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prevent patients with severe pneumonia from  
complications and improve cardiopulmonary function
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Abstract: Objective: To study the application value of prone nursing combined with extracorporeal membrane oxy-
genation (ECMO) in patients with severe pneumonia. Methods: Altogether 96 patients with severe pneumonia from 
December 2016 to June 2018 were selected as the research participants, and 48 patients were included in the 
observation group (OG) to receive prone nursing with ECMO, while the other 48 patients were included in the control 
group (CG) to receive routine nursing with ECMO. Complications, cardiopulmonary function, VAS, SAS, SDS, MMAS-8 
scores and nursing satisfaction were compared. Results: After nursing, the incidence of complications in the OG 
was lower than that in the CG, LVEDD and LVESD in OG were lower than those in CG, while LVEF, FEV1 and FVC were 
higher than those in CG. The scores of VAS, SAS and SDS in OG were lower than those in CG. The MMAS-8 score 
in the OG was higher than that in the CG. The total nursing satisfaction of the OG was higher than that of the CG 
(All P<0.05). Conclusion: Prone nursing combined with ECMO can reduce the incidence of complications of severe 
pneumonia and improve the cardiopulmonary function of patients, which is worthy of clinical promotion.

Keywords: Prone position nursing, extracorporeal membrane oxygenation, severe pneumonia, complications, 
cardiopulmonary function

Introduction

Pneumonia is a common infectious disease, 
which affects the airway, alveoli and intersti-
tium. If it is not treated promptly and effective- 
ly, it will develop into severe pneumonia and 
even to acute respiratory distress syndrome 
(ARDS) [1, 2]. According to statistics, more  
than 1.5 million adults were hospitalized for 
community acquired pneumonia (CAP) in the 
United States, and about 100,000 adults died 
during hospitalization [3]. Pneumonia is a seri-
ous public health problem in the world. Althou- 
gh progress has been made in antimicrobial 
therapy, pneumonia is still the main cause of 
death caused by infectious diseases in the 
world [4]. Therefore, it is particularly important 
to seek effective treatment and clinical nurs- 
ing for patients with severe pneumonia.

Extracorporeal membrane oxygenation (ECMO) 
is an emergency treatment method for patients 

with severe acute respiratory failure and refrac-
tory heart failure [5]. It can effectively correct 
the symptoms of hypoxia in the whole body tis-
sues and save time for follow-up treatment. 
Studies by Pappalardo et al. [6] showed that 
venous-arterial extracorporeal membrane oxy-
genation (VA-ECMO) improved the oxygenation 
and peripheral circulation in patients with car-
diogenic shock, and improved the prognosis of 
patients. Kjaergaard et al. [7] showed that 
EMCO treatment of pulmonary embolism could 
reduce the risks caused by thrombolytic drugs 
and save the lives of patients. Hospital mortal-
ity rate decreased with the increase of ECMO 
utilization rate [8]. However, complications such 
as hemorrhage and infection of puncture site 
may occur during EMCO treatment [9], thus 
reducing the therapeutic effect. Therefore, it is 
of great significance to seek a scientific nursing 
method to reduce the risks brought by ECMO 
treatment. Studies have shown that prone posi-
tion ventilation can improve oxygenation and 
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survival rate of ARDS patients [10, 11]. At pres-
ent, there is little research on ECMO treatment 
combined with supine nursing for severe pneu-
monia. The incidence of complications in ECMO 
treatment is relatively high, and the effect of 
combined treatment is still unclear. This study 
reported combined use of ECMO treatment and 
prone position nursing intervention for patients 
with severe pneumonia, and studied the role of 
combined treatment on reducing complications 
and cardiopulmonary function in patients, so 
as to provide treatment reference for clinic.

Materials and methods

Clinical data of patients

Altogether 96 patients with severe pneumonia 
diagnosed in Shanghai General Hospital from 
December 2016 to June 2018 were collected 
as the research participants. Among them, 48 
patients were randomly selected into the ob- 
servation group (OG) to receive prone position 
nursing combined with ECMO nursing, and the 
other 48 patients were selected as the control 
group (CG) to receive routine nursing combined 
with ECMO nursing. This study was approved by 
the Medical Ethics Committee.

