabolic syndrome.

Figure 1. Constituent ratios of pulmonary infection pathogens (%).

Table IV. Analysis of pulmonary infection factors.

	 Non-infection	 Infection
	 group	 group
Factor	  (n=107)	 (n=19)	 t-value	 P-value

LVEF (%)	 56.23±13.10	 44.14±12.16	 6.45	 <0.001
Extubation	 23.98±6.37	 29.60±6.85	 8.17	 <0.001
time of
trachea
cannula (h)
Ventilator use	 11.21±4.35	 17.01±5.52	 5.83	 <0.001
time (h)

LVEF, left ventricular ejection fraction.

Table V. Analysis of pulmonary infection factors.

	 Non-infection	 Infection
	 group (n=107)	 group (n=19)
	 -------------------------------	 -------------------------------
		  Incidence		  Incidence
Factor	 Case	 rate	 Case	 rate	 χ2	 P-value

Sternal	 6	 5.61	 4	 21.05	 5.75	 0.01
dehiscence
Rethoracotomy	 2	 1.87	 2	 10.53	 6.53	 <0.001
hemostasis
Low-cardiac-output	 3	 2.80	 2	 10.53	 4.84	 0.02
syndrome
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with that of pulmonary infection after mitral valve replace-
ment reported in this study (15.08%). Moreover, the incidence 
of pulmonary infection in patients with MS is higher than 
that in patients without MS (p<0.05). MS is a morbid state 
with multiple metabolic disorders mainly involving obesity, 
hyperinsulinemia, hyperglycemia, dyslipidemia and hyperten-
sion, and it is closely related to cardiovascular disease (9). 

Multivariate logistic regression analysis in this study revealed 
that BMI, FBG and HDL-C are independent risk factors for 
pulmonary infection after mitral valve repair in patients with 
MS. The study indicated that obesity increases the alveolar 
arterial oxygen difference in thoracic surgery, which leads to 
imbalance of ventilation and blood flow, easily resulting in 
hyoxemia (10). In addition, given that it causes difficulty in 
anesthesia intubation and large dosage of anesthetic drug and 
easily complicated reflux esophagitis, it is regarded as a risk 
factor of postoperative aspiration pulmonary infection. This 
study demonstrated that BMI in the group of pulmonary infec-
tion after mitral valve replacement was significantly higher 
than that in the group without pulmonary infection (p<0.05). 
Another important risk factor for postoperative infection of 
heart is diabetes mellitus (11,12). If the patient has diabetes or 
liver disease before operation, it is more likely to have limited 
glucose utilization in the body and aggravate blood glucose; 
furthermore, the increase of blood glucose also increases the 
incidence of postoperative infection (13). This study showed 
that FBG in the group of pulmonary infection after mitral 
valve replacement was significantly higher than that in the 
group without pulmonary infection (p<0.05). In plasma, the 
binding of HDL-C with endotoxin has anti-endotoxemia effect 
(14). This study also found that HDL-C in the group with 
pulmonary infection after mitral valve replacement was lower 
than that in the group without pulmonary infection (p<0.05). 
Thus, with the decrease of HDL-C, the anti-endotoxemia 
effect is weakened, and the infection easily occurs. This study 
indicated that pulmonary infection easily occurs in patients 
with MS after mitral valve replacement, so attention should be 
paid to the risk of MS in clinical practice, and emphasize the 
early prevention and treatment of MS.

With the development of modern medicine, the curative 
effect of mitral valve replacement is beyond doubt. However, 
the incidence of postoperative pulmonary infection is still as 
high as 15.08% (19/126). Due to the different regions, times 
and ages, and with the advent of new antibacterial drugs, a 
large number of antibiotics are clinically abused, resulting 
in the constant change in the species of pathogenic bacteria, 
which brings difficulties to diagnosis and treatment. The 
majority of pathogenic bacteria causing pulmonary infection 
are gram‑negative bacteria (73.68%) (14/19), the top three are 
9 strains of Acinetobacter baumannii (47.37%), 4 strains of 
Pseudomonas aeruginosa (21.05%) and 3 strains of Klebsiella 
pneumoniae (15.79%). This study showed that the extubation 
time of trachea cannula, ventilator use time, rethoracotomy 
hemostasis rate, sternal dehiscence rate and incidence of 
low-cardiac-output syndrome in patients of pulmonary infec-
tion group were significantly higher than those of non-infection 
group, but LVEF value was lower in the infection group than 
that in the non-infection group, and the differences were 
statistically significant (p<0.05). Multivariate logistic regres-
sion analysis in this study revealed that cardiac function, 
LVEF value, extubation time of trachea cannula, ventilator 
use time, sternal dehiscence, rethoracotomy hemostasis and 
low-cardiac-output syndrome were independent risk factors 
for pulmonary infection after mitral valve repair in patients 
with MS. Rethoracotomy hemostasis mostly belongs to 
emergency surgery, of which the disinfection effect is poorer 
and incomplete, which will cause more massive intrathoracic 

Table VI. Univariate analysis of risk factors for pulmonary 
infection.

