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Abstract
Technological advances and evolving demands in 

medical care have led to challenges in ensuring ade
quate training for providers of critical care. Reliance 
on the traditional experience-based training model 
alone is insufficient for ensuring quality and safety in 
patient care. This article provides a brief overview of 
the existing educational practice within the critical care 
environment. Challenges to education within common 
daily activities of critical care practice are reviewed. 
Some practical evidence-based educational approaches 
are then described which can be incorporated into the 
daily practice of critical care without disrupting workflow 
or compromising the quality of patient care. It is hoped 
that such approaches for improving the efficiency and 
efficacy of critical care education will be integrated into 
training programs.

Key words: Medical education; Critical care; Educational 
efficiency; Educational efficacy; Bedside teaching; 
Flipped classroom; Patient handover; Multidisciplinary 
team practice; In situ  simulation; Procedural training

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Evidence-based approaches for improving the 
efficiency and efficacy of critical care education have 
been developed and should be integrated into training 
programs. While a variety of such approaches are 
described in this paper and elsewhere in the medical 
education literature they share common characteristics. 
These include utilizing methods to rapidly identify 
learner needs, teaching directly to those needs, and 
providing specific feedback on performance. In addition 
these approaches emphasize active learning activities 
and integrate educational experiences from the class
room and clinical settings. 
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INTRODUCTION
Critical care is a demanding medical specialty in terms 
of its complexity, the frequency of life threatening situ­
ations and the need for rapid decision-making based 
on incomplete data. The breadth and depth of medical 
knowledge and technical skill necessary for critical 
care practice continue to rapidly increase yet the time 
available for education of trainees has not. Limitations in 
the duty hours of trainees have reduced clinical exposure 
and allow less time for traditional methods of education[1]. 
Increasing clinical volume, administrative responsibilities, 
and documentation and billing requirements increasingly 
compete for the time that faculty has available for teaching. 
It is our mandate as critical care practitioners to educate 
and ensure that we have competent clinicians able to 
deliver high quality care to our critically ill patients. It 
is therefore necessary that we find a solution to the 
dilemma of providing safe and high-quality care while 
also providing the necessary education for trainees in 
clinical settings. Approaches to teaching and learning 
which account for the exponential growth in medical 
knowledge, unique learning needs and time constraints 
of the learners, while adapting to the dynamic and 
clinically demanding environments of critical care practice 
are urgently needed[2,3].

In this article, we provide a brief overview of the 
existing educational practice within the critical care 
environment. We then discuss challenges to education 
within common daily activities of critical care practice 
including bedside care, procedures, handover, and crisis 
management. Some practical educational approaches 
are described which can be incorporated into the daily 
practice of critical care without disrupting workflow or 
compromising the quality of patient care (Table 1). It is 
hoped that such approaches will increase the efficiency 
and efficacy of education that is offered to critical care 
clinicians, not only during training but throughout their 
careers.

The intensive care unit learning practice and educational 
deficiencies
The intensive care unit (ICU) provides unique opportu­
nities for knowledge and skill acquisition in a dynamic and 
fast-paced clinical environment. There are opportunities 
to learn technical skills such as airway management, 
central line placement and ultrasonography, as well as 
nontechnical skills such as teamwork, communication, 
and leadership. Surveys suggest that there is no stan­
dardized approach to trainee education within critical care 
medicine, reflecting highly variable ICU environments 
and practice patterns[4,5]. Such variation in educational 
practice is noteworthy as it may affect the quality of 
trainees’ education through varied exposure to different 

patient cases, opportunities to perform procedures, 
experience with different attending physician practice 
styles and total teaching time. Despite this lack of a 
standardized structure, many programs use similar 
traditional clinical teaching methods. Bedside teaching 
is the most common format for trainee education and 
a majority of programs also offer didactic lectures and 
informal teaching sessions[4]. In addition an increasing 
number of programs include access to an online ‘‘core 
curriculum’’ of critical care topics[4]. With these didactic 
approaches, trainees in critical care acquire knowledge 
and skills through processes of “active” learning by 
participating in bedside teaching rounds and by directly 
administering patient care, while “passive” learning 
occurs through the use of lectures, conferences and journal 
clubs.

Bedside teaching, often conducted during ICU rounds, 
is an essential component of critical care education, as 
it covers clinical assessment, conduct of the physical 
exam and decision making. In addition the importance 
of multidisciplinary communication, bedside manners, 
professionalism, and other essential clinical skills are 
emphasized[6]. Involving the entire team in bedside rounds 
also contributes to multidisciplinary team development 
and improved patient care[7,8]. Educating during bedside 
care is not a passive activity; rather it requires skill by the 
critical care provider. Appropriate tailoring of educational 
topics to trainee needs in relation to current patients 
provides the trainee with the satisfaction of having learned 
something directly relevant to patient care, promoting 
active learning as well as providing a powerful motivational 
boost and educational reinforcement. “Conference room” 
teaching typically consists of a combination of standard 
“core” lectures (e.g., mechanical ventilation, sepsis and 
shock) and flexible teaching topics based on current 
relevance to bedside care. While core lectures ensure that 
trainees are provided a certain amount of fundamental 
knowledge, flexible educational activities are designed to 
complement core lectures in order to tailor learning to the 
specific needs and interests of current team members 
and are typically initiated in response to issues identified 
during the bedside rounding.

Critical care has long had an “apprenticeship style” 
of training in which long hours and “see one-do one-
teach one” were the primary means of fostering 
learning. However, work-hour restrictions, generational 
differences and increasing external regulations have 
altered this traditional approach. While these methods of 
providing critical care education are longstanding, there 
is mounting evidence that they are no longer sufficient. 
Many studies have reported suboptimal education of 
trainees in areas that are fundamental to critical care 
practice including deficiencies in medical knowledge, 
procedural skills, handover, communication and crisis 
management[9-18]. In addition, there is evidence that 
methods for education of critical care trainees have 
changed little since the Accreditation Council for 
Graduate Medical Education (ACGME) instituted duty 
hour standards and core competencies[1,19]. These 
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deficiencies and an apparent lack of progress in critical 
care education may have a detrimental effect on patient 
safety and the quality of care. Perhaps it is because of 
the apprentice-style educational tradition in critical care 
that we have been slow to identify and adopt “best 
practices” of modern education theory for fostering 

experiential learning. In the age of reduced work hours 
and increased focus on patient safety, however, we 
are caught between less experienced clinicians at the 
bedside and imposed requirements for ensuring clinical 
competence. To successfully address these challenges 
requires a different educational experience. The following 

ICU Activity Challenges to teaching Strategies for improvement

Rounding/bedside care Complexity, unpredictability, rapid pace of clinical 
care limits time available for teaching

 

Use of effective, time efficient methods to identify 
learner needs, teaching to those specific needs, and 

providing feedback
Simultaneously instructing trainees while caring for 

critically ill patients
Examples: 

Two-minute observation, one-minute preceptor, 
activated demonstration and teaching scripts

Lecture/didactics Wide breadth and depth of knowledge required to 
care for critically ill patients

Integrate “in-class” experiences with “out-of-class” 
learning 

Varying backgrounds and training levels of the 
learners 

Practicing clinical decision-making in the classroom 
allows trainees to learn from their mistakes in a safe 

environment 
It is not possible expose trainees to all relevant critical 

care topics 
Example: 

Flipped classroom
The efficacy of traditional lectures is low

Performing procedures (vascular access, 
airway management, bronchoscopy, chest 
tube placement ultrasonography, etc.)

Trainees need to acquire procedural competence with 
a number of diagnostic and therapeutic tools 

Multifaceted learning strategies with performance 
assessed and mastery demonstrated away from the 

clinical setting 
Finding the optimal balance between providing 

procedural opportunities for trainees and ensuring 
patient safety

Examples: 
Computer-based learning, task trainers, and 

simulation to provide conceptual and technical 
understanding 

Observing and then performing procedures in elective 
settings, before attempting high risk procedures on 

critically ill patients 
Just-in-time training immediately prior to actual 

performance 
Use of adjunct technology (e.g., ultrasound, 

videolaryngoscopy)
Patient handover Handovers are complex communication tasks Develop learning strategies for ensuring information 

management and collaboration to generate a shared 
understanding of patients and reduce clinical 

uncertainty 
The process is often error prone and substandard 

handovers have been linked to adverse events 
Critically ill patients are particularly vulnerable to 

ineffective handovers 
Examples: 

Discussions of approaches to diagnosis and 
management of specific conditions promotes learning

Providing feedback on clinical actions taken in the 
preceding shift

Providing feedback on clinical actions taken in the 
preceding shift

Direct supervision of the handover process by 
experienced clinicians to ensure that communication 

of critical patient information is occurring and to 
answer clinical questions 

Supplementing the handover with short educational 
modules relevant to the patients receiving care

Using handovers to evaluate trainee performance and 
provide formative feedback

Limited evidence for a “best” approach
Faculty may have limited experience with new 

handover processes

Multidisciplinary team practice High clinical workloads, finding common time to 
practice, disruption of clinical activities, and cost 

Multidisciplinary training incorporated into the 
activities of daily practice (in situ simulation) can be 

inexpensive and less disruptive to staffing
Training specifically designed to improve team 

dynamics is new for many critical care clinicians
Example: 

Regular repetition of commonly occurring scenarios 
can be used to reinforce learning and teamwork 

In situ simulation can be used to interrogate 
departmental and hospital processes in real practice 

conditions

Table 1  Teaching challenges and strategies for increasing efficiency and effectiveness in critical care education

ICU: Intensive care unit.
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sections provide approaches for increasing educational 
efficiency and efficacy during the daily activities of ICU 
practice. They are founded in educational theory and 
meant to be readily integrated into existing critical care 
practice regardless of the size, practice characteristics or 
economic resources.

Strategies for teaching with limited time
Educators in the ICU environment face the formidable 
challenge of simultaneously instructing trainees while 
caring for critically ill patients in a clinical environment 
where complexity and the knowledge required for 
decision making is high, time available for teaching is 
limited, and interruptions are frequent. Due to increased 
and competing demands on critical care faculty, the 
time available for clinical teaching appears to be in 
decline[20,21]. An even greater barrier to teaching than 
a heavy clinical workload is the misconception that 
“real teaching” requires an extended formal lecture. 
With this teaching misconception in mind, clinicians are 
understandably reluctant to teach because it interferes 
with patient care. As clinical educators it is important to 
recognize that every patient interaction has teachable 
moments. To maximize learning opportunities, educators 
must be attentive to identifying these moments and then 
making them pertinent to a learner’s needs. Even small 
amounts of time focused on teaching can offer important 
learning opportunities for trainees to acquire new insights 
and skills. To achieve this efficient and effective teaching 
approach, a variety of strategies can be successfully 
employed. These educational strategies share common 
characteristics including: (1) identifying the learner’s needs; 
(2) teaching directed to meet those specific needs; and 
(3) providing performance feedback.

Identifying the learner’s needs saves time by not 
teaching what the learner already knows or is not ready 
for. Assessment of the learner’s level of knowledge 
requires asking good questions as well as the ability to 
listen and observe. Questions are the educator’s “primary 
diagnostic tool” to ascertain the learner’s current level 
of knowledge and experience with similar situations[21]. 
Questions that precede a patient encounter can help 
the educator to ascertain the learner’s understanding 
and experience with the clinical problem at hand-for 
example, “How do we assess delirium in this patient?”. 
While questions that follow the learner’s presentation of a 
patient can guide the educator’s decisions about how and 
what to teach-for example, “How do you think we should 
manage this problem?”.

A period of brief observation can be an effective 
means of assessing the learner’s abilities instead of 
making inferences based on a patient presentation alone. 
The “two-minute observation model” is a well described 
method in which the teacher observes a patient en­
counter in order to obtain more specific information 
about the trainee’s learning needs which can be used 
for providing guidance or feedback[21]. This technique 
is effective for teaching both history and physical exam 
skills as well as for teaching communication skills. In 

advance of the patient encounter, the teacher and learner 
should agree on which aspect of the interaction will be 
targeted for the brief observation-such as establishing 
patient rapport, history taking, physical examination, or 
discussion with nurse, consultant or family member. As 
with other learner-centered models, the instructor should 
set clear expectations, directly observe the learner and 
provide specific feedback and teaching.

The “one-minute preceptor model” is another focused 
teaching tool that is easy to implement while engaging in 
patient care[22]. This method uses a 5 step approach: (1) 
query the learner about what he/she thinks is going on 
with the patient; (2) probe for underlying reasoning or 
alternative explanations; (3) teach a general principle; (4) 
reinforce what was done well; and (5) correct any errors 
and make suggestions for improvement. In a mere one 
minute, the instructor is able to obtain a brief assessment 
of the trainee, provide an educational pearl, and deliver 
immediate positive and negative feedback. Research on 
the one-minute preceptor model suggests that it is an 
effective and efficient method of engaging learners in 
high-level case discussions of clinical problems, and its 
use is associated with strong satisfaction by both learners 
and teachers[23,24].

“Activated demonstration” is a model in which the 
learner is asked to observe the clinical teacher performing 
a skill that is unfamiliar to the learner[25]. After preparing 
the learner with a preview of the upcoming teaching 
points, the learner is given a specific assignment to 
complete while observing, such as “Watch how I perform 
the laryngoscopy”, and provided expectations in terms 
of participation. After the demonstration, the teacher 
“activates” the learner by asking him or her to describe 
what was observed. A brief discussion of relevant learning 
points then occurs in which the rationale for the actions is 
examined and further study may be assigned. 

“Teaching scripts” are concise, pre-prepared high-
yield lessons that the instructor can teach the learner 
when the appropriate clinical setting arises[26]. To be most 
effective the script should be adapted to account for the 
trainee level, the patient’s clinical circumstances, and 
the disease process under consideration[27]. Examples of 
teaching scripts might include “choosing sedation drugs 
for an intubated patient” or “fluid management in ARDS”. 
Over time, seasoned clinicians naturally create a portfolio 
of scripts that they can effortlessly access, but educators 
at all levels can proactively develop teaching scripts. 
Limiting the number of learning topics discussed to 2 or 
3 per day will increase their significance and the attention 
paid to each of them[28]. Too many topics can overwhelm 
the learner, ultimately reducing the educational impact. 
Finally, it is imperative to briefly review and summarize the 
important learning topics that were covered and discuss 
related learning activities. For example, “to review, 
today we discussed ventilatory management for ARDS. 
This afternoon, our critical care fellow will share a recent 
article that is related to our discussion”. This summary 
reinforces prior learning and encourages evidence-based 
practice as well as peer-to-peer education.
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Feedback is a powerful instructional strategy that 
can be effectively provided with limited time[29]. The key 
to feedback is providing specific descriptive comments 
about a learner’s performance. The “Ask-Tell-Ask” model 
is a common model for giving feedback[30]. With this 
approach the teacher first sets the stage for providing 
feedback by telling the learner, “I would like to give you 
feedback”. Then, the instructor asks the learner to assess 
his/her own performance with a question like, “How do 
you think you did?”. Next, the teacher provides his/her 
own observations (importantly, positive and corrective), 
addresses the learner’s self-assessment and provides an 
action plan for improvement. This approach incorporates 
the learner’s perspective, avoids judgment and promotes 
the skill of self-reflection. The timing and location of 
providing feedback may vary depending on the issue and 
urgency. On-the-spot feedback based on events occurring 
at the bedside has the advantage of providing patient-
centered in-training evaluations, which are a cornerstone 
of medical education[31]. In addition trainees highly value 
feedback related to specific behaviors performed at the 
bedside, associating high quality teaching with feedback 
pertaining to specific behaviors such as bedside skills and 
case presentations[32]. Delaying constructive criticism until 
a later time might be beneficial in some circumstances 
to avoid feelings of trainee embarrassment. However it is 
important to consider that a delay in feedback might also 
lead to continuation of incorrect and potentially harmful 
patient care, thus quick context-specific feedback is 
beneficial in most circumstances with a plan for more 
extensive discussion in a quiet, “safe” environment at a 
later time. 

Revamping ICU lectures - “flipping” the classroom
Learning within the ICU environment is challenging, not 
only because of the complexity and rapid pace of patient 
care but also because of the breadth of knowledge 
required to care for critically ill patients. A number of 
critical care organizations have undertaken the task of 
defining learning objectives for trainees in the critical 
care setting[33-35]. Given the time constraints associated 
with clinical practice it is not possible to expose trainees 
to every topic relevant to critical care. Lectures are a 
common method of covering a “core curriculum” in critical 
care yet the efficiency and efficacy of this educational 
approach is low. It has been shown that learners’ atten­
tion decreases after only ten minutes and learners only 
remember approximately 20% of the transmitted content 
following a lecture[36]. Consequently, there is need for 
new educational methods that result in more efficient 
and effective knowledge transmission than provided in 
traditional conference room lectures. These new methods 
should not be limited to the transmission of purely factual 
knowledge, but should provide the opportunity to apply 
this knowledge to problem solving in practice.

The “flipped classroom” is a novel instructional para­
digm designed to increase learning by integrating in-
class experience with out-of-class learning[37]. In this 
paradigm, learners first gain exposure to new material 

individually, usually via reading or watching instructional 
videos. Formal teaching time is then used for learning-
centered activities that build on the pre-class work rather 
than providing traditional lectures. During the formal 
teaching time, an instructor facilitates trainee-driven 
discussion of the material via question and answer, 
discussion, case studies, problem-based learning, and 
other face-to-face activities. By applying their new know­
ledge with the guidance of a facilitator, trainees have 
access to immediate feedback from peers and faculty, 
which will help them more readily recognize and correct 
errors in thinking. These “active learning” activities will 
allow for complex problem solving, peer interaction, and 
better prepare learners to function independently. 

The flipped classroom paradigm is particularly well 
suited for the ICU learning environment, where acquisi­
tion of “core” critical care knowledge is necessary before 
progressing to the more complex clinical problem solving 
that is required for patient care[38]. Practicing clinical 
decision-making in the classroom improves knowledge 
retention and has the further inherent advantage that 
the trainees can learn from their mistakes in a safe en­
vironment without endangering patients. The flexibility 
afforded by the flipped classroom allows for learning 
despite the unpredictability of the ICU environment, as 
learning materials may be made available to learners 
regardless of clinical demands or their particular shift 
schedule. The mechanism used to expose learners to new 
learning material can vary from simple textbook readings 
to lecture videos or podcasts. Pre-class assignments can 
be varied based on differing backgrounds and training 
levels of the learners. If video-based educational ma­
terials are used, they can be paused and replayed, 
allowing learners to move through the material at their 
own pace. Using varied formats to present educational 
content can also support differences in individual learning 
styles and preferences.

There is no single approach to flipping the classroom 
in practice. The means of delivering educational content 
and the ways in which face-to-face activities are used 
can vary with the subject matter, characteristics of the 
learners, preferences of the instructor, and available 
resources. It is essential however that in- and out- of 
class activities are carefully integrated to optimize the 
beneficial effects and encourage trainees to be prepared 
for the in-class activities. Well written objectives that 
inform the trainees what they are going to learn and 
how they are going to be assessed should be clearly 
linked to each individualized learning task.

Some practical tips for flipping the classroom in­
clude[39]: (1) learners must be provided resources to 
acquire factual knowledge prior to the classroom phase. 
Providing short educational videos, many of which are 
readily available via Open Educational Resources are 
effective, provided they are matched to the desired 
learning objectives[40]. The use of other, non-digital 
material is, however, equally possible; (2) implemented 
technology should ideally be easily-accessible and ideally 
already be familiar to the learners; (3) activities both 
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in the pre-class and classroom phases must be well-
structured. Trainees will accept demands for learning more 
easily when content and time requirements are firmly 
defined; (4) incentive systems should be implemented to 
encourage trainees to complete the pre-class activities 
before the classroom phase. For example, short multiple 
choice quizzes could be given with correct answers; 
(5) methods of assessment should be implemented to 
provide feedback to the trainees on their knowledge 
acquisition and learning performance achieved through 
the pre-class and classroom activities; and (6) feedback 
from trainees is essential to the success of the flipped 
classroom. Trainees should be encouraged to provide 
this feedback regularly throughout the learning process 
including the pre-class activities. 

While there is limited literature to date exploring the 
flipped classroom model in the context of critical care 
education, evidence of its efficacy from other areas 
of undergraduate and graduate medical education do 
appear promising[38,39,41].

Improving procedural training
Critical care trainees must gain procedural competence in 
a number of technical domains, including vascular access, 
airway management, bronchoscopy, chest tube placement, 
and critical care ultrasonography. A fundamental chall­
enge in procedural training is to find the optimal balance 
between providing educational opportunities for trainees 
and ensuring safe, efficient patient care. While it can be 
argued that it is inappropriate to allow an inexperienced 
trainee to perform a procedure in a high-risk situation, 
such as in the care of a critically ill patient, it can also be 
argued that unless trainees are allowed such practice, 
there will be fewer and fewer clinicians competent to 
perform life-saving procedures. Since the introduction 
of the duty-hour limits, concern has arisen that trainees 
may not be getting as much experience in procedural 
skills as they once did[42,43]. Given the rapidly changing 
landscape of critical care practice, with an ever increasing 
number of diagnostic and therapeutic tools to master, it 
is necessary that trainees receive high-quality procedural 
teaching. Although a variety of frameworks for procedural 
teaching exist in the literature, many training programs 
continue to rely on an apprenticeship model. The trainers 
themselves may have varying amounts of expertise with 
a given procedure which further complicates training. 
To address these challenges, the literature supports 
a standardized approach to procedural education with 
performance assessed and mastery demonstrated away 
from the clinical setting[44-46]. Multifaceted learning strategies 
that incorporate computer-based learning, task trainers, 
and simulation to provide the necessary conceptual and 
technical understanding of the fundamentals of procedures, 
followed by observing and then performing procedures 
on healthy patients in the operating room or other 
elective situations, have been recommended to facilitate 
procedural learning before the trainee attempts high risk 
procedures on critically ill patients[47,48]. Computer-based 
instruction can provide essential information about a 

procedure, including its indications, required equipment, 
and procedural steps. Computer-based learning has 
been shown to be an effective alternative for providing 
fundamentals of central line placement, basic ultrasound 
training and acquisition of knowledge required for difficult 
airway management[49-52]. After learners receive funda­
mental information on a procedure, task trainers and 
simulation can be employed to teach technical skills. 
Hands-on approaches offer learners physical training in 
performing procedures and opportunities to rehearse 
these skills in context without the risk of patient harm. 
A number of studies have demonstrated that deliberate 
practice with the use of simulation can improve skills in 
the clinical environment[53-55]. Use of procedural checklists 
can be helpful during the technical training to evaluate 
each step in procedural performance and to appropriately 
modify behaviors[54]. Adjunct technology can also be 
utilized to facilitate procedural learning and performance. 
For example ultrasound use can improve understanding of 
relevant anatomy and is supported by data demonstrating 
superiority in overall success and complication reduction for 
CVL placement, arterial catheter insertion, thoracentesis, 
and paracentesis[48]. Use of video laryngoscopy, which 
provides shared views of the airway, improves trainer 
and trainee collaboration, resulting in more rapid learning 
curves and increased intubation success rates[55,56].

Even with prior simulation experience, it may be un­
realistic to expect trainees to move directly into a dynamic 
environment such as the ICU and perform procedural 
skills, especially during crisis situations. Controlled patient 
encounters that involve performing procedures under 
elective conditions with supervision by experienced 
clinicians may help to translate skills that were learned 
in simulation exercises into the clinical environment in a 
safe manner. Just-in-time training (JITT) has also been 
proposed as a training approach to translate learning from 
the controlled simulation environment into the actual 
patient setting. With JITT, trainees practice procedural 
skills and refresh muscle memory immediately prior to 
performing the procedure on a patient. The JITT concept 
is based on literature showing that both knowledge and 
technical skills decay over time and therefore the clinician 
benefits from training “just-in-time”, moments before 
the procedure[57]. It has also been described in reducing 
undesirable outcomes in acute procedures, including 
CPR skills, endotracheal tube placement, central venous 
catheter insertion and lumbar puncture[58-60]. In addition 
JITT has been shown to reduce the time to successful 
completion of procedures, and may even play a role in 
long-term retention of procedural skills[61].

To facilitate JITT all that is needed is a low-fidelity task 
trainer that is specific to the chosen procedure. Ideally, 
this task trainer should be a portable model that can be 
stored and easily accessed in the critical care practice 
environment. If possible, authentic equipment should 
be set aside and dedicated for JITT. Prior to beginning 
the procedure on a patient, the preceptor instructs the 
learner to perform the procedure on a task trainer as if 
it were a real patient using a checklist of critical actions. 
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For example, in the case of utilizing JITT for endotracheal 
intubation, skills that can be practiced include: Proper 
positioning of the patient; effective bag-valve-mask 
ventilation techniques; correctly maneuvering a laryn­
goscope; visualizing the vocal cords; inserting the 
endotracheal tube through the glottic opening; correctly 
using airway adjuncts, if needed, as rescue airway 
devices (e.g., laryngeal mask airway or bougie).

The preceptor monitors the learner’s performance 
with each skill and provides continuous formative 
feedback. The learner is encouraged to ask questions 
throughout the process and the preceptor is provided the 
opportunity to correct mistakes in real-time and optimize 
performance which will be immediately transferrable to 
the actual procedure moments later. When the preceptor 
is satisfied with the trainee’s demonstrated procedural 
skills, they can proceed to performing the procedure on 
the patient. Using this approach, trainee confidence and 
procedural readiness should improve thereby increasing 
patient safety.

Facilitating education during handover
Effective handovers allow a team of multiple providers to 
deliver safe and high quality care by ensuring continuity. 
Despite its crucial role in ensuring safe and effective 
patient care, a number of studies have characterized the 
process as haphazard and error prone and have linked 
substandard handovers to adverse events[62]. Critically 
ill patients are particularly vulnerable to ineffective hand­
overs given their complex clinical history and severity of 
their condition[63]. Patient handover has been identified 
as a priority to ensure patient safety and the ACGME 
requires that all training programs monitor handovers[64]. 
A growing number of studies have proposed educational 
interventions to improve handovers; however studies 
that demonstrate improvement in actual patient outcomes 
based on these interventions are still limited[65]. A recent 
systematic review found that there were four primary 
methods for teaching handovers: (1) providing online 
materials such as videos, texts, and protocols; (2) 
lectures and group sessions; (3) simulation activities; and 
(4) role-playing exercises[66]. Common content themes 
of these educational handover interventions include: (1) 
information management; (2) team-work, leadership; 
and communication; and (3) error awareness and pro­
fessional behavior[66].

In addition to facilitating continuity of care, handovers 
can also provide an active learning opportunity[67,68]. Hand­
overs, by nature, are associated with clinical uncertainty, 
making it important for participants to reduce uncertainty 
through active dialogue[67]. This active dialogue promotes 
learning through discussions of approaches to diagnosis 
and management of specific conditions and may also 
occur through feedback on clinical actions taken in the 
preceding shift. For example, if a trainee admits a patient 
and makes a preliminary diagnosis that was confirmed 
after their shift, he or she should be provided this feed­
back, thus affirming his or her diagnostic approach. This 
post-shift feedback can encourage trainees to reflect on 

the results of their clinical actions even when they are not 
present to see them unfold. This feedback approach is 
especially important given current duty hour restrictions.

In addition to relying on the clinical exchange of 
information and discussions regarding patient care as 
a way to promote learning, there are more deliberate 
methods which can be employed to ensure that learning 
takes place during handovers. The most obvious of 
these is direct supervision of the handover process by 
experienced clinicians (faculty, fellows, etc.) who can 
provide guidance to trainees. It is important to recognize 
that while experienced clinicians can supervise the 
handover, faculty may have limited experience with new 
handover processes and faculty development may be 
required before implementation. Supervision of handovers 
serves as a way to ensure not only that critical patient 
information is being communicated, but also as a means 
to answer the clinical questions that arise during the 
course of the shift, thereby ensuring that all learners have 
access to clinical teaching. In addition to direct supervision, 
another approach to enhance the learning process during 
handovers is to supplement it with short educational 
modules tailored to a current case or a set of cases 
that are commonly encountered. With this approach, 
the handover is linked to practice-based learning and 
improvement (an ACGME core competency), allowing 
learners to integrate new knowledge into their clinical 
practice.

One way for clinicians to optimize the supervision of 
handovers and associated teaching is to stratify them 
according to case complexity[69]. Severity of illness, 
worsening disease trajectory, or incompleteness of the 
medical history or diagnostic workup, for example, are 
factors that increase the importance of an effective 
handover for ensuring care of a vulnerable patient. In 
contrast, the handover of a stable or otherwise well-
characterized patient, even if the handover is performed 
poorly, is less likely to lead to an adverse event. Factors 
that increase the risk of an ineffective handover include 
the degree of familiarity of the clinicians with the patient, 
the type of handover, and the level of experience of the 
clinicians involved[69]. At a minimum the handovers for 
complex, critically ill patients should be supervised until 
trainees have demonstrated the ability to perform them 
effectively and consistently. Even after competency 
has been demonstrated there also may be benefits 
to continuing some level of handover supervision. From 
the standpoint of improving patient safety, a skilled 
observer can reduce handover errors by providing real-
time feedback to the participants, thereby contributing 
to enhanced accuracy and encouraging experiential 
learning[69].

Handovers can also be used to evaluate trainee 
performance and provide formative feedback, as it 
provides an opportunity to directly observe behaviors 
related to communication as well as competencies such 
as professionalism. Evaluations can occur during the 
handover or as a summary at the end of a rotation. While 
real-time evaluations have the benefit of providing 
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immediate feedback, summary evaluations at the end 
of a rotation have the advantage of enabling trainees 
to assess improvements in handover performance over 
time and after repeated interactions. Ideally, handover 
evaluation should be competency-based and linked 
to specific, observable behaviors. The quality of the 
handover content can be assessed using questions 
such as, “was anticipatory guidance provided and easy 
to interpret?” or “did ‘to-do’ items include a rationale?” 
Evaluating the receivers of handover content may be 
more difficult, but observable behaviors could include 
actions indicating active engagement such as asking 
questions, taking notes and maintaining eye contact[70]. 
In addition to monitoring the quality of verbal exchange 
between senders and receivers of the handover, written 
documentation to facilitate the handover can be assessed 
for accuracy and readability. Often, a structured template 
is used to facilitate the transfer of verbal information 
during handovers. However, documents that are used 
to support handovers, whether on paper or generated 
electronically often contain errors, which most often 
result from a failure to keep these documents up-to-date. 
Therefore, examining the accuracy of the information in 
the document, and making certain that key elements 
such as medications, allergies and code status are up­
dated, will help to ensure the accuracy of information 
transmission during handover.

Handovers consist of a series of complex communi­
cation tasks and it is critical that trainees acquire the 
specific skills required to both give and receive them. 
These skills include developing strategies for information 
management, managing handover dialogue through 
active listening, asking questions, and collaborating to 
generate a shared understanding for optimal exchange 
of information necessary to guide patient care. The 
skills required for effective handover communication will 
improve with greater supervision and feedback from 
experienced clinicians. 

In-situ team based training
The management of critically ill patients requires multi­
disciplinary teams to work collaboratively. Core elements 
of team performance (e.g., leadership, adaptability, 
mutual trust, closed-loop communication) impact the 
quality and safety of patient care[71-73]. Despite the 
importance of team performance on patient outcomes, 
providing training specifically designed to improve team 
dynamics is a relatively new concept for many medical 
specialties including critical care. Evidence suggests 
that to improve multidisciplinary team performance it is 
necessary to train as a multidisciplinary team[73]. In situ 
simulation training has been recognized as a technique 
to improve multidisciplinary team performance[74,75]. 
Training within the actual critical care environment allows 
teams to test their effectiveness in a controlled manner 
and to interrogate departmental and hospital processes 
in real time and in real locations[74]. In addition, in situ 
simulation has the advantage that it can be incorporated 
into the activities of daily practice which is less disruptive 

to staffing.
Team composition during in situ simulation training 

should reflect normal working practice including different 
professions and levels of training. Team members should 
train in their normal roles and at their own skill level and 
scope of practice-clinicians should not be expected to 
perform a skill outside of their scope of practice. While it 
is possible to teach technical skills using multidisciplinary 
in situ simulation, it is arguably better suited to teaching 
nontechnical skills[74,75]. Although it is possible to spend 
a large amount of money on high fidelity simulation 
equipment, it is not essential. A basic platform which is 
adequate for most critical care simulations only requires 
a vital sign monitor with adjustable parameters, a clinical 
bed space, and some clinical consumables. There is little 
evidence that enhanced fidelity creates a better learning 
environment[76]. In fact, enhanced fidelity may actually 
detract from the learning environment depending on the 
learning objectives. In many cases, real people playing 
the role of a patient (so called “standardized patient 
actors”) are just as effective and are more realistic 
especially for scenarios focusing on communication and 
teamwork. Audiovisual equipment can also be useful for 
recording the simulation to enhance discussion during 
debriefing. However, this is not essential. It is feasible to 
use a phone camera or tablet as a low-cost solution. If 
video or audio recording is performed, participants must 
provide consent prior to the session and storage and 
usage of the electronic media must be controlled. 

When initiating an in situ simulation program it is 
generally best to start with simple scenarios aimed at 
participants’ readiness level which will invoke challenge 
rather than frustration or embarrassment. More com­
plicated or complex scenarios can then be introduced once 
the program has been established. Regular repetition of 
commonly occurring scenarios such as cardiac arrest, 
emergency intubation, and sepsis management can be 
used to reinforce learning and teamwork by applying a 
“practice until perfect” approach. Complexity may also be 
added to simple scenarios through the use of embedded 
participants who play a role that is intended to add 
cognitive noise or conflict to the scenario. 

It is important to spend time preparing the simulation 
participants prior to the scenario[77]. This “prebriefing” 
is a time when the facilitator describes the purpose of 
the simulation, the learning objectives, the process of 
debriefing, and clarifies expectations. This prebriefing 
should also include a confidentiality agreement and 
an explanation of the rules of simulation engagement, 
including a description of the simulated “patient”, the 
limitations of the simulation and how they will be over­
come, what equipment is available, how drugs and fluids 
can be “administered,” and safety rules (e.g., the use 
of a live defibrillator). Adopting a “stop word”, which will 
immediately terminate the simulation, is also important 
to ensure participant safety. It is also essential that an 
environment of trust is created early on, typically during 
the prebriefing. If participants feel safe and understand 
how they are expected to participate as a team prior to 
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the session, they will have the maximum opportunity for 
learning within the time available.

Debriefing is an essential, and arguably the most 
important, element of simulation because it encourages 
self-reflection which promotes a deeper level of un­
derstanding and thereby increases the likelihood of 
successful transfer of acquired knowledge and skills 
to the clinical setting[78]. Debriefing should take place 
immediately after the simulation especially in the critical 
care environment where participants must return to 
clinical responsibilities. When allocating time for an in situ 
simulation session, it is important to allocate sufficient 
time for debriefing. As a simple guideline, the debriefing 
session should be allocated at least the same amount of 
time as the duration of the simulation scenario itself[75]. 
Standardized debriefing formats have been suggested 
to ensure that key components are covered within the 
limited time frame[79]. The debriefing session should be 
designed to achieve the learning objectives and tailored 
to the specific participant and team characteristics. 
Learning objectives are often specified beforehand, but 
may also evolve within the simulation. With pre-specified 
objectives, such as improving particular team behaviors, 
the debriefing session affords the opportunity to examine 
how closely participants’ performance approached the 
goal target, and furthermore, what additional learning is 
required to bridge the gaps between performance and 
the target. With evolving objectives, participants may 
be asked to reflect on the observed evolution of the 
scenario and to evaluate how the behaviors, attitudes, 
and choices demonstrated in the simulation relate to real 
life situations[79,80]. 

An individual should be designated to facilitate the 
debriefing process. The facilitator should not “script” the 
debriefing process but rather should provide sufficient 
discussion prompts and tools to ensure that participants 
actively engage in critical analysis, shared reflection and 
application of the experience to clinical practice. The 
facilitator is also responsible for ensuring that time and 
pace is managed effectively. When facilitating a debriefing 
some simple approaches can be very effective: Start by 
asking open ended questions such as “how did it go?”. 
As participants respond, rephrase their responses back 
to them as skills that are part of the learning objectives. 
Next ask, “what could you do better?”. When asked this 
question, the participants will invariably bring up many 
management areas that you were going to mention. 
Finally inquire, “what will you do differently next time?”. 
This will help the trainees focus on making meaningful 
but simple changes for the next time a similar situation 
is encountered. The facilitator should close the debriefing 
by prompting the participants for questions or addressing 
any specific issues that were not discussed with open 
ended questions. Debriefing is a time when participants 
may feel most vulnerable to criticism in front of their 
peers. This vulnerability may be particularly pronounced 
with in situ simulation since participants work closely 
with each other. For this reason, creating a friendly and 
supportive atmosphere is imperative. In summary, in situ 

simulation has the potential to improve patient safety by 
strengthening skills in teamwork and communication that 
are essential for well-functioning critical care teams. 