Inclusion and exclusion criteria

Inclusion criteria: all patients were treated as 
severe pneumonia by chest X-ray and laborato-
ry examination, which was in accordance with 
the 2016 Chinese Medical Association Diag- 
nostic Guidelines for Severe Pneumonia [12]; 
patients had complete clinical data; patients 
conformed to ECMO treatment indications; 
patients and their families have signed in- 
formed consent forms.

Exclusion criteria: patients had severe infection 
in other parts; patients combined with respira-
tory failure and heart failure, severe liver and 
kidney function damage, cancer, hematologi- 
cal diseases, mental dysfunction, and commu-
nication disorders; lactation and pregnancy 
patients.

Nursing methods

The CG received routine nursing including vital 
signs observation, ward environment nursing, 
anti-inflammatory symptomatic treatment and 
ECMO nursing.

The OG received prone position nursing com-
bined with ECMO nursing, and the specific con-
tents included: (1) Psychological intervention: 
timely communication and psychological coun-
seling were applied for patients with anxiety or 
depression. Furthermore, efficacy and progno-
sis of the disease were introduced to the pa- 
tient according to the patient’s situation, etiol-
ogy, and treatment methods, so that the pa- 
tient could fully understand the disease. The 
patient’s medication was supervised, and the 
medication and adverse reactions were re- 
minded and recorded. (2) Health education: the 
hazards of diseases and the importance of  
prevention, the causes, symptoms, prevention 
and treatment methods and nursing measures 
were informed to patients, and the patients’ 
questions were answered patiently. (3) ECMO 
care: whether each pipe is firmly fixed and 
whether the elasticity of elastic bandage used 
on ankle and knee is appropriate were check- 
ed carefully. Whether the incubation position 
on the X-ray film is normal was checked. The 
temperature of the water box was controlled at 
36~37°C to prevent discomfort caused by 
hypothermia or hyperthermia. The change of 
the color of the membrane oxygenator was 
closely observed. If the color deepened and 
coagulation occurred, the membranous lung 
should be replaced immediately and the he- 
parin dosage was adjusted according to the 
actual situation. Dressing should be changed 
every day at the puncture site. The wound for 
swelling and bleeding and the changes of the 
exposed length was observed, so as to avoid 
vortex or accidental prolapse due to abnormal- 
ly deep insertion. The flow rate was continu-
ously adjusted according to the cardiopulmo-
nary function of the patient. During the oper- 
ation of the centrifugal pump, the blood flow 
rate should be ensured to be stable, and the 
doctor was needed to be notified immediate- 
ly if there was any abnormality. Whether the 
puncture lower limb of the patient has anoxia, 
stiffness and swelling was checked. Urine vol-
ume per hour and vital signs were closely  
monitored. (4) Prone position nursing: prone 
position was selected for ECMO treatment. If 
the patient was able to tolerate the situation, 
we could try to lower the head and upper the 
feet, with the face down or lying on the side to 
keep the trachea unobstructed and easy to 
observe. Soft pillow was used at the chest, 
head, leg, hip and abdomen of the patient to 
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prevent crush injury. Electrocardiogram elec-
trode was changed to the back corresponding 
to the supine position. Atomization was given 
during the prone position. Both hands were 
used to tap the back and mechanical vibration 
was used to expel phlegm. (5) Complication 
nursing: whether the wound was infected, red, 
swell, hot and pain was closely observed. The 
contaminated dressing was replaced in time, 
and symptomatic treatment was carried out. 
The pipeline connection should be firm and  
be reinforced when necessary to prevent the 
pipeline from collapsing and air embolism. 
Analgesic and sedative drugs were used to re- 
lieve the pain of the patient, relax the patient 
and prevent emotional agitation from affecting 
treatment. Bleeding of the puncture site, excre-
ta and drainage fluid was observed. The occur-
rence of severe bleeding complications such  
as intracranial hematoma and systemic hemor-
rhage was monitored, and invasive puncture or 
removal of various deep vein catheterization 
should be avoided to prevent bleeding caused 
by inadequate hemostasis. Vasodilators was 
applied to correct hypotension caused by de- 
creased systemic vascular resistance.

