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Abstract: Objective: To explore the applied value of intra-abdominal pressure (IAP) monitoring in early enteral nutri-
tion (EEN) in patients with severe pneumonia. Methods: 96 patients with severe pneumonia who underwent EEN
treatment in our hospital from June 2017 to June 2019 were selected. According to the random number table meth-
od, they were divided into a control group (48 patients) and an observation group (48 patients). The control group
was treated using the conventional EN method, and the observation group was treated using the intra-abdominal
pressure monitoring besides the conventional EN method. The incidence of EN intolerance, the acute physiology
and chronic health evaluation (APECHEIIl) scores, the positive end expiratory pressure (PEEP) value, mechanical
ventilation time, EN implementation days, length of stay in ICU, the incidence of ventilator-associated pneumonia,
mortality, and the incidence of multiple organ dysfunction syndrome were compared between the two groups. Re-
sults: Compared with the control group, the incidence of EEN intolerance in the observation group was significantly
reduced. The results of univariate analysis showed that, in the EN intolerance group, the IAP, the PEEP value and
APACHEII scores after 3 days of EEN implementation were higher than the EEN tolerance group, indicating a influ-
encing factor of EEN intolerance (P<0.05). The results of multivariate analysis showed that IAP value was a risk
factor for EEN intolerance (P<0.05). The ROC curve analysis result for IAP to predict EEN tolerance showed that the
area under the curve for IAP value to predict EN tolerance was 0.856, the optimal cut-off value was 10.73 mmHg,
the sensitivity was 95.10%, and the specificity was 89.60%. Conclusion: The intra-abdominal pressure monitoring
during the EEN in patients with severe pneumonia is a preferred method to guide the patients’ EEN.
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Introduction ry response and multiple organ dysfunctions

sign (MODS), which poses a serious threat to

Severe pneumonia, a respiratory disease, is
characterized by severe pulmonary infection,
which is more common in the elderly, with high
morbidity and mortality [1]. Its pathogenesis is
a little more complicated, and it is often caus-
ed by microbial infections, malnutrition, other
underlying diseases, etc. [2]. Studies have con-
firmed that the function of the intestinal muco-
sal barrier in patients with severe pneumonia is
impaired, so the toxins and intestinal bacteria
in the body are prone to translocation, and a
large number of pro-inflammatory factors are
released, resulting in the systemic inflammato-

the life and health of patients [3].

Early enteral nutrition (EEN) supportive treat-
ment can protect a patient’s intestinal mucosal
barrier and improve the nutritional status of
the body. EN treatment in time can reduce the
occurrence of complications and reduce mor-
tality. Studies have shown that during the EEN
treatment via nasogastric tube, patients often
have various intolerance reactions, mainly
manifested by gastrointestinal reactions such
as abdominal distension, diarrhea, etc. [4]. In
order to reduce the intolerance rate of EEN in
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Table 1. Comparison of general materials

Gender/n (%)

BMI indexes APACHEIl scores within  PEEP value

Group Ages/(X + (X £sd, 24 hours of admission before EN (X
Male — Female sd,years)  kgm?) (X +sd,Scores)  +sd, cmH,0)

Control Group (n = 48) 27 (56.25) 21 (43.75) 70.46+7.08 23.43:2.18 24.72+7.54 10.76+2.09

Observation Group (n = 48) 25 (52.08) 23 (47.92) 70.39+7.12 23.47+2.05 25.01+£7.73 10.82+2.13

t/x? 0.168 0.048 0.093 0.186 0.139

P 0.682 0.962 0.926 0.853 0.890

ICU patients, the gastric residual volume moni-
toring method is often used in clinic to confirm
patients’ EEN tolerance. However, it has been
proved by many practices that, with the meth-
od of the gastric residual volume monitoring,
more patients still show symptoms such as
abdominal distension, diarrhea, vomiting, etc.
The time of EEN treatment cannot be deter-
mined, and patients’ intolerance cannot be
improved [5].

Intra-abdominal pressure (IAP) refers to the
internal pressure that exists in the abdominal
cavity. In recent years, people have paid more
and more attention to the monitoring and
research of |AP, and the changes of IAP are
closely related to the EEN tolerance [6]. At
present, there is no research on the applica-
tion of intra-abdominal pressure monitoring to
EEN in patients with severe pneumonia. There-
fore, this study aimed to monitor the intra-
abdominal pressure of patients with severe
pneumonia to guide patients with EEN, hoping
to show certain significance in the improve-
ment of EEN tolerance.