CONCLUSION
Technological advances and evolving demands in medical 
care have led to challenges in ensuring adequate training 
for providers of critical care. Evidence suggests that 
reliance on the traditional experience-based model 
alone is insufficient for ensuring quality and safety in 
patient care. Evidence-based approaches for improving 
the efficiency and efficacy of critical care education, 
have been developed and should be integrated into 
training programs. While a variety of such approaches 
are described in this paper they share common chara­
cteristics. These include utilizing methods to rapidly 
identify learner needs, teaching directly to those needs, 
and providing specific feedback on performance. In 
addition these approaches emphasize active learning 
activities and integrate educational experiences from the 
classroom and clinical settings. Finally such approaches 
share the advantage that can be incorporated into the 
daily practice of critical care without substantial cost, 
workflow disruption or compromise in the quality of 
patient care. Moving forward, it is imperative that critical 
care educators keep abreast of emerging educational 
technologies including personalized learning, mobile 
technologies and learning analytics[80]. While there is 
sparse literature describing the benefits and limitations, 
such technology has the potential to enhance learning 
and clinical competence within the critical care setting. 
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Abstract
Artificial nutrition (AN) is necessary to meet the nutri
tional requirements of critically ill patients at nutrition risk 
because undernutrition determines a poorer prognosis 
in these patients. There is debate over which route 
of delivery of AN provides better outcomes and lesser 

complications. This review describes the management 
of parenteral nutrition (PN) in critically ill patients. 
The first aim is to discuss what should be done in 
order that the PN is safe. The second aim is to dispel 
“myths” about PN-related complications and show 
how prevention and monitoring are able to reach the 
goal of “near zero” PN complications. Finally, in this 
review is discussed the controversial issue of the route 
for delivering AN in critically ill patients. The fighting 
against PN complications should consider: (1) an app
ropriate blood glucose control; (2) the use of olive 
oil- and fish oil-based lipid emulsions alternative to 
soybean oil-based ones; (3) the adoption of insertion 
and care bundles for central venous access devices; 
and (4) the implementation of a policy of targeting 
“near zero” catheter-related bloodstream infections. 
Adopting all these strategies, the goal of “near zero” 
PN complications is achievable. If accurately managed, 
PN can be safely provided for most critically ill patients 
without expecting a relevant incidence of PN-related 
complications. Moreover, the use of protocols for the 
management of nutritional support and the presence 
of nutrition support teams may decrease PN-related 
complications. In conclusion, the key messages about 
the management of PN in critically ill patients are two. 
First, the dangers of PN-related complications have been 
exaggerated because complications are uncommon; 
moreover, infectious complications, as mechanical 
complications, are more properly catheter-related and 
not PN-related complications. Second, when enteral 
nutrition is not feasible or tolerated, PN is as effective 
and safe as enteral nutrition.

Key words: Enteral nutrition; Intensive care; Nutritional 
support; Vascular access; Artificial nutrition
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Core tip: The goal of parenteral nutrition (PN) is to com
plete the therapy without complications. But the goal 
of “near zero” PN-related complications is achievable 
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if appropriate prevention and monitoring procedures 
for reducing PN complications are instituted. The key 
message of this review is the strong recommendation 
for the development and implementation of protocols 
for the safe management of PN in critically ill patients, 
in which each healthcare professional will be actively 
engaged. If accurately managed, PN can be safely 
provided for most critically ill patients without expecting 
a relevant incidence of PN-related complications.

Cotogni P. Management of parenteral nutrition in critically ill 
patients. World J Crit Care Med 2017; 6(1): 13-20  Available 
from: URL: http://www.wjgnet.com/2220-3141/full/v6/i1/13.htm  
DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.13

INTRODUCTION
Nowadays, the debate on the use of artificial nutrition 
(AN) in critically ill patients is a hot topic. In fact, many 
controversies still remain on several aspects of nutrit­
ional support of these patients, e.g., timing, quality of 
macronutrients, safety, incidence of complications, and 
route of delivery[1,2].

This review has not the purpose to extensively dis­
cuss the indications for parenteral nutrition (PN) that 
are clearly stated in the guidelines, but describes the 
management of PN in critically ill patients. The first aim 
is to discuss what should be done in order that the PN 
is safe. The second aim is to dispel “myths” about PN-
related complications and show how prevention and 
monitoring are able to reach the goal of “near zero” 
PN complications. Finally, in this review is discussed 
the controversial issue of the route for delivering AN in 
critically ill patients.

INDICATIONS FOR PARENTERAL 
NUTRITION
Generally speaking, guidelines[3-5] recommend in critically 
ill patients to initiate enteral nutrition (EN) if oral food 
intake is insufficient, and PN if EN is not sufficient or 
feasible. But, the key question is: When to use PN in 
critically ill patients? Nowadays, the role of PN in critically 
ill patients is one of the most controversial topic in 
debate. In fact, there are conflicting recommendations 
released by the American Society of Parenteral and 
Enteral Nutrition (ASPEN)[3] and the European Society for 
Clinical Nutrition and Metabolism (ESPEN)[4] regarding 
the use of PN in this population. For this reason, the 
indications for PN in critically ill patients were copied from 
the guidelines and “pasted” in an Appendix enclosed to 
this review.

PARENTERAL NUTRITION SAFETY
PN is a complex prescription therapy associated as every 

other therapy with the potential risk of adverse effects. 
To prescribe, compound, and dispense PN in critically 
ill patients are three key components of a multifaceted 
process involving different healthcare professionals re­
presenting the discipline of medicine, nursing, pharmacy, 
and dietetics, frequently working together in a Nutrition 
Support Team[6].

Specifically, the physician prescribing PN should 
have some competences in indications for PN, infection 
control, peripheral and central vascular access devices 
(VADs) and all their related complications. As a matter 
of fact, PN complications can occur both because of the 
PN itself and as the result of the PN process.

Moreover, lapses, mistakes, and errors may occur 
during all the phases of PN. Examples of lapses in the 
verification process include PN administration: (1) to the 
wrong patient; (2) by the wrong route, infusing a central 
mixture via a peripheral vein or through an incorrect 
tubing connection; and (3) at the wrong infusion rate. 
Mistakes concerning wrong infusion rates are among 
the most frequent errors quoted by literature. These 
errors pose the risk for patient harm due to potential 
severe metabolic alterations such as hyperglycemia or fat 
overload.

A proper management of the PN can get full advan­
tage from its beneficial impact on the patient’s condition 
and lessen the potential adverse effects. Actually, the 
ASPEN continuously releases clinical guidelines and 
consensus recommendations about PN safety[7].

The introduction in the daily practice of the “all-in-
one” bags (i.e., the commercially available premade 
multichambered bags) without doubt has improved 
the PN safety. The ASPEN guidelines[7], comparing the 
compounded with the multichambered PN formulations, 
state that the latter have many clinical advantages and 
better meet the needs of patients. In fact, the “all-in-
one” bags allow continuous and stable infusion of all 
macronutrients. In particular, optimal nitrogen utilization 
has been found to be achieved when the administration 
of all macronutrients is performed simultaneously.

Since 2000, Pichard et al[8] demonstrated that the 
use of 3-compartment bags for PN was less expensive 
than separate bottles and hospital compounded bags. 
Moreover, these authors demonstrated that standard 
formulas satisfied the needs of more than 95% of 
the adult patients. Pontes-Arruda et al[9] documented 
that in critically ill patients the delivery of PN through 
compounded bags was associated with a significantly 
higher rate of bloodstream infections (BSIs) and central 
line-associated bloodstream infections (CLABSIs). These 
authors suggested that the use of multichamber bags 
may play a role in decreasing the rate of BSIs in critically 
ill patients receiving PN.

Another crucial issue about PN safety is the Y-site 
compatibility of intravenous (IV) drugs with PN. Ad­
ministering PN and medications at the Y-site is not 
recommended, but unfortunately cannot be avoided 
when a large number of IV drugs have to be co-infused 
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like in critically ill patients. In an interesting study[10], the 
physicochemical compatibility of the contact 1:1 between 
many medications and PN was evaluated in vitro after 1 
and 4 h. The authors found an incompatibility after 1 h 
among PN and the following medications at the tested 
concentrations: Albumin (200 mg/mL), esomeprazole 
(0.8 mg/mL), pantoprazole (0.8 mg/mL), tropisetron (1 
mg/mL), and fluorouracil (25 and 50 mg/mL). Moreover, 
they reported an incompatibility after 4 h among PN and 
the following antibiotics: Cefepime (100 mg/mL) and 
amoxicillin (50 mg/mL) plus acid clavulanic (10 mg/mL).

The ASPEN recommends the use of in-line filters for 
PN delivery to reduce potential harms due to microor­
ganisms, air emboli, particulates, and microprecipitates[7]. 
In-line filters are required for at increased risk critically 
ill patients (immune-suppressed or infants, neonates, 
and children), but their use is controversial in not at-risk 
ones.

PARENTERAL NUTRITION 
COMPLICATIONS
To reduce the rate of PN-related complications the first 
recommendation is to know well them. Every healthcare 
professional involved in the management of critically ill 
patient should be prepared to recognize early the onset 
of a PN complication and intervene for managing it. 
The PN-related complications can be classified as: (1) 
metabolic; (2) infectious; and (3) mechanical.

Metabolic complications
The metabolic complications that can occur acutely are 
altered hydration status, electrolyte disturbances, and 
hyperglycemia. These complications are common in 
critically ill patients, but fairly easy to manage. On the 
contrary, other severe metabolic complications such 
as PN-associated liver dysfunctions (i.e., steatosis, 
cholestasis, and gallstones) and metabolic bone disease 
may be caused by long-term PN use (i.e., years). 
Indeed, this is not the case for critically ill patients that 
usually are on PN for weeks and rarely for few months.

To decrease the incidence of metabolic complications 
is very important to identify them early by monitoring. 
The latter should be clinical - and laboratory-based. It is 
strongly recommended the monitoring of fluid balance 
targeting “near zero”, as well as the daily check for edema 
and fluid retention. Moreover, a well-scheduled laboratory 
monitoring should be designed for checking electrolytes 
(particularly, phosphate, magnesium, and calcium), renal 
(particularly, Estimated Glomerular Filtration Rate) and 
liver function (transaminases, bilirubin, and gamma-glu­
tamyl transferase). In case of prolonged PN (i.e., weeks or 
months), the laboratory monitoring should be designed for 
checking trace elements deficiencies (selenium, zinc, and 
copper), as well as potential anemia causes (vitamin B12, 
folic acid, iron, and copper).

However, the most important recommendation to 
reduce the incidence of metabolic complications is to 

prevent them. At the beginning of the use of PN, the 
administration of high doses of glucose frequently caused 
hyperglycemia. Hyperglycemia (i.e., glucose > 10 mmol/L 
or > 180 mg/dL) contributes to severe infections, organ 
dysfunctions, and death in critically ill patients and 
therefore should be carefully avoided. Currently, glucose-
induced abnormalities can be prevented by choosing PN 
formulations with a reduced glucose amount. In hospi­
talized patients with hyperglycemia, glycemic control is 
usually easily achieved by the IV pump-driven infusion 
of short-acting insulin or by the addition of short-acting 
insulin into the bag (1-2 U/10 g of dextrose).

In 2001, Van den Berghe et al[11] demonstrated in a 
randomized controlled trial (RCT) in critically ill patients 
a remarkable positive impact of an intensive insulin 
therapy on mortality and several other outcomes in case 
of hyperglycemia. However, many authors subsequently 
reported that there was a higher incidence of severe 
hypoglycemia (i.e., 2.2 mmol/L or 40 mg/dL) in patients 
treated to the tighter limits (i.e., 4.4 mmol/L or 80 
mg/dL). Therefore, in our hospital we recommend to use 
for blood glucose control a cut off of 8.3 mmol/L (or 150 
mg/dL). From a practical point of view, an appropriate 
blood glucose monitoring, based on clinical conditions 
and infusions scheduled, is able to reduce the risk of both 
hyperglycemia and hypoglycemia.

Lipid-induced abnormalities arise very rarely in critically 
ill patients on PN. When these alterations occur generally 
are more frequent related to liver dysfunction/failure than 
to PN. When triglyceride levels become greater than 5 
mmol/dL (or > 400 mg/dL), we recommend to reduce 
the fat provision (e.g., reducing the opening of the lipid 
compartment of the bag). Specifically, we suggest a 
frequency of lipid administration of 1 to 4 times per week 
in proportion to the triglyceride levels, although evidence-
based data supporting this policy are lacking.

Another hot topic in the debate over the nutritional 
support of critically ill patients is the issue of the quality 
of lipid therapy. This issue is still controversial due to, 
at least in part, inconclusive or contradicting results in 
several clinical trials using Ⅳ lipid emulsions alternative 
to soybean oil-based Ⅳ lipid emulsions. In 2013, 
Manzanares et al[12] concluded that alternative oil-based 
lipid emulsions may be associated with reductions in 
length of stay in intensive care unit (ICU), duration 
of mechanical ventilation, and mortality in critically ill 
patients, but lack of statistical precision prevents any 
recommendations until further studies confirm these 
positive effects.

In 2014, in a prospective multicenter study was com­
pared the use of different lipid emulsions (i.e., soybean 
oil, olive oil, and fish oil) in critically ill patients and found 
that patients receiving olive oil and fish oil had a shorter 
time to termination of mechanical ventilation alive and a 
shorter time to ICU discharge alive[13].

High doses of protein intake may lead to high levels 
of nitrogen-containing compounds such as urea and 
creatinine, metabolic acidosis, and hypertonic dehy­
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dration. However, these are very rare PN complications.
Clinical features of deficiencies or excesses of micro­

nutrients (i.e., vitamins and trace elements) during 
PN can be avoided simply with the addition of these 
micronutrients according to a time schedule. Specifically, 
the regular provision through commercial parenteral 
vitamins and trace elements preparations avoids de­
ficiencies. For example, thiamine supplements (i.e., 
100-300 mg/d) should be administered during the first 
3 d in patients with possible thiamine deficiency (i.e., in 
case of severe malnutrition, anorexia nervosa or alcohol 
abuse) to prevent neurological side effects associated 
with glucose delivery during PN.

The optimal intake of macronutrients both energy 
and protein is largely undefined and the prospective trials 
have given controversial results[2]. The gold standard 
to avoid overfeeding should be the use of indirect 
calorimetry for measuring energy expenditure (EE)[1]. 
The main limit of EE measurements is that caloric needs 
may change during the ICU stay. If indirect calorimetry is 
unavailable, a feeding protocol may significantly reduce 
the risk of overfeeding. In fact, as suggested since 
many years in ICU where the patient is often metabolic 
instable, a protocol for management of PN may markedly 
decrease the incidence of PN-related complications.

The most feared metabolic complication of PN is the 
refeeding syndrome (RS). This syndrome can occur as a 
consequence of administration of nutrients to a patient 
with a severe undernutrition (i.e., with anorexia nervosa 
or after a long-standing starvation). The clinical picture 
of RS includes severe and life-threatening electrolyte 
abnormalities (hypophosphatemia, hypokalemia, and 
hypomagnesemia), as well as sodium and fluid retention 
potentially leading to respiratory failure, heart failure, 
and consequently death. RS can be prevented through 
a stepwise and patient’s tailored feeding protocol[14].

The key points for preventing RS is to provide an 
optimal management and a daily monitoring of serum 
electrolyte levels, fluid balance, and organ functions. In 
patients at risk of RS is of pivotal importance to provide 
a prophylactic supplement of phosphate, as well as to 
strictly monitor the serum phosphate levels. Besides, 
sodium and IV fluids administration should be restricted 
to maintain zero balance[14].

Infectious complications
In patients receiving PN, the most feared and relevant 
infectious complications are catheter-related bloodstream 
infections (CRBSIs) and CLABSIs[15]. However, these 
infectious complications are not PN-related but more 
properly catheter-related complications.

The central VAD is of key importance for quite all 
critically ill patients in different clinical scenarios (ICU, 
emergency department, and surgical ward) (Figure 1) 
for the treatment of different disease states (sepsis, 
shock, organ dysfunction/failure, major trauma, burns, 
and postoperative complications) and for a variety of 
purposes (antibiotic therapy, PN, fluids or medications 
infusion, procedures of dialysis/apheresis, and hemody­
namic monitoring)[16].

However, healthcare providers are frequently worried 
about the potential complications (mainly, BSIs and throm­
bosis) related to the use of a central VAD, both centrally 
inserted central catheters (CICCs) and peripherally inserted 
central catheters (PICCs). The choice between CICCs and 
PICCs in critically ill patients is a controversial issue, but 
many authors suggest that PICCs have many advantages 
over standard CICCs[17,18]. For a complete review on 
choice of the VAD (indications for PICCs and comparison 
between CICCs and PICCs), insertion techniques (site 
of insertion, ultrasound guidance, single vs multiple-
lumen, stabilization, and tip position), and care of the 
VAD (dressing of vascular access exit site, administration 
set replacement, and catheter flushing and locking) in 
all critically ill patients (adults, neonates, infants, and 
children)[19].

Since 2006, Pronovost et al[20] demonstrated that it is 
possible to decrease CRBSI in ICU by introducing some 
interventions and recently seems that the goal of “near 
zero” CRBSI could become a reality[21]. In 2013, a group 
of experts included in the top patient safety strategies 
that can be strongly encouraged for immediate adoption 
bundles that have checklists to prevent CLASBIs[22].

The first important strategy to decrease the rate 
of infectious complications is to apply a bundle for the 
insertion of central VADs, including accurate hand hygiene, 
skin disinfection with 2% chlorhexidine, maximal sterile 
barrier precautions, and ultrasound guidance for the 
catheter insertion[23].

Since 2007, the evidence-based guidelines for pre­
venting healthcare associated infections[24] stated that 
the use of ultrasound may indirectly reduce infectious 
complications by facilitating an insertion without immediate 
mechanical complications[25]. Indeed, nowadays is not 
justified not using ultrasound guidance for central VAD 
insertion[26].

Figure 1  A critically ill patient in intensive care unit (image from Paolo 
Cotogni, MD, Image used with permission from author).
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The second relevant strategy to decrease the inci­
dence of infectious complications is to apply a bundle for 
the care of central VADs, including the use of biopatch, 
semipermeable transparent dressing, 2% chlorhexidine 
for skin disinfection, and sutureless devices for the catheter 
care.

Another important strategy to decrease the rate of 
CRBSI is the selection of the exit site[27]. Many authors 
suggest the importance to move the exit site of the 
central VAD from the neck or the supraclavicular area to 
the infraclavicular area for CICCs or the upper mid-arm 
for PICCs.

Mechanical complications
The mechanical complications that can more frequently 
occur are: Lumen occlusion, catheter dislocation, rup­
ture of external tract, and the most feared venous 
thrombosis. However, these complications, as infectious 
complications, are catheter-related and not PN-related 
complications. According to the ESPEN guidelines, central 
catheter-related venous thrombosis may be prevented 
by: (1) the use at insertion of the ultrasound guidance; 
(2) the use of a VAD with the smallest caliber compatible 
with the patient’s need; and (3) the position of the tip 
of the central VAD between the superior vena cava and 
the right atrium (at or near the so-called atrio-caval 
junction)[23].

ENTERAL VS PARENTERAL NUTRITION
Based on the experience of Dudrick et al[28], the use 
of PN was introduced in the late 1960s. Since then, 
without any doubt PN helped greatly many critically ill 
patients to recover from previously life-limiting clinical 
conditions. However, the diffuse use of this therapy in 
all patients, even with extensive indications, brought 
reservations regarding its benefits and increased the 
role of EN in the subsequent years.

In the late 1980s emerging evidence from animal 
studies supported the concept that EN promotes gut 
function and prevents the translocation of intestinal 
bacteria. Therefore, total PN was considered to be a 
“dangerous” form of therapy (e.g., “more harm than 
good” or “a poison”) and this belief resulted in EN 
becoming the new standard of care in AN.

The PN is also criticized because it is more expensive 
than EN. Indeed, both EN and PN are relatively cheap 
treatments, especially if compared to other therapies 
that the critically ill patients need to survive.

All together, these concerns influenced the decision-
making of physicians about the choice between EN and 
PN for the nutrition support of critically ill patients.

In fact, in 2000 Heyland[29] questioned if PN in 
critically ill patients was more harm than good because 
there were studies comparing EN with PN suggesting 
that PN was associated with increased complications 
and mortality in some subgroups of these patients. On 
the contrary, Jeejeebhoy[30] in 2001 had an absolutely 

opposite judgment regarding PN and stated that the rate 
of PN-related complications have been overstated.

In critically ill patients, EN is the recommended 
method of nutritional support when the patient is unable 
to have an adequate oral intake of nutrients to meet 
his/her nutritional requirements and the gastrointestinal 
tract is functional. The enteral route is efficient and cost-
effective, however it is not always as easy as it looks.

Also EN may be the cause of complications that can 
be classified as: (1) metabolic (e.g., RS may occur also 
with EN); (2) gastrointestinal (e.g., early satiety, nausea, 
vomiting, and diarrhea); and (3) mechanical or tube-
related (e.g., malposition, dislodgement, and clogging, 
both in case of nasogastric tube and percutaneous 
endoscopic gastrostomy). Actually, the most feared com­
plication of EN is pulmonary aspiration because it can be 
a life-threatening condition.

The debate over the topic of the route for delivering 
AN in critically ill patients are relevant and attractive. 
Since several years, meta-analysis and RCTs comparing 
EN and PN found conflicting results as regards the benefits 
of EN vs PN in critically ill patients. In my opinion, there is 
a great misunderstanding in this debate; in particular, that 
EN and PN are competitors. On the contrary, the selection 
of EN or PN for delivering nutritional support should be 
tailored on an individual basis.

In fact, the route chosen for providing AN should be 
appropriate to the patient’s clinical conditions and should 
frequently be evaluated for persistent appropriateness, 
as well as for its adequacy in meeting nutritional re­
quirements of the patient. Not infrequently, in critically 
ill patients the gastrointestinal tract is not able to tole­
rate the administration of the prescribed amount of EN 
formula. If a patient develops intestinal dysfunction/
failure due to his/her critical illnesses, PN is more efficient 
to meet patient’s nutritional needs and better tolerated 
than EN.

In 2014, Harvey et al[31] reported the results of a RCT 
evaluating the route of early nutrition support in 2400 
adult critically ill patients. The trial compared early NE 
with early PN and demonstrated that: (1) the PN and the 
EN groups did not have significant differences in rates 
of adverse events, treated infectious complications, and 
other 14 secondary outcomes; and (2) the target intake 
was not achieved in most patients although the caloric 
intake was comparable between the groups. Therefore, 
the authors concluded that: (1) there was no association 
between 30-d mortality and the route for delivering 
the early nutritional support; and (2) early PN, as it is 
generally administered, is neither more beneficial nor 
more harmful than EN in critically ill patients.

SUMMARY
The PN-related complications are catheter-related or 
metabolic complications. In 2005, Beghetto et al[32] 
reported that PN was an independent risk factor for 
central venous catheter-related infection in nonselected 
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hospitalized adult patients. In the past years, the rate 
of catheter-related complications varied from 1.5 to 4.9 
episodes per 1000 catheter days, depending on the 
inhospital patient population, severity of illness, and the 
type of central VAD[33]. However, after the Pronovost 
paper[20], the widespread diffusion of guidelines on care, 
diagnosis, and therapy of complications of central venous 
catheters access in PN patients[23], and the introduction 
of nutrition support teams[6], the incidence of PN-related 
complications is markedly reduced.

In fact, in the RCT of Harvey et al[31] the mean number 
of infectious complications was 0.22 in the parenteral 
group. Moreover, many studies demonstrated that the 
goal of “near zero” CRBSI[21] has been achieved; actually, 
in the recent years the incidence of catheter-related 
infections in ICU patients varied from 0[18,34-36] to 2.4[37] 
episodes per 1000 catheter days.

Moreover, the optimization of energy provision with 
supplemental PN in critically ill patients could reduce 
nosocomial infections, antibiotic usage, and time on 
mechanical ventilation, and consequently overall health-
care costs[38].

It is well known that hepatic dysfunctions are 
common PN-related metabolic complications in patients 
receiving long-term PN[39], but this is not the case for 
critically ill patients that generally receive PN for weeks.

PN is effective and safe when EN is not feasible 
or tolerated. However, in these patients receiving PN, 
endogenous infection is more significant than exogenous 
infection. Indeed, the lack of EN significantly disrupts 
the usual gastrointestinal microbiota, leads to mucosal 
gut atrophy and impaired intestinal barrier function. This 
may determine an impaired immunity favoring endotoxin 
absorption, macrophage-mediated and cytokine-mediated 
inflammation, and dangerous bacterial translocation[33].

The question is: How to decrease the incidence 
of CRBSIs in this condition? The suggestion is that all 
patients receiving PN, because of EN was initially not 
tolerated or feasible, should be assessed every day for 
tolerance of EN and a combined administration of PN and 
EN should be initiated as soon as feasible.

An emerging and intriguing issue is the use of 
probiotics, alone or in combination with prebiotics, in 
critically ill patients to restore the balance of gastro­
intestinal microbiota with a beneficial impact on intestinal 
permeability and bacterial translocation. However, 
further studies in this field are needed before a clear 
recommendation can be released on the possible thera­
peutic use of pre- and probiotics for the protection of the 
gut in ICU patients[40].

CONCLUSION
The AN is necessary to meet the nutritional requirements 
of critically ill patients at nutrition risk because under­
nutrition determines a poorer prognosis in these patients. 
There is debate over which route of delivery of AN 
provides better outcomes and lesser complications in 

critically ill patients.
The fighting against PN complications should consider: 

(1) an appropriate blood glucose control; (2) the use of 
olive oil- and fish oil-based lipid emulsions alternative to 
soybean oil-based ones; (3) the adoption of insertion and 
care central-line bundles; and (4) the implementation 
of a policy of targeting “near zero” CRBSIs. Adopting all 
these strategies, the goal of “near zero” PN complications 
is achievable.

If accurately managed, PN can be safely provided for 
most critically ill patients without expecting a relevant 
incidence of PN-related complications. Moreover, the use of 
protocols for the management of nutritional support and 
the presence of nutrition support teams may decrease 
PN-related complications.

In conclusion, the key messages about the mana­
gement of PN in critically ill patients are two. First, the 
dangers of PN-related complications have been exag­
gerated because complications are uncommon; moreover, 
infectious complications, as mechanical complications, 
are more properly catheter-related and not PN-related 
complications. Second, when EN is not feasible or tolerated, 
PN is as effective and safe as EN.
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Abstract
In view of the enormous popularity of mass sporting 
events such as half-marathons, the number of patients 
with exertional rhabdomyolysis or exercise-induced 
heat stroke admitted to intensive care units (ICUs) 
has increased over the last decade. Because these 
patients have been reported to be at risk for malignant 
hyperthermia during general anesthesia, the intensive 
care community should bear in mind that the same risk 
of life-threatening rhabdomyolysis is present when these 
patients are admitted to an ICU, and volatile anesthetic 
sedation is chosen as the sedative technique. As illustrated 
by the three case studies we elaborate upon, a thorough 
diagnostic work-up is needed to clarify the subsequent 
risk of strenuous exercise, and the anesthetic exposure 
to volatile agents in these patients and their families. 
Other contraindications for the use of volatile intensive 
care sedation consist of known malignant hyperthermia 
susceptibility, congenital myopathies, Duchenne muscular 
dystrophy, and intracranial hypertension. 

Key words: Exertional rhabdomyolysis; Heat stroke; 
Intensive care sedation; Inhalational anesthetics; Malignant 
hyperthermia; Congenital myopathies 
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Core tip: Recent research has shown that a substantial 
proportion of patients with exercise-induced heatstroke 
harbor mutations in the ryanodine-receptor one gene 
on Chromosome 19 (RYR1), encoding for the principal 
calcium-release channel in striated muscle. These same 
mutations are known to result in a massively increased 
calcium-conductivity and life-threatening rhabdomyolysis 
when malignant hyperthermia (MH) susceptible patients 
are exposed to volatile anesthetics during general 
anesthesia. In view of this, exposure to volatile anesthetic 
sedation - an emerging trend in intensive care units - 
is contraindicated, not only in patients with known MH 
susceptibility and other congenital myopathies, but also in 
patients admitted because of exertional rhabdomyolysis 
and heatstroke. 

Heytens K, De Bleecker J, Verbrugghe W, Baets J, Heytens L. 
Exertional rhabdomyolysis and heat stroke: Beware of volatile 
anesthetic sedation. World J Crit Care Med 2017; 6(1): 21-27  
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v6/i1/21.htm  DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.21

INTRODUCTION
Exercise-induced rhabdomyolysis (EIR), also known 
as exertional rhabdomyolysis, is a clinical emergency 
characterized by extensive post-exercise muscle necrosis 
and the release of intracellular muscle components into 
the circulation. The diagnosis is confirmed by a significantly 
elevated serum creatine kinase (CK) level and/or the 
presence of myoglobinemia and myoglobinuria. There 
is no definitive pathological CK cut-off, and therefore, 
clinical symptoms such as muscle swelling, myalgia, and 
tenderness occurring with low-intensity exercise, or lasting 
several days longer than expected, are important clinical 
signs.

The most severe end of the clinical spectrum-and one 
of the leading causes of death in young athletes-is known 
as exertional heat stroke (EHS), a syndrome clinically 
defined as a body temperature over 40 ℃, with severe 
rhabdomyolysis and signs of encephalopathy ranging from 
confusion to convulsions or coma. It is often complicated 
by multiorgan failure, including acute renal and hepatic 
failure, and it may result in death if appropriate treatment 
in an intensive care setting is delayed. 

It has been reported for over two decades that a 
significant part of patients with a history of EIR and/or 
heat stroke is at increased risk of developing malignant 
hyperthermia (MH) during general anesthesia[1,2].

MH is well known among anesthetists. It is inherited 
as an autosomal dominant, genetically heterogeneous 
trait that manifests as an acute rhabdomyolysis during 
general anesthesia when susceptible individuals are 
exposed to volatile anesthetics and/or succinylcholine. 

The incidence is generally estimated to be approximately 
1 in 50000 general anesthesias. In the 1970-1980s, 
mortality was over 80%, but now, it is fortunately less 
than 5%[3].

A fulminant MH-crisis is characterized by a com
bination of clinical and biochemical events: Inappropriate 
hypercapnia and respiratory acidosis, polypnea, tach
yarrhythmia, rapidly increasing body temperature, 
sweating, generalized muscle rigidity, hemodynamic 
instability, dark urine due to myoglobinuria, significant 
CK-increase (often > 10.000 IU/L), and postoperative 
stiffness and myalgia. Death may result from severe 
hyperkalemia in combination with respiratory and meta
bolic acidosis, acute renal failure, hyperthermia > 42 ℃, 
disseminated intravascular coagulation and fatal cardiac 
arrhythmias.

Mortality has decreased significantly over the last 
20 years because of our better understanding of the 
syndrome, the use of end-tidal CO2 (ETCO2) monitoring 
resulting in earlier diagnosis, and the availability of the 
antidote dantrolene. 

Treatment consists of the immediate discontinuation 
of volatile anesthetic agents and the administration of 
dantrolene. The surgical procedure should be terminated 
as quickly as possible and if the procedure cannot be 
aborted, the anesthesia technique has to be converted 
to total intravenous anesthesia. Dantrolene should 
be administered as a loading bolus of 2.5 mg/kg Ⅳ. 
Subsequent doses of 1 mg/kg Ⅳ can be repeated up 
to a maximum dose of 10 mg/kg, and are administered 
until the clinical signs (hypercapnia, hyperthermia, rigidity) 
abate. Concomitantly minute volume should be maximized 
to reduce respiratory acidosis. 

Despite adequate treatment, complications still occur 
in 20% of patients. The most common complication is 
renal dysfunction and acute renal failure. The complication 
rate increases to ≥ 30% when 20 or more minutes 
elapse between the first clinical sign and dantrolene 
treatment[4]. 

This life-threatening anesthesia-related complication 
is due to the occurrence of point mutations in the genes 
coding for the calcium-release channel of the sarcoplasmic 
reticulum, e.g., the didyropyridine - ryanodine receptor 
complex, resulting in a disturbed skeletal muscle calcium 
homeostasis. The ryanodine receptor (RYR1 gene on 
Chromosome 19q) contains the actual “calcium pore”. The 
NH2-terminal of this protein forms cytosolic protrusions 
that extend toward, and make contact with, the voltage-
gated dihydropyridine receptor located in the T-tubular 
wall. The corresponding gene for this protein is CACNA1S 
on Chromosome 1. Depolarization of the sarcolemma 
and T-tubule first activates the dihydropyridine receptor 
which in turn activates the ryanodine receptor and opens 
the calcium-channel as such.

As illustrated in Figure 1, the muscle from patients 
harboring RYR1 and/or DHPR mutations upon exposure 
to volatile anesthetics has been shown to exhibit an 
increased calcium-conductivity and massive calcium re
lease from the SR, in turn resulting in sustained muscle 
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contraction, a catabolic state, and hyperacute muscle 
breakdown[3].

Susceptibility to MH is diagnosed by in in vitro con
tracture testing (IVCT) in which skeletal muscle fascicles, 
obtained by biopsy, are exposed to incremental concen
trations of caffeine and halothane in a test bath. The 
muscle contracture obtained in response to the drugs 
is measured, and is, when above a certain threshold, 
indicative of MH susceptibility. The test is considered 
positive [malignant hyperthermia susceptible (MHS)] if 
a contracture of at least 2 mN is obtained at halothane 
concentrations of 2 Vol% or less, and/or a caffeine 
concentration of 2 mmol/L or less. Malignant Hyper
thermia negative (MHN) patients do not develop a 
significant contracture at these concentrations. The 
European Malignant Hyperthermia Group has standardized 
this test across Europe. The degree of sensitivity and 
specificity is 99% and 93.5% respectively[5]. The invasive 
character of the test however hampers its widespread use 
as a screening instrument. 

Genetically, MH is dominantly inherited. Its estimated 
prevalence is 1 in 3000[3]. Over the years both chromo
somal and allelic heterogeneity have been demonstrated 
but fortunately, RYR1 mutations can be found in 50% to 
70% of families[3]. Therefore, in an emergency setting, if 
general anesthesia is required in MHS patients, a trigger 
free anesthetic technique - avoiding volatile anesthetic 
agents and/or succinylcholine - is indicated to avoid this 
potentially lethal complication. 

By extension, patients with a history of EIR/EHS are 
at increased risk of developing an MH event, e.g., severe 
life-threatening rhabdomyolysis when they are exposed 
to volatile anesthetic sedation, which is an emerging 
trend in intensive care units (ICUs). Because this fact 
may not be well known enough among non-anesthetist 
intensive care specialists, we report three patients with 

recurrent exertional rhabdomyolysis and/or heat stroke 
to illustrate the complex relationship with MHS, and we 
review the literature on this topic. 

Patient 1
Male, 43 years of age. Reason for investigation: Re
current episodes of EIR when participating in half-
marathons. During a 2007 half-marathon, he presented 
with an exercise-induced heat stroke (hyperthermia > 
40 ℃). No further clinical details are available. A second 
episode of ER was noticed 1 year later during a 20-km 
run. He developed an epileptic insult before finishing 
the race. At admission, his temperature was 39.8 ℃. 
More convulsions occurred and his Glasgow coma scale 
score dropped to 8/15. Sedation with propofol was 
started, and he was intubated and artificially ventilated. 
Rhabdomyolysis was diagnosed on the basis of a CK level 
of 92.000 IU/L, and acute kidney failure occurred (max 
creatinine level of 3.2 mg/dL), yet with spontaneous 
recovery and without the need for hemodialyis. The 
patient could be weaned from mechanical ventilation 
after 7 d. Further recovery was uneventful. Personal and 
medical history: Wrist fracture reduction under general 
anesthesia, active sportsman (handball and squash for 
years, recent focus on jogging). In between the two 
episodes of hyperthermia, there were no signs of any 
myopathy: No myalgias, no cramps, no weakness, and no 
episodes of cola-colored urines. The family history was 
negative for myopathies, sudden death, or anesthesia-
related complications. His physical examination was 
normal, as well as Holter monitoring and echocardio
graphy. The resting CK level was 90 IU/L (N < 193 IU/L), 
lactate 0.68 mmol/L (N < 2 mmol/L). The ischemic exercise 
test forearm was normal, ruling out glycogen storage 
disease and myoadenylate deaminase deficiency. The 
EMG only showed non-specific minor myogenic changes. 
A 2009 muscle biopsy of the left M. quadriceps revealed 
a significantly increased number of centrally located 
nuclei. His IVCT was normal, and not indicative of MHS. A 
molecular genetic analysis could not reveal any mutation 
in the carnitine palmitoyl transferase 2 gene (CPTⅡ), or 
RYR1.

