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Preface

In recent years, the science of clinical outcome analysis, quality improvement initiatives, the

perioperative management of surgical patients, and patient safety have continued to evolve at an

increasingly rapid pace. In this context, over the years, novel concepts have arisen (risk stratification,

shared decision-making—SDM, phase of care mortality analysis—POCMA, interdisciplinary

meetings, prehabilitation, etc.), new initiatives have taken shape (e.g., state/nation-wide or

international clinical databases), and new technologies and methods have been implemented across

all surgical specialties (e.g., minimally invasive or robotic approaches). In order to care for our

patients, raise the standards of healthcare services, and be successful in today’s and tomorrow’s

rapidly changing healthcare environment, understanding and evolving these topics represents an

essential duty of all surgeons, physicians, and professionals in relation to the care of surgical patients.

The present Special Issue covers a wide spectrum of topics on the perioperative management

of surgical patients. We hope that you will enjoy reading the included articles while receiving

the best currently available evidence on several aspects and core concepts of perioperative quality

improvement. Finally, we would like to thank MDPI and Mrs. Monya Li for providing us with the

opportunity to produce this Special Issue and for the support we received during the entire process.

Dimitrios E. Magouliotis and Dimitris Zacharoulis

Editors
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Arguably, Georg Wilhelm Friedrich Hegel has been one of the most influential philoso-
phers of the 19th century. In his Lectures on the Philosophy of World History [1], given
at the University of Berlin between 1822 and 1830, he described world history not just
as a sequence of random events but as rational progress toward a specific purpose. This
purpose was identified as reaching the ultimate level of knowledge and freedom. In fact, in
the introduction to these lectures, Hegel declared that there is reason in history and, vice
versa, that world history is the progress of reason. However, reason also represents the
moving force behind every progress and advance in the fields of medicine and surgery.
Dating back to Hippocrates and the well-known phrase “Primum non nocere” or “First
do no harm” reason in medicine and surgery mandates us not only to provide our best
services to patients but, primarily, to provide them in a safe manner by creating and estab-
lishing a culture of safety. In other words, the reason that surgery passes through quality
improvement (QI) in science.

QI and patient safety (PS) have become increasingly important in all surgical disci-
plines over the last two decades [2,3]. QI represents a continuous process whereby tools
or methods are employed to promote measurable changes within a system which, in this
case, is surgery [2,3]. QI interventions are at the core of this process, which is not a straight
line but follows a spiral path of concentric circles dictated by reason (Figure 1). When a QI
intervention is initiated, an established dogma is challenged. Through this clash of different
theories, the practices associated with the best evidence-based outcomes prevail. A circle
closes, and a new one opens with new clinical questions under examination. This process
represents an analog to the progress of history proposed by Hegel, and we could admit
that this is a process dictated by reason in surgery (Figure 1).

Given the pivotal role of reason in surgery and QI, we should further stress this point.
One of the primary vehicles of advancement in QI science is the Plan-Do-Study-Act (PDSA)
scheme [4]. Passing through each one of the four steps of the PDSA cycle leads to the
establishment of a new clinical practice pattern. The PDSA cycle represents the assessment
of a clinical practice that is opposed or subsidiary to the previously established model. The
outcomes of these two alternative practices are compared, and through this clash of ideas
and theories, only the system providing the best outcomes for patients prevails. Probably
a great example of this clash of ideas has been the use of multiple arterial grafts (MAG)
instead of single arterial grafting (SAG) in coronary artery bypass grafting (CABG). Over
the past few years, there has been growing evidence favoring the utilization of multiple
arterial conduits in appropriate patients undergoing CABG [5–7]. However, the adoption
of multiple arterial conduits utilization has been relatively slow [8]. In this context, QI
interventions were designed and implemented by courageous surgical societies, such
as the Michigan Society of Thoracic and Cardiovascular Surgeons Quality Collaborative
(MSTCVS-QC) [9]. These initiatives paved the way for a significant increase in MAG
adoption [10], thus enhancing outcomes and providing more data on long-term outcomes.

J. Clin. Med. 2023, 12, 5708. https://doi.org/10.3390/jcm12175708 https://www.mdpi.com/journal/jcm
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Based on increasing evidence favoring the use of multiple arterial conduits in patients
undergoing CABG [11], a “Hegelian” circle, based on the superiority of the MAG approach,
is about to close, and a new one is about to open, which will examine different strategies in
conduits harvesting, treatment protocols on the extent of target vessel stenosis for radial
artery conduits, along with post-discharge treatment protocols.

Figure 1. Representation of the merge between the Hegelian concentric circles of reason in history and
the Plan-Do-Study-Act (PDSA) cycles of Quality Improvement in Surgery. This merge demonstrates
the historical progress of reason in surgery.

The present Special Issue includes several articles that aim to answer important de-
bates on different perioperative treatment pathways [12–18]. Two of them [14,15] validate
risk-stratification tools, thus providing a necessary insight into preoperative planning and
patient counseling while enhancing the shared decision-making process. In addition, Giar-
dini et al. [12] compare two techniques in performing the supine-to-sitting postural change
in patients with sternotomy, while Frisiras et al. [16] compare morbidity and mortality out-
comes in elderly and nonelderly patients undergoing elective thoracic endovascular aortic
repair (TEVAR). Such articles provide evidence that can enable the design and progression
of different PDSA cycles, thus serving the unfolding of reason in surgical history.

Another core concept of the Hegelian dialectic is the provision of “world-historical
individuals”, the so-called “great men” of history, such as Socrates or Julius Caesar. In
this context, world-historical individuals are able to influence, guide the tides of history
and drive it forward through their actions and initiatives, thus leading to higher levels
of knowledge and freedom. In surgery, there are many examples of world-historical
individuals. Dr. Denton Cooley and Dr. Michael DeBakey in cardiac surgery, along with
Dr. David Sugarbaker in thoracic surgery (mesothelioma surgery), perhaps represent such
figures. These great surgeons have opened new paths in surgery through their actions and
initiatives. In the QI context, the existence of such world-historical individuals is even
more important, given the complexity of the tasks they undertake. Dr. Richard Prager is a
characteristic world-historical individual in the field of QI in cardiothoracic surgery. From
the very beginning of his efforts to establish a QI program in the State of Michigan, Dr.
Prager faced certain great challenges, such as a) gathering all cardiothoracic surgeons of
the State around a common table to discuss their outcomes and designing QI initiatives,
b) unblinding performance data at the independent-institution level, and c) partnering
the MSTCVS-QC with a payer which, in that case, was the Blue Cross Blue Shield of
Michigan (BCBSM): the state’s primary insurance payer [19]. Such disruptive individual
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actions are totally necessary for the progress of QI in surgery. In 1806, Hegel wrote a
letter to his friend Friedrich Niethammer where he described Napoleon as “a world-soul
[Weltseele] on horseback”, indicating Napoleon to be a world-historical individual that
drove forward reason’s history. The well-known painting “Napoleon at the Saint-Bernard
Pass” by Jacques-Louis David is the representation of Hegel’s idea of Napoleon. Perhaps
we can declare that disruptive surgeons like Dr. DeBakey, Dr. Cooley, or Dr. Prager are
real-life representations of “a world-soul with scrubs”.

A final crucial question is whether there is an end to the progress of history, and what
is that end? As previously commented, Hegel is using the word “history” as the unfolding
of reason in the progress of the consciousness of freedom. This has led some intellectuals
like Francis Fukuyama to declare that the goal of self-consciousness and human freedom
has been achieved in recent times, and the world has reached “the end of history” [20].
In this context, what Hegel means by an end of history is that the goal of history has
been achieved, and the world is now conscious of freedom instead of lacking any further
developments. In the context of surgery, the end of history could be reached through the
awareness and adoption of QI methodology by the surgical community in their practice as
a veil of safety for patients. The “last surgeon”, the surgeon at the “end of history”, would
implement these principles in his practice and actively take part in QI initiatives. Perhaps,
we are not far from such an end to history, and possibly many among us, there tends to be
a resemblance to the “last surgeon”. Nonetheless, the prevalence of such a heroic surgical
idealism and culture in our time is totally necessary in order to protect and promote the
best interests of patients, surgeons, and society as a whole.
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Abstract: Continuous monitoring of vital signs using a wireless wearable device was implemented
in 2018 at a surgical care unit of an academic hospital. This study aimed at gaining insight into
nurses’ and patients’ perspectives regarding the use and innovation of a continuous vital signs
monitoring system, three years after its introduction. This qualitative study was performed in a
surgical, non-intensive care unit of an academic hospital in 2021. Key-user nurses (nurses with
additional training and expertise with the device) and patients were selected for semi-structured
interviews, and nurses from the ward were selected for a focus group interview using a topic list.
Transcripts of the audio tapes were deductively analysed using four dimensions for adoptions of
information and communication technologies (ICT) devices in healthcare. The device provided
feelings of safety for nurses and patients. Nurses and patients had a few issues with the device,
including the size and the battery life. Nurses gained knowledge and skills in using the system for
measurement and interpretations. They perceived the system as a tool to improve the recognition of
clinical decline. The use of the system could be further developed regarding the technical device’s
characteristics, nurses’ interpretation of the data and the of type of alarms, the information needs
of patients, and clarification of the definition and standardization of continuous monitoring. Three
years after the introduction, wireless continuous vital signs monitoring is the new standard of care
according to the end-users at the general surgical ward.

Keywords: vital signs; clinical deterioration; monitoring; wearable electronic devices; continuous
vital sign monitoring

1. Introduction

Measuring vital signs is crucial to evaluate the clinical condition of surgical patients.
Subtle changes in vital signs such as respiratory rate, blood pressure, or heart rate can
be the first signals of clinical deterioration. Nurses have crucial roles in the recognition
of patients’ clinical deterioration [1,2]. Nurses estimate modified Early Warning Scores
(MEWSs) [3] indicating the clinical risk for clinical deterioration, admission to intensive
care units (ICU), or severe events such as cardiac arrest or even death [4–10]. MEWSs are
based on values of the vital signs: respiratory rate, blood oxygen saturation, blood pressure,
heart rate, temperature, and level of consciousness. These parameters give the actual state
of the physiological wellbeing of patients and indicate the need for medical treatment.
Nurses also recognize subtle signs of deterioration by observing the patients and using
their clinical judgement [2,10,11]. Nurses develop a sense of worry regarding the situation
of their patients in cases of clinical deterioration [12]. While the nurses’ sense of worry
is sensitive to adverse events, deviations in vital signs are crucial factors that should be
assessed and interpreted accordingly.
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Compliance with MEWS protocols can be low, including subsequent follow ups
according to the vital sign safety protocol [13–15]. Failures to timely escalate treatment still
happen because of the insufficient measurement of vital signs [16,17]. Remote devices are
introduced for the continuous monitoring of vital signs [18,19]. With the Visi Mobile as a
wireless monitoring system, nurses mentioned an earlier identification of clinical decline,
enhanced responses to clinical decline, and increased feelings of safety because of the
higher frequency of vital signs measurements [20–22]. In our hospital, the introduction
of the Visi Mobile in 2018 moved practice from the intermittent or periodic measurement
of vital signs to continuous wireless monitoring. The Visi Mobile facilitates bedside and
from-a-distance monitoring of vital signs by nurses. Since then, a decline in unplanned
ICU admissions has been observed [23].

The CeHRes roadmap, a framework to achieve optimal uptake of eHealth technolo-
gies, suggests formatively evaluating the actual uptake or usage of technology to improve
the technology and its use and to ensure sustainable use of the technology [24]. A post-
implementation survey demonstrated that nurses were positive towards the use of the
continuous vital signs monitoring system in daily practice [25]. However, understanding
the nurses’ and patients’ perspectives for further development of the use of this sys-
tem is lacking. Therefore, to proceed on the findings of Becking-Verhaar et al. [25], this
study undertook a qualitative interview approach to provide in-depth insight into nurses’
and patients’ perspectives regarding the use of a continuous vital signs monitoring sys-
tem, and how it can be further innovated to ensure the sustainable and effective use of
this technology.

2. Materials and Methods

2.1. Design

This study was framed within the evaluation phase of the CeHRes Roadmap [24].
This study followed a qualitative approach by conducting individual interviews and a
focus group interview with relevant stakeholders. This study was conducted between
February and April 2021, which was three years after the introduction of the Visi Mobile.
The Standards for Reporting Qualitative Research [26] were used to ensure transparent
reporting. Furthermore, this study was performed according to the ethical guidelines of the
declaration of Helsinki [27]. All participants provided informed consent a priori and data
were treated anonymously. Under Dutch law there is no need for a formal ethical review
for this type of study.

2.2. Setting

This study took place at a gastrointestinal surgical oncology unit of a Dutch academic
hospital. In the 18-bed surgical ward, patients mainly recover from major abdominal surgical
procedures, such as oesophageal resection, liver resection, pancreatic resection, colorectal
surgery, and cytoreductive surgery with hyperthermic intraperitoneal chemotherapy.

System for Continuous Monitoring: Visi Mobile

The Visi Mobile (Sotera Wireless) was implemented on the surgical ward in May 2018
after a pilot phase (see Supplementary S1) [20]. The Visi Mobile is a wireless, wearable
device with sensors at the thumb and chest for continuous measurement of oxygen satura-
tion, heart frequency, body temperature, respiratory rate, heart rhythm, and blood pressure.
These parameters are displayed on screens of the battery worn on the patients’ wrist and
on monitors at the nurse stations and lunchrooms [23]. The monitors provide nurses
with continuous real-time vital sign data trends of the preceding 96 h and display single
channel alarms when a single vital sign falls outside the pre-set safety limits. Vital signs
data are automatically sent to electronic health records for automated MEWS calculation
with on-demand monitoring by nurses. Nurses use the patients’ data if they deem it to be
necessary. Vital signs and the corresponding MEWSs are determined at least three times a
day using the Visi Mobile device at the bedside. Nurses intervene depending on the MEWS
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or alarms given by the devices on the patient’s wrist or on the dashboards. Alarms noted
from a distance require evaluation by the nurse. Where alarms are accurate measurements
of abnormal values, nurses validate the MEWSs at the bedside. Interventions are based
on the hospital’s MEWS protocol and the clinical judgement of the nurse. Key-user nurses
were established for the Visi Mobile, having experience and providing supervising roles for
other nurses at the unit regarding remote continuous monitoring for coaching and problem
solving. They were involved during the initial implementation and were more experienced
in the use of continuous monitoring.

2.3. Participant Selection

The main stakeholders were end-users of vital signs monitoring using the Visi Mobile
at the gastrointestinal surgical oncology unit. The actual users of the system were nurses,
key-user nurses, and patients admitted to the surgical unit.

Nurses were selected because they were continuously responsible for the safety of
patients. From the nursing staff (n = 35), nurses were recruited for a focus group interview
by using email and announcements during regular team meetings. A focus group was
the preferred method due to its ability to facilitate optimal interaction between the nurses.
Nurses were selected if they had worked for at least six months at the ward, to ensure
sufficient experience with the remote continuous monitoring, and were not a key user.

Key-user nurses (n = 4) were recruited for individual interviews to collect in-depth
insight into their perspectives on the uptake of the technology. Respondents were contacted
face-to-face or by email for participation.

Also, patients were individually interviewed because they wore the device and ex-
perienced how nurses used it in daily practice. They were consecutively approached for
participation if they were able to provide informed consent, were monitored by the Visi Mo-
bile, understood and spoke the Dutch language, and were in a condition to talk about this
topic based on the nurses’ judgement. If they were open to an interview, an appointment
was made to hold the interview.

2.4. Data Collection

All interviews were held face-to-face in calm and private rooms during the hospital
stay of the patient in the afternoon at the patient’s preferred time. Patients wore the
particular device during data collection. The interviews with nurses lasted between 45 and
55 min and were conducted by one researcher (MP). The focus group interview took 75 min
and was conducted by two researchers, of whom one was the interviewer (HN), and the
other the observer (MP). The interviews with patients lasted for approximately 20 min
and were undertaken by one of the researchers (MP, HN). MP was a Bachelor of Nursing
student during this study and received supervision from HN and FBV. HN is a clinical
academic nurse with experience in education, surgical nursing, and qualitative research.
FBV is also a clinical academic nurse with experience in surgical nursing and pedagogy. All
researchers had experience in individual interviewing, HN was also experienced in focus
groups. The researchers discussed, before the first interviews and after each interview,
their skills, the topic list, and the responses, to ensure quality of the data collection. All
interviews were audio recorded and transcribed verbatim. For each group of respondents,
a tailored topic guide was developed by MP, FB-V and HN, focusing on the aim of this
study. The topic lists are shown in Supplementary S2.

2.4.1. Individual Interviews with Key-User Nurses

The themes during the interviews were: (a) experiences with continuous monitor-
ing, (b) experiences regarding barriers, (c) possible improvements, and (d) preconditions
(see Supplementary S3). The experiences with continuous monitoring were discussed
by illustrating the facilitators and barriers to working with the system found in previ-
ous studies [20,25]. This enabled the comparison of similarities and differences between
the previous and current perspectives, as was suggested by the CeHRes Roadmap [24].
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Hence, the device was used for several years in which periodic improvements could have
eliminated some barriers. The topic list continued to explore perspectives on possible
improvements that could innovate the nurses’ use of the continuous monitoring of vital
signs. Therefore, the respondents were probed to suggest directions for solutions and
subsequent requirements, and how these solutions could be integrated into daily nursing
routines. In this phase, it was emphasized that a new role for a central nurse could focus
on all kinds of tasks and activities that are related to the continuous monitoring of vital
signs. Each interview ended by asking the respondent to prioritize a main current problem
and direction for the solution.

2.4.2. Focus Group Interview with Nurses

The focus group started with attention as to how participants could discuss and
interact with each other during the interview about the topics (see Supplementary S2).
Then, the same topics as used in the individual interviews with nurses were introduced.

2.4.3. Individual Interviews with Patients

The topic list for patients included: (a) experiences with continuous monitoring, and
(b) possible improvements (see Supplementary S2).

2.5. Data Analysis

A deductive content analysis approach was applied [28,29], guided by the list of factors
that are related to the success or failure of information and communication technologies
(ICT) adoption made by Gagnon et al. [30]. These factors are structured within four dimen-
sions with (sub)indicators (see Table 1 and more detailed information in Supplementary
S2). These dimensions were previously used to determine the feasibility of the Visi Mobile
device [20] and were therefore used to explore what can be further innovated within each
dimension. Two of three researchers (MP, HN, and FB-V) independently attributed the
data of the transcripts to the dimensions and to the (sub)indicators of each dimension.
Consensus was reached about the attribution of each citate afterwards. Then, data were
summarized per indicator of the dimensions.

Table 1. Factors related to the adoption of ICT application based on the findings of Gagnon et al. (2012).

Dimension Indicator

Factors related to ICT

Design and technical concerns
Characteristics of the innovation

System reliability
Interoperability

Legal issues
Validity of the resources

Cost issues

Individual factors of healthcare professionals
Knowledge

Attitude
Socio-demographic characteristics

Human environment Factors associated with patients
Factors associated with peers

Organizational aspects Internal environment
External environment

3. Results

Individual interviews were held with four key-user nurses and five patients. One of the
four key-user nurses was male, all other respondents were female. Of the five patients, three
were male. Six female nurses participated in the focus group interview. For the dimension
‘Factors related to the ICT’, citations were only attributed to the indicators ‘design and
technical concerns and characteristics of the innovation’. For the dimension ‘Individual
factors of healthcare professionals’, citations were attributed to the indicator’s ‘knowledge’
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and ‘attitude’. For the dimension of ‘Human environment’ and ‘Organizational aspects’,
citations were attributed to both indicators. No data were attributed to the remaining
indicators of the dimensions. The results of the analysis are demonstrated per attributed
indicator. Citations are displayed in Table 2.

Table 2. Citations of the respondents per indicator.

Indicator Respondent Citation

Design and technical concerns P4
“The device of the Visi Mobile is unfriendly for patients because the battery
is too rude, and heavy. It never fits well, turns around my wrist and slides

back and forth. It is not comfortable.”

R2 “In the future, there may be a possibility to apply artificial intelligence to
handle and cluster the data overload.”

Characteristics of the innovation R1

“From a distance, you can estimate how your patient is doing, to some
extent. Also, if your patient does not feel well, and you really want to be in
the room all the time, which is not possible in a nursing ward, you feel you

can better monitor your patient. So yes, it provides me a safe feeling.”

R3

“Recently, we had transferred a patient from the ICU to our unit, having a
MEWS 6 and respiratory unstable. In that case, it would be great if there is

someone who keep an extra eye on that patient, because I cannot constantly
look to the display, and do not get an alarm on my pager.”

P3

“Tonight, a nurse entered my room because my oxygen level was too low. I
understand the use of continuous monitoring and I think that the need

differs for each ward. For me, this was not a minor operation, so I think this
is perfect, for me, but also for them [nurses].”

Knowledge R1

“Nine out of ten times you do not have to respond to a false alarm, but you
just wait a few seconds before breathing frequency or saturation will

improve. I have the idea we are on the right track in recognizing
false alarms.”

Attitude FGR “How skeptical we were about continuous monitoring. . . And now, three
years later we cannot work without it.”

R1 “Some patients will be discharged soon, for example today or tomorrow.
Why should you still monitor all vital signs and check trends?”

FGR
“Sometimes, a saturation drops during the night as it also does at home. We

check on the patient because of this saturation drop and then the patient
seems to be okay.”

Factors associated with patients P2 “I like the idea of knowing my own vital signs, so that I know what I can
expect. Firstly, I looked very often, but that became gradually less often.”

Internal aspects R2

“I think, for example, during evening and nightshifts we are much of our
time present in the nursing office. During that shift, we do not need a

dedicated nurse. During day shifts, when everyone is at the patient’ rooms, I
think a dedicated nurse is necessary. The question rises if you can deploy the
dedicated nurse in patient care, and that he also receives all alarms, so that

he can respond to the alarms.”

FGR
“I would like to maintain continuous monitoring, but I would also like to

retain total care for my patients, without shifting tasks. That is very
important to me”.

R3

“If the dedicated nurse signals a certain trend, and the nurse is not yet at the
patient, then he [dedicated nurse] must inform me, so that I can visit the

patient. If I [as nurse] do not get out, I can call the dedicated nurse to
monitor trends.”

Factors associated with peers R4
“We can say that connecting the device can be a task for nurse assistants. It

will give a nice touch to their job profile. It seemed that some nurse
assistants do really like that, and they see it as a challenge.”

External aspects R3
“The difference between a high care ward and our general ward is getting

smaller using this system. Subsequently, it is difficult to set boundaries, and
to frame, between what you should do and not do.”