Materials and methods
General materials

96 patients with severe pneumonia who under-
went EEN treatment in our hospital from June
2017 to June 2019 were selected. According to
the random number table method, they were
divided into a control group (48 patients) and
an observation group (48 patients). Inclusion
criteria: @ Patients who met the diagnosis cri-
teria of “severe pneumonia” in the “Guidelines
for the Diagnosis and Treatment of Chinese
Adult Hospital-acquired Pneumonia and Ven-
tilator-associated Pneumonia (2018 version)”
[7]; @ Patients whose nutrition risk screening
scores were >3 points and needed enteral
nutrition support [8]; @ Patients whose anato-
my of the gastrointestinal tract was complete;
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@ Patients who needed the mechanical venti-
lation; & Patients whose families and them-
selves gave informed consent. Exclusion crite-
ria: O Patients with the gastrointestinal tract,
cardiovascular, cerebrovascular, liver, kidney
and other serious organ diseases; @ Patients
with metabolic and wasting diseases such as
cancer; (3 Patients who were in the acute
phase or the perioperative period after trau-
ma; @ Patients with history of digestive tract
surgery and the digestive tract dysfunction; ®
Patients with severe infections in other parts;
® Patients with contraindications to enteral
nutrition. This study was approved by the me-
dical ethics committee of our hospital. There
was no statistically significant difference in the
general information between the two groups
(P>0.05), and they were comparable. See
Table 1.

Research methods

Control group: The specific measures of rou-
tine EN support were as follows: @ Placed a
gastric tube: The depth of the gastric tube was
placed in the range of 45-55 cm. After the
position of the gastric tube was confirmed, the
gastric tube was properly fixed with the pres-
sure tape. @ EN support: The nutrient solution
was pumped in through the silicone rubber
nasogastric tube at a constant speed, and the
target calorie intakes of patients were calcu-
lated to be 25 kcal/(kg-d) [9]. The initial pump-
ing speed of the nutrient solution was 20
mL/h. If patients didn't show any discomfort
after 3 to 5 hours of EN pumping, the pumping
speed could be adjusted to 40-60 mL/h.
Nutrient solution and tube were replaced
every 24 hours. (3 Position: If patients had no
special contraindications, in order to prevent
the reflux and aspiration of the nutrient solu-
tion, the head of the bed could be raised
appropriately. @ Nurses transferred the scale
of the stomach tube each shift and accurately
recorded the data.
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Observation group: |AP monitoring was perfor-
med while regular EN support was implement-
ed. (1) IAP monitoring: @ Monitoring time:
Before EN, that is, after admitted to the de-
partment, patients were immediately conduct-
ed intra-abdominal pressure monitoring which
was measured three times, and the average
value was taken; the dynamic monitoring of
intra-abdominal pressure was conducted with-
in 3 days of EN implementation [10]; @ Moni-
toring method: With the method of indirect
cystometry, IAP measurement was performed
after the pressure sensor was connected to
the monitor. The enteral nutrient solution was
pumped in at an initial speed of 20 mL/h and
monitored once every 6 hours. The specific
measurement method: A three-way switch was
connected between the drainage bag and the
catheter, and the 3 ports were respectively
connected with the catheter, the urine bag and
the pressure sensor.

A patient was in the supine position and his/
her urinary bladder was emptied. Then 20 mL
of sterile saline was injected into the catheter
by rotating the three-way switch. The patient’s
mid-axillary line was used as the zero point,
and his bladder pressure was measured by the
end of expiration. (2) Adjusted the EN speed
as the IAP value. @O According to the recom-
mendations in the Guidelines for the Diagnosis
and Treatment of Abdominal Hypertension and
Abdominal Compartment Syndrome (2013 ver-
sion) and Clinical Practices for Parenteral and
Enteral Nutrition of the Chinese Society of
Parenteral and Enteral Nutrition, the intra-
abdominal pressure was divided into four lev-
els, and the EN dripping speed was adjusted
as the change of IAP value. Specifically, the EN
dripping speed was adjusted according to the
following grades of IAP: Level | when the IAP
value was 12-15 mmHg (1 mmHg = 0.133
kPa); Level Il when the IAP value was 16-20
mmHg; Level lll when the IAP value was 21-
25 mmHg; Level IV when the IAP value >25
mmHg. @ The pumping speed of the nutrient
solution was adjusted according to the IAP lev-
els. For the IAP level I, the pumping method of
EN was the same as that of the control group
until the target feeding amount of the patient
was reached. For the IAP level Il, the pumping
speed was adjusted to 40-60 mL/h. For the
IAP level lll or IV, the EN support for the patient
was suspend. The reason for the increase in
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IAP must be found out while the correspond-
ing treatment was given. EN treatment would
not be resumed until the IAP value returned to
level | or Il.

