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Enteral and parenteral nutrition are two primary methods of nutritional support in clinical settings. Their administration modes—
continuous or intermittent—have garnered increasing attention in recent research. Continuous enteral and parenteral nutrition
provide steady metabolic support over extended periods, particularly beneficial for critically ill patients or those with high
nutritional demands. Conversely, intermittent feeding, delivered at scheduled intervals, simulates natural eating patterns and may
offer advantages in gastrointestinal function and metabolic regulation. Recent studies indicate notable differences between
continuous and intermittent feeding in perioperative patients, especially regarding metabolic control, gastrointestinal tolerance,
immune function, and postoperative complications. Continuous feeding simplifies clinical management through stable nutrient

delivery but may increase the risks of metabolic overload, liver dysfunction, and gastrointestinal intolerance. In contrast,
intermittent feeding promotes recovery of gastrointestinal function and potentially reduces the risk of infections and other
postoperative complications. This review aims to assess the clinical outcomes of continuous versus intermittent enteral and
parenteral nutrition in perioperative patients, with a primary focus on gastrointestinal surgery populations (where gut-specific
mechanisms are most critical). By evaluating these feeding strategies in terms of postoperative complications, recovery, metabolic
regulation, and quality of life, we seek to provide evidence-based recommendations for optimizing perioperative nutritional care

and improving patient outcomes.
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INTRODUCTION

Nutritional support plays a critical role in the perioperative
management of surgery patients [1]. Adequate nutrition is
essential for maintaining metabolic stability, enhancing post-
operative recovery, minimizing complications such as infections
and anastomotic leaks, and reducing hospital stays [2]. Further-
more, proper nutritional support helps prevent and correct
perioperative malnutrition, particularly in patients at risk of
nutritional deficiencies, thus improving clinical outcomes and
overall survival rates [3]. While Enhanced Recovery After Surgery
(ERAS) protocols advocate for the resumption of oral intake within
24 h for low - risk patients to minimize the need for supplemental
nutrition, this review centers on patients requiring enteral or
parenteral nutrition (EN/PN). These patients include individuals at
high risk of malnutrition (e.g., with weight loss >10%), those
anticipating a prolonged nil - by-mouth status (>5 days), and
those with gastrointestinal dysfunction or surgical complications.
Thus, our analysis is highly relevant to perioperative patients not
meeting ERAS criteria and needing EN/PN [4]. The method of
nutritional support—whether enteral, parenteral, or a combination
—depends on the patient’s condition and gastrointestinal
function [5, 6]. Enteral nutrition is preferred when gastrointestinal
function is intact, either through oral supplements or tube feeding

[7]. If the gastrointestinal tract is unable to absorb nutrients
effectively, parenteral nutrition is administered intravenously [8].
Continuous feeding is widely used, yet there’s limited research
comparing it with intermittent feeding in perioperative patients
[9, 10]. This review explores their effects on patient recovery and
outcomes in the perioperative phase, focusing on gastrointestinal
surgery but not excluding other types. The complex interplay
between these factors is conceptually summarized in Fig. 1.