P = Patient; FGR: Focus group Respondent R: Respondent.
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3.1. Factors Related to ICT
3.1.1. Design and Technical Concerns

The nurses recognized several barriers that still affected the use of the continuous
monitoring system. In particular, technical disturbing aspects were mentioned that required
improvements. Disturbing aspects were clustered into four main aspects: (1) the connectiv-
ity between the device and the WIFI, (2) usability of the battery and cables, (3) reliability
of the estimations, and (4) the amount of data that the system provides. Regarding the
first aspect, the WIFI sometimes did not connect, which made it impossible to load the
data from the electronic patient file. Secondly, patients mentioned that the battery was
too big and heavy, and turned around on their wrist, which hampered the patient in daily
activities. The battery had to be charged twice a day, which sometimes led to an empty
battery and unavailable vital signs. Thirdly, nurses also mentioned that incorrectly placed
cables (i.e., the ECG-leads, the thumb sensor, and the electro lead) led to measurement
errors and false alarms. Moreover, some nurses described that patients’ blood pressure
measured by the Visi Mobile was not always a reliable estimation of the parameter. The
blood pressure seemed to be less accurate the further away from calibration. Therefore, the
reliability of estimations of the vital signs had to be improved, according to some nurses.
Fourthly, the amount of data that continuously monitoring provides for nurses could be
seen as an overload of data. The amount of data enables nurses to make trend analyses of
vital signs such as falling blood pressure or a rising heart rate. Nurses indicated that they
used trends to consult a physician. Some nurses explained that they learned how to handle
the data overload over time by prioritizing and being aware of the clinical condition of the
patient. Some of them also mentioned that the trend analysis was still far from optimal
and may be improved using artificial intelligence. This could be helpful to deal with the
overload of patient data and the use of trends for the recognition of clinical decline.

3.1.2. Characteristics of the Innovation

Nurses perceived continuous monitoring as an extra set of eyes of the nurse, enabling
them to provide better care. Nurses did not have to be at the bedside the whole time
in case of a sense of worry. The extra set of eyes provided feelings of trust. However,
if a nurse was busy with a particular patient, she was not warned in case of abnormal
vital signs of another patient. Some nurses mentioned this as a feeling of uncertainty.
Moreover, some nurses stated they did not dare to let patients sleep without monitoring
their vital signs continuously. Before the introduction of continuous monitoring, vital
signs were measured three times a day (or more often, depending on the MEWS). Nurses
described that deterioration of patients during night shifts was only noticed during the
morning rounds. With the use of continuous monitoring, deterioration during nightshifts
is recognized earlier, and interventions can be applied, which improves patient outcomes,
according to nurses.

Patients also described that they felt safe due to the idea of their vital signs being
monitored continuously. Some of them experienced a nurse coming to the bedside in case
of abnormalities. They now knew that their vital signs were being monitored and that
subsequent action would be taken.

3.2. Individual Factors of Healthcare Professionals
3.2.1. Knowledge

The nurses described that they gained knowledge about working with continuous
monitoring. One of the nurses reported that during the introduction of this device (in
2018, red.) nurses immediately responded to an alarm by seeing the patient, also in the
case of clear false alarms. One of the nurses mentioned an example of patients sleeping on
their right or left side, whereby the Visi Mobile displayed no respiratory rate. Currently
(in 2021, red.), nurses first look for the type of alarm and consider all measurements
at that moment before acting on an alarm. In the case of alarm for breathing absence,
nurses first look at saturation, heart rate, and whether the patient slept on a side (patients’
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attitude was measured with VM, red.), before they go to check on the patient. Three years
after implementation, the nurses felt they understood all types of and reasons for alarms
and that they handled the continuous data availability of vital signs efficiently. To work
adequately and efficiently with continuous monitoring, knowledge regarding alarms must
be integrated into training for nurses.

3.2.2. Attitude

The nurses felt mainly positive about the use of continuous monitoring, whereby their
attitudes had changed over time from a more sceptical attitude to an enthusiastic attitude.
Nurses described that CM became an essential part of their care, which facilitated them
in anticipating patients’ clinical deterioration. In addition, having patients’ vital signs
provided feelings of safety among the nurses. For example, nurses had experienced cases
where resuscitation was initiated because of abnormal values of vital signs that came to
nurses due to continuous monitoring. Nurses mentioned that the system guarantees more
patient safety and better clinical conditions.

The nurses’ attitude was also critical towards the use of trends. Due to the continuously
available vital signs, a bored feeling among nurses could arise, which would affect their
alertness to changes. When measuring the MEWS three times a day, changes in MEWS
were always noted. However, these changes are less explicitly noticed now because vital
signs are present all the time. Therefore, some nurses mentioned a critical note towards the
possibility of only analysing trends, because small changes may be overlooked. Nurses
explained the advantage of observing trends in vital signs, for example, regarding suspected
false alarms such as breathing frequency. Thereby, although some nurses really examined
the patients’ situation, others only looked at the numbers instead of attending patients for
physical examination. One of the nurses described a wish to actively discuss trends during
the physicians’ round, because this was currently no part of it. Another factor that affected
the nurses’ attitude towards monitoring was over-monitoring. It appeared that continuous
monitoring was still used even if vital signs were stable for a long time, for instance, in
the case of a patient who was to be discharged. This over-monitoring, measuring vital
signs when the clinical added value was not clear, did provoke a tired feeling towards
continuous monitoring.

3.3. Human Environment
3.3.1. Factors Associated with Patients

Patients had generally positive feelings about the use of continuous monitoring. Pa-
tients described that it was good for their health that someone was able to watch over
them continuously and that, in case of abnormalities, nurses could respond immediately.
Patients were soon used to the device and only noticed it during calibration by the nurse
or changing batteries. Patients described increased comfort because blood pressure was
measured all the time, while the burden of the blood pressure cuff happened only once
in 24 h during calibration. Also, patients mentioned looking frequently at their own vital
signs and health status, especially during the first postoperative days. Some patients
noticed that they should not look at their screen that often because they interpreted the vital
signs according to how they felt. Patients could feel worried when vital signs were going
out of normal ranges, and confident after seeing good vital signs. Furthermore, patients
indicated the value of interaction with a nurse who knew them, who applied the device,
and who interacted with them about the vital signs. Some patients mentioned that the
involvement of many different nurses in their care could be difficult because they wanted
to be known personally. To further innovate the use of continuous monitoring, this value
must be recognized.

Nurses also mentioned that patients might look frequently at their device, indicating
that the patients might need some further information or support as to how they can
interpret their own vital signs. They expressed the need to investigate how patients use the
continuous monitoring system, to be able to supervise them better.
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3.3.2. Factors Associated with Peers

The system for continuous monitoring was used by nurses and not by nurse assis-
tants. Nurses stated that nurse-assistants could make an assisting contribution to the
measurement of vital signs monitoring. They could change batteries, apply the system, and
calibrate the blood pressure. They should be trained in these activities. Also, the nursing
team should be properly aware of the expectations concerning continuous monitoring,
such as changing responsibilities, policies on how to act on alarms, and whether high-risk
medication could be administered while the patient is being monitored. The function of a
dedicated nurse could be embedded into daily patient care by having a pager for incoming
alarms. Nurses described the dedicated nurse as a partner for dialogue who addresses
the practical implications of continuous monitoring, such as changing batteries or pasting
stickers. Some nurses felt that such a position would remove their responsibilities and
position in handling and responding to clinical decline. The majority described it as an
appropriate task for nurse assistants. Therefore, the nurses concluded there was room for
improvement through monitoring as a team with nurses and nurse-assistants.

3.4. Organizational Aspects
3.4.1. Internal Aspects

Regarding the organization of the use of the continuous monitoring system, nurses
mentioned that they were not able to continuously watch the vital signs, as they were not
all the time in one of the rooms where the dashboards were available. Therefore, the nurses
notified each other in case of abnormal vital signs. In this matter, task-specific nursing in
terms of a dedicated nurse was discussed as part of the topic guide. This possible new
nursing function could be a supportive role for ward nurses by making them aware of
abnormalities in patients’ vital signs. The dedicated nurse first assesses the amount of data
and possible false alarms before warning the ward nurses. However, such a role was not
perceived as supportive by all nurses. Most nurses indicated that they wanted to have the
final responsibility for patients’ vital signs and the total care of patients. They expressed the
wish to make a careful assessment themselves with a physical examination of patients and
their clinical view before intervening. For newly graduated nurses, the help of a dedicated
nurse can be supportive in facilitating a back-up for the nurse when she is unexperienced.

3.4.2. External Aspects

As the general ward is not organized according to intensive care standards, nurses
mentioned that there is a difference between continuous monitoring and guarding vital
signs. One of the participating nurses described that continuous monitoring provides
more of an “own assessment” and “own feeling of concern”. Nurses assess the vital signs
of patients and use the system and their clinical judgement to intervene on a deviation.
In intensive care facilities, every change is noticed and subsequently handled. Although
nurses mentioned that a dedicated nurse for this task could facilitate responses to each
alarm, they perceived that this was more guarding vital signs than monitoring vital signs.
A clear definition of what continuous monitoring of vital signs at general wards is, and
what kind of boundaries are determined, would enhance clarity as to the expectations
towards nurses.

4. Discussion

This study assessed perspectives on the use of a continuous monitoring system for
recognition of clinical decline three years after introduction and how it can be innovated
to ensure sustainable use. The perspectives were structured by the four dimensions of
Gagnon’s list for adoption of ICT devices in healthcare. Generally, monitoring vital signs
with the Visi Mobile enabled nurses to improve patient safety, because they could more
frequently review vital signs to anticipate and act sooner on changes in patients’ vital
signs. Nurses gained knowledge and skills in using the system for measurement and
interpretations over the three years. Patients felt safe while monitored, which seemed
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to overcome the physical concerns about the device. Although these findings are in line
with multiple references [19,20,22,25,31,32], this is the first study that has performed a
formal evaluation 3 years after initial introduction which also identifies four areas to ensure
sustainable use.

First, the technical aspects of the device can be improved, such as the battery size, bat-
tery life, and Wi-Fi. These barriers were previously identified [20,25] and are also important
factors for other devices [33]. The technical aspects of devices for vital signs measurement
are important to address, with a priority regarding the reliability of measurements. Further-
more, the user-friendly technical aspects are important. Medical companies who produce
the devices can now address these daily barriers for future innovation of their devices to
improve adoption and the satisfaction of end-users [34,35].

The second opportunity concerns the nurses’ interpretation of the data and alarms.
First, false alarms can be reduced by preventing measurement errors. Although it appeared
in our findings that nurses gained knowledge over the years, measurement errors leading to
false alarms still occurred. This can provoke feelings of irritation and uncertainty towards
the system [36]. It is unclear whether these measurement errors are caused by device-
related factors or nurse-related factors. Further analysis is required on this topic. Secondly,
effective interpretation of all available data and reporting of vital signs or MEWS using
trends will enhance the value of the system, according to the nurses in our study. Nurses
need to process all the data, which can be seen as overload. The use of algorithms may
be a solution to support nurses in the interpretation of data [37,38]. Furthermore, nurses
expressed in our study that integration of their clinical judgement into the recognition of
clinical decline was pivotal to complementing the data assessed by the Visi Mobile. Nurses’
feelings of worry must be recognized [11] and can be measured [39]. Future studies can
address vital signs-based algorithms that are complemented by the nurses’ worries and
clinical judgement to improve recognition of clinical decline.

Thirdly, the perspectives of patients should be addressed in performing continuous
vital signs monitoring. Patients appreciated interaction with their nurse, in line with
previous research [40]. Nurse-patient interaction is the core of fundamental care [40,41],
requiring attention in future studies, as remote monitoring might affect this. Furthermore,
our results illustrate that the interpretation by patients of their clinical condition requires
further attention. Patients expressed the need to be informed about the normal values of
the vital signs. Therefore, future research should address the perspectives of patients, to
ensure that patients with all levels of health literacy are kept informed and empowered [1].
Furthermore, although our patients felt safe with the device, future research can address
the patients’ responses towards the wide range of wireless devices. Finally, patients’ per-
spectives were integrated as respondents in this study; we suggest, for future developments
in continuous vital signs monitoring, partnering with patients in the research group [42].

Fourthly, continuous vital signs monitoring using a wearable, wireless device can be
improved by defining and standardizing the use within nursing practice at general wards.
In our study, nurses were not always in rooms with the monitors displaying vital signs data,
which affected the reality of the term ‘continuous’. Other studies did not use alarms [36],
and vitals were interpreted differently [43]. Moreover, our respondents suggested training
nurse assistants to administer the device, as they were part of the nursing staff, as well as
developing clear guidelines on when to start or stop monitoring. Therefore, clear definition
of the concept and practical guidance for these issues will enhance efficacy and prevent
over-monitoring.

Our study must be interpreted in the light of several considerations. First, perspectives
were explored in one setting using only one device, affecting the generalizability of the
findings. Although research on technology in healthcare should address the context,
other devices in other settings may lead to different long-term experiences. Secondly,
cooperation between nurses and physicians has been previously identified, but not in our
findings [11], suggesting that data saturation was not achieved in our study. Future studies
must complement our findings regarding the sustainable use of innovations. Finally, we
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used Gagnon’s list for data analysis, because previous interviews regarding the use of
the Visi Mobile were also analysed with this list [20]. Another study in this field used the
Behaviour Change Wheel as the theoretical basis of the analysis [44]. Our model enabled
the analysis of the sustainable updating of the technology, while their aim was to assess
nurses’ behaviours regarding wireless monitoring.

5. Conclusions

Three years after the introduction of a continuous vital signs system on a general
surgical ward, it enables nurses to ensure patient safety and provides feelings of safety for
both nurses and patients. The nurses gained knowledge and skills to handle the system.
Nurses and patients provided four opportunities to further improve the use of a continuous
vital signs monitoring system. These concern the device itself, to make it more user-friendly,
and the way nurses handle the output, including alarms and trends. Also, the patient’s
information and psychological needs regarding vital signs and the judgement of their
clinical condition is important for nurses to address. Finally, it is important to outline what
continuous monitoring is about, when it can be initiated, and what the responsibilities are
for whom.
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Abstract: (1) Background: Liver transplantation (LT) is associated with significant hemorrhage and
massive transfusions. Fibrinogen replacement has a key role in treating massive bleeding during
LT and hypofibrinogenemia is treated by fibrinogen concentrate or cryoprecipitate. However, these
two products are known to be associated with major thromboembolism events (MTEs). We aimed to
compare the effect of fibrinogen concentrate and cryoprecipitate on MTEs in living donor LT (LDLT)
recipients. (2) Methods: We analyzed 206 patients who underwent LDLT between January 2021
and March 2022. The patients were divided into two groups according to fibrinogen concentrate
or cryoprecipitate use. We compared the incidence of MTEs between the two groups. In addition,
we performed multiple logistic regression analyses to identify the risk factors for MTEs. (3) Results:
There was no significant difference in the incidence of MTEs (16 [14.7%] vs. 14 [14.4%], p = 1.000)
between the cryoprecipitate group and fibrinogen concentrate group. In the multivariate analysis,
cryoprecipitate (OR 2.09, 95%CI 0.85–5.11, p = 0.107) and fibrinogen concentrate (OR 2.05, 95%CI
0.82–5.12, p = 0.126) were not significantly associated with MTEs. (4) Conclusions: there was no
significant difference in the incidence of MTEs between cryoprecipitate and fibrinogen concentrate in
LDLT recipients.

Keywords: fibrinogen; liver transplantation; mortality; thromboembolism

1. Introduction

Patients undergoing liver transplantation (LT) are at risk of hemorrhage and receive
massive transfusions if needed [1]. Hemostatic and coagulopathy related to cirrhotic liver
disease are also known to cause massive bleeding in LT [2]. Fibrinogen has a key role
in hemostasis and activates platelet aggregation by binding to glycoprotein IIb and IIIa
receptors on platelet surfaces [3]. However, intraoperative fibrinogen levels are reduced
because of hemorrhage followed by resuscitation with fluids and fibrinogen-poor blood
products [4]. In cases of significant hemorrhage and hypofibrinogenemia, guidelines
recommend treatment with either cryoprecipitate or fibrinogen concentrate [5].

Although cryoprecipitate and fibrinogen concentrate are used to treat hypofibrinogen-
emia, there is concern about thromboembolic risk in using two products. Thromboembolic
complications including hepatic artery thrombosis are associated with a high rate of mor-
tality and graft loss in LT [6,7].

In particular, cryoprecipitate is considered to have a higher thromboembolic risk than
fibrinogen concentrate because cryoprecipitate is a non-purified product with platelet
microparticles, fibronectin, factor VIII, and von Willebrand factor [8]. Previous studies
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on patients undergoing cardiac surgery have reported that the two products have similar
thromboembolic risks [5,9]. However, a direct comparison of thromboembolic events
between the two products in living donor LT (LDLT) is lacking in the literature.

Therefore, the aim of this study was to evaluate the effect of cryoprecipitate and
fibrinogen concentrate on major thromboembolic events (MTEs) in patients undergoing
LDLT. In addition, the incidence of 30-day major adverse cardiovascular events (MACEs),
and 1-year graft failure and mortality were also compared between the two groups.

2. Materials and Methods

2.1. Study Design and Population

We analyzed LT recipients who underwent LDLT at our center between January 2021
and March 2022. Those who acquired hypofibrinogenemia were included and the following
patients were excluded: age < 18 years, history of allergic reaction to fibrinogen concentrate
or cryoprecipitate, did not receive any blood products transfusion, underwent multi-organ
transplantation surgery, or those with missing data.

The Institutional Review Board of Asan Medical Center (protocol no. 2022-0724) ap-
proved the study design and waived the requirement for written informed consent based on
the retrospective nature of the study. The research protocol followed the ethical guidelines
of the 1975 Declaration of Helsinki reflected in the prior approval of the institution’s human
research committee. Each transplantation procedure was evaluated and approved by the
local authorities and the Korean Network for Organ Sharing affiliated with the Ministry of
Health and Welfare of the Republic of Korea.

2.2. Data Collection

Patient demographics and perioperative variables were collected using the electronic
medical records of our institution. Patient characteristics included age, sex, diabetes mel-
litus (DM), hypertension (HTN), chronic kidney disease (CKD), coronary artery disease
(CAD), cerebrovascular accident (CVA), Model for End-stage Liver Disease score (MELD-
Na score), Child–Turcotte–Pugh score (CTP score), and causes for liver transplantation
(i.e., HBV-related liver cirrhosis, HCV-related liver cirrhosis, alcoholic liver cirrhosis, hep-
atocellular carcinoma). Intraoperative laboratory values included hemoglobin, platelet,
international normalized ratio (INR), creatinine, total bilirubin, albumin, aspartate transam-
inase (AST), alanine transaminase (ALT), and sodium. Variables related to intraoperative
transfusion included massive transfusion, unit of transfused packed red blood cell (pRBC),
fresh frozen plasma (FFP), platelet apheresis, cryoprecipitate, fibrinogen concentrate, base-
line fibrinogen level in plasma, maximum amplitude at 10 min and maximum clot firmness
in FIBTEM, and fibrinogen level in plasma after treatment protocol. Massive transfusion
was defined as the use of more than 10 units of PRBCs within 24 h or more than 4 units
within 1 h during surgery.

2.3. Transfusion Technique

Patients were divided into two groups according to whether they received fibrinogen
concentrate or cryoprecipitate. The transfusion criterion for using fibrinogen concentrate
or cryoprecipitate is fibrinogen < 80 mg or rotational thromboelastometry (ROTEM, Tem
International GmbH, Munich, Germany) FIBTEM-maximum clot firmness (MCF) < 4 mm.
Which blood product to use was determined by the anesthesiologist’s discretion and the
blood bank’s inventory. Fibrinogen concentrate dose was approximated using the following
formula [10]:

Dose = [target FIBTEM-MCF (mm) − current FIBTEM-MCF (mm)] × weight (kg)/140

Fibrinogen content in the cryoprecipitate varies (150 mg–200 mg) depending on
the manufacturer and blood donor. The U.S. Food and Drug Administration (FDA) for
fibrinogen content in cryoprecipitate requires a minimum of 150 mg per unit [11,12].
Accordingly, we assumed that 1 unit of cryoprecipitate contained 200 mg of fibrinogen,
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and for a 70 kg adult, 2 g of fibrinogen or 10 units of cryoprecipitate was used because
we targeted FIBTEM-MCF (mm) ≥ 8 mm. At our institution, intraoperative laboratory
values and ROTEM were measured three times during the preanhepatic, anhepatic, and
neohepatic periods.

2.4. Primary and Secondary Outcomes

The primary outcome was a composite of an MTE such as portal and hepatic vein
thrombosis, hepatic artery thrombosis, intra-cardiac thrombus, pulmonary embolism,
and ischemic stroke (by ultrasonography, transesophageal echocardiography, computed
tomography) during 30 days after LDLT. Secondary outcomes were 30-day MACE, 1-year
graft failure, and 1-year mortality.

A MACE was defined as the composite of postoperative cardiovascular mortality, atrial
fibrillation, ventricular arrhythmias, ST-T wave changes with chest tightness, myocardial
infarction [13].

2.5. Statistical Analysis

Data are presented as mean ± standard deviation, median (interquartile range [IQR]),
or number (proportion), as appropriate. We used the chi-squared test or Fisher’s exact
test for categorical variables and Student’s t-test or Mann–Whitney U test for continuous
variables. Multivariable logistic regression analysis was applied to identify the risk factors
for MTEs. We performed multiple logistic regression analysis including patients (n = 105)
who did not receive cryoprecipitate and fibrinogen concentrate but received pRBC or FFP
transfusion. All variables with p values < 0.1 in the univariate analysis were included in the
multivariate analysis by backward elimination. Kaplan–Meier survival curve was used to
depict the risk of 1-year mortality and graft failure. The log-rank test was used to evaluate
differences between curves. All data were analyzed using SPSS Statistics for Windows,
version 22.0 (IBM Corp., Armonk, NY, USA) or R version 3.1.2 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results

Of the 570 patients who underwent LDLT at our institution during the study period,
364 patients were excluded according to the exclusion criteria. In total, 311 patients were
divided into the cryoprecipitate group (n = 109), fibrinogen concentrate group (n = 97), and
recipients who received a pRBC or FFP transfusion without cryoprecipitate or fibrinogen
concentrate (n = 105). (Figure 1)

 
Figure 1. Study flow chart.
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Table 1 shows the baseline characteristics and perioperative variables of the study
patients. The median recipient age was 56 (50.0–62.0) years and 147 (71.4%) were men. Of
the 206 recipients, 63 (30.6%) had DM, 45 (21.8%) had HTN, 8 (3.9%) had CKD, 5 (2.4%)
had CAD, and 5 (2.4%) had CVA. Alcoholic liver cirrhosis (n = 89, 43.2%) was the most
common cause of LT, followed by hepatocellular carcinoma (n = 80, 38.8%), HBV-related
liver cirrhosis (n = 80, 38.8%), and HCV-related liver cirrhosis (n = 11, 5.3%).

Table 1. Baseline characteristics of the study population.