Patient 2
Male, 34 years of age. Reason for investigation: Re
current episodes of EIR during cycling. The first major 
episode occurred during preparation for a cycling event 
in 2010 when he complained of severe cramping pain 
in both thighs, and his CK level was found to be 49.536 
IU/L and myoglobinuria. Renal failure did not develop. 
In 2013, after cycle training for 5-6 h, he complained 
of pronounced muscle weakness with difficulty to walk 
for a few days. This was accompanied by a CK increase 
to 9.222 IU/L. He is an avid amateur cyclist, practicing 
several days a week, most often totaling 400 km/wk, and 
quite regularly participates in a semi-professional tour of 
up to 220 km in one day. Retrospective analysis showed 
similar complaints to have started at the age of 18, 
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Figure 1  Functional implication of RY1/DHPR receptor mutations after 
exposure to volatile anesthetics. The action potential generated in the motor 
endplate is propagated along the sarcolemma and down the T-tubules, to be 
captured by the voltage sensitive dihydropyridine receptor. The depolarization-
induced conformational change in this receptor in turn results in the opening 
of the RYR1 calcium-channel and calcium release from the SR. Mutations in 
the ryanodine-dihydropyridine receptor complex upon exposure to inhalational 
anesthetics lead to a “longer open state” of RYR1, massive calcium release 
from the SR, and eventually widespread muscle breakdown. 
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mainly consisting of myalgia with feeling of stiffness, and 
intermittent myoglobinuria and CK increase. In between 
the crises, there is normal mobility and power, and no 
CK increase. He had not yet been exposed to volatile 
anesthetics. The family history is negative for anesthesia-
related events. His father ran marathons, reporting no 
clinical events. His neurological examination was normal, 
and functional and biochemical tests showed a basal 
CK serum level of 293 U/L, a lactate of 0.8 mmol/L, a 
normal ischemic forearm exercise test and EMG. Muscle 
biopsy of the left M. quadriceps femoris in 2011 showed 
an increased number of fibers with internal nuclei and a 
minor increase of neutral fat drops in some type 1 fibers. 
These were interpreted as unspecific findings. A repeat 
muscle biopsy of the left M. quadriceps femoris in 2014 
again demonstrated findings of mild myopathic disease: 
Increased number of fibers with internal nuclei (25%) but 
also a small number of “cores”, which are zones devoid 
of enzymatic staining. IVCT results: 8 mN contracture 
at 2 Vol% Halothane, 6 mN contracture with 2 mmol/L 
Caffeine, indicative of MHS. Molecular genetic analysis did 
not reveal any mutation in the CPTⅡgene or RYR1.

Patient 3
Male, 56 years of age. Reason for investigation: Recurrent 
myalgia confined to the thigh muscles, described as 
a sensation of severe tension or cramps, sometimes 
unilateral, sometimes bilateral. The type of effort appeared 
not to be related to the complaints: At times a prolonged 
effort did not provoke any myalgia, whereas at other 
times, the pain/cramps started after as short an effort 
of 5-10 min such as descending a staircase. CK values 
measured during an episode of myalgia rose up to 
14.000 IE/L. He is also an amateur cyclist, but complaints 
were only noticed after the age of 40. There was no 
previous exposure to volatile anesthetics, and the family 
history was also negative for anesthesia-related events. 
His son is not active in sports (his daughter is), but until 
now has not mentioned any complaints. His clinical 
examination was normal, but he showed an increase in 
basal CK value of 269-1771 IU/L at diverse occasions, 
lactate was 1.2 mmol/L, and the ischemic forearm test 
was normal. A 2015 muscle biopsy only showed atypical 
myogenic anomalies. The IVCT was abnormal (5 mN 
contracture with 2 mmol/L Caffeine, 14 mN contracture 
with 2 Vol% Halothane), demonstrating MHS. Molecular 
genetic analysis did not reveal a mutation in the CPTⅡ 
gene, but RYR1- mutation analysis demonstrated a base-
pair change in exon 43 (p.N2342S; c.7025A > G). 

DISCUSSION
There is an emerging trend of using inhalational an
esthetics for ICU sedation[6]. The principle motivation 
is that inhalational anesthetics have an interesting 
pharmacokinetic profile compared with the usual com
bination of propofol or benzodiazepine with an analgesic 
drug. Several practical advantages have been proposed, 
such as rapid onset and offset of action, low potential for 

accumulation in fat tissue, drug clearance through the 
lungs and therefore independent of liver and/or renal 
function, no tachyphylaxis, an opium sparing effect, 
bronchodilatory properties, and end-organ protective 
properties, such as ischemic preconditioning of the heart, 
although clinical data remain limited on this. 

Until about a decade ago, the technical prerequisites 
for ICU use of volatile anesthetics were not fulfilled, 
and therefore, their use remained confined to the OR. 
Technological advances, however, have greatly sim
plified the application of inhalational anesthetics for ICU 
sedation. An important milestone was reached in 2005 
with the introduction of a volatile anesthetic reflection 
filter, the anesthetic conserving device (AnaConDaTM, 
Sedana Medical, Uppsala, Sweden), retaining 90% of 
the volatile anesthetic and thereby enormously reducing 
the consumption of volatile anesthetic. Since then, other 
AnaConDaTM competing devices have been produced 
and tested such as the MirusTM (Pall Medical, Dreieich, 
Germany)[7]. Suitable volatile agents are isoflurane, 
sevoflurane, and desflurane. From a drug delivery point 
of view, these technical developments have indeed 
resulted in easy titration to the clinical end-point and 
the possibility of breath-by-breath bedside monitoring. 
A 0.3-0.6 minimal alveolar concentration of sevoflurane 
is most often sufficient in the ICU setting. In view of the 
increased CO2 through the systems’ enlarged dead space 
(100 mL), minute volume usually has to be increased by 
being guided by ETCO2 or blood gas analysis. Desflurane 
is not commonly used in the ICU in view of its boiling 
point of 22.8 ℃, requiring a vaporizer heated to 39 ℃, 
and the higher cost. It can be administered by the 
MirusTM device, not the AnaConDaTM.

Recent studies have indicated that the currently 
available scavenger devices that are based on a silica 
zeolite matrix, adequately adsorb the volatile agents and 
thereby minimize environmental pollution by volatile an
esthetic agents guaranteeing workplace safety[8].

The question still remains to be answered whether 
volatile anesthetics will really become and stay a player 
in critical care sedation[6]; however, the technique is 
being increasingly used in Europe and North-America. 

A pilot randomized controlled trial is currently being 
set up to evaluate the practicability and dangers related 
to volatile anesthetic agents when used for long-term 
critical care sedation[9]. This prospective multicenter 
trial is blinded to the data analyst and aims to recruit 
60 adult ICU patients requiring mechanical ventilation 
and sedation for at least 48 h, in which 40 patients will 
receive inhaled isoflurane and 20 patients will receive 
intravenous midazolam and/or propofol, titrated to a 
targeted Sedation Analgesia Score. Primary outcomes 
will assess adherence to the particular sedation protocol 
and atmospheric volatile concentration levels. Secondary 
outcomes that will be investigated include the quality 
of sedation, delirium, vasoactive drug support, time to 
extubation, serum fluoride levels, and mortality.

With an ever-rising concern for adverse events 
involved in our handling of patients, for any technique to 
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stand a chance of proving itself, all side-effects have to 
be clearly identified and communicated to the end users. 

In this sense, Purrucker et al[10] has issued a warning 
concerning the use of volatile anesthetic sedation in patients 
with a high risk of intracranial hypertension. Switching 
from Ⅳ sedation to sevoflurane decreased MAP and CPP 
in one-third of the patients studied to such an extent 
that the early termination of sevoflurane administration 
was required. The mechanism felt to be responsible was 
vasodilation in response to a decreasing MAP and a slightly 
raised partial-pressure carbon dioxide in patients with an 
already low baseline cerebral compliance.

In this paper, we want to warn about the use of 
volatile anesthetic sedation in a second subset of ICU 
patients, in particular those with EIR/EHS in need of 
intensive care. 

Although EIR/EHS is most often encountered in a 
military setting, the recent worldwide trend to organize 
mass (semi)marathons has resulted in a significant 
increase in the frequency of this problem in ICUs world
wide. Indeed, the Centers for Disease Control and 
Prevention of the United States reported that EHI occurs 
both during practice and competition, with a disturbing 
trend of increasing incidence, and mentioning EIR/EHS as 
one of the leading causes of death in young athletes each 
year[11].

General anesthesia with volatile anesthetic agents, 
such as the currently used sevoflurane and desflurane, 
is known to potentially induce acute rhabdomyolysis in 
patients with a genetic predisposition to MH. Logically, 
the same risk is present when genetically MHS patients 
are exposed to volatile anesthetic sedation in the in
tensive care setting. A recent publication reported on 
the development of MH in an ICU patient sedated with 
sevoflurane[12].

Other groups of patients are also at risk. A link 
between MHS and EIR has been suggested in the 
anesthesia literature for over two decades. The earlier 
reports linked MHS with EIR by demonstrating a 
positive in vitro contracture test. One of the larger series 
published[2] reports on the IVCT results in 12 unrelated 
patients with EIR. Ten of the 12 patients had IVCT 
results indicative of MHS. In the ensuing years, reports 
occurred providing evidence that “MH-mutations” in 
RYR1 were being associated with EIR. In 2002, Davis et 
al[13] reported two patients with EIR in which MHS was 
confirmed through in-vitro contracture testing and the 
presence of a RYR1 mutation.

Several similar cases were reported, and in 2013, 
Dlamini et al[14] published a large series of 39 unrelated 
families with rhabdomyolysis and/or exertional myalgia 
in which nine heterozygous mutations were found in 
14 families, several of them recurrent. Five of these 
mutations had previously been associated with MH. They 
conclude that RYR1 mutations account for a substantial 
proportion of patients presenting with unexplained rhab
domyolysis and/or exertional myalgia, but also that 
various stressors (e.g., pain, environmental heat, viral 
infections, drugs) may need to be present to elicit acute 

rhabdomyolysis. They also suggest that “additional family 
studies are paramount in order to identify potentially MH 
susceptible relatives”. 

In a 2014 paper, Zhao et al[15] actually raised the 
question on whether the two disorders represent one 
and the same disorder, which they called the Human 
Stress Syndrome. This hypothesis has gained support, 
and MH and EIR/EHS are increasingly believed to be 
different presentations of the “expanding spectrum of 
RYR1-related myopathies”[16].

In view of the growing evidence that EIR in a 
substantial portion of the patients admitted to the ICU 
is a “non-anesthetic RYR1-related rhabdomyolysis”[16], 

it is of great importance for the patients and families 
involved to undergo a thorough investigation on the 
cause of the life-threatening rhabdomyolysis, certainly 
if the problem has been found to be recurrent. The 
following reasons substantiate this statement: (1) several 
“common” underlying causes with significant impact on 
patients’ lives have to be ruled out, such as sickle cell trait, 
CPTⅡ deficiency, McArdle’s disease (glycogen storage 
disease Ⅴ), myoadenylate deaminase deficiency, and 
others; (2) to identify potentially MHS individuals as 
implications for future general anesthesia are important. 
If a patient is found to be MHS, preventive measures 
concerning the anesthetic technique have to be taken. 
Over the last decade, several experts have stated 
that individuals who have a history of EHS should be 
screened for MHS[2,16-18]. Even though the IVCT is an 
invasive test, it is still considered to be the most sensitive 
and specific test to determine a patient’s predisposition 
to MHS. The estimation of the MH risk in a particular 
patient is certainly not straightforward, as illustrated by 
the case presentations. Patient 1 had a negative IVCT 
and a negative genetic analysis, and is considered to be 
non-MHS. Therefore, volatile anesthetics can safely be 
administered in the operating room/ICU to this patient. 
Patient 2 had a positive IVCT, but no mutation was found 
upon RYR1 sequencing. However, it is well known that 
a RYR1 mutation is found in only 50%-70% of patients 
with a positive IVCT[19]. CACNA1S cDNA sequencing was 
not performed in our patients in view of the cost and 
the large number of sequence changes reported, most 
of which are of unclear significance[20]. In this patient, 
volatile anesthesia has to be avoided in the future, 
because he is considered MHS by IVCT. Patient 3 had a 
positive IVCT and a positive RYR1 mutation (p.N2342S; 
c.7025A>G - exon 43) that was previously linked to 
MH, and therefore, this patient is clearly at risk for MH 
upon exposure to volatile anesthetic agents; and (3) If 
RYR1 mutations are found, the condition should be con
sidered to be hereditary, and additional family studies are 
indicated.

The patient should be seen by a neurologist, because 
a large number of diverse etiologies have been implicated 
in acute EIR/EHS, and certain additional clinical features 
can aid to define the most appropriate investigations. 
A guideline for a diagnostic EIR/HS workup has been 
suggested by Capacchione et al[21]. Because of the rarity 

Heytens K et al . Heatstroke and volatile anesthetic sedation



26 February 4, 2017|Volume 6|Issue 1|WJCCM|www.wjgnet.com

and heterogeneity of these conditions, however, this EIR/
HS workup remains a real diagnostic challenge.

A third group of patients at risk when given volatile 
anesthetic sedation are patients with congenital myo
pathies. This is a group of rare genetic muscle disorders (6 
in 100000 live births) characterized by different structural 
abnormalities in skeletal muscle fibers either observable 
by light- or EM microscopy, and symptoms of hypotonia 
and muscle weakness present at birth (although the 
clinical expression may be delayed until childhood or 
even adult life). These myopathies are genetically hetero
geneous, but a substantial subgroup is linked with “gain-
of-function” mutations in the RYR1-gene, resulting in 
increased calcium conductance of the calcium-release 
channel and the potential for acute rhabdomyolysis when 
exposed to volatile anesthetics. This has been shown 
to be the case for central core disease, multiminicore 
disease, centronuclear myopathy, congenital fiber type 
disproportion, late-onset axial myopathy, and King-
Denborough syndrome[22].

The propensity of patients with muscular dystrophies 
(especially Duchenne muscular dystrophy) to react 
adversely to volatile anesthetic sedation is well known; 
however, this does not occur through the presence of 
RYR1 mutations but rather is the result of “toxic effects” 
of these agents as well as succinylcholine on the fragile 
sarcolemma. Prolonged exposure to volatile anesthetic 
agents, and certainly the use of succinylcholine, has to 
be avoided in this group of patients.

If intensive care sedation is needed in these patients, 
a combination of propofol, benzodiazepines, morphino
mimetics, neuraxial block, and, as last resort, non-depolarizing 
neuromuscular blockers can be used. Dexmedetomidine 
use for procedural sedation is safe.

CONCLUSION
Dominantly inherited MHS is rare. Therefore, in the 
general population, life-threatening acute rhabdomyolysis 
following exposure to volatile anesthetics either in 
the operating room or the ICU is seldom encountered. 
However, because a substantial proportion of patients 
with EIR/EHS and congenital myopathies harbor RYR1 
mutations resulting in an increased calcium-conductivity 
of the Ca-release channel of the SR, volatile anesthetic 
sedation should not be used in these high-risk patients.

Contraindications for volatile anesthetic sedation in 
intensive care consist of: (1) known susceptibility for 
MH; (2) congenital myopathies (central core disease, 
multiminicore disease, centronuclear myopathy, congenital 
fiber type disproportion, late-onset axial myopathy, and 
King-Denborough syndrome); (3) duchenne muscular 
dystrophy; (4) exertional rhabdomyolysis; and (5) intra
cranial hypertension.
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Abstract
Nutrient ingestion induces a substantial increase in 
mesenteric blood flow. In older persons (aged ≥ 65 
years), particularly those with chronic medical conditions, 
the cardiovascular compensatory response may be 
inadequate to maintain systemic blood pressure during 
mesenteric blood pooling, leading to postprandial 
hypotension. In older ambulatory persons, postprandial 
hypotension is an important pathophysiological condition 
associated with an increased propensity for syncope, 
falls, coronary vascular events, stroke and death. In older 
critically ill patients, the administration of enteral nutrition 
acutely increases mesenteric blood flow, but whether this 
pathophysiological response is protective, or precipitates 
mesenteric ischaemia, is unknown. There are an in
creasing number of older patients surviving admission 
to intensive care units, who are likely to be at increased 
risk of postprandial hypotension, both during, and after, 
their stay in hospital. In this review, we describe the 
prevalence, impact and mechanisms of postprandial 
hypotension in older people and provide an overview 
of the impact of postprandial hypotension on feeding 
prescriptions in older critically ill patients. Finally, we 
provide evidence that postprandial hypotension is likely to 
be an unrecognised problem in older survivors of critical 
illness and discuss potential options for management. 

Key words: Postprandial hypotension; Enteral nutrition; 
Critical care; Aged; Mesenteric ischaemia 
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Core tip: In older ambulatory persons, postprandial 
hypotension is an important pathophysiological con
dition associated with an increased propensity to 
coronary vascular events, stroke and death. In older 
critically ill patients, the administration of enteral nutrition 
acutely increases mesenteric blood flow, but whether 
this pathophysiological response is protective, or pre
cipitates mesenteric ischaemia, is unknown. We herein 
describe the prevalence, impact and mechanisms and 
management of postprandial hypotension in older 
people. We finally provide an overview of the impact 
of postprandial hypotension on feeding prescriptions in 
and evidence that postprandial hypotension is likely to 
be an unrecognised problem in older survivors of critical 
illness.

Nguyen TAN, Abdelhamid YA, Phillips LK, Chapple LS, Horowitz 
M, Jones KL, Deane AM. Nutrient stimulation of mesenteric blood 
flow - implications for older critically ill patients. World J Crit 
Care Med 2017; 6(1): 28-36  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v6/i1/28.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v6.i1.28

INTRODUCTION
Ingestion of nutrients initiates a complex process involving 
precise coordination between the gastrointestinal tract, 
autonomic and cardiovascular systems to increase 
intestinal blood flow, whilst simultaneously maintaining 
circulatory homeostasis[1,2]. Age and disease-related 
changes may compromise cardiovascular compensatory 
mechanisms, which, particularly in older persons, may 
result in a clinically relevant postprandial fall in blood 
pressure, known as postprandial hypotension (PPH). PPH 
is inconsistently defined but is generally regarded as a 
reduction in systolic blood pressure of ≥ 20 mmHg, or a 
decrease to ≤ 90 mmHg, that occurs within two hours of 
a meal and persists for at least 30 min[3]. This definition 
is empiric and derived from the definition of orthostatic 
hypotension[4]. It is important to recognise that although 
PPH frequently coexists with orthostatic hypotension, PPH 
is a distinct entity. However PPH may well occur more 
frequently, and have more substantive implications, than 
orthostatic hypotension[5,6].   

EPIDEMIOLOGY 
A recent meta-analysis reported that PPH occurs in about 
20% of “healthy” older persons, about 30%-40% of 
nursing home residents, 20%-91% of hospitalised patients 
aged ≥ 65 years, about 40% of people with diabetes, and 
40%-100% of patients with Parkinson’s disease[7]. The 
wide range of reported prevalence in each group reflect 

the small cohort sizes and the confounding effect of lack 
of standardisation of methodology between studies; 
including the definition of PPH, composition of test meal, 
timing of meal ingestion, technique and duration of 
blood pressure measurement, and use of concomitant 
medications. However, it is clear that in each of these 
groups the prevalence of PPH is high and that the very 
elderly and patients with diseases associated with auto
nomic dysfunction are at particular risk. Surprisingly, the 
prevalence of PPH in elderly survivors of critical illness 
has not been evaluated. 

CLINICAL IMPORTANCE OF 
POSTPRANDIAL HYPOTENSION
PPH is now recognised as an important pathophysiological 
condition, not only because of its high prevalence, but 
also due to the associated substantial morbidity and 
mortality[3]. In older people in the community, PPH is 
a strong predictor of syncope, falls, coronary events 
and stroke - irrespective of whether the individual has 
symptoms[8]. In a prospective study of 499 nursing home 
residents, Aronow et al[8] reported that the postprandial 
fall in systolic blood pressure was an independent risk 
factor for falls, coronary events, stroke and all-cause 
mortality. Supportive data are also provided by two 
case-control studies that report that the magnitude and 
prevalence of PPH are substantially greater in patients 
with a history of falls or syncope when compared to 
controls[9,10]. Furthermore, in a five-year study of nursing 
home residents, PPH was found to be an independent 
determinant of mortality (RR = 1.79; 95%CI: 1.19-2.68); 
with a “dose-response”, such that all-cause mortality 
increased 13% for every 10 mmHg decrease in post
prandial systolic blood pressure (RR = 1.13; 95%CI: 
1.03-1.24)[11]. 

As indicated, preliminary data suggest that it is 
important to identify PPH even in those patients who 
are unaware of the condition. While PPH is associated 
with adverse outcomes, more than half (about 60%) of 
patients with PPH may be asymptomatic and, therefore, 
do not seek treatment[5,6]. For example, Kohara et 
al[12] studied 70 patients hospitalised with essential 
hypertension and reported that the prevalence of 
lacunar infarcts was increased two-fold in patients with 
asymptomatic PPH. The strong association between 
“asymptomatic” PPH and stroke has also been evident 
in larger cohorts of older people residing in nursing 
home facilities and ambulatory older people living in 
the community[8,13]. While this association does not 
establish causality, it provides a compelling rationale 
to diagnose PPH, which is a simple and inexpensive 
process[7], and to determine whether interventions that 
attenuate PPH mitigate the risk of adverse outcomes, 
such as cerebrovascular events[14]. The latter approach 
is to some extent compromised by the current lack of 
established effective management strategies[15]. 
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EFFECT OF NUTRIENT STIMULATION ON 
MESENTERIC BLOOD SUPPLY IN HEALTH
The presence of nutrients, particularly glucose and fats[16], 
in the small intestine stimulates secretion of several 
vasoactive gastrointestinal hormones that augment 
intestinal blood flow[17]. In response to direct contact 
with intraluminal nutrients, intestinal K-cells promptly 
secrete glucose-dependent insulinotropic peptide, and 
L-cells secrete glucagon-like peptide-1 and -2 (GLP-1 
and GLP-2)[18] (Figure 1). There is a two-fold increase in 
blood flow through the superior mesenteric artery[3,19], 
such that up to 20% of total blood volume is diverted 
to the gastrointestinal tract, which facilitates digestion 
and absorption of nutrients[17]. The magnitude of this 
increase in mesenteric blood flow is dependent on meal 
size and the rate of nutrient delivery from the stomach 
into the small intestine[20,21]. In the research setting, the 
potential confounding effect of inter- and intra-individual 
differences in the rate of gastric emptying on PPH can 
be regulated by directly infusing nutrient into the small 

intestine[21,22]. Utilising this technique, it is apparent 
that mesenteric blood flow increases when nutrient 
is delivered at a greater rate and, particularly, when 
carbohydrate or fat are ingested when compared to 
protein[16,23].

PHYSIOLOGICAL HAEMODYNAMIC 
RESPONSES TO MEAL-INDUCED 
MESENTERIC BLOOD FLOW 
In health, blood pressure is maintained even in the 
presence of postprandial mesenteric vasodilation via 
increases in cardiac contractility and peripheral vasocon
striction[3]. Meal-induced splanchnic blood pooling results 
in a temporary and virtual “hypovolaemia” that stimulates 
arterial baroreceptors[3], while gastric distension activates 
the “gastrovascular reflex”[24] (Figure 1). Together, these 
autonomic reflexes increase sympathetic nerve outflow 
to the heart and other vascular beds[5,16] to increase 
both heart rate and stroke volume, thereby, augmenting 

(1) Ingestion of meal
   Composition
   Volume

(2) Gastrovascular reflex1

   Sympathetic stimulation

(3) Gastric emptying1

(4) Duodenal K cells 
secrete GIP

(5) L cells secrete 
GLP-1 and GLP-2

(6) Mesenteric 
vasodilation

(7) Baroreceptor reflex1

   Sympathetic stimulation

1

(8a) Cardiac compensation1

   Increased HR, SV
   Increased CO

(8b) Muscle sympathetic 
nerve activity1

   Vasoconstriction
   Decreased peripheral 
   blood flow

Figure 1  Factors involved in the regulation of postprandial blood pressure. (1) ingestion of a meal, with a greater carbohydrate load results in a greater 
postprandial hypotensive response; (2) Meal-induced gastric distension from the meal triggers stretch receptors in the stomach wall, increasing sympathetic nerve 
outflow; (3) gastric content is emptied into the small intestine, and, in response to the nutrient in the small intestine; (4, 5) gastrointestinal peptides are secreted from 
the small intestine (e.g., GLP-1 and GLP-2, glucagon-like peptide-1 and 2; GIP, glucose insulinotropic polypeptide); (6) gastrointestinal peptides stimulate mesenteric 
vessel dilation; (7) this results in reduced circulating blood volume and the reduction in blood pressure is detected by baroreceptors; (8a) the “gastrovascular” 
and baroreceptor reflexes stimulate sympathetic activity to increase heart rate (HR), stroke volume (SV) and thus cardiac output (CO) to maintain postprandial 
blood pressure; (8b) skeletal vasculature constricts to decrease peripheral blood flow. 1These factors are affected by age and have been identified as potential 
pathophysiological mechanisms of postprandial hypotension. Figure drawn by Ms. T. Nguyen. GIP: Glucose-dependent insulinotropic peptide; GLP: Glucagon-like 
peptide.
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cardiac output[3]. In parallel, the increase in muscle 
sympathetic nerve activity leads to a compensatory 
vasoconstriction of skeletal vasculature[25].

MECHANISMS UNDERLYING 
POSTPRANDIAL HYPOTENSION IN 
AMBULANT OLDER PERSONS
The pathophysiology of PPH reflects multiple factors 
that impair reflex cardiovascular compensation[3]. Given 
that mesenteric blood flow appears to be essentially 
unaffected by age[22], it has been postulated that 
autonomic dysfunction is the main, albeit not sole 
contributor, to PPH[7,26,27]. Masuda et al[28] estimated that 
healthy older people require a two to three-fold increase 
in sympathetic nerve activity to maintain postprandial 
blood pressure. However, with age, the sensitivity of the 
gastrovascular and baroreceptor reflexes diminishes[25,29], 
such that gastric distension may have minimal, or no 
effect, on plasma noradrenaline concentrations[3]. Con
sequently, the hypertensive and muscle sympathetic 
nerve activity responses following ingestion is blunted 
in apparently “healthy” older people[22,25]. In addition, 
PPH is common in individuals with autonomic impairment 
associated with primary autonomic failure, multiple system 
atrophy, Parkinson’s disease or diabetes mellitus, conditions 
that are all prevalent in older people[30]. In autonomic 
failure, the postprandial increase in cardiac output is 
attenuated, indicative of a diminished compensatory 
response during mesenteric vasodilation[27]. 

PHYSIOLOGICAL RESPONSES TO 
ENTERAL NUTRITION IN THE CRITICALLY 
ILL 
Administration of enteral nutrition (EN) is part of stan
dard care of critically ill patients, although the optimal 
timing for the commencement of EN in patients with 
shock, and/or who are receiving substantive doses of 
catecholamines, remains controversial[31]. EN has several 
theoretical advantages over parenteral nutrition, including 
the stimulation of mesenteric blood flow and bowel 
contractility, as well as the release of trophic hormones[31]. 
In addition, early (within 24-48 h) initiation of EN supports 
commensal bacteria and favours maintenance of the 
structural and functional integrity of the gut mucosal 
barrier, including the gut-associated lymphoid tissue[32,33]. 
Consequently, feeding via the enteral route may limit 
bacterial overgrowth and attenuate translocation of 
gastrointestinal organisms and toxins[33,34]. However, in 
patients with established shock, postprandial nutrient-
stimulated demand for mesenteric blood flow may 
potentially complicate systemic haemodynamics, while 
the increase in mesenteric blood flow may be deleterious 
via reperfusion injury[35]. The clinical dilemma as to 
whether EN protects against, or exacerbates, mesenteric 
ischaemia during critical illness, has been reviewed by 

several groups[35-37]. 

SLOWER GASTRIC EMPTYING IN CRITI
CALLY ILL PATIENTS MAY MITIGATE 
POSTPRANDIAL HYPOTENSION 
Despite EN being a frequently administered inter
vention, there is a paucity of information regarding its 
effects on gastrointestinal peptides and mesenteric 
blood supply in the critically ill[38,39]. However, because 
of the frequent delay in gastric emptying associated 
with critical illness[40], the rate of exposure of nutrient 
to the small intestinal mucosa is diminished in many 
patients[41] that should, intuitively, attenuate vasoactive 
gastrointestinal peptide secretion. Our group has, 
however, reported increases in fasting and postprandial 
GLP-1 concentrations in the critically ill, particularly in 
those with feed intolerance[42]. This may represent the 
effect of undigested carbohydrates and fats remaining in 
the distal small intestine and colon, resulting in sustained 
secretion of gastrointestinal peptides. Alternatively, this 
may be secondary to an increased sensitivity to hormone 
secretion or decreased hormone clearance during critical 
illness.

IMPLICATIONS OF CHANGES IN 
MESENTERIC BLOOD SUPPLY DURING 
ENTERAL FEEDING
It has been suggested that administration of EN to those 
patients with haemodynamic compromise or hypoxia 
could be harmful[35]. According to this concept, fasting 
mesenteric blood supply is marginal, and the introduction 
of EN will increase demand beyond oxygen delivery 
capacity, thereby provoking mesenteric ischaemia[43,44]. 
While non-occlusive mesenteric ischaemia occurs in < 1% 
of critically ill patients, it carries substantial mortality (up 
to 80% in some series)[45].

The pathophysiology of non-occlusive mesenteric 
ischaemia in the critically ill is incompletely understood, 
but it is usually preceded by hypotension or hypovo
laemia[46]. It has been suggested that during systemic 
hypotension mesenteric blood supply may be “sacrificed” 
to preserve systemic blood pressure and, in the pre
sence of artheromatous plaques, which are normally 
associated with subclinical stenosis, this leads to critical 
ischaemia[47]. It has also been proposed that disordered 
autoregulation of mesenteric vasculature causes intense 
vasospasm of the superior mesenteric artery, even 
when systemic blood pressure is normal, which may 
be exacerbated during reperfusion[48]. The tips of the 
intestinal villi are considered to be especially sensitive 
to ischaemia, particularly given their reliance on a so-
called “counter-current exchanger system” for oxygen 
delivery[36]. Arterial blood is supplied via the central 
arterial vessel that arborises at the tip of the villus 
forming a dense subepithelial network of capillaries and 
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oxygen cross-diffuses from the central supplying vessel 
to the peripheral limb of the vascular hairpin loop[49]. It 
has been proposed that when mesenteric blood flow is 
compromised the velocity of blood flow in the hairpin 
vascular loops is decreased leading to extravascular 
oxygen shunting at the base of villi[49], which causes local 
oxygen deficits at the villi tips, ultimately resulting in 
ischaemic injury and cell death[36,49]. 

The tips of intestinal villi are essential for nutrient 
absorption, and it has been hypothesised that non-specific 
symptoms of gastrointestinal intolerance represents one of 
the earliest signs of injury[46]. The presence of unabsorbed 
nutrient in the bowel lumen results in fluid shifts, bacterial 
overgrowth and fermentation, potentially causing marked 
bowel distension[46]. Patients may, therefore, initially 
present with nausea, diarrhoea, bloating and abdominal 
distension. According to this theory, as the bowel wall 
is stretched further, there is a progressive increase in 
capillary sludging and a reduction in mucosal perfusion[46]. 
The resultant increased mural and vascular permeability 
allows translocation of fluid, bacteria and toxins across 
the bowel wall, which induces third-space fluid shifts and 
activates a cascade of cytokines and oxidative radicals 
that exacerbate the ischaemic episode[48]. Furthermore, 
changes frequently associated with age, such as the 
presence of congestive heart failure, dysrhythmias or 
cardiogenic shock, are likely to exacerbate the processes 
in the development of mucosal ischaemia, thereby iden
tifying older critically ill patients as a high-risk group[46]. 
However, previous case series of critically ill patients 
with non-occlusive mesenteric ischaemia include a 
large proportion of relatively young patients[50,51], which 
appears inconsistent with the proposed events in this 
model of pathophysiology.

Moreover, there is conflicting data, which suggest 
that during a period of systemic hypotension EN is 
protective and may reduce, or even prevent, non-
occlusive mesenteric ischaemia[43]. A number of studies 
in animal models have demonstrated that small intestinal 
nutrient stimulates superior mesenteric artery blood flow 
and mucosal microcirculatory flow[34,43,52-54]. However, it 
should be recognised that these studies frequently use 
relatively young animals and an “acute insult” model[55]. 
Therefore, extrapolation of these data to older critically 
ill humans, who characteristically have considerable co-
morbid illnesses and have been receiving liquid EN for a 
number of days, should be made highly circumspectly. 

There is also a concern that changes in mesenteric 
blood supply stimulated by EN will lead to redistribution 
of cardiac output to the mesenteric circulation, thereby, 
“stealing” blood/oxygen from other organs including 
the heart and brain[43]. It is well established that PPH is 
associated with coronary vascular events and stroke in 
the “healthy” ambulant older persons and hospitalised 
patients with hypertension potentially due to this 
“stealing” phenomenon[3]. Whether this phenomenon 
occurs in the critically ill, and has clinical implications, is 

unknown. 

NUTRIENT STIMULATES MESENTERIC 
BLOOD FLOW DURING CRITICAL 
ILLNESS
To improve understanding of mesenteric blood flow 
during enteral feeding in the critically ill several inves
tigators have “bypassed” the stomach and delivered 
nutrient directly into the small intestine. Revelley et 
al[38] reported that a standard polymeric nutrient liquid 
administered via a postpyloric tube to nine patients 
one-day post-cardiopulmonary bypass, who were 
also receiving catecholamine support, was associated 
with an approximately 30% increase in postprandial 
hepatosplanchnic blood flow with minimal impact on 
systemic haemodynamics. Rokyta et al[56] also reported 
that standard polymeric nutrient liquid infused via a 
postpyloric tube to ten patients with severe sepsis 
(mean age 61 years and n = 8 receiving catecholamine 
support) increased hepatosplanchnic blood flow. These 
investigators found that blood pressure was unaffected 
by nutrient administration, but that there were modest 
increases in cardiac output, measured using pulmonary 
artery thermodilution, when EN was commenced[56]. 
However, both studies used indocyanine green clearance 
to measure hepatosplanchnic blood supply, which is 
dependent on adequate hepatic perfusion and function, 
and may well be less predictable in the critically ill than 
in health. Furthermore, both groups utilised a mixed 
nutrient liquid delivered at a rate (0.75 kcal/min), 
which is less than normal physiological gastric emptying 
(1-4 kcal/min)[21] and standard feeding regimens[57,58]. 
Accordingly, this rate is not known to stimulate changes 
in mesenteric blood flow in ambulatory older people[22], 
and is not the rate of gastric emptying in many critically 
ill patients[59]. Our group evaluated the effect of liquid 
glucose (2 kcal/min) infused directly into the small 
intestine in critically ill patients aged ≥ 65 years[39]. 
Compared to healthy age-matched persons, we observed 
that postprandial mesenteric blood flow measured by 
duplex ultrasound is attenuated in older critically ill 
patients (n = 11, but only one patient had established 
shock and required exogenous noradrenaline), which was 
associated with reduced glucose absorption, while mean 
arterial pressure was unaffected by nutrient infusion at 
this rate[39]. 

In summary, while there are limited data relating to 
the acute effect of nutrient on mesenteric blood flow, it 
appears that nutrient does increase macrovascular blood 
flow. In older critically ill patients with shock, there is no 
clear evidence that EN precipitates or protects against 
mesenteric ischaemia, or exacerbates hypotension, in 
this group. Nonetheless, feeding prescriptions that limit 
delivery to ≤ 1.5 kcal/min of a mixed nutrient liquid are 
likely to be well tolerated.
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PREVALENCE AND OUTCOMES OF 
OLDER PEOPLE IN THE ICU  
Given the aging population and improved survival to 
older age, there is an increasing demand for health care 
services in older persons, including services provided in 
the intensive care unit (ICU) for critically ill patients[60,61]. 
Recent multicentre cohort studies indicate that > 50% of 
ICU admissions are for patients aged ≥ 65 years, with 
8%-13% of admissions being the very old (aged ≥ 80 
years)[60,62]. Indeed, the prevalence of older critically ill 
patients admitted to ICUs is projected to rise by 3%-5% 
annually[60,62]. The increased rate of hospitalisation and 
admission to ICU in this group is attributable, in part, 
to the higher prevalence of chronic illness and organ 
impairment associated with older age[63]. 

