
Can Sarcopenia Also Affect the Gastrointestinal Tract of the 
Critically Ill Patient?

Abstract
Sarcopenia is an important consequence of prolonged periods 
of hospitalization in the Intensive Care Unit (ICU), responsible 
for functional impairments and increased mortality. The 
Gastrointestinal Tract (GIT) dysfunction in critical patients may be 
related to structural or functional changes in smooth muscle of 
the GIT.

Introduction
Sarcopenia is defined as the progressive loss of muscle mass, 
strength, and function. It is primarily a consequence of aging 
and secondary to other causes, such as chronic conditions, 
malnutrition, inflammatory responses, as well as inactivity [1]. 
Sarcopenia is an important consequence of prolonged periods 
of hospitalization in the Intensive Care Unit (ICU), responsible for 
functional impairments and increased mortality. In addition, the 
muscular loss which patients suffer during more acute phases 
may endure for many years after the ICU discharge (Figure 1) 
[2–5]. The functional deficit developed during the hospitalization 
period can directly impact the patients’ quality of life, even in 
simple activities which were previously performed effortlessly.

The inflammatory response intensity is a determining factor for 
the acute phase proteolysis degree. Muscles represent about 40% 
of body composition and are considered the essential tissue for 
movement [6,7]. It is important to mention that there are 3 types 
of muscle: skeletal, smooth and cardiac - and the inflammatory 
response caused by the acute disease are not selective to any 
particular type of them, being able to affect all three. On that note, 
it is a key to understand that the diaphragm is also a muscle and 
the main one when it comes to successfully weaning a patient 
from mechanical ventilation. In the same way, the Gastrointestinal 
Tract (GIT) is composed of smooth muscle and can also be 
compromised. In critical patients, skeletal muscle atrophy takes 
a prominent role in clinical evaluation due to the fact that it is 
more exposed, and it is easier to objectively measure its loss and 
function [7–9].

The present review highlights the importance of muscle wasting 
for critically ill patients and provides the rationale for the hypothesis 
that there is also a loss of smooth muscle during the accelerated 
muscle loss in the ICU, which may contribute to the dysfunction of 
the gastrointestinal tract.

Muscle Wasting and Functional Impairment
During severe inflammatory diseases, body protein from 
functional tissues is catabolized and may culminate in a 
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significant loss of muscle mass [10]. The reduced muscle mass 
may impact in clinical outcome and leads to impaired functional 
ability, nosocomial infection, and wound infection [11]. This may 
induce a ‘vicious cycle’ of more complications that would intensify 
medical therapy, which may again result in increased morbidity 
and mortality [12–14].

Functional disability may be for long term and never fully return 
to normal levels. Importantly, it should be noted that muscular 
weakness will impact not only on individuals, but also on health 
care systems and global costs [12,13].

In the context of loss of muscle mass, it is known that there is 
also loss of diaphragmatic musculature. Ventilator‐induced 
diaphragmatic dysfunction can be noted in ICU patients after 
prolonged controlled mechanical ventilation and is determined by 
a rapid loss in force‐generating diaphragmatic capacity that may 
also affect additional respiratory muscles and often presents as 
failure to wean from mechanical ventilation despite sustained 
clinical efforts [13,15].

So, would it make sense to imagine that during exacerbated 
catabolism there would be a loss not only of skeletal muscle but 
also of smooth muscle?

GIT Dysfunction in the ICU
The GIT is almost entirely composed of smooth muscle. Thus, 
neurotransmitters activate the muscle fibers within range, and 
the excitation wave is conducted to all cells and bundles within 
the gap junction, thereby creating a morphological and functional 
syncytium [16,17].

During the acute inflammatory response, important morphological 
and functional changes may occur in the GIT. There are several 
causes for this, ranging from the intensity of the inflammatory 
response, the use of sedatives, analgesics, and neuromuscular 
blockers to hyperglycemia. Objectively quantifying and 
categorizing GTI dysfunction is a challenge in the ICU. This 
disfunction is relatively common and prevalent in patients with 
severe conditions. Changes such as slow gastric emptying, 
abdominal distension, abnormal motility patterns, and intestinal 
barrier vulnerability are observed in critical patients during the 
acute phase [16,17].

