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Abstract

BACKGROUND

In patients with liver failure (LF), the high rate of secondary infections, which are
associated with poor prognosis, highlights the clinical significance of
understanding the underlying risk factors and implementing targeted
intervention programs.

AIM
To investigate risk factors for secondary infections in patients with LF and
evaluate the effectiveness of comprehensive nursing interventions.

METHODS

This retrospective study included 64 patients with LF, including 32 with and 32
without secondary infections. A questionnaire was used to collect data on age;
laboratory parameters, including total and direct bilirubin, prothrombin time,
blood ammonia, and other biochemical parameters; invasive procedures; and
complications. Patients with secondary infections received comprehensive
nursing intervention in addition to routine nursing care, whereas those without
secondary infections received only routine nursing care to compare the effect of
nursing intervention on outcomes.

RESULTS

The infection rate, which was not associated with age or complications, was
significantly associated with biochemical parameters and invasive procedures (P
< 0.05). The infection rate was 61.6% in patients who had undergone invasive
procedures and 32.1% in those who had not undergone invasive procedures
during the hospital stay. The infection rate was also significantly associated with
the type of LF (P < 0.05), with the lowest rate observed in patients with acute LF
and the highest rate observed in those with subacute LF. The nursing satisfaction
rate was 58.3% in the uninfected group and 91.7% in the infected group,
indicating significantly higher satisfaction in the infected group (P < 0.05).
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CONCLUSION
In patients with LF, the rate of secondary infections was high and associated with biochemical parameters and type
of LF. Comprehensive nursing intervention can improve patient satisfaction.
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Core Tip: This study focused on approaches for early and effective prevention of infections, improvement of outcomes in
patients with liver failure, and comprehensive disease assessment to improve understanding of the disease. Our findings
revealed that comprehensive nursing intervention improves the curative effect and patient satisfaction.
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INTRODUCTION

Infections secondary to liver failure (LF) usually exacerbate the clinical condition of patients with LF and are associated
with a poor prognosis. Patients with LF have severe hepatocellular damage, reduced neutrophil and macrophage
function, impaired immune response, and reduced hepatic complement, which greatly increase susceptibility to bacterial
and other microbial infections[1]. Previous national and international studies have shown that ~79% of patients with LF
have concurrent bacterial and fungal infections. In these patients, intestinal bacteria are the primary pathogens associated
with secondary infections, and common sites of infection include lungs and abdominal cavity, followed by the biliary
tract and intestines. Bacteremia may occur, with studies reporting Gram-positive bacteria as the most common cause,
accounting for ~72% of all confirmed blood-borne infections in patients with LF[2,3]. Intriguingly, Gram-negative
bacteremia has been reported as the most common etiology of secondary infections in recent years. Some patients with LF
may develop concurrent infections at multiple sites or multiple infections with different pathogens, significantly
increasing the mortality rate. Studies have shown that the mortality rate can reach 73.5% within 2 wk after a secondary
infection in patients with LF. The mortality rate also depends on the site of infection, i.e., the mortality rate is as high as
80% in patients with usual pulmonary infections and ~65.3% in those with abdominal infections. The high mortality rate
due to secondary infections hinders the clinical diagnosis and treatment of patients with LF[4]. Therefore, in patients with
LF, understanding the characteristics and risk factors for secondary infections is important for the implementation of
targeted preventive measures and treatment approaches.