DEFINITION OF INFUSION MODALITY AND LITERATURE
SEARCH STRATEGY

Enteral nutrition

Continuous enteral nutrition (CEN). Continuous enteral nutrition
(CEN) involves the uninterrupted administration of nutrients via
enteral feeding tubes, typically through devices such as nasogas-
tric or jejunostomy tubes [11]. This method allows for the gradual,
continuous infusion of liquid nutrients into the gastrointestinal
tract, often over 24 h or longer, depending on clinical require-
ments. Crucially, transpyloric jejunal access necessitates contin-
uous infusion due to the absence of pyloric reservoir function and
limited jejunal distension capacity. Intermittent boluses in jejunal
tubes increase aspiration and dumping syndrome risks [12].
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Fig. 1 This figure consists of nine sections, with a central Taiji symbol presented in purple and white tones. The Taiji symbol represents the
dynamic balance between intermittent and continuous nutritional support, emphasizing the interplay of different infusion strategies in
postoperative recovery. Surrounding the central symbol are various themes encompassing multiple domains, from postoperative complications
to patient quality of life and physiological balance, clearly illustrating the comprehensive impact of different infusion methods on the overall
health of perioperative patients. 1. Postoperative Complications: This section describes postoperative challenges, including digestive dysfunction,
liver function abnormalities, blood glucose fluctuations, and complications related to surgery and hospitalization; 2. Quality of Life and Hospital
Stay: Covers key aspects of patient recovery during hospitalization, including mobility, feeding times, and patient psychology, which significantly
influence quality-of-life outcomes; 3. Gut Flora: Highlights the central role of the gut microbiota in postoperative recovery, focusing on microbial
diversity, metabolite regulation, and the maintenance of intestinal microbial homeostasis; 4. Biorhythm: Explores the interaction between feeding
rhythms, circadian rhythms, and metabolite regulation, as well as the role of the gut-brain axis. This section underscores the importance of
different nutritional support strategies in regulating biorhythms and facilitating postoperative recovery; 5. Postoperative Nutritional Status and
Recovery: Emphasizes the importance of nutritional assessments and rehabilitation interventions, detailing how targeted nutritional support can
enhance recovery and health outcomes; 6. Intestinal Barrier, Immune Function, and Infection Rates: Focuses on the role of the intestinal barrier in
regulating immune responses, providing barrier defense, and reducing infection risks, highlighting its critical importance in postoperative care; 7.
Gastrointestinal Function: Illustrates dynamic changes in intestinal peristalsis, gastrointestinal pressure, and digestive mucosa, demonstrating
their significance in the restoration of postoperative digestive function; 8. Digestive Function and Physiological Balance: Concentrates on
metabolic homeostasis and physiological balance, detailing their impact on nutrient absorption and metabolic control, which are essential for
successful recovery. This diagram provides a comprehensive visualization of the study, covering the systemic effects of intermittent and
continuous nutritional support during the perioperative period. Spanning multiple dimensions, from physiological mechanisms to quality of life,
it offers a robust visual reference for optimizing perioperative nutritional strategies in clinical practice. (Created in BioRender. zhou, z. (2024)
https://BioRender.com/u08b403).
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However, the prolonged use of enteral feeding tubes (e.g.,
nasogastric or jejunostomy tubes) restricts patient mobility and
may increase the risk of aspiration pneumonia due to impaired
gastric emptying or microbial colonization of the tube [13, 14].

Intermittent enteral nutrition (IEN). Intermittent enteral nutrition
(IEN) refers to the administration of nutrients at scheduled
intervals throughout the day. Nutrients are infused multiple times
per day, usually for durations between 30 min and 2 h, with breaks
in between [15].

Parenteral nutrition

Continuous parenteral nutrition (CPN). Continuous parenteral
nutrition (CPN) is administered via central or peripheral venous
catheters, typically over a 24-h period to deliver nutrients at a
controlled, slow rate. This solution typically contains essential
components such as carbohydrates, proteins, fats, vitamins, and
electrolytes, ensuring a balanced nutrient supply [16, 17]. CPN is
particularly useful for patients who require long-term nutritional
support but cannot rely on gastrointestinal absorption. However,
its prolonged use can limit patient mobility and increase the risk of
catheter-related infections, which may complicate clinical out-
comes [18]. Proper catheter care and the use of antibiotic-coated
catheters can help mitigate these infection risks.

Intermittent parenteral nutrition (IPN). Intermittent parenteral
nutrition (IPN) involves delivering nutrients intravenously over a
set period, typically 8 to 12 h daily, followed by a rest phase [19].
This method allows for faster nutrient administration at larger
volumes within the patient’s tolerance [17]. Typically adminis-
tered over 8-12h, which may include nighttime to align with
physiological rest periods, this approach allows daytime
mobility while accommodating the patient’s circadian rhythm.
However, the timing should be individualized based on
metabolic needs and circadian biology to optimize hormonal
balance.