Cryoprecipitate Group
(n = 109)

Fibrinogen Group
(n = 97)

Total
(n = 206)

p-Value

Demographic data
Age 55.0 (48.0–61.0) 58.0 (52.0–63.0) 56.0 (50.0–62.0) 0.046
Sex, male 75 (68.1) 72 (74.2) 147 (71.4) 0.481
BMI 22.9 (20.2–26.0) 23.7 (21.3–26.9) 23.2 (20.6–26.4) 0.101
Diabetes 32 (29.4) 31 (32.0) 63 (30.6) 0.800
Hypertension 23 (21.1) 22 (22.7) 45 (21.8) 0.916
CKD 5 (4.6) 3 (3.1) 8 (3.9) 0.847
CAD 3 (2.8) 2 (2.1) 5 (2.4) 1.000
CVA 3 (2.8) 2 (2.1) 5 (2.4) 1.000
MELD-Na score 18.0 (10.0–27.0) 15.0 (11.0–21.0) 17.0 (10.0–24.0) 0.368
CTP score 9.0 (7.0–11.0) 9.0 (7.0–10.0) 9.0 (7.0–11.0) 0.538

Cause for LT
HBV LC 43 (39.5) 37 (38.1) 80 (38.8) 0.961
HCV LC 5 (4.6) 6 (6.2) 11 (5.3) 0.842
Alcoholic LC 50 (45.9) 39 (40.2) 89 (43.2) 0.497
HCC 40 (36.7) 40 (41.2) 80 (38.8) 0.600

HCC with HBV 27 (24.8) 23 (23.7) 50 (24.3) 0.989
HCC with HCV 4 (3.7) 6 (6.2) 10 (4.9) 0.521
HCC with Alcoholic LC 7 (6.4) 12 (12.4) 19 (9.2) 0.218

Laboratory variables
Hemoglobin, g/dL 9.3 (8.2–11.0) 10.2 (8.4–12.0) 9.9 (8.3–11.7) 0.052
Platelet, 109/L 59.0 (42.0–88.0) 58.0 (38.0–79.0) 58.0 (38.0–82.0) 0.462
INR 1.49 (1.23–1.86) 1.38 (1.24–1.65) 1.42 (1.23–1.75) 0.110
AST 38.0 (28.0–56.0) 37.0 (26.0–52.0) 38.0 (27.0–54.0) 0.347
ALT 21.0 (15.0–34.0) 21.0 (14.0–28.0) 21.0 (15.0–32.0) 0.369
Total bilirubin 2.9 (1.2–7.7) 2.0 (1.2–3.4) 2.2 (1.2–5.2) 0.082
Albumin, g/dL 3.0 (2.6–3.4) 2.9 (2.5–3.4) 2.9 (2.6–3.4) 0.496
Sodium 138.0 (134.0–140.0) 138.0 (134.0–141.0) 138.0 (134.0–141.0) 0.850
Creatinine, mg/dL 0.85 (0.72–1.15) 0.78 (0.61–0.98) 0.82 (0.66–1.06) 0.036

Intraoperative variables
Operation time, hour 12.5 ± 2.2 12.6 ± 1.9 12.6 ± 2.1 0.816
Crystalloid, mL 6200.0 (4400.0–8900.0) 7200.0 (5200.0–9700.0) 6450.0 (4700.0–9050.0) 0.187
Colloid, mL 3600.0 (2800.0–4800.0) 4000.0 (2800.0–5600.0) 3600.0 (2800.0–5200.0) 0.190
Urine output, mL 1570.0 (1010.0–2350.0) 2000.0 (1400.0–2690.0) 1755.0 (1200.0–2580.0) 0.006

Note: values are expressed as the mean ± SD, number (%), or median (1Q, 3Q). Abbreviations: BMI, body
mass index; CKD, chronic kidney disease; CAD, coronary artery disease; CVA, cerebrovascular accident; MELD-
Na, Model for End-stage Liver Disease-Sodium; CTP, Child–Turcotte–Pugh; LT, liver transplantation; LC, liver
cirrhosis; HCC, hepatocellular carcinoma; INR, international normalized ratio; AST, aspartate aminotransferase;
ALT, alanine aminotransferase.

Except for the older age in the fibrinogen group (55.0 vs. 58.0, p = 0.046), the
two groups did not show significant differences in patient-related variables such as sex,
DM, HTN, CKD, CAD, CVA, MELD-Na score, CTP score, and cause for LT. The two groups
did not show significant differences in the laboratory variables except for higher preop-
erative creatinine levels in the cryoprecipitate group (0.85 [0.72–1.15] vs. 0.78 [0.61–0.98],
p = 0.036). With regard to the intraoperative variables, the two groups did not show signifi-
cant differences in the operation time (p = 0.816), total use of crystalloid (p = 0.187), and
total use of synthetic colloid (p = 0.190). The fibrinogen group had more urine output than
the cryoprecipitate group (1570.0 [1010.0–2350.0] vs. 2000.0 [1400.0–2690.0], p = 0.006).
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Table 2 shows the variables for the intraoperative transfusion and fibrinogen levels and
ROTEM values before and after intervention. The intraoperative transfusion variables (mas-
sive transfusion, pRBC, FFP, platelet apheresis) were not significantly different between the
two groups. The baseline fibrinogen levels of the cryoprecipitate group and the fibrinogen
concentrate group were 75.0 (60.0–86.0) and 78.0 (62.0–96.0) (p = 0.206), respectively. Also,
the results of the baseline MA10 (4.0 [3.0–6.0] vs. 4.0 [3.0–6.0], p = 0.521) and MCF (4.0
[3.0–7.0] vs. 5.0 [4.0–7.0], p = 0.479) of the FIBTEM and fibrinogen levels after intervention
(97.0 [78.0–120.0] vs. 100.0 [81.0–116.0], p = 0.838) were not significantly different between
the two groups. However, in ROTEM, the fibrinogen group had a significantly higher MA
10 (4.0 [3.0–6.0] vs. 5.0 [3.0–6.0], p = 0.033) and MCF (4.0 [3.0–6.0] vs. 5.0 [4.0–7.0], p = 0.019)
after intervention. (Table 2).

Table 2. Details of intraoperative transfusion and intervention.

Cryoprecipitate Group
(n = 109)

Fibrinogen Group
(n = 97)

Total
(n = 206)

p-Value

Intraoperative transfusion
pRBC (unit) 10.0 (6.0–18.0) 10.0 (5.0–17.0) 10.0 (6.0–18.0) 0.757
FFP (unit) 10.0 (4.0–14.0) 10.0 (6.0–18.0) 10.0 (5.0–16.0) 0.461
Platelet apheresis (unit) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–1.0) 0.990
Fibrinogen (g) 0.0 (0.0–0.0) 2.0 (2.0–4.0) 0.0 (0.0–2.0) <0.001
Cryoprecipitate (unit) 10.0 (10.0–10.0) 0.0 (0.0–0.0) 5.0 (0.0–10.0) <0.001
Massive transfusion 57 (52.3) 54 (55.7) 111 (53.9) 0.730

Baseline
Fibrinogen in plasma (mg/dL) 75.0 (60.0–86.0) 78.0 (62.0–96.0) 77.0 (60.0–91.0) 0.206
FIBTEM

MA 10 (mm) 4.0 (3.0–6.0) 4.0 (3.0–6.0) 4.0 (3.0–6.0) 0.521
MCF (mm) 4.0 (3.0–7.0) 5.0 (4.0–7.0) 5.0 (3.0–7.0) 0.479

After treatment for acquired hypofibrinogenemia
Fibrinogen in plasma (mg/dL) 97.0 (78.0–120.0) 100.0 (81.0–116.0) 98.0 (80.0–118.0) 0.838
FIBTEM

MA 10 (mm) 4.0 (3.0–6.0) 5.0 (3.0–6.0) 5.0 (3.0–6.0) 0.033
MCF (mm) 4.0 (3.0–6.0) 5.0 (4.0–7.0) 5.0 (3.0–7.0) 0.019

Fibrinogen administered
Preanhepatic 21 (19.3) 25 (25.8) 46 (22.3)

1.000Anhepatic 12 (11.0) 2 (2.1) 14 (6.8)
Postreperfusion 76 (69.7) 70 (72.2) 146 (70.9)

Note: values are expressed as median (1Q, 3Q) or number (%). Abbreviations: pRBC, packed red blood cell;
FFP, fresh frozen plasma; FIBTEM, assay for tissue factor activation and platelet inhibition; MA 10, maximum
amplitude at 10 min; MCF, maximum clot firmness.

3.1. Primary Outcome

There were no significant differences in the incidence of MTEs between the cryopre-
cipitate group and the fibrinogen concentrate group (16 [16.7%] vs. 14 [14.4%], p = 1.000;
Table 3). MTEs occurred in three cases, which were hepatic artery thrombosis in two pa-
tients (1.8%) in the cryoprecipitate group and ischemic stroke in one patient (1.0%) in the
fibrinogen group. There were no cases of intra-cardiac thrombus or pulmonary embolism.
Multivariate analysis demonstrated that the duration of surgery (hour, OR 1.22, 95% CI
1.04–1.44, p = 0.014) was significantly associated with an MTE (Table 4).

To determine the impact of cryoprecipitate and fibrinogen concentrate on thromboem-
bolism, we compared the incidence of MTEs in patients (n = 105) who did not receive
cryoprecipitate and fibrinogen concentrate but received either a pRBC or FFP transfusion
with patients (n = 206) who received either cryoprecipitate or fibrinogen concentrate during
LDLT. There was no statistical difference in MTEs between the two groups (Supplemental
Table S1).
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Table 3. Primary and secondary outcomes.

Cryoprecipitate Group
(n = 109)

Fibrinogen Group
(n = 97)

Total
(n = 206)

p-Value

MTE 16 (14.7) 14 (14.4) 30 (14.6) 1.000
Portal and hepatic vein thrombosis 14 (12.8) 13 (13.4) 27 (13.1) 1.000
Hepatic artery thrombosis 2 (1.8) 0 (0) 2 (1.0) 0.529
Ischemic stroke 0 (0) 1 (1.0) 1 (0.5) 0.953

30-day MACE 24 (22.0) 13 (13.4) 37 (18.0) 0.154
1-year mortality 10 (9.2) 7 (7.2) 17 (8.3) 0.798
1-year graft failure 16 (14.7) 8 (8.3) 24 (11.7) 0.223

Note: values are presented as number (%). Abbreviations: MTE, major thromboembolic event; MACE, major
adverse cardiovascular event.

Table 4. Multivariate logistic regression analyses of major thromboembolic events.

Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI
p

Value

Age (yr) 0.99 0.96–1.02 0.540
Male sex 2.71 1.09–6.92 0.031 2.43 0.97–6.11 0.058
Diabetes 1.85 0.92–3.71 0.083 1.79 0.88–3.66 0.110
Hypertension 1.36 0.64–2.89 0.427
Coronary artery disease 1.32 0.28–6.21 0.723
Cerebral vascular disease 1.20 0.14–10.27 0.866
Chronic kidney disease 0.64 0.08–5.13 0.677
Massive transfusion 1.38 0.69–2.73 0.358
MELD-Na score 0.99 0.95–1.03 0.678
Duration of surgery (hour) 1.22 1.05–1.43 0.012 1.22 1.04–1.44 0.014
Cause for LT

HBV LC 0.86 0.43–1.71 0.662
HCV LC 3.09 0.92–10.41 0.068
Alcoholic LC 0.95 0.47–1.91 0.881
HCC 1.53 0.77–3.01 0.223

Blood products
a No transfusion (reference)
Cryoprecipitate 2.09 0.85–5.11 0.107
Fibrinogen concentrate use 2.05 0.82–5.12 0.126

Abbreviations: OR, odds ratio; CI, confidence interval; HCC, hepatocellular cardinoma; MELD-Na, Model for
End-stage Liver Disease-Sodium; LT, liver transplantation; LC, liver cirrhosis. a Patients who did not receive
cryoprecipitate and fibrinogen concentrate but received pRBC or FFP transfusion.

3.2. Secondary Outcomes

There were no significant differences in the incidence of 30-day MACE (24 [22.0%]
vs. 13 [13.4%], p = 0.154), 1-year mortality (10 [9.2%] vs. 7 [7.2%], p = 0.798), and 1-year
graft failure (16 [14.7%] vs. 8 [8.3%], p = 0.223) between the cryoprecipitate group and the
fibrinogen concentrate group (Table 3).

Figure 2 shows the Kaplan–Meier curves of 1-year mortality and 1-year graft failure in
the two groups. One-year mortality (log-rank test; p = 0.6) and graft failure (log-rank test;
p = 0.2) were not significantly different between the two groups.
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(a) (b) 

Figure 2. Kaplan–Meier curves of (a) 1-year mortality; (b) 1-year graft failure in the cryoprecipitate
group and fibrinogen concentrate group.

4. Discussion

In this retrospective study, we found that there was no significant difference in MTEs
between LDLT patients using cryoprecipitate and those using fibrinogen concentrate.
Moreover, there were no significant differences in the incidences of 30-day MACE, 1-year
graft failure, and mortality between the two groups.

Fibrinogen is a plasma glycoprotein synthesized in the liver. It transforms into fibrin by
thrombin, playing a crucial role in clot formation, platelet activation, and aggregation [14].
While cryoprecipitate and fibrinogen concentrate are both plasma-derived, fibrinogen
concentrate has a standardized concentration, leading to a predictable hemostatic effect;
moreover, fibrinogen concentrate is purified, pasteurized, and filtered, which results in
lower risks of viral transmission and immunological transfusion reaction [8,9]. Additionally,
fibrinogen concentrate is easily reconstituted in sterile water and has a low administration
volume and short administration time; after reconstitution, fibrinogen concentrate has
a long shelf life of up to 24 h, thus reducing wastage [8]. Cryoprecipitates are allogenic
blood products that are non-purified and contain various coagulation factors in addition to
fibrinogen such as factor VIII, factor XIII, and von Willebrand factor [11]. The variability of
fibrinogen contents in cryoprecipitate hinders an accurate prediction of its hemostatic effect;
however, various coagulation factors have a positive impact on hemostasis in patients with
hemodilution or massive blood loss [8,11].

Despite advances in surgical techniques, understanding of the pathophysiology of co-
agulation in end-stage liver disease patients, and point-of-care treatment, LT is still expected
to cause massive bleeding and require a massive transfusion [1]. Acquired hypofibrinogene-
mia is followed by fluid resuscitation and fibrinogen-poor blood transfusion in surgery, and
dysfibrinogenemia is common in LT recipients [15]. In our study, a massive transfusion was
observed whether fibrinogen concentrate or cryoprecipitate was administered for acquired
hypofibrinogenemia.

Before treatment for acquired hypofibrinogenemia, the baseline plasma fibrinogen
levels (mg/dL) for the two groups were 75.0 in the cryoprecipitate group and 78.0 in the
fibrinogen concentrate group. The American Society of Anesthesiologists task force for
perioperative blood management recommends fibrinogen replacement in patients with
bleeding when the plasma fibrinogen level is less than 80–100 mg/dL [16]. In our study,
although there were no differences in the baseline fibrinogen levels, MA10, and MCF of
FIBTEM between the two groups, the fibrinogen group showed a significantly higher MA
10 (4.0 [3.0–6.0] vs. 5.0 [3.0–6.0], p = 0.033) and MCF (4.0 [3.0–6.0] vs. 5.0 [4.0–7.0], p = 0.019)
in ROTEM after intervention (Table 2). However, no significant difference was found in the
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fibrinogen levels between the two groups after intervention. In a systematic review com-
paring cryoprecipitate and fibrinogen concentrate in bleeding patients, it was also reported
that there was no significant difference in the increased plasma fibrinogen levels between
the two groups after intervention [17]. To assess clot strength, FIBTEM MCF in ROTEM
is employed. In a study utilizing a trauma-induced coagulopathy model, it was found
that after administration, fibrinogen concentrate resulted in a stronger FIBTEM MCF value
compared to cryoprecipitate [18]. However, in a randomized controlled trial conducted by
Galas et al. in pediatric cardiac surgery, there was no significant difference in FIBTEM MCF
between cryoprecipitate and fibrinogen concentrate after intervention [9]. We presume that
this discrepancy in the viscoelastic coagulation test is due to the variability of fibrinogen
levels in cryoprecipitate [11,12]. In our study, we assumed that one unit of cryoprecipitate
contained 200 mg of fibrinogen; however, as the volume of one unit of cryoprecipitate
varies from 15 mL to 20 mL, the fibrinogen content also varies from 150 mg to 200 mg, in
which the fibrinogen concentrate is standardized. Our study also demonstrated results
similar to a previous study. However, considering the weak coagulation balance in patients
with ESLD and the occurrence of massive bleeding during surgery and hemodilution, we
believe that further clinical research is needed in this context.

The currently recommended treatment for hypofibrinogenemia is fibrinogen concen-
trate or cryoprecipitate [19]. Fibrinogen administration in LT for hypofibrinogenemia
reduces surgical bleeding [20]; however, fibrinogen concentrate and cryoprecipitate carry
thromboembolic risks. A previous study reported that cryoprecipitate is associated with
a major thromboembolic risk [6], but did not make a direct comparison between cryo-
precipitate and fibrinogen concentrate, and there are only a few studies comparing the
thromboembolic risk of the two products. Recent randomized trials of adult [5] and chil-
dren [9] patients undergoing cardiac surgery demonstrated that there was no significant
difference in the thromboembolic risk between fibrinogen concentrate and cryoprecipi-
tate. A systematic review also showed that the two products had no significant difference
in thromboembolic risk and did not mention whether one product was superior to the
other [17]. Especially in patients with end-stage liver disease, the decrease in both pro-
coagulant and anticoagulant factors can lead to a weak rebalanced hemostasis, making
them susceptible to both hemorrhagic and thrombotic complications [21]. Notably, several
studies have suggested that fibrinogen supplementation does not increase thromboembolic
risk [20,22]. This supports our current findings that fibrinogen replacement using cryopre-
cipitate or fibrinogen concentrate does not increase thromboembolic risk, emphasizing the
safety of fibrinogen administration in the setting of coagulopathy during LT.

In our study, the incidence of any adverse outcomes including 1-year mortality was not
significantly different between the two groups. Several studies comparing the two products
were conducted in various clinical settings, such as cardiac surgery [5,9,23], obstetric
bleeding [24], and trauma [25] in which acquired hypofibrinogenemia frequently appears.
A recent randomized clinical trial on patients undergoing cardiac surgery demonstrated
that no statistically significant difference was found in the mortality rate between the
fibrinogen concentrate group and the cryoprecipitate group [5]. In addition, postoperative
mortality in pediatric cardiac surgery was also not significantly different between the
two products [9,23].

In our study, there were no statistically significant differences in the incidence of 1-year
graft failure (14.7% vs. 8.3%, p = 0.223) and MACE (22.0% vs. 13.4%, p = 0.154) between
the two groups, although the incidences were numerically higher in the cryoprecipitate
group. We speculate that the small sample size of our study might be one of the reasons
that a significant difference between the two groups was not found in the secondary
outcomes. Moreover, while HBV-related LC is the most common cause of LT in South
Korea [26], alcoholic LC was the most common etiology in our study patients. This suggests
that alcoholic LC and HCC are accompanied by other etiologies including viral hepatitis.
Further studies with larger sample sizes are needed to compare the incidences of graft
failure and MACE between these two groups in LDLT.
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In our study, the duration of surgery was associated with MTEs. In the same manner,
T. Maeda et al. demonstrated that the duration of surgery was a risk factor for thrombosis
in a multicenter cardiovascular surgery study [27]. Since thromboembolism in LT has
multifactorial causes, further studies are needed.

This study has several limitations. Firstly, as our study was retrospective and based
on a single center, unmeasured confounding factors may exist. Secondly, as our study
only included patients undergoing LT with hypofibrinogenemia, these findings may not be
generalized to other clinical settings that require fibrinogen replacement. In addressing
these limitations, it is necessary to conduct future studies with multicenter studies and
a prospective design. A larger sample size will improve the statistical power, aiding in
reliable conclusions and revealing subtle associations. In addition, exploring subgroups,
including disease severity and treatment regimens, is crucial for in-depth insights. More-
over, incorporating diagnostic tools in future research will provide a current evaluation of
fibrinogen replacement therapy’s effect on thromboembolic risks. Despite these limitations,
our data are meaningful in that the outcomes of fibrinogen concentrate and cryoprecipitate
in patients undergoing LDLT were directly compared.

In conclusion, there was no significant difference in MTEs between LDLT patients re-
ceiving fibrinogen concentrate and those receiving cryoprecipitate. Fibrinogen concentrate
may be used as an alternative to cryoprecipitate in the treatment of acquired hypofibrino-
genemia in LDLT.
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Abstract: (1) Background: Patients with pancreatic Neuroendocrine Neoplasms (PanNENs) often
have a long overall survival. We evaluated determinants of quality of life (QoL) after surgery for
PanNENs. (2) Methods: Patients operated on for a PanNEN in our center (1990–2021) received
three EORTC QoL questionnaires (QLQ-C30, QLQ-GI.NET21, QLQ-PAN26). Six domains were
selected as outcome variables (global QoL, physical function -PF, social function -SF, disease-related
worries -DRWs, pain, upper-gastrointestinal (GI) symptoms) and evaluated in relation to the clinical
variables. Statistical analysis was performed using R software v 4.2.2. (3) Results: One hundred
and four patients enrolled showed a good global QoL (median 83.3). Old age was a determinant
of worse global QoL (p 0.006) and worse PF (p 0.003). Multiple comorbidities (p 0.002) and old age
(p 0.034) were associated with pain, while male gender was related to better PF (p 0.007) and less
pain (p 0.012). Patients who had undergone parenchyma-sparing surgery demonstrated better PF
(p 0.037), better SF (p 0.012), and less upper-GI symptoms (p 0.047). At multivariable analysis, age
(p 0.005) and type of surgery (p 0.028) were confirmed as determinants of global QoL. (4) Conclusions:
In patients operated on for a PanNEN, a good HRQoL is generally reported; notably, younger age
and parenchyma-sparing surgery seem to positively affect HRQoL.

Keywords: pancreas; neuroendocrine neoplasm; health-related quality of life; EORTC questionnaire;
pancreatic surgery; parenchyma-sparing surgery

1. Introduction

Neuroendocrine neoplasms of the pancreas (PanNENs) are a heterogeneous group
of neoplasms arising from cells in the diffuse neuroendocrine system located in the islets
of Langerhans [1]. According to the Surveillance Epidemiology and End Results (SEERs)
program, their incidence is currently estimated at 0.7 per 100,000, with a slight increase
during the last years [2]. While a part of PanNENs produce biologically active peptides
and are usually associated with distinct clinical syndromes (Functioning, F-PanNENs),
most PanNENs are not related to a clinically significant hormone hyperproduction and are
referred to as Non-Functioning (NF-PanNENs) [3]. According to their histopathological
features, PanNENs are divided into well-differentiated neuroendocrine tumors (NETs) and
poorly differentiated neuroendocrine carcinomas (NECs), with the latter having the worst
prognosis and thus avoiding surgical resection. Surgery is the only curative treatment for
PanNENs and is the best choice when tumors are localized to the pancreas, varying from
enucleation to major pancreatic resections.

Patients with a PanNET usually show a favorable prognosis once operated on and a
long survival when compared to other abdominal neoplasms [2], even if presenting with
distant metastases at diagnosis. In the case of metastatic disease, other treatments may
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be required: loco-regional treatment (i.e., trans-arterial embolization for liver metastases)
and systemic treatments, such as somatostatin analogues (SSAs), peptide receptor radionu-
clide therapy (PRRT), targeted therapy (i.e., Everolimus, Sunitinib), and chemotherapy,
depending on tumor differentiation and grade.