Changes in the GIT are markers for the extent and severity of 
the patient’s condition in the ICU. At the same time, the evolution 
of these pathophysiological changes is intrinsically associated 
with an inadequate progression of enteral nutritional therapy, 
energy and protein deficits, which leads to muscle mass loss 
and aggravated nutritional status [18,19]. If this cycle carries on 
uninterrupted, it may perpetuate the dysfunction of the GIT and 
consequently lead to adverse outcomes (Figure 2).

When it comes to clinical practice, the lack of an objective and 
standardized definition of what gastrointestinal dysfunction 
is, represents a major challenge. Consequently, this particular 
dysfunction is often recognized in a fairly intuitive way, based 
on each physician’s individual clinical experience. Furthermore, 
the lack of a specific marker (biological marker) to evaluate the 
viability of the GIT, especially after the adversities mentioned 
above, hampers the decision making of the physicians in the ICU, 
particularly when it comes to enteral nutrition.

Figure 1: Muscle mass during acute and chronic phase in ICU.
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Smooth Muscle Alterations during the Acute Inflammatory 
Response 
Studies that demonstrate muscle mass reduction in critically 
ill patients use evaluation methods as computed tomography 
scan of L3, bioimpedance and ultrasound [9–21]. However, these 
studies evaluated skeletal muscle and not smooth muscle. Cardiac 
muscle has been implicated in the cachexia disease process, with 
pronounced atrophy and dysfunction in patients with pancreatic, 
lung, or colorectal cancer [21,22].

Weijs et al. [11] postulated in their review about protein in ICU that 
during starvation, the essential muscle mass of vital organs will 
also be reduced and, in combination with underused peripheral 
skeletal muscle, results in muscle weakness and functional 
disability.

Patejdl et al. [23] published an ex-vivo study aiming to evaluate the 
behavior and strength of smooth muscles during the inflammatory 
response. The authors used smooth muscle biopsies from 
patients who underwent elective GIT surgery. The biopsy sample 
was taken from a portion of non-compromised intestine (by tumor 
invasion or inflammation). After the biopsies, the samples were 
randomized into two groups: in one group, ICU patients’ serum 
were injected into the samples on days 3 and 10 and in the other 
group, serum from healthy patients were injected. The central idea 
was to use serum from patients during their acute inflammatory 
response, containing interleukins and inflammatory mediators 
from two different phases in the ICU. After in vitro preparation, 
these samples were compared to assess contraction, strength, 
and the synaptic transmission of smooth muscle. The result 
indicated worsening of contraction and strength in the subgroup 

of samples that were injected with serum from critically ill patients.
In support of the hypothesis of smooth muscle loss during muscle 
wasting, a recent study identified symptoms of early satiety, 
diarrhea, and constipation in cachectic cancer patients that could 
be secondary to disturbed Gastrointestinal (GI) motility, a process 
intricately linked to proper intestinal smooth muscle function [24]. 
Moreover, several studies have described GI-motility disorders 
such as gastroparesis in patients with malignancies that are 
frequently accompanied by cachexia [25,26].

A recent study evaluated pancreatic cancer patients with and 
without sarcopenia. It was found that in sarcopenic patients, 
cancer cachexia affects also the intestinal smooth musculature 
together with skeletal and cardiac muscle wasting. In addition, 
both contractile function of smooth muscle cells and regulation of 
their contractile functionality could be compromised. The authors 
postulated that sarcopenic patients, due to the compromised gut 
function, could have significant impairment for their nutrient intake, 
transport, absorption, and faecal output and thus contribute to the 
development and progression of cachexia [27].

In the scientific literature, the major challenge is to evaluate, 
through imaging scans, the smooth muscle and its changes, such 
as its quantity and quality during the critical phase.

Increased muscle echodensity has been associated with muscle 
alterations in quality and function [28]. Moreover, gastric antrum 
echodensity has been proposed as a potential tool to evaluate 
the severity of acute gastrointestinal injury in critically ill patients 
undergoing mechanical ventilation [29].