Outcome measures

Main outcome measures: the complications of 
the two groups of patients; cardiopulmonary 
function before and 7 days after nursing; car-
diac function indexes, including left ventricular 
end diastolic diameter (LVEDD), left ventricular 
end systolic diameter (LVESD) and left ventri- 
cular ejection fraction (LVEF); pulmonary func-
tion indexes, including forced expiratory vo- 
lume in one second (FEV1) and forced vital 
capacity (FVC). The self-made nursing satis- 
faction questionnaire was applied to evaluate 
the nursing satisfaction (total satisfaction = 
satisfaction + basic satisfaction), and the nurs-
ing satisfaction of the two groups of patients 
was observed.

Secondary outcome measures: VAS pain scale 
was used to evaluate and compare the pain 
situation of the two groups after nursing for 3 
days and 7 days. The point 0 indicates pain-
less, while higher score indicates more severe 
pain. SAS and SDS scores were used to evalu-
ate and compare the negative emotions of the 
two groups of patients before and after 7 days 
of nursing. The total score of SAS/SDS below 

50 indicates normal, and the higher score in- 
dicates more serious anxiety/depression. The 
MMAS-8 scale was used to evaluate the com-
pliance of patients.

Statistical analysis

SPSS23 was applied to perform statistical 
analysis. GraphPad Prism 7 (Graphpad soft-
ware Co., Ltd., San Diego, USA) was applied to 
visualize pictures of the collected data. 
Counting data were represented as usage (%) 
and analyzed by chi-square, which expressed 
as χ2. Measurement data were represented by 
Meas ± SD. All measurement data were con-
formed to normal distribution. Independent 
sample t test was applied for pair-wise com- 
parison, and paired t test for intra-group com-
parison, both were expressed by t. P<0.05 or 
P<0.001 indicates statistically significant.

Results

Comparison of clinical data

By comparing the general clinical data, it was 
found that there was no statistical difference  
in age, BMI, gender, APACHE-II score, disease 
composition, smoking history, drinking history 
and residence between OG and CG (P>0.05) 
(Table 1).

Complications of two groups

Comparing the complications, it was found that 
there were 3 cases of infection, 2 cases of 
thrombosis, 2 cases of hemorrhage and 1  
case of hypotension in the OG, with a total of  
8 cases (16.65%). There were 7 cases of infec-
tion, 4 cases of thrombosis, 5 cases of hemor-
rhage and 4 cases of hypotension in the CG, 
with a total of 20 cases (33.33%). The compli-
cation rate in the OG was evidently lower than 
that in the CG (P<0.05), as shown in Table 2.

Comparison of cardiopulmonary function be-
tween two groups of patients

By comparing the cardiac function indexes of 
the two groups of patients, it was found that 
there was no significant difference in LVEDD 
(50.31±4.28) (50.47±4.13), LVESD (37.53± 
4.15) (36.75±3.94) and LVEF (42.17±4.08) 
(41.68±4.12) between the OG and the CG 
before nursing (P>0.05). After 7 days of nurs-
ing, LVEDD (41.86±3.54), LVESD (29.87±3.26) 
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in the OG were lower than before treatment 
(P<0.001), LVEF (59.44±4.88) were evidently 
higher than before treatment (P<0.001), while 
LVEDD (48.83±5.26), LVESD (35.24±2.57) in 
the CG had no evident difference compared 
with before treatment. LVEF (50.42±5.03) was 
evidently increased (P<0.001). LVEDD and 
LVESD in the OG were significantly lower than 
those in the control group (P<0.001), and LVEF 
was evidently higher than those in the CG 
(P<0.001), as shown in Figure 1.