In China, hepatitis virus infection, especially that due to hepatitis B virus (HBV), is the main cause of LF, followed by
drugs, and hepatotoxic substances, such as alcohol and chemicals. Acute or chronic LF is the most common type of LF
due to chronic HBV infection in Chinal[5]. In chronic liver disease, extensive hepatocyte injury and necrosis as well as the
failure of regeneration lead to the loss of hepatocyte function. Altered immune response significantly increases suscept-
ibility to spontaneous bacterial, nosocomial and other unexplained infections. In patients with secondary infections, the
levels of proinflammatory cytokines are increased, hemodynamics are altered, and LF continues to worsen, increasing the
risk for septic shock, multiorgan failure, other complications and death[6]. In patients with LF, common types of
secondary infections include spontaneous bacterial peritonitis and pulmonary infection bacteremia, whereas meningitis
and bacterial endocarditis are less common. The site of infection, pathogenesis and clinical features also differ depending
on the etiology of LF. Infection is a significant concern that interferes with the prognosis of patients with LF. Patients with
LF and infections are at higher risk of acute kidney injury and septic shock, which may lead to serious complications,
such as gastrointestinal bleeding and aggravated LF, causing further adverse consequences[7]. Previous studies have
shown that patients with LF tend to develop multipathogen infections and suffer from higher mortality rates[8,9]. Studies
evaluating potential risk factors for complications and mortality in patients with LF report that the rate of coinfections is
69.7%. Among patients with LF, the mortality rate was 62.1% in those with infections and 30.4% in those without
infections. In addition, the reported rate of improvement was 27.5% in patients with secondary infections and 54.2% in
those without secondary infections, indicating poor prognosis in patients with secondary infections. Therefore, accumu-
lating evidence highlights the importance of early diagnosis and effective treatment approaches in improving prognosis
in these patients[10]. Domestic epidemiological survey reports also revealed that secondary infections are a major factor
impacting prognosis in patients with LF[11]. Thus, addressing the causes of disease has clinical importance. In patients
with LF, immunological alterations and overactivation of proinflammatory cytokines can lead to the translocation of
intestinal bacteria from the intestinal lumen to mesenteric lymph nodes and portal vein. Bacterial translocation has a
significant impact on damage in LF and its consequences. In patients with LF, prophylactic antibiotic use, which usually
indicates disease severity at admission, remains controversial[12]. Studies indicate that prophylactic antibiotic use may
not reduce the rate of secondary infections or mortality in patients with LF. In healthy individuals, the intestinal flora and
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the external environment in the body are in a dynamic balance, whereas the translocation risk of intestinal flora is higher
in patients with LF[13]. Prophylactic antibiotic administration disrupts the normal balance, significantly increasing the
risk of endogenous infections. Liver parenchyma and metabolic function are impaired in patients with LF, and infection is
a major cause of multiorgan failure during LF[14].

Approaches to prevent infections as early as possible and improve prognosis are primary focuses in the treatment of
patients with LF, who suffer from higher rates of secondary infections with poor prognosis and potential harm. The high
morbidity and mortality rates of patients with LF have led to numerous lines of investigation, improving our
understanding of the disease and revealing that early detection, active prevention and timely standardized treatments are
critical to reduce mortality in patients with LF and secondary infections. LF is complicated with complex clinical
symptoms and high mortality, severely impacting the quality of life of patients. Therefore, effective treatment approaches
and nursing care based on scientific evidence are critical. The present study aimed to evaluate risk factors for secondary
infections in patients with LF and determine the impact of comprehensive nursing intervention.

MATERIALS AND METHODS

Study participants

This was a retrospective study. The study included 64 patients with LF, including those with and without secondary
infections, who were admitted to The First Affiliated Hospital of Soochow University Hospital between January 2019 and
December 2021. Patients with secondary infections (infected group) received comprehensive nursing intervention in
addition to routine nursing care, whereas those without secondary infections (uninfected group) received routine nursing
care.

The inclusion criteria were as follows: (1) Fulfillment of the diagnostic criteria for LF as outlined in the 2018 version of
the Guidelines for Diagnosis and Treatment of LF; and (2) diagnosis of infection based on the clinical assessment of
symptoms, physical examination, and laboratory tests for those with secondary infections. The exclusion criteria were as
follows: (1) Diagnosis of chronic LF; (2) history of liver transplantation; (3) diagnosis of primary liver cancer or other
malignant tumors; (4) history of other severe organic diseases; and (5) comorbid diseases which can cause immune
system dysfunction.

