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Abstract: Objective. To investigate the effect of gastroin-
testinal function on the incidence of ventilator-associated
pneumonia (VAP) in critically ill patients. Methods. From
August 2012 to June 2016, 160 critically ill patients in the
ICU (Intensive Care Unit) of our hospital were selected as
the research group; patients were divided equally into
an observation group and a control group, 80 patients in
each group, based on the random draw envelope princi-
ple. The control group was given a nasogastric tube for
gastric feeding, the observation group was given a dual
lumen gastrointestinal enteral device for gastric feeding;
the two groups’ enteral nutrition observation time was
7d; any changes in patient condition and prognosis were
recorded. Results. The pH value of gastric juice in the
control group and the observation group was 6.13+1.38 and
4.01+1.83, respectively: the pH for the observation group
was significantly lower than that of the control group
(t=4.982, P<0.05). The incidence of VAP in the observation
group and the control group was 2.5% and 12.5%, respec-
tively: the VAP for the observation group was significantly
lower than that of the control group (P<0.05). The serum
levels of pre-albumin and albumin after feeding in the
two groups were significantly higher than before feeding
(P<0.05); the serum levels of pre-albumin and albumin
in the observation group after feeding were significantly
higher than those in the control group (P<0.05). The
mechanical ventilation time and ICU length of stay in the
observation group were 9.12+2.13 days and 12.76+1.98 days,
respectively, significantly lower than those of the control
group of 10.5622.89 days and 16.33+2.11 days (P<0.05). Con-
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clusion. Obstacles to gastrointestinal function in critically
ill ICU patients are common; enteral gastric feeding by
dual lumen gastrointestinal for can improve the patient’s
nutritional status, promote and maintain the normal pH
value of gastric juice, thereby reducing the incidence of
VAP through rehabilitation of patients.

Keywords: Critically ill patients; Ventilator-associated
pneumonia; Gastrointestinal function; Albumin; Gastric
juice pH value

1 Introduction

Ventilator-associated pneumonia (VAP) is a pulmonary
infection that occurs in patients with respiratory failure
after primary mechanical ventilation for 48 hours (h) or
extubation within 48h [1,2].Some studies have shown that
in critically ill ICU patients account for about 1/3 of the
hospital infection rate; once VAP occurs it involves diffi-
cult weaning and a prolonged hospital stay, asw well as
a mortality rate over 10% [3,4]. In patients with critical
illness, mechanical ventilation cannot be used for oral
feeding to meet their nutritional and metabolic needs,
and enteral nutrition intervention is needed [5]. In most
critically ill patients, the body is in a state of high stress,
mostly resulting from gastrointestinal dysfunction. This
makes the patient prone to local microcirculatory dis-
turbance of thegastric mucosa, which then requires
increased nutritional support. Enteral nutrition can help
patients undergoing mechanical ventilation treatment: it
is a part of their treatment and is closely related to preven-
tion and treatment of ventilator-associated pneumonia.
WHowever, which method of supplying enteral nutrition
can better prevent the occurrence of ventilator-associated
pneumonia has become the focus of ICU ward research.
Studies have shown that nutritional adjustment can
reduce the changes in metabolism such as high metab-
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olism, high decomposition and other anomalies; it can
also create favorable conditions for neuronal regeneration
and repair and prevent recurrence [6,7]. Nasogastric tube
enteral nutrition, therefore, increases the risk of reflux
and aspiration of gastric contents and lowers prevention
of VAP. Improving the patient’s gastric motility may help
reduce gastric reflux and bacterial colonization, thereby
preventing VAP [8-10], but specific methods of improving
gastric motility have not been reported. In this paper, the
effect of different gastrointestinal functions on the occur-
rence of VAP in critically ill patients is discussed, and
methods of improving gastric motility are proposed.