Health-related quality of life (HRQoL) is an outcome of paramount importance in
PanNEN patients, and it is a multidimensional construct that needs to be assessed as a
patient-reported outcome [4]. The European Organization for Research and Treatment of
Cancer (EORTC) is a leading association in determining HRQoL, and it constructed several
questionnaires to assess that outcome in different neoplastic settings. The quality of life of
NEN patients has been investigated in several recent studies [5–13], mentioning the impact
of medical treatments in HRQoL, and using EORTC questionnaires as reference tools.
Caplin et al. [5] in a study about the effect of SSAs on metastatic gastro-entero-pancreatic
(GEP)-NETs demonstrated comparable levels of global QoL between the treatment and the
placebo groups; Jimenez-Fonseca [6] confirmed the clinical benefit of SSA and also sunitinib,
clearly supported by HRQoL assessment. Pavel et al. [7] reported that everolimus was
associated with a worsening of HRQoL for GEP-NET patients, and Ramage et al. [8] showed
that HRQoL is maintained in patients with PanNENs during treatment with everolimus,
even if disease progression or death were recorded in 44% of patients during follow-up. An
improvement in global QoL was reported after PRRT by Teunissen et al. [9] and Marinova
et al. [10] in terms of increasing global health and the mitigation of physical complaints,
whereas Martini et al. [11] showed in GEP-NET patients an overall stable HRQoL under
PRRT but significant HRQoL impairments compared with the general population. Finally,
in a recent systematic review and metanalysis by Ronde et al. [12], all treatments considered
for GEP-NENs (SSA, PRRT, targeted therapies, and chemotherapy) appeared beneficial
for disease stabilization while maintaining stable global health status, even if high-quality
HRQoL reporting was lacking.

Most of the published studies about HRQoL in NEN patients involved not only pan-
creatic NENs but GEP-NEN patients globally, as it was also reported in a recent systematic
review by Watson et al. [13], that a heterogeneous group of NENs consists of neoplasms
arising from different organs which show different biological behavior and prognosis, thus
the patients’ outcomes are not comparable. To the best of our knowledge, this is the first
study reporting about HRQoL determinants only in surgically treated PanNENs.

The primary endpoint of our study was to investigate HRQoL in patients who had
already undergone a previous surgery for a PanNEN using the EORTC QoL questionnaires,
and to verify if patients operated on for a PanNEN have an HRQoL of more than 66/100 in
the functional scale and less than 33/100 in the symptoms scale. A secondary endpoint
was to evaluate determinants of HRQoL, and to verify if patient-related (i.e., age, gender,
other diseases, postoperative pancreatic function), disease-related (i.e., tumor grade and
symptoms, tumor burden), or treatment-related (i.e., type of surgery, SSAs, systemic
treatments) factors may influence the HRQoL. Another secondary endpoint was to compare
the HRQoL of PanNEN patients with the HRQoL of the general population and of all
cancer and hepato-pancreato-biliary (HPB) cancer populations, as reported in the EORTC
reference values manual, and to verify if patients operated on for a PanNEN have a better
HRQoL than the people affected by all/HPB cancer, and a slightly worse HRQoL than the
general population.

2. Materials and Methods

2.1. Study Population

Patients who underwent surgery for a PanNEN between 1st January 1990 and 31st
December 2021 in our Pancreatic Surgical Unit were identified from hospital computerized
systems. Inclusion criteria were histologically confirmed diagnosis of PanNEN, and at
least six months of follow-up after surgery. The majority of patients were enrolled during
a routinely outpatient clinic follow-up, while the others were contacted by phone, were
sent the questionnaires, and they returned the completed consent forms and questionnaires
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by mail. Clinical records of the included patients were retrieved (gender, age, other
diseases, MEN-1 diagnosis, tumor functional state, tumor grade, type of surgery, tumor
burden, SSA therapy, systemic/loco-regional treatment, further pancreatic surgery, and
pancreatic function) and entered into an anonymized database. Written informed consent
was obtained from all the patients. The study was approved by the local Ethical Committee
(reference number 5091/AO/21). Enrollment of patients, questionnaire administration,
and clinical data collection were carried out from 1 January 2022 to 31 December 2022.

2.2. HRQoL Assessment

To assess HRQoL in PanNEN patients, we used the Italian version of three differ-
ent questionnaires from the EORTC website: EORTC QLQ-C30, EORTC QLQ-GI.NET21,
and EORTC QLQ-PAN26 [14]. The EORTC Core Quality of Life Questionnaire (EORTC
QLQ-C30) is a generic questionnaire which measures cancer patients’ physical, psycho-
logical, and social functions, and it consists of 30 items divided into 16 functional scales,
12 symptom scales, and 2 global health and QoL items [15]. The EORTC gastro-intestinal
NET questionnaire (EORTC QLQ-GINET21) is a specific questionnaire for gastro-intestinal
(GI) NEN patients, and it includes 21 items (10 functional and 11 symptom scales) [16,17],
and the EORTC pancreatic cancer questionnaire (EORTC QLQ-PAN26) is a specific ques-
tionnaire for pancreatic cancer patients, and it consists of 26 items (11 functional and
15 symptom scales) [18]. The scores for each item were first standardized to a 0–100 linear
scale according to the EORTC QLQ Scoring Manual [19]. For the functional scales and
global QoL, a high score represents a high level of functioning (i.e., better HRQoL), whereas
for the symptom scales, a high score indicates a high level of symptomatology (i.e., worse
HRQoL).

The three different questionnaires may include similar domains of HRQoL; for exam-
ple, the domain “social functioning”, is called “SF” in QLQ-C30, “SF21” in QLQ-GINET21,
and “SF26” in QLQ-PAN26. Therefore, we created global domains consisting of all the
items describing the same functioning or symptom scale among the three questionnaires
(Table 1).

Table 1. Domain creation (all items included). In blue, items from EORTC-QLQ-C30. In yellow, items
from EORTC-PAN26. In orange, items from EORTC-GiNET21. QoL, quality of life. PF, physical
functioning. EF, emotional functioning. SX, sexuality. SF, social functioning. RF, role functioning.
HCS, healthcare satisfaction. CF, cognitive functioning. PA, pain. TR, treatment-related symptoms.
LGI, lower gastrointestinal symptoms. OS, other symptoms. UGI, upper-gastrointestinal symptoms.
FI, financial difficulties. ED, endocrine symptoms. DRWs, disease-related worries. BI, body image.

Global QoL

29 30
Functional Scales

PF EF SX
1 2 3 4 5 42 21 22 23 24 55 56 51

SF RF HCS CF
26 27 42 44 49 52 6 7 53 54 50 20 25

Symptom Scales

PA TR
9 19 31 33 34 35 48 38 43 50 39 40

LGI OS
16 17 35 36 32 40 46 47 8 10 11 12 18

UGI FI
13 14 15 34 37 38 36 37 39 44 45 28

ED DRWs BI
31 32 33 41 43 47 41 51 48 49 45 46

Finally, we selected the domains to be considered for the subsequent data analyses
according to the current literature and to their relevance in the specific field of PanNENs.
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The following HRQoL domains were considered as outcome variables and evaluated in
relation to the clinical predictive variables: global QoL, physical functioning (PF), social
functioning (SF), disease-related worries (DRWs), pain (PA, including pancreatic and
bone–muscle pain), and upper-gastrointestinal symptoms (upper-GI, including appetite,
nausea/vomiting, abdominal discomfort, acid ingestion/heartburn, difficulties with eating,
restrictions in type and quantity of food, indigestion, itching, and jaundice).

Every chosen domain was first elaborated on separately, and a weighted average of the
scores of each item grouped in each domain was calculated for every patient. Missing data
were managed following indications reported in the EORTC QLQ-C30 Scoring Manual [19]:
if at least half of the items of every single domain reported a valid score, the average score
was considered valid. We considered as “missing data” all the missed answers due to a
non-pertinent question (expressed as “NA” in the questionnaires, i.e., questions regarding
systemic treatments’ side effects for patients who did not receive any of those treatments)
and all the missed answers due to a non-given answer. Median values (with interquartile
ranges) were calculated.

Clinical predictive variables were considered binary whenever possible, as follows:
gender (male vs. female), age (65–90 years vs. 20–64 years), MEN1 diagnosis (yes vs.
no), PanNEN type (non-functioning vs. functioning), tumor grade (G2 vs. G1), surgery
(parenchyma-sparing vs. standard resection), other treatments after surgery (SSA therapy,
systemic/locoregional treatment, and/or redo surgery: yes vs. no), and postoperative pan-
creatic function (normal vs. exocrine insufficiency and/or new-onset diabetes). In the other
cases, we established cut-off values as follows: comorbidities (no vs. single vs. multiple),
and tumor burden (no evidence of disease vs. local recurrence vs. distant metastases).

2.3. Statistical Analysis

Descriptive statistics were reported as median (I–III quartiles) for continuous variables
and percentages (absolute numbers) for categorical variables. The association between
baseline characteristics and QoL scores was evaluated using the univariable Gamma model
to account for the non-normal distribution of the outcomes. The marginal effect was
computed considering the partial derivatives of the marginal expectation. Results were
reported as average marginal effect (AME), 95% CI, and p-value. The AME should be
interpreted as the mean change in the outcome variables (functional or symptom scales)
per unit increase in the independent variable. Analyses were performed with R software
v 4.2.2 [20] together with the package margins.

3. Results

In total, 112 patients operated on for a PanNEN in our Pancreatic Surgical Unit between
1990 and 2021 met the inclusion criteria, and 104 patients provided all the questionnaires
needed and were enrolled in the study (response rate 92.9%). The median time from surgery
to questionnaire completion was 109 (range, 6–384) months. Clinical data of the study
population are reported in Table 2.

There were 41 men and 63 women, with a mean age of 63 (SD 13.5) years. Among
them, 58% had non-functioning PanNEN (75% G1), 64% had multiple comorbidities, 54%
had undergone a standard pancreatic resection, and 83% of patients showed a normal (or
not impaired) pancreatic function at the time of the study. As reported in Table 3, patients
showed good global QoL results (median 83.3; IQR 58.3–100) and reported low DRWs
(median 26.7; IQR 13.3–33.3). Physical (median 94.4; IQR 77.8–100) and social (median
88.9; IQR 77.8–94.4) functions were modestly affected. Pain (median 9.2; IQR 0–19.1) and
upper-GI symptoms (median 3.9; IQR 0–9.1) were rarely reported.

Distribution of EORTC scores according to the variables of interest are reported in
Figure 1 and also detailed in the Supplementary Materials. Then, in Table 4, we have
detailed the results of the univariable analysis.
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Table 2. Clinical features of the study population (n = 104).

At the Time of Surgery

Gender, n (%)
Male 41 (39.4)

Female 63 (60.6)

Type of NEN, n (%)
Functioning 1 44 (42.3)

Nonfunctioning 60 (57.7)

Tumor grade, n (%)
G1 73 (75.3)

G2 24 (24.7)

N/A 7

Type of surgery, n (%)
Parenchyma-sparing resection 2 48 (46.1)

Standard resection 3 56 (53.9)

MEN-1 syndrome, n (%)
Yes 18 (17.3)

No 86 (82.7)

At the time of the study

Age (years)

median (range) 63 (20–90)

Under 65 53 (51.0)

More/equal 65 51 (49.0)

Comorbidities, n (%)

No 13 (12.6)

Single 24 (23.3)

Multiple 66 (64.1)

N/A 1

Tumor burden, n (%)

NED 91 (87.5)

LR 6 (5.8)

DM 7 (6.7)

Systemic and/or locoregional
treatments, n (%)

Current 5 (4.8)

Previous 2 (1.9)

No 97 (93.3)

SSA therapy, n (%)

Current 10 (9.6)

Previous 2 (1.9)

No 92 (88.5)

New surgery, n (%)
Yes 4 6 (5.8)

No 98 (94.2)

Pancreatic function, n (%)

New onset diabetes mellitus 5 (4.8)

Exocrine insufficiency 5 (4.8)

Exocrine/Endocrine insufficiency 8 (7.7)

Normal 86 (82.7)
Legend. NEN, neuroendocrine neoplasm. MEN, multiple endocrine neoplasia. SS-A, somatostatin analogues.
N/A, missing data. NED, no evidence of disease. LR, local recurrence. DM, distant metastases. 1 In total,
34 insulinoma, 7 gastrinoma, 2 VIPoma, 1 glucagonoma. 2 In total, 33 enucleation, 11 central pancreatectomy,
4 duodenum-preserving pancreatic head resection. 3 In total, 1 total pancreatectomy, 9 pancreato-duodenectomy,
34 distal pancreatectomy, 12 spleen-preserving distal pancreatectomy. All results are reported as number of
patients (apart from age). 4 In MEN1 patients.
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Table 3. Preliminary analysis of questionnaires’ data.

Outcome Variable
(Missing Data) 1

Median
Value

IQR Min Max

Global QoL 83.3 58.3–100 5.6 100
Functional scales

Physical functioning (0.2%) 94.4 77.8–100 5.6 100
Role functioning (0.5%) 100 83.3–100 0.0 100

Emotional functioning (1.2%) 91.7 75.0–100 25.0 100
Cognitive functioning 100 83.3–100 16.7 100

Social functioning (2.9%) 88.9 77.8–94.4 27.8 100
Healthcare satisfaction (8.3%) 77.8 66.7–100 0.0 100

Sexuality (23.7%) 100 100–100 0.0 100
Symptomatic scales

Disease-related worries (10.2%) 26.7 13.3–33.3 8.0 80.0
Body image (8.4%) 8.3 0.0–16.7 0.0 66.7

Financial difficulties (1%) 0.0 0.0–0.0 0.0 100
Pain (1%) 9.2 0.0–19.0 0.0 80.9

Endocrine symptoms (1.3%) 0.0 0.0–16.7 0.0 88.9
Treatment-related symptoms (35.6%) 0.0 0.0–11.1 0.0 44.4

Lower-GI symptoms (0.4%) 8.3 4.2–20.8 0.0 62.5
Upper-GI symptoms (1%) 3.9 0.0–9.1 0.0 66.7
Other symptoms 2 (0.2%) 13.3 0.0–26.7 0.0 73.3

Legend. QoL, quality of life. GI, gastrointestinal. IQR, interquartile range. 1 The percentage of missing data is
reported in brackets. 2 Fatigue, dyspnea, and sleep disorders.

Figure 1. Distribution of EORTC scores according to the variables of interest. Data are median.
Legend. Gender (male, in blue vs. female, in orange), age (65–90 years, in blue vs. 20–64 years, in
orange), comorbidities (no, in blue vs. single, in orange vs. multiple, in green), type of pancreatic
neuroendocrine neoplasm (non-functioning, in blue vs. functioning, in orange), tumor grade (G2,
in blue vs. G1, in orange), surgery (parenchyma-sparing, in blue vs. standard resection, in orange).
QoL, quality of life. GI, gastrointestinal.
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First, a worse global QoL was found to be significantly associated with older age
(AME = −0.12; 95% CI = −0.21, −0.03; p value 0.006). No association was detected between
global QoL and gender, comorbidities, type of NEN, tumor grade, or type of surgery.

Among the functional scales considered, a worse PF was found to be significantly
associated with older age (AME −0.12; 95% CI −0.2, −0.04; p 0.003), whereas a significantly
better PF was observed in male patients (AME 0.11; 95% CI 0.03, 0.19; p 0.007) and in
patients who had undergone parenchyma-sparing surgery (AME 0.09; 95% CI 0.01, 0.17; p
0.037). Parenchyma-sparing surgery was also associated with a better SF (AME 0.09; 95%
CI 0.02, 0.16; p 0.012).

In the analysis of symptomatic scales, pain was less complained by male patients
(AME −0.08; 95% CI −0.14, −0.02; p 0.012), while it scored worse results both in older
age (AME 0.07; 95% CI 0.01, 0.14; p 0.034) and in the case of multiple comorbidities (AME
0.10; 95% CI 0.04, 0.15; p 0.002). The presence of a single comorbidity was not related to
significant changes in pain; this was also independent from tumor type, tumor grade, and
type of surgery. Type of surgery showed a correlation with upper-GI symptoms, with
better results in case of parenchyma-sparing surgery (AME −0.04; 95% CI −0.08, 0, p 0.047).
Finally, DRWs showed no statistically significant correlations at all.

Within the multivariable analysis, three clinical variables were finally chosen in relation
to global QoL depending on their theoretical meaningfulness for the study of NENs and
on the significance of univariable analysis results: age, gender, and type of surgery. Data
confirmed the significance of age (AME −0.12; 95% CI −0.22, −0.04; p 0.005) and type of
surgery (AME 0.10; 95% CI 0.01, 0.19; p 0.028) in the determination of global QoL, while
gender was not substantially related to QoL in this population (AME 0.07; 95% CI −0.02,
0.17; p 0.12).

4. Discussion

In this observational single-center study, 104 patients showed a good global QoL
(median 83.3; IQR 58.3–100) after pancreatic surgery for a PanNEN. Despite the need for
a pancreatic resection, a correct diagnosis and several treatment options may provide an
excellent quality of life. The major long-term HRQoL determinants for those patients were
found to be gender, age, and type of surgery, with age and surgery confirmed also as
determinants of global QoL at multivariable analysis.

The male gender was related to a better PF (AME 0.11; p 0.007), and to a higher
tolerance for pain (AME −0.08; p 0.012). In a similar study regarding HRQoL in patients
operated on for a small intestinal NEN [21], the female gender and old age were found
to be associated with worse outcomes. Then, treatment with SSAs and non-symptomatic
NENs were associated with a better QoL, but those statistically significant results could not
be verified in the present study due to biological and clinical differences existing between
pancreatic and small intestinal NENs, and thus in the variables investigated.

In our study, men showed modestly increased scores for social relations and globally
lower rates of DRWs; however, when comparing men and women, no significant implica-
tions can be suggested in the relation and attitude of both genders toward their neoplasm.
In a recent study, Pijnappel et al. [22] investigated the experience of fear of tumor recurrence
or progression in patients with pancreatic cancer treated with surgical resection, palliative
systemic treatment, or best supportive care. In that study, and also according to our results,
even if overall survival was not directly related to QoL, patients need to be guided by
healthcare professionals through their treatment journey to deal with the internal distress
caused by the fear of disease.

A globally worse QoL may be reasonably assumed in elderly people, and lower scores
were also confirmed in our study, where at the time of questionnaire completion, PanNEN
patients had a mean age of 63 years. Notably, 75% of patients underwent surgery for
a grade 1 PanNET, a histological feature harboring a low risk of tumor recurrence, and
patients’ long survival. Old age was a determinant of a worse global QoL, confirmed at
multivariable analysis (AME −0.13; p 0.005). In a recent study, Okuyama et al. [23] showed
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a general deterioration of the activities of daily living (ADL) among older patients after
surgery for cancers of the GI and HPB tracts. However, the heterogeneity of the tumors
included in that study does not make any comparison made with our results reliable.

As might be expected, in the present study, old age played a crucial role in the
impairment of PF (AME −0.12; p 0.003), with a progressively increasing incidence of
chronic diseases (multiple comorbidities in 64% of patients), and thus of soreness and pain
complaints, as confirmed by the significant correlation between pain and both old age (AME
0.07; p 0.034) and multiple comorbidities (AME 0.1; p 0.002). A recent longitudinal study
by Modica et al. [24] analyzed HRQoL in 39 patients with a GEP-NEN, with about half of
them diagnosed with a PanNEN. HRQoL was assessed in relation to clinical severity and
heterogeneity of NENs, as well as resilience. A higher number of therapies and lower levels
of resilience were associated with lower global QoL scores and higher levels of symptomatic
scales, while patients with a GEP-NEN showed higher HRQoL scores in many HRQoL
domains; then, no statistically significant differences were highlighted between patients
who underwent surgery and those who did not. Unfortunately, the global data reported
for all GEP-NENs patients made a comparison with the present study unfeasible.

In our study, 54% of patients underwent a standard pancreatic resection, and 83% main-
tained normal (or not impaired) pancreatic function after surgery. Concerning parenchyma-
sparing resections for PanNEN and benign neoplasms, the reported incidence of new
onset/worsening diabetes mellitus and of exocrine insufficiency is 1–8% and 2–8%, respec-
tively [25,26]. In our population, parenchyma-sparing resections were related to better PF
(AME 0.09; p 0.037) and SF (AME 0.09; p 0.012), and they ensured a lower risk of devel-
oping upper-GI symptoms (AME −0.04; p 0.047), and the HRQoL domain that no other
tumor nor patients’ features seemed to affect. Short- and long-term outcomes, including
QoL, were also assessed in a recent series of 81 patients surgically treated by pancreatic
enucleation [27]; despite significant postoperative morbidity rates, those patients reported
excellent long-term outcomes and a QoL being comparable to the general population.

The EORTC QLQ-C30 Manual [28] includes reference values for QLQ-C30, and it
has a specific section for QoL in the general population and in different groups of cancer
patients. Notably, in that manual, an HPB cancer patients’ group is analyzed, consisting
mainly of men aged more than 50 years and of 298 pancreatic cancer patients (out of 750
total HPB cancer patients). Those patients showed a scarce global QoL (median value
58.3, IQR 41.7–75.0) with good functional results (both PF and SF) but high rates regarding
fatigue, insomnia, and appetite loss symptoms [28]. All cancer patients globally reported
a discrete global QoL (median value 66.7, IQR 50.0–83.3), with functional scales median
values over 80.0, and complaining above all about fatigue, pain, and insomnia (median
values more than 25.0) [28]. Our study population of surgically treated PanNEN patients
showed excellent outcomes (median global QoL over 83.0 and median values of functional
and symptoms scales ranging between 80.0 and 100 and 4.0 and 27.0, respectively) when
compared to HPB and all cancer patients. Moreover, PanNEN patients’ outcomes are
similar to the results reported in the EORTC manual for the general population, with a
median global QoL of 75.0 (IQR 58.3–83.3), functional scales with a median of 100 in both
PF and SF, and symptomatic scales’ rates globally less than 25.0 [27].

Our study has some strengths and limitations.
Regarding the strengths, this study reports a single-center case series of high nu-

merosity when considering that PanNENs represent a rare disease. This is the first study
reporting about HRQoL determinants only in patients who were surgically treated for a
PanNEN. All enrolled patients were operated on and followed-up at the same pancreatic
surgical center, so treatment choices appear homogeneous over the years. Patients were
followed-up regularly in the postoperative period and were examined for HRQoL after a
long-term follow-up, with a median time of nine years after surgery. Finally, among the
patients in regular follow-up first asked to join the study, we observed a very high response
rate (93%) to the questionnaires.
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Regarding the limitations, the research planning started in 2020, and we decided to
administer to pancreatic NEN patients the three validated EORTC questionnaires, which
could better investigate HRQoL in that peculiar study population. In fact, specific EORTC
questionnaires for functioning and/or NF-PanNENs were not available at that time. Pa-
tients made a great effort to answer all the questions of the three questionnaires, which
sometimes were not applicable to their personal experience, and we also had to merge all
the items of similar domains among the different questionnaires to ensure a proper data
analysis with reliable results. In the spring of 2023, EORTC released two new questionnaires
regarding PanNETs (QLQ-P.NET15 for gastrinoma/nonfunctioning and QLQ-PNET19 for
insulinoma) which are still in the validation phase.