Mortality and health care resource utilisation during, 
and following, hospital stay in older ICU survivors are 
substantial[62]. Approximately 16% of ICU patients die 
in hospital, with older patients being two- to three-fold 
more likely to die, making up about 70% of ICU non-
survivors[60,62]. Six-months after hospital discharge, 
almost half of ICU survivors have presented to the em
ergency department and one-third required hospital 
readmission[62]. Within five years of hospital discharge, 
one-third of survivors of critical illness die, with about 
70% of ICU non-survivors being aged ≥ 65 years[62]. 
Those who survive critical illness have a greater reduction 
in physical function post-ICU requiring more rehabilitation 
services and utilisation of long-term care facilities[62,64]. 
Accordingly, it is evident that older survivors of ICU 
represent a group that may benefit from increased follow-
up and novel interventions, particularly when considering 
the burden associated with health care utilisation following 
critical illness. 

POTENTIAL FOR PPH IN OLDER 
SURVIVORS OF CRITICAL ILLNESS 
All critically ill patients, regardless of age, are at high risk of 
acute autonomic nerve dysfunction due to the insult critical 
illness inflicts on organs, which disrupts the inter-organ 
communication network[65]. Spectral analysis of heart 
rate variability is frequently used to assess sympathetic-
parasympathetic balance and cardiorespiratory interac
tions non-invasively[65]. While the precise prevalence of 
autonomic dysfunction in the critically ill is unknown 
it appears to be is poor prognostic marker for patients 
within the ICU[65]. Acute autonomic dysfunction, as 
evidenced as attenuation in heart rate variability, has 
been reported to be associated with the development 
of multiple organ dysfunction, cardiac arrhythmias, and 
death, and it can persist for prolonged periods even after 
discharge from hospital[66-68]. Schmidt and colleagues 
prospectively followed 90 critically ill patients with score-
defined multiple organ dysfunction (56 patients were 
on catecholamine support), and reported about 95% of 
patients had significantly reduced heart rate variability, 

which was not affected by the administration of sedatives 
or catecholamines[65]. These investigators also reported 
that heart rate variability was comparable in young (< 
40 years, n = 9), middle aged (40-60 years, n = 31) 
and older (> 60 years, n = 45), but baroreflex sensitivity 
declined with age[65]. Given that the baroreceptor reflex 
and cardiac autonomic function are fundamental to the 
maintenance of postprandial blood pressure, it is intuitively 
plausible that older patients who survive critical illness and 
have autonomic dysfunction represent a group at risk of 
PPH. However, there is limited data as to the prevalence 
of PPH in survivors of critical illness and it is also possible 
that delayed gastric emptying or attenuated superior 
mesenteric blood flow, which are both observed during 
critical illness, persist after ICU, and this would mitigate 
the risk of PPH. 

POTENTIAL INTERVENTIONS FOR 
PATIENTS WITH PPH 
Management of PPH can be non-pharmacological, or 
pharmacological and attenuate PPH by targeting the 
mechanism(s) involved in the pathophysiology of PPH, as 
specified in Figure 1[15]. Interventions, such as consuming 
smaller, more frequent meals, reducing carbohydrate 
content and protein “pre-loads”, to reduce the rate of 
glucose absorption in the small intestine may be effective, 
as this has been postulated to reduce the magnitude 
and duration of increased mesenteric blood flow[23]. The 
simple task of drinking approximately 350 mL of water 
immediately prior to nutrient ingestion, to maximise 
gastric distension, attenuates PPH, probably via the 
gastrovascular reflex[69]. Gastric emptying can be slowed 
with the use of guar and other “pre-load” stimulants[15]. 
Inhibition of gastrointestinal peptides may also be 
achieved via the use of alpha-glucosidase inhibitors 
(e.g., acarbose) or somatostatin analogues (e.g., octreo
tide)[15,70]. Alternatively, sympathetic nerve activity 
can be directly stimulated via postprandial exercise or 
caffeine[15]. However, the evidence to support the efficacy 
of these interventions is limited as studies have, for the 
main part been acute and limited to small cohorts, often 
including individuals who do not clearly meet the criteria 
for diagnosis of PPH. Nevertheless, the use of inexpensive 
interventions, such as eating smaller meals and drinking 
water may be sufficient to attenuate PPH. 

CONCLUSION
PPH is recognised as an important pathophysiological 
condition, which is prevalent in older people (aged ≥ 
65 years) living within the community, and is associated 
with considerable morbidity and mortality. Demographic 
changes have resulted in an older population within the 
ICU and this group is likely to be particularly susceptible 
to PPH due to their co-morbid conditions, as well as the 
frequent critical illness-associated autonomic dysfunction. 
While administration of EN will acutely increase me
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senteric blood flow in this group, whether this patho
physiological response is protective, harmful, or has no 
effect on blood pressure, remains uncertain. Current 
management strategies for PPH are limited. Further work 
is required to determine the prevalence of this condition 
in older survivors of critical illness and evaluate novel 
interventions in this cohort. 
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Abstract
AIM
To examine the effect of high doses of vitamin C (VitC) 
on ex vivo  human platelets (PLTs).
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METHODS
Platelet concentrates collected for therapeutic or pro
phylactic transfusions were exposed to: (1) normal 
saline (control); (2) 0.3 mmol/L VitC (Lo VitC); or (3) 3 
mmol/L VitC (Hi VitC, final concentrations) and stored 
appropriately. The VitC additive was preservative-free 
buffered ascorbic acid in water, pH 5.5 to 7.0, adjusted 
with sodium bicarbonate and sodium hydroxide. The 
doses of VitC used here correspond to plasma VitC 
levels reported in recently completed clinical trials. Prior 
to supplementation, a baseline sample was collected 
for analysis. PLTs were sampled again on days 2, 5 
and 8 and assayed for changes in PLT function by: 
Thromboelastography (TEG), for changes in viscoelastic 
properties; aggregometry, for PLT aggregation and 
adenosine triphosphate (ATP) secretion in response 
to collagen or adenosine diphosphate (ADP); and 
flow cytometry, for changes in expression of CD-31, 
CD41a, CD62p and CD63. In addition, PLT intracellular 
VitC content was measured using a fluorimetric assay 
for ascorbic acid and PLT poor plasma was used for 
plasma coagulation tests [prothrombin time (PT), partial 
thrombplastin time (PTT), functional fibrinogen] and 
Lipidomics analysis (UPLC ESI-MS/MS).

RESULTS
VitC supplementation significantly increased PLTs intra
cellular ascorbic acid levels from 1.2 mmol/L at baseline 
to 3.2 mmol/L (Lo VitC) and 15.7 mmol/L (Hi VitC, P < 
0.05). VitC supplementation did not significantly change 
PT and PTT values, or functional fibrinogen levels 
over the 8 d exposure period (P  > 0.05). PLT function 
assayed by TEG, aggregometry and flow cytometry 
was not significantly altered by Lo or Hi VitC for up to 
5 d. However, PLTs exposed to 3 mmol/L VitC for 8 d 
demonstrated significantly increased R and K times by 
TEG and a decrease in the α-angle (P < 0.05). There was 
also a fall of 20 mm in maximum amplitude associated 
with the Hi VitC compared to both baseline and day 8 
saline controls. Platelet aggregation studies, showed 
uniform declines in collagen and ADP-induced platelet 
aggregations over the 8-d study period in all three groups 
(P > 0.05). Collagen and ADP-induced ATP secretion was 
also not different between the three groups (P > 0.05). 
Finally, VitC at the higher dose (3 mmol/L) also induced 
the release of several eicosanoids including thromboxane 
B2 and prostaglandin E2, as well as products of arachidonic 
acid metabolism via  the lipoxygenases pathway such as 
11-/12-/15-hydroxyicosatetraenoic acid (P < 0.05).

CONCLUSION
Alterations in PLT function by exposure to 3 mmol/L 
VitC for 8 d suggest that caution should be exerted with 
prolonged use of intravenous high dose VitC.

Key words: Platelet function; Thromboelastography; 
Flow cytometry; Platelet lipidomics; Vitamin C

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: High dose intravenous vitamin C (VitC) is 

often used by Complementary and Alternate Medicine 
practitioners for a variety of ailments. Moreover, use of 
high dose VitC by mainstream physicians as an adjunct 
in the treatment of sepsis, sepsis induced acute lung 
injury, cancer and burns is on the rise. However, there 
is no information on the impact of these high doses VitC 
on normal platelet (PLT) function. Prolonged exposure 
of ex vivo  PLTs to high doses of VitC altered some PLT 
functions as assessed by thromboelastography. How
ever, short term exposure (< 8 d) or low dose exposure 
had almost no impact on PLT function.

Mohammed BM, Sanford KW, Fisher BJ, Martin EJ, Contaifer Jr 
D, Warncke UO, Wijesinghe DS, Chalfant CE, Brophy DF, Fowler 
Ⅲ AA, Natarajan R. Impact of high dose vitamin C on platelet 
function. World J Crit Care Med 2017; 6(1): 37-47  Available from: 
URL: http://www.wjgnet.com/2220-3141/full/v6/i1/37.htm  DOI: 
http://dx.doi.org/10.5492/wjccm.v6.i1.37

INTRODUCTION
Platelets (PLTs) are central to physiologic processes 
involved in hemostasis and thrombosis[1]. While an 
immune function of PLTs has been described in the litera­
ture[2], recent studies point to an incompletely understood 
role for PLTs in a myriad of host immune responses. 
These studies point to altered PLT function in numerous 
disease states including inflammation, acute respiratory 
distress syndrome, atherosclerosis and cancer[3-5].

L-ascorbic acid is the reduced form of vitamin C 
(VitC). It is a water soluble molecule with strong antioxi­
dant properties[6,7]. PLTs possess Na+-dependent VitC 
transporters (SVCT2) and this allows them to actively 
transport VitC intracellularly[8]. Although normal VitC 
concentrations in plasma are 50-80 µmol/L, PLTs can 
hold up to 4 mmol/L of intracellular VitC[9]. This is 
50-80 fold higher than circulating VitC concentrations in 
plasma[10]. Studies have shown that VitC plays several 
roles in platelet functions, including reduction of reactive 
oxygen species[11], inhibition of expression of the pro-
inflammatory CD40 ligand (CD40L)[12], inhibition of throm­
boxane B2 formation[13] and stimulation of prostaglandin 
E1 production[14]. This underscores the important role of 
VitC for normal platelet metabolic functions.

While VitC at normal physiological concentrations is 
critical for PLT function, there is virtually no information 
on the impact of high concentrations of VitC on PLT 
function. High dose intravenous VitC was predominantly 
used by Complementary and Alternate Medicine 
(CAM) practitioners. However, there has been a recent 
trend to use high dose intravenous VitC to treat many 
chronic, untreatable or intractable disease states. At the 
present time, high dose intravenous VitC is often used 
as an adjunct in the treatment of sepsis, sepsis induced 
acute lung injury, cancer, iron deficiency in hemodialysis 
patients and even in the burn protocol[15-19]. A few studies 
have reported that high dose intravenous VitC has 
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complications in those with renal impairment or glucose 
6 phosphate dehydrogenase deficiency. But, in general, 
its use appears relatively safe in multiple published 
randomized clinical trials. Yet, since the scale of such 
use is on the rise, it is vital that the safety of high dose 
VitC be examined in greater detail. To address this need, 
we examined the effect of exposing human PLTs to high 
doses of VitC. The doses used in this study were typically 
those reported in many of the recently completed 
randomized clinical trials[15-19]. We also used PLTs under 
ex vivo conditions for these studies. These PLTs were 
primarily collected for therapeutic or prophylactic 
transfusions and stored appropriately. We examined the 
effect of high doses VitC on a variety of PLT functions, 
both at rest and following activation, over an 8 d period.

MATERIALS AND METHODS
Platelet concentrate preparation
Platelet concentrates (PCs) were prepared by Virginia 
Blood Services (Richmond, VA) following standard 
operating procedures. Briefly, freshly collected, whole 
blood was centrifuged at low speed (soft spin 1500 
× g) to separate platelet rich plasma (PRP). PRP was 
subjected to a second centrifugation (hard spin 5000 × g), 
then all but 50 mL of supernatant plasma was removed 
to concentrate the PLTs. The PLTs were re-suspended in 
residual plasma and stored with agitation at 22 ℃-24 ℃ 
for 8 d at the Virginia Commonwealth University Trans­
fusion Medicine Center.

Experimental design and study groups 
PCs were treated with one of three additives: Normal 
saline (control); 0.3 mmol/L VitC (Lo VitC); or 3 mmol/L 
VitC (Hi VitC) as final concentrations. We used 6-10 PC’s 
per treatment arm. The VitC additive was preservative-
free buffered ascorbic acid in water (Ascor L500, McGuff 
Pharmaceuticals, Santa Ana, CA), pH 5.5 to 7.0 adjusted 
with sodium bicarbonate and sodium hydroxide. Prior 
to supplementation, an initial baseline sample was 
collected at the blood supplier facility and transported to 
participating laboratories for analysis. PCs that passed 
standard screening tests were transported to the Virginia 
Commonwealth University Transfusion Medicine Center 
and sampled again on days 2, 5 and 8.

Sample processing
PLT samples were collected using sterile technique and 
processed. An initial PLT count was obtained and a portion 
of the sample was used to obtain platelet poor plasma 
(PPP) by centrifugation at 2000 × g for 10 min. The re­
sultant PPP was then used to adjust the sample platelet 
concentration to 230-270 × 103/ µL (Adj. PRP). 

Platelet pH and ascorbate analysis
An aliquot of the unadjusted PC was used for pH de­
termination. For ascorbate determination, Adj. PRP (500 
µL) was pelleted by centrifugation; washed with room 

temperature phosphate buffered saline; deproteinized 
in 100 µL of cold 20% trichloroacetic acid followed by 
addition of 100 µL of cold 0.2% dithiothreitol to prevent 
oxidation. Platelet lysates were vortexed and centrifuged 
at 10000 g for 10 min 4 ℃. The supernatants were 
stored at -80 ℃ for batch analysis. Total ascorbate was 
assessed using a Tempol-OPDA based fluorescence end-
point assay as previously described[20].

Plasma coagulation tests
Aliquots of PPP were assayed for prothrombin time (PT), 
activated partial thromboplastin time, and functional 
fibrinogen using the Stago STA Compact Coagulation 
Analyzer (Diagnostica Stago Inc., Parsippany, NJ) 
according to manufacturer’s instructions.

Measurement of platelet function
Viscoelastic properties measurement: The vis­
coelastic properties of PRP were measured in duplicate on 
a thromboelastography analyzer [thromboelastography 
(TEG) 5000, Haemonetics Corp., Braintree, maximum 
amplitude (MA)] using published methods[21]. Briefly, 30 
µL of 0.2 mmol/L CaCl2 and 330 µL of PRP were loaded 
into the TEG cup sequentially and test parameters (i.e., R, 
K, α and MA) recorded. 

Platelet aggregation and secretion: PLT aggregation 
in response to 2 µg/mL collagen or 10 µmol/L adenosine 
diphosphate (ADP) stimulation was measured by optical 
density using PRP. Simultaneously, the associated PLT 
adenosine triphosphate (ATP) secretion was measured 
via luminescence using Chrono-LumeTM reagent. Respective 
PPP aliquots of each sample were used as blanks. All 
runs were done in duplicate on a Chrono-log Series 500 
aggregometer (Chrono-Log Corp., Havertown, PA) accord­
ing to manufacturer’s instructions. 

Platelet flow cytometry
Reagents: Human thrombin (T7009), Gly-Pro-Arg-Pro 
(GPRP) tetra-peptide inhibitor of fibrin polymerization, 
and serum bovine albumin were all obtained from 
Sigma-Aldrich (St. Louis, MO); phosphate-buffered saline 
and formalin from Beckman Coulter (Fullerton, CA); 
fluorescein isothiocynate conjugated CD41a (CD41a-
FITC) and CD-31 (CD31-FITC), and phycoerythrin con
jugated CD62p (CD62p-PE) and CD63 (CD63-PE) were 
obtained from BD Biosciences (San Jose, CA); ADP from 
Chrono-Log Corp (Havertown, PA).

Procedure: Adj. PRP was diluted (1:10) using sterile 
saline (0.9% NaCl). Eight tubes were prepared per 
sample; 1 unstained, 3 CD62p-PE (alone, thrombin 0.5 
U/mL, or ADP 10 µmol/L), 3 CD63-PE (alone, thrombin 
0.5 U/mL, or ADP 10 µmol/L), and 1 containing the 
corresponding isotypes-matched monoclonal antibodies 
mixture (negative control). CD41a-FITC and/or CD31-
FITC were used to set the platelets gate for acquisition. 
GPRP (0.5 mmol/L) was added prior to thrombin 
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activation to inhibit fibrin polymerization. All tubes were 
processed the same day on the Accuri C6 flow cytometer 
(BD Biosciences, San Jose, CA). The assay was performed 
under the following conditions: Fluidics: Medium; forward 
scatter threshold: 30000; and 20000 events were 
collected in a preset platelet gate using standard methods 
including CD41a and/or CD31 as global platelet markers. 
The collected data were analyzed using FlowJo version 
7.6.5. (Ashland, OR). Results were expressed in mean 
fluorescence intensity units for CD41 and in percentages 
for other markers of activation.

Lipidomics analysis
Eicosanoids were analyzed as previously described[22-24]. 
Quantitative analysis of the lipids in the ethanolic extracts 
was carried out using UPLC ESI-MS/MS as described with 
minor modifications[25,26]. Briefly, to 200 µL of plasma, 
LCMS grade ethanol containing 10 ng of each internal 
standard was added (1 mL). The samples were mixed 
using a bath sonicator followed by incubation overnight 
at -20 ℃ for lipid extraction. Following incubation, the 
insoluble fraction was precipitated by centrifuging at 
12000 g for 20 min and the supernatant was transferred 
into a new glass tube. The lipid extracts were then dried 
under vacuum and reconstituted in LCMS grade 50:50 
EtOH:dH2O (100 µL) for eicosanoid quantitation via UPLC 
ESI-MS/MS analysis. 

Statistical analysis
Statistical analysis was performed using SAS 9.3 and 
GraphPad Prism 6.0 (GraphPad Software, San Diego, CA, 
United States) by Bernard J Fisher, Division of Pulmonary 
Disease and Critical Care Medicine, Department of 
Internal Medicine, Virginia Commonwealth University, 
Richmond, Virginia and Bassem M. Mohammed, De
partment of Pharmacotherapy and Outcomes Science, 
Virginia Commonwealth University, Richmond, Virginia. 
Data are expressed as mean ± SE. Results were com
pared by one-way ANOVA and the post hoc Tukey test to 
identify specific differences between groups. Statistical 

significance was confirmed at a P value of < 0.05.

RESULTS
VitC exposure increased intracellular PLT VitC 
concentrations during storage
Freshly isolated PLTs contain high concentrations of 
intracellular VitC (1.23 ± 0.09 mmol/L). These concen
trations are about 20 fold higher than the typical plasma 
levels of 50-80 µmol/L VitC. In freshly isolated PLTs on 
day 0, intracellular platelet VitC concentrations were 
not significantly different between the groups (Figure 
1). By day 2, PLTs from VitC supplemented bags had 
significantly higher VitC levels (3.2 mmol/L for Lo VitC 
and 15.7 mmol/L for Hi VitC) compared to saline (1.2 
mmol/L, P < 0.05). VitC content of PLTs observed at day 
2 did not significantly change throughout the rest of the 
storage period in all three groups. This suggests that 
PLTs, when exposed to high concentrations of VitC, have 
the capacity to store VitC intracellularly at concentrations 
that are significantly higher than that observed at normal 
plasma levels.

VitC exposure was associated with pH drop on day 8 
Baseline pH was initially identical between the three 
groups. There was a slow, but comparable drop in pH in 
the three groups until day 5. However, in the PC exposed 
to Lo/Hi VitC supplementation, there was a further 
significant decrease in pH between day 5 and day 8 
(Figure 2, P < 0.05).

VitC exposure did not alter coagulation pathways in 
PLTs
VitC supplementation did not significantly change PT 
and PTT values which gradually increased in all three 
groups (Figure 3A and B). On similar lines, functional 
fibrinogen levels also did not differ between the groups 
over the 8 d and remained within a clinically relevant 
range (Figure 3C).
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High VitC exposure impacts PLT function on day 8
Over the first 5 d, the addition of Hi or Lo VitC had 
no deleterious impact on any of the TEG parameters 
compared to the saline control (Figure 4). However, 
on day 8 significant differences were associated with 
extended storage in Hi VitC. Specifically, R and K times 
were extended in the Hi VitC group when compared to 
saline group (Figure 4A and B, P < 0.05). In agreement 
with K-time data, a decrease in α-angle was observed in 
the Hi VitC group on day 8 (Figure 4C, P < 0.05). On day 
8, there was a fall of 20 mm in MA associated with the Hi 

VitC compared to both baseline and day 8 saline controls 
(Figure 4D, P < 0.05). 

Platelet aggregation studies, showed uniform declines 
in Collagen and ADP-induced platelet aggregations over 
the study period in all three groups (Figure 5A and B). 
In addition, Lo/Hi VitC addition did not alter Collagen 
and ADP-induced ATP secretion throughout the study 
(Figure 5C and D). Furthermore, flow cytometric analysis 
of CD62 and CD63 expression profiles, showed that VitC 
supplementation had no effect on basal CD62p and CD63 
expression during storage (Figure 6A and D). Following 
ADP (Figure 6B) or thrombin (Figure 6C) stimulation, the 
CD62 expression showed a steady decrease that was 
not significantly different across the three groups (except 
for Hi VitC vs saline on day 8, P < 0.05). The expression 
profiles for CD63 differed depending on whether the PC 
were stimulated with ADP or thrombin (Figure 6E and F). 
However, the observed flow cytometric analysis changes 
were not significant across the three groups over 8 d.

Effects of VitC exposure on eicosanoids metabolism in 
PLTs
Eicosanoids analysis was carried out on days 0, 2, 5 
and 8 using aliquots of the PPP fraction of each sample. 
The levels of the free polyunsaturated fatty acids: 
Arachidonic acid (AA), eicosapentanoic acid (EPA), and 
docosahexanoic acid (DHA) did not differ significantly 
across the three groups throughout the study period 
(Figure 7A-C). Interestingly, free AA levels showed 
an initial drop from baseline in the three groups, and 
then remained unchanged through day 8. Formation of 
11-/12-/15-HETE, products of AA metabolism via the 
lipoxygenases pathway showed a gradual increase over 
storage time (Figure 7D-F). The magnitudes of changes 
were not significantly different between the Lo VitC 
and the saline groups. However, levels of 11-HETE was 
significantly higher at days 5 and 8 in the Hi VitC group 
when compared to saline (Figure 7D, P < 0.05). Hi VitC 
supplementation significantly augmented 12-HETE levels 
on days 2, 5 and 8 (Figure 7E, P < 0.05). With respect 
to 15-HETE, only day 8 levels were significantly higher 
in the Hi VitC group compared to saline (Figure 7F, P 
< 0.05). On similar lines, thromboxane B2 (TXB2) (the 
stable metabolite of TXA2) and prostaglandin E2 (PGE2), 
products of AA metabolism via the cyclooxygenases 
pathway were not significantly different between the Lo 
VitC and saline group. However, Hi VitC supplementation 
was associated with significantly higher TXB2 levels on 
days 5 and 8 (Figure 7G, P < 0.05); and significantly 
higher PGE2 levels on days 2 and 8 compared to saline 
(Figure 7H, P < 0.05).

DISCUSSION
VitC is one of the most enduring and popular alternative 
medical treatments sought after. Beyond its oral use 
to treat scurvy, parenteral VitC has been used by CAM 
practitioners for more than 6 decades[27-29]. The most 
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controversial use of high dose VitC as a cancer treatment 
was promoted by the Nobel Laureate, Cameron et al[30,31]. 
Recently published evidence has demonstrated that 
intravenous, but not oral administration of VitC produces 
pharmacologic plasma concentrations of VitC[32]. This has 
elucidated possible mechanisms of action of intravenous 
VitC and for the first time made therapeutic effects, 
biologically plausible[33]. In the past few years this thera­
peutic option has been implemented most often as 
adjunct therapy in diverse conditions such as sepsis, 
infections, autoimmune diseases and cancers[15-19]. The 
basis for use of high dose intravenous VitC has been 
established in pre-clinical studies in which VitC modulated 
coagulopathies in disease states. For example, Swarbeck 
et al[34] showed that VitC attenuates plasminogen 
activator inhibitor-1 expression and release in an in vitro 
model of sepsis. On similar lines Secor et al[35] showed 
that VitC reduces mouse platelet aggregation and surface 
P-selectin expression in an ex vivo model of sepsis. 
However, to date, no studies have directly examined the 
effect of high doses of VitC on human PLT function. To 
address this, we asked the question whether exposure to 
high doses of VitC, as would normally be observed with 
high dose intravenous VitC therapy, have any effect on 
PLT function.

In our study we found that PLTs exposed to VitC 
rapidly accumulated millimolar quantities of VitC as early 
as day 2 and maintained these levels throughout the study 

period (Figure 1). Savini et al[8] showed that human PLTs 
possess the VitC transporter SVCT2, which enable PLTs 
to increase intracellular levels of VitC. Importantly, while 
PLTs typically have approximately 4 mmol/L intracellular 
VitC in normal plasma, exposure to 3 mmol/L VitC 
increased intracellular VitC levels to > 15 mmol/L. This 
is significant, especially in cardiovascular pathologies 
since PLT activation and aggregation are modulated by 
reactive oxygen species[36]. VitC can alter the oxidative 
state of PLTs and inhibit the expression of CD40L, a 
transmembrane protein with pro-inflammatory and pro-
thrombotic properties[12]. Indeed, oral administration of 
VitC has been reported to reduce arterial stiffness and 
platelet aggregation[37].

VitC did not alter the pH of the PC throughout the 
standard 5 day storage period when compared to saline 
controls (Figure 2). Unlike the saline treated PLTs whose 
pH stayed in the neutral range on day 8, there was a 
significant drop in pH in the VitC treated PLTs. However, 
it is unlikely that these pH changes would significantly 
alter blood pH due to presence of the carbonic acid-
bicarbonate buffer, the phosphate buffer system, which 
consists of phosphoric acid (H3PO4) in equilibrium with 
dihydrogen phosphate ion (H2PO4

-) and H+ and hemo­
globin that play an important role in regulating the pH of 
the blood.

Our results show that the changes in PT, PTT and 
fibrinogen were comparable across the three groups 
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throughout the study period and that exposure to high 
doses of VitC did not adversely impact these parameters 
(Figure 3). Only a few studies have employed TEG to 
evaluate functionality of human PLTs in the PC’s[38-41]. 
However, unlike previous studies that adjusted PRP 
counts using freshly thawed PPP, we used same sample 
PPP to make adjustments. While TEG parameters 
across the three groups were comparable, some critical 
differences were observed on day 8 in the Hi VitC treated 
PLTs (Figure 4). The Hi VitC treated group showed a 
prolonged R-time, and a reduced MA as compared to the 
saline controls. Also, the Hi VitC groups had significantly 
delayed kinetics which was evidenced by prolonged 
K-times and reduced α-angle. It is unclear at this time 
why these changes occurred and future mechanistic 
approaches are needed to explain this finding. However, 
the corollary from these studies is that this inhibitory 
effect of VitC may have deleterious clinical implications if 
high dose VitC therapy is instituted for 8 d or more, or if 
plasma VitC levels are maintained at 3 mmol/L or higher 
for long periods of time.

Platelet aggregation studies show that Lo/Hi VitC 
addition did not alter the baseline or collagen and ADP-
induced platelet aggregations (Figure 5A and B) and 
collagen and ADP-induced ATP secretion throughout the 
study (Figure 5C and D). Flow cytometry showed that 
VitC supplementation had no effect on basal CD62p 

and CD63 expression during storage (Figure 6A and 
D). Following ADP (Figure 6B) or thrombin (Figure 6C) 
stimulation, the CD62 expression showed a steady 
decrease that was not significantly different across the 
three groups (except for Hi VitC). Lo/Hi VitC induced 
changes in CD63 expression with ADP or thrombin 
(Figure 6E and F) were not significant over 8 d. These 
results imply that exposure of normal PLTs to high con­
centrations of VitC has virtually no impact on agonist 
induced platelet aggregation under these conditions.

Although we did not observe differences in the levels 
of free AA, EPA and DHA in the plasma of stored PCs, 
exposure to Hi VitC was associated with a significant 
increase in the levels of PGE2, TXB2, 11-, 12- and 
15-HETE (Figure 7). Some of these free fatty acids 
(FFAs) have roles in host defense against potential patho­
genic or opportunistic microorganisms. Indeed, there 
is extensive literature demonstrating the antibacterial 
effects of various free fatty acids from a wide range 
of biological sources including plants, animals and 
algae[42]. Whilst their antibacterial mode of action is still 
poorly understood, studies have shown that their prime 
target is the cell membrane where FFAs disrupt the 
electron transport chain and oxidative phosphorylation. 
Besides interfering with cellular energy production, FFA 
also inhibit enzyme activity, impair nutrient uptake, 
and participate in the generation of peroxidation and 
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auto-oxidation degradation products or direct lysis of 
bacterial cells. While intravenous VitC has been shown 
to reduce bacterial burden and improve survival in pre-
clinical models of sepsis[43-45] it remains to be determined 
whether the mechanism involves the induction of these 
FFAs. 

As discussed above, both TXB2 and PGE2 levels were 
significantly higher in PLTs exposed to Hi VitC (Figure 7). 
Along with possible bacteriostatic effects, there are other 
potentially beneficial effects associated with induction 
of these metabolites. For example, a recent study by 
Bruegel et al[46] demonstrated that reduced release of 
11-HETE, PGE2 and TXB2 was associated with increased 
disease severity and poor prognosis in septic patients. 
PGE2 plays a dual role balancing PLTs response by stimu­
lation or suppression; and is more generally involved 
in fine tuning the pro-/anti-inflammatory response[47]. 
While TXA2 production is associated with PLTs activation, 

recent data have supported a protective role of TXA2 
via its inhibitory regulation of iNOS in the vasculature. 
In this regard, TXA2 was found to overcome vascular 
hypo-responsiveness and help maintaining the vascular 
tone[48]. The increased production of 12- and 15-HETEs 
observed in Hi VitC treated bags may also be a protective 
mechanism against the significantly increased TXA2

[49,50]. 
In sum, exposure of PLTs to high doses of VitC alters 
endogenous production of lipid mediators by PLTs. These 
mediators could have unappreciated, yet far reaching 
impacts on not just PLTs function but on the entire 
circulatory system.

We recognize that our studies had a few limitations. 
PLTs in storage bags are not in their normal physiologic 
environment. They do not interact with endothelial 
cells or other cell types in these storage bags; they are 
highly concentrated; and also have access only to a 
finite amount of nutrients[51]. Accumulation of products 
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of metabolism in the storage bags and other factors 
associated with platelets storage beyond 5 d could 
impact the system buffering capacity leading to the drop 
in pH observed in our study. This change in pH combined 
with the closed nature of the ex vivo system could also 
account for the observed effects. A second limitation is 
that in vitro testing of stored PLTs has limitations. While 

some PLTs functions are lost during storage, others may 
be recovered in vivo following transfusion. As suggested 
by Cardigan et al[51], changes observed in stored PLTs 
might not necessarily abrogate in vivo hemostatic 
activities. Whether storage of PCs in VitC truly affects 
hemostatic activities under in vivo conditions remains to 
be determined as a future endeavor.
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Figure 7  Hi vitamin C, but not Lo vitamin C exposure, was associated with significant changes in the eicosanoid profile over time. Addition of Lo/Hi VitC did 
not affect the levels of the PUFA: AA (A), EPA (B) and DHA (C) in comparison to saline controls (n = 10/group). Addition of Hi VitC was associated with significantly 
higher levels of 11-HETE (D) on days 5 and 8 (n = 10/group, aP < 0.05); 12-HETE (E) on days 2, 5 and 8 (n = 10/group, aP < 0.05); and 15-HETE (F) on day 8 (n = 10/
group, aP < 0.05). TXB2 (G) was also significantly higher in the Hi VitC group on days 5 and 8 (n = 10/group, aP < 0.05). In addition, PGE2 levels (H) were significantly 
higher on days 2 and 8 in the Hi VitC group (n = 10/group, aP < 0.05). VitC: Vitamin C; PUFA: Polyunsaturated fatty acids; AA: Arachidonic acid; EPA: Eicosapentanoic 
acid; DHA: Docosahexanoic acid; TXB2: Thromboxane B2; PGE2: Prostaglandin E2.
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COMMENTS
Background
Vitamin C (VitC) is a key modulator of platelet (PLT) function. Platelets store 
high intracellular concentrations of VitC, which then modify its oxidative 
state and play a role in its ability to aggregate. High dose intravenous VitC 
is increasingly being used both by Complementary and Alternate Medicine 
practitioners and by licensed medical practitioners as adjunct therapy for wide 
ranging diseases including sepsis, sepsis induced acute lung injury, multiple 
cancers, iron deficiency in hemodialysis patients and burns. However, there 
is no information on the impact of high dose VitC on normal PLT function. To 
address this need, the authors examined the effect of exposing ex vivo human 
PLTs to high doses of VitC.

Research frontiers
It is well known that VitC is required for normal platelet function. While pre-clinical 
studies have examined changes in PLT function in disease and the impact of VitC 
on these functions, no studies have examined PLT function in the presence of 
such high doses of VitC.

Innovations and breakthroughs
This is the first study to evaluate ex vivo PLT function in the presence of high 
concentrations of VitC. The innovative approach to use PLT storage bags 
afforded a reproducible system that allowed for gauging the temporal effects of 
high doses of VitC on PLT function.

Applications
This study advises moderate levels of caution regarding the extended use of 
high doses of intravenous VitC. While these high doses have no deleterious 
impact on PLT function in the short term (up to 5 d), there appear to be un
anticipated effects on PLT function as assessed by thromboelastography (TEG) 
after 8 d of continuous exposure.

Terminology
TEG, is a hemostatic assay that measures the viscoelastic properties (physical) 
of whole blood clot formation under low shear stress. It shows the interaction of 
platelets with the coagulation cascade (aggregation, clot strengthening, fibrin 
cross linking and fibrinolysis).

Peer-review
This is an interesting paper and is worth to be considered for publication. 
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Abstract
AIM
To identify the risk factors for mortality in intensive care 
patients with postoperative peritonitis (POP).

METHODS
This was a retrospective analysis using a prospective 
database that includes all patients hospitalized in a surgical 
intensive care unit for POP from September 2006 to 
August 2011. The data collected included demographics, 
comorbidities, postoperative severity parameters, bac
teriological findings, adequacy of antimicrobial therapy and 
surgical treatments. Adequate source control was defined 
based on a midline laparotomy, infection source control 
and intraoperative peritoneal lavage. The number of 
reoperations needed was also recorded.

RESULTS
A total of 201 patients were included. The overall 
mortality rate was 31%. Three independent risk factors 
for mortality were identified: The Simplified Acute Phy
siological Ⅱ Score (OR = 1.03; 95%CI: 1.02-1.05, P 
< 0.001), postoperative medical complications (OR = 
6.02; 95%CI: 1.95-18.55, P < 0.001) and the number of 
reoperations (OR = 2.45; 95%CI: 1.16-5.17, P = 0.015). 
Surgery was considered as optimal in 69% of the cases, 
but without any significant effect on mortality. 

CONCLUSION
The results from the large cohort in this study emphasize 
the role of the initial postoperative severity parameters in 
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the prognosis of POP. No predefined criteria for optimal 
surgery were significantly associated with increased 
mortality, although the number of reoperations appeared 
as an independent risk factor of mortality.

Key words: Mortality; Postoperative peritonitis; Risk 
factors; Surgery
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Core tip: This retrospective study performed from 
a prospective data base analysed the risk factor for 
mortality in 201 patients admitted for postoperative 
peritonitis (POP) in a surgical intensive care unit. Three 
independent risk factors for mortality were identified: The 
Simplified Acute Physiological Ⅱ Score, postoperative 
medical complications and the number of reoperations. 
This study emphasizes the role of the initial postopera
tive severity parameters in the prognosis of POP. No 
predefined criteria for optimal surgery were significantly 
associated with increased mortality, although the number 
of reoperations appeared as an independent risk factor 
of mortality.

