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Initiation of adaptive feeding within 24 h after burn injury improves nutritional therapy for severely burned patients
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Introduction and objective: Nutritional therapy is a crucial component of treatment for severely burned patients. Although overly aggressive enteral nutrition immediately after burn injury has potential risks, nutritional disruption after a severe burn can also increase infection risk and delay wound healing. For approximately six decades, the Ruijin Hospital Burn Center has used two distinct approaches for patients during the early period after burn injury: complete fasting or adaptive feeding. Notably, adaptive feeding more closely resembles enteral nutrition. In this retrospective study, we analyzed factors influencing the selection of either modality, as well as the benefits of adaptive feeding. We sought to promote adaptive feeding as a precursor to initiating enteral nutrition.

Patients and methods: This retrospective study analyzed medical data from adult patients with extensive burns between January 2009 and December 2020. All patients had been admitted to the burn department within 24 h after injury and had a burned area comprising >30% of total body surface area. Patients were divided into two groups: adaptive feeding and fasting. We examined the total burned area, full-thickness burned area, burn type, inhalation injury, start time of adaptive feeding, and start time of enteral nutrition. Outcome measures were 28-day mortality and hospital mortality.

Results: Univariate analysis revealed significant differences in burn type, percent of total body surface area (TBSA), full-thickness burned area, and inhalation injury between the adaptive feeding and fasting groups (all p < 0.05). Linear regression analysis showed that full-thickness burned area and inhalation injury were the main factors influencing the start time of adaptive feeding in patients with severe burns (p < 0.05). After propensity score matching analysis, the results showed that the start time of enteral nutrition was significantly earlier in the adaptive feeding group (p < 0.01). However, overall mortality, 28-day mortality, and length of hospital stay did not significantly improve in the adaptive feeding group. The incidence of intolerance after enteral nutrition therapy did not significantly differ between groups.

Conclusion: The results of the study showed that larger full-thickness burned areas and concomitant inhalation injury were the primary factors considered by physicians when selecting complete fasting for severely burned patients. Moreover, the results indicate that adaptive feeding improves nutritional therapy for severely burned patients by shortening the time between injury and initiation of enteral nutrition. Complete fasting due to concerns about extensive burned area and inhalation injuries does not reduce the incidence of enteral nutrition intolerance; instead, it delays the initiation of enteral nutrition.

Keywords
 fasting; adaptive feeding; nutritional treatment; gastrointestinal dysfunction; severe burn


1 Introduction

Nutritional therapy is a crucial component of treatment for severely burned patients (1). In clinical practice, we have observed risks associated with the initiation of overly aggressive enteral nutritional support immediately after burn injury (2). Patients with severe burns may experience acute colonic pseudo-obstruction (3). Additionally, severe burn-induced edema within the gastrointestinal mucosa can cause nutrient malabsorption (4). There is a clinical consensus that gastrointestinal and metabolic processes can be disrupted by excessive or inappropriate nutritional therapy approaches (5). However, nutritional disruption after severe burn injury can also increase infection risk and delay wound healing. Therefore, the optimization of enteral nutrition timing is a key goal of clinical treatment.

For more than six decades, the Burn Center of Ruijin Hospital, the largest burn center in Shanghai, has not routinely administered enteral nutrition within 24 h of severe burn injury. Instead, two approaches have been used: complete fasting or adaptive feeding (e.g., approximately 300 mL of 5% glucose solution during the first 24 h) during the early period after burn injury. Notably, adaptive feeding more closely resembles enteral nutrition. A physician’s selection of complete fasting or adaptive feeding prior to enteral nutrition is based on their own clinical experience and (usually) patient characteristics such as burn area and inhalation injury. In this retrospective study, we analyzed factors influencing the selection of either modality, as well as the benefits of adaptive feeding, based on medical data from severely burned patients over the past 11 years. We sought to promote adaptive feeding as a precursor to initiating enteral nutrition.



2 Materials and methods


2.1 Study population

This retrospective study analyzed the medical records of severely burned patients who were admitted to Shanghai Ruijin Hospital between January 2009 and December 2020. According to the burn severity classification of the Chinese Burn Association, the patients in this study had a burn area comprising >30% of total body surface area (TBSA). Patients aged ≥18 years, admitted directly to the burn department within 24 h after burn injury, and with a total burned area comprising >30% of TBSA were included in the study. Patients with a history of medical treatment (e.g., anabolic hormones, immunosuppressants, or anti-tumor drugs) for an extended period before the burn injury and patients with a history of drug addiction were excluded from the study (Table 1).



TABLE 1 Independent variable assignment.
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2.2 Data collection

In this study, a standardized form was used to collect general data (age, sex, body mass index, time between injury and admission, and length of hospital stay) and clinical data (total burned area, full-thickness burned area, burn type, inhalation injury, start time of adaptive feeding, start time of enteral nutrition, and enteral nutrition-related gastrointestinal adverse reactions). Patients were divided into two groups, adaptive feeding and fasting, based on whether they began adaptive feeding within the first 24 h after injury. Outcome measures were 28-day mortality, hospital mortality, length of stay, incidence of gastrointestinal complications, and start time of enteral feeding.