5. Conclusions

This is the first study evaluating long-term HRQoL after surgery in patients with a
PanNEN. In this subset of patients, younger age and parenchyma-sparing surgery seem to
positively affect HRQoL, and a good global QoL is reported even when compared to the
general population. Elderly women who have undergone a standard pancreatic resection
and are affected by multiple comorbidities show the worst HRQoL outcomes and may be
the subset of operated PanNEN patients who need more support by the healthcare system
and healthcare professionals.
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Abstract: Patients with sternotomy are advised to follow sternal precautions to avoid the risk of
sternal complications. However, there are no standard recommendations, in particular to perform
the supine-to-sitting postural change, where sternal asymmetrical force may be applied. The aim of
this study was to compare the rotational movement and the use of a tied rope (individual device for
supine-to-sitting, “IDSS”) to perform the supine-to-sitting postural change. A total of 92 patients (26%
female) admitted to a rehabilitative post-surgery ward with sternotomy were assessed for sternal
instability. Levels of pain and perceived effort during the two modalities of postural change and at
rest were assessed. Patients reported higher values of pain and perceived effort (both p < 0.0005)
during rotational movement with respect to the use of the IDSS. Moreover, patients with sternal
instability (14%) and female patients with macromastia (25%) reported higher pain than those stable
or without macromastia (both p < 0.05). No other risk factors were associated with pain. Thus, the
IDSS seems to reduce the levels of pain and perceived effort during the supine-to-sitting postural
change. Future studies with quantitative assessments are required to suggest the adoption of this
technique, mostly in patients with high levels of pain or with sternal instability.

Keywords: perceived effort; pain; postural change; rehabilitation; sternal instability; sternotomy;
supine-to-sitting

1. Introduction

Median sternotomy is the gold standard in cardiac surgery incisions for the treat-
ment of all congenital and acquired heart diseases [1]. It is performed on about one
million patients every year all over the world [2]. However, sternotomy is not immune
from complications, such as dehiscence, mediastinitis, osteomyelitis, and sternal displace-
ments [3]. Sternal displacements are the most common sternal complication following
cardiac surgery [4]. This is due to micromotion between the two halves of the wired ster-
num [5]. Sternal displacements have an underestimated incidence of about 1–8% [6–8],
which causes an increased mortality of 10–40% in patients. It should therefore be clinical
practice to prompt the patient to avoid sudden movements during the acute phase, which
may result in high traction forces to the sternal edges [9]. Additionally, repetitive inade-
quate movements can cause a gradual gliding trauma in the post-acute phase. This can
develop into a sternal separation produced mainly by lateral distraction forces, usually
accompanied by pain syndromes [10].

Cough and asymmetrical movements with upper limbs and trunk are the main risk fac-
tors for sternal displacement [4,11–14]. Thus, optimising timely intervention and providing
the patient with detailed indications on how to perform daily life activities might reduce
pain, morbidity, mortality, and total cost of care [1,2,15–18]. These indications are called
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“sternal precautions” [19]. However, in recent years, some studies agreed that this term
is excessively restrictive. It was suggested to adopt pain and/or sternum discomfort as a
marker to identify the possible presence of sternal instability; in this view, patients should
be instructed to perform daily life activities within a pain-free range [17,20]. Recent studies
showed that providing patients with instructions to encourage the use of upper limbs
within pain limit or discomfort during daily activities did not increase the risk of sternal
complications with respect to conventional “restrictive” precautions [17,21]. Moreover,
it did seem that restrictive guidelines could induce self-efficacy in patients, promoting
anxiety and depression [22].

Although the health facilities affect how indications are provided, 90% of the physio-
therapists offered pre- and post-operative information, such as early mobilisation, post-
sternotomy restrictions, techniques for bed/chair mobility, breathing exercises, coughing
techniques, and information about exercising the lower extremities [23,24]. While exercises,
such as cardiopulmonary and general mobility, are usually performed for a few minutes a
day, and with the assistance or supervision of the physiotherapist, postural changes are
the most common movements, repeated several times in the day. The postural change that
particularly urges with shear forces to the sternum is the “supine-to-sit” [24]. The two most
common methods to perform this postural change are (1) the “rotational” one (with the
indication: “Keep your move into the tube” by Adams et al. [25]), i.e., passage from the
supine position to the lateral decubitus position and then, pushing with the arms on the bed,
to the sitting position [26]; and (2) the use of a rope (which will be called individual device
for supine-to-sitting “IDSS”) tied to the bottom of the bed, to be pulled symmetrically with
the upper limbs in order to reach the sitting position. Although the second modality is
quite usual in post-operative settings in improving autonomy and in reducing the risks,
there is lack of evidence in literature. Up to now, no studies investigated implications for
the sternal wound, and apparently no comparison study between the two methods exists.

Thus, the aim of the present study was to evaluate which of the two postural change
modalities, through a rotational movement or performed using the IDSS, was less painful
and evoked less perceived effort, in order to identify which modality should be recom-
mended to patients with sternotomy.

2. Materials and Methods

2.1. Participants

This observational study was conducted between April and October 2022, at the
Istituti Clinici Scientifici Maugeri IRCCS, Institute of Veruno, Italy. Patients were recruited
among those admitted to the Cardiac Rehabilitation ward, those of which underwent
surgery with median sternotomy under general anesthesia. All subjects met the following
inclusion criteria: (1) presence of pain due to the sternotomy, defined as a score of at least
1 point on the numeric rating scale (NRS), during the postural change supine-to-sitting;
(2) normal cognitive functioning (maximum of 0–2 errors in the Short Portable Mental
State Questionary [27]); (3) ability to provide informed consent; (4) ability to get out of bed
autonomously; and (5) stable clinical parameters. Exclusion criteria were other important
comorbidities (i.e., orthopedic surgery < 6 months before, neurological disease, etc.), the
presence of medical devices that limit movement (i.e., drainage) or the medical prescription
of wearing sternal support harness.

The study protocol was approved by the Ethics Committee of the Istituti Clinici
Scientifici Maugeri, Italy (approval number #2448 CE) and all participants signed the
informed consent.

2.2. Assessment and Data Collection

All subjects were evaluated the day of admission by a physiotherapist with at least
ten years of experience in cardiac rehabilitation. Age, sex, height, weight, smoking history,
comorbidities, presence of macromastia in women (EU bra size > 80), and measurement
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of chest circumference in an upright position, at the mamillar line with the use of a tape
measure, were recorded. The following evaluations were used:

2.2.1. Sternal Instability Scale (SIS)

SIS is a 4-point scale that aims to assess the stability of the sternum and assign a
corresponding grade to the findings of examination as follows: 0, clinically stable sternum
(no detectable motion)—normal; 1, minimally separated sternum (slight increase in motion
upon special testing—upper limbs, trunk); 2, partially separated sternum—regional (mod-
erate increase in motion upon special testing); and 3, completely separated sternum—entire
length (marked increase in motion upon special testing) [14].

2.2.2. Numerical Rating Scale (NRS)

The patient’s pain assessment was conducted via a self-reported NRS of 11 points,
where 0 means no pain and 10 means worst pain [28]. The NRS can be verbally administered
without the use of physical materials. NRS showed evidence of acceptability, reliability, and
validity [29,30]. NRS values of 1–3 indicate mild pain, 4–6 moderate pain, and ≥7 severe
pain [31].

Moreover, the perceived level of effort during postural changes was rated using the
NRS (0–10).

2.3. Procedure

After recording the subjects’ anthropometric data and evaluating sternal stability
with the SIS scale, subjects were asked to perform the postural change from the supine
to the sitting position. The postural change was carried out with two distinct techniques:
(a) rotational postural change [18] and (b) postural change using IDSS. The IDSS was a
simple durable strip of inelastic fabric, soft to the touch, washable, 390 cm long, and 10 cm
wide. Folded in two, it was tied to the foot of the patient’s bed by means of a lark’s head
knot (see the Supplementary Materials).

For both techniques, before performing the postural change, patients were in the
semi-Fowler’s position, lying on the bed with a trunk inclination of 30◦ [32], while at the
end of the postural change they reached the sitting position on the bed with their feet on
the floor. One familiarization trial for each modality was allowed and the instructions were
standardized as follows:

• Rotational postural change [18]: (a) move your feet towards the edge of the bed;
(b) roll on the side; (c) lower the legs from the edge of the bed; and (d) reach the sitting
position by helping yourself with the arms (pushing to the side), trying to keep them
as close as possible to the trunk.

• Postural change using IDSS: (a) move the legs towards the edge of the bed, putting
them diagonally; (b) tighten the IDSS with one hand, turning the palm upwards;
(c) with the other hand, always with the palm facing upwards, grab the hand that
already holds the IDSS; (d) pull the IDSS by bending the elbows and, at the same time,
activate the abdominal muscles, bringing the trunk to 90◦ with respect to the bed plane;
and (e) place your legs completely outside the bed top and settle in a sitting position.

During this procedure, a dynamometer was placed between the IDSS and the footboard
of the bed in order to measure the peak force, expressed in kilograms–weight, exerted by
the patient on the IDSS.

2.4. Follow-Up

At discharge from the cardiac rehabilitation ward, patients were instructed to use the
learnt sternal precautions, such as performing the supine-to-sitting postural change with
their most pain-free modality. Patients were interviewed through a follow-up call after
6 months from the discharge in order to report if they had serious complications, as would
infection or sternal instability, that required other medical interventions.
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2.5. Statistical Analysis

Mean ± standard deviation (SD) values were used for descriptive statistics and figures.
A test for normality (Shapiro–Wilk) was performed in all recorded variables. Compar-

isons of mean pain levels during the three postural conditions (at rest, rotational postural
change, and IDSS) were made by one-way repeated-measure ANOVA tests. When ANOVA
gave a significant result, the post-hoc Tukey test was conducted to assess differences be-
tween postural conditions. To detect differences in perceived level of effort between the
two postural conditions (rotational postural change and IDSS) a paired Student’s t-tests
was performed.

The clinical meaning of differences between the two modalities of postural change
was assessed through the calculation of the Cohen’s d effect size, with the commonly used
interpretation that refers to effect sizes as small (d = 0.2), medium (d = 0.5), and large
(d = 0.8) based on benchmarks suggested by Cohen [33].

Then, to evaluate the effect of each risk factor (sternal instability, smoking history,
presence of macromastia (only women), chronic obstructive pulmonary disease (COPD),
obesity, and diabetes) on pain, a subgroup analysis was performed with patients divided
for the presence/absence of the main factor risk. Sternal instability was defined as a score
≥ 1 on SIS, while the presence of macromastia as an EU bra size > 80. For each risk factor, a
2-way repeated-measures ANOVA was conducted with the groups (with or without each
factor risk) as independent factors and within the three postural conditions (at rest, during
rotational and IDSS postural change). When ANOVA gave a significant result, the post-hoc
Tukey test was conducted to assess differences between postural conditions.

Spearman’s rank correlation was used to evaluate correlation among variables. Corre-
lation coefficients (ρ) were interpreted as follows: strong correlation if the coefficient value
lies between 0.50 and 1; moderate if the value lies between 0.30 and 0.49; and fair if the
value lies below 0.29 [34].

Sample size was calculated from El-Ansary et al. [35]; in this study, patients who
underwent cardiac surgery via median sternotomy reported a mean pain of about 3.1 points
(SD = 2.3) during the supine-to-sitting postural change two weeks after surgery. Since
a change of 2 points on NRS was found to be clinically meaningful [36], we expected a
difference in pain between the rotational postural change and IDSS postural change of
about a 0.5 effect size. Therefore, a sample size of at least 84 patients was required to detect
differences between the two postural changes with 90% power (alpha = 0.05, 2-tailed).

Statistical analysis was performed using Statistica software (version 7.1, StatSoft Inc.,
Tulsa, OK, USA).

3. Results

Of 181 patients admitted to our cardiac rehabilitation ward with median sternotomy,
92 patients (51%) met the inclusion criteria. The participants’ demographic and clinical
data are reported in Table 1.

Patients were admitted and assessed between the fifth and the fifteenth day after
surgery, with a mean time of 8.14 ± 2.62 days. The mean traction force exerted on IDSS
during the postural change was 10.13 ± 4.20 kg.

On the SIS, 79 patients (86%) reported a score of 0 (stable, no sternal movements),
7 (8%) a score of 1 (minimally separated sternum), 5 (5%) a score of 2 (partially separated
sternum), and only 1 (1%) the worst score of 3 (completely separated sternum).
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Table 1. Characteristics of enrolled patients (n = 92).

Mean SD

Age (years) 66.37 12.05
Sex (M/F) 68/24

Height (cm) 167.14 8.31
Weight (kg) 73.66 13.35
BMI index 26.25 3.52

Obesity (yes, no) 13/79
Thorax size (cm) 99.70 8.29

Macromastia (yes/no, only women) 6/18
Diabetes (yes/no) 16/76
COPD (yes/no) 2/90

Smoking history (yes/no) 22/70
Time from surgery (days) 8.14 2.62

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; F, female; and M, male.

3.1. Pain and Perceived Level of Effort

The mean values of pain and perceived level of effort during the three postural
conditions are shown in Figure 1. The mean pain on NRS was 0.73 ± 1.44 points at rest,
5.34 ± 2.32 points during the rotational postural change, and 1.04 ± 1.40 points when
performing the postural change with the IDSS. Pain was significantly different between
the conditions (ANOVA, F(2,91) = 250.70; p < 0.0005). Post-hoc analysis showed that pain
was significantly higher during the rotational postural change with respect to the other
two conditions (p < 0.0005). No difference in pain was found between rest and IDSS. The
difference of pain during rotational postural change and the other two conditions showed
a large effect size (d = 2.2 when compared to rest, d = 2.3 when compared to IDSS). When
analyzing the distribution of pain during the three different postural conditions, it emerged
that patients experienced severe pain only in the rotational condition (Figure 2).
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Figure 1. Comparison between pain at rest and across both postural changes, and between perceived
level of effort during rotational and IDSS postural change; *** p < 0.0005.
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Figure 2. Frequency of pain distribution, assessed by NRS, at rest, during rotational and IDSS postural
changes in the whole sample (n = 92).

Patients reported a mean perceived level of effort on NRS of 6.2 ± 2.5 points during the
rotational movement and of 1.6 ± 1.7 points when using the IDSS. The difference between
the two modalities of postural change was significant (t-test, p < 0.0005) and large, with an
effect size of 1.84.

Subgroup analysis revealed that subjects with sternal instability showed more pain
than stable patients (ANOVA, F(1,90) = 4.79, p < 0.05), but there was no interaction between
pain and conditions. Moreover, female patients with macromastia had higher pain value
than those without macromastia (ANOVA, F(1,22) = 7.21, p < 0.05), even if there was
no interaction between pain and conditions. No differences were found in the other
subgroup analyses.

Pain at rest did not correlate with other clinical parameters, such as the time from sur-
gical intervention (ρ = 0.001). A strong correlation was found between pain and perceived
level of effort during the rotational postural change (ρ = 0.64, p < 0.0005), while a moderate
correlation emerged during the IDSS postural change (ρ = 0.42, p < 0.0005). No other
correlations were found between the remaining clinical variables and the assessment data.

3.2. Follow-Up Call

The 100% of the sample went home with the indication to use the IDSS to perform the
supine-to-sitting postural change, as 93% of them reported less pain with respect to the
rotational movement and the 7% reported equal pain. At the 6-month follow-up, no patients
reported wound infection and no patients with a sternal instability at the previous clinical
assessment (SIS > 0 points) reported sternal complications that required rehospitalization.
Only a patient (1.1% of the whole sample), a woman without sternal instability during the
rehabilitation recovery, had a subsequent sternal displacement.

4. Discussion

The aim of this study was to assess which modality of supine-to-sitting postural
change, through a rotational movement or performed using the IDSS, induced lower levels
of pain and perceived effort in post-operative patients with sternotomy. The results show
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that the postural change performed using the IDSS was less painful compared to the
rotational modality. The level of pain reported by patients during the resting position and
in performing the postural change using the IDSS was mild and almost similar between the
two conditions. On the contrary, patients reported moderate levels of pain in performing
the rotational postural change.

The risk of sternal complications following median sternotomy is frequently reported
in literature, suggesting that it would be customary to instruct patients to adopt sternal
precautions in order to reduce the incidence of complications [37,38]. Nevertheless, only
few studies are available in the literature supporting or refuting the usefulness of sternal
precautions [19,25,37,38]. Despite this, lack of literature led to adopting precautions that
appear to vary from facility-to-facility; these measures generally include a restriction on
upper extremity movements and lifting limitations [19].

Although these hindrances appear to be important, they seem not to be sufficient in
order to reduce the risk of complications. Recent studies showed that in the same way,
transfers and elevating both arms simultaneously overhead creates the greatest sternal
separation [35,39]. In particular, small magnitude of multi-planar motion at the sternal
edges occurs during both dynamic upper limb and trunk tasks in patients over the first
3 postoperative months post-sternotomy [39]. In addition, Irion et al. [37,38] measured
supra-sternal skin movement during a variety of daily activities, finding that the greatest
skin movement occurred during supine-to-sitting using upper extremities, while the least
movement occurred when lifting containers up to 5 kg of water (approximately 8 lbs).
Moreover, patients with chronic sternal instability experienced the greatest amount of
pain during transitions from supine to short sitting. In fact, not surprisingly, in our
study, the higher levels of pain (7–10 on NRS) were reported by patients only during the
rotational postural change, which is the most common way of performing the supine-to-
sitting movement.

Therefore, addressing limitations of the supine-to-sitting transfer seems to be impor-
tant following median sternotomy. Although modifications to supine-to-sitting postural
change using the technique encouraged as part of sternal precautions were shown to de-
crease stress compared to a typically discouraged method [37,38], these modifications still
produced more stress than lifting 5 kg, which is the maximum load allowed to raise for
patients [37,38]. As a consequence, since modifications proposed until now in the literature
to the supine-to-sitting transfer do not seem sufficient, the results concerning pain of our
study may be of considerable importance in the clinical practice for the management of
patients with sternotomy.

In fact, finding alternative solutions appears to be essential for guaranteeing the safety
of patients. Our work confirmed that more than 50% of patients who undergo sternotomy
surgery report persistent pain in the sternum. These findings are superimposable to the
study of Moore et al. [40], who found that chest incisional pain was reported by 60% of
subjects 3 weeks after cardiac surgery. However, in comparison to the rotational postural
change, the use of IDSS in performing the supine-to-sitting postural change resulted in a
reduction in the level of pain in our post-operative patients with sternotomy, associated
with a decrease in perceived level of effort. Although we never directly measured the forces
acting on the sternotomy, we believe that the reduction in the levels of pain and perceived
level of effort using the IDSS may indirectly reflect a reduction in the forces acting to the
sternum. Indeed, patients used a traction force of about 10 kg for IDSS postural change,
which may be comparable to that commonly produced by opening a door, and which was
well below the forces occurring during a sneeze or cough [25].

Moreover, the use of IDSS seems especially important in the elderly who are accus-
tomed to carrying out the supine-to-sitting transfer using the rotational pattern compared
to younger adults who preferred to perform the postural change through the long sitting
position [41]. This behaviour could be due to the fact that older individuals may have
decreased abdominal strength and postural stability with an increased fear of falling, and
the rotational strategy allowed them to keep an elbow on the mat and maintain a larger
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base of support [42]. Since patients are often already accustomed in daily pre-surgery
for carrying out the rotational movement, they may instinctively continue with the same
modality even after the surgical operation, despite the fact that it makes them feel pain.

Among risk factors associated with mechanical forces acting upon the sternotomy
site, some were identified also in our sample: chronic obstructive lung disease [17,43],
macromastia [8,44], and obesity [16,17,45]. However, maybe due to the small sample,
we found higher perceived levels of pain and effort only in patients with macromastia.
This supports the hypothesis that women with larger breasts are subjected to increased
inferolateral tension across their sternotomy [46], with higher perception of pain caused by
the stress force. On the other hand, the presence of diabetes and smoking history did not
influence the perception of pain and effort.

Indeed, patient-reported pain was cited as being the main restriction used to guide
exercise prescription and progression in the return to daily living movements [47]. In
the present study, no patient reported levels of pain and/or perceived effort that were
higher in using IDSS compared to performing the rotational postural change. By using
IDSS in the correct way, forces exercised by the upper limbs and the abdominal muscles
acted symmetrically on the chest, avoiding those asymmetrical forces that are produced
during the rotational postural change. As a matter of fact, in reaching the sitting position
from the lateral decubitus, the upper limbs produce thrust forces with different intensities
and directions, which may impact asymmetrically on the ribcage, placing under stress the
sternal wound [39,48].

The good correlation found between pain and perceived level of effort, in both the
modalities of postural change, may suggest that weaker patients experienced a higher level
of effort in the strain, and consequently, more pain. However, this hypothesis needs to
be verified.

Finally, only the 1.1% of the total sample reported a complication, i.e., sternal instability,
6 months after hospital discharge. This result is in line with the noted cases of complications
in literature (1–8% [14]). Thus, it is possible to suppose that the precautions given at the
discharge, such as the use of IDSS, were opportune for the safety of the patients.

Limitations

Results of our study are based only on patient-reported outcome measures (pain and
perceived effort). One of the limitations was the lack of other types of measure, such as
ultrasound. This useful technique might be use in future research to provide valuable
real-time feedback regarding sternal healing in patients following cardiac surgery via
median sternotomy and may allow for quantitatively assessing motion at the sternal edges.
Another limitation was the simple follow-up call at 6 months after hospital discharge; since
it is known that sternal healing continues beyond the first three post-operative months [49],
we might expect that using a monthly follow-up could allow to find the differences in pain
during the two postural steps. Moreover, the heterogeneous but limited sample size did
not allow for obtaining solid conclusions about differences in pain and perceived effort in
each subgroup of patients stratified by risk factors.

Future research should implement the actual results measuring the motion at the
sternal edges during the supine-to-sitting postural change, following patients over a post-
operative period of at least 3 months, and assessing the supine-to-sitting abdominal muscles
activation and the use of upper limbs to verify the relationship existing between pain,
perceived effort, and level of effort in the strain. Moreover, future studies might stratify
the population with sternotomy by clinical characteristics in order to give appropriate
instructions for each subgroup.

5. Conclusions

Sternal displacement is associated with unilateral and rotational movements and
the supine-to-sitting postural change is one of the most challenging because of the force
applied to the sternum. Thus, since the use of the IDSS seems to reduce the levels of
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pain and perceived effort during the supine-to-sitting postural change, future studies
with quantitative assessments are required to verify its effectiveness and to suggest the
adoption of this technique, mostly in patients with high levels of pain and in those with
sternal instability.
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Abstract: Obesity has become a widespread health problem influencing people’s health, general
well-being, and healthcare costs. It also represents an important risk factor for multiple comorbidities
and malignancies. Objectives: the primary objective of this study was to provide notable insights
to healthcare professionals regarding the management of patients with obesity, to highlight the
effectiveness of bariatric surgical methods in losing excess weight, and to establish the relation-
ship between weight loss and changes in quality of life (QoL). Material and methods: our study
evaluated the QoL of 76 patients following bariatric surgery at different postoperative stages using
the 36-Item Short Form Survey (SF-36) and The World Health Organization Quality of Life—BREF
(WHOQOL-BREF) questionnaires. Results: regarding the type of bariatric procedure performed, out
of the 76 respondents, 39.47% underwent gastric bypass surgery (RYGB), 56.57% underwent sleeve
gastrectomy (LSG), and only 3.94% underwent single anastomosis duodeno-ileal switch (SADI-S).
Pertaining to the SF-36 questionnaire, the lowest average scores were found in the energy/fatigue
subscales and in the limitations due to mental health, which remained consistent across surgery types
with a significant decrease in the SADI-S group. Concerning the WHOQOL-BREF questionnaire, the
lowest mean scores were found in the environment (15.03 ± 2.37) and social relations (16.08 ± 2.22)
subscales, whilst the highest average scores were in physical health (16.30 ± 2.03) and mental health
(16.57 ± 2.16). Conclusions: the findings revealed that whilst bariatric surgery significantly improved
physical health, it resulted in a decrease in mental health scores. Consequently, the study emphasizes
the importance of adopting a holistic approach to managing obesity that considers improving both
physical and mental health outcomes.