Launey Y, Duteurtre B, Larmet R, Nesseler N, Tawa A, Mallédant 
Y, Seguin P. Risk factors for mortality in postoperative peritonitis 
in critically ill patients. World J Crit Care Med 2017; 6(1): 48-55  
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v6/i1/48.htm  DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.48

INTRODUCTION
Postoperative peritonitis (POP), defined as peritonitis 
occurring after a planned or urgent abdominal surgery, 
is an infrequent (occurring in approximately equal to 
the 2%-3% of laparotomies)[1,2], but serious event, 
with a mortality rate ranging from 30% to 35%[3-5]. The 
principles of POP management are based on an early 
diagnosis, optimized surgical source control, adequate 
antimicrobial therapy and the control of organ failure(s), 
if necessary[6,7]. Despite clinical, biological and radiological 
tools, the diagnosis of POP in the postoperative period 
remains challenging and the surgical source control is 
not always easy to perform in recently operated abdo
mens[8-10]. Moreover, multi-drug resistant (MDR) bacteria 
are frequently isolated in cases of POP, potentially leading 
to an inadequate antimicrobial therapy and a worsening 
prognosis[3,5]. Finally, peritonitis is shown to be a frequent 
condition related to death due to multiple organ failure. 
In this context, reoperation and postoperative immune 
depression may favour sepsis and the development of 
organ failure[11-14]. 

All of these factors may explain the high mortality 
observed in association with POP and illustrate the need 
to evaluate POP separately from other types of intra-
abdominal infections. Nevertheless, few studies have 
evaluated the risk factors for mortality in POP, especially 

in critically ill patients[8,15,16]. 
We hypothesized that POP may have specific chara­

cteristics and risk factors for mortality that could help 
physician in the care of the patients with POP. Accordingly, 
we performed an analysis using a prospective database 
to determine the risk factors for mortality associated with 
POP in patients who required intensive care.

MATERIALS AND METHODS
We performed a retrospective analysis from a pro
spective database that aimed to include all patients with 
POP. This database was completed from September 
2006 to August 2011 in a surgical critical care unit of a 
university hospital (Rennes - France). All patients older 
than 18 years of age who were admitted for POP were 
included. POP was defined as a peritoneal infection 
developing after intra-abdominal surgery. Only the first 
episode of POP was taken into account. Patients who had 
focal abscess(es) drained under computed tomography 
(CT)-scan guidance and/or who had more than one 
previous episode of POP before intensive care unit (ICU) 
admission were excluded. Infections were confirmed 
macroscopically and/or based on the identification of one 
or several pathogens in peritoneal sample. Patients were 
followed up from the first day of hospitalization until their 
discharge from the hospital or death if it occurred during 
hospitalization. This study was reviewed and approved by 
the ethics committee of Rennes University hospital which 
waived informed consent according to the retrospective 
design (Avis n° 16-129).

The following data were prospectively collected in the 
first 24 h: Age, sex, origin of patient (Rennes University 
hospital or another hospital), hospitalization over the 
previous 3-mo, antibiotic therapy in the 3 mo previous 
to the current hospital admission, immunocompromised 
status (defined based on systemic treatments with 
corticosteroids or other immunosuppressive drugs, che
motherapy or radiotherapy in the 3 mo previous to the 
admission), co-morbidities (assessed based on MacCabe 
score and the following severity scores: Simplified Acute 
Physiological Score Ⅱ (SAPS Ⅱ), Acute Physiology and 
Chronic Health Evaluation Ⅱ (APACHE Ⅱ) and Sequential 
Organ Failure Assessment (SOFA)[17-19]. The status (urgent 
or non-urgent) of the first intra-abdominal surgery was 
also recorded.

Surgery assessment included the cause of POP and 
the delay between the first surgery and the reoperation. 
An optimal surgical treatment was qualified as adequate 
when the 3 following criteria were met: (1) middle la­
parotomy; (2) ileostomy or colostomy in cases of injury/
perforation below the transverse mesocolon injury or 
drainage above the transverse mesocolon injury; and (3) 
careful peritoneal washing of the entire peritoneal cavity 
with at least 6 L of warm physiological serum and until 
obtaining a macroscopically clean cavity. Coelioscopy 
and/or a primary anastomosis were considered as in
adequate because their roles in the current recommen
dations are not well-established[6,7]. The number of 
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reoperations and the surgical complications, including 
abdominal wall abscesses, intra-abdominal abscesses, 
CT-guided drainage of abdominal abscesses and the 
need for subsequent reoperation, were also reported. 
Moreover, in our unit, relaparotomies were not planned 
and were only performed on-demand.

If required, antibiotic prophylaxis for the first surgery 
was prescribed according to the recommendations 
of the French Society of Anesthesia and Critical Care 
(Recommandations pour la pratique de l’antibioprophy
laxie en chirurgie. Actualisation 1999. www.sfar.org). 
Antimicrobial therapies applied between the first surgery 
and reoperations beginning at least 24 h before the 
reoperation and lasting more than 24 h were noted. 
Empirical antimicrobial treatment for the first episode of 
POP was administered according to the local protocol and 
included cefotaxime and metronidazole for early POP (< 
5 d from the initial surgery) and ticarcillin-clavulanate and 
amikacin for late POP (≥ 5 d from the initial surgery). 
Because of the low frequency of methicillin resistant 
Staphylococcus aureus and Enterococcus faecium, the use 
of vancomycin was not considered. Effects of antimicrobial 
therapy on Enterococcus species for ongoing POP and 
the rates of escalation or de-escalation of antimicrobial 
therapy were reported. Empirical antimicrobial therapies 
were re-evaluated based on microbiological data and the 
susceptibility of the isolated microorganisms. Treatments 
against fungi were only administered in cases of positive, 
direct examinations of the peritoneal liquid or positive 
cultures and included the use of fluconazole or an 
echinocandin. Bacteremia was recorded and defined 
based on at least one positive blood culture (2 positive 
samples in cases of coagulase-negative Staphylococcus) 
and were linked to the intra-abdominal infection if the 
same microorganisms were recovered in each sample. 
The duration of antimicrobial therapy ranged from 7 to 
10 d. 

The isolated microorganisms and the presence of 
multidrug resistance strains were reported. For each 
bacterium, the antibiotic sensitivity was determined using 
the disk-diffusion method. Bacteria were matched into 3 
categories: Sensitive, intermediate and resistant. MDR 
bacteria were defined as follows: Methicillin-resistant 
Staphylococcus aureus; Enterococcus spp. resistant to 
vancomycin and to high concentrations of gentamycin; 
Enterobacteriaceae producing extended-spectrum beta-
lactamase or overexpressing third-generation cephalo
sporinase; Pseudomonas aeruginosa resistant to ticarcillin, 
ceftazidime, carbapenem or ciprofloxacin; Acinetobacter 
spp. resistant to carbapenem and/or ticarcillin and/or 
aminoglycosides[5].

Medical complications included septic shock, acute re
spiratory distress syndrome (ARDS), and acute renal failure. 
Septic shock was defined based on the Bone criteria[20] and 
ARDS according to international recommendations[21]. 
Acute renal failure was defined based on a serum crea­
tinine level and uraemia and/or a urine output and/or 
a need for dialysis[22]. In cases of chronic renal failure, 
acute renal failure was defined as an increase of serum 

creatinine or uraemia and/or urine output and/or the 
need for dialysis[22]. Lengths of ICU and hospital stays 
and mortality rates were reported.

Statistical analysis
All statistical analysis were performed with SAS software 
version 9.2 (SAS Institute, Cary, NC, United States). 
Mean values and standard deviations were used to 
describe quantitative data, and a t-test or Wilcoxon 
test were used as needed. Numbers, ranges, and per
centages were used to describe qualitative data, and a χ 2 
test or Fisher’s test was used as needed. The multivariate 
analysis was designed by selecting variables with a 
P-value < 0.20 in the univariate analysis to build a logistic 
regression model. The results are expressed with ORs 
and 95% confidence intervals (95%CI). Results were 
considered significant at a P-value < 0.05.

RESULTS
A total of 201 patients were included in this study. The 
overall mortality rate was 31% (63/201). The patients’ 
baseline characteristics, severity scores and the deter
minants of the initial surgery are detailed in Table 1. In 
a univariate analysis, age, comorbidity evaluated based 
on McCabe scores and severity at admission in ICU 
(based on SOFA, APACHE Ⅱ and SAPS Ⅱ scores) were 
significantly associated with mortality. 

The causes of POP were anastomosis leakage (40%), 
necrosis/ischaemia (20%), traumatic perforation (12%) 
and miscellaneous (28%) and were not different between 
the non-survivors and survivors. Surgical procedures were 
deemed optimal in 69% of the cases (140/201) and the 
rate did not differ between non-survivors and survivors 
[71% (45/63) vs 69% (95/138); P = 0.743]. Details of 
surgical source control and the number reoperations are 
provided in Table 2. No significant influence of surgical 
parameters on the prognoses was found between non-
survivors and survivors (Table 2).

Antimicrobial treatment prior to POP (prophylaxis 
and/or therapy) and changes during the postoperative 
period (escalation or de-escalation) are provided in Table 
3. The microorganisms isolated from the peritoneal fluid 
(Table 4) and the mean number of microorganisms 
isolated per patient did not differ between non-survivors 
and survivors (Table 4). A total of 440 microorganisms 
were identified in 196 patients [non-survivors, n = 
139 (61 patients, 2 had no growth) and survivors, n 
= 301 (135 patients, 3 had no growth)]. A total of 46 
patients had at least one MDR bacteria recovered from 
their peritoneal fluid [non-survivors = 28% (17/61) and 
survivors = 21% (29/135), P = 0.378]. Bacteremia did 
not differ between the 2 groups [non-survivors = 33% 
(21/63) and survivors = 26% (36/138); P = 0.268].

The occurrence of medical complications was identified 
as a potential risk factor for mortality in the univariate 
analysis, and the length of hospital stay was significantly 
shorter for non-survivors (Table 3).

In the multivariate analysis, three independent risk 
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factors for mortality were identified: SAPS Ⅱ score, the 
occurrence of medical complications and the number of 
subsequent reoperations (Table 5). 

DISCUSSION
Using a large cohort of ICU patients, we explored the 
risk factors for mortality associated with POP and found 
that SAPS Ⅱ score, medical complications and the 
number of reoperations were independent risk factors 
for hospital mortality.

Few studies have assessed risk factors for mortality 
in patients with POP, and most of the studies that have 
examined this topic included patients hospitalized both 
in ICUs and surgical wards or included a mix of com
munity and nosocomial peritonitis (including post- and/or 
non-postoperative) and did not focused on POP in ICU-

patients requiring high levels of care[15,16,23]. Mulier et al[15] 
reported a mortality of 30% in 96 POP patients and found 
that the inability to control the septic source or to clear 
the abdominal cavity, older age and unconsciousness 
were independent risk factors for mortality. In this 
retrospective study, which was not specifically focused on 
ICU patients, disease severity, measured based on the 
APACHE Ⅱ score and its acute physiological component, 
did not appear as an independent risk factor and was 
only significant when age and unconsciousness were 
also included in the multivariate model[15]. In another 
retrospective study performed in 56 POP patients, Torer 
et al[16] found a 32% mortality rate and that sex (female), 
malignancy, organ failure, a lack of source control and 
the time period between symptom onset and the 2nd 
operation were independent risk factors for mortality. 
Nevertheless, the small cohort of patients in this study 

All patients (n  = 201) Non-survivors (n  = 63) Survivors (n  = 138) P

Age (yr)   63 ± 15 69 ± 12   61 ± 16 < 0.001
Sex, male 133 (66)    46 (73)   87 (63)    0.199
Origin of patients
   Rennes University Hospital 132 (66)    44 (70)   88 (64) 0.4
   Other hospitals   69 (34)    19 (30)   50 (36)
   Hospitalization in the previous 3 mo, yes   78 (39)    24 (38)   54 (39) 1
   Immunosuppression, yes   33 (16)      9 (14)   24 (17)     0.581
   Antimicrobial therapy in the past 3 mo, yes   54 (26)    16 (25)   38 (28)     0.751
MacCabe score
   Class A   57 (28)    11 (18)   46 (34)     0.036
   Class B 107 (53)    36 (57)   71 (51)
   Class C   37 (19)    16 (25)   21 (15)
SAPS Ⅱ   48 ± 19 60 ± 25   43 ± 14 < 0.001
APACHE Ⅱ 20 ± 8 24 ± 11 18 ± 6 < 0.001
SOFA   7 ± 4 8 ± 5   6 ± 4 < 0.001
Urgent initial surgery   69 (34) 22 47     0.905
Site of the initial surgery
   Colorectal   82 (41)    25 (40)   57 (41)     0.363
   Liver - biliary - pancreas     48 (24)    15 (24)   33 (24)
   Oesophagus - gastro-duodenal - small bowel   60 (30)    22 (35)   38 (28)
   Others 11 (5)    1 (1) 10 (7)

Table 1  Baseline characteristics, severity scores and initial surgery  n  (%)

Data are expressed as the mean ± SD or as the number of patients (percentages). SAPS Ⅱ: Simplified acute physiological score Ⅱ; APACHE Ⅱ: Acute 
physiology and chronic health evaluation Ⅱ; SOFA: Sequential organ failure assessment.

Total (n  = 201) Non-survivors (n  = 63) Survivors (n  = 138) P

Delay between first operation and surgical reintervention (d) 9.9 ± 7.5 10.4 ± 9.6 9.9 ± 6.2   0.718
Complete surgical source control 140 (69) 45 (71)   95 (69)   0.743
Large way of laparotomy 181 (90) 56 (89) 125 (91) 0.71
Per-operative management of lesions1 184 (92) 57 (89) 127 (92)   0.713
Peritoneal washing (at least 6 L) and clear peritoneal cavity 175 (87) 55 (89) 120 (87)   0.946
Reoperation after the first episode of postoperative peritonitis (number)   59 (29) 23 (37)   36 (29)   0.132
No. of reoperations after the first episode of postoperative peritonitis 1.3 ± 0.6 1.4 ± 0.7 1.2 ± 0.5   0.121
Surgical complications
   Parietal abscess   23 (11) 11 (17)   12 (10)   0.095
   Intra-abdominal abscess   36 (18) 11 (17)   25 (20)   0.875
   Computed tomography-scan guided drainage   30 (15)   7 (11)   23 (19)   0.287

Table 2  Surgical considerations  n  (%)

1The per-operative management of lesions was defined as the realization of ileostomy or colostomy in cases of injured/perforated infra-mesocolic bowel 
injury or drainage in cases of supra-mesocolic bowel injury. Data are expressed as the mean ± SD or as the number of patients (percentages). 
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clearly lacks statistical power, as shown by the wide 
confidence intervals, and it did not specifically address 
ICU patients[16]. More recently, in a retrospective study 
including 102 POP patients, a mortality rate of 39.2% 
was reported and 4 independent risk factors for mortality 
were identified (age ≥ 60, multiple organ failure, in
adequate antimicrobial treatment and a stercoral aspect 
of the peritoneal fluid)[24]. In a selected population of 27 
obese patients who required re-operation after initial 
bariatric surgery and ICU admission, a preoperative BMI 
> 50 kg/m2 and multiple reoperations were associated 
with a poor prognosis and the number of organ failures[8].

Our results generally support the findings of these 
previous reports. The mortality rate in the cohort studied 
here was 31%, which is similar to the rates reported in 
previous related studies, although the patients in the 
present study were older than those in previous studies. 
Nevertheless, none of our pre-defined factors for surgical 
source control were found to significantly impact the 
mortality rate, and surgical postoperative complications 
did not appear as a risk factor for mortality. However, 
the number of reoperations was significantly associated 
with mortality and, in some patients, surgical source 
control was not effectively achieved. Indeed, the need 

Total (n  = 201) Non-survivors (n  = 63) Survivors (n  = 138) P

Antibiotic prophylaxis for the first surgery 165 (82) 53 (84) 112 (81)   0.38
Antimicrobial treatment prior to the first reintervention  132 (66) 40 (63)   93 (67)     0.564
Empirical antibiotic therapy for POP effective against Enterococcus spp. 104 (52) 35 (56)   69 (50)     0.466
Change in empirical antimicrobial POP treatment 130 (65) 33 (52)   97 (70)     0.005
   Escalation   60 (46) 20 (32)   40 (29)
   De-escalation   70 (54) 13 (21)   57 (41)
Medical complications     0.001
   Septic shock 125 (62) 58 (92)   67 (49)
   Acute renal failure   79 (39) 39 (62)   40 (29)
   ARDS  54 (27) 28 (44)   26 (19)
Lengths of stay, d
   ICU 17 ± 17 17 ± 18 17 ± 17 0.2
   Hospital 48 ± 44 31 ± 27 57 ± 48  < 0.001

Table 3  Antimicrobial therapies and medical complications  n  (%)

Data are expressed as the mean ± SD or as the number of patients (percentages). POP: Postoperative peritonitis; ARDS: Acute respiratory distress 
syndrome; ICU: Intensive care unit.

Total1 (n  = 440) Non-survivors1 (n  = 63) Survivors1 (n  = 138) P

Gram-negative bacilli 206 62 144 0.959
   Escherichia coli   97 26   71 0.213
   Enterobacter spp.   32 13   19 0.079
   Pseudomonas aeruginosa   24   7   17 0.700
   Klebsiella spp.   15   3   12 0.066
   Proteus spp.     9   3     6 1.000
   Citrobacter spp.     8   4     4 0.255
   Other gram-negative bacilli   21   6   15 1.000
Gram-positive cocci 161 48 113 0.989
   Enterococcus spp. 107 35   72 0.429
   E. faecalis   70 25   45 0.328
   E. faecium   18   2   16 0.053
   Other enterococci   19   8   11 0.279
   Streptococcus spp.   23   6   17 0.504
   Staphylococcus aureus
   Methicillin sensitive     7   1     6 0.580
   Other gram-positive cocci   24   6   18 0.625
Anaerobes   47 17   30 0.979
   Bacteroides spp.   39 13   26 0.889
   Clostridium spp.     4   2     2 1.000
   Other anaerobes     3   2     1 1.000
Fungi   26 12   14 0.938
   Candida albicans   17   7   10 0.715
   Other fungi     8   4     4 0.317
Number of microorganism types recovered per patient 2.2 ± 1.2 2.2 ± 1.2 2.2 ± 1.2 0.998

Table 4  Microorganisms recovered from the peritoneal liquid and number per patients in which they were found

1Methicillin resistant Staphylococcus aureus was not recovered. Data are expressed as the number of microorganisms (percentage) and the mean ± SD until 
otherwise. 
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to re-operate after the first episode of POP was 29%, 
and among these patients, 27% had persistent intra-
abdominal infections. Moreover, surgical reoperation 
under septic peritoneal conditions and inflammation, 
along with the inherent risk of new bowel injuries, was 
sometimes associated with difficulties in closing the 
abdominal wall, which may have played a role in worsen
ing the mortality rate of these patients.

We found a significant influence of the initial severity 
scores in predicting mortality. Indeed, the SAPS Ⅱ score 
and medical complications were independently associated 
with mortality. This confirms the need for the early 
identification of patients at risk and who have severe 
symptom to avoid delays in reoperations, which favours 
the occurrence of organ failure and bacterial growth in 
the peritoneal cavity and worsens their prognosis for 
survival[15]. Our results emphasize that the initial hours 
following POP diagnosis are crucial in the prognosis of 
POP. Thus, a rapid control of organ failure is required to 
achieve a better outcome. POP management is based 
on 3 goals: Supportive care of septic shock, early and 
adequate antibiotic treatment and the early surgery. 
Previous reports have shown that a failure to achieve 
these goals increases the mortality rate[3,25,26].

For initial antimicrobial treatments, we found that 
patients who survived had a greater rate of secondary 
adaptation to antibiotics, as reflected by treatment de-
escalation. In the cases of antibiotic escalation, the 
bacteria recovered were resistant and/or not covered by 
the initial antimicrobial treatment, consequently leading 
to a potentially higher risk of mortality, although in our 
study, this parameter was included in the multivariate 
analysis[3,25,26]. In cases of de-escalation, we assumed 
that the bacteria recovered were completely targeted by 
the empirical antimicrobial treatment. In addition, MDR 
bacteria were found in 23% of patients, which is a lower 
rate than previously reported, but this did not influence the 
mortality rate[3,27]. Riché et al[28], in a prospective cohort 
of 68 POP patients admitted to a surgical ICU, found that 
yeasts recovered in POP patients were associated with an 
increased risk of death at day 30 after surgery, whereas 
Enterococcus spp. and anaerobes recovered were not. 
In our study, no bacterial (notably Enterococcus spp.) or 
fungal species were found to impact the mortality rate. 
The impact of the Enterococcus spp. recovered from 
POP patients on mortality is controversial, and we did 
not find a relationship between Enterococcus spp. and 
mortality[29-31]. Finally, we did not find that age influenced 
mortality, but the population we studied was older than 
that of other studies[15,32,33]. Controversies exist regarding 
age as a risk factor for mortality in ICUs, and factors 

other than age itself, such as previous comorbidities and/
or frailty, may have a better prognostic significance[34,35]. 
This issue has been poorly studied in ICU patients with 
peritonitis. In 163 patients with secondary peritonitis, 
excluding patients with POP, Hynninen et al[32] showed 
that previous functional status was an independent risk 
factor for mortality overall but not in the ICU patients.

Several limitations to the interpretation of our data 
are worth noting. First, this is a retrospective and 
monocentric study, but data were prospectively collected, 
and one third of the patients came from another hospital. 
Moreover, the management of POP was standardized 
regardless of whether it was for surgical procedures or 
postoperative ICU management. Second, we assessed 
only 3 surgical criteria (the type of laparotomy, the intra-
operative management of the lesions and the quality of 
washing), but many other surgical factors not reported 
in our database may affect outcomes, such as the ex
perience of the surgeon, the duration of the surgery, the 
quality of the drainage and the stitching of abdominal 
wall. Third, our inclusion criteria were stringent because 
we excluded POP that had been operated on using coelio
scopy because we believe that the coelioscopy does 
not have a sufficiently well-defined role in the surgical 
management of peritonitis[6,7,36]. Fourth, biological markers 
of inflammation have not been recorded in our database. 
It might have allowed a better stratification of the peri­
tonitis severity, but were not recommended in usual 
practice in a recent guideline[36].

This study confirms the negative role of the initial 
severity criteria and the deleterious role of multiple reo
perations, which constitute an indirect sign of inadequate 
source control, in assessing mortality in patients with 
POP. An early and successful first surgery is required to 
increase the chances of a definitive and efficient treat
ment of POP. 

COMMENTS
Background
Postoperative peritonitis (POP) is a rare but severe disease, associated with 
a challenging diagnosis and a high mortality rate. Multiple organ-failure is a 
predominant explanation of this burden. But, in addition to supportive care, 
surgery represents the cornerstone of peritonitis treatment. The timing and 
adequacy of surgical source control are paramount concerns. Suboptimal 
surgery may lead to an overwhelmingly negative effect on outcome. In this 
study, the authors focused on a more refined peritonitis patient’s population 
to better precise the risk factors of mortality especially the impact of surgical 
parameters. 

Research frontiers
Whereas several data exist on the risk factors of mortality in secondary 
peritonitis, large sample specific studies on POP are scarce. Moreover, surgery 
has a central role in the management of POP. Identifying more accurately 
the role of surgical parameters in POP management could affect the way of 
peritonitis treatment. 

Innovations and breakthroughs
This paper is the larger sample size study of selected patients with POP, in 
which the authors investigated the risk factors of mortality, especially the impact 
of surgical parameters but also the medical complications. This study confirms 

Odds ratio 95%CI P

Simplified acute physiological score Ⅱ 1.03 1.02-1.05 < 0.0001
Medical postoperative complications 6.02   1.95-18.55 < 0.0001
Number of subsequent reoperations 2.45 1.16-5.17    0.0154

Table 5  Multivariate analysis for the risk factors for mortality
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the prominent role of medical complications in the poor outcome of POP, 
however, it found out no surgical risk factor of mortality.

Applications
These data confirm and recall the prominent negative role of severity 
parameters in POP outcome. No surgical factor has been found to impact 
negatively the mortality but larger sample size study with more surgical 
parameters is needed. Moreover, no patient was treated with laparoscopy but 
new investigations could be drawn in this perspective. 

Terminology
POP belongs to the usual group of secondary peritonitis. More precisely, it 
includes broadly postoperative abdominal abscesses or diffuse peritoneal 
infection following abdominal surgery. POP is usually caused by leakage of gut 
contents, but also by spreading of residual infection or by the occurrence gut 
ischemia. The severity of POP relies on the associated multiple organ failure. 

Peer-review
This is a well written paper with a very relevant topic. It is well researched.

REFERENCES
1	 Pessaux P, Msika S, Atalla D, Hay JM, Flamant Y. Risk factors for 

postoperative infectious complications in noncolorectal abdominal 
surgery: a multivariate analysis based on a prospective multicenter 
study of 4718 patients. Arch Surg 2003; 138: 314-324 [PMID: 
12611581]

2	 Manilich E, Vogel JD, Kiran RP, Church JM, Seyidova-Khoshknabi 
D, Remzi FH. Key factors associated with postoperative com
plications in patients undergoing colorectal surgery. Dis Colon 
Rectum 2013; 56: 64-71 [PMID: 23222282 DOI: 10.1097/
DCR.0b013e31827175f6]

3	 Montravers P, Gauzit R, Muller C, Marmuse JP, Fichelle A, 
Desmonts JM. Emergence of antibiotic-resistant bacteria in cases 
of peritonitis after intraabdominal surgery affects the efficacy of 
empirical antimicrobial therapy. Clin Infect Dis 1996; 23: 486-494 
[PMID: 8879770]

4	 Roehrborn A, Thomas L, Potreck O, Ebener C, Ohmann C, 
Goretzki PE, Röher HD. The microbiology of postoperative 
peritonitis. Clin Infect Dis 2001; 33: 1513-1519 [PMID: 11568851 
DOI: 10.1086/323333]

5	 Seguin P, Fédun Y, Laviolle B, Nesseler N, Donnio PY, Mallédant 
Y. Risk factors for multidrug-resistant bacteria in patients with 
post-operative peritonitis requiring intensive care. J Antimicrob 
Chemother 2010; 65: 342-346 [PMID: 20008043 DOI: 10.1093/
jac/dkp439]

6	 Solomkin JS, Ristagno RL, Das AF, Cone JB, Wilson SE, Rotstein 
OD, Murphy BS, Severin KS, Bruss JB. Source control review 
in clinical trials of anti-infective agents in complicated intra-
abdominal infections. Clin Infect Dis 2013; 56: 1765-1773 [PMID: 
23463643 DOI: 10.1093/cid/cit128]

7	 Bosscha K, van Vroonhoven TJ, van der Werken C. Surgical 
management of severe secondary peritonitis. Br J Surg 1999; 
86: 1371-1377 [PMID: 10583280 DOI: 10.1046/j.1365-2168. 
1999.01258.x]

8	 Kermarrec N, Marmuse JP, Faivre J, Lasocki S, Mognol P, 
Chosidow D, Muller C, Desmonts JM, Montravers P. High 
mortality rate for patients requiring intensive care after surgical 
revision following bariatric surgery. Obes Surg 2008; 18: 171-178 
[PMID: 18175195 DOI: 10.1007/s11695-007-9301-1]

9	 Bader FG, Schröder M, Kujath P, Muhl E, Bruch HP, Eckmann C. 
Diffuse postoperative peritonitis -- value of diagnostic parameters 
and impact of early indication for relaparotomy. Eur J Med Res 
2009; 14: 491-496 [PMID: 19948445 DOI: 10.1186/2047-783X-14
-11-491]

10	 Paugam-Burtz C, Dupont H, Marmuse JP, Chosidow D, Malek L, 
Desmonts JM, Mantz J. Daily organ-system failure for diagnosis 
of persistent intra-abdominal sepsis after postoperative peritonitis. 

Intensive Care Med 2002; 28: 594-598 [PMID: 12029408 DOI: 
10.1007/s00134-002-1250-5]

11	 Guillou PJ. Biological variation in the development of sepsis after 
surgery or trauma. Lancet 1993; 342: 217-220 [PMID: 8100934 
DOI: 10.1016/0140-6736(93)92303-B]

12	 Unalp HR, Kamer E, Kar H, Bal A, Peskersoy M, Ali Onal M. 
Urgent abdominal re-explorations. World J Emerg Surg 2006; 1: 10 
[PMID: 16759414 DOI: 10.1186/1749-7922-1-10]

13	 Wakefield CH, Carey PD, Foulds S, Monson JR, Guillou PJ. 
Changes in major histocompatibility complex class II expression 
in monocytes and T cells of patients developing infection after 
surgery. Br J Surg 1993; 80: 205-209 [PMID: 8443652 DOI: 
10.1002/bjs.1800800224]

14	 Hecker A, Uhle F, Schwandner T, Padberg W, Weigand MA. 
Diagnostics, therapy and outcome prediction in abdominal sepsis: 
current standards and future perspectives. Langenbecks Arch Surg 
2014; 399: 11-22 [PMID: 24186147 DOI: 10.1007/s00423-013-
1132-z]

15	 Mulier S, Penninckx F, Verwaest C, Filez L, Aerts R, Fieuws S, 
Lauwers P. Factors affecting mortality in generalized postoperative 
peritonitis: multivariate analysis in 96 patients. World J Surg 2003; 
27: 379-384 [PMID: 12658477 DOI: 10.1007/s00268-002-6705-x]

16	 Torer N, Yorganci K, Elker D, Sayek I. Prognostic factors of the 
mortality of postoperative intraabdominal infections. Infection 2010; 
38: 255-260 [PMID: 20393782 DOI: 10.1007/s15010-010-0021-4]

17	 Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute 
Physiology Score (SAPS II) based on a European/North American 
multicenter study. JAMA 1993; 270: 2957-2963 [PMID: 8254858]

18	 Siro CA, Bastos PG, Knaus WA, Wagner DP. APACHE II scores in 
the prediction of multiple organ failure syndrome. Arch Surg 1991; 
126: 528-529 [PMID: 2009070 DOI: 10.1001/archsurg.1991.014 
10280132022]

19	 Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça 
A, Bruining H, Reinhart CK, Suter PM, Thijs LG. The SOFA 
(Sepsis-related Organ Failure Assessment) score to describe organ 
dysfunction/failure. On behalf of the Working Group on Sepsis-
Related Problems of the European Society of Intensive Care 
Medicine. Intensive Care Med 1996; 22: 707-710 [PMID: 8844239 
DOI: 10.1007/BF01709751]

20	 Bone RC, Sibbald WJ, Sprung CL. The ACCP-SCCM consensus 
conference on sepsis and organ failure. Chest 1992; 101: 1481-1483 
[PMID: 1600757 DOI: 10.1378/chest.101.6.1481]

21	 Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, 
Lamy M, Legall JR, Morris A, Spragg R. The American-European 
Consensus Conference on ARDS. Definitions, mechanisms, 
relevant outcomes, and clinical trial coordination. Am J Respir Crit 
Care Med 1994; 149: 818-824 [PMID: 7509706 DOI: 10.1164/
ajrccm.149.3.7509706]

22	 Bellomo R, Kellum J, Ronco C. Acute renal failure: time for 
consensus. Intensive Care Med 2001; 27: 1685-1688 [PMID: 
11810109 DOI: 10.1007/s00134-001-1120-6]

23	 Rüttinger D, Kuppinger D, Hölzwimmer M, Zander S, Vilsmaier 
M, Küchenhoff H, Jauch KW, Hartl WH. Acute prognosis of 
critically ill patients with secondary peritonitis: the impact of the 
number of surgical revisions, and of the duration of surgical therapy. 
Am J Surg 2012; 204: 28-36 [PMID: 22226144 DOI: 10.1016/
j.amjsurg.2011.07.019]

24	 Marzougui Y, Missaoui K, Hannachi Z, Dhibi Y, Kouka J, 
Dziri C, Houissa M. [Postoperative peritonitis: pronostic factors 
of mortality]. Arch Inst Pasteur Tunis 2014; 91: 67-76 [PMID: 
26485772]

25	 Schneider CP, Seyboth C, Vilsmaier M, Küchenhoff H, Hofner 
B, Jauch KW, Hartl WH. Prognostic factors in critically ill patients 
suffering from secondary peritonitis: a retrospective, observational, 
survival time analysis. World J Surg 2009; 33: 34-43 [PMID: 
18979129 DOI: 10.1007/s00268-008-9805-4]

26	 Sturkenboom MC, Goettsch WG, Picelli G, in ‘t Veld B, Yin DD, 
de Jong RB, Go PM, Herings RM. Inappropriate initial treatment 
of secondary intra-abdominal infections leads to increased risk of 
clinical failure and costs. Br J Clin Pharmacol 2005; 60: 438-443 

Launey Y et al . Postoperative peritonitis/mortality



55 February 4, 2017|Volume 6|Issue 1|WJCCM|www.wjgnet.com

[PMID: 16187977 DOI: 10.1111/j.1365-2125.2005.02443.x]
27	 Augustin P, Kermarrec N, Muller-Serieys C, Lasocki S, Chosidow 

D, Marmuse JP, Valin N, Desmonts JM, Montravers P. Risk factors 
for multidrug resistant bacteria and optimization of empirical 
antibiotic therapy in postoperative peritonitis. Crit Care 2010; 14: 
R20 [PMID: 20156360 DOI: 10.1186/cc8877]

28	 Riché FC, Dray X, Laisné MJ, Matéo J, Raskine L, Sanson-Le 
Pors MJ, Payen D, Valleur P, Cholley BP. Factors associated with 
septic shock and mortality in generalized peritonitis: comparison 
between community-acquired and postoperative peritonitis. Crit 
Care 2009; 13: R99 [PMID: 19552799 DOI: 10.1186/cc7931]

29	 Seguin P, Brianchon C, Launey Y, Laviolle B, Nesseler N, Donnio 
PY, Malledant Y. Are enterococci playing a role in postoperative 
peritonitis in critically ill patients? Eur J Clin Microbiol Infect Dis 
2012; 31: 1479-1485 [PMID: 22076551 DOI: 10.1007/s10096- 
011-1467-8]

30	 Sotto A, Lefrant JY, Fabbro-Peray P, Muller L, Tafuri J, Navarro 
F, Prudhomme M, De La Coussaye JE. Evaluation of antimicrobial 
therapy management of 120 consecutive patients with secondary 
peritonitis. J Antimicrob Chemother 2002; 50: 569-576 [PMID: 
12356803 DOI: 10.1093/jac/dkf167]

31	 Dupont H, Vael C, Muller-Serieys C, Chosidow D, Mantz J, 
Marmuse JP, Andremont A, Goossens H, Desmonts JM. Prospective 
evaluation of virulence factors of enterococci isolated from patients 
with peritonitis: impact on outcome. Diagn Microbiol Infect Dis 
2008; 60: 247-253 [PMID: 18060725 DOI: 10.1016/j.diagmicrobio.
2007.10.006]

32	 Hynninen M, Wennervirta J, Leppäniemi A, Pettilä V. Organ 
dysfunction and long term outcome in secondary peritonitis. 
Langenbecks Arch Surg 2008; 393: 81-86 [PMID: 17372753 DOI: 
10.1007/s00423-007-0160-y]

33	 Neri A, Marrelli D, Scheiterle M, Di Mare G, Sforza S, Roviello 
F. Re-evaluation of Mannheim prognostic index in perforative 
peritonitis: prognostic role of advanced age. A prospective cohort 
study. Int J Surg 2015; 13: 54-59 [PMID: 25475872 DOI: 10.1016/
j.ijsu.2014.11.035]

34	 Le Maguet P, Roquilly A, Lasocki S, Asehnoune K, Carise E, 
Saint Martin M, Mimoz O, Le Gac G, Somme D, Cattenoz C, 
Feuillet F, Malledant Y, Seguin P. Prevalence and impact of frailty 
on mortality in elderly ICU patients: a prospective, multicenter, 
observational study. Intensive Care Med 2014; 40: 674-682 [PMID: 
24651884 DOI: 10.1007/s00134-014-3253-4]

35	 Bagshaw SM, Stelfox HT, McDermid RC, Rolfson DB, Tsuyuki 
RT, Baig N, Artiuch B, Ibrahim Q, Stollery DE, Rokosh E, 
Majumdar SR. Association between frailty and short- and long-term 
outcomes among critically ill patients: a multicentre prospective 
cohort study. CMAJ 2014; 186: E95-102 [PMID: 24277703 DOI: 
10.1503/cmaj.130639]

36	 Montravers P, Dupont H, Leone M, Constantin JM, Mertes PM, 
Laterre PF, Misset B, Bru JP, Gauzit R, Sotto A, Brigand C, Hamy A, 
Tuech JJ. Guidelines for management of intra-abdominal infections. 
Anaesth Crit Care Pain Med 2015; 34: 117-130 [PMID: 25922057 
DOI: 10.1016/j.accpm.2015.03.005]

P- Reviewer: Agaba EA, Bramhall S, Chiu KW, Mizrahi S, Piccinni G    
S- Editor: Ji FF    L- Editor: A    E- Editor: Li D  

Launey Y et al . Postoperative peritonitis/mortality



56 February 4, 2017|Volume 6|Issue 1|WJCCM|www.wjgnet.com

Martin Padar, Gerli Uusvel, Joel Starkopf, Department of 
Anaesthesiology and Intensive Care, Tartu University Hospital, 
51014 Tartu, Estonia

Liis Starkopf, Department of Public Health, Section of Bio­
statistics, Faculty of Health and Medical Sciences, University of 
Copenhagen, 2200 Copenhagen, Denmark

Joel Starkopf, Annika Reintam Blaser, Department of Anaes­
thesiology and Intensive Care, University of Tartu, 51014 Tartu, 
Estonia

Annika Reintam Blaser, Department of Anaesthesiology, 
Intensive Care, Emergency and Pain Medicine, Lucerne Cantonal 
Hospital, 6000 Lucerne, Switzerland 

Author contributions: Padar M, Starkopf J and Reintam Blaser 
A designed the study; Uusvel G and Starkopf L participated in 
the data collection and analysis; Padar M, Starkopf J and Reintam 
Blaser A participated in the interpretation of the results and drafted 
the manuscript; all the co-authors participated in the development 
of the final version of the manuscript.