Outcome measures

@ Intestinal tolerance: After 3 days of EN,
intestinal tolerance was defined based on the
gastrointestinal symptoms that patients show-
ed during the EN stage, including abdominal
distension, diarrhea, and vomiting. If patients
showed any one or two or more of the symp-
toms, it indicated the intestinal intolerance. If
no one appeared, it indicated the intestinal tol-
erance [11]. @ Positive end expiratory pres-
sure value (PEEP): After the mechanical ven-
tilation had been stable for 2 hours, recorded
the average value respectively before EN and
after 3 days of EN. (3 Acute physiology and
chronic health evaluation score (APACHEII):
APACHEII score consisted of three parts, na-
mely acute physiology score (APS), age score
(AS), and chronic health evaluation score
(CHES). The total score of its theory was 71 po-
ints. The higher the total score was, the higher
the degree of criticality was [12]; recorded the
lowest value respectively within 24 hours of
admission and after 3 days of EN. @ Time of
mechanical ventilation. ® EN implementation
days. ® Length of stay in ICU.

Statistical analysis

SPSS22.0 was used for the statistical analysis
of the data in this study. Measurement data
were expressed by X * sd and comparison
was conducted using the t test. Enumeration
data were expressed by n (%) and compared
using chi-square test. P<0.05 was considered
statistically significant.

Results
Comparison of intolerance

Compared with the control group, the inciden-
ce of abdominal distension, diarrhea, vomiting
and two or more symptoms in the observation
group were smaller (P<0.05). See Table 2.

Comparison of hospitalization

Compared with the control group, patients in
the observation group spent less mechanical
ventilation time, hospitalization time in ICU
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Table 2. Comparison of intolerance rates [n (%)]

(BMI) and APACHEIl score after 3 days of EN,

Group Apdomipal Diarrhea Vomiting Two or more Intolerance
distension symptoms rate
Control Group (n = 48) 14 (29.17) 16 (33.33) 18 (37.50) 13 (27.08) 26 (54.17)
Observation Group (n = 48) 6 (12.50) 7 (14.58) 4(8.33) 5(10.42) 13 (27.08)
x2 4.042 4.631 11.558 4.376 7.298
P 0.044 0.031 0.001 0.036 0.007
Table 3. Comparison of hospitalization (X + sd, d)
Group Mechanical ventilation time Hospitalization time in ICU  EN implementation time
Control Group (n = 48) 10.79+2.51 12.18+2.39 10.94+2.57
Observation Group (n = 48) 6.32+1.48 7.96+1.53 6.83+1.85
t 4.042 4.631 11.558
P 0.044 0.031 0.001
* P<0.05 Univariate analysis of EEN intolerance
: ;‘:)Pns According to the EN tolerance, patients were
N ok il Dasiih divided into EN tolerance group (57 people)
40 ‘ and EN intolerance group (39 people). Through
‘ ‘ ‘ = comparing the gender, age, body mass index
30

Rates(%) 20

IAP value within 3 days of EN, and PEEP value
within 3 days of EN, the result showed that the

10- IAP value within 3 days of EN, the PEEP value
after 3 days of EN and the APACHEIl value
0- after 3 days of EN in the EN intolerance group
éo\‘qéo\’q c;o*‘qq}o*Q éo°Q¢o°Q were all higher than those in the EN tolerance
S & T S group, which were the influencing factors of
A A EEN intolerance (P<0.05). See Table 4.
o o o°

Figure 1. Comparison of prognosis between the two
groups pf patients.

and EN implementation time (P<0.05). See
Table 3.