Keywords: obesity; bariatric surgery; quality of life; questionnaire; clinical outcomes; LSG; RYGB

1. Introduction

Obesity has emerged as a pandemic and a serious public health issue due to its high
prevalence and detrimental effects on mortality, morbidity, healthcare costs, and QoL [1]. It
is now considered a chronic disease [2], and scientific interest in the QoL of individuals
with obesity has surged in the past decade. According to estimates, by 2030, over one
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billion people worldwide will suffer from obesity, affecting one in five women and one in
seven men [3]. The most significant population affected by obesity resides in countries with
low to middle standards of living, with a predicted twofold increase in obesity rates in low
and middle-income countries and a threefold increase in low-income states compared with
2010 reports. This dramatic rise in the prevalence of obesity has prompted global public
health research. Current studies demonstrate that QoL decreases inversely proportional to
the body mass index (BMI), and individuals with advanced stages of obesity experience
more severe declines [4,5]. Regardless of the therapeutic approach, weight loss can improve
the QoL in individuals affected by obesity.

Excess body weight is known to substantially diminish the QoL, especially through its
impact on overall health and by directly impeding daily activities, resulting in decreased
well-being [6]. Furthermore, research on the topic has established that individuals with
obesity also experience social stigmatization in addition to physical health consequences [7].

Although public health campaigns are crucial in preventing obesity through initiatives
such as dietary changes and lifestyle modifications, their effectiveness may be limited for
individuals who already have obesity, particularly in severe and complex cases (with a BMI
of ≥40 kg/m2 or BMI of 35–40 kg/m2 accompanied by significant health issues related to
excess weight) [8,9]. In such situations, bariatric surgery is considered an optimal treatment
option. Research has shown that bariatric surgery not only leads to more substantial
weight loss, but also offers better management of type 2 diabetes compared with lifestyle
interventions or medication alone [10–12]. The two most commonly performed types of
bariatric surgery are LSG and RYGB [13].

While recent studies indicate comparable long-term results for both LSG and RYGB,
the recurrence of weight gain and comorbidity symptoms in some patients have prompted
bariatric surgeons to explore modifications to existing techniques or introduce new ones [14,15].
Among these options, the SADI-S procedure has demonstrated superior effectiveness in
achieving long-term weight loss and in remitting comorbidities. However, its technical
complexity and potential for adverse events have constrained its widespread adoption [16].

Although multiple studies highlight the positive impact of weight loss on obesity-
related comorbidities (both through conservative and surgical means), there are no specific
tools, analyses, or questionnaires specifically designed for assessing QoL in patients with
obesity [10,17–20].

Therefore, the objectives of our study were to evaluate the overall QoL in patients who
underwent different bariatric surgical interventions, to assess specific QoL domains (e.g.,
physical functioning, mental health, social functioning), to compare the impact of specific
bariatric procedures on QoL, and to identify potential predictors or factors associated with
significant improvements in QoL following these procedures (such as patient demographics,
preoperative conditions, or surgical technique) using the SF-36 and WHOQOL-BREF
questionnaires.

2. Materials and Methods

2.1. Study Design

The present study was designed as a cross-sectional, non-randomized, and anonymized
study based on two commonly used questionnaires used in assessing QoL. The question-
naires were transferred to “Google Forms”. The link was distributed to each individual
patient online by email or by telephone. Contact details of our patients were extracted from
the database in our bariatric surgery center.

2.2. Inclusion Criteria

The study was implemented in our bariatric surgery center based in the 3rd Surgical
Unit at “St. Spiridon” County Clinical Emergency Hospital, Iasi, Romania. Invitations
for the survey were sent to 130 patients who underwent a bariatric procedure within
the previous 12 months. Incomplete answers or sections of the questionnaires led to
the exclusion from the study. Only 76 patients, which included women and men, in

51



J. Clin. Med. 2023, 12, 4225

various postoperative stages (following LSG, RYGB, or SADI-S) were included in the study.
All participants voluntarily completed the questionnaires between 4 January 2023 and
28 February 2023.

2.3. The Questionnaires Used

Typically, only a few standardized instruments are used to examine QoL in obese
patients. The SF-36 is a self-reported questionnaire that assesses QoL in patients across
8 subscales: physical functionality (PF), limitations in usual role activities (RP), bodily
pain (BP), general health (GH), vitality (VT), social functioning (SF), limitations in usual
role activities because of emotional problems (RE), and general mental health (MH). The
WHOQOL-BREF questionnaire was created by the World Health Organization for the
cross-cultural examination of subjective elements related to QoL as an alternative research
tool. The 26 items that make up this instrument are divided into 4 categories: physical
health (7 items), mental health (6 items), social relationships (3 items), and environmental
health (8 items). The physical health domain consists of several items assessing mobility,
daily activities, functional capacity, energy, pain, and sleep, while the psychological domain
takes into account the perceived self-image, negative thoughts, positive attitudes, self-
esteem, mindset, learning ability, memory, concentration, and mental state. The social
relationships domain looks at personal relationships, social support, and sex life, while
the environmental health field covers financial resources, safety, social and health services,
the physical living environment, opportunities for learning and personal development,
recreation, noise and pollution, and transportation.

For our cohort, we used the two stated instruments, SF-36 and WHOQOL-BREF, for
simultaneous data analysis. The items in the SF-36 questionnaire were translated from
English. The patients included in our study speak Romanian as their native language;
subsequently, the original questionnaire was compared with its translated version. All
translations were performed by two independent certified translators. The questionnaires
were finalized and distributed to the patients.

2.4. Data Collection and Statistical Methods

Data obtained from the questionnaires were transferred to MS Excel 2010, sourced from
Ias, i, România, “Grigore T. Popa” University of Medicine and Pharmacy. The respondents
were classified based on the surgical procedure used (LSG, RYGB, or SADI-S).

The data were then uploaded and processed using the statistical functions in SPSS v. 26.0.
All patient data protection provisions were enforced, as the medical team in the teaching
hospital was well informed on data and patients’ rights protection. The confidence interval
was set at 95% and a p-value < 0.05 (two-sided) was considered statistically significant.

In calculating the differences between two or more groups at the 95% significance
threshold, depending on the distribution of the value series, descriptive statistics, the
Pearson correlation coefficient (r), and the Cronbach α coefficient for internal consistency
were used.

3. Results

3.1. Demographic Characteristics

In our study, the distribution of respondents according to sex indicated an increased
frequency of female respondents. Female respondents represented 69.74% and male re-
spondents represented 30.26%.

The study group presented a normal distribution of respondents regarding age, with
a maximum frequency of 30.26% corresponding to the 30–39 age group (Table 1).

Regarding the type of bariatric procedure performed, out of the 76 respondents, 39.47%
underwent RYGB, 56.57% underwent LSG, and only 3.94% underwent SADI-S. In the group
of patients with RYGB (30 respondents), the age ranged from 23 to 69 years, with an average
age of 39.47 years (standard deviation = 14.31). Male respondents had a slightly higher
average age than female respondents (48.55 vs. 36.47 years) (Table 1). In the group of
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respondents with LSG (43 respondents), the age ranged from 20 to 69 years, with an
average age of 39.97 years (standard deviation = 10.73). Male and female respondents
had no significant differences in the mean age. The group of respondents who underwent
SADI-S had an average age of 41.33 years (standard deviation = 5.13). The average age was
significantly higher among respondents who underwent SADI-S compared with those who
underwent RYGB or LSG (41.33 vs. 40.10 vs. 39.97 years).

Table 1. Descriptive characteristics regarding the age of respondents according to the type of surgical
procedure and sex.

Sex n % Mean Age Std. Dev. Min. Age Max. Age p

RYGB

Women 21 27.63 36.47 13.01 23 65
0.269Men 9 11.84 48.55 14.31 26 69

Total 30 39.47 40.10 14.31 23 69

LSG

Women 31 40.79 39.35 10.22 20 69
Men 12 15.78 41.58 12.28 27 69 0.441
Total 43 56.57 39.97 10.73 20 69

SADI-S

Women 1 1.31 - - - - -
Men 2 2.63 42.00 7.07 37 47
Total 3 3.94 41.33 5.13 36 47

Out of all the respondents in the study, 39.47% underwent RYGB. Breaking down this
percentage by sex, with respect to all respondents, results in 27.63% female and 11.84%
male respondents. Among the aforementioned male respondents, 96.66% were under the
age of 65.

Out of all the respondents in the study, 56.57% underwent LSG. Breaking down this
percentage by sex, with respect to all respondents, results in 40.79% female and 15.78%
male respondents. Among the male respondents, 96.66% were under the age of 65.

Regarding BMI evolution, the obtained results reveal that preoperatively 92.11% of
the respondents presented a BMI ≥ 35 kg/m2, and post-operatively only 23.68% presented
a BMI ≥ 35 kg/m2, finding a correction of the BMI in all groups of patients included in the
study (Figure 1).

Figure 1. Preoperative (blue) and postoperative (red) BMI distribution.

3.2. Socio-Economic Aspects

Socio-economic aspects can have a major impact on stress and anxiety levels. They can
also significantly interfere with lifestyle choices (such as smoking) and have major effects
on health, as well as income levels. Regarding income, 50% of patients earn between 2500
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and 5000 RON monthly, 27.63% earn more than 5000 RON monthly, and 22.36% earn less
than 2500 RON.

3.3. Quality of Life Aspects

The SF-36 questionnaire scores (Table 2), along with the Cronbach α coefficient for
each subscale, ranged from 0.664 (SF) to 0.704 (PF and MH), indicating good internal
consistency. The lowest average scores were found in the vitality subscales (61.13 ± 15.20)
and limitations due to mental health (65.78 ± 13.30), which remained consistent across
surgery types, with a significant decrease in the SADI-S group (Tables 2 and 3). Social
functioning (89.14 ± 14.76) and self-reported bodily pain (90.49 ± 14.44) had high mean
scores (with items related to daily work interference and sickness) compared with others.
The general state of health was also assessed.

Table 2. Statistical indicators regarding the SF-36 questionnaire score for each subscale.

Subscale Avg. SD Mean Min. Max. Q25 Q75 Cronbach α

PF 84.01 25.82 95.00 0.00 100.00 82.50 100.00 0.704
RP 85.85 30.09 100.00 0.00 100.00 100.00 100.00 0.667
RE 65.78 13.30 66.66 33.33 100.00 66.66 66.66 0.672
VT 61.13 15.20 65.00 15.00 100.00 52.50 75.00 0.674
MH 68.65 16.92 76.00 32.00 100.00 60.00 88.00 0.704
SF 89.14 14.76 100.00 37.50 100.00 87.50 100.00 0.664
BP 90.49 14.44 100.00 45.00 100.00 78.75 100.00 0.688
GH 76.52 16.22 80.00 31.25 100.00 65.00 90.00 0.685

Physical functionality (PF), limitations in usual role activities (RP), limitations in usual role activities because of
emotional problems (RE), vitality (VT), general mental health (MH), social functioning (SF), bodily pain (BP) and
general health (GH)

Table 3. Mean values of the SF-36 questionnaire score according to each subscale and type of
surgical intervention.

RYGB LSG SADI-S p

PF 82.33 ± 26.21 84.41 ± 26.48 95.00 ± 8.66 0.717
RP 82.50 ± 31.58 87.20 ± 30.06 100.00 ± 0.00 0.577
RE 66.66 ± 15.16 65.11 ± 12.50 66.67 ± 0.00 0.884
VT 63.50 ± 15.81 65.81 ± 15.11 58.33 ± 11.54 0.631
MH 71.33 ± 14.78 74.79 ± 17.55 52.00 ± 18.33 0.068
SF 88.75 ± 14.06 89.53 ± 15.65 87.50 ± 12.50 0.958
BP 87.41 ± 14.30 92.73 ± 14.23 89.16 ± 18.76 0.302
GH 70.12 ± 17.07 75.94 ± 15.96 80.00 ± 13.22 0.652

Physical functionality (PF), limitations in usual role activities (RP), limitations in usual role activities because of
emotional problems (RE), vitality (VT), general mental health (MH), social functioning (SF), bodily pain (BP) and
general health (GH)

Table 3 highlights a weak correlation between the mental health subscale (MH) and
the SF-36 questionnaire subscales for various surgical procedures. However, a strong
correlation exists between the SF (social functionality) subscales and RP (limitations due to
physical health), with coefficients of 0.958 and 0.884, respectively. The SADI-S procedure
had an average value of 52.00, with a high standard deviation of ±18.33, indicating that the
data is scattered from the average.

The subscales with the highest mean values for a particular surgical intervention are
physical pain (92.73 ± 14.23), social functionality (89.53 ± 15.65), and limitations due to
physical health (87.20 ± 30.06), which are linked to the LSG procedure. The highest mean
scores associated with the RYGB procedure are also included in Table 3.

The WHOQOL-BREF questionnaire had good consistency with Cronbach α coefficients
ranging from 0.781 (environment) to 0.845 (social relations). The lowest mean scores were
found in the environment (15.03 ± 2.37) and social relations (16.08 ± 2.22) subscales,
while the highest average scores were in physical health (16.30 ± 2.03) and mental health
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(16.57 ± 2.16). Each subscale had similar average and median scores, implying an even
distribution (Table 4).

Table 4. Descriptive statistics of the score obtained from the WHOQOL-BREF questionnaire based on
each domain.

Domains Avg. SD Mean Min. Max. Q25 Q75 Cronbach α

Physical health 16.30 2.03 16.57 12.00 20.00 14.85 17.71 0.835
Mental health 16.57 2.16 16.66 10.00 20.00 15.33 18.33 0.782

Social
relationships

16.08 2.22 16.00 12.00 20.00 14.66 17.33 0.845

Environment 15.03 2.37 15.00 8.00 20.00 13.50 17.00 0.781

The multivariate analysis of risk factors associated with self-reported QoL on the
subscales assessed with the SF-36 questionnaire and the domains of QoL assessed with the
WHOQOL-BREF indicates a strong correlation between physical functioning (PF) scores
and limitations due to physical health status (RP) (0.000). A significant correlation is also
observed between limitations due to physical health status (RP) and social functioning (SF)
(0.000) and pain (P) (0.018). Last but not least, physical functionality is closely related to the
level of quality of life, with a significant correlation of 0.041.

Regarding the limitations due to emotional problems (RE), they are strongly associated
with the level of vitality (VT) with a significant correlation (0.022). At the same time, the
data also shows an association between perceived limitations due to emotional problems
with social functioning (SF) (0.005) and the domains of social relations (SR) (0.079) and
physical health (PH) (0.002).

Mental health (MH) significantly correlates with general health (GH) (0.12) and social
functioning (SF) (0.29). At the same time, mental health is significantly correlated with
environmental health, measured as a domain of quality of life (E) (0.016).

The overall trend of mental health (MH) scores compared with the trend of vitality
(VT) scores, physical health (PH) scores compared with social functioning (SF) scores, and
environmental scores (E) compared with the general trend of scores for social functioning
(SF) are illustrated below (Figures 2–4).

VT 

M
H

 

Figure 2. Mental health (MH) compared with the general trend for vitality (VT) scores; “y” indicates
the overall trend of the scores.
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Figure 3. Physical health scores (PH) compared with the general trend for social functioning (SF)
scores; “y” indicates the overall trend of the scores.

Figure 4. Environmental scores (E) compared with the general trend for social functioning (SF) scores;
“y” indicates the overall trend of the scores.

4. Discussion

Recent studies regarding bariatric surgery and its impact on post-surgical patient QoL
have primarily focused on biomedical aspects, such as weight loss and improvement of
associated pathologies. However, as the amount of such surgical procedures performed
worldwide continues to rise, it is crucial to holistically assess the QoL of the patients,
including physical and mental performance [21]. Investigations on the topic use the SF-36
instrument to assess these dimensions, but the interpretation of the results is still a matter
of debate among experts. In addition, evaluating the QoL for surgical patients may require
more specific instruments tailored to certain pathologies, as the SF-36 questionnaire is
considered generic and has limitations [22].

A recent study by de Vries (2022) suggests various ways to evaluate post-surgery
bariatric patients, both from a clinical and QoL perspective [23]. However, our study
also highlighted that scores for physical functionality based on daily activities may not
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accurately reflect a patient’s QoL. To address these limitations, future research should
consider utilizing more specific alternative QoL assessment tools taking into account the
specific needs of bariatric patients. Thus, we can better assess the impact of bariatric surgery
on the QoL of our patients and identify areas for improvement in post-surgical care.

Bariatric surgery typically leads to pronounced weight loss and improvement of pre-
existing diseases, and it can positively affect the QoL of patients, particularly in terms of
physical performance, according to a recent study by Albarrán-Sánchez et al. [24]. However,
the study also found that mental health scores may decline post-surgery due to factors
such as depression, anxiety, eating disorders, unrealistic expectations, low self-esteem, or
personality traits. Our study did not focus on these factors, but we did observe low scores
in mental health domains similar to the Albarrán-Sánchez study. Upon analyzing the SF-36
scores, we found that the most significant improvements in a patient’s QoL were related to
their physical health rather than their mental health.

The Albarrán-Sánchez study also highlighted several factors that may contribute to
mental health issues after surgery. First, patients may have a lower sense of overall well-
being due to feeling like they are still dealing with a chronic illness, even if they have
regained physical function [24]. Our study found that physical function is closely linked
to social and emotional well-being. The authors of the study noted that patients may
still feel inadequate after surgery, especially because they will continue to have periodic
follow-up appointments and may find the lifestyle changes required post-surgery stressful.
Additionally, research indicates that accepting morphological changes regarding body
image can also cause stress [25].

After undergoing bariatric surgery, it is common for patients to experience micronutri-
ent deficiencies. As a result, many patients require regular supplementation of vitamins
and minerals, particularly in the case of vitamin B12, which is only obtained from external
sources. These deficiencies can be attributed to reduced dietary intake and structural
and functional alterations in the gastrointestinal tract, especially in procedures involving
malabsorption. However, the occurrence of vitamin and mineral deficiencies following
sleeve gastrectomy (LSG) compared with Roux-en-Y gastric bypass (RYGB) has not been
documented yet. In a previous study monitoring bariatric patients through the course of
12 months, the authors highlight that the levels of vitamin B12 show a significant decrease,
underscoring the importance of long-term supplementation with iron, vitamin B12, and
other multivitamins and essential minerals [26]. It should be noted that patients who are not
closely monitored may develop anemia due to changes in gastrointestinal absorption [27].

Vitamin D deficiency is also very common among bariatric patients. In a clinical study
involving patients with obesity, altered basal blood glucose, and hypovitaminosis D, it was
observed that correcting vitamin D deficiency through supplementation improves insulin
resistance, reduces the risk of developing type 2 diabetes (T2DM), prevents sarcopenia,
and regulates adipocyte differentiation [28,29]. Numerous studies have demonstrated the
role of vitamin D in modulating the immune system. The low levels of vitamin D in the
general population of Europe pose a public health concern, as they have been associated
with increased susceptibility to infections and chronic diseases [30]. A recent study found
that individuals with low vitamin D levels have an 80% higher likelihood of acquiring a
COVID-19 infection compared with a control group with normal levels.

In addition, regarding mental health and emotional well-being, multiple studies closely
link depression and obesity. Both pathologies are considered risk factors for one another
and tend to associate within individuals. They also seem to have shared biological mecha-
nisms [31]. Recent scientific research, as demonstrated by studies conducted by Robinson
et al. and Sullivan et al., provides evidence supporting the influence of genetic factors on
both obesity and depression [32,33]. These studies indicate that there is an estimated 40%
heritability for major depressive disorder (MDD) and BMI. Furthermore, through genome-
wide association analyses, Pigeyre et al. identified over 200 genomic regions associated
with BMI, obesity status, and fat distribution. It seems that the genes located in proxim-
ity to BMI-associated loci show significant expression in the hypothalamus and pituitary
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gland [34]. These brain regions are responsible for regulating both mood and energy home-
ostasis. Additionally, more than 50 genetic loci associated with depression phenotypes,
specifically related to MDD genetics, have been identified [35]. Wheeler and Pierce note
that the genes exhibiting the strongest signals were previously linked to severe early-onset
obesity and are situated in close proximity or even have overlapping positions [36].

The results of a study published in the Journal of the American Medical Associa-
tion (JAMA) indicate that a substantial number of young individuals with severe obesity
who underwent bariatric surgery reported a reduction of over 50% in their excess body
weight, resulting in significant improvements in health and QoL compared with young
individuals who were engaged in an intensive lifestyle modification program [37]. Obesity
is a major but manageable risk factor for many diseases. Additionally, current research
consistently demonstrates that obesity has a negative impact on QoL, and the severity
of these effects escalates proportionally with the level of obesity, which aligns with the
findings of our study [38].

Patients with severe obesity have been reported to have a lower QoL, particularly in
regard to mental health, compared with normal-weight patients [39]. However, physical
functionality has the greatest impact on perceived QoL [40]. Bariatric surgery has been
found to improve various aspects of QoL, including patient satisfaction, self-esteem, body
perception, and social interaction, in addition to weight loss [39]. Our study found a close
relationship between physical and mental health. The latter (MH) significantly correlates
with general health (GH). Despite the significant weight loss in the first year following
bariatric surgery, few prospective studies have evaluated the long-term effect of depression,
anxiety, and QoL, as well as their effects on weight loss recovery [24].

A recent meta-analysis indicates that RYGB and LSG may improve the post-operative
QoL of the patients. The study assesses patients at various time points, from one up to
five years after surgery [40]. Our study found that patients who underwent RYGB or LSG
reported a higher self-perceived QoL when compared with those who underwent SADI-S,
as measured using the SF-36 questionnaire. The meta-analysis also suggests that more
complex or invasive procedures may result in lower QoL in the short and medium term,
but improvement is seen after nine years.

Our study also found that evaluating the QoL of bariatric surgery patients is chal-
lenging, despite the weight loss and improvement of coexisting illnesses. Research in the
literature emphasizes the importance of including patient-reported QoL assessment in the
therapeutic approach, as it provides valuable data for evaluating the success of surgery
beyond clinical evaluation. Our data highlighted that patients report improved physical
functionality, which significantly correlates with mental health. However, for accurate
measurements, longitudinal studies are necessary to measure the perception of QoL in
physical health, mental health, and social relationships.

Potential shortcomings of our study include the risk of selection bias, as the respon-
dents were volunteers. This could limit the applicability of the findings to the entire
population of bariatric patients. Without a control group, it could be challenging to de-
termine whether the observed improvements in quality of life can be solely attributed to
bariatric surgery. As in all other studies relying on self-reported data from questionnaires,
some of the respondents might be subject to recall bias or subjective interpretation. The
study has a relatively short follow-up duration. This could restrict the ability to assess the
long-term effects and sustainability of improved quality-of-life outcomes.

The study utilized the SF-36 and WHOQOL-BREF questionnaires, which are widely
recognized and validated tools for measuring quality of life. This adds credibility to the
study’s findings and provides a structured and objective approach to evaluating the impact
of bariatric surgery on quality of life.