Supported by the Ministry of Education and Research of 
Estonia (IUT34-24).

Institutional review board statement: The study was approved 
by the institutional review board of Tartu University Hospital.

Informed consent statement: Waiver of informed consent was 
approved by the Ethics Committee of University of Tartu due to 
the observational design of the study.

Conflict-of-interest statement: ARB received honoraria for 
participation in the advisory board meetings of Nestlé, Fresenius 
and Nutricia. JS has received honoraria for advisory board 
participation from B. Braun Melsungen AG. The authors declare 
that they have no conflicts of interest regarding this particular 
study.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 

reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Annika Reintam Blaser, MD, PhD, 
Researcher, Department of Anaesthesiology and Intensive Care, 
University of Tartu, L. Puusepa 8, 51014 Tartu, 
Estonia. annika.reintam.blaser@ut.ee
Telephone: +372-5142281

Received: August 28, 2016
Peer-review started: September 1, 2016
First decision: October 20, 2016
Revised: November 8, 2016
Accepted: January 11, 2017
Article in press: January 14, 2017
Published online: February 4, 2017

Abstract
AIM
To determine the effects of implementing an enteral 
feeding protocol on the nutritional delivery and out
comes of intensive care patients.

METHODS
An uncontrolled, observational before-and-after study 
was performed in a tertiary mixed medical-surgical 
intensive care unit (ICU). In 2013, a nurse-driven enteral 
feeding protocol was developed and implemented in the 
ICU. Nutrition and outcome-related data from patients 
who were treated in the study unit from 2011-2012 (the 
Before group) and 2014-2015 (the After group) were 
obtained from a local electronic database, the national 
Population Registry and the hospital’s Infection Control 
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Service. Data from adult patients, readmissions ex
cluded, who were treated for at least 7 d in the study 
unit were analysed. 

RESULTS
In total, 231 patients were enrolled in the Before and 
249 in the After group. The groups were comparable 
regarding demographics, patient profile, and severity of 
illness. Fewer patients were mechanically ventilated on 
admission in the After group (86.7% vs  93.1% in the 
Before group, P  = 0.021). The prevalence of hospital-
acquired infections, length of ICU stay and ICU, 30- 
and 60-d mortality did not differ between the groups. 
Patients in the After group had a lower 90-d (P  = 
0.026) and 120-d (P  = 0.033) mortality. In the After 
group, enteral nutrition was prescribed less frequently 
(P  = 0.039) on day 1 but significantly more frequently 
on all days from day 3. Implementation of the feeding 
protocol resulted in a higher cumulative amount of en
terally (P  = 0.049) and a lower cumulative amount of 
parenterally (P < 0.001) provided calories by day 7, with 
an overall reduction in caloric provision (P < 0.001). The 
prevalence of gastrointestinal symptoms was comparable 
in both groups, as was the frequency of prokinetic use. 
Underfeeding (total calories < 80% of caloric needs, 
independent of route) was observed in 59.4% of the 
study days Before vs 76.9% After (P < 0.001). Inclusion 
in the Before group, previous abdominal surgery, intra-
abdominal hypertension and the sum of gastrointestinal 
symptoms were found to be independent predictors of 
insufficient enteral nutrition.

CONCLUSION
The use of a nurse-driven feeding protocol improves 
the delivery of enteral nutrition in ICU patients without 
concomitant increases in gastrointestinal symptoms or 
intra-abdominal hypertension. 

Key words: Gastrointestinal symptoms; Underfeeding; 
Nutrition protocol; Feeding protocol; Enteral feeding; 
Enteral nutrition; Parenteral nutrition; Critical care

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Following implementation of a nurse-driven 
enteral feeding protocol in a mixed medical-surgical 
intensive care unit (ICU) with a high baseline under
feeding rate, caloric intake via  the enteral route was 
significantly increased during the first week in the ICU 
without concomitant increases in the frequency of gas
trointestinal symptoms, intra-abdominal hypertension or 
use of prokinetic medication.

Padar M, Uusvel G, Starkopf L, Starkopf J, Reintam Blaser A. 
Implementation of enteral feeding protocol in an intensive care 
unit: Before-and-after study. World J Crit Care Med 2017; 6(1): 
56-64  Available from: URL: http://www.wjgnet.com/2220-3141/
full/v6/i1/56.htm  DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.56

INTRODUCTION
Enteral feeding (EN) is currently considered the best 
option for providing nutrition to critically ill patients. The 
use of the enteral route may specifically reduce disease 
severity by attenuating the stress response[1] while 
avoiding the increased infectious morbidity observed with 
the use of parenteral nutrition (PN)[2]. Starting EN early 
after admission to an intensive care unit (ICU) is favoured 
over a delayed approach, as it reduces morbidity and 
mortality[3,4]. The best clinical outcomes are achieved when 
over 85% of the prescribed caloric intake is provided[5]. 
However, inadequate enteral feeding continues to exist in 
ICUs worldwide[6]; indeed, a previous study[7] conducted 
in our ICU demonstrated that insufficient enteral feeding 
occurred in more than half of the patients. 

Guidelines issued by the American Society for Paren­
teral and Enteral Nutrition and the Society of Critical 
Care Medicine suggest the use of a feeding protocol 
to improve nutritional outcomes[2]. These protocols 
aim to standardize and automate the provision of EN, 
enabling bedside nurses to initiate, monitor and alter the 
administration of feeds without direct orders from the 
attending physician[8]. Several studies[9-12] have shown 
an increase in nutritional provision with the use of enteral 
feeding protocols, but the effect of these protocols on 
relevant patient outcomes has been shown in only a few 
studies[13-15].

The aim of this study was to evaluate the effect of 
a nurse-driven enteral feeding protocol on the amount 
of nutrition provided and on patient outcomes. An ob­
servational before-and-after study was conducted. 

MATERIALS AND METHODS
Ethical considerations
The study was approved by the Research Ethics Com­
mittee of the University of Tartu with waived informed 
consent (permit no. 258/T-6).

Statistical review statement
The statistical methods of this study were reviewed by 
a co-author Liis Starkopf from the Department of Public 
Health, Section of Biostatistics, Faculty of Health and 
Medical Sciences, University of Copenhagen.

Patient population
The 1st Intensive Care Unit of Tartu University Hospital 
is a 10-bed tertiary level mixed medical-surgical ICU 
in a regional hospital. Data from patients treated in 
this department before and after the implementation 
of a nurse-driven feeding protocol were compared. 
Included in this study were adult patients (at least 18 
years of age) who were treated in the ICU for at least 7 
consecutive days. Readmissions were excluded.

Design of the study
An uncontrolled, observational before-and-after study 
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was performed. In 2013, a nurse-driven feeding protocol 
was implemented in the study unit. The study period 
comprised three phases: Pre-intervention (Before), inter­
vention and post-intervention (After). No dieticians were 
involved in any of the study phases.

In 2011 and 2012, an enteral feeding protocol was 
not in use. Decisions regarding nutrition were made daily 
by the attending physician, while the nursing staff was 
responsible for the provision of feedings. Adult patients, 
not including readmissions, who were treated for at least 
7 d in the ICU in 2011 and 2012 were included in the 
Before group.

The enteral feeding protocol was implemented in 
2013 (Figure 1). In our study, the year 2013 served as 
a learning and adaptation period, and thus patients in 
this period were not included in our analysis.

In 2014 and 2015, the use of the enteral feeding 
protocol was routine. Eligible patients admitted during 

this period composed the After group. 
In the post-intervention phase, physicians were not 

required to follow the feeding protocol for nutrition-
related decisions. Adherence to the protocol was not 
assessed in the present study. 

Data collection
Admission characteristics, nutritional information and 
outcome data were extracted from an electronic database 
used in the ICU, while data concerning hospital-acquired 
infections were provided by the Hospital Infection Control 
Service. Mortality data were retrieved from the national 
Population Register.

Enteral feeding protocol 
The study authors developed the feeding protocol 
according to available examples in the scientific literature 
in 2012. The ultimate purpose was to support bedside 

Within 6 h of ICU admission: 
Ask the physician whether enteral feeding can be started. Specify goal

Reasons to withhold/delay enteral feeding
Severe general condition:
   Shock: Regardless of infusion and 
   vasopressor/inotropic therapies lactate 
   level rising or persisting > 3 mmol/L
   Hypoxemia PaO2 < 50 mmHg

Acute abdominal pathology needing 
investigations/interventions
Integrity of gastrointestinal tract damaged 
(e.g. , fistula)
Other
   Expected adequate oral diet within 24 h
   End-of-life care
   Other (e.g. , home parenteral nutrition)

Permission of physician to start enteral feeding? Specify formula (kcal/mL) and 
rate (mL/d)

Yes No

Yes No

No

Yes

OK

Nasogastric (NG) or other feeding tube in place? Do not feed. Document the reason.
Ask again in 6-12 h

Check position Yes Ask whether you may insert the NG tube

Measure gastric residual volume (GRV) Ask whether jejunal tube will be placed No

< 500

≥ 500

Start feeding 20 mL/h for 6 h. Monitor for GI symptoms.

GRV ≥ 500 mL GRV < 200 mL GRV 200-500 mL

No gastric feeding
Ask physician for 

metoclopramide and laxative

Increase enteral 
feeding by 10 mL/h

Continue feeding. Ask for 
metoclopramide and laxative

GRV < 200 mL Measure GRV in 6 h GRV 200-500 mL

Measure GRV every 
6 h. Look for GI 

symptoms 

Measure GRV every 12 h. Increase 
feeding by 10 mL/h up to the goal. If GRV 

OK, every 24 h. Look for GI symptoms

Measure GRV every 6 h. 
Reduce feeding up to 50%. 

Look for GI symptoms

Gastrointestinal symptoms and intra-abdominal pressure

Diarrhea IAP > 15 mmHg Vomiting Other (abdominal 
distension, pain, etc .)

Stop laxatives
Continue feeding

Stop enteral feeding Open NG tube. Measure GRV

Document. Ask physician, how to proceed. Re-evaluate in 6 h

Figure 1  Feeding protocol. ICU: Intensive care unit; GI: Gastrointestinal.
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nurses with a structural decision tree for independent 
decision making in enteral feeding.

Variables
Patient characteristics included age, sex, body mass 
index (BMI), diagnostic category, occurrence of abdominal 
surgery, Acute Physiology and Chronic Health Evaluation 
Ⅱ (APACHE Ⅱ)[16] and Sequential Organ Failure 
Assessment (SOFA)[17] scores, vasopressor or inotrope 
treatment and mechanical ventilation (MV) on admission 
to the ICU. The diagnostic category was defined as 
surgical or medical according to the diagnoses at ICU 
admission. Outcome variables were length of ICU stay 
and MV, prevalence of hospital-acquired infections 
(ventilator-associated pneumonia, urinary tract infection, 
blood stream infection, Clostridium difficile enterocolitis), 
ICU mortality and 30-, 60-, 90- and 120-d mortality. 
Hospital-acquired infections were defined as a diagnosis 
by the Hospital Infection Control Service. 

Nutritional support variables included the amount of 
calories administered daily via enteral and parenteral 
routes during a patient’s ICU stay. Only data from the 
first 7 days were included in the analysis. Insufficient 
EN was defined as the provision of less than 50% of 
caloric needs via the enteral route and was assessed on 
day 4 and day 7.

Overfeeding was defined as receiving more than 
110% of daily caloric needs via any route, and under­
feeding as less than 80%; these variables were analysed 
as the total incidence during 7 d.

Dextrose-based maintenance infusions were included 
in the calculations of parenteral calories, whereas the 
nutritional value of propofol was not taken into account.

Gastrointestinal (GI) symptoms and management 
variables were recorded daily and were defined and 
calculated as follows. Absence or presence of bowel 
sounds was determined daily by a senior intensive 
care physician using auscultation in a non-protocolized 
manner. To measure gastric residual volume (GRV), 
enteral feeding was stopped, and the nasogastric tube 
was held closed for 30 min. The tube was then opened 
and remained open for 30 min with a collection bag 
mounted to the bed well under the level of the stomach, 
allowing for the free flow of gastric content. Evacuated 
content was discarded. Initially, after starting EN, GRV 
measurements were performed every 6 h. Further 
measurements were made every 12 h, if two consecutive 
measurements had yielded less than 200 mL. A large 
GRV was defined as a total daily volume greater than 
500 mL. Bowel distension was defined when confirmed 
radiologically. Vomiting and GI bleeding were defined 
as a visible amount of vomit or the presence of a 
visible amount of blood in stomach contents or stool, 
respectively. Diarrhoea was defined as the occurrence of 
liquid stools more than 3 times in a day. Intra-abdominal 
pressure (IAP) was recorded daily in select patients who 
were considered at risk for intra-abdominal hypertension 
(IAH) according to departmental routine. In those 

patients, IAP was measured intermittently every 6 to 12 
h (more frequently if the previous IAP was increased - 12 
mmHg or higher) with a transvesical pressure measurement 
technique in accordance with the clinical practice guidelines 
of the World Society of the Abdominal Compartment 
Syndrome[18]. The sum of GI symptoms was defined as 
the sum of the daily prevalence (1) or absence (0) of 
previously described GI symptoms. Prescription of metoclo­
pramide was defined as a standing order of the drug. 

Statistical analysis
Categorical variables are described as the number of 
patients and proportions and were compared using χ 2 
or Fisher’s exact test. The normality of the distribution 
of continuous variables was evaluated by Kolmogorov-
Smirnov test. Continuous variables are described as the 
median and inter-quartile range if not stated otherwise. 
Comparisons of continuous variables were performed 
using an independent samples median test.

Logistic regression analyses were performed to 
identify the independent predictors of insufficient EN 
by day 4 and day 7. All admission day variables that 
positively predicted outcomes in the univariate analysis 
with P < 0.2 were entered stepwise into a multiple 
logistic regression model. Coupling variables were added 
and removed with a stepwise approach to obtain a final 
optimal model for predicting insufficient EN. Nagelkerke 
R Square test was used to evaluate the power of the 
prediction models. The data were analysed using SPSS 
software (version 23.0, IBM).

RESULTS
Patient characteristics and outcome data
In total, 665 and 683 patients, respectively, were 
admitted to the ICU before and after the implementation 
of the feeding protocol. After excluding patients under 
18 years of age, readmissions and patients who stayed 
less than 7 d in the ICU, the study population consisted 
of 231 patients in the Before and 249 patients in the 
After group. 

The groups did not differ regarding patient age, sex, 
BMI, case-mix, APACHE Ⅱ or SOFA scores nor in the 
frequency of vasopressor/inotrope therapy at admission. 
Around half of the patients had a surgical profile, and 
the majority of them had received abdominal surgery. 
The proportion of patients who were mechanically ven­
tilated on admission was significantly smaller in the 
After group. No significant changes between the two 
groups were found in length of ICU stay, duration of 
mechanical ventilation, frequency of hospital-acquired 
infections or ICU, 30-d and 60-d mortality. However, 
90-d and 120-d mortality were significantly lower in the 
After group (Table 1).

Nutritional support
EN was not initiated during the ICU stay of 19 patients. 
After implementation of the feeding protocol, significantly 
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fewer patients received enteral feeding on day 1 (27.7% 
Before vs 18.1% After; P = 0.039). On day 2, EN was 
administered to approximately half of the patients in 
both groups (48.5% Before vs 53% After; P = 0.593). 
The median time to EN initiation was similar between 
the groups [day 2 (1-5) Before vs day 2 (2-4) After (P 
= 0.73)]. After implementation of the feeding protocol, 
a larger proportion of patients received EN from day 3 
onwards (Figure 2), and the median daily caloric intake 
via the enteral route was significantly higher on days 3, 4, 
6 and 7 (Table 2). 

After implementation of the feeding protocol, the 
cumulative amount of enterally provided calories during 
patients’ first week in the ICU was significantly higher 
(P = 0.049), while the amount of calories provided 
from parenteral nutrition was significantly lower (P < 
0.001, Table 3). Overall, fewer calories (enteral plus 
parenteral) were provided during the first 7 d (P < 
0.001) after the feeding protocol was implemented. The 
median percentage of calories administered enterally of 

the calculated caloric needs day-by-day is presented in 
Figure 3.

The incidence of overfeeding in all analysed days 
was 8.4% in the Before and 4.5% in the After group (P 
< 0.001), whereas underfeeding occurred on 59.4% 
and 76.9% of the days in the Before and After group, 
respectively (P < 0.001).

The results of the regression analysis with variables 
predicting insufficient EN by day 4 and day 7 are shown 
in Table 4. The risk of insufficient EN both on day 4 and 
day 7 was increased in patients in the Before group.

Gastrointestinal symptoms and treatment
We found no significant differences between the groups 
regarding the daily occurrence of vomiting, radiologically 
confirmed bowel distension, GI bleeding or large GRV 
(> 500 mL/d). The incidence of diarrhoea was similar 
and below 10% in both groups, with the only exception 
of day 4, when more cases were observed in the After 
group (19/249 vs 6/213, P < 0.05). No difference was 
noted in the maximal sum of GI symptoms per day 
[median 1 (1-2) in both groups, P = 0.112]. 

Half of the patients in both groups developed intra-
abdominal hypertension in their first week in the ICU 
(51.2% Before vs 55.9% After, P = 0.218). A difference 
was observed only on day 5, when 29.5% of the patients 
in the After group had IAH compared to 20.5% in the 
Before group (P = 0.043). 

After implementation of the feeding protocol, the 
prescription of metoclopramide did not increase, and on 
day 2, it was significantly lower (9.1% Before vs 3.6% 
After, P = 0.011).

Daily enteral 
caloric intake

Before After P -value

Median (IQR), kcal Median (IQR), kcal
Day 1     0 (0-100) 0 (0-0) 0.016
Day 2     0 (0-480) 100 (0-480) 0.409
Day 3 160 (0-700) 370 (0-767) 0.031
Day 4 340 (0-800)   500 (10-960) 0.003
Day 5   400 (0-1000)       580 (176-1100) 0.142
Day 6     500 (53-1000)       695 (240-1138) 0.003
Day 7       500 (108-1000)       720 (200-1155) 0.018

Table 2  Daily enteral caloric intake

Padar M et al . Feeding protocol: A before-and-after study

All Before After P -value (before vs  after)

Admission characteristics
   n of pt 480 231 249
   Male gender, n (%) 298 (62.1) 151 (65.4) 147 (59.0) 0.159
   Surgical profile, n (%) 256 (53.3) 120 (51.9) 136 (54.6) 0.311
   Abdominal surgery, n (%) 141 (29.4)   72 (31.2)   69 (27.7) 0.232
   Age, mean (range)  61.7 (18-96)  61.5 (18-96)  62.0 (20-93) 0.684
   BMI        27.8 (24.3-31.6)        27.7 (24.5-31.5)        27.8 (24.3-32.0) 0.791
   APACHE Ⅱ, points           16 (11.0-22.0)           16 (11.0-21.0)           16 (12.0-22.0) 0.948
   SOFA, points           8 (6.0-10.0)           8 (6.0-10.0)           8 (7.0-10.0) 0.504
   Vasopressor/inotrope, n (%) 407 (84.8) 195 (84.4) 212 (85.1) 0.462
   Mechanical ventilation, n (%) 431 (89.8) 215 (93.1) 216 (86.7) 0.021
Outcomes
   ICU stay (d)   13 (9-21)   13 (9-22)   13 (8-21) 0.978
   Mechanical ventilation (d)   10 (6-17)     9 (6-18)   10 (6-17) 0.796
   Ventilator pneumonia, n (%) 16 (3.3)   7 (3.0)   9 (3.6) 0.461
   Urinary tract infection, n (%) 31 (6.5) 16 (6.9) 15 (6.0) 0.582
   Bloodstream infection, n (%) 16 (3.3)   6 (2.6) 10 (4.0) 0.404
   Cl difficile colitis, n (%) 14 (2.9)   6 (2.6)   8 (3.2) 0.450
   ICU mortality   51 (10.6)   28 (12.1) 23 (9.2) 0.190
   30-d mortality 121 (25.2)   64 (27.7)   52 (22.9) 0.134
   60-d mortality 136 (28.3)   73 (31.6)   63 (25.3) 0.076
   90-d mortality 157 (32.7)   86 (37.2)   71 (28.5) 0.026
   120-d mortality 164 (34.2)   89 (38.5)   75 (30.1) 0.033

Table 1  Admission characteristics and outcome data

BMI: Body mass index; APACHE Ⅱ: Acute Physiology and Chronic Health Evaluation Ⅱ; SOFA: Sequential Organ Failure Assessment; ICU: Intensive care 
unit.
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DISCUSSION
This before-and-after study was designed to evaluate the 
effects of the implementation of a nurse-driven feeding 
protocol on feeding practices and on the outcomes of 
long-term adult patients in a mixed ICU. The amount of 
enterally given calories was higher after implementing 
the feeding protocol, without a concomitant increase 
in the use of a prokinetic nor in the prevalence of GI 
symptoms or IAH.

Our findings are in accordance with previous before-
and-after studies using nurse-driven rate-based enteral 
feeding protocols. Studies by Arabi et al[10] and Spain et 
al[19] have shown an increase in the cumulative enteral 
caloric intake on days 7 and 3 in the ICU, respectively, 
while a greater proportion of patients receiving enteral 
nutrition after implementation of a feeding protocol was 
reported by Barr et al[20] and Compton et al[11]. More 
frequent and earlier achievement of nutritional goals have 
been described[11,12], as well as a reduction in the use of 
parenteral nutrition[12]. These were small, mostly single-

centre studies and therefore lacked generalizability. A 
cluster randomized controlled trial (RCT) by Martin et al[13] 
(the ACCEPT trial) showed that evidence-based nutrition 
algorithms focusing on the early provision of enteral feeding 
and on frequent re-evaluations increased the number of 
days when EN was delivered and reduced both hospital 
length of stay and mortality. A large cluster RCT conducted 
by Doig et al[9] with 1118 patients and 27 enrolled ICUs 
showed an earlier start of both enteral and parenteral 
feeding and greater nutritional adequacy occurred after 
implementing evidence-based guidelines with a versatile 
practice change strategy; however, their study failed 
to demonstrate effects on patient outcomes. Finally, 
improved nutritional adequacy and reductions in infectious 
morbidity have been shown in studies by Heyland et al[14], 
using a volume-based, top-down feeding algorithm, and 
by Taylor et al[15], using an enhanced EN approach. The 
RCTs demonstrating positive effects on nutrition and clinical 
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Cumulative caloric intake All Before After P -value

Median (IQR), kcal Median (IQR), kcal Median (IQR), kcal (before vs  after)
Cumulative EN calories day 7 2870 (803-5163) 2300 (380-5030)   3210 (1280-5215)    0.049
Cumulative PN calories day 7   3100 (1338-5225)   3977 (1775-6646) 2600 (825-4287) < 0.001
Cumulative total calories day 7   6531 (5035-8140)   7030 (5667-8970)   6000 (4715-7498) < 0.001

Table 3  Seven-day cumulative enteral and parenteral caloric intake

EN: Enteral feeding; PN: Parenteral nutrition.

Variables predicting insufficient EN Day 4 Day 7

OR (95%CI) P -value OR (95%CI) P -value
Before group 4.02 (1.55-10.40)    0.004 2.09 (1.35-3.22)    0.001
Abdominal surgery 3.97 (1.26-12.46)    0.018 3.09 (1.82-5.27) < 0.001
Sum of GI symptoms 6.01 (2.55-14.14) < 0.001 2.35 (1.60-3.44) < 0.001
IAH 4.20 (1.32-13.34)   0.015 - -
Nagelkerke R Square 0.349 0.19

Table 4  Regression analysis with day of admission variables predicting insufficient enteral feeding by day 4 and day 7

EN: Enteral feeding; GI: Gastrointestinal; IAH: Intra-abdominal hypertensio.



62 February 4, 2017|Volume 6|Issue 1|WJCCM|www.wjgnet.com

outcomes included a variety of interventions, meaning 
the effects of the feeding protocols were inseparable from 
those of the whole strategy. In our study, only long-term 
patients were included, a third of whom had abdominal 
surgery. Patients with complicated abdominal surgery, 
requiring a prolonged stay in the ICU, are undoubtedly the 
most challenging group of patients in terms of successful 
EN. This aspect needs to be taken into account when 
interpreting our results, which showed largely insufficient 
EN both before and after implementation of the feeding 
protocol. During the time the study was conducted, some 
changes in the understanding of nutrition in the acute 
phase of critical illness emerged, including the concept of 
autophagy and non-inferiority or even possible benefits of 
underfeeding in the early phase[21-26]. These changes may 
explain why EN was started less frequently on the day of 
admission (in most cases not the full 24-h day) in the After 
group compared to the Before group.

Interestingly, while the cumulative amount of enteral 
calories in the first week in the ICU increased, the 
amount of parenterally given calories decreased by a 
greater amount. The decreased incidence of overfeeding 
(considering total calories) after implementation of the 
feeding protocol did not explain the magnitude of the 
observed change. Accordingly, implementation of the 
enteral feeding protocol resulted in decreased total 
caloric intake. There are some possible explanations 
for this finding. Shortly before the feeding protocol 
was implemented, the results of the EPaNIC trial[27] 
were acknowledged and were potentially interpreted 
as an argument against early parenteral nutrition. This 
might have led to a reduction in PN independent of the 
feeding protocol. Additionally, decisions regarding the 
initiation of PN continued to be made by physicians 
in a non-protocolized way. Therefore, because more 
patients received EN in the After group, the physicians 
may have been more likely to withhold supplemental 
PN in these patients, whereas (full) PN was more likely 
to be prescribed in patients who remained without EN 
(larger proportion in the Before group). However, these 
interactions led to a negative result regarding total caloric 
intake. Even if significantly increased amounts of enteral 
calories were administered after implementation of the 
feeding protocol, they remained far from reaching the 
caloric targets. As the end-effect, the more pronounced 
reduction in PN resulted in an even larger caloric deficit 
in the After group. This is an important finding, indicating 
the need to plan complex nutritional interventions including 
EN and PN without the risk of increases in enterally provided 
calories resulting in an increased total caloric deficit. The 
presence of a dietician in the ICU would probably also help 
eliminate this problem. Although the optimal timing of 
supplemental PN is not known, a cumulative caloric deficit 
above 4000 kcal should likely be avoided[28-30]. 

It should, however, be noted that the nutritional value 
of propofol was not included in the caloric calculations 
in the present study, whereas the awareness regarding 
the appropriate amounts of calories provided with 
propofol infusions and regarding the negative impact 

of overfeeding[31,32] is increasing. It is not clear whether 
the propofol dosage influenced physicians’ decisions 
about the nutrition prescribed in the study period, and 
furthermore, whether this potential effect varied between 
the pre- and post-intervention phases. 

The prevalence of GI symptoms is high in critically 
ill patients[33], and any increases in their prevalence due 
to more aggressive EN should be avoided. The identified 
differences in some of the symptoms on single days 
during the first week in the ICU seemed random and 
related to the low total number of events. However, the 
safety of using standard feeding protocols in certain 
patient groups (e.g., those at increased risk for aspiration 
or severe bowel distension) was not established in the 
current study.

The main strengths of our study are the relatively 
constant patient population in the study unit over the 
years and the daily documented data on GI symptoms. 
However, our study has several limitations. The single-
centre design with a limited number of select (stay > 
7 d) patients in a mixed ICU, with a significant proportion 
of patients receiving abdominal surgery, decreases the 
generalizability of our results. Furthermore, we studied 
a relatively long time span and it is possible that other 
non-protocolized changes in clinical routines might have 
occurred and influenced the outcomes. Some of the docu
mented GI symptoms occurred very rarely, and therefore 
the significance of the difference in their prevalence may 
have changed more or less with each case.

We believe that in addition to describing the magni­
tude of the effect of a feeding protocol on the delivery 
of EN and patient-related outcomes, our study notes 
a possible pitfall regarding the implications of a nurse-
driven feeding protocol without standardizing the use of 
supplemental PN.

The use of a nurse-driven feeding protocol is asso­
ciated with an improved delivery of enteral nutrition 
without a concomitant increase in the use of prokinetics 
nor in the prevalence of GI symptoms or IAH in adult ICU 
patients with an ICU stay of at least 7 d. Increased, but 
still insufficient, EN may lead to the withholding of PN, 
resulting in an even larger total caloric deficit. Therefore, 
the use of an enteral nutrition protocol alone without 
the presence of a dietician and in absence of a standard 
for supplemental parenteral nutrition may not prevent 
severe underfeeding.
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high proportion of long-staying patients admitted after complicated abdominal 
surgery. The use of an enteral feeding protocol has been consistently shown to 
improve the delivery of enteral nutrition (EN) in several studies, however, only a 
few have reported an effect on relevant patient outcomes. 

Research frontiers
Early EN has recently become a hotspot in research of nutritional support for 
critically ill. Yet not clearly proven, there is some data suggesting that early EN 
improves important patient-centred outcomes of intensive care. Implementation 
of a feeding protocol would be the first pragmatic step for any ICU aiming to 
facilitate EN. This study confirms that with protocol based approach, enteral 
delivery of nutrients can be significantly enhanced without an increase in 
gastrointestinal symptoms. 

Innovations and breakthroughs
In ICU long-stayers, implementation of the enteral feeding protocol significantly 
improved the delivery of EN. Unlike most similar studies, the authors reported 
on gastrointestinal symptoms, intra-abdominal hypertension and the use of 
prokinetic medications and demonstrated that this improvement in EN did 
not increase the frequency of aforementioned problems. Importantly, after 
introduction of the feeding protocol, the use of parenteral nutrition decreased 
significantly, resulting in a reduction in both parenterally administered and total 
calories. Accordingly, the prevalence of underfeeding did not decrease despite 
implementation of the enteral feeding protocol. 

Applications
This study demonstrated that use of an enteral feeding protocol was safe in 
terms of nutrition-related complications. However, in a nutritionally challenging 
patient population, it also brought along a reduction in overall caloric intake. 
This finding may warrant implementing a strategy of supplemental parenteral 
nutrition to help reduce the caloric debt seen in long-staying ICU patients. 

Terminology
A nurse-driven enteral feeding protocol refers to an algorithm enabling the 
bedside nurse to start, monitor and adjust the delivery of enteral tube feedings 
to patients not capable of oral food intake. 

Peer-review
This study was well conducted and nicely written. It has enough quality to be 
published in this journal.
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Abstract
AIM
To characterize the prescribing patterns for hydro
cortisone for patients with septic shock and perform an 
exploratory analysis in order to identify the variables 
associated with better outcomes.

METHODS
This prospective cohort study included 59 patients with 
septic shock who received stress-dose hydrocortisone. 
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It was performed at 2 critical care units in academic 
hospitals from June 1st, 2015, to July 31st, 2016. 
Demographic data, comorbidities, medical management 
details, adverse effects related to corticosteroids, 
and outcomes were collected after the critical care 
physician indicated initiation of hydrocortisone. Univariate 
comparison between continuous and bolus administration 
of hydrocortisone was performed, including multivariate 
analysis, as well as Kaplan-Meier analysis to compare the 
proportion of shock reversal at 7 d after presentation. 
Receiver operating characteristic (ROC) curves determined 
the best cut-off criteria for initiation of hydrocortisone 
associated with the highest probability of shock reversal. 
We addressed the effects of the taper strategy for 
discontinuation of hydrocortisone, noting risk of shock 
relapse and adverse effects.

RESULTS
All-cause 30-d mortality was 42%. Hydrocortisone was 
administered as a continuous infusion in 54.2% of patients; 
time to reversal of shock was 49 h longer in patients who 
were given a bolus administration [59 h (range, 47.5-90.5) 
vs 108 h (range, 63.2-189); P = 0.001]. The maximal dose 
of norepinephrine after initiation of hydrocortisone was 
lower in patients on continuous infusion [0.19 μg/kg per 
minute (range, 0.11-0.28 μg)] compared with patients 
who were given bolus [0.34 μg/kg per minute (range, 
0.16-0.49); P  = 0.004]. Kaplan-Meier analysis revealed 
a higher proportion of shock reversal at 7 d in patients 
with continuous infusion compared to those given bolus 
(83% vs 63%; P = 0.004). There was a good correlation 
between time to initiation of hydrocortisone and time 
to reversal of shock (r  = 0.80; P < 0.0001); ROC curve 
analysis revealed that the best criteria for prediction of 
shock reversal was a time to initiation of hydrocortisone 
of ≤ 13 h after administration of norepinephrine, with an 
area under the curve of 0.81 (P < 0.001). The maximal 
dose of norepinephrine at initiation of hydrocortisone 
with the highest association with shock reversal was ≤ 
0.28 μg/kg per minute, with an area under the curve 
of 0.75 (P  = 0.0002). On a logistic regression model, 
hydrocortisone taper was not associated with a lower risk 
of shock relapse (RR = 1.29; P = 0.17) but was related 
to a higher probability of hyperglycemia [odds ratio (OR), 
5.3; P = 0.04] and hypokalemia (OR = 10.6; P = 0.01). 

CONCLUSION
Continuous infusion of hydrocortisone could hasten the 
resolution of septic shock compared to bolus admini
stration. Earlier initiation corresponds with a higher 
probability of shock reversal. Tapering strategy is un
necessary.

Key words: Corticosteroids; Hydrocortisone; Timing; 
Administration; Discontinuation; Septic shock

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Until now, the indications, timing, administra
tion, and discontinuation of hydrocortisone for septic 
shock patients have been widely variable. Our study 

found that continuous infusion was the most effective 
method compared to bolus administration; we also 
identified a time from vasopressor administration of ≤ 
13 h and/or a norepinephrine dose of ≤ 0.28 μg/kg 
per minute as the best clinical criteria for initiation of 
hydrocortisone. We found no benefit from the tapering 
strategy, which was only associated with a higher 
incidence of hyperglycemia and hypokalemia.

Ibarra-Estrada MA, Chávez-Peña Q, Reynoso-Estrella CI, Rios-
Zermeño J, Aguilera-González PE, García-Soto MA, Aguirre-
Avalos G. Timing, method and discontinuation of hydrocortisone 
administration for septic shock patients. World J Crit Care Med 
2017; 6(1): 65-73  Available from: URL: http://www.wjgnet.
com/2220-3141/full/v6/i1/65.htm  DOI: http://dx.doi.org/10.5492/
wjccm.v6.i1.65

INTRODUCTION
Since William Schumer stated in the mid-1970s that early 
administration of adjunctive steroids could be helpful 
in the management of patients with septic shock[1], 
investigators have developed experimental animal and 
human trials to study the role of corticosteroid therapy; 
however, this benefit remains controversial[2,3]. The con
troversy may exist because the studies have varied 
in their design, steroid preparation, dose, strategy of 
administration (intermittent bolus or continuous infusion), 
length of therapy, time of initiation, and patterns of dis
continuation[4].