2 Data and methods

2.1 Object of study

From August 2012 to June 2016 in our hospital’s intensive
care unit (ICU) mechanical ventilation in 160 critically
ill patients were the research group; inclusion criteria
were hemodynamic stability (heart rate, oxygen satu-
ration greater than or equal to 90% 60-120 / min, mean
arterial pressure, respiratory rate of <30 / 70-120 mmHg,
intracranial pressure <20 mmHg); mechanical ventilation
time above 4D; nutrition screening scale (NRS2002) score
above 3 points; acute physiology and chronic health evalu-
ation IT (APACHE II) score above 15 points; patients having
mechanical ventilation and enteral nutrition support
treatment indications. Exclusion criteria: Patients with
stress ulcer or digestive tract bleeding before observation;
aspiration and pulmonary infection before mechanical
ventilation; pregnant and lactating women; psychiat-
ric patients. Based on the principle of random envelope

Table 1: Baseline data comparison between the two groups

Analysis of the effects on the incidence of ventilator associated pneumonia = 557

drawing, the patients were divided into an observation
group and a control group with 80 cases in each group.
The sex, age, BMI, disease type, APACHE II score, and
NRS2002 score of the two groups were not significantly
different (P>0.05). Details are shown in Table 1.

2.2 Gastrointestinal feeding method

In the control group, a nasogastric feeding route was
adopted. In the observation group, a gastrointestinal
double lumen tube fed the intestinal tract (Figure 1).

Enteral Nutritional Suspension was chosen for par-
enteral nutrition (Nutricia Pharmaceutical Co. Ltd., bottle
500 mL, 1.5 kcal/mL), using enteral nutrition pump for
continuous infusion, transfusion of 1000 mL/d, infu-
sion rate for 50 mL/h. The observation group and the
control group were given gastrointestinal feeding at the
same time through the stomach tube route. When the
residual amount of stomach was >250 mL, the patient
underwent gastrointestinal drainage and decompression.

During the implementation process, enteral nutrition
was given at 6:00 every morning. The amount of infusion
and the speed of infusion were adjusted based on the
needs of the patients’ energy metabolism to ensure that
the enteral nutrition was finished before 2:00 the next day.

The observation time of enteral nutrition support in
the two groups was 7d.

2.3 Observation index

Determination of pH value of gastric juice: during the
period of enteral nutrition, the gastric juice was taken
every day, and the average value of pH value of 7D gastric

Group Number of Sex (male / NRS2002S- Age Disease type APACHEGrade  Body mass
cases (n) female) core (points) (head injury/ 1l (score) index(kg/m?)
cerebrovascu-
lar accident/
malignancy/
others)
Observation 80 44/36 3.98+0.44 68.23+4.54 34/20/20/6 19.34x4.28 22.48+3.87
group
Control group 80 46/34 3.810.51 68.15+5.13 33/24/20/3 19.22+3.10 22.10%4.13
t or X2 0.113 0.295 0.144 0.295 0.129 0.285
P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
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Figure 1: Left, nasogastric feeding route; Right, is gastrointestinal double lumen tube fed the intestinal tract.

juice was recorded. (2) Ventilator-associated pneumo-
nia: judging by the diagnostic criteria of Chinese Medical
Association Respiratory Disease Branch, and it will be
determined at least 2 items appeared during mechani-
cal ventilation, as followingVMA: arterial oxygen partial
pressure decreased unexplained during mechanical ven-
tilation, Pa02/Fi02 and >30.0% decreased; the body tem-
perature rises to more than 38 deg C; chest X-ray showed
new exudative lesions; endotracheal aspirates purulent
secretions, and bacterial culture (+). (3) Nutritional index
test: serum prealbumin (PA) and serum albumin (ALB)
were detected before and after enteral nutrition support
in all patients. (4) Prognosis: observe and record the two
groups of mechanical ventilation time and ICU hospitali-
zation time.

2.4 Statistical method

SPSS20.00 software was used for statistical data analy-
sis, measurement data using standard deviation (x + s),
t-test and paired t-test compared with the independent
sample data, and count data expressed as a percentage,
compared with the chi square analysis; P<0.05 represents
a significant difference.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance the tenets of
the Helsinki Declaration, and has been approved by the
authors' institutional review board or equivalent commit-
tee.

Informed consent: Informed consent has been
obtained from all individuals included in this study.

3 Results

3.1 Comparison of pH values in gastric juice

The gastric juice pH values of the control group and the
observation group during enteral nutrition were 6.13 + 1.38
and 4.01 + 1.83 respectively; the value for the observation
group was lower than that for the control group (t=4.982,
P<0.05).