With 76 respondents, the study had a reasonable sample size, which enhances the
statistical power and reliability of the results. Assessing patients at different timepoints
after the surgical procedure allows for a comprehensive understanding of the overall impact
on the quality of life.
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5. Conclusions

The current study provides insight into the QoL of patients who underwent different
types of bariatric procedures. The findings indicate that following surgery, there was an
improvement in the physical and social functioning of patients. The study also points
out areas where patients may still encounter difficulties, such as issues related to vitality
and limitations associated with mental health. The study can provide valuable insights
for medical professionals to develop targeted interventions aimed at improving patient
outcomes following bariatric surgery. Additionally, it contributes to the growing body
of evidence concerning the impact of bariatric surgery on QoL, thereby guiding future
research in this field.
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Abstract: Patients with heart failure (HF) patients may die either suddenly (sudden cardiac death/SCD)
or progressively from pump failure. The heightened risk of SCD in patients with HF may expedite
important decisions about medications or devices. We used the Larissa Heart Failure Risk Score
(LHFRS), a validated risk model for all-cause mortality and HF rehospitalization, to investigate the
mode of death in 1363 patients enrolled in the Registry Focused on Very Early Presentation and
Treatment in Emergency Department of Acute Heart Failure (REALITY-AHF). Cumulative incidence
curves were generated using a Fine–Gray competing risk regression, with deaths that were not due to
the cause of death of interest as a competing risk. Likewise, the Fine–Gray competing risk regression
analysis was used to evaluate the association between each variable and the incidence of each cause of
death. The AHEAD score, a well-validated HF risk score ranging from 0 to 5 (atrial fibrillation, anemia,
age, renal dysfunction, and diabetes mellitus), was used for the risk adjustment. Patients with LHFRS
2–4 exhibited a significantly higher risk of SCD (HR hazard ratio adjusted for AHEAD score 3.15, 95%
confidence interval (CI) (1.30–7.65), p = 0.011) and HF death (adjusted HR for AHEAD score 1.48, 95%
CI (1.04–2.09), p = 0.03), compared to those with LHFRS 0,1. Regarding cardiovascular death, patients
with higher LHFRS had significantly increased risk compared to those with lower LHFRS (HR 1.44
adjusted for AHEAD score, 95% CI (1.09–1.91), p = 0.01). Lastly, patients with higher LHFRS exhibited
a similar risk of non-cardiovascular death compared to those with lower LHFRS (HR 1.44 adjusted for
AHEAD score, 95% CI (0.95–2.19), p = 0.087). In conclusion, LHFRS was associated independently
with the mode of death in a prospective cohort of hospitalized HF patients.

Keywords: Larissa heart failure risk score; mode of death; sudden cardiac death; mortality

1. Introduction

Heart failure (HF) is a lethal syndrome affecting 38 million adults globally [1]. Due to
the senescence and expansion of the global population, its prevalence continues to rise [2].
Patients with HF suffer a progressive decline in their functional and intellectual capacity,
while the risk of sudden cardiac death (SCD) is low. Since its designation as an emerging
pandemic in 1997, HF has attracted a host of studies with the purpose of corroborating our
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mechanistic understanding of the syndrome. Nevertheless, the burden of mortality and
hospitalizations varies significantly among the different HF groups [3]. Disparate is also a
mode of death where some patients die suddenly while others die from disease progression,
such as pump failure or non-cardiovascular death [4]. The evident heterogeneity in the
clinical profiles of HF necessitates a profound understanding of the factors associated with
the mode of death in HF.

The Larissa Heart Failure Risk Score (LHFRS) is a practical risk stratification model
derived from three factors (history of hypertension (yes = 0, no = 2); history of coronary
artery disease/myocardial infarction (yes = 1, no = 0); and red blood cell distribution
width [RDW] ≥ 15% (yes = 1, no = 0); best = 0, worst = 4) [5,6]. It was validated in the
external cohort REALITY-AHF [7], which can reliably correlate time to treatment and
clinical outcomes among the divergent group of HF patients admitted to the emergency
department (ED) [8,9]. In the current study, we assessed the potential associations between
the mode of death in HF and the LHFRS in the population of patients enrolled in the
REALITY-AHF study.

2. Methods

2.1. Study Population

The REALITY-AHF (Registry Focused on Very Early Presentation and Treatment in
Emergency Department of Acute Heart Failure) was a prospective, multicenter, observa-
tional cohort study that primarily aimed to assess the association between time to treatment
and clinical outcomes in patients with acute HF (AHF) admitted through the emergency
department (ED). Enrollment started in August 2014 and was completed in December
2015. Among the 20 participating hospitals, 9 were university hospitals and 11 were
non-university teaching hospitals.

The study design and results have been reported elsewhere in detail [8–10]. In brief,
patients were included if they were aged ≥20 years and diagnosed with AHF in the ED
within 3 h of their first evaluation by caregivers. Only the first hospitalization during the
study period was registered, and the AHF diagnosis was made based on the Framingham
criteria. Exclusion criteria were as follows: (1) treatment with an intravenous (IV) drug
before ED arrival; (2) previous heart transplantation; (3) chronic peritoneal dialysis or
hemodialysis; (4) acute myocarditis; and (5) acute coronary syndrome requiring emergent
or urgent revascularization. The study complied with the 1975 Declaration of Helsinki, and
the Institutional Review Board (IRB) approval was obtained from each participating center.

In this study, we enrolled 1363 patients for whom LHFRS data were available.

2.2. Definitions

The red blood cell distribution width (RDW) was calculated as follows: (standard
deviation of mean corpuscular volume divided by mean corpuscular volume) × 100. For
an event causing death, the event and death were considered separate events only if the
interval that separated the event and the death was 24 h or greater. In cases where the
event and death were separated by less than 24 h, death was the only adjudicated event.
All deaths were considered cardiovascular unless a non-cardiovascular cause of death was
established. Cardiovascular deaths included death due to HF, myocardial infarction, SCD,
other cardiovascular causes (e.g., stroke and cardiovascular intervention), and presumed
cardiovascular causes [10]. Death due to HF is defined as death occurring in the context of
clinically worsening symptoms and/or signs of HF without the evidence of another cause
of death: (1) New or increasing symptoms and/or signs of HF requiring the initiation of, or
an increase in, treatment directed at HF or occurring in a subject already receiving treatment;
(2) HF symptoms or signs requiring continuous i.v. therapy or oxygen administration;
(3) confinement to bed entirely due to HF symptoms; (4) pulmonary edema is sufficient to
cause tachypnea and distress not occurring in the context of myocardial infarction or as a
consequence of an arrhythmia occurring in the absence of worsening HF; (5) cardiogenic
shock not occurring in the context of myocardial infarction or as a consequence of an
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arrhythmia occurring in the absence of worsening HF. In the current analysis, all-cause
death was divided into cardiovascular and non-cardiovascular diseases. Cardiovascular
death was divided into HF death, SCD, and other cardiovascular deaths.

2.3. Outcomes

The outcomes of interest were as follows: (a) SCD (primary endpoint); (b) death
due to HF (secondary endpoint); (c) cardiovascular death (secondary endpoint); and
(d) non-cardiovascular death (secondary endpoint), within 1-year after discharge.

2.4. Statistical Analysis

Categorical variables are shown as numbers and percentages and were compared
using the Chi-squared test or Fisher’s exact test, as appropriate. Continuous variables were
expressed as mean and standard deviation or median and interquartile range (IQR). De-
pending on their distribution (qualitatively judged via histogram and Q-Q plot), continuous
variables were compared using Student’s t-test or Wilcoxon rank-sum test, as appropriate.
Two-sided p values < 0.05 were considered statistically significant. Cumulative incidence
curves were generated using a Fine–Gray competing risk regression, with deaths that were
not due to the cause of death of interest as a competing risk. Likewise, the Fine–Gray
competing risk regression analysis was used to evaluate the association between each
variable and the incidence of each cause of death. Clinical follow-up data were obtained
from medical records or directly from patients either in person or during telephone inter-
views. We used the AHEAD score for risk adjustment, which is a well-validated HF risk
score ranging from 0 to 5 and includes the following variables: atrial fibrillation, anemia
(haemoglobin <130 g/l for men and 120 g/l for women), age >70 years), renal dysfunction
(creatinine >130 μmol/l), and diabetes mellitus [11,12]. Proportional hazard assumption
violations were estimated using generalized linear regression of scaled Schoenfeld residuals
over time. Statistical analyses were performed using the statistical software program R
version 4.1.3 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Baseline Characteristics

The baseline characteristics of the study population (1363 HF patients) stratified by
the LHFRS score are presented in Table 1. Patients with higher LHFRS scores (i.e., 2–4)
were younger and had lower admission systolic or diastolic blood pressure compared to
patients with lower LHFRS (i.e., 0–1) scores. Additionally, they had a lesser history of
hypertension and lower values of hemoglobin, white blood cells, glucose, and sodium. In
contrast, patients with LHFRS 0 or 1 had a lesser history of coronary artery disease and
lower values of RDW than those with LHFRS 2–4. Regarding medical therapy at admission,
beta-blockers, mineralocorticoid receptor antagonists (MRAs), and loop diuretics were more
frequently noted in the higher LHFRS categories, whereas angiotensin-receptor blockers
(ARBs) were noted in the lower LHFRS categories.

Table 1. Baseline characteristics of the study population.

Variables
LHFRS = 0, 1

n = 789
LHFRS = 2–4

n = 574
p Value

Age (mean (SD)) 78.47 (12.10) 75.56 (12.90) <0.001

Males, n (%) 430 (54.5) 339 (59.1) 0.105

Systolic Blood Pressure (mean (SD)) 154.90 (35.67) 135.47 (33.20) <0.001

Diastolic Blood Pressure (mean (SD)) 85.74 (25.67) 78.86 (22.63) <0.001
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Table 1. Cont.

Variables
LHFRS = 0, 1

n = 789
LHFRS = 2–4

n = 574
p Value

Heart Rate (mean (SD)) 96.98 (27.80) 96.56 (28.48) 0.784

Ambulance, n (%) 452 (57.3) 306 (53.3) 0.16

De novo HF, n (%) 400 (50.7) 247 (43.0) 0.006

Symptom onset (%) 0.013

6 h 188 (23.8) 108 (18.8)

≤2 days 190 (24.1) 122 (21.3)

>2 days 411 (52.1) 344 (59.9)

ECG rhythm (%) 0.001

Sinus rhythm 446 (56.5) 268 (46.7)

Atrial fibrillation 262 (33.2) 239 (41.6)

Other 81 (10.3) 67 (11.7)

Echo visual estimation of LVEF (%) <0.001

<35 243 (32.3) 256 (46.7)

35–50 228 (30.3) 141 (25.7)

>50 281 (37.4) 151 (27.6)

Heart Failure Symptoms/Signs

Jugular Venous Distension, n (%) 428 (54.7) 319 (56.2) 0.623

Orthopnea, n (%) 471 (59.8) 290 (50.5) 0.001

Rales, n (%) 512 (64.9) 355 (62.0) 0.291

Peripheral edema, n (%) 531 (67.3) 393 (68.6) 0.658

Pulmonary edema, n (%) 594 (75.3) 378 (65.9) <0.001

Comorbidities/Risk factors

Hypertension, n (%) 789 (100.0) 131 (22.8) <0.001

Diabetes Mellitus, n (%) 305 (38.7) 193 (33.6) 0.065

Coronary Artery Disease, n (%) 213 (27.0) 224 (39.0) <0.001

Peripheral Arterial Disease, n (%) 64 (8.1) 39 (6.8) 0.421

Chronic Obstructive Pulmonary Disease, n (%) 78 (9.9) 53 (9.2) 0.756

Smoker, n (%) 287 (36.4) 212 (37.0) 0.858

Laboratory Variables

Hemoglobin (mean (SD)) 11.83 (2.23) 11.56 (2.36) 0.033

RDW-CV (mean (SD)) 14.56 (1.64) 15.56 (2.30) <0.001

White Blood Cells (median [IQR]) 7800 [5900, 10,400] 7000 [5500, 9300] <0.001

Glucose (mean (SD)) 166.65 (75.96) 157.20 (76.26) 0.026

Blood Urine Nitrogen (median [IQR]) 24.50 [17.80, 34.60] 25 [18.42, 36] 0.288

Creatinine (median [IQR]) 1.13 [0.86, 1.64] 1.12 [0.85, 1.58] 0.585

Estimated Glomerular Filtration Rate (mean (SD)) 55.17 (25.14) 58.00 (26.22) 0.044

Aspartate Aminotransferase (median [IQR]) 30 [23, 44] 33 [23, 49] 0.068

Alanine Aminotransferase (median [IQR]) 21 [14, 34] 22 [14, 37] 0.286

Na+ (mean (SD)) 139.20 (4.61) 138.28 (4.44) <0.001
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Table 1. Cont.

Variables
LHFRS = 0, 1

n = 789
LHFRS = 2–4

n = 574
p Value

CRP (median [IQR]) 0.58 [0.19, 2.26] 0.75 [0.22, 2.04] 0.175

Medications at admission

ACE-inhibitors, n (%) 135 (17.1) 99 (17.2) 1

Angiotensin Receptor Blockers, n (%) 296 (37.5) 121 (21.1) <0.001

Beta Blockers, n (%) 330 (42.0) 280 (49.0) 0.013

Mineralocorticoid Antagonists, n (%) 131 (16.6) 171 (29.8) <0.001

Loop diuretics, n (%) 376 (48.1) 332 (57.9) <0.001

Medications at discharge

ACE-inhibitors, n (%) 246 (32.8) 193 (36.2) 0.220

Angiotensin Receptor Blockers, n (%) 284 (37.8) 119 (22.3) <0.001

Beta Blockers, n (%) 546 (72.4) 395 (73.8) 0.616

Mineralocorticoid Antagonists, n (%) 318 (42.1) 264 (49.3) 0.012

Loop diuretics, n (%) 640 (84.7) 460 (85.7) 0.674

LVEF, left ventricular ejection fraction; RDW, red blood cell distribution width; CRP, C-reactive protein.
ECG: electrocardiogram, LVEF: left ventricular ejection fraction, RDW: red blood cell distribution width,
Na+: sodium, CRP: C-reactive protein, ACE-inhibitors: angiotensin converting enzyme inhibitors.

3.2. Study Outcomes

During a median follow-up of 1 year, 284 deaths were observed: SCD (n = 23), heart
failure deaths (n = 125), other cardiovascular deaths (n = 48), and non-cardiovascular deaths
(n = 88). Patients with LHFRS 2–4 exhibited a significantly higher risk of SCD compared to
those with LHFRS 0,1 (HR hazard ratio adjusted for AHEAD score 3.15, 95% confidence
interval (CI) (1.30–7.65), p = 0.011) (Figure 1A, Table 2). The results were similar when
medical treatment at discharge and estimated glomerular filtration rate (eGFR) were used
also for risk adjustment (Please see Supplementary Table S1). Patients with LHFRS 2–4
demonstrated a significantly higher risk of HF death compared to those with LHFRS 0,1
(adjusted HR for AHEAD score 1.48, 95% CI (1.04–2.09), p = 0.03) (Figure 1B, Table 2).

Figure 1. Cumulative incidence curves for (A) sudden cardiac death (SCD), (B) heart failure (HF)
death, (C) cardiovascular (CV) death, and (D) non-cardiovascular (non-CV) death, based on the
Larissa Heart Failure Risk Score (LHFRS).
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Table 2. Comparison of risk (unadjusted and adjusted for the AHEAD score) of sudden cardiac death
(SCD), heart failure (HF) death, cardiovascular (CV) death, and non-cardiovascular (non-CV) death,
in patients with LHFRS 0, 1 vs. LHFRS 2–4.

Sudden Cardiac Death

Groups
Unadjusted Adjusted for AHEAD Score

HR 95% CI p Value HR 95% CI p Value

AHEAD score 1.33 1.02–1.72 0.033 1.23 0.93–1.63 0.15

LARISSA Score 0,1 1 (Reference) 1 (Reference)

LARISSA Score 2–4 3.14 1.29–7.61 0.008 3.15 1.30–7.65 0.011

Heart Failure Death

Groups
Unadjusted Adjusted for AHEAD score

HR 95% CI p value HR 95% CI p value

AHEAD score 1.43 1.24–1.64 <0.001 1.38 1.18–1.60 <0.001

LARISSA Score 0,1 1 (Reference) 1 (Reference)

LARISSA Score 2–4 1.46 1.03–2.07 0.034 1.48 1.04–2.09 0.03

Cardiovascular Death

Groups
Unadjusted Adjusted for AHEAD score

HR 95% CI p value HR 95% CI p value

AHEAD score 1.38 1.23–1.54 <0.001 1.32 1.17–1.49 <0.001

LARISSA Score 0,1 1 (Reference) 1 (Reference)

LARISSA Score 2–4 1.43 1.08–1.89 0.012 1.44 1.09–1.91 0.01

Non-cardiovascular Death

Groups
Unadjusted Adjusted for AHEAD score

HR 95% CI p value HR 95% CI p value

AHEAD score 1.26 1.09–1.47 0.002 1.28 1.13–1.42 0.003

LARISSA Score 0,1 1 (Reference) 1 (Reference)

LARISSA Score 2–4 1.44 0.95–2.18 0.089 1.44 0.95–2.19 0.087

Regarding cardiovascular death, patients with higher LHFRS had a significantly
increased risk compared to those with lower LHFRS (HR 1.44 adjusted for AHEAD score,
95% CI (1.09–1.91), p = 0.01) (Figure 1C, Table 2). Lastly, patients with higher LHFRS
exhibited a numerically higher risk of non-cardiovascular death compared to those with
lower LHFRS, but it did not reach a statistically significant threshold (HR 1.44 adjusted for
AHEAD score, 95% CI (0.95–2.19), p = 0.087) (Figure 1D, Table 2). LVEF did not modify
the association between high/low LHFRS scores and the study outcomes (all p values for
interaction were >0.05).

4. Discussion

In the REALITY-AHF trial, patients with AHF admitted to the ED were studied
concerning the time of the first administration of IV diuretics and its clinical implication.
A time-to-treatment benefit was observed, as patients with early diuretic administration
(<60 min) demonstrated significantly lower in-hospital mortality [8,10]. The LHFRS was
validated in the REALITY-AHF as an independent predictor of the primary and secondary
outcomes of all-cause mortality and HF readmission [7]. In the present study, the cause
of death was adjudicated according to the score’s three very specific variables: history of
hypertension, history of coronary artery disease/myocardial infarction, and RDW value. A
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higher risk of SCD, HF death, and a significantly increased risk of cardiovascular death in
the groups with higher LHFRS (2–4) highlighted those in greater hazard.

In the present analysis, we noticed that in the higher (2–4) group, a significant proportion
of patients (27.6%) had preserved left ventricular ejection fraction (LVEF), whereas 32.3% of
patients had LVEF <35%. This study population, which also encompasses patients with lower
mean age, is a significant peril of SCD [13]. Since previous trials and risk scores using LVEF as
a discriminator failed to demonstrate a significant benefit in patients with preserved LVEF,
a notable proportion of HF patients forfeit treatment for SCD prevention, such as sacubitril-
valsartan [14]. In the present work, we observed an independent association between the
LHFRS and the mode of death, without considering LVEF, and provided a larger group
of patients with prompt and appropriate medical care [15,16]. Since arrhythmic death is
the cause in the majority of cases with SCD, patients in the aforementioned group would
benefit from SCD reduction approaches, such as ventricular ectopy invigilation during their
hospitalization and outpatients. A recent meta-analysis of seven randomized clinical trials,
including patients with HF and reduced or preserved LVEF, revealed an association between
the use of sodium-glucose transport protein 2 (SGLT2) inhibitors and reduced risk of SCD
(risk ratios: 0.68; 95% [CI]: 0.48–0.95; p = 0.03; I2 = 0%) [17].

Another differentiating characteristic between LHFRS and the majority of the rest risk
scores in HF is the ability of the first to reveal “high risk” AHF patients at the time of initial
hospitalization, whereas most other models were applied to patients with chronic HF. The
Seattle Heart Failure Model (SHFM) provides information about the likely mode of death
among ambulatory HF patients, and the prognostication of the mode of death in PARAGON
was evaluated in a group of patients with chronic HF [18,19]. Likewise, the evaluation of the
mode of death in the PARADIGM-HF patients was achieved not on a single time point but
integrated baseline characteristics as well as covariates that were collected from outpatient
visits [20]. Similarly, CHARM, GISSI-HF, and MAGGIC prediction scores were performed
in ambulatory HF patients [21]. The Metabolic Exercise test data combined with Cardiac
and Kidney Indexes (MECKI) score is an established risk model in patients with systolic HF
(i.e., LVEF < 40%) consisting of six variables: hemoglobin, serum sodium, kidney function
by means of modification of diet in renal disease (MDRD), echocardiographic left ventricle
ejection fraction, peak oxygen consumption (% predicted) and VE/VCO2 slope [22]. It was
developed 10 years ago based on 2715 HF patients recruited and prospectively followed
in 13 Italian HF centers and demonstrated excellent predictive value for the combined
endpoint of death or heart transplantation with an area under the curve (AUC) ranging
from 0.80 for events occurring within one year to 0.76 for events occurring within four
years [23]. The MECKI score has been validated in different populations and has been
proven to be a simple, practical tool for risk stratification in HF patients.

The contribution of risk stratification models in clinical practice is principal since they
can change the trajectory of the disease by providing the option of timely therapy. However,
their applicability in daily clinical practice has not been established, as most physicians
find their use challenging [24,25]. The LHFRS is an easily obtainable risk stratification
model since it consists of only three variables, which are typically obtained early at every
admission in the ED. Other prognostic risk models have also been established in AHF,
such as the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients
with Heart Failure (OPTIMIZE-HF) scoring system [26], the Acute Decompensated Heart
failure/N-Terminal proB-type Natriuretic Peptide (ADHF/NT-proBNP) risk score [27,28],
the Acute Physiology and Chronic Health Evaluation-Heart Failure (APACHE-HF) scoring
system [29] and the Evaluation Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness (ESCAPE) discharge model [30]. The OPTIMIZE-HF scoring
system is a useful bedside tool that includes the following eight variables: age, weight,
systolic blood pressure, sodium, creatinine, history of liver disease, history of depression,
and history of reactive airway disease. The scoring system has been utilized for the
prediction of mortality risk (C-index of 0.72) in hospitalized HF patients within 60 days
after their discharge [26]. The ADHF/NT-proBNP risk score contains a total of eight
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variables (chronic obstructive pulmonary disease, systolic blood pressure, eGFR, serum
sodium, hemoglobin, NT-proBNP, LVEF, and tricuspid regurgitation moderate to severe),
and the possible total score ranges from 0 to 22 [27]. The ADHF/NT-proBNP score exhibited
an excellent discriminative ability for the endpoint of 1-year mortality (C index of 0.839) in
a cohort of 453 ADHF patients (derivation cohort) and was successfully validated (C index
of 0.768) in a cohort of 371 ADHF patients (validation cohort) [27]. The ADHF/NT-proBNP
score has also been reported to predict 1-year mortality in 445 hospitalized advanced
HF patients [28]. The APACHE- HF scoring system (mean arterial pressure, pulse, serum
sodium, serum potassium, hematocrit, serum creatinine, age, and Glasgow Coma Scale) was
found to be reliable in predicting adverse outcomes in 824 AHF patients and outperformed
the more complex APACHE II (body temperature, mean blood pressure, pulse, respiratory
rate, A-a DO2 (FiO2 ≥ 0.5), PaO2 (FiO2 < 0.5), arterial blood, serum sodium, serum
potassium, hematocrit, creatinine, white blood cells, and Glasgow Coma Scale), as well as
the modified APACHE II scoring system (age, mean blood pressure, pulse, serum sodium,
serum potassium, serum creatinine, and Glasgow Coma Scale) [29]. The ESCAPE discharge
risk model (age, blood urine nitrogen, 6 min walking test, sodium, cardiopulmonary
resuscitation/mechanical ventilation, diuretic dose, no beta-blocker at discharge, discharge
brain natriuretic peptide (BNP)) has been shown to predict the risk of death at 6 months
(C-index of 0.739) in a cohort of 423 patients with advanced decompensated systolic HF [30].
However, the majority of these risk models are either complicated, using many variables,
or limited to systolic HF groups.