Comprehensive nursing intervention

During overall medication intervention, the nursing staff asked the patients regarding contraindications before adminis-
tering medication and observed physiological indicators in real time throughout treatment. In addition, the nursing staff
provided information regarding treatments, including contraindications, dosage and time. If the patient’s condition
worsened during treatment, the physician was notified without delay.

Regarding dietary intervention, the nursing staff provided a diet appropriate for the clinical situation of the patients,
instructing them to primarily consume foods that were easily digestible, high in protein content, and contained multiv-
itamins; the patients were also instructed to consume more frequent meals with smaller amounts of food. The nursing
staff also encouraged the patients to eat more fresh vegetables and fruits. Spicy food, tobacco, and alcohol were strictly
prohibited.

The nursing staff provided psychological intervention to understand the life and family situation of the patients;
conducted counseling according to their psychological changes; patiently responded to patients' questions; used an
understandable manner to inform the disease theory, such as small lectures, multimedia and so on; popularized relevant
cases with successful treatment outcomes; Set up a weChat group to promote communication and encouragement
between patients. To improve patients' enthusiasm and compliance with treatment by showing successful treatment
cases. Improved the patients’ confidence in cooperating with medical treatment; and eliminated negative emotions.

In terms of exercise intervention, the nursing staff prepared scientific and reasonable exercise plans for patients
according to the actual situation; ensured proper sleep; expressed no feeling of painstaking during treatment; formulated
appropriate exercise plans, primarily aerobic exercises such as tai chi and walking; and maintained a reasonable schedule.

Observation parameters

Patient age was retrospectively determined using a questionnaire. The laboratory parameters used in the present study
included several biochemical parameters on liver function, such as total bilirubin (TBIL), direct bilirubin (DBIL),
prothrombin time (PT), and blood ammonia (NH,). To assess conditions associated with infections, data were collected on
the details of invasive procedures and complications until hospital discharge or in-hospital death. Nursing satisfaction
and complication rates were determined, and questionnaires were used to evaluate nursing satisfaction using the
following scoring system: 100, full satisfaction; > 80, high satisfaction; 60-80, satisfaction; and < 60, dissatisfaction.

Statistical analysis

All statistical analyses were performed using SPSS version 21. Numerical data were presented as frequencies or
percentages (%), and measurement data were expressed as mean + SD. Student’s t and Wilcoxon rank-sum tests were
used to compare general data, and a logistic regression model was used to evaluate potential risk factors for secondary
infections. P < 0.05 was considered statistically significant.
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RESULTS

Basic information

In total, 64 patients, including 32 males and 32 females, were included in the present study. These patients were aged
18-85 years (49.23 + 7.11 years), and their average hospital stay was 13.15 + 9.14 d. No significant difference was observed
between the infected and uninfected groups in terms of basic information, such as physical condition, sex and age. In
terms of the disease type, 22 patients suffered acute LF, 10 subacute LF, and 32 chronic and subacute LF.

Effects of age on infection
The mean age of the infected group was 48.47 +17.17 years, and that of the uninfected group was 51.13 + 16.88 years. No

significant difference in the average age of the patients was observed between the infected and uninfected groups (P >
0.05) (Figure 1).

Effects of laboratory tests on infection

TBIL was 281.23 mol/L for the infected group and 210.04 mol/L for the uninfected group. DBIL was 210.62 mol/L for the
infected group and 150.16 mol/L for the uninfected group. PT was 28 s for the infected group and 20 s for the uninfected
group. Blood NH; was 92.4 mol/L for the infected group and 63.12 mol/L for the uninfected group. TBIL, DBIL, PT and
blood NH,, and other biochemical indexes of the infected and uninfected groups at admission were statistically analyzed,
and statistical differences between the two groups (P < 0.05) are shown in Figures 2 and 3.