Corticosteroids had been shown to be associated with a 
faster reversal of shock compared to placebo[5-9]. For that 
reason, the 2012 Surviving Sepsis Campaign Guidelines 
recommended administration of hydrocortisone (200 
mg/d) if hemodynamic stability is not achievable after 
fluid resuscitation and vasopressor therapy[2]. Never
theless, the patterns in clinical practice remain widely 
heterogeneous because of differing interpretations of 
the definition of poor responsiveness of shock to fluid 
and vasopressor therapy, discrepancy between clinicians’ 
interpretation of guidelines, discrepancy in clinical practice, 
and unfamiliarity with existing evidence[10].

The aim of this observational study was to cha
racterize the use of hydrocortisone in septic shock 
patients in order to identify the most effective method 
of administration and withdrawal, and to find the best 
clinical criteria for initiation of corticosteroid therapy to 
increase the probability of shock reversal.

MATERIALS AND METHODS
Setting
This was a prospective cohort study conducted in 
2 medical/surgical intensive care units at tertiary 
academic hospitals from June 1st, 2015, through July 
31st, 2016. All patients recruited in Instituto Jalisciense 
de Cancerología had oncologic disease; there were no 



67 February 4, 2017|Volume 6|Issue 1|WJCCM|www.wjgnet.com

oncologic patients recruited at Hospital Civil Fray Antonio 
Alcalde. Inclusion criteria for patients were a diagnosis 
of septic shock, defined as sepsis induced hypotension 
persisting despite adequate fluid resuscitation[2], for 
which the attending intensivist determined the need 
for adjunct hydrocortisone therapy at a stress dose (no 
more than 200 mg/d), regardless of the timing and 
method of administration. Shock reversal was considered 
when the arterial pressure remained stable (SAP > 90 
mmHg or MAP > 70 mmHg without requirement of 
new vasopressor infusion) for more than 24 h. Relapse 
was defined as recurrence of septic shock, requiring 
norepinephrine resumption within first 7-d after reversal. 
Patients with a previous diagnosis of adrenal insufficiency, 
who received hydrocortisone at a dose more than 200 
mg/d, and who died within the first 48 h after intensive 
care unit (ICU) admission were excluded. The scientific 
and ethics committees at Instituto Jalisciense de Can
cerología (INV-01/16) and Hospital Civil Fray Antonio 
Alcalde (HCG/CEI-0321/16) approved this investigation.

Data collection
After patients with septic shock were deemed can
didates for initiation of hydrocortisone, informed consent 
was obtained from patient or their next of kin, and data 
were prospectively collected. Recorded information 
included demographic data, comorbidities, maximal 
dose (calculated to ideal body weight) and length of 
vasopressor requirement, timing, method of admini
stration and discontinuation of hydrocortisone, adverse 
effects of corticosteroids, ICU length of stay, time to 
death, and 30-d mortality. The Acute Physiology and 
Chronic Health Evaluation Ⅱ (APACHE Ⅱ) score and 
the Sequential Organ Failure Assessment score were 
calculated within the first day of ICU admission.

Statistical analysis
Continuous variables were reported as the mean [standard 
deviation (SD)] if they were normally distributed, or 
the median [interquartile range (IQR)] if they were not 
normally distributed, according to the Shapiro-Wilk test. 
A Mann-Whitney or t-test was used for comparison 
between groups as appropriate. We used a two-way 
mixed ANOVA test for comparison between pre- and 
post- hydrocortisone maximal doses of norepinephrine. 
Categorical variables were expressed as the number 
of measurements (%) and were compared by χ2 test. 
We constructed receiver-operating characteristic (ROC) 
curves for time to initiation of hydrocortisone and dosage 
of norepinephrine at initiation of hydrocortisone to 
determine the ability for prediction of shock reversal; 
optimal cut-off values were obtained with the greatest 
sum of sensitivity and specificity using the Youden index[11]. 
The relationship between time to initiation of hydrocortisone 
and total duration of shock was estimated with the 
Spearman correlation coefficient test. We performed a 
Kaplan-Meier analysis to compare the shock reversal rate 
at 7 d between continuous and bolus administration. 

Multivariate logistic regression was performed to iden
tify factors associated with shock reversal and adverse 
effects. Calibration was assessed using the Hosmer-
Lemeshow goodness-of-fit test, considered as adequate if 
P > 0.05[12]. Based on vasopressor dosages in a previous 
study of septic shock patients with our same settings[13], 
we determined that 26 patients with continuous infusion 
and 26 with bolus administration of hydrocortisone 
would be needed to detect a difference of 0.10 μg/kg 
per minute in norepinephrine maximal dosage from 12 
h after initiation of corticosteroid with a 90% statistical 
power and type Ⅰ error of 5%. For all tests, P-values were 
two-sided, and a value lower than 0.05 was considered 
statistically significant. We used MedCalc (Ver 16.4.3, 
Ostend, Belgium) for calculating sample size and for the 
statistical analysis.

The statistical methods of this study were reviewed 
by Miguel A. Ibarra-Estrada, clinical investigator and 
biomedical statistics analysis expert from Critical Care 
Unit, Instituto Jalisciense de Cancerología, Guadalajara 
Jalisco 44280, Mexico; Critical Care Unit, Hospital 
General Regional #180, Instituto Mexicano del Seguro 
Social, Tlajomulco de Zúñiga Jalisco 45655, Mexico. 

RESULTS
Throughout the study period, 826 patients were ad
mitted to both ICUs, of which 66 (7.9%) had a diagnosis 
of septic shock; 59 patients met the inclusion criteria 
because 7 subjects died within the first 48 h (Figure 
S1, supplementary material). The median age was 57 
years (IQR, 38-65), 26 patients (44.1%) were men, 25 
patients (42.4%) were oncologic, and 42 patients (71.2%) 
were surgical patients. The most common source of 
infection was pneumonia, which presented in 26 patients 
(44.1%). The mean APACHE Ⅱ score was 21.5 (SD ± 
5.8). Hydrocortisone was administered as a continuous 
infusion in 54.2% of patients; the median dose of nore
pinephrine at initiation of hydrocortisone was 0.3 μg/kg 
per minute (IQR, 0.18-0.39), there were no systemic 
steroids administered other than hydrocortisone, time 
from norepinephrine to initiation of hydrocortisone was 12 
h (IQR, 6-27), and length of vasopressor requirement was 
83 h (IQR, 49-120). Among survivors, hydrocortisone was 
tapered in 23 patients (53.5%). Overall 30-d mortality 
was 42.4%. 

Method of administration
There were no significant differences in demographic 
and baseline clinical characteristics between patients in 
the continuous infusion and bolus groups (Table 1). We 
found no differences in these characteristics between 
recruitment centers (Table S1, supplementary material). 
Patients in the bolus group received hydrocortisone 6 h 
later than patients with continuous infusion (P = 0.01), 
and time to shock reversal was 49 h longer (P = 0.001). 
Concerning adverse affects, bolus administration was 
significantly associated with higher incidence of new 
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onset hyperglycemia, with a relative risk (RR) of 2.7 
(P = 0.03); hypokalemia was also more common with 
bolus administration, with a RR of 1.8 (P = 0.03). There 
was a trend to higher mortality in the bolus group, but 
this was not statistically significant (RR = 1.5; P = 0.06).

Regarding efficacy, continuous infusion was associated 
with a lower norepinephrine maximal dose requirement, 
from 12 h after hydrocortisone initiation. At two-way 
mixed ANOVA test, the maximal dose of norepinephrine 
for patients with continuous infusion after initiation of 
hydrocortisone was 0.19 μg/kg per minute, compared 
to 0.34 μg/kg per minute for patients on bolus admi
nistration, with a significant interaction between groups (P 
= 0.04; Figure 1). At Kaplan-Meier analysis, continuous 
infusion was also significantly associated with a higher 
proportion of shock reversal at 7 d after presentation 
of shock (83% vs 63%; P = 0.004; Figure 2); this 
difference remained significant after adjustment for vaso
pressin use with Cox proportional hazards regression (P 

= 0.02).
At survival analysis, there was a trend to higher 

survival in patients on continuous infusion, with a hazard 
ratio for death of 0.47; however, this was not significant 
after adjustment for time to initiation of hydrocortisone (P 
= 0.06).

Initiation
We found a significant correlation between time to 
initiation of hydrocortisone and time to shock reversal, 
with a Spearman correlation coefficient of 0.80 (P ≤ 
0.001; Figure 3). Moreover, we built a ROC curve for this 
variable and obtained the best cut-off at ≤ 13 h, with 
a significant area under the curve (AUC) at 0.81 (P ≤ 
0.0001), obtaining a sensitivity of 70% and specificity of 
88% for prediction of shock reversal (Figure 4). Taking 
the dose of norepinephrine as a potential criterion for 
prompting initiation of hydrocortisone, ROC curve analysis 
revealed the best cut-off at ≤ 0.28 μg/kg per minute, 

Characteristics Continuous infusion (n  = 32) IV bolus (n  = 32) P  value

Age, median (IQR)       50 (37-64)       61 (39-70)   0.19
Male gender, n (%)    12 (37.5)    14 (51.9)   0.27
Oncologic disease, n (%)    15 (46.9) 10 (37)   0.45
Surgical patients, n (%)    25 (78.1) 17 (63) 0.2
Infection source, n (%)
   Pneumonia    13 (40.6)    13 (48.1)   0.56
      Ventilator associated      7 (21.8)      6 (22.2)   0.87
      Health care associated    3 (9.3)      4 (12.5)   0.66
      Community acquired    3 (9.3)      3 (11.1)   0.52
   Abdomen    14 (43.7) 10 (37) 0.6
   Soft tissue      4 (12.5)    1 (3.7)   0.23
   Urinary tract    1 (3.1)    2 (7.4)   0.45
   Other 0 (0)    1 (3.7)   0.27
Diabetes, n (%)   8 (25)      4 (14.8)   0.33
Acute kidney injury, n (%)    14 (43.7) 17 (63)   0.14
Baseline creatinine, mg/dL, median (IQR)       0.8 (0.7-1.4)       1.1 (0.7-1.5)   0.32
ARDS, n (%)    10 (31.2)    11 (40.7)   0.45
APACHE Ⅱ score (SD) 21 ± 6 21.7 ± 5.6   0.76
SOFA score (SD)    10 ± 2.9 11 ± 2.7   0.16
Vasopressin use, n (%)    12 (37.5)      4 (14.8) 0.5
Maximum NE dose (mcg/kg per minute), median (IQR)         0.25 (0.17-0.36)         0.33 (0.20-0.39)   0.55
Hydrocortisone dose (mg/kg per day), median (IQR)   2.63 ± 0.27 2.75 ± 0.31   0.13
NE to hydrocortisone (h), median (IQR)         8 (4-19.5)       14 (8-31.5)   0.01
Time to shock reversal (h), median (IQR)            59 (47.5-90.5)         108 (63.2-189)     0.001
Shock relapse, n (%)      4 (18.2)      7 (38.9)   0.14
Hydrocortisone tapered, n (%)    10 (41.7)    13 (68.4)   0.08
Diuretic use, n (%)    19 (59.4)    11 (40.7)   0.15
New onset hypernatremia, n (%)    17 (53.1)    18 (66.7)   0.29
New onset hypokalemia, n (%)    12 (37.5)    18 (66.7)   0.02
New onset hyperglycemia, n (%)    19 (59.4)    23 (85.2)   0.03
Superinfection, n (%)    3 (9.4)      5 (18.5)   0.31
Wound dehiscence, n (%)    3 (9.4)    2 (7.4)   0.78
UGIB, n (%)    1 (3.1) 0 (0)   0.35
ICU-AW, n (%)   8 (25)      9 (33.3)   0.48
Vasopressor-free days, median (IQR)    3 (2-5)       2 (0-3.7)   0.12
ICU LOS, median (IQR)    8.5 (6-13)      9 (5-13)   0.81
30-d mortality, n (%)    10 (31.2)    15 (55.6)   0.06

Table 1  Univariate analysis of demographic, clinical characteristics and outcomes of the study population according to method of 
administration of hydrocortisone

APACHE Ⅱ: Acute physiology and chronic health evaluation; ARDS: Acute respiratory distress syndrome; ICU-AW: Intensive care unit acquired 
weakness; ICU LOS: Intensive care unit length of stay; IQR: Interquartile range; NE: Norepinephrine; SOFA: Sequential Organ Failure Assessment; UGIB: 
Upper gastrointestinal bleeding.
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with an AUC of 0.75 (P = 0.0002), a sensitivity of 65%, 
and a specificity of 88% for shock reversal.

Discontinuation and adverse effects
As expected for patients with shock reversal, length of 
hydrocortisone administration was significantly longer 
for patients with the tapering strategy than for patients 
with sudden discontinuation [121 h (IQR, 81-245) vs 
50 h (IQR, 44-101); P = 0.001]. Taper strategy was 
independently associated with a higher risk of hyper
glycemia (RR = 3.2; P = 0.042), and hypokalemia 
(RR = 2.8; P = 0.005). Because bolus administration 
was also independently associated with higher risk of 

hyperglycemia and hypokalemia at univariate analysis, 
we performed logistic regression models adjusting for 
potential confounding variables; only the taper strategy 
maintained statistical significance for higher risk of 
hyperglycemia (Table 2) and had the highest OR for 
hypokalemia (Table 3).

Hydrocortisone taper was not associated with a lower 
risk of shock relapse (RR = 1.29; P = 0.17). 

Shock reversal
In order to identify the variables associated with a higher 
probability of shock reversal, we performed a logistic 
regression model, adjusting for relevant covariables. As 
shown in Table 4, only the initiation of hydrocortisone ≤ 

Variable Univariate P  value Multivariate P  value

NO-H (n  = 42) No NO-H (n  = 17) Adjusted OR (95%CI)
Bolus hydrocortisone, n (%) 19 (45.2) 13 (76.5) 0.04 3.2 (0.5-26.5) 0.99
Hydrocortisone taper, n (%) 20 (64.5)   3 (27.3) 0.03 5.3 (1.8-34.5) 0.04
Diabetes, n (%) 11 (26.2) 1 (5.9) 0.08 6.2 (0.4-79.0) 0.95

Table 2  Univariate and multivariate logistic regression analysis for relevant factors associated with new-onset hyperglycemia

Goodness-of-fit (Hosmer-Lemeshow). χ 2 = 0.019, P = 1.00; AUC, 0.88 (0.75-0.96), P = 0.0001. NO-H: New-onset hyperglycemia; OR: Odds ratio.

r  = 0.80
r 2 = 0.64
P  < 0.001
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Figure 3  Correlation between time to initiation of hydrocortisone and total 
time to shock reversal. Spearman correlation coefficient 0.80, P < 0.001.
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Figure 4  Receiver operating characteristic curve analysis of time to 
initiation of hydrocortisone for prediction of shock reversal. AUC, 0.81, P 
< 0.0001. Cut-off obtained with Youden index. AUC: Area under the curve.
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Figure 1  Change in maximal norepinephrine dose from 12 h after initiation 
of hydrocortisone. Comparison between continuous and bolus administration 
groups, with two-way mixed ANOVA test, P  = 0.04.
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Figure 2  Kaplan-Meier analysis comparing the rate of septic shock 
reversal, according to administration of hydrocortisone. At 7 d (168 h), 
83% of continuous infusion patients were vasopressor-free compared to 63% of 
patients who were in the bolus administration group, P  = 0.004.
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13 h from vasopressor administration and initiation of 
norepinephrine at a dose ≤ 28 μg/kg per minute were 
statistically significant.

DISCUSSION
The main finding in our study is that, compared to bolus 
strategy, the administration of hydrocortisone by con
tinuous infusion may lead to a faster reversal of shock 
and is associated with a higher proportion of vasopressor-
free patients at 7 d. Furthermore, we identified optimal 
cut-off criteria for initiation of hydrocortisone, either based 
on the time from initiation of vasopressor, or the current 
maximal dose of norepinephrine. This study also suggests 
there is no benefit of the tapering strategy because 
it does not lower the risk of shock relapse but is only 
associated with a higher incidence of adverse effects.

The current Surviving Sepsis Campaign Guidelines[2] 
suggest using continuous infusion, rather than a re
petitive bolus of hydrocortisone. This recommendation 
is only based on the results of an observational study in 
which bolus hydrocortisone was associated with increased 
blood glucose levels and more variable peak values com
pared to continuous infusion[14]. This assumption was 
confirmed by univariate analysis in our study, and the 
findings strengthen this recommendation’s effectiveness 
because the vasopressor requirement was 2 d shorter for 
patients on continuous infusion. 

Most current studies, including meta-analyses, only 
focus on the association between corticosteroids and 

mortality in septic shock patients[6-10,15-20]; therefore, 
information related to the hemodynamic effects of both 
methods of administration is limited. In a recent Chinese 
study of septic shock patients, the continuous infusion 
strategy was correlated with a slight improvement in 
mean arterial pressure but only at 6 h after corticosteroid 
treatment, and the response was not sustained[21]. To 
our knowledge, this is the first study comparing both 
methods in which continuous infusion was found to 
hasten shock reversal. A possible explanation is the 
noted high variability in glucocorticoid sensitivity among 
septic shock patients with severe disease, as measured 
by suppression of inflammatory cytokine production[22]. 
Moreover, it has been found that a common genetic 
variation in the promoter of NF-KB1 (insertion-deletion 
polymorphism - 94ins/delATTG) is, in fact, associated 
with nonresponse and a 3-fold increase in risk of death 
in patients receiving hydrocortisone[23]. As these factors 
were not included in our study, the distribution of this 
potential bias in our population is unknown.

The primary change in practice reported after the 
publication of the Corticosteroid Therapy of Septic Shock 
study[9] and the updated Surviving Sepsis Campaign 
Guidelines was that physicians no longer used the cosyn
tropin stimulation test to identify which patients would 
benefit from corticosteroids[24]. However, since there are 
no specific criteria for definition of poorly responsive shock, 
a major discrepancy between clinicians’ interpretation 
guidelines and clinical practice is the trigger for initiation of 
hydrocortisone. In a recent study[10], the most common 

Variable Univariate P  value Multivariate P  value

NO-HK (n  = 30) No NO-HK (n  = 29) Adjusted OR (95%CI)
Bolus hydrocortisone, n (%) 12 (40) 20 (69) 0.02   8.5 (1.2-59.9) 0.03
Hydrocortisone taper, n (%)   17 (77.3)   6 (30)   0.002 10.6 (1.5-73.3) 0.01
AKI, n (%)   13 (43.3)    18 (62.1) 0.08   0.1 (0.01-0.8) 0.03
Diuretic use, n (%)   20 (66.7)    10 (34.5) 0.01     6.3 (0.95-42.0) 0.05

Table 3  Univariate and multivariate logistic regression analysis for relevant factors associated with new-onset hypokalemia

Goodness-of-fit (Hosmer-Lemeshow). χ 2 = 5.52, P = 0.59; AUC, 0.88 (0.74-0.95), P = 0.0001. AKI: Acute kidney injury; HK: Hypokalemia; OR: Odds ratio.

Variable Univariate P  value Multivariate P  value

Shock reversal 
(n  = 30)

No-reversal 
(n  = 29)

Adjusted OR (95%CI)

Age (yr), SD   53 ± 16.3   50 ± 16.3 0.46
Male gender, n (%) 15 (36.6)  11 (61.1) 0.08       1.4 (0.21-10.1) 0.68
Medical disease, n (%) 11 (26.8)    6 (33.3) 0.61
Oncologic disease, n (%) 20 (48.8)    5 (27.8) 0.13     1.0 (0.18-6.3) 0.92
AKI, n (%) 17 (41.5)  14 (77.8) 0.01     0.3 (0.05-2.0) 0.23
ARDS, n (%) 12 (29.3) 9 (50) 0.12     2.7 (0.4-16.9) 0.27
Superinfection, n (%)   5 (12.2)    3 (16.7) 0.68
APACHE Ⅱ score (SD) 20 ± 5.4 23 ± 6.4 0.16   1.1 (0.9-1.3) 0.18
SOFA score (SD) 10 ± 3.0 10 ± 2.4 0.69
Vasopressin use, n (%) 10 (24.4)    6 (33.3) 0.48     2.5 (0.4-15.4) 0.31
Early hydrocortisone (≤ 13 h from NE), n (%) 28 (68.3)    2 (11.1)    0.0001  13.8 (1.4-129) 0.02
NE dose at hydrocortisone initiation ≤ 0.28 μg/kg per minute, n (%) 28 (68.3)    2 (11.1)    0.0001  32.4 (2.7-382)   0.005

Table 4  Univariate and multivariate logistic regression analysis for relevant factors associated with shock reversal

Goodness-of-fit (Hosmer-Lemeshow). χ 2 = 7.01, P = 0.53; AUC, 0.91 (0.80-0.96), P ≤ 0.0001. AKI: Acute kidney injury: APACHE Ⅱ: Acute physiology and 
chronic health evaluation; ARDS: Acute respiratory distress syndrome; NE: Norepinephrine; SOFA: Sequential organ failure assessment.
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clinical threshold for prescribing corticosteroids was 
the presence of 2 or more vasopressors in 64% of 
patients. We believe that there should be a global agree
ment according to variables associated with the higher 
probability of shock reversal. Based on our results at 
ROC curve analysis and correlation with time to shock 
reversal, we suggest initiation of hydrocortisone at ≤ 
13 h after vasopressor administration. This conclusion 
agrees with a recent study of severely shocked patients 
in which the early administration of hydrocortisone (< 9 h) 
was associated with a significantly lower total time of 
vasopressors and mortality[25]. 

In a retrospective review addressing norepinephrine 
as a trigger for initiation of corticosteroids, the dose was 
arbitrarily defined as non-weight-based low, moderate, 
or high[10]. Through a more objective approach, we 
found a dose of ≤ 0.28 μg/kg per minute to be the best 
predictor for shock reversal, a lower threshold than what 
has been used in most studies[9,25,26], reinforcing the 
recommendation of an earlier initiation of hydrocortisone 
also based on vasopressor dose[27,28].

Another interesting finding of this study is the 
apparent lack of benefits to the tapering strategy for 
discontinuation of hydrocortisone. The Surviving Sepsis 
Campaign Guidelines suggest tapering from steroids 
when they are no longer required; therefore, this stra
tegy is the most commonly used (in up to 74% of 
patients), depending on the duration of hydrocortisone 
therapy[10]. Unfortunately, there has been no comparative 
study between tapering and abrupt cessation, and the 
main argument for this suggestion is a small crossover 
study in which shock relapse occurred in 30% of patients 
with sudden discontinuation[29]; however, the study was 
underpowered to reach that conclusion, because the 
data arose from a subgroup analysis of 20 patients. 
Therefore, tapering has a 2D recommendation (the 
weakest possible) on the GRADE system. Furthermore, 
there have been other randomized controlled studies in 
which corticosteroids were abruptly discontinued without 
reported increased risk of shock relapse[7,8]. In the 
current study, tapering was only associated with adverse 
effects; therefore, we suggest this should be avoided, 
especially for patients with ongoing hyperglycemia and/
or hypokalemia.

The main strength of this study is that it was speci
fically designed to compare the efficacy between both 
methods of administration of hydrocortisone, according 
to vasopressor requirement, indirectly assessing their 
effects on immunomodulation and vasomotor tone im
provement.

This study has some limitations; we did not address the 
effects of the use of some drugs known to affect adrenal 
function (e.g., etomidate, antifungals, benzodiazepines, 
and opioids)[30]. Medical management for septic shock 
patients is always based on the current Surviving 
Sepsis Campaign Guidelines and are very similar at 
both hospitals; however, due to the observational and 
nonrandomized design of the study, we cannot ensure 
completely homogeneous treatment regarding other 

relevant variables associated with improving outcomes 
(e.g., appropriateness and type of fluid resuscitation and 
correct and timely use of antibiotics). This study was 
powered to detect differences in short-term vasopressor 
requirements and to find the best cut-offs for initiation 
of hydrocortisone only; therefore, results concerning 
analysis between groups should be interpreted cautiously, 
and should be taken as hypothesis-generating data for 
the design of future clinical randomized controlled trials.

In conclusion, we found that continuous infusion of 
hydrocortisone could hasten resolution of septic shock 
compared with bolus administration, and that earlier 
initiation based on time and/or norepinephrine dose is 
related with a higher probability of shock reversal. The 
tapering strategy appears unnecessary and may be only 
related to additional adverse effects.
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Abstract
AIM
To evaluate the safety and efficacy of inhaled milrinone 
in acute respiratory distress syndrome (ARDS).

METHODS
Open-label prospective cross-over pilot study where 
fifteen adult patients with hypoxemic failure meeting 
standard ARDS criteria and monitored with a pulmonary 
artery catheter were recruited in an academic 24-bed 
medico-surgical intensive care unit. Random sequential 
administration of iNO (20 ppm) or nebulized epopro
stenol (10 μg/mL) was done in all patients. Thereafter, 
inhaled milrinone (1 mg/mL) alone followed by inhaled 
milrinone in association with inhaled nitric oxide (iNO) 
was administered. A jet nebulization device synchronized 
with the mechanical ventilation was use to administrate 
the epoprostenol and the milrinone. Hemodynamic mea
surements and partial pressure of arterial oxygen (PaO2) 
were recorded before and after each inhaled therapy 
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administration.

RESULTS
The majority of ARDS were of pulmonary cause (n  = 
13) and pneumonia (n  = 7) was the leading underlying 
initial disease. Other pulmonary causes of ARDS were: 
Post cardiopulmonary bypass (n  = 2), smoke inhalation 
injury (n  = 1), thoracic trauma and pulmonary con
tusions (n  = 2) and aspiration (n  = 1). Two patients 
had an extra pulmonary cause of ARDS: A polytrauma 
patient and an intra-abdominal abscess Inhaled nitric 
oxide, epoprostenol, inhaled milrinone and the com
bination of inhaled milrinone and iNO had no impact 
on systemic hemodynamics. No significant adverse 
events related to study medications were observed. The 
median increase of PaO2 from baseline was 8.8 mmHg 
[interquartile range (IQR) = 16.3], 6.0 mmHg (IQR 
= 18.4), 6 mmHg (IQR = 15.8) and 9.2 mmHg (IQR 
= 20.2) respectively with iNO, epoprostenol, inhaled 
milrinone, and iNO added to milrinone. Only iNO and 
the combination of inhaled milrinone and iNO had a 
statistically significant effect on PaO2. 

CONCLUSION
When comparing the effects of inhaled NO, milrinone 
and epoprostenol, only NO significantly improved oxy
genation. Inhaled milrinone appeared safe but failed to 
improve oxygenation in ARDS.

Key words: Inhaled milrinone; Nitric oxide; Pulmonary 
hypertension; Hypoxemia; Acute respiratory distress 
syndrome; Prostacyclin

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: To our knowledge, this is the first study testing 
inhaled milrinone as a therapy in acute respiratory 
distress syndrome and comparing it to more frequently 
used inhaled therapies. It shows that inhaled milrinone 
is safe but is not efficacious.

Albert M, Corsilli D, Williamson DR, Brosseau M, Bellemare 
P, Delisle S, Nguyen AQN, Varin F. Comparison of inhaled 
milrinone, nitric oxide and prostacyclin in acute respiratory distress 
syndrome. World J Crit Care Med 2017; 6(1): 74-78  Available 
from: URL: http://www.wjgnet.com/2220-3141/full/v6/i1/74.htm  
DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.74

INTRODUCTION
Acute respiratory distress syndrome (ARDS) is un­
fortunately a common problem in intensive care units 
(ICU) and has been associated with significant morbidity 
and mortality[1]. Hypoxemia and hypercapnia are the 
primary manifestations of the ventilation-perfusion 
mismatch observed in ARDS patients. Despite several 
advances in mechanical ventilation, treatment of severe 
hypoxemia has remained one of the greatest challenges 

in the ICU. Among these therapies, inhaled nitric oxide 
(iNO) is commonly used for the treatment of hypoxemia 
in ARDS because it allows for selective vasodilation of 
ventilated units, transforming relative dead space into 
adequate ventilation-perfusion units[1,2]. Regardless of the 
well documented failure to improve survival, iNO is still of 
common use because of the oxygenation gain it allows. 
However, it has substantial cost, has been associated 
with potential serious side effects such as renal failure 
and needs a special device for its delivery[2,3]. Inhaled 
prostacyclin has also been used in ARDS and has been 
shown to significantly reduce pulmonary artery pressure 
and increase oxygenation[4-6]. However, prostacyclin 
administration is technically challenging given its short 
half-life and susceptibility to photo-degradation[7]. The 
phosphodiesterase type Ⅲ inhibitor milrinone is a potent 
pulmonary vasodilator that has been used with success 
as an inhaled therapy for pulmonary hypertension in 
cardiac surgery and may be a potential alternative to 
actual treatment strategies[8,9]. Animal studies have 
suggested a response to milirinone in acute lung injury[10].

The primary objective of this study was to assess 
the tolerability and safety of inhaled milrinone in ARDS 
patients. The secondary objectives included: Evaluation 
of the efficacy of inhaled milrinone in improving hypoxemia 
compared to baseline; comparison of the effects of inhaled 
milrinone, iNO and inhaled epoprostenol in improving 
hypoxemia and secondary pulmonary hypertension com­
pared to baseline; evaluation of the efficacy of combining 
inhaled milrinone with iNO on hypoxemia and pulmonary 
hypertension. 

MATERIALS AND METHODS
In an academic 24-bed medico-surgical intensive care 
unit, patients were screened over a 2-year period. Adult 
patients were enrolled if they had hypoxemic respiratory 
failure meeting standard moderate to severe ARDS 
criteria: Ratio of the partial pressure of arterial oxygen 
(PaO2) to the fraction of inspired oxygen (FiO2) of 200 
or less, pulmonary capillary wedge pressure (Pcwp) 
≤ 18 mmHg and bilateral infiltrates on frontal chest 
radiograph. Recruited patients also had a pulmonary 
artery catheter and an arterial line. Patients with severe 
hemodynamic instability (defined as the need for more 
than one vasopressor or the use of more than 0.5 µg/kg 
per minute of norepinephrine), on intravenous milrinone 
or nitrate derivatives that could not be weaned for study 
purposes and patients on high frequency oscillatory 
ventilation were excluded. Patients with a history of 
hypersensitivity to study medications, pregnant patients 
and those who participated in another study involving 
oxymetric values or pulmonary hemodynamics were 
also excluded.

Patients were randomly administered sequential ne­
bulization of iNO (20 ppm) or epoprostenol (10 μg/mL 
for a total volume of 5 mL). Thereafter, milrinone (1 
mg/mL for a total volume of 5 mL at each nebulisation) 
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alone and in association with iNO was administered. 
Each drug was nebulized for 20 min and a 30 min 
washout was allowed between each drug. We used a jet 
nebulization device ventilator synchronized to nebulize 
epoprostenol and milrinone (MicroMist® Nebulizer model 
1880; Hudson RCI, Temecula, CA, United States). The 
nebulizer was attached to the inspiratory limb of the 
ventilator near the endotracheal tube. The mass median 
diameter obtain with this nebulizer is 2.1 μm and the 
nebulization flow is between 0.25 and 0.3 mL/min. The 
ventilatory circuit humidification was stopped during 
the nebulization. Adjustment of the tidal volume was 
done during nebulization to obtain the same minute 
ventilation. The iNO was administered using a standard 
iNO Delivery system (INOvent®, Ohmeda, Madison, WI, 
United States) attached to the inspiratory limb of the 
ventilator. A constant dose of 20 ppm of iNO was used 
and monitored by the injection device. Blood pressure 
and oxygenation status were continuously monitored. If 
hemodynamic instability occurred, defined as a lowering 
of systolic arterial pressure ≥ 10 mmHg or lowering of 
mean arterial pressure (MAP) ≥ 5 mmHg, the study 
medication was stopped. If oxygenation status worsened, 
defined as a lowering of arterial oxygen saturation ≥ 
10% (measured with continuous pulse oximetry and 
confirmed by arterial gas), the study medication was 
stopped. Adverse events potentially related to study 
medications such as increase hemodynamic instability 
and renal failure was prospectively evaluated. Using a 
previously published milrinone assay[11], we determined 
the plasma level of milrinone at the end of the admini­
stration of inhaled milrinone or the combination of iNo 
and inhaled milrinone in eight samples from our last four 
patients.

Demographic data, APACHE Ⅱ and SOFA scores 
were collected. The following parameters were measured 
before and during each specific drug nebulization: MAP, 
mean pulmonary arterial pressure, thermodilution cardiac 
output, PaO2, heart rate, central venous pressure and Pcwp. 
The following parameters were calculated: Systemic 

and pulmonary vascular resistances (SVR and PVR), 
PVR/SVR Ratio, indexed pulmonary vascular resistance, 
transpulmonary gradient, PaO2/FiO2, cardiac index, 
shunt and oxygenation index. A patient was considered 
a responder to study medications if is PaO2 increased of 
more than 20% from the pre-inhalation value[2].

As the primary goal of this pilot study was safety 
and feasibility and no preliminary data existed in this 
population, a convenience sample of 15 patients was 
chosen. Given a within patient standard deviation of 
11%, the sample size enabled the detection of a 12% 
difference in PaO2 between baseline and post-milrinone 
PaO2. Given the small sample-size, demographic and 
baseline data were described as medians and inter­
quartile range. Continuous data were analysed using 
Wilcoxon signed rank tests.

The study was performed at Hôpital du Sacré-
Coeur de Montréal, Canada. The local ethics committee 
approved the protocol and consent was obtained from 
patients or their next of kin. The protocol was submitted 
to and approved by Health Canada.

RESULTS
Fifteen consecutive patients were included in the study 
(Table 1). The majority of ARDS cases were of pulmonary 
origin (n = 13) and pneumonia (n = 7) was the leading 
underlying initial disease. Other pulmonary causes of 
ARDS were: Post cardiopulmonary bypass (n = 2), 
smoke inhalation injury (n = 1), thoracic trauma and 
pulmonary contusions (n = 2) and aspiration (n = 1). 
Two patients had an extra pulmonary cause of ARDS: 
A polytrauma patient and an intra-abdominal abscess. 
The main hemodynamic responses are summarized in 
Table 2. INO, epoprostenol, inhaled milrinone and the 
combination of inhaled milrinone and iNO did not have 
any significant impact on measured hemodynamics when 
compared to baseline (all P > 0.1). 

We observed for the oxygenation measurement a 
median increase of PaO2 from baseline of 8.8 mmHg 
[interquartile range (IQR) = 16.3], 6.0 mmHg (IQR = 
18.4), 6 mmHg (IQR = 15.8) and 9.2 mmHg (IQR = 
20.2) respectively with iNO, epoprostenol, inhaled 
milrinone, and iNO added to milrinone. When compared 
to baseline, the combination of inhaled milrinone and iNO 
(P = 0.004) and only iNO had a statistically significant 
effect (P = 0.036). The median percent response to iNO, 
epoprostenol, inhaled milrinone and the combination of 
milrinone and iNO was 11.2% (IQR = 25%), 5.3% (IQR 
= 24%), 7.9% (IQR = 19%) and 11.8% (IQR = 26%), 
respectively. The response rate to study medications, 
defined as an increase of more than 20% from the pre-
inhalation value, were 33.3%, 20.0%, 13.3% and 33.3% 
respectively with iNO, epoprostenol, inhaled milrinone 
and the combination of inhaled milrinone and iNO. The 
median PaO2 response of 39.0 mmHg in responders was 
higher with iNO than with epoprostenol (26.5 mmHg) or 
milrinone (10 mmHg). 

No significant adverse events related to study medi

Age (yr)      57 (IQR = 22)
Gender 12 men, 3 women
SOFA score (ICU admission)   7.5 (IQR = 7)
SOFA score (day of protocol) 10.0 (IQR = 5)
APACHE-Ⅱ (ICU admission)    23 (IQR = 7)
APACHE-Ⅱ (day of protocol)    23.5 (IQR = 7.0)
PaO2 (mmHg)      80 (IQR = 39)
FiO2 (%)      80 (IQR = 30)
PaO2/FiO2    138 (IQR = 68)
PEEP (cm H2O)    10 (IQR = 2)
MAP (mm Hg)      75 (IQR = 16)
mPAP (mm Hg)    28 (IQR = 7)
Cardiac index (L/min per square metre)      3.7 (IQR = 2.6)

Table 1  Baseline characteristics of the patients (n  = 15)

IQR: Interquartile range; SOFA: Sequential organ failure assessment; 
APACHE: Acute physiological and chronic health evaluation; PEEP: 
Positive end-expiratory pressure; MAP: Mean arterial pressure; mPAP: 
Mean pulmonary arterial pressure.
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cations were observed. The milrinone concentrations of 
all samples were very low (average 8.68 ng/mL) and 
two samples showed a level below the lower limit of 
quantification (1.25 ng/mL).