All investigators underwent systematic training before collecting data from medical records, and all data were cross-checked for accuracy. This study was performed in accordance with the Declaration of Helsinki, and the study protocol was approved by the Research Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong University School of Medicine (Decision no. 2022019).



2.3 Statistical analysis

Skewed data are presented as medians (interquartile ranges) and were compared using the Mann–Whitney test or Kruskal–Wallis test. Categorical data are presented as n (%) and were compared using the chi-square test. Kaplan–Meier survival analysis was utilized to assess the effects of adaptive feeding within 24 h on the 28-day survival rate. Multivariate linear regression analysis was performed to identify factors influencing the start time of adaptive feeding. Categorical variables were not directly entered into the regression equation because the suspected effect was assumed to be non-linear among categories; thus, dummy variables were used (α-values for selection were ≤ 0.5, whereas α-values for elimination were ≥ 1.00). Propensity score matching (PSM) was conducted to eliminate or control potential confounding factors caused by imbalances in baseline clinical data between the adaptive feeding and fasting groups. Matching variables were total burned area, full-thickness burned area, and inhalation injury; a caliper value of 0.02 was implemented. SPSS25.0 software was used for statistical analysis, and p-values <0.05 were considered statistically significant.




3 Results

In total, 601 patients with a total burn area comprising >30% of TBSA were eligible for inclusion in the study; 522 patients were included in the analysis. Seventy-nine patients were excluded because they had been transferred from other provinces to our burn center more than 24 h after injury. The excluded patients consisted of 58 men and 21 women, with a mean age of 48.11 ± 14.31 years and a mean transfer time of 55.37 ± 15.45 h after burn injury.


3.1 Univariate and multivariate analyses for factors associated with the start time of adaptive feeding

Univariate analysis showed that burn type, percent of TBSA, full-thickness burned area, and inhalation injury were significantly associated with the start time of adaptive feeding (all p < 0.05) (Table 2).



TABLE 2 Analysis of influencing factors for start time of adaptive feeding.
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Multivariate linear stepwise regression was conducted with burn type, total burned area, full-thickness burned area, inhalation injury, and mechanical ventilation as independent variables. The results indicated that full-thickness burned area and inhalation injury were the main factors influencing the start time of adaptive feeding among severely burned patients (p < 0.05) (Table 3).



TABLE 3 Multivariate linear regression of influencing factors for the start time of adaptive feeding in severely burned patients.
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3.2 Survival analysis

Kaplan–Meier survival analysis was performed to examine whether the initiation of adaptive feeding within the first 24 h after burn injury influenced 28-day survival among patients with severe burns. In the adaptive feeding group, 3/195 patients died within 28 days (survival rate: 98.5%); in the fasting group, 20/327 patients died within 28 days (survival rate: 93.9%). Thus, patients who began adaptive feeding within 24 h after burn injury had a lower 28-day mortality rate (X2 = 6.083, p = 0.014, Figure 1).

[image: Figure 1]

FIGURE 1
 Survival analysis of the adaptive feeding group versus the fasting group.




3.3 Propensity score matching

The length of hospital stay was significantly shorter in the adaptive feeding group than in the fasting group (p < 0.01). Furthermore, patients in the adaptive feeding group began enteral nutrition earlier than those in the fasting group (p < 0.01). There was no significant difference in the incidence of enteral nutrition intolerance between the two groups of patients.

After PSM, there were no significant differences in overall mortality, 28-day mortality, length of hospital stay, or enteral nutrition intolerance between the two groups; however, the start time of enteral nutrition was significantly earlier in the adaptive feeding group (p < 0.01) (Table 4).



TABLE 4 Covariate balance between adaptive feeding group and fasting group.
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4 Discussion

To determine the optimal feeding strategy for critically burned patients before initiating enteral nutrition, this retrospective study explored the use of adaptive feeding immediately after burn injury as an appreciated approach. The results of the study showed that larger full-thickness burned areas and concomitant inhalation injury were the primary factors considered by physicians when selecting complete fasting for severely burned patients. Moreover, the results indicate that adaptive feeding improves nutritional therapy for severely burned patients by shortening the time between injury and initiation of enteral nutrition. Complete fasting due to concerns about extensive burned area and inhalation injuries does not reduce the incidence of enteral nutrition intolerance; instead, it delays the initiation of enteral nutrition.