These definitions describe technical delivery parameters only.
Physiological outcomes and evidence-based comparisons are
analyzed in Sections 3-5.

Literature search strategy

A systematic literature search was conducted in PubMed
(2000-2024) using the following MeSH terms and keywords:
(("Enteral Nutrition"[Mesh] OR “enteral nutrition” OR “enteral
feeding” OR “tube feeding” OR “nasogastric feeding” OR “jejunal
feeding”) OR (“Parenteral Nutrition”[Mesh] OR “parenteral nutri-
tion” OR “intravenous nutrition” OR “TPN” OR “hyperalimenta-
tion”)) AND ((“continuous”[tiab] OR “continuously”[tiab]) AND
(“intermittent”[tiab] OR “intermittently”[tiab] OR “bolus”[tiab] OR
“cyclic"[tiab])) AND ((“randomized controlled trial”[pt] OR “con-
trolled clinical trial”[pt] OR “meta-analysis”[pt] OR “systematic
review’[pt] OR “randomized”[tiab] OR “randomised”[tiab] OR
“RCT"[tiab] OR “clinical trial”[tiab])). Web of Science and Cochrane
Library were searched with adapted syntax. Titles/abstracts were
screened for relevance, followed by full-text review. Inclusion:
Clinical studies on perioperative EN/PN modes; Exclusion: Animal
studies, non-English publications.

INTERMITTENT VERSUS CONTINUOUS ENTERAL NUTRITION
Metabolic control & glycemic stability
IEN VS. CEN. IEN: Mimics physiological feeding patterns, enhan-
cing nutrient absorption and metabolic regulation. Patients achieve
more stable blood glucose levels and better insulin sensitivity
[14, 20], reducing hyperglycemia-related complications [21].

CEN: Provides stable support for high metabolic demands [22, 23]
but increases postoperative hyperglycemia and insulin resistance
risk [24].
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IPN VS. CPN. IPN: Aligns with physiological rhythms but requires
vigilant glucose monitoring due to rapid infusion causing blood
glucose spikes [25]. Reduces overfeeding and insulin resistance
risks [26].

CPN: Maintains metabolic stability [27] but causes persistent
hyperglycemia and insulin resistance due to continuous glucose
infusion [28].

Gastrointestinal function & tolerance

IEN VS. CEN. IEN: [EN can stimulate intestinal motility and reduce
mucosal atrophy, promoting better nutrient absorption [29, 30].
Additionally, the intermittent nature of feeding reduces gastro-
intestinal pressure during non-feeding periods, which gives the
digestive system time to rest and recover, potentially lowering the
incidence of gastrointestinal intolerance, such as bloating or
diarrhea [31]. However, the rapid administration of large volumes
of nutrients, characteristic of [EN, may still result in discomfort,
including symptoms like bloating and diarrhea, particularly in
patients with compromised digestive capacity [32].

CEN: CEN has been associated with a potential decline in
gastrointestinal function, particularly when used over extended
periods. Research indicates that CEN may contribute to mucosal
atrophy, as the constant nutrient supply limits the natural
stimulation of the gut, which can weaken the intestinal mucosa
[33]. Additionally, CEN has been linked to dysbiosis, or an
imbalance in gut microbiota, which could increase the risk of
gastrointestinal complications such as infections or intolerance
[34]. These findings underscore the importance of carefully
managing enteral feeding, particularly in critically ill patients, to
prevent adverse outcomes.

Infection risk & immune response

IEN VS. CEN. IEN: IEN is associated with lower rates of post-
operative infections, particularly in reducing the incidence of
pneumonia and intra-abdominal infections. These outcomes may
be due to the positive effects of IEN on reducing gastrointestinal
pressure, which allows for improved digestion and metabolic
regulation, ultimately leading to enhanced immune response
[35, 36]. Moreover, the controlled feeding cycles of IEN give the
gastrointestinal system time to rest, which may further support
immune function and reduce infection risks [37].