3.2 VAP incidence comparison

After observation, the incidence of VAP in the observa-
tion group and the control group during enteral nutrition
was 2.5% and 12.5%, respectively; that for the observation
group was significantly lower than that for the control
group (P<0.05) (Table 2).

3.3 Comparison of nutritional indexes

After testing, the two groups after nutritional support
of serum prealbumin and albumin values were signifi-

Table 2: Comparison of incidence of VAP between two groups (n)

Group Number of VAP Incidence of
cases (n) VAP

Observation 80 2 2.5%

group

Control group 80 10 12.5%

X2 3.878

p <0.05
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cantly higher than before nutritional support (P<0.05); we
observed that the serum prealbumin and albumin values
the nutritional support group of were significantly higher
than those in the control group (P<0.05) (Table 3).

3.4 Comparison of mechanical ventilation
time and ICU hospitalization time

After observation, the observation group’s mechanical
ventilation time and ICU hospitalization time were 9.12
+ 2.13d and 12.76 + 1.98d, all significantly lower than the
control group’s 10.56 + 2.89d and 16.33 = 2.11d (P<0.05).
(Table 4).

3.5 Discussions

VAP is the most common infectious complication in criti-
cally ill patients: the incidence rate is as high as 10%, and
the fatality rate is about 20%. For this reason, we mainly
strengthened the preventive support intervention in our
clinic [11]. At the same time, during mechanical ventila-
tion of critically ill patients the metabolic needs of the
body must be met to ensure the intake of drugs and nutri-
ents; to promote physical rehabilitation, increased nutri-
tion intervention is necessary [12].

Analysis of the effects on the incidence of ventilator associated pneumonia =—— 559

Patients undergoing mechanical ventilation who are
unable to ingest food orally can have a major clinical
intervention through gastrointestinal nutrition, but that
also increases sthe risk of reflux and aspiration of gastric
contents. In critically ill patients, there is often a gastro-
intestinal motility disorder, and reflux and inhalation of
gastric contents can also cause VAP [13,14]. The occurrence
of VAP causes difficulty in weaning, prolongs hospitaliza-
tion time, and affects the life of patients. Therefore, corre-
sponding preventive measures should be taken to reduce
gastric reflux, avoid inhalation of oropharyngeal secre-
tions, regularly check whether the gastric tube is properly
placed and observe the intestinal motility, adjust feeding
volume and speed, and avoid reflux occurs of gastric con-
tents. In the gastrointestinal double lumen tube feeding
through the intestine, food enters the intestinal tract
directly, avoids food going into the stomach, stimulates
the gastric acid secretion process, achieving thereby a
better acid-suppression effect. The present study showed
that the pH value of gastric juice during enteral nutrition
in the control group and the observation group was 6.13 +
1.38 and 4.01 + 1.83, respectively, and that in the observa-
tion group was significantly lower than that of the control
group (t=4.982, P<0.05). At the same time, using a gas-
trointestinal double lumen tube by enteral feeding and
gastrointestinal decompression residue monitor inside
the stomach reduces the probability of gastric mucosal

Table 3: Comparison of nutrition index (standard plus standard deviation) between two groups before and after nutritional support

Group Number of  Prealbumin (mg/L) After t P :’rea/lll-a)umm Aftler nutrlttlo- P
cases (n) Pre nutritional nutritional mg . nalsuppor
Pre nutritional
support support
support
Obser- 80 0.11+0.06 0.16x0.08 8.348 <0.05 23.49x4.22 29.48+3.54 10.584 <0.05
vation
group
Control 80 0.11+0.09 0.14%0.10 5.113 <0.05 23.19+5.29 26.11+4.28 5.184 <0.05
group
t 0.000 3.456 0.453 5.295
P >0.05 <0.05 >0.05 <0.05

Table 4: Contrasting mechanical ventilation time and ICU hospitalization time (D, standard + standard deviation)

Mechanical ventilation time ICU hospitalization time

Group Number of cases (n)
Observation group 80
Control group 80

t

P

9.12+2.13 12.76%1.98
10.56£2.89 16.332£2.11
3.224 4.891
<0.05 <0.05
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erosion; it can also maintain intestinal integrity, reduce
bacterial translocation, and can meet the needs of enteral
nutrition [15].