Condition of invasive operation

Among the enrolled patients, 36, including 22 with infection and 14 without, underwent invasive operations, and their
infection rate was 61.1%. Among 28 patients, including nine with infection and 19 without, who did not undergo invasive
operations, the infection rate was 32.1%. Patients undergoing invasive procedures had a higher infection rate, with a
statistically significant difference (P < 0.05) (Figure 4).

Effects of complications on infection

Among the 64 patients enrolled, 35 had complications of LF and 29 had none. There were 18 patients (52.94%) with
complications in the infected group, 16 (47.06%) with complications in the uninfected group, 14 (46.66%) without
complications in the infected group, and 16 (53.34%) without complications in the uninfected group. Figure 5 shows
great difference in complications in different groups (P < 0.05).

Effects of LF type on infection rate

Among all 22 patients with acute LF, eight were infected and 14 were not, with a total infection rate of 36.4%. Among the
32 patients with chronic and subacute LF, 15 were infected and 19 were not, with a total infection rate of 46.9%. Among
the 10 patients with subacute LF, eight were infected and two were not, with a total infection rate of 80%. A significant
difference in the total infection rate was observed among patients with three types of LF (y? = 5.980, P = 0.041); patients

with acute LF had the lowest total infection rate, and those with subacute LF showed the highest total infection rate
(Figure 6).

Comparison of patient satisfaction between the two groups

Among the 12 patients in the uninfected group, five were dissatisfied, three were satisfied, and four were very satisfied;
therefore, in total, seven patients (58.3%) were satisfied. Among the 12 patients in the infected group, one was dissat-
isfied, three were satisfied, and eight were very satisfied; therefore, in total, 11 patients (91.7%) were satisfied. The
nursing satisfaction of the infected group was higher than that of the uninfected group (P < 0.05) (Figure 7).

DISCUSSION

Infection is the most common complication of LF. Impaired immune function in patients with LF markedly increases
susceptibility to secondary bacterial infections. The most common infections are spontaneous bacterial peritonitis, urinary
tract infection, and bacteremia, whereas meningitis and others are less common. Infections may arise at different sites,
with different pathogenic mechanisms and clinical characteristics. Elevated levels of proinflammatory cytokines,
disrupted hemodynamics and worsening LF lead to complications such as septic shock, sequential organ failure and
death[15]. One study reported that 69.7% of patients with LF had infections as a complication[16]. In the present study,
the rate of infection in patients with LF was 50%, slightly lower than that reported previously, which might be due to the
short cutoff time. A previous study reported hepatic encephalopathy as a crucial cause of intervention in patients with
acute LF[17]. Infection, granulocyte ratio and coagulation function can be used to predict mortality, and secondary
infection was an independent predictor of 30-day mortality and led to sepsis in 31% of patients with LF[18]. Identification
of risk factors can aid in reducing mortality and improving prognosis in these patients[19]. HBV is a key cause of LF[20].
In the present study, the cause of LF was HBV infection in 50% of the patients. No study to date has evaluated whether
the rate of infection is associated with the etiology of LF. There is no clear association between the rate of infection and
the etiology of LF, which should be investigated in future studies[21]. In addition, the number of complications has been
reported to be associated with higher coinfection risk[22], which is likely related to their impact on shared pathways and
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Figure 1 Comparison of mean age between patients in the infected and uninfected groups.
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Figure 2 Comparison of total bilirubin, direct bilirubin, and blood ammonia levels at admission between the patients in the infected and
uninfected groups. TBIL: Total bilirubin; DBIL: Direct bilirubin; NH,: Ammonia

Comparison of PT between the two groups

Uninfected group

Infection group

Figure 3 Comparison of prothrombin time at admission between the patients in the infected and uninfected groups. PT: Prothrombin time.

the relationship among various complications that eventually leads to multiorgan failure, LF and infection. It is also
related to invasive procedures, such as indwelling catheter placement and abdominal puncture. Strict adherence to
aseptic technique during such procedures is strongly associated with infection, consistent with the present study[23].