CEN: It has been associated with a higher risk of postoperative
infections compared to IEN. Studies have shown that patients on
long-term CEN may experience higher infection rates, particularly
due to the continuous use of enteral feeding tubes, which can
increase the risk of pneumonia and other infections [14]. This may
be due to factors such as reduced gut motility and immune
response in patients receiving CEN.

IPN VS. CPN. IPN: IPN has been demonstrated to better support
postoperative immune function. Studies suggest that patients
receiving IPN experience lower infection rates, especially in those
with compromised immune systems, when compared to those
receiving continuous parenteral nutrition (CPN). This effect may be
attributed to the intermittent nature of IPN, which allows for
better glycemic control, a crucial factor in reducing postoperative
infections [19, 38]. By maintaining more stable blood glucose
levels, IPN reduces inflammatory responses, further decreasing the
risk of infections [39].

CPN: While CPN provides necessary and continuous nutritional
support, it has been linked to an increased risk of postoperative
infections, particularly in critically ill patients. Studies have shown
that infection rates are higher in patients receiving CPN, likely due
to the development of persistent hyperglycemia, which is a known
complication of CPN [19, 28]. Hyperglycemia contributes to
immunosuppressive effects, such as impaired phagocyte function,
which in turn raises the susceptibility to infections, including
surgical site infections [40, 41].
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Liver function & hepatotoxicity

IPN VS. CPN. IPN: Studies have shown that patients on IPN
experience a lower incidence of liver dysfunction, particularly in
cases requiring long-term parenteral nutrition [42]. The inter-
mittent nature of IPN allows the liver to periodically rest, reducing
metabolic stress and promoting self-regulation, which is beneficial
for maintaining hepatic function [27]. This is especially important
as CPN has been associated with conditions like fatty liver and
cholestasis when used over extended periods.

CPN: CPN has been closely associated with liver dysfunction,
with a higher risk of complications such as fatty liver and
cholestasis. These liver issues are more pronounced during long-
term use of CPN due to the sustained metabolic demands placed
on the liver, along with the continuous infusion of nutrients,
particularly lipids and carbohydrates [43]. The metabolic overload,
particularly from excess lipid infusions and phytosterols, con-
tributes to fat accumulation in the liver (steatosis), which can
progress to more severe conditions like fibrosis and cirrhosis if not
managed properly [44, 45].

Quality of life & mobility

IEN VS. CEN. IEN: Due to the intermittent nature of IEN, non-
critically ill patients indeed enjoy greater mobility during non-
feeding periods, which may contribute to a higher quality of life
and improved postoperative recovery. Studies have highlighted
that patients receiving IEN report improved well-being and shorter
hospital stays compared to those on CEN [34, 43].

CEN: The continuous infusion required for CEN has been linked
to a negative impact on patient quality of life, especially for those
relying on long-term enteral feeding. One study noted that CEN
patients often experience lower postoperative quality of life scores
due to factors such as prolonged feeding times and restricted
mobility associated with continuous feeding. Additionally, con-
tinuous feeding may lead to feelings of dependency and
discomfort caused by the constant use of feeding equipment,
further reducing patient autonomy and overall well-being [46].

IPN VS. CPN. IPN: The flexibility of IPN allows non-critically ill
patients greater freedom of movement during non-infusion
periods, which can significantly enhance their postoperative
quality of life. Studies suggest that patients receiving IPN report
higher quality-of-life scores during recovery, likely due to fewer
restrictions on mobility compared to those on CPN [47]. Moreover,
patients on IPN also experience shorter hospital stays, as the
intermittent nature of the feeding supports faster recovery and
better overall outcomes [48].

CPN: The continuous infusion required by CPN limits patient
mobility due to the need for prolonged connection to intravenous

equipment, which can significantly impact the quality of life,
particularly for those on long-term parenteral nutrition. Patients
receiving CPN often experience restrictions in daily activities,
which contributes to a reduced quality of life [45, 49]. Further-
more, studies have shown that patients on CPN report lower
quality of life scores, especially during the postoperative recovery
phase, as the continuous infusion limits their physical mobility and
autonomy [50]. This suggests a need for alternative strategies,
such as cyclic parenteral nutrition (Cylic PN), which allows for
greater mobility and improved patient outcomes.