VAP is caused by gastric or oropharyngeal secre-
tions with trace contamination of pathogenic bacteria
in the lower respiratory tract; this can cause aspiration
in critically ill patients; ventilator-dependent acid sup-
pression therapy will increase the chance of occurrence
of pneumonia [16]. Sstudies have shown that the gastro-
pulmonary infection pathway plays a very important role
in mechanical ventilation in patients with VAP. Routine
nutritional support is prone to gastroesophageal reflux,
and bacteria in the stomach enter the respiratory tract
with reflux, leading to the occurrence of VAP [17]. This
study showed that the incidence of VAP in the observa-
tion group and the control group during enteral nutrition
was 2.5% and 12.5%, respectively, and that in the observa-
tion group was significantly lower than that in the control
group (P<0.05). In the observation group with gastrointes-
tinal double lumen tube by enteral feeding in the stomach
makes the solution quantity reduced, thereby reducing
the reflux and bacterial growth opportunities, reduce the
incidence of VAP; and its intermittent acid induced tran-
sient increase, avoid regurgitation of gastric contents into
the respiratory tract and reduce the risk of VAP [18,19].

Patients with mechanical ventilation are prone to
gastrointestinal disorders due to positive airway pressure,
because the air shortage caused by swallowing reflex
hyperfunction can also cause regurgitation and aspira-
tion, cause or worsen lung infection, upon prolonged
mechanical ventilation [20]. Dual lumen gastrointestinal
after enteral feeding helps to maintain the pH value of
gastric juice in the normal range, helping to inhibit the
growth of digestive tract bacteria [21]; it can meet the nutri-
tional needs of patients with a short period of time, can
avoid the excessive expansion of the stomach to reflux.
This study shows that two groups of nutritional support
after the serum prealbumin and albumin values were sig-
nificantly higher than before nutritional support (P<0.05),
and we observed that the nutritional support group of
serum prealbumin and albumin values were significantly
higher than those in control group (P<0.05). That also
shows that the dual lumen gastrointestinal after enteral
feeding can improve the body’s nutritional status. Most
of the patients with mechanical ventilation are critically
ill, and the operation of the endotracheal intubation puts
the body in a highly stressed state. Improving the gastro-
intestinal function of critically ill patients can help reduce
the rate of gastric reflux and lung infection [22-23]. This
study shows that the mechanical ventilation time and ICU
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of the observation group hospitalization time were 9.12 +
2.13d and 12.76 + 1.98d, are significantly lower than the
control group of 10.56 + 2.89d and 16.33 + 2.11d (P<0.05),
also improve the gastrointestinal motility of patients can
promote the rehabilitation of patients.

In short avoiding some obstacles to gastrointesti-
nal function in critically ill ICU patients, gastrointesti-
nal double lumen tube enteral feeding can improve the
patient’s nutritional status, promote and maintain the
normal pH value of gastric juice, thereby reducing the
incidence of VAP and assist the patient’s rehabilitation.

Declaration of conflict of interest: The authors declare
that there are no conflicts of interest.

References

[1] Zheng HC., Xing CH. The risk of ventilator-associated
pneumonia in elderly patients with China factors [J]. Journal
of Gerontology,2015,5(24):1399-1401

[2] LiuYL., Wang ZX., Zheng T., et al. Investigation of pathogen
distribution and drug resistance of ventilator-associated
pneumonia in elderly patients. [J]. Chinese Journal of hospital
infection,2015,18(12):4101-4103

[3] Mukherjee K., Sowards K]., Brooks SE., et al. Insulin
Resistance in Critically Injured Adults: Contribution of
Pneumonia, Diabetes, Nutrition, and Acuity[J].Surg Infect
(Larchmt),2015,16(5):490-497

[4] Li WW., Gui SH., Ye HB., et al. The role of enteral nutrition
through nasal tube placement in the prevention of ventilator
associated pneumonia. [J]. Chinese Journal of hospital
infection,2015,3(22):615-617

[5] Mesejo A., Montejo-Gonzalez JC., Vaquerizo-Alonso C., et
al. Diabetes-specific enteral nutrition formula in hyperg-
lycemic, mechanically ventilated, critically ill patients: a
prospective, open-label, blind-randomized, multicenter
study[)].Crit Care,2015,19(1):390-393