Comparison of prognosis

The ventilator-associated pneumonia (VAP),
MODS and the incidence of death in hospital
were compared between the two groups. The
result showed that the incidences of VAP,
MODS and death in hospital in the observation
group were respectively 12.50%, 10.42%, and
2.08%. The incidence of VAP, MODS and death
in hospital in the control group were respec-
tively 31.25%, 35.42%, 16.67%. The incidenc-
es in the observation group were significantly
lower than those of the control group (P<0.05).
See Figure 1.
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Multivariate analysis of EEN intolerance

The IAP within 3 days of EN, PEEP value after
3 days of EN, and APACHEII score after 3 days
of EN were independent variables, and the EN
tolerance was dependent variable (assign-
ment: tolerance = O, intolerance = 1). The
Logistic multivariate analysis showed that the
IAP value was a risk factor for EEN intolerance
(P<0.05). See Table 5.

The ROC curve analysis for IAP to predict EEN
tolerance

The ROC curve analysis results for IAP to
predict EEN tolerance showed that the area
under the curve for IAP value to predict EN tol-
erance was 0.856, the optimal cut-off value
was 10.73 mmHg, the sensitivity was 95.10%,
and the specificity was 89.60%. The 95% CI
was 0.732-0.917. See Figure 2.
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Table 4. Univariate analysis of EEN intolerance

Variable EN tolerance group (n =57) EN intolerance group (n = 39) t/x? P

Gender 25/32 19/20 0.220 0.639
Age (X + sd, years) 70.46+7.27 70.39+7.12 0.047 0.963
BMI (X + sd, Kgm?) 23.43+2.18 23.47+2.36 0.085 0.932
APACHEII score (X + sd, score) 17.05+4.15 19.96+5.84 2.856 0.005
IAP (X % sd, mmHg) 9.04+2.73 10.82+2.96 3.032 0.003
PEEP value (X + sd, cmH,0) 6.13+1.21 11.05+2.13 14.390 <0.001

Table 5. Multivariate analysis of EEN intolerance

But there were no studies on the applica-

Variables B Wald x? P

OR (95% Cl)

tion of intra-abdominal pressure monitor-

APACHEIl -0.062 0.083 0.159 0.940 (0.596, 4.811)
IAP 2.136 0.724 <0.001 8.466 (2.734, 13.152)
PEEP -0.146 0.215 0.572 0.864 (0.425, 4.736)

ing to EEN in patients with severe pneu-
monia and its effects still needed to be
further explored.

1.0
0.8
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Figure 2. ROC curve for IAP to predict EEN tolerance.

Discussion

Patients with severe pneumonia often suffer
from malnutrition during the treatment, so the
EN implementation time, mechanical ventila-
tion time, and hospitalization time in ICU are
prolonged. Meanwhile, the incidence of infec-
tious complications and the mortality were
increased [13]. EN support had been widely
accepted in clinical practice, with many advan-
tages in the maintenance of intestinal function
and nutritional therapy. However, the effect of
EEN in patients with severe pneumonia was
still not ideal. The reason may be that patients
with severe pneumonia were prone to having
acute gastrointestinal dysfunction, which re-
sulted in poor EN tolerance. Therefore, the
decrease in the occurrence of EN intolerance
had become an urgent problem to be solved
[14]. In recent years, studies have shown that
it could achieve better results when the intra-
abdominal pressure monitoring was applied to
the clinical treatment of enteral nutrition [15].
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In this study, the incidence of EN intoler-