Among the comparison of major HF risk models, including CHARM, MAGGIC,
GISSI-HF, and SHFM, MAGGIC showed the best overall accuracy in predicting one-
year mortality, using 11 variables, whereas SHFM, being the most sophisticated, using
24 variables, demonstrated a lower overestimation of mortality [18,21,31]. On the other
hand, the use of oversimplified risk scores may be of doubtful clinical value. Thus, the use
of bilirubin level as a discriminator in PRAISE (The Prospective Randomized Amlodipine
Evaluation Study) cohort patients signified an increased risk of pump failure death but
failed to detect those in danger of SCD [32].

5. Strengths and Limitations

The LHFRS was validated in the REALITY-HF patient population and applied to
hospitalized patients only. Certainly, in the trajectory of HF, emerging biomarkers, such as
electrolyte disturbances, hypoalbuminemia, and hyperuricemia, can significantly influence
the disease outcome and should be monitored in an extended timeline. However, previous
analyses have been mainly limited to chronic HF patients. Another substantial limitation
is that, due to the disunity of HF pathophysiology, at present LHFRS cannot be used to
guide treatment in AHF. Lastly, patients participating in the REALITY-AHF were not on the
more recently approved life-prolonging HF drugs (endorsed by international guidelines),
such as angiotensin receptor neprilysin inhibitor (ARNI) or SGLT2 inhibitors [33,34], since
enrollment of these patients took place earlier (2014–2015); therefore, these drugs were not
available. Despite these limitations, the present work demonstrates, for the first time, the
independent association of simple LHFRS with SCD and death from heart (pump) failure in
a “real world” cohort of hospitalized patients with AHF. In this regard, a high LHFRS score
may identify patients at a greater risk of SCD, HF, or cardiovascular death and orientate
them to close monitoring in established HF centers.

6. Conclusions

Increased LHFRS was independently associated with SCD and HF death in a prospec-
tive cohort of AHF patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12113722/s1, Table S1. Comparison of risk of sudden cardiac
death (SCD) in patients with LHFRS 0,1 vs. LHFRS 2–4.

69



J. Clin. Med. 2023, 12, 3722

Author Contributions: Conceptualization, A.X. and T.K.; methodology, A.X., T.K., Y.M., G.G., J.S.
and F.T.; validation, A.B., Y.F. and S.O.; formal analysis, T.K.; investigation, Y.F., S.O., E.A., S.S.,
M.Y., K.K. and T.O.; data curation, Y.F., S.O., E.A., S.S., M.Y., K.K. and T.O.; writing—original draft
preparation, A.X., A.B. and T.K.; writing—review and editing, Y.M., G.G., J.S. and F.T.; visualization,
A.X., A.B., T.K. and Y.M.; supervision, A.X., T.K., Y.M., F.T. and J.S. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of each
participating center (UMIN000014105).

Informed Consent Statement: As obtaining written informed consent at the ED may cause a delay
in the ED management timeline and subsequently bias the results, we used an opt-out method for
participant recruitment. All participants were notified of their participation in the study and it was
explained that they were free to opt out of the participation at any time.

Data Availability Statement: The registry focused on very early presentation and treatment in the
emergency department of acute heart failure syndrome (REALITY-AHF) (UMIN000014105).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ziaeian, B.; Fonarow, G.C. Epidemiology and aetiology of heart failure. Nat. Rev. Cardiol. 2016, 13, 368–378. [CrossRef] [PubMed]
2. Groenewegen, A.; Rutten, F.H.; Mosterd, A.; Hoes, A.W. Epidemiology of heart failure. Eur. J. Heart Fail. 2020, 22, 1342–1356.

[CrossRef] [PubMed]
3. Roger, V.L. Epidemiology of Heart Failure: A Contemporary Perspective. Circ. Res. 2021, 128, 1421–1434. [CrossRef]
4. Loungani, R.S.; Teerlink, J.R.; Metra, M.; Allen, L.A.; Butler, J.; Carson, P.E.; Chen, C.W.; Cotter, G.; Davison, B.A.; Eapen, Z.J.; et al.

Cause of Death in Patients with Acute Heart Failure: Insights From RELAX-AHF-2. JACC Heart Fail. 2020, 8, 999–1008. [CrossRef]
5. Xanthopoulos, A.; Giamouzis, G.; Tryposkiadis, K.; Paraskevopoulou, E.; Karagiannis, G.; Patsilinakos, S.; Parissis, J.; Farmakis,

D.; Butler, J.; Skoularigis, J.; et al. A simple score for early risk stratification in acute heart failure. Int. J. Cardiol. 2016, 230, 248–254.
[CrossRef] [PubMed]

6. Xanthopoulos, A.; Tryposkiadis, K.; Giamouzis, G.; Konstantinou, D.; Giannakoulas, G.; Karvounis, H.; Kattan, M.W.; Skoularigis,
J.; Parissis, J.; Starling, R.C.; et al. Larissa Heart Failure Risk Score: A proposed simple score for risk stratification in chronic heart
failure. Eur. J. Heart Fail. 2017, 20, 614–616. [CrossRef]

7. Kitai, T.; Xanthopoulos, A.; Tang, W.W.; Kaji, S.; Furukawa, Y.; Oishi, S.; Akiyama, E.; Suzuki, S.; Yamamoto, M.; Kida, K.; et al.
Validation of the Larissa Heart Failure Risk Score for risk stratification in acute heart failure. Int. J. Cardiol. 2019, 307, 119–124.
[CrossRef]

8. Matsue, Y.; Damman, K.; Voors, A.A.; Kagiyama, N.; Yamaguchi, T.; Kuroda, S.; Okumura, T.; Kida, K.; Mizuno, A.; Oishi, S.; et al.
Time-to-Furosemide Treatment and Mortality in Patients Hospitalized with Acute Heart Failure. J. Am. Coll. Cardiol. 2017, 69,
3042–3051. [CrossRef]

9. Kitai, T.; Tang, W.H.W.; Xanthopoulos, A.; Murai, R.; Yamane, T.; Kim, K.; Oishi, S.; Akiyama, E.; Suzuki, S.; Yamamoto, M.; et al.
Impact of early treatment with intravenous vasodilators and blood pressure reduction in acute heart failure. Open Heart 2018, 5, e000845.
[CrossRef]

10. Kagiyama, N.; Matsue, Y. The time-to-treatment concept in acute heart failure: Lessons and implications from REALITY-AHF.
Anatol. J. Cardiol. 2018, 20, 125–129. [CrossRef]

11. Spinar, J.; Jarkovsky, J.; Spinarova, L.; Mebazaa, A.; Gayat, E.; Vitovec, J.; Linhart, A.; Widimsky, P.; Miklik, R.; Zeman, K.; et al.
AHEAD score—Long-term risk classification in acute heart failure. Int. J. Cardiol. 2015, 202, 21–26. [CrossRef]

12. Chen, Y.J.; Sung, S.H.; Cheng, H.M.; Huang, W.M.; Wu, C.L.; Huang, C.J.; Hsu, P.F.; Yeh, J.S.; Guo, C.Y.; Yu, W.C.; et al. Performance
of AHEAD Score in an Asian Cohort of Acute Heart Failure with Either Preserved or Reduced Left Ventricular Systolic Function.
J. Am. Heart Assoc. 2017, 6, e004297. [CrossRef] [PubMed]

13. Vaduganathan, M.; Patel, R.B.; Shah, S.J.; Butler, J. Sudden cardiac death in heart failure with preserved ejection fraction: A target
for therapy? Heart Fail. Rev. 2016, 21, 455–462. [CrossRef] [PubMed]

14. Rohde, L.E.; Chatterjee, N.A.; Vaduganathan, M.; Claggett, B.; Packer, M.; Desai, A.S.; Zile, M.; Rouleau, J.; Swedberg, K.;
Lefkowitz, M.; et al. Sacubitril/Valsartan and Sudden Cardiac Death According to Implantable Cardioverter-Defibrillator Use
and Heart Failure Cause: A PARADIGM-HF Analysis. JACC Heart Fail. 2020, 8, 844–855. [CrossRef]

15. Odajima, S.; Tanaka, H.; Fujimoto, W.; Kuroda, K.; Yamashita, S.; Imanishi, J.; Iwasaki, M.; Todoroki, T.; Okuda, M.; Hayashi,
T.; et al. Efficacy of Renin-angiotensin-aldosterone-system inhibitors for heart failure with preserved ejection fraction and left
ventricular hypertrophy -from the KUNIUMI Registry Acute Cohort. J. Cardiol. 2022, 79, 703–710. [CrossRef]

70



J. Clin. Med. 2023, 12, 3722

16. Saku, K.; Yokota, S.; Nishikawa, T.; Kinugawa, K. Interventional heart failure therapy: A new concept fighting against heart
failure. J. Cardiol. 2021, 80, 101–109. [CrossRef]

17. Oates, C.P.; Santos-Gallego, C.G.; Smith, A.; Basyal, B.; Moss, N.; Kawamura, I.; Musikantow, D.R.; Turagam, M.K.; Miller, M.A.;
Whang, W.; et al. SGLT2 inhibitors reduce sudden cardiac death risk in heart failure: Meta-analysis of randomized clinical trials.
J. Cardiovasc. Electrophysiol. 2023, 34, 1277–1285. [CrossRef] [PubMed]

18. Mozaffarian, D.; Anker, S.D.; Anand, I.; Linker, D.T.; Sullivan, M.D.; Cleland, J.G.; Carson, P.E.; Maggioni, A.P.; Mann, D.L.; Pitt,
B.; et al. Prediction of mode of death in heart failure: The Seattle Heart Failure Model. Circulation 2007, 116, 392–398. [CrossRef]
[PubMed]

19. Desai, A.S.; Vaduganathan, M.; Cleland, J.G.; Claggett, B.L.; Barkoudah, E.; Finn, P.; McCausland, F.R.; Yilmaz, M.B.; Lefkowitz,
M.; Shi, V.; et al. Mode of Death in Patients with Heart Failure and Preserved Ejection Fraction: Insights From PARAGON-HF
Trial. Circ. Heart Fail. 2021, 14, e008597. [CrossRef]

20. Rohde, L.E.; Vaduganathan, M.; Claggett, B.L.; Polanczyk, C.A.; Dorbala, P.; Packer, M.; Desai, A.S.; Zile, M.; Rouleau, J.;
Swedberg, K.; et al. Dynamic changes in cardiovascular and systemic parameters prior to sudden cardiac death in heart failure
with reduced ejection fraction: A PARADIGM-HF analysis. Eur. J. Heart Fail. 2021, 23, 1346–1356. [CrossRef]

21. Canepa, M.; Fonseca, C.; Chioncel, O.; Laroche, C.; Crespo-Leiro, M.G.; Coats, A.J.; Mebazaa, A.; Piepoli, M.F.; Tavazzi, L.;
Maggioni, A.P.; et al. Performance of Prognostic Risk Scores in Chronic Heart Failure Patients Enrolled in the European Society of
Cardiology Heart Failure Long-Term Registry. JACC: Heart Fail. 2018, 6, 452–462. [CrossRef] [PubMed]

22. Agostoni, P.; Corrà, U.; Cattadori, G.; Veglia, F.; La Gioia, R.; Scardovi, A.B.; Emdin, M.; Metra, M.; Sinagra, G.; Limongelli, G.; et al.
Metabolic exercise test data combined with cardiac and kidney indexes, the MECKI score: A multiparametric approach to heart
failure prognosis. Int. J. Cardiol. 2013, 167, 2710–2718. [CrossRef] [PubMed]

23. Salvioni, E.; Bonomi, A.; Re, F.; Mapelli, M.; Mattavelli, I.; Vitale, G.; Sarullo, F.M.; Palermo, P.; Veglia, F.; Agostoni, P. The MECKI
score initiative: Development and state of the art. Eur. J. Prev. Cardiol. 2020, 27, 5–11. [CrossRef] [PubMed]

24. Tung, Y.-C.; Chang, G.-M.; Chang, H.-Y.; Yu, T.-H. Relationship between Early Physician Follow-Up and 30-Day Readmission
after Acute Myocardial Infarction and Heart Failure. PLoS ONE 2017, 12, e0170061. [CrossRef] [PubMed]

25. Miró, O.; Rossello, X.; Platz, E.; Masip, J.; Gualandro, D.M.; Peacock, W.F.; Price, S.; Cullen, L.; DiSomma, S.; de Oliveira, M.T., Jr.; et al.
Risk stratification scores for patients with acute heart failure in the Emergency Department: A systematic review. Eur. Heart J. Acute
Cardiovasc. Care 2020, 9, 375–398. [CrossRef]

26. O’Connor, C.M.; Abraham, W.T.; Albert, N.M.; Clare, R.; Stough, W.G.; Gheorghiade, M.; Greenberg, B.H.; Yancy, C.W.; Young,
J.B.; Fonarow, G.C. Predictors of mortality after discharge in patients hospitalized with heart failure: An analysis from the
Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF). Am. Heart J.
2008, 156, 662–673. [CrossRef]

27. Scrutinio, D.; Ammirati, E.; Guida, P.; Passantino, A.; Raimondo, R.; Guida, V.; Braga, S.S.; Pedretti, R.; Lagioia, R.; Frigerio, M.; et al.
Clinical utility of N-terminal pro-B-type natriuretic peptide for risk stratification of patients with acute decompensated heart failure.
Derivation and validation of the ADHF/NT-proBNP risk score. Int. J. Cardiol. 2013, 168, 2120–2126. [CrossRef]

28. Scrutinio, D.; Ammirati, E.; Guida, P.; Passantino, A.; Raimondo, R.; Guida, V.; Sarzi Braga, S.; Canova, P.; Mastropasqua,
F.; Frigerio, M.; et al. The ADHF/NT-proBNP risk score to predict 1-year mortality in hospitalized patients with advanced
decompensated heart failure. J. Heart Lung Transpl. 2014, 33, 404–411. [CrossRef]

29. Okazaki, H.; Shirakabe, A.; Hata, N.; Yamamoto, M.; Kobayashi, N.; Shinada, T.; Tomita, K.; Tsurumi, M.; Matsushita, M.;
Yamamoto, Y.; et al. New scoring system (APACHE-HF) for predicting adverse outcomes in patients with acute heart failure:
Evaluation of the APACHE II and Modified APACHE II scoring systems. J. Cardiol. 2014, 64, 441–449. [CrossRef]

30. O’Connor, C.M.; Hasselblad, V.; Mehta, R.H.; Tasissa, G.; Califf, R.M.; Fiuzat, M.; Rogers, J.G.; Leier, C.V.; Stevenson, L.W. Triage
After Hospitalization with Advanced Heart Failure: The ESCAPE (Evaluation Study of Congestive Heart Failure and Pulmonary
Artery Catheterization Effectiveness) Risk Model and Discharge Score. J. Am. Coll. Cardiol. 2010, 55, 872–878. [CrossRef]

31. Rogers, J.K.; Pocock, S.J.; McMurray, J.J.; Granger, C.B.; Michelson, E.L.; Östergren, J.; Pfeffer, M.A.; Solomon, S.D.; Swedberg,
K.; Yusuf, S. Analysing recurrent hospitalizations in heart failure: A review of statistical methodology, with application to
CHARM-Preserved. Eur. J. Heart Fail. 2013, 16, 33–40. [CrossRef] [PubMed]

32. Wu, A.H.; Levy, W.; Welch, K.B.; Neuberg, G.W.; O’Connor, C.M.; Carson, P.E.; Miller, A.B.; Ghali, J.K. Association Between
Bilirubin and Mode of Death in Severe Systolic Heart Failure. Am. J. Cardiol. 2013, 111, 1192–1197. [CrossRef] [PubMed]

33. McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Böhm, M.; Burri, H.; Butler, J.; Čelutkienė, J.; Chioncel, O.; et al. 2021
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Abstract: Background: Pancreatic cancer surgery is related to significant mortality, thus necessitating
the accurate assessment of perioperative risk to enhance treatment decision making. A Surgical
Outcome Risk Tool (SORT) and SORT v2 have been developed to provide enhanced risk stratification.
Our aim was to validate the accuracy of SORT and SORT v2 in pancreatic cancer surgery. Method:
Two hundred and twelve patients were included and underwent pancreatic surgery for cancer. The
surgeries were performed by a single surgical team in a single tertiary hospital (2016–2022). We
assessed a total of four risk models: SORT, SORT v2, POSSUM (Physiology and Operative Severity
Score for the enumeration of Mortality and Morbidity), and P-POSSUM (Portsmouth-POSSUM). The
accuracy of the model was evaluated using an observed-to-expected (O:E) ratio and the area under
the curve (AUC). Results: The 30-day mortality rate was 3.3% (7 patients). Both SORT and SORT v2
demonstrated excellent discrimination traits (AUC: 0.98 and AUC: 0.98, respectively) and provided
the best-performing calibration in the total analysis. However, both tools underestimated the 30-day
mortality. Furthermore, both reported a high level of calibration and discrimination in the subgroup
of patients undergoing pancreaticoduodenectomy, with previous ERCP, and CA19-9 ≥ 500 U/mL.
Conclusions: SORT and SORT v2 are efficient risk-assessment tools that should be adopted in the
perioperative pathway, shared decision-making (SDM) process, and counseling of patients with
pancreatic cancer undergoing surgery.

Keywords: risk assessment; risk tool; sort; surgical outcome risk tool; pancreatic cancer

1. Introduction

Pancreatic cancer (PC) represents a major cancer-related cause of death and is currently
the fourth most common cause of cancer-related mortality in the USA [1,2]. Most of the
cases diagnosed with PC are adenocarcinomas (PDAC) and are commonly located in the
pancreatic head or neck [3,4]. In spite of the important advances in anticancer research,
PC-associated mortality continues to rise and the prognosis continues to be poor. Thus,
it is projected that by 2030, PC will represent the second-highest cancer-related cause of
mortality [5,6], with most patients undergoing potentially curative surgery. The treatment
strategy for pancreatic cancer should be multidisciplinary, including regimens of chemo-
and radiotherapy in conjunction with surgery [7]. On this basis, there is an urgent need
for an accurate assessment of the patient’s perioperative risk to facilitate shared decision-
making (SDM) and the informed consent process while raising the standards of clinical
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practice quality on the perioperative pathway. In addition, the adoption of a specific
and sensitive risk-stratification tool allows for the accurate comparative evaluation of
surgical results among institutions, departments, and surgeons for either service evaluation
or clinical audit. Several such tools have been implemented into clinical practice [8].
Despite the increasing interest in more advanced risk-stratification tools, risk prediction
models remain the most easily accessible choice for this purpose. Nonetheless, they are
not frequently employed in everyday practice, potentially due to poor awareness amongst
clinicians and with concerns about their accuracy and complexity [9].

The Surgical Outcome Risk Tool (SORT) was proposed following the 2011 National
Confidential Enquiry into Patient Outcome and Death (NCEPOD) report [9]. It was de-
veloped with the goal of providing a tool that could easily provide an enhanced level of
risk stratification for surgical patients in a user-friendly manner [9]. In order to be user-
friendly, SORT utilizes only six clinical data variables [9]. Currently, it has been compared
favorably with other previously validated risk-stratification tools, such as the ASA physical
status (ASA PS) grade, and has been externally validated in groups of patients undergoing
hip fracture surgery [10] and colorectal surgery [11]. In both groups [10,11], SORT was
associated with acceptable discrimination and calibration levels.

Our previous study implementing preliminary outcomes [12] was the first to validate
SORT in patients undergoing surgery for pancreatic cancer, but we did not perform a
comparison with other traditional risk-stratification tools. Furthermore, in that study [12],
the number of included patients was limited. In addition, an updated version of SORT
(SORT v2) has been developed that takes into consideration the physician’s risk estimation
of the surgery [13]. In this context, the present study aimed to validate the SORT and SORT
v2 models in adult patients undergoing surgery for pancreatic cancer and compare them
with other traditional risk prediction models.

2. Methods

2.1. Data Extraction Strategy

The current study was performed according to a protocol designed and agreed upon by
all authors. Data were extracted from a prospectively maintained database of consecutive
patients with pancreatic cancer who underwent surgery between 1 January 2015, and
31 August 2022. All procedures were performed by a single surgical team led by the
senior author (D.Z.) at the Department of Surgery, University Hospital of Larissa, Greece.
Ethical approval was obtained by the Scientific Committee of the hospital (Protocol number:
50271/30-10-19). Informed consent was waived based on the retrospective nature of the
present study. No imputation methods were employed for missing data.

We extracted and included data regarding age, gender, body mass index (BMI), ASA
(American Society of Anesthesiology) grade, history of previous operations, operative
priority, surgical severity, malignancy status, staging, and type of procedure. We defined
mortality as any patient death that occurred during the first 30 days or during the hospital
stay if longer than 30 days. The predicted risk of mortality was determined using the SORT
and SORT v2 models. Moreover, the predicted mortality was calculated by employing
POSSUM and P-POSSUM for all patients. In all cases where the patients’ data were
incomplete, they were excluded from the analysis.

In order to identify the accuracy of each model, we performed separate sensitivity
analyses. These additional analyses were performed to evaluate the discrimination and
calibration traits of each model relevant to predicting the perioperative mortality risk
based on (1) a procedure-related variable: surgical operation (pancreaticoduodenectomy or
total pancreatectomy or distal pancreatectomy); (2) cancer-related variables: CA19-9 levels
(≥500 mU/L vs. <500 mU/L), neoadjuvant treatment (received or not); and (3) patient-
related variables: age (≥70 vs. <70), pre-operative ERCP (yes or no), and postoperative
pancreatic fistula (POPF) (yes or no). The risk for POPF was assessed using the formula
described by Weng et al. [14]. We employed these variables given that they might affect
postoperative mortality.
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2.2. Primary and Secondary Endpoints

The validation of the SORT and SORT v2 models in adult patients with PC undergoing
surgery was set as the primary endpoint of the present study. Secondary endpoints included
(1) the comparison of SORT and SORT v2 with the POSSUM and P-POSSUM models
regarding their discrimination and calibration traits in predicting perioperative mortality
and (2) a subgroup sensitivity analysis.

2.3. Statistical Analysis

The SORT score was calculated using the method and web platform developed and
proposed by Protopappa et al. [9], in addition with the updated version incorporating
subjective information to calculate the SORT v2 score