Gut microbiota & circadian rhythm

IEN VS. CEN. IEN: The flora of the human gut has its own
biological rhythms and maintains a dynamic balance of micro-
organisms throughout the intestinal tract. Different patterns of
feeding and nutrient infusion can significantly affect the gut flora;
regular feeding cycles and circadian rhythms help to maintain this
dynamic balance, while conversely irregular feeding or prolonged
and continuous nutrient supply may disrupt this balance, leading
to metabolic syndrome or inflammatory diseases or even
tumorigenesis [51].

Therefore, from the perspective of biological rhythms, inter-
mittent nutrition is more in line with the body’s natural eating
rhythm, can maintain the dynamic balance of intestinal flora in
perioperative patients, and can fully stimulate the intestinal tract,
promote intestinal peristalsis and secretion of digestive juices,
improve nutrient absorption, effectively prevent bacterial translo-
cation, and better maintain the diversity of the composition of the
intestinal flora and reduce intestinal permeability [52]. The
circadian rhythm of intestinal flora can be restored to some
extent under conditions of nutrient intake restriction (e.g., fasting
and intermittent feeding), suggesting that we need to pay more
attention to the rhythmicity of the timing of feeding when
developing clinical nutrition programs [53].

CEN: Continuous enteral nutrition infusion can provide patients
with stable nutritional intake. Still, it is also its continuous infusion
pattern that conflicts with the body’s biological rhythms
(especially those of circadian and feeding rhythms), which may
lead to a decrease in the diversity of the intestinal flora, disrupt
endogenous rhythm regulation, increase the risk of pathogenic
infections, increase the metabolic burden and induce inflamma-
tory responses, thus posing a danger to the patient's post-
operative recovery [54].

Metabolites of intestinal flora affect human circadian rhythms
via the gut-brain axis, and this disruptive effect is especially
pronounced in the presence of poor synchronization between
feeding rhythms and endogenous biological clocks. Metabolites of
intestinal flora, such as short-chain fatty acids (SCFAs), can

Table 1.
gastrointestinal surgery patients.
Metric IEN CEN

Gastrointestinal function
recovery

Significant improvement

Glycemic control Requires close monitoring

Short-term stability

This comparative analysis synthesizes key clinical outcomes for intermittent vs continuous nutrition support specifically in perioperative

IPN CPN

Possible delay N/A N/A

Better control Hyperglycemia risk?

Infection risk Reduced Increased Reduced Increased

Hospital stay duration Shortened Potentially Shortened Potentially prolonged
prolonged

Quality of life Significantly improved Restricted Mobility improved Severely restricted

Liver dysfunction N/A N/A Risk reduced Risk significantly increased

Applicable Patient Patients with intact Critically ill/diabetic Patients with stable Patients requiring long-

population gastrointestinal function patients metabolic conditions term NPO status

Arrow direction indicates beneficial (1) or adverse (|) effects, with dot fill levels denoting evidence strength based on systematic review of cited studies.

1 Increased risk/effect, N/A Not applicable, NPO Nil per os (nothing by mouth).
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modulate the expression of appetitive and circadian genes in the
hypothalamus, which can affect whole-body metabolism and
behavior [55].

A comparative summary of these outcomes is presented in
Table 1.

CONCLUSIONS

In conclusion, selecting the appropriate nutritional support
method is crucial for optimizing the outcomes of perioperative
patients undergoing surgery. While intermittent enteral or
parenteral nutrition may offer clinical advantages in certain cases,
continuous nutritional support remains essential for the broader
population of surgery patients. The decision to employ inter-
mittent or continuous feeding should be based on the latest
evidence from clinical research and should be tailored to the
patient’s specific surgical procedure, nutritional needs, and
individual circumstances. A comprehensive evaluation of the risks
and benefits of each administration method is necessary to
maximize postoperative recovery and patient outcomes.
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