ance in the observation group was lower
than that in the control group. It showed that
the effective dynamic monitoring of intra-ab-
dominal pressure, in the early stage of enteral
nutrition therapy for patients with severe pneu-
monia, could help detect the increase in
abdominal pressure as soon as possible. After
the relevant causes of the increase in intra-
abdominal pressure was found, measures
could be taken in time as to prevent the con-
tinuous increase in intra-abdominal pressure,
decrease or avoid the occurrence of EN intoler-
ance in patients and improve the tolerance
rate of EEN, achieve the value of EEN, and
allow patients to better receive further treat-
ment. In this study, compared with the control
group, patients in the observation group had
shorter EN implementation time, mechanical
ventilation time, and hospitalization time in
ICU. The result was consistent with previous
studies, which further illustrated that the ef-
fective dynamic monitoring of intra-abdominal
pressure in the early stage of enteral nutrition
therapy for patients with severe pneumonia
could shorten the treatment time, reduce the
medical care cost, and reduce their economic
burden to a certain extent. Compared with the
control group, the incidences of VAP, MODS,
and mortality were lower, suggesting that the
early EN treatment under the IAP dynamic
monitoring effectively improved the nutritional
status while the occurrence of vomiting was
reduced [16]. Thereby the aspiration risk was
reduced, the mechanical ventilation time was
shortened, the incidences of VAP, MODS and
mortality were reduced, and the prognosis was
improved. Patients in ICU were more likely to
have abdominal hypertension. Once abdominal
hypertension appeared, it would further lead
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to the occurrence of MODS. The treatment of
MODS was more difficult, with the poor prog-
nosis [17]. Therefore, it was very important to
detect the increase in IAP as soon as possible
and to deal with the prevention and treatment
of MODS in time. The univariate analysis result
showed that the IAP within 3 days of EN, the
PEEP value and the APACHEIlI score after 3
days of EN in the EN intolerance group were all
higher than those in the EN tolerance group.
And the difference was statistically significant,
which was the influencing factors of EEN intol-
erance. The multivariate analysis result show-
ed that the IAP value within 3 days of EN im-
plementation was a risk factor for EEN intoler-
ance. Studies had discovered that the EEN
intolerance of patients mechanically ventilated
in ICU was related to the PEEP level of mech-
anical ventilation [18]. Mechanical ventilation
was an extremely important treatment for
patients with severe pneumonia. After patients
received mechanical ventilation, patients’ lung
volume increased accordingly as the PEEP
level of mechanical ventilation increased. The
pressure was gradually transferred to the ab-
domen, which caused the diaphragm to move
down. The expansion of the abdominal cavity
was still restricted, which resulted in an in-
crease in IAP [19]. In addition, in the entire
course that patients with severe pneumonia
were treated, a large amount of inflammatory
mediators were released, and the permeability
of capillaries was increased, which led to the
edema of the relevant organs and then cause
an increase in IAP [20]. At the same time, the
more severe the patients’ conditions, the more
common the symptoms such as hypoxia and
ischemia, and the intestinal function were
prone to more severe impairment. Therefore,
the higher the APACHEII score was, the greater
the intra-abdominal pressure was. The intesti-
nal tract was very sensitive, under the influen-
ce of the intra-abdominal pressure in the
human body. The IAP value could reflect the
gastrointestinal function in time. The normal
IAP of critically ill patients usually fluctuates
from 5 to 7 mmHg (1 mmHg = 0.133 kPa).
When IAP pathologically increased continuous-
ly or repeatedly >12 mmHg, intra-abdominal
hypertension (IAH) will occur. When IAP devel-
ops to >20 mmHg, coupled with new organ
dysfunction or failure, abdominal compart-
ment syndrome (ACS) may occur. Therefore,
IAP monitoring plays a positive role in guiding
the rational development of EEN in critically ill
patients. IAP monitoring combined with corre-
sponding treatment and nursing measures can
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improve the monitoring level and improve pa-
tient prognosis [21]. When the IAP was higher,
EN intolerance was more likely to appear, so
IAP could affect the EN implementation for
patients with severe pneumonia. The monitor-
ing method was relatively simple to operate,
and the effective IAP monitoring for patients
with severe pneumonia played an extremely
important role in the treatment of patients.
Studies had found that the tolerance of enteral
nutrition therapy in ICU patients was related
to IAP [21]. The ROC curve analysis results for
IAP to predict EEN tolerance in this study
showed that the AUC was 0.856, the best criti-
cal value of IAP for predicting tolerance in
enteral nutrition therapy was 10.73 mmHg,
and the sensitivity and specificity were respec-
tively 95.10% and 89.60%, verifying the previ-
ous research findings. It also showed that the
IAP value was able to better predict the toler-
ance of enteral nutrition, which was of great
significance for patients with severe pneumo-
nia to better receive the EEN therapy. The
sample size included in this study is small, and
long-term follow-up has not been performed.
In the future, trials with larger sample size and
long-term follow-up are needed to yield more
accurate data.

In summary, the IAP monitoring for patients
with severe pneumonia can guide the treat-
ment of EEN, reduce the incidence of intoler-
ance and improve the prognosis. And the re-
sults of IAP monitoring predicted the occur-
rence of EN intolerance, which was worthy of
clinical application.
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