[6] Rodrigues CD., Moreira MM., Lima NM., et al. Risk factors
for transient dysfunction of gas exchange after cardiac
surgery[J].Rev Bras Cir Cardiovasc,2015,30(1):24-32

7] Liu WJ., Li M., Zhao N., et al. Effects of Bifid Triple Viable
Bacteria on ventilator associated pneumonia in patients with
mechanical ventilation [J]. Medical Herald,2016,35(01):50-53

[8]  WangD., Zheng SQ., Chen XC., et al. Comparisons between
small intestinal and gastric feeding in severe traumatic brain
injury: a systematic review and meta-analysis of randomized
controlled trials[J].) Neurosurg,2015,29(2):1-8

[9] Selvanderan SP., Summers M)., Finnis ME., et al.

Pantoprazole or Placebo for Stress Ulcer Prophylaxis

(POP-UP): Randomized Double-Blind Exploratory Study[J].Crit

Care Med,2016,44(10):1842-1850

Huang HH., Hsu CW., Kang SP., et al. Association between

illness severity and timing of initial enteral feeding in

critically ill patients: a retrospective observational study[]].

NutrJ,2012,3(11):30-35

[10]



DE GRUYTER

[11]

[12]

[13]

[14]

[15]

[16]

Zhou X]., Xia F. Effect of comprehensive nursing intervention
on VAP and treatment effect of ICU mechanical ventilation

in internal medicine [J]. Journal of practical clinical
medicine,2016,20(14):1-3

Jaillette E., Brunin G., Girault C., et al. Impact of tracheal cuff
shape on microaspiration of gastric contents in intubated
critically ill patients: study protocol for a randomized
controlled trial[)].Trials,2015,25(16):429-435

Reignier )., Darmon M., Sonneville R., et al. Impact of early
nutrition and feeding route on outcomes of mechanically
ventilated patients with shock: a post hoc marginal structural
model study[J].Intensive Care Med,2015,41(5):875-886
Wang HX., Wu Q., Zhao SB., et al. Application of nasal
enteric tube in early enteral nutrition in patients with severe
traumatic brain injury and mechanical ventilation [J]. Chinese
Journal of clinical nutrition,2015,23(1):23-26

Liapikou A., Cilloniz C., Torres A. Ceftobiprole for the
treatment of pneumonia: a European perspective[J].Drug Des
Devel Ther,2015,18(9):4565-4572

Martinez EE., Douglas K., Nurko S., et al. Gastric Dysmotility
in Critically Ill Children: Pathophysiology, Diagnosis, and
Management[)].Pediatr Crit Care Med,2015,16(9):828-836

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Analysis of the effects on the incidence of ventilator associated pneumonia —— 561

Shuo Y., Zhang WW. The risk of ventilator associated
pneumonia in ICU factors and preventive measures of [J].
clinical research,2016,33(06):1069-1072

Rodriguez NA., Caplan MS. Oropharyngeal administration

of mother’s milk to prevent necrotizing enterocolitis in
extremely low-birth-weight infants:theoretical perspec-
tives[]].) Perinat Neonatal Nurs,2015,29(1):81-90

Yu ZQ., Wang Y., Chen ZQ. Effect of enteral nutrition on critical
gastric fluid pH value and ventilator associated pneumonia in
critically ill patients [J]. nursing study,2016,30(31):3886-3889
Krag M., Perner A., Wetterslev J., et al. Stress ulcer
prophylaxis in the intensive care unit: is it indicated?

A topical systematic review[J].Acta Anaesthesiol
Scand,2013,57(7):835-847

Petrof EO., Dhaliwal R., Manzanares W., et al. Probiotics in
the critically ill: a systematic review of the randomized trial
evidence[)].Crit Care Med,2012,40(12):3290-3302

Huang YP., Ma )., Wu ZL., et al. The nasal tube intubation
effect of enteral nutrition in preventing ventilator-associated
pneumonia in patients with mechanical ventilation in ICU [J].
China Medical Herald,2016,13(20):120-123

Chapman MJ., Nguyen NQ., Deane AM. Gastrointestinal
dysmotility: clinical consequences and management

of the critically ill patient[J].Gastroenterol Clin North
Am,2011,40(4):725-739