By comparing the cardiac function indexes, it 
was found that there was no significant differ-
ence in FEV1 (1.27±0.29) (1.30±0.21) and FVC 
(2.16±0.62) (2.13±0.71) between the OG and 
the CG before nursing (P>0.05). After 7 days of 
nursing, both FEV1 and FVC were evidently 
higher than before nursing (P<0.001). In addi-
tion, FEV1 (2.86±0.35) (1.65±0.74) and FVC 
(3.29±0.57) (2.60±0.45) in the OG were evi-
dently higher than those in the CG (P<0.001), 
as shown in Figure 2.

Comparison of pain

By comparing the VAS scores, it was found that 
the VAS scores of the OG were evidently lower 
than those of the CG after 3 days of nursing 
(P<0.001), and the VAS scores of the OG were 

The compliance was evaluated by MMAS scale 
score. The results showed that the MMAS- 
8 score in the OG (5.81±1.05) was evidently 
higher than that in the CG (5.16±0.78) (P< 
0.001), as shown in Figure 3.

Comparison of nursing satisfaction

After nursing intervention, the OG was satisfied 
with the nursing in 16 cases, basically satisfied 
in 26 cases and unsatisfied in 6 cases, with a 
total satisfaction rate of 87.5%. In the CG, 10 
cases were satisfied with the nursing, 24 cases 
were basically satisfied, 14 cases were unsatis-
fied, and the total satisfaction rate of nursing 
was 70.83%. The total satisfaction of nursing  
in the OG was evidently higher than that in the 
CG (P<0.05), as shown in Table 5.

Discussion

Severe pneumonia is a common clinical critical 
disease. The prognosis of patients with severe 
pneumonia is poor, and the mortality rate 
reaches 30%~50% [13]. ECMO is an important 
cardiopulmonary support technology, and is 
the final treatment method when conventional 
treatment of heart failure and lung failure is 
ineffective. ECMO enables the body to tempo-
rarily replace lung function and part of heart 
function through external gas exchange, and 

Table 1. Comparison of clinical data 
Factor OG (n=48) CG (n=48) t/χ2 P
Age (years) 48.6±9.8 50.7±8.4 1.127 0.263
BMI (kg/m2) 21.8±1.62 22.2±1.65 1.198 0.234
Gender
    Male 27 (56.25) 22 (45.83) 1.042 0.307
    Female 21 (43.75) 26 (54.17)
APACHE-II score 31.28±10.12 34.22±6.78 1.672 0.098
Disease types
    Viral pneumonia 20 (41.67) 23 (47.92) 1.238 0.539
    Bacterial pneumonia 17 (35.42) 12 (25.00)
    Mycoplasma pneumonia 11 (22.91) 13 (27.08)
Smoking history
    Yes 32 (66.67) 38 (79.17) 1.899 0.168
    No 16 (33.33) 10 (20.83)
Drinking history
    Yes 19 (39.58) 22 (45.83) 0.383 0.536
    No 29 (60.42) 26 (54.17)
Residence
    Rural 27 (51.11) 22 (55.56) 1.042 0.307
    Urban 21 (48.89) 26 (44.44)

evidently lower than those of 
the CG after 7 days of nursing 
(P<0.001), as shown in Table 
3.

Comparison of SAS and SDS 
score

By comparing the SAS and  
SDS scores, it was indicated 
that there was no significant 
difference of the SAS and SDS 
scores before nursing. After 7 
days of nursing, the SAS and 
SDS scores were evidently 
lower than those before nurs-
ing (P<0.05), and the SAS and 
SDS scores of OG were evi-
dently lower than those in the 
CG (P<0.001), as shown in 
Table 4.

Comparison of treatment 
compliance
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can strive for recovery of respiratory or heart 
function to save time for subsequent treat- 
ment [14]. As adequate oxygenation requires a 
large cannula inserted through femoral ves-
sels, this process may lead to severe limb isch-
emia [15], while reports also indicate that ex- 
cessive heparin use may lead to hemorrhage 
[16], thrombosis, infection, renal failure and 
neurological complications in ECMO therapy 
[17, 18]. Therefore, it is of great significance to 
seek an effective nursing method to prevent 
complications during ECMO treatment. Prone 
position is considered to be one of the most 

effective treatments for patients with ARDS. It 
provides more even ventilation to improve oxy-
genation and remove carbon dioxide [19]. 
Therefore, this study will explore the effect of 
prone position nursing combined with ECMO  
on preventing complications and improving  
cardiopulmonary function in patients with se- 
vere pneumonia.