DISCUSSION
In this pilot study, we demonstrated that it is feasible 
and safe to administer inhaled milrinone and the com­
bination of inhaled milrinone and iNO to patients with 
moderate to severe ARDS over a short period of time. 
However, inhaled milrinone had no significant effects 
on oxygenation and hemodynamic parameters in these 
patients. 

These results are surprising given the beneficial 
effects of inhaled milrinone in other patient population 
such as cardiac surgery. Trying to understand these dis­
crepancies, we hypothesized that systemic recirculation 
of absorbed milrinone and therefore increase pulmonary 
shunt could potentially explain the lack of oxygenation 
improvement, though then we should expect pulmonary 
arterial pressure fluctuations. However, low milrinone 
plasmatic levels suggest underdosing rather than re­
circulation. Physiological changes in ARDS may also 
counteract milrinone effect in such patient populations[12]. 
The dosing itself or inadequacy of our nebulising technique 
might be related to the relative inefficacy of milrinone.

Our study has many limitations such as the small 
sample size and a monocentric design. Given the half-life 
of milrinone it would have been impossible to begin with 
milrinone and certify lack of residual effect potentially 
inducing bias in our results including studying use of 
the combination of milrinone and eproprostenol. The 
deposition and absorption of nebulized drugs is very 
variable in mechanically ventilated patients, it would 
have been interesting to generate a dose-response curve 
for each drug and then to study the safety of the lowest 
dose of each drug that gave the maximal response. 

In summary, it appeared safe to administrate inhaled 
milrinone and a combination of inhaled milrinone and 
iNO to ARDS patients over a short period of time. When 
comparing the effects of the three inhaled vasodilators 
(NO, milrinone and epoprostenol), inhaled NO was the 
only medication significantly improving gas exchanges. 
Inhaled milrinone appeared safe but failed to improve 

oxygenation in ARDS. Further studies are needed in order 
to confirm usefulness of inhaled milrinone in ARDS and 
its appropriate administration regimen and nebulising 
technique.
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COMMENTS
Background
Treatment of severe hypoxemia has remained one of the greatest challenges in 
the intensive care units. Inhaled therapies such as inhaled nitric oxide allow for 
selective vasodilation of ventilated units, transforming relative dead space into 
adequate ventilation-perfusion units. The phosphodiesterase type Ⅲ inhibitor 
milrinone is a potent pulmonary vasodilator may be a potential alternative to 
actual costly treatment strategies. Animal studies have suggested a response 
to milrinone in acute lung injury.

Research frontiers
Despite several advances in mechanical ventilation, acute respiratory distress 
syndrome remains a condition with high mortality. New therapies to improve 
oxygenation and outcomes need to be investigated.

Innovations and breakthroughs
To their knowledge, this is the first study testing inhaled milrinone as a therapy 
in acute respiratory distress syndrome and comparing it to more frequently used 
inhaled therapies. It shows that inhaled milrinone is safe but is not efficacious.

Applications
Inhaled milrinone was shown to be safe in acute respiratory distress syndrome 
in our study. Although not efficacious in our trial, it could be further studied in a 
larger study or with more selected populations to see if an effect can be found.

Terminology
Milrinone: A phosphodiesterase type Ⅲ inhibitor that is a potent pulmonary 
vasodilator that has been used with success as an inhaled therapy for pulmonary 
hypertension in cardiac surgery.

Peer-review
This is a case of Acute Respiratory Distress Syndrome, with both methodologically 
and therapeutically impeccable evolution, as it can be seen in its radiographic 
progression. The semiotic paradigm is one of the canonical forms of scientific 
thought that allows to authorize the progression of medical knowledge from 
particular deductions to general applications. It must be considered the above 
distinction for this work and it useful effectiveness proposed by their authors.

iNO Epoprostenol Milrinone Milrinone + NO

MAP (mmHg)   -2.0 (11.0)  1.0 (8.0) 3.0 (6.0)  3.0 (7.0)
HR (bpm) -2.0 (6.0)  0.0 (4.0) 0.0 (4.0)   0.0 (6.0)1

CVP (mmHg)  0.0 (1.4)  0.0 (4.0) 0.0 (1.0) -1.0 (2.0)
PAOP (mmHg)  0.0 (3.0)  1.0 (4.0)  0.0(2.0)  -1.0(3.0)
mPAP (mmHg) -2.0 (4.0) -1.0 (3.0) 0.0 (3.0)  -2.0 (3.0)1

CI (L/min per square metre)  0.1 (0.6)  0.0 (0.7) 0.6 (0.9) -0.1 (0.4)
iPVR   -30.6 (130.9)   -51.7 (165.2)    -9.4 (103.1)    0.0 (91.2)

Table 2  Hemodynamic parameter variations (n  = 15)

1No hemodynamic variation reached statistical significance (P > 0.1 for any value) except for the median mPAP variations in the Milrinone + NO group (P 
= 0.47). MAP: Mean arterial pressure; HR: Heart rate; CVP: Central venous pressure; PAOP: Pulmonary artery occlusion pressure; mPAP: Mean pulmonary 
arterial pressure; CI: Cardiac index; iPVR: Indexed pulmonary vascular resistance; iNO: Inhaled nitric oxide.
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Abstract
AIM
To study the impact of hospital-acquired infections 
(HAIs) on cost and outcome from intensive care units 
(ICU) in India. 

METHODS
Adult patients (> 18 years) admitted over 1-year, to a 
24-bed medical critical care unit in India, were enrolled 
prospectively. Treatment cost and outcome data were 
collected. This cost data was merged with HAI data 
collected prospectively by the Hospital Infection Control 
Committee. Only infections occurring during ICU stay 
were included. The impact of HAI on treatment cost 
and mortality was assessed. 

RESULTS
The mean (± SD) age of the cohort (n  = 499) was 
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42.3 ± 16.5 years. Acute physiology and chronic health 
evaluation-Ⅱ score was 13.9 (95%CI: 13.3-14.5); 
86% were ventilated. ICU and hospital length of stay 
were 7.8 ± 5.5 and 13.9 ± 10 d respectively. Hospital 
mortality was 27.9%. During ICU stay, 76 (15.3%) 
patients developed an infection (ventilator-associated 
pneumonia 50; bloodstream infection 35; urinary tract 
infections 3), translating to 19.7 infections/1000 ICU 
days. When compared with those who did not develop 
an infection, an infection occurring during ICU stay 
was associated with significantly higher treatment cost 
[median (inter-quartile range, IQR) INR 92893 (USD 
1523) (IQR 57168-140286) vs  INR 180469 (USD 2958) 
(IQR 140030-237525); P  < 0.001 and longer duration 
of ICU (6.7 ± 4.5 d vs  13.4 ± 7.0 d; P  < 0.01) and 
hospital stay (12.4 ± 8.2 d vs 21.8 ± 13.9 d; P < 0.001)]. 
However ICU acquired infections did not impact hospital 
mortality (31.6% vs  27.2%; P  = 0.49).

CONCLUSION
An infection acquired during ICU stay was associated 
with doubling of treatment cost and prolonged hospita
lization but did not significantly increase mortality.

Key words: Attributable cost; Nosocomial infection; 
Length of stay; Mortality; Intensive care

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: There is paucity of data on the impact of 
hospital acquired infections (HAIs) on cost and outcome 
from intensive care units (ICU) in developing countries. 
In this prospective study of 499 patients admitted 
over 1-year to a medical ICU in India, there were 19.7 
HAIs per 1000 ICU days. Occurrence of infection was 
associated with significantly higher treatment cost (P  
< 0.001); the median attributable cost of an infection 
was 87594 Rupees (USD 1436). Although ICU acquired 
infections increased ICU length of stay (6.7 ± 4.5 d 
vs  13.4 ± 7.0 d; P  < 0.01), it did not impact mortality 
(31.6% vs  27.2%; P  = 0.49). 

Chacko B, Thomas K, David T, Paul H, Jeyaseelan L, Peter JV. 
Attributable cost of a nosocomial infection in the intensive care 
unit: A prospective cohort study. World J Crit Care Med 2017; 6(1): 
79-84  Available from: URL: http://www.wjgnet.com/2220-3141/
full/v6/i1/79.htm  DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.79

INTRODUCTION
Health care associated infection (HAI) is a major pre­
ventable complication in critically ill patients across the 
world[1,2]. Whilst there is a significant body of information 
and evidence on the cost of these infections from 
developed countries, primary research from developing 
countries, in this area, is limited[3,4]. Translation of results 
of studies from developed countries on the impact and 
cost of infections to situations in developing countries 

may not be appropriate for several reasons: (1) diffe­
rent microbiological profile of HAIs[5,6]; (2) perceived 
reluctance among physicians regarding treatment of 
HAIs that is probably based on the impression that 
these infections are associated with poor survival[7,8]; 
and (3) limited resources and affordability which argues 
that resource allocation for the treatment of HAI would 
steal opportunities away from other potentially treatable 
patients, waiting for an intensive care unit (ICU) bed. The 
affordability issue is compounded by the fact that only 
about 10% of the estimated 70000 ICU beds in India are 
available in the public sector, where treatment is provided 
free of cost[9]. This poses a major problem of demand-
supply mismatch, not only in the public sector, but also in 
the private sector since the population that needs to be 
covered in India is over 1 billion. Minimal subscription to 
private health insurance and resource pooling being in its 
infancy results in significant out-of-pocket expenses that 
push several families below the poverty line[10]. 

In the light of the above, a study was undertaken to 
evaluate the “cost” (in terms of money) and “impact” 
(in terms of clinical outcomes) of HAIs in developing 
countries. Such studies would facilitate investment on 
interventions that reduce infection as well as help plan 
appropriate allocation of the scarce resources of materials 
(ICU beds and equipment), manpower and money to 
address this problem in the ICU setting.

MATERIALS AND METHODS
In this study spanning 1-year, prospectively collected 
ICU cost data was merged with HAI data collected pro­
spectively by the Hospital Infection Control Committee 
(HICC). ICU cost data was obtained from a study that 
looked at cost-utility as well as willingness-to-pay in 
patients admitted to the medical ICU[11]. 

Patients and setting
The study was undertaken in a 24-bed medical critical 
care unit in a 2500-bed, university-affiliated, private 
teaching hospital in semi-urban India. In this hospital, 
other than the very few covered by private health in­
surance, the entire treatment cost is expected to be paid 
for by the patient.

During a 1-year period (January-December 2011), 
adult patients (> 18 years) admitted to the 24-bed 
medical critical care unit were enrolled if they stayed 
beyond 24-h in the ICU. Patients not consenting to 
participate, patients not admitted under internal medicine 
(e.g., hematological malignancies, chronic liver disease), 
or patients with surgical problems were excluded. A 
diagnosis of HAI was made only when a new infection 
occurred 48-h after hospital admission. The study was 
approved by the Institutional Review Board and Ethics 
committee (IRB No. 10011) and consent was obtained 
from patient or next-of-kin.

Costs
“Treatment cost”, obtained from the hospital electronic 
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system, was taken as the direct medical cost incurred 
from the time of admission to hospital until discharge 
from hospital (including ICU cost). This included bed and 
nursing charges, professional fees, equipment charges, 
investigations, oxygen charges, and medication costs[12]. 

Infections
Infection data was obtained from the HICC that does 
daily active surveillance. Only infections occurring during 
ICU stay were included. Ventilator associated pneumonia 
(VAP), blood stream infections (BSI) and urinary tract 
infections (UTI) developing 48-h after hospital admission 
were the infections that were analysed. VAP and UTI 
were defined as per the CDC guidelines[13]. BSI was 
defined as a positive blood culture with a recognized 
pathogen or the combination of clinical symptoms 
(fever > 38 ℃, chills, hypotension) and two positive 
blood cultures for a common skin commensal from two 
separate blood samples drawn within 48 h[14]. 

Outcome data
The impact of infections on outcomes was explored. 
This included its effect on length of stay (ICU and 
hospital) and hospital mortality. We also assessed the 
impact of individual infections (VAP, UTI and BSI) on 
mortality.

Statistical analysis
Frequencies and percentages were used to describe base­
line data, overall hospital and ICU mortality. Continuous 
variables [Acute physiology and chronic health evaluation 
(APACHE) Ⅱ score, cost and ICU and hospital length 
of stay] were expressed as mean [standard deviation 
(SD)] if data was normally distributed. Where data was 
not normally distributed (e.g., treatment cost), it was 
expressed as median with interquartile range (IQR). 
Hospital mortality and length of stay (ICU and hospital) 
for the two groups, with HAI and without HAI, were 
calculated. χ2 tests were used to compare proportions. 

In order to study the impact of HAI on mortality, it was 
decided to adjust for disease severity and other potential 
confounders if mortality was significantly different 
between those who developed infection vs those who did 
not develop infection.

RESULTS
Baseline demographic data
During the study period, 1599 patients were admitted 
to medical critical care. A total of 499 patients were 
enrolled. Exclusion criteria were admission under other 
specialty units (n = 434), deaths or discharges within 
24 h (n = 105), refusal of consent (n = 58) and those 
not recruited during public holidays or weekends (n = 
503)[11].

Demographic data are summarized in Table 1. The 
diagnosis included 122 different International Classi­
fication of Diseases (ICD) code entities and comprised 
predominantly of acute febrile illness including scrub 
typhus (44.4%), deliberate self-harm (26%), neurological 
illnesses (9.8%) and cardiac problems (7.6%). 

The study cohort (n = 499) was relatively young 
with a mean (SD) age of 42.3 ± 16.5 years and mean 
APACHE-Ⅱ of 13.9 (95%CI: 13.3-14.5); 86% of patients 
were invasively ventilated. The mean (SD) ICU length of 
stay was 7.8 ± 5.5 d. 

Infection data
Infection data was available in 496 (99.4%) patients. 
During ICU stay, 76 patients (15.2%) developed an in­
fection, translating to 19.7 infections/1000 ICU days. 
Patients who developed a HAI were significantly younger 
(P = 0.04) than those who did not develop a HAI (Table 1). 
However the gender distribution and APACHE-Ⅱ score 
were not different between the groups. There were 50 
episodes of VAP, 35 episodes of BSI and 3 episodes of 
UTI; 10 patients had more than one episode of infection. 
The median time to develop the infection followed an 
interesting pattern; VAP tended to occur in the first week 
of ICU stay (8 ± 5 d) while BSI occurred in the second 
week (11.4 ± 7 d) and UTI in the third week (18.7 ± 
12.4 d).  

Microbiological data
Overall, non-fermenting gram-negative carbapenem 
resistant organisms were isolated from 51 of the 88 
episodes (36 VAP, 14 BSI and 1 UTI). There were 4 
infections with colistin resistant organisms (3 VAP and 
1 BSI). Twelve BSI isolates were susceptible gram-
negative organisms. There was no Methicillin resistant 
staphylococcus aureus (MRSA) isolate in our cohort.

Outcome and cost data
Overall, infections were associated with doubling of 
length of stay (Table 2). However, mortality was similar 
in those who developed a HAI and those who did not 
develop it (Table 2). A logistic regression analysis was 

Features HAI (n  = 76) No HAI (n  = 420) P value

Age, mean (SD), (yr)     39.4 (16.2)   42.9 (16.5) 0.04
Male:female 46:30 241:179 0.70
APACHE Ⅱ score, mean (SD) 14.01 (4.7) 13.9 (6.0) 0.58
Diagnosis n (%)
   Sepsis (including scrub 
   typhus)

       27 (35.5)    195 (46.4)

   Deliberate self-harm        30 (39.4)      99 (23.6)
   Cardiac        4 (5.3)    34 (8.1) 0.11
   Acute respiratory distress 
   syndrome

       5 (6.6)    28 (6.7)

   Neurological        6 (7.9)      43 (10.2)
   Others        4 (5.3)    21 (5.0)

Table 1  Demographic data of the groups with and without 
hospital acquired infections

Data not available for 3 patients. HAI: Hospital acquired infection; 
APACHE: Acute physiology and chronic health evaluation; SD: Standard 
deviation.
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not performed in view of the lack of effect of infection on 
mortality. Additionally, when individual infections were 
considered separately, there was no mortality difference 
between those who developed a specific infection [i.e., 
VAP, BSI or catheter associated urinary tract infection 
(CAUTI)] vs those who did not develop any infection 
during ICU stay (Table 2). 

An infection acquired in the ICU was associated with 
doubling of overall cost when compared with patients 
who did not develop an infection during hospitalization. 
When VAP, BSI and UTI were analysed independently, 
the overall cost (median IQR) of each infection was 
almost similar (Table 3). The median attributable cost of 
an infection worked out to INR 87594 (USD 1436).

DISCUSSION
This study provides insight and information on the bur­
den (economic and otherwise) of common HAIs in the 
medical ICU of a developing country. While it could be 
argued that there is data from developed countries to this 
effect, our data with the different spectrum of infections 
(predominant VAP and few UTI) and microbiology 
(over 60% of the isolates carbapenem resistant) merit 

reporting and discussion.
Nosocomial infections, individually and overall in our 

study, were associated with doubling of cost without 
any impact on mortality. The acquisition of infection 
was also associated with the need for an additional 
7-10 d in the ICU, resulting in further constraining the 
already limited ICU resources in our setting. Although 
the increased length of ICU stay is consistent with the 
limited evidence available for VAP in other countries[15], 
this has significant hospital infrastructure and public 
health implications in our setting. 

These findings beg a response to the following 
questions. First, given the lack of impact of infections on 
mortality despite the antimicrobial resistance patterns, 
it is worth treating these infections. Second, should 
there be a focused approach to looking at measures 
to decrease infections and improving quality of patient 
care in ICU? On the face of it, the appropriate response 
to the above questions would be a resounding yes. 
However as alluded to, in view of the limited resources, 
treatment of patients with ICU acquired infections is 
likely to impact bed allocation to a patient with a more 
reversible problem. This, coupled with the inability to pay 
for the entire cost of treatment[11], places an additional 

Type HAI (n  = 76) No HAI1 (n  = 420) Cost difference P  value

Mean (SD) cost (INR)
   Any infection   226398 (226268) 115058 (93754) 111340   < 0.0001
   VAP   235350 (253421) 115058 (93754) 120292 < 0.001
   BSI   283887 (341916) 115058 (93754) 168829 < 0.001
   CAUTI 190059 (34096) 115058 (93754) 155963   0.05
Median (IQR) cost (INR)
   Any infection                180469 (140030-237525)                92875 (57243-139104)   87594   < 0.0001
   VAP                182991 (133038-238952)                92875 (57243-139104)   90116   < 0.0001
   BSI                170753 (141788-238650)                92875 (57243-139104)   77878   < 0.0001
   CAUTI                173085 (155818-190352)                92875 (57243-139104)   80210   0.06

Table 3  Comparison of overall cost between those with infection and those without infection

1The cost of no HAI is the same for all sub-categories of analysis based on source of infection since patients who developed any infection were not included 
in the “no HAI” group. At the time of the study, 1 USD = INR 61. Values in parenthesis indicate standard deviation. INR: Indian rupees; HAI: Hospital 
acquired infection; VAP: Ventilator associated pneumonia; BSI: Blood stream infection; CAUTI: Catheter associated urinary tract infection; SD: Standard 
deviation; IQR: Inter-quartile range.

Outcome HAI (n  = 76) No HAI (n  = 420) P  value

ICU length of stay, mean (SD), (d) 13.4 (7.0)   6.7 (4.5) < 0.01
Hospital stay, mean (SD), (d)   21.8 (13.9) 12.4 (8.2)   < 0.001
In-hospital mortality      31.60%  27.20%    0.49
Mortality with VAP1 26% 27.2%2  1.0
Mortality due to BSI1 37% 27.2%2    0.24
CAUTI mortality1 33% 27.2%2  1.0

Table 2  Impact of hospital-acquired infections on outcomes

1Total number of patients with VAP was 50, BSI 35 and CAUTI 3; the total number of patients with 
individual infections exceed 76 since 10 patients had more than one infection source; 2Indicates 
patients who had no HAI during the entire course of intensive care stay; thus in the analysis for 
VAP, those with BSI or CAUTI were excluded from the no HAI group and for BSI those with VAP 
and CAUTI were excluded from the no HAI group. Data available only on 496 patients. VAP: 
Ventilator associated pneumonia; BSI: Blood stream infection; CAUTI: Catheter associated urinary 
tract infection; SD: Standard deviation; HAI: Hospital acquired infection.

Chacko B et al . Attributable cost of nosocomial infections in ICU



83 February 4, 2017|Volume 6|Issue 1|WJCCM|www.wjgnet.com

economic burden on institutions that provide subsidy or 
charity. Denying on-going care for a potentially reversible 
problem (in this case a HAI) would violate ethical and 
moral principles of healthcare. Thus, the response to the 
second question assumes greater importance. 

In India, ICU infrastructure and staffing are varied 
across hospitals[16]. It is also known that nosocomial 
infection rates in developing countries are far higher 
than that in developing countries. Focusing on reducing 
the incidence of nosocomial infections would translate to 
better utilization of ICU beds and economic resources. In 
addition to rigid enforcement of hand hygiene measures, 
micromanaging central line handling and optimizing 
pneumonia prevention strategies may help reduce infec­
tion rates. In addition, hospital administrators need 
to consider optimizing staff-patient ratio and spacing 
between ICU beds, a problem that probably potentiates 
infection risk[17,18]. The latter strategy would involve a 
cost shift from the patient (who bears the cost of an 
infection) to the hospital (in improving nursing ratio and 
bed spacing) that may be beyond the reach of many 
institutions. 

This study, in the setting of a developing country, 
establishes the fact that an ICU acquired infection 
is associated with a significant increase in cost. The 
perception of poor survival is misplaced and patients who 
develop a HAI should be treated with cautious optimism. 
The utilitarian philosophy and steal phenomenon 
remains, since infections are associated with doubling 
of hospital stay and costs and are likely to prevent other 
patients from being treated in ICU. Efforts should be 
maximized on improving infection control practices since 
additional resource allocation in this setting may be 
challenging to the majority of health care settings.
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Abstract
We report a case of virus-induced acute respiratory 
distress syndrome (ARDS) treated with parenteral vitamin 
C in a patient testing positive for enterovirus/rhinovirus 
on viral screening. This report outlines the first use of 
high dose intravenous vitamin C as an interventional 
therapy for ARDS, resulting from enterovirus/rhinovirus 
respiratory infection. From very significant preclinical 
research performed at Virginia Commonwealth University 
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with vitamin C and with the very positive results of a 
previously performed phase Ⅰ safety trial infusing high 
dose vitamin C intravenously into patients with severe 
sepsis, we reasoned that infusing identical dosing 
to a patient with ARDS from viral infection would be 
therapeutic. We report here the case of a 20-year-old, 
previously healthy, female who contracted respiratory 
enterovirus/rhinovirus infection that led to acute lung 
injury and rapidly to ARDS. She contracted the infection 
in central Italy while on an 8-d spring break from 
college. During a return flight to the United States, 
she developed increasing dyspnea and hypoxemia that 
rapidly developed into acute lung injury that led to 
ARDS. When support with mechanical ventilation failed, 
extracorporeal membrane oxygenation (ECMO) was 
initiated. Twelve hours following ECMO initiation, high 
dose intravenous vitamin C was begun. The patient’s 
recovery was rapid. ECMO and mechanical ventilation 
were discontinued by day-7 and the patient recovered 
with no long-term ARDS sequelae. Infusing high dose 
intravenous vitamin C into this patient with virus-induced 
ARDS was associated with rapid resolution of lung 
injury with no evidence of post-ARDS fibroproliferative 
sequelae. Intravenous vitamin C as a treatment for 
ARDS may open a new era of therapy for ARDS from 
many causes.

Key words: Intravenous vitamin C; Acute respiratory 
distress syndrome; Enterovirus/rhinovirus; Acute lung 
injury; Extracorporeal membrane oxygenation

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Enterovirus/rhinovirus has been reported to 
cause devastating acute lung injury. We report here the 
first use of high dose intravenous vitamin C to attenuate 
the acute respiratory distress syndrome that was caused 
by this viral infection. We have previously reported that 
vitamin C used in this interventional fashion is a potent 
anti-inflammatory agent.

Fowler Ⅲ AA, Kim C, Lepler L, Malhotra R, Debesa O, 
Natarajan R, Fisher BJ, Syed A, DeWilde C, Priday A, Kasirajan 
V. Intravenous vitamin C as adjunctive therapy for enterovirus/
rhinovirus induced acute respiratory distress syndrome. World J 
Crit Care Med 2017; 6(1): 85-90  Available from: URL: http://
www.wjgnet.com/2220-3141/full/v6/i1/85.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v6.i1.85

INTRODUCTION
Viral diseases can produce the acute respiratory distress 
syndrome (ARDS)[1]. Pandemic viruses are the most 
common viruses that produce lung injury. Influenza 
viruses and coronaviruses (e.g., H5N1, H1N1 2009, 
severe acute respiratory syndrome coronavirus, and 
middle east respiratory syndrome coronavirus) are 

potentially lethal pathogens known to produce lung 
injury and death from ARDS[2-5]. At the tissue level, lung 
injury results from increased permeability of the alveolar-
capillary membrane that leads to hypoxia, pulmonary 
edema, and intense cellular infiltration, particularly 
neutrophilic infiltration. The exact pathogenesis of virus-
induced ARDS is slowly becoming understood. Unlike 
the “cytokine storm” occurring in bacterial sepsis that 
leads to up-regulation of pro-inflammatory cytokines 
[e.g., interleukin-1β (IL-1β), IL-8, IL-6] and generation 
of reactive nitrogen and oxygen species in the vascular 
space, viruses such as the influenza virus target alveolar 
epithelium, disabling sodium pump activity, damaging 
tight junctions, and inducing cell death in infected cells. 
Cytokines produced by virally infected alveolar epithelial 
cells activate adjacent lung capillary endothelial cells 
which then leads to neutrophil infiltration. Subsequent 
production of reactive oxygen and nitrogen species by 
infiltrating neutrophils further damages lung barrier 
function[1]. Apart from pandemic viruses other viruses, 
are increasingly reported to produce severe ARDS. While 
most of the approximately 100 strains of enterovirus 
primarily infect the gastrointestinal tract, enterovirus-D68 
(EV-D68) has tropism for the respiratory tract. EV-D68 
produces acute respiratory disease ranging from mild 
upper respiratory tract symptoms to severe pneumonia 
and lung injury as in the case we describe here. In an 
outpatient setting, EV-D68 disease has manifested most 
commonly among persons younger than 20 years and 
adults aged 50-59 years[6]. In August 2014, EV-D68 
emerged as a cause of severe respiratory infections with 
hospitals in Illinois and Missouri reporting an increased 
incidence of rhinovirus and enterovirus infection[7]. In 
this report, 30 of 36 isolates from the nasopharyngeal 
secretions of patients with severe respiratory illness 
were identified as EV-D68. Following these reports, 
an unusually high number of patients with severe 
respiratory illness were admitted to these facilities, 
presumably with EV-D68 infection. Enterovirus-D68 
leading to ARDS has been reported in China, Japan, and 
in the United States[8-11]. The report by Farrell et al[11], 
describes a previously healthy 26-year-old woman who 
developed severe ARDS following an enterovirus-D68 
infection. Despite all critical care support measures, 
the patient required protracted mechanical ventilation 
for 32-d, necessitating tracheostomy and endoscopic 
gastrostomy tube placement. She was discharged alive 
55 d following admission. Enterovirus and rhinovirus 
were recovered from the respiratory secretions of the 
patient we report here. Extracorporeal membrane 
oxygenation was rapidly required in our patient’s care 
following failure of conventional mechanical ventilation. 
The patient reported by Farrell et al[11] is the full extent of 
support required for patients with ARDS who ultimately 
develop a fibroproliferative course as described by 
Burnham et al[12]. Karhu et al[13] and Choi et al[14] recently 
reported finding rhinovirus as the etiology of severe 
community acquired pneumonia and respiratory failure 
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in mechanically ventilated adults who had a proven viral 
etiology of respiratory failure.

We report here the first application of high dose 
intravenous vitamin C employed as an interventional 
drug treatment for virus-induced ARDS. Very few 
studies in critically ill patients with ARDS have reported 
the use of intravenous vitamin C. The use of vitamin 
C to treat lung injury is still investigational. Nathens et 
al[15] infused ascorbic acid at 1 g every 8 h combined 
with oral vitamin E for 28 d in 594 surgically critically 
ill patients and found a significantly lower incidence of 
acute lung injury and multiple organ failure. Tanaka et 
al[16] infused ascorbic acid continuously at 66 mg/kg per 
hour for the first 24 h in patients with greater than 50% 
surface area burns and showed significantly reduced 
burn capillary permeability. A single report (published 
as abstract only) of a clinical study of large intravenous 
doses of ascorbic acid, and other antioxidants (tocopherol, 
N-acetyl-cysteine, selenium), in patients with established 
ARDS showed reduction in mortality of 50%[17]. Clinical 
protocols currently in use for hospitalized septic patients 
fail to normalize ascorbic acid levels. Vitamin C dosages 
utilized in the treatment of the patient we describe in 
this case report arose from our previous human studies, 
infusing high dose intravenous vitamin C into critically 
ill patients with severe sepsis[18] and in our preclinical 
studies[19-21]. Our work thus far shows vitamin C to exert 
potent “pleotropic effects” when used as described in this 
report. We showed that septic patients receiving high 
dose intravenous vitamin C exhibit significant reduction 
in multiple organ injury and reduced inflammatory 
biomarker levels[18]. Our preclinical work in septic lung-
injured animals shows that vitamin C down-regulates 
pro-inflammatory genes that are driven by transcription 
factor NF-κB. Furthermore, vitamin C significantly in
creases alveolar fluid clearance in septic lung-injured 
animals[21]. Finally, infused vitamin C’s capability to down-
regulate liberated reactive oxygen and nitrogen species 
appears to be critical for attenuating lung injury[22]. 

CASE REPORT
A 20-year-old white female presented to urgent care 
with 24 h of increasing dyspnea after returning from 

a 7-d trip to Italy. While in Italy she was exposed to 
several members of the family with whom she was 
visiting who had symptoms of upper tract respiratory 
infection. One family member had recently traveled to 
Morocco. While in Italy, the patient had visited a buffalo 
farm and ate unpasteurized cheese. There were no 
other unusual exposures. She noted cough and yellow 
sputum for 3 d with intermittent fever and night sweats. 

DISCUSSION
A chest X-ray revealed diffuse bilateral opacities 
(Figure 1). Arterial blood gas testing revealed severe 
hypoxemia while receiving 100% oxygen by non-
rebreather mask. Antibiotics were initiated and she was 
admitted to intensive care unit (ICU) with a diagnosis 
of community acquired pneumonia. She denied GI sym
ptoms, rash or arthralgia. She denied any history of 
thromboembolic disease, chest or leg pain or swelling. 
Her only medication was oral contraceptive for migraines 
associated with her menstrual cycle. Non-invasive 
positive pressure ventilation failed to support hypoxemic 
respiratory failure and intubation was required on 
hospital day 3. An echocardiogram revealed normal 
cardiac function. Respiratory cultures were negative, but 
a molecular detection viral respiratory panel was positive 
for enterovirus/rhinovirus (FilmArray, BioFire Diagnostics, 
LLC, Salt Lake City, Utah). Despite high PEEP and low 
tidal volume ventilation, hypoxemia (PaO2/FiO2 = 75) and 
hypercapnia remained severe. Chest imaging on hospital 
day 3 revealed dense bilateral opacities with central air 
bronchograms (Figure 2). Due to failure of conventional 
ventilatory strategies, veno-venous extracorporeal mem
brane oxygenation (ECMO) was initiated on hospital 
day 3. Low tidal volume assist-control, pressure-control 
ventilatory strategy was continued. Vancomycin, piper
acillin-tazobactam and levofloxacin started at ICU admission 
were continued. High-dose intravenous vitamin C (200 
mg/kg per 24 h) was initiated on ECMO day 1 with the 
total daily vitamin C dosage divided equally into four 
doses and infused every 6 h. AP chest X-ray imaging on 
ECMO day 2 following institution of vitamin C infusion 
revealed significant improvement in bilateral lung opacities 
(Figure 3). Given the patient’s hemodynamic instability 
and vasopressor requirements, the critical care physician 
staff and nursing staff were very careful to keep the 
patient’s intake and output fluid balance even, being 
careful not to volume load a patient who was suffering 
from permeability pulmonary edema. Bronchoscopy 
on ECMO day 3 was negative for bacterial or fungal 
respiratory pathogens. Histoplasma, Blastomyces, 
Aspergillus, and Legionella antigen studies were negative. 
Furosemide was used to achieve a daily negative fluid 
balance. Daily chest imaging with AP chest X-rays 
documented continued resolution of bilateral opacities. 
Importantly, lung gas exchange significantly improved 
following institution of vitamin C infusions. Chest imaging 
on ECMO day 6 revealed significant further reduction in 
lung opacities. ECMO decannulation and extubation from 

Figure 1  Patient’s anterior-posterior chest X-ray film prior to intubation.
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ventilation occurred on ECMO day 7 (Figure 4). Vitamin 
C dosing was continued while the patient remained 
on ECMO. Vitamin C dosing was reduced by half (100 
mg/kg per 24 h) for one day following decannulation 
from ECMO then reduced by half again (50 mg/kg per 
24 h) for an additional day. Post-extubation the patient 
required 4 L/min nasal oxygen for 48 h and then was 
discharged home on room air. She was discharged home 
on hospital day 12. Although we did not quantify the 
plasma ascorbic acid levels in the patient we report here, 
we have previously reported that critically ill patients 
with severe sepsis treated with the identical vitamin C 
infusion protocol achieved plasma ascorbic acid levels of 
3.2 mmol, values which are 60 fold higher than normal 
plasma ascorbic acid levels[18].

In conclusion, we report here the first use of vitamin 
C as an interventional drug to attenuate lung injury 
produced by viral infection. The patient described here 
was discharged home 12 d following hospitalization, 
requiring no oxygen therapy. Follow-up exam at 1 mo 
following the patient’s initial hospitalization revealed 
her to have completely recovered. Figure 5 displays 
her follow-up chest X-ray film. Importantly, it should 
be noted that this is a single case report. The role of 
Vitamin C in this patient’s recovery is not certain, and 
clearly additional investigation will be required before 

this can be recommended as a therapy for ARDS.
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COMMENTS
Case characteristics
A 20-year-old female with no significant medical history presented with acute 
respiratory failure following a spring break in central Italy. While in Italy she was 
exposed to a sick contact who was a member of the family she was staying 
with.

Clinical diagnosis
The clinical diagnosis of severe acute respiratory distress syndrome (ARDS) 
in this case was established by the extent of respiratory failure present, the 
radiographic findings, and the need for extracorporeal membrane oxygenator 
support required. The patient’s exposure to the sick contact in Italy suggested 
the diagnosis of a viral etiology. 

Portable

Figure 2  Patient’s anterior-posterior chest X-ray film on extracorporeal 
membrane oxygenation day 1.

Figure 3  Patient’s anterior-posterior chest X-ray film on extracorporeal 
membrane oxygenation day 2.
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Figure 4  Patient’s anterior-posterior chest X-ray film on extracorporeal 
membrane oxygenation decannulation, extubation day 7.
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Figure 5  Patient’s posterior-anterior chest X-ray film two weeks following 
hospital discharge.
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Differential diagnosis
ARDS, viral pneumonia, sepsis from unknown etiology.

Laboratory diagnosis
The diagnosis of the etiology of the patient’s respiratory failure was obtained 
by a panel that uses real-time polymerase chain reaction technology to identify 
respiratory viral pathogens. FilmArray Respiratory panel is manufactured by 
BioFire Diagnostics, LLC, Salt Lake City, Utah. 

Imaging diagnosis
Standard Anterior-Posterior chest X-ray films confirmed the diagnosis of ARDS.

Pathological diagnosis
No lung tissue was obtained from the patient. The diagnosis of ARDS was 
established by the extent of respiratory failure and the imaging required during 
the patients hospital stay.

Treatment
In this case report, the authors describe the first use of high dosage intravenous 
vitamin C as adjunctive therapy for viral induced ARDS. 

Related reports
At this point in time, there are no other case reports specifically referencing 
vitamin C as a treatment for ARDS. The authors have previously reported (ref. 
[18]) the use of high dose vitamin C as an adjunctive therapy for severe sepsis. 
Many patients in that trial likely could be considered to have had ARDS. 

Experiences and lessons
For many years multiple investigators have conducted clinical treatment trials, 
searching for effective therapies to assist in the treatment for ARDS. In this case 
report, the authors may have shed new light on a treatment which may ultimately 
be effective. The successful outcome described in this case report would suggest 
that larger trials must be conducted with high dosage intravenous vitamin C. 

Peer-review
This is an interesting report of use of high dose intravenous vitamin C in ARDS. 
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