These findings are consistent with previous research showing that extensive full-thickness burned areas and inhalation injury, both indicators of burn severity, influenced physicians’ decisions regarding complete fasting. Most physicians are hesitant to initiate aggressive enteral nutrition in critically ill patients. In 2017, Reintam Blaser et al. analyzed potential barriers to early enteral nutrition in 23 critical care scenarios. They found that acute lung injury and unstable hemodynamics during fluid resuscitation were concerns among physicians involved in administering enteral nutrition (6). There is disagreement regarding the use of enteral nutrition among critically ill patients who exhibit unstable hemodynamics during fluid resuscitation (7). Furthermore, McClave et al. reported that approximately one-third of critically ill patients in the intensive care unit (ICU) developed gastrointestinal motility disorders (8), whereas Sierp et al. reported that 51% of critically burned patients in the ICU developed gastrointestinal motility disorders (9). Extensively burned patients have a higher risk of gastrointestinal dyskinesia compared with non-burn patients admitted to the ICU (10). Patients with severe burns may experience acute colonic pseudo-obstruction and gastrointestinal mucosal edema, which are barriers to early enteral nutrition (11). Therefore, the use of enteral nutrition immediately after burn injury is not widely accepted (12). Clinical signs such as absent bowel sounds, abdominal/intestinal distention, gastrointestinal bleeding, and large gastric residual volumes are associated with mortality (13). It is important to determine the optimal approach before initiating enteral nutrition (14). Although adaptive feeding does not meet metabolic and energy needs, it avoids complete fasting in critically ill patients (15).

In this study, the implementation of adapting feeding immediately after burn injury did not reduce overall mortality, 28-day mortality, or length of hospital stay. These findings align with the results in many previous studies, which showed that larger full-thickness wound areas and inhalation injury hindered significant reductions of in-hospital mortality among severely burned patients (16). Fuentes Padilla et al. noted that it is unclear whether earlier enteral nutrition can decrease the risks of mortality, feeding intolerance, or gastrointestinal complications (17). Similarly, earlier normocaloric enteral nutrition did not reduce mortality (28-day and overall); duration of life support; lengths of stay in the ICU and hospital; and the rates of ICU, hospital, and 90-day mortality in adult shock patients receiving ventilatory support (18). Arabi et al. (19) suggested that early enteral feeding intolerance is an indicator of disease severity and a protective physiological response. Inappropriate enteral nutrition has been associated with poor ICU outcomes, particularly in the context of increased digestive complications (18). Safe and effective feeding in burn patients must be carefully balanced because acute colonic pseudo-obstruction and severe burn-induced edema within the gastrointestinal mucosa can cause nutrient malabsorption. To facilitate the recovery of gastrointestinal motility and metabolic processes in the initial phase after burn injury, lower calorie and protein feeding methods must become more widely accepted (20). Adaptive feeding is one strategy that reflects this approach.

There is no universally accepted approach to optimizing treatment before the implementation of enteral nutrition. Worldwide, patients do not receive nutrition for more than 60 h after ICU admission (21). Critically ill patients often cannot receive standard enteral nutrition as prescribed during the acute phase (22). In the present study, enteral nutrition was implemented significantly earlier in the adaptive feeding group, suggesting that adaptive feeding can reduce nutritional risk in severely burned patients compared with delayed initiation of enteral nutrition via complete fasting (23). This conclusion is consistent with the European Society for Clinical Nutrition and Metabolism (ESPEN) guideline regarding clinical nutrition in the ICU, which recommends initiating low-dose enteral nutrition within 24–48 h (11). However, early initiation of adaptive feeding does not reduce the incidence of enteral nutrition intolerance. This observation supports the hypothesis of Arabi et al. (19) that enteral nutrition intolerance is an indicator of disease severity and a systemic response. Furthermore, reliance on enteral nutrition or adaptive feeding does not reduce disease severity or modulate the systemic response (17). The main goal of adaptive feeding in severely burned patients is to safely initiate enteral nutrition soon after burn injury. From this perspective, adaptive feeding is an appropriate strategy (7). Complete fasting relies on passively waiting for bowel function to recover, potentially increasing the nutritional risk.

There are some limitations of our study. In particular, its single-center retrospective design may have led to incomplete results. In this study, some indicators of gastrointestinal motive function, such as bowel sounds, could not be quantified and analyzed due to the lack of complete data in medical records. In addition, gastric residual volume (GRV) measurement in patients with severely burned patients had not been possible for decades. Recently, ultrasound technology has been used to measure gastric residual volume. Such indicators reflecting the gastrointestinal motive function will be more detailed. Prospective multicenter studies involving measures of gastrointestinal motive function are needed to confirm the findings and address other limitations (24).

The results of the study showed that larger full-thickness burned areas and concomitant inhalation injury were the primary factors considered by physicians when selecting complete fasting for severely burned patients. Moreover, the results indicate that adaptive feeding improves nutritional therapy for severely burned patients by shortening the time between injury and initiation of enteral nutrition. Complete fasting due to concerns about extensive burned area and inhalation injuries does not reduce the incidence of enteral nutrition intolerance; instead, it delays the initiation of enteral nutrition.
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