In this study, patients in the OG were treated 
with prone position nursing combined with 
ECMO intervention, while patients in the CG 
were treated with routine nursing combined 

Table 2. Comparison of complications
Group Infection Thrombus Hemorrhage Hypotension Total
Observation group (n=48) 3 (6.25) 2 (4.16) 2 (4.16) 1 (2.08) 8 (16.65)
Control group (n=48) 7 (14.58) 4 (8.33) 5 (10.42) 4 (8.33) 20 (33.33)
χ2 7.261
P 0.007

Figure 1. Comparison of cardiac function between two groups of patients. A. Before nursing, there was no signifi-
cant difference in LVEDD between the two groups. After 7 days of nursing, LVEDD in the observation group was 
significantly lower than that before nursing, while there was no significant difference in the control group. LVEDD 
in the observation group was significantly lower than that in the control group. B. There was no significant differ-
ence in LVESD between the two groups before nursing. After 7 days of nursing, LVESD in the observation group was 
significantly lower than that before nursing, while there was no significant difference in the control group. LVESD in 
the observation group was significantly lower than that in the control group. C. There was no significant difference 
in LVEF between the two groups before nursing. After 7 days of nursing, LVEDD in the two groups was significantly 
higher than that before nursing, and LVEF in the observation group was significantly higher than that in the control 
group. ***indicates P<0.001.
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with ECMO intervention. We made statistics on 
the complications within 7 days of intervention. 
The results showed that both groups of pati- 
ents had infection, thrombosis, hemorrhage 
and hypotension, but the total complications  
in the OG was evidently lower than that in the 
CG. Then we compared the cardiopulmonary 
function of the two groups of patients after 
nursing. The results showed that the improve-
ment degree of the cardiopulmonary function 
in the OG was higher than that in the CG, indi-

applied, invasive puncture or removal of vari-
ous deep vein catheterization was avoided, the 
occurrence of serious bleeding complications 
such as puncture site, intracranial hematoma 
and systemic hemorrhage was observed, vaso-
dilators were applied to improve hypotension. 
The research results showed the superiority of 
combined intervention to prevent complica-
tions. He et al. [23] analyzed a case of pneu- 
monia complicated with pneumothorax due to 
severe drug resistance, which was success- 
fully treated by ECMO combined with prone 
position high frequency oscillatory ventilation. 
Otterspoor et al. [24] also showed that pati- 
ents with H1N1 pneumonia complicated with 
invasive aspergillosis could finally recover com-
pletely by applying prone position combined 
with ECMO. Moore [25] and Ghelichkhani [26] 
et al. have shown that prone position ventila-
tion, as an adjuvant therapy, can enhance the 

Figure 2. Comparison of lung function between two groups of patients. A. 
There was no significant difference in FEV1 between the two groups before 
nursing. FEV1 in the two groups after 7 days of nursing was significantly 
higher than before nursing, and the patients in the observation group were 
significantly higher than that in the control group. B. There was no significant 
difference in FVC between the two groups before nursing. FVC in the two 
groups after 7 days of nursing was significantly higher than before nursing, 
and the patients in the observation group were significantly higher than that 
in the control group. ***indicates P<0.001.