Figure 2: Cycle of changes and consequences caused by GIT dysfunction.
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How to rehabilitate smooth muscle composing the GIT? 
The latest version of the European consensus of sarcopenia, 
accepted by the main specialized societies, advocates for new 
diagnostic criteria for sarcopenia [27,30,31]. Previously, strength 
was one of the main elements to evaluate muscle function (or 
quality). Now, strength takes on a key role in the diagnosis of 
sarcopenia, being used as a main parameter for the initiation 
of treatment. On the other hand, it is suggested that diminished 
amount, (or quality) of muscle mass should be used as a 
confirmatory criterion for the formal diagnosis of the disease. 
Thus, sarcopenia is said to be probable, when low muscular 
strength is identified, and it is confirmed in the presence of 
associated low muscle mass.

The strategies adopted for the treatment of sarcopenia are 
based on both protein supply and motor rehabilitation through 
resistance training [32,33]. However, these strategies were well 
established for skeletal muscle rehabilitation. Considering that the 
function of smooth muscles is motor propulsion and movement 
(almost like any skeletal muscle) it is logical to consider that its 
rehabilitation should follow the same principles. For that reason, 
offering an adequate amount of protein is essential. Nevertheless, 
the discrepancies between the universal recommendations for 
protein supply in critically ill patients (1.5 g/kg/day) and what 
most patients receive (0.8 g/kg/day to 1.0 g/kg/day, in the 
best scenarios) is worrisome [34]. The main nutritional therapy 
guidelines for critically ill patients recommend 1.2 g/kg/day 
to 2 g/kg/day. The FEED trial showed that the subgroup of ICU 
patients who received a higher protein supply (1.5 g/kg/day), was 
associated with improved muscle mass and strength, as well as 
improved nitrogen balance, when compared to the subgroup who 
received a lower supply of protein (1 g/kg/day) [35–37].

Protein quality should also be considered when choosing 
enteral diet formulae. Diets containing whey protein stimulate 
protein synthesis more efficiently than the ones with casein 
[38]. Furthermore, protein blends with balanced protein sources 
(containing whey protein) compared with predominantly casein-
based formulations and appears to promote faster gastric 
emptying and less gastric accumulation. This effect seems to be 
more physiologically appropriate and clinically strategic [39].

Another important strategy in rehabilitating the smooth muscle 
of the GIT is restoring or improving peristalsis/motility. Studies 
show that early initiation of enteral/oral nutrition with intact 
(polymeric) formulae in critical and/or postoperative scenarios 
stimulates intestinal motility [40,41]. Moreover, formulations 
containing both soluble and insoluble fibers can be considered, 
if the hemodynamic condition and tissue perfusion are adequate 
[35]. The use of soluble and insoluble fibers is another strategy 
that contributes both to the management of changes in intestinal 
motility (diarrhea and constipation) and to the immunological 
strengthening of the severely ill patient [42–44]. Another study, 
using an experimental model demonstrated that the group that 

received fiber as a part of their nutritional strategy had greater 
power and strength in smooth muscle contraction, compared to 
the subgroup that did not receive any fiber [45].

Conclusion
GIT dysfunction in critically ill patients is a marker of condition 
severity and it is associated with negative outcomes. However, 
quantifying and classifying this dysfunction remains a challenge, 
considering the lack of uniformity of the validated tools and 
scores. Some of the unanswered questions about GIT dysfunction 
in critical patients may be related to structural or functional 
changes in smooth muscle of the GIT. An additional challenge 
lies in the methods of identification and diagnosis of smooth 
muscle abnormalities. So far, only ex vivo models have confirmed 
functional changes during the inflammatory response. The 
treatment and rehabilitation strategies for smooth muscle appear 
to and should be based on the same principles as the rehabilitation 
of skeletal muscles: adequate quantity and quality protein supply 
and mechanical stimulation of the muscles. Unfortunately, most 
studies showed that ICU patients rarely reach the protein goal, and 
very few studies evaluate and compared the quality of different 
protein sources. The early stimulation of GIT motility, through 
supplying food to the GIT should also be a strategy to rehabilitate 
smooth muscle. Another way to restore GIT motility during the 
inflammatory response is by offering fibers in the diet, however, 
this is contraindicated in some critical ill patients, and hence, it 
must be done cautiously. It is necessary to shed light on this issue, 
and to discuss alternative and simpler ways to identify smooth 
musculature during criticality, as well as strategies to rehabilitate 
this muscle type.
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