In the present study, the infection rate differed among the patients with different types of LF, in agreement with
previous studies[24], indicating that the infection rate was significantly higher in patients with hospitalization duration >
30 d than in those with a < 30 d hospitalization. Studies suggest that patients with LF should be treated clinically to
improve treatment efficacy and that the length of hospital stay should be controlled to prevent cross-infection[25]. The
average length of hospital stay in the current study was < 30 d, and the association between the length of hospital stay
and the infection rate was not analyzed.
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Figure 4 Comparison of the infection rate between patients who underwent invasive procedures and those who underwent noninvasive
procedures.
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Figure 5 Comparison of the infection rate between patients with and without complications.
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Figure 6 Comparison of the infection rate among patients categorized according to the type of liver failure. 2P < 0.05 versus acute liver failure.

In patients with LF and no infection, prophylactic antibiotic use, which remains a focus of clinical interest, is contro-
versial. In the early stages, researchers believe that antibiotic prophylaxis should be immediately initiated to prevent
infection and LF exacerbation. Previous studies have demonstrated that prophylactic antibiotic use can reduce infection
rate in patients with LF, although it does not significantly improve survival rate[26]. There is no research on the use of
prophylactic antibiotics currently. Some studies have suggested that prophylactic or nonstandard antibiotic treatment
causes an imbalance in the composition of the gut flora, thereby leading to immune dysfunction and secondary infections
[27,28]. This is an important factor in secondary infection and superinfection. In one study, the incidence of new
infections did not significantly differ between patients with LF who received prophylactic antibiotic treatment and those
who received nonprophylactic antibiotic treatment. Therefore, in patients with LF, routine prophylactic antibiotic
treatment after admission is not recommended; however, prophylactic antibiotics may have some clinical significance in
patients with subacute LF who are undergoing invasive surgery[29]. Given that infection significantly impacts the
prognosis of patients with LF, careful surveillance for infection and prompt initiation of antimicrobial therapy are crucial
[30]. Comprehensive hospital assessment should be implemented in patients with LF. For high-risk patients who are
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Figure 7 Comparison of satisfaction between the patients in the infected and uninfected groups. 2P < 0.05.

prone to infection, antibiotics should be used in a timely manner at the first sign of opportunistic infections in accordance
with aseptic procedures, and the selection of targeted antibiotics with low resistance is necessary to improve outcomes
after secondary infections and reduce mortality in patients with LF. The clinical symptoms include extreme fatigue,
severe coagulation dysfunction and severe gastrointestinal symptoms. Secondary infections are difficult to treat and are
associated with a high mortality rate. Therefore, attention should be paid to reasonable treatment and nursing[31,32].

In the present study, the comprehensive nursing intervention model included medication, dietary, psychological and
exercise interventions, which can provide patients with more comprehensive and systematic nursing services. A
reasonable diet can alleviate drug reactions and enhance immunity, and appropriate exercise can promote physical
recovery. The patient’s knowledge on disease-related issues can also be expanded[33,34]. In the present study, the
significantly better patient satisfaction rate after nursing observed in the infected group compared with the uninfected
group (91.7% vs 58.3%) reflects the effectiveness of the comprehensive nursing intervention used in patients with LF, and
it was worthy of widespread application.

CONCLUSION

The rate of secondary infection, which was high in patients with LF, was not associated with age or comorbidity.
However, the rate of infections was associated with biochemical parameters of LF and the type of LF. The rate of
secondary infection was lowest in patients with acute LF and highest in those with subacute LF. Our analyses also
revealed that invasive procedures were associated with secondary infection in patients with LF. Clinically, compre-
hensive nursing intervention can improve the satisfaction of patients with LF and secondary infection. The major study
limitations included short study period and small sample size. Further comprehensive studies should include multiple
centers with large cohorts.
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