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Abstract: To evaluate the effect of care bundles on treatment compliance and intestinal barrier
function in patients with refractory septic shock in the intensive care units (ICUs). Methods: In this
retrospective study, the clinical data of 94 patients with refractory septic shock admitted to our
hospital between June 2020 and April 2022 were collected. Patients with routine nursing were
included in the routine group, and those with care bundles were assigned to the care bundles group,
with 47 cases in each group. Outcome measures included nursing efficiency, treatment compliance,
sequential organ failure assessment (SOFA) score, acute physiology and chronic health evaluation
(APACHE II) score, intestinal barrier function, inflammation factor level, treatment outcome and
complications. Results: Care bundles resulted in significantly higher nursing efficiency and
treatment compliance versus routine care (P<0.05). Patients receiving care bundles showed
significantly higher SOFA scores and APACHE II scores than those receiving routine care (P<0.05).
Intestinal fatty-acid binding protein (I-FABP), diamine oxidase (DAO), lactate, endotoxin, and
intestinal dysfunction scores in the care bundles group were significantly lower than those in the
conventional group after treatment (P<0.05). Care bundles were associated with significantly lower
levels of procalcitonin (PCT) and hypersensitive C-reactive protein (hsCRP), shorter time to
symptom relief, ICU treatment time, and duration of mechanical ventilation, and lower 28-d
morbidity and mortality versus routine care (P<0.05). Patients in the care bundles group had a
significantly lower incidence of complications than those in the routine group (P<0.05). Conclusion:
Care bundles effectively enhance treatment compliance, improve intestinal barrier function and
treatment outcomes, reduce the inflammatory response, and decrease the risk of SOFA score,
APACHE II score, and complications in patients with refractory septic shock.

Keywords: care bundles; ICU; refractory septic shock; treatment compliance; intestinal barrier
function

1. Introduction

Refractory septic shock is a systemic inflammatory response syndrome with an incidence of
about 9.4% in the intensive care units (ICUs) [1]. Despite abundant in-depth studies in recent years
[2], the morbidity and mortality rate of this disease remains at a high level. Refractory septic shock is
one of the main causes of death in ICU patients, and the reduction of the risk of death in patients with
refractory septic shock remains a challenging clinical issue [3]. Research [4] has shown that
conventional symptomatic treatment could mitigate the symptoms of the disease, but no
standardized approach to patient care during treatment has been established, leading to a lack of
access to efficient care interventions and a slow recovery for most patients. It has been demonstrated
[5] that early and correct diagnosis and care are essential to control disease progression. Care bundles
are a collection of care interventions that require healthcare professionals to provide safe and efficient
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care to patients when treatment is performed under unavoidable risks, thereby enhancing the
efficiency of disease management [6]. Related research [7], such as the Critical Care Branch of the
Chinese Medical Association, also indicated the significance of care bundles in improving the
treatment outcome of patients with refractory septic shock. To this end, the current study was
performed to evaluate the effect of care bundles on treatment compliance and intestinal barrier
function in patients with refractory septic shock in the ICU.

2. Materials and methods

2.1. Participants

In this retrospective study, the clinical data of 94 patients with refractory septic shock admitted
to our hospital between June 2020 and April 2022 were collected. Patients with routine nursing were
included in the routine group, and those with care bundles were assigned to the care bundles group,
with 47 cases in each group.

2.2. Inclusion and exclusion criteria

Inclusion criteria: 1) the patients were diagnosed with refractory septic shock by the relevant
clinical test results; 2) with obvious infectious lesions and elevated inflammatory indexes; 3) with
complete clinical data of the patients.

Exclusion criteria: 1) with oncological diseases; 2) with a history of severe intestinal diseases or
related surgeries; 3) with systemic diseases; 4) with recent (3 months) use of glucocorticoids,
immunosuppressants, antibacterial and other drugs; 5) with abnormal liver and kidney functions; 6)
with psychiatric diseases or dementia.

2.3. Treatment methods

(1) Patients in both groups were given relevant basic treatment after admission, including anti-
infection, cardiac strengthening, blood volume supplementation, improvement of microcirculation,
and fluid resuscitation.

(2) Patients in the routine group received routine care including psychological intervention,
condition detection, vital sign monitoring, and infection care.

(3) Patients in the care bundles group received care bundles. (1) Establishment of a care bundles
team: The care bundles team consists of a nurse manager, two physicians, and five nursing staff, and
the team members were trained in terms of the purpose, pathways and methods of care bundles. (2)
Medication guidance: Blood and sputum specimens of patients were collected for testing before the
administration of antibiotics, and the corresponding medication regimen was formulated according
to the test results [8]. (3)Medication care: When pathogen culture and drug sensitivity tests are not
performed, nursing staff provided patients with broad-spectrum antibiotics for treatment according
to medical prescription. If the patient received vasoactive drugs during treatment, the patient's heart
rate and blood pressure were closely observed. Patients with a low heart rate required timely
interventions. (4)Guidance on oxygen therapy: The changes in vital signs of patients were closely
monitored and relevant blood gas indicators were recorded. The patient's oral foreign body was
cleaned regularly, and mechanical ventilation was performed when necessary. (5) Safety care: Close
monitoring of the patient was performed. The patient's infusion limb was fixed to avoid situations
such as the detachment of needles [9]. (6) Nutritional care: The patient's nasogastric tube was set in
advance during the patient's treatment, and the nutrient was injected into the patient through the
nasogastric tube. The infusion speed and flow rate were strictly controlled to prevent food backflow
and stress caused by cold nutrients [10]. @ Complication care: Prompt replacement of catheters and
urine bags was performed to avoid bacterial infections, and timely sputum aspiration was conducted
to avoid or prevent pneumonia. (8) Psychological care: nursing staff communicated with patients to
enhance their treatment self-confidence and effectively relieve their mental stress, thus effectively
enhancing treatment compliance [11].
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2.4. Outcome measures

(1) Nursing efficiency: Markedly effective: after nursing care, the patient's clinically relevant
symptoms were significantly relieved, consciousness returned to normal, and no complications
occurred; Effective: after care, the patient's clinically relevant symptoms were relieved, consciousness
was restored, and no or minor complications occurred; Ineffective: after care, the patient's clinically
relevant symptoms were not relieved or even worsened.

(2) Treatment compliance: Complete compliance: patients were fully cooperative with daily care
and medication administration; Good compliance: patients were relatively more cooperative with
daily care and medication administration, with the number of times of resistance less than 5; Poor
compliance: patients were relatively uncooperative with daily care and medication administration,
with frequent resistance.

(3) Sequential organ failure assessment (SOFA) score: The prognosis of patients was assessed
before and after care by using the SOFA score, with a total score of 24 points. The higher the score,
the worse the prognosis.

(4) Acute physiology and chronic health evaluation (APACHE II) score: Before and after care,
the patients' recovery was evaluated by APACHE II score, with a total score of 60 points. Higher
scores indicated poorer recovery.

(5) Intestinal barrier function: In the present study, the indicators for assessing the intestinal
barrier function of patients included human plasma intestinal fatty acid binding protein (IFABP),
plasma magnesium diamine oxide (DAO), lactate, endotoxin, and intestinal dysfunction score. Before
and after nursing care, 4 ml of morning fasting venous blood was collected from patients, and the
fluid was routinely centrifuged and sent for examination. The levels of IFABP, DAOQ, lactate, and
endotoxin were determined using a double antibody sandwich assay. Before and after care, patients'
gastrointestinal function was assessed using the Intestinal Dysfunction Score, a scale with a total
score of 18. The higher the score, the worse the gastrointestinal function.

(6) Level of inflammatory indexes: The indexes used to assess the intestinal barrier function of
patients in this study included procalcitonin (PCT) and hypersensitive C-reactive protein (hs-CRP).
Before and after care, 4 ml of fasting venous blood was collected from patients in the early morning,
and the fluid was routinely centrifuged and sent for testing, and the PCT and hs-CRP levels were
measured by enzyme-linked immunosorbent assay.

(7) Treatment outcome: The indicators to assess the patient's treatment outcome included time
to symptom relief, ICU treatment time, duration of mechanical ventilation, and 28-d morbidity and
mortality rate.

(8) Complications: Possible complication conditions during the patient's therapeutic care include
multi-organ failure, pulmonary edema, dizziness and headache, nausea and vomiting.

2.5. Statistical analysis
GraphPad Prism 8 was used to plot the graphics, and SPS522.0 was used for data management

and analyses. Measurement data were expressed as mean + standard deviation (X +s) and analyzed
using the t-test. Count data were expressed as rates(%) and analyzed using the chi-square test.
Statistical difference in the difference was indicated by P<0.05.

3. Results

3.1. Patient characteristics

In the routine group, there were 31 males and 16 females, aged 22-78 (53.47+8.22) years, 22 cases
of pulmonary infection, 9 cases of biliary tract infection, 7 cases of abdominal infection, 4 cases of
urinary tract infection, and 5 cases of other infections. There were 26 cases of high school and below
and 21 cases of junior college and above. In the care bundles group, there were 30 males and 17
females, aged 21-77 (53.52+8.19) years, 19 cases of pulmonary infection, 8 cases of biliary tract
infection, 8 cases of abdominal infection, 6 cases of urinary tract infection, and 6 cases of other
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infections. There were 28 cases of high school and below and 19 cases of junior college and above.
The patient characteristics between the two groups were comparable (P>0.05) (Table 1).

Table 1. Patient characteristics [ X ts, n(%)].

Routine group (n=47) Care bl(llr::li;; grotp t/x2 P
Sex 0.047 0.829
Male 31 30
Female 16 17
Age (year) 22-78 21-77
Mean age (year) 53.47+8.22 53.52+8.19 -0.03 0976
Site of infection
Lung 22 19 0.389  0.533
Biliary tract 9 8 0.072  0.789
Abdominal cavity 7 8 0.079 0.778
Urinary system 4 6 0.448 0.503
Other 5 6 0.103  0.748
Education level 0174 0.677
High school and below 26 28
Junior college and above 21 19

3.2. Clinical efficiency

The total efficiency of care for patients in the routine group was 59.6% (28/47), including 11
markedly effective cases, 17 effective cases, and 19 ineffective cases. The total efficiency of patient
care in the care bundles group was 80.9% (38/47), including 16 markedly effective cases, 22 effective
cases, and 9 ineffective cases. Care bundles resulted in a significantly higher clinical efficiency versus
routine care (P<0.05) (Table 2).

Table 2. Clinical efficiency [n(%)].

Group N Markedly effective  Effective  Ineffective Clinical efficiency (%)
Routine group 47 11 17 19 59.6%(28/47)
care Bundles 47 16 22 9 80.9%(38/47)
group
x2 - - - - 5.087
P - - - - 0.024

3.3. Treatment compliance

The compliance rate of routine group patients was 63.8% (30/47), including 13 cases of complete
compliance, 17 cases of good compliance, and 17 cases of poor compliance. The compliance rate of
care bundles group patients was 95.7%(45/47), including 22 cases of complete compliance, 23 cases of
good compliance, and 2 cases of poor compliance. Treatment compliance was significantly higher in
the care bundles group than in the routine group (P<0.05) (Table 3).

Table 3. Treatment compliance [n(%)].

Group n ComPlete GO(.)d Po?r Compliance (%)
compliance compliance compliance
Routine group 47 13 17 17 63.8%(30/47)
Care bundles group 47 22 23 2 95.7%(45/47)
X2 - - - - 14.842

P - - - - <<0.001
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3.4. SOFA scores and APACHE II scores

In the routine group, the SOFA scores before and after care were (9.15+2.21, 3.82+1.05) and
APACHE II scores were (18.54+3.16, 11.05+2.47). In the care bundles group, the SOFA scores before
and after care were (9.11+2.17, 2.72+0.75) and APACHE II scores were (18.49+3.12, 9.11+1.84). Before
care, the difference in the SOFA scores and APACHE II scores did not come up to the statistical
standard (P>0.05). The SOFA score and APACHE II score were significantly lower in the care bundles
group than in the routine group after treatment (P<0.05) (Figure 1).
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Figure 1. SOFA scores and APACHE II scores ( X +s). Note: * indicates P<0.05.

3.5. Intestinal barrier function

There was no significant difference in the IFABP, DAO, lactate, endotoxin, and intestinal
dysfunction scores between the two groups before treatment (P>0.05). Care bundles resulted in
significantly lower IFABP, DAOQ, lactate, endotoxin, and intestinal dysfunction scores versus routine
care (P<0.05) (Table 4).

Table 4. Intestinal barrier function ( X +s).

IFABP (ng/ml) DAO (mIU/ml) Lactic acid (mmol/L)
Before care After care Before care After care  Before care After care
routine group 47  64.28+10.31 56.45+10.12 9.24+1.35 7.25+1.26 1.86+0.45  1.68+0.33

care bundles

Group n

group 47 64.33+10.45 45.63+9.71 9.18+1.41 5.44+0.71 1.91+0.39 1.41+0.31
t - -0.023 5.289 0.211 8.58 -0.576 4.088
P - 0.982 <0.001 0.833 <<0.001 0.566 <0.001
Endotoxin (EU/ml) Bowel dysfunction score
Group n
Before care After care Before care After care
routine group 47 0.78+0.14 0.72+0.13 10.42+2.23 6.39+1.84
carebundles o 001015 0.6120.09 10.39:227  4.26+1.31
group
t - -0.668 4.769 0.065 6.465
P - 0.506 <0.001 0.948 <<0.001

3.6. Inflammatory factor levels

In the routine group, the PCT before and after care was (8.53+0.97, 6.17+1.25) and hsCRP was
(29.45+5.79, 26.31+4.97). In the care bundles group, the PCT before and after care was (8.39+0.89,
5.31+1.18) and hsCRP was (29.62+5.82, 22.42+5.46). No significant differences were observed in the
PCT and hs-CRP levels between the two groups (P>0.05). The PCT and hsCRP levels were
significantly lower in the care bundles group than in the routine group after treatment (P<0.05)
(Figure 2).
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Figure 2. Inflammatory factor levels ( X +s). Note: * indicates P<0.05.

3.7. Treatment outcomes

The time to symptom relief, time to ICU treatment, time to mechanical ventilation, and 28-d
morbidity and mortality rates for patients in the routine group were [11.38+3.92, 12.95+1.97,
14.09+4.53, and 36.2% (17/47)]. The time to symptom relief, time to ICU treatment, time to mechanical
ventilation, and 28-d morbidity and mortality rates for patients in the care bundles group were
[6.13+1.21, 8.53+1.52, 11.92+3.03, and 19.1% (9/47)]. Care bundles were associated with significantly
shorter time to symptom relief, time to ICU treatment, and time to mechanical ventilation, and lower
28-d morbidity and mortality rates versus routine care (P<0.05) (Figure 3).
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Figure 3. Treatment outcomes [ X s, n(%5)]. Note: * indicates P<0.05.

3.8. Complications

The incidence of complications in the routine group was 21.3% (10/47), including 2 cases of
multi-organ failure, 1 case of pulmonary edema, 4 cases of dizziness and headache, and 3 cases of
nausea and vomiting. The incidence of complications in the care bundles group was 4.3% (2/47),
including 0 cases of multi-organ failure, 0 cases of pulmonary edema, 1 case of dizziness and
headache, and 1 case of nausea and vomiting. The incidence of complications in the care bundles
group was significantly lower than that in the routine group (P<0.05) (Table 5).

Table 5. Complications [n(%)].

Routine group(n=47) Care bundles group(n=47) x2 P

Multi-Organ Failure 2 0 - -
Pulmonary edema 1 0 - -
Dizziness and headache 4 1 - -
Nausea and vomiting 3 1 - -

Total incidence (%) 21.3%(10/47) 4.3%(2/47) 6.114 0.013
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4. Discussion

The onset of refractory septic shock disease increases microcirculatory perfusion obstruction,
decreases effective circulation, increases the patient's stress response, and causes a dramatic
endocrine imbalance, which seriously threatens the life and health safety of patients [12]. In recent
years, the number of deaths due to septic shock disease has been increasing in China. Therefore,
clinical attention to the care of such patients should be enhanced to reduce patient stress and risk of
death by maximizing the time available for treatment [13].

Care bundles are a series of evidence-based treatment and care interventions applied to patients
with acute or refractory clinical conditions to provide further optimization of patient care [14]. The
results of previous research [14] have shown that the use of care bundles for patients with refractory
septic shock is effective in improving treatment outcomes, which was similar to the results of the
present study. It has been reported that [15] patients with refractory septic shock frequently
experience a significant decrease in treatment compliance due to pain or negative emotions such as
fear. Currently, most clinical nursing staff only follow routine procedures for symptomatic care, and
no constructive nursing interventions that are specific to the patient and the disease are effectively
adopted [16]. Prior research has also identified the superior nursing efficiency of care bundles versus
routine care in the management of multiple diseases [17]. The results of the present study showed
that care bundles resulted in significantly higher nursing efficiency and treatment compliance and a
lower incidence of complications, suggesting the effectiveness of care bundles in the management of
refractory septic shock. A study [18] found that patients with refractory septic shock are usually
comorbid with severe circulatory impairment as well as metabolic dysfunctions, and another study
[19] confirmed that intestinal dysfunction worsens in patients as their condition deteriorates, which
compromises the intestinal barrier function of patients and exacerbates the inflammatory response
[20]. In addition, patients receiving care bundles showed significantly lower IFABP, DAO, lactate,
endotoxin, and intestinal dysfunction scores versus those with routine care, indicating that care
bundles further improve intestinal barrier function and alleviate inflammatory response in patients
with refractory septic shock compared to previous clinical routine care. APACHE II is a common
index for clinical assessment of chronic organ insufficiency or immunosuppressed status, while the
SOFA score is a key index to determine the prognosis of patients, and both indexes are available to
assess the risk of the subsequent death of patients [21]. The results of the current study revealed lower
SOFA scores and APACHE II scores after care bundles intervention versus routine care, suggesting
that care bundles were associated with enhanced patient characteristics and a reduced risk of death.

5. Conclusions

Care bundles effectively enhance treatment compliance, improve intestinal barrier function and
treatment outcomes, reduce the inflammatory response, and decrease SOFA scores, APACHE II
scores, and the incidence of complications in patients with refractory septic shock.
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