cating that prone position 
nursing could significantly re- 
duce the incidence of compli-
cations during ECMO treat-
ment, improve the cardiopul-
monary function and the 
therapeutic effect of ECMO. 
Prone position ventilation dur-
ing ECMO treatment could 
effectively increase ventila-
tion on the back side of lung 
tissue, strengthen alveolar 
ventilation function, improve 
oxygenation, and reduce the 
occurrence of ventilator-asso-
ciated pneumonia and lung 
injury [20, 21]. This was also 
confirmed by the improve- 
ment of cardiopulmonary fun- 
ction of patients in OG th- 
rough prone position nursing 
in our study. Prone position 
ventilation can improve oxy-
genation, but there is a risk  
of complications related to 
pipelines when changing body 
position [22]. We have taken 
targeted measures against 
possible complications of EC- 
MO treatment, the steps were 
as follows: timely replacement 
of wound dressings and rein-
forcement of pipelines were 

Table 3. Comparison of VAS score

Group After 3 days 
of nursing

After 7 days 
of nursing

Observation group (n=48) 5.31±0.75 1.74±0.45
Control group (n=48) 6.44±0.88 3.48±0.89
t 6.771 12.09
P <0.001 <0.001
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oxygenation level of COVID-19 infected pati- 
ents, reduce the occurrence of complications 
such as pressure sores and pulmonary edema, 
and improve the quality of life of patients. This 
is similar to our research results, which further 
confirms the effect of prone position combined 
with ECMO and its effect on preventing compli-
cations, and is worthy of clinical application.

Pain is a common symptom of ECMO treat-
ment. Severe pneumonia is in critical condi- 
tion, and negative emotions caused by the dis-
ease and treatment often occur [27]. The pa- 
tients in the OG were treated with analgesic 
and sedative drugs combined with psychologi-
cal intervention. The results showed that the 
pain situation of OG was evidently reduced,  
the negative emotions were alleviated, and the 
psychological intervention in the prone posi- 
tion nursing combined with ECMO intervention 
mode in this study acted in improving the ne- 
gative emotions of the patients. The patient’s 
treatment compliance is very important for the 
patient’s recovery. Poor compliance behavior 
will affect the patient’s therapeutic effect and 
postoperative improvement [28], so improving 
the patient’s compliance is the key to recovery. 
Many patients are suffered from psychological 
burden due to lack of understanding of the dis-
ease, and the compliance is low due to lack of 
understanding of the treatment plan [29]. Then 
we counted the patient’s compliance with treat-
ment, and it was revealed that the compliance 
of OG was evidently higher than that of CG. We 
speculated that the patients had confidence in 
treatment after psychological intervention in 
this study, while health education for patients 
deepened the patient’s understanding of the 
disease and treatment methods, thus improv-
ing compliance. At the end of the study, the pa- 
tient’s nursing satisfaction was investigated. 
The investigation results showed that the OG 
was evidently higher than that of the CG, which 
indicated that the nursing method of OG could 
improve the patient’s nursing satisfaction. The 
patients were easy to accept the treatment  
and had high recognition, which provided a 
strong basis for the application and promotion 
of prone position combined with ECMO inter-
vention in the clinical application of severe 
pneumonia.

Table 4. Comparison of SAS and SDS scores

Group
SAS SDS

Before nursing After 7 days of nursing Before nursing After 7 days of nursing
Observation group (n=48) 68.63±4.25 43.16±3.21* 64.28±4.35 39.24±3.61*

Control group (n=48) 69.77±4.18 49.79±4.16* 65.78±3.96 46.58±4.08*

t 1.325 8.742 1.767 9.335
P 0.188 <0.001 0.081 <0.001
*indicates that there is a statistical difference compared with that before nursing.

Figure 3. Comparison of MMAS-8 scores between 
the two groups. The MMAS-8 scores in the observa-
tion group were significantly higher than those in the 
control group, ***indicates P<0.01.
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Although this study confirmed that prone posi-
tion combined with ECMO intervention had  
better benefits in severe pneumonia, there are 
still some deficiencies. For example, we have 
not investigated the quality of life of patients. 
What’s more, we have not conducted follow-up 
investigation on the survival of the patients. 
These deficiencies will be supplemented and 
improved in future studies.

To sum up, prone position nursing combined 
with ECMO intervention can reduce the inci-
dence of complications of severe pneumonia 
and improve patients’ cardiopulmonary func-
tion, which is worthy of clinical application.
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