Risk factor	 OR (95% CI)	 P-value

Age (years)	 1.104 (1.007-1.068)	 >0.05
Type of heart disease	 1.001 (0.958-0.997)	 >0.05
Cardiac function	 8.214 (0.812-8.738)	 <0.05
BMI	 20.137 (11.879-25.145)	 <0.05
Blood pressure	 0.962 (0.661-1.374)	 >0.05
FBG	 20.121 (11.476-26.769)	 <0.05
TG	 3.712 (2.196-6.321)	 <0.05
TC	 1.121 (0.715-1.474)	 >0.05
LDL-C	 12.741 (6.243-25.681)	 <0.05
HDL-C	 9.514 (5.576-15.901)	 <0.05
LVEF value 	 14.016 (6.438-24.013)	 <0.05
Extubation time of	 4.681 (3.359-6.124)	 <0.05
trachea cannula
Ventilator use time	 10.827 (7.109-16.032)	 <0.05
Sternal dehiscence	 28.142 (12.365-33.248)	 <0.05
Rethoracotomy	 5.919 (2.586-13.215)	 <0.05
hemostasis
Low-cardiac-output	 4.231 (2.057-8.243)	 <0.05
syndrome

OR, οdds ratio; CI, confidence interval; BMI, body mass index; FBG, fasting 
blood glucose; TG, triglyceride; TC, total cholesterol; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LVEF, 
left ventricular ejection fraction.

Table VII. Multivariate analysis of independent risk factors for 
pulmonary infection.

Risk factor	 OR (95% CI)	 P-value

Cardiac function	 10.8 (4.9-13.6)	 <0.05
BMI	 3.9 (1.2-9.1)	 <0.05
FBG	 11.4 (6.1-16.3)	 <0.05
HDL-C	 4.6 (1.5-6.4)	 <0.05
LVEF	 25.1 (12.7-38.3)	 <0.05
Extubation time of	 9.2 (4.2-14.1)	 <0.05
trachea cannula
Ventilator use time	 21.6 (10.2-28.2)	 <0.05
Sternal dehiscence	 15.3 (7.2-20.4)	 <0.05
Rethoracotomy	 19.2 (9.7-24.5)	 <0.05
hemostasis
Low-cardiac-output	 12.9 (6.1-15.9)	 <0.05
syndrome

OR, οdds ratio; CI, confidence interval; BMI, body mass index; FBG, fasting 
blood glucose; HDL-C, high-density lipoprotein cholesterol; LVEF, left ven-
tricular ejection fraction.
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bleeding and larger trauma, further reducing the immune 
function of patients. In addition, allogeneic blood transfusion 
is needed for severely ill patients, which increases the risk of 
infection (15,16). On the one hand, sternal dehiscence destroys 
the integrity of bony thorax; on the other hand, it increases the 
pain time of patients, seriously affects the cough and breathing 
of patients, causes weak cough and shallow and rapid breathing, 
and hinders secretion discharge from the respiratory tract (17). 
LVEF is an important index to evaluate cardiac function, and 
cardiac function reduces with the decrease of LVEF value (18). 
Once the left ventricular function is abnormal, pulmonary 
edema or congestion can be induced, affecting cardiac and 
pulmonary function. Therefore, the effective management 
of LVEF before surgery will contribute to the prognosis and 
rehabilitation of patients. Ventilator is necessary for assisted 
breathing of patients after heart valve replacement; the 
ventilator-associated complications, including respiratory tract 
infection and pulmonary infection, can occur if the ventilator 
is used improperly or over time (19). On the one hand, the 
airway, which is open to the outside world, loses its function 
of defense barrier; on the other hand, the connecting pipes of 
ventilator are easily polluted, and the purification degree of 
aspiration gas is low, leading to the invasion and colonization 
of pathogenic bacteria into lung incurring infection (20). The 
airway mucosa of patients with long-term intubation is easily 
damaged, plus the increase of secretions caused by foreign 
body stimulation, can induce infection (21). During the opera-
tion, the use of acid suppression agents reduces the secretion 
of gastric acid, and the intestinal flora moves into the respira-
tory tract, which will cause gram-negative bacilli to induce 
endogenous infection (22). After oral and tracheal intubation, 
the oral self purification capacity under the semi-open state 
decreases, leading to the excessive increase in oropharyngeal 
bacteria, and it will enter the lower respiratory tract with the 
invasive operation, thus incurring pulmonary infection (23). 
In order to obtain better surgical effect, shorten the operation 
and hospitalization time (24-26), we should pay attention to 
preoperative health education: i) To guide the cough method 
and expectoration manipulation before operation is conducive 
to the adequate and effective expectoration of patients after 
operation; ii) to guide the standard use of ventilator is helpful to 
prevent the occurrence of pulmonary infection; iii) to empha-
size the oral cleaning care, strengthen the basic nutritional 
support and improve the patient's own state, are beneficial to 
ameliorate the treatment and prognosis, thus promoting the 
harmonious development of doctor-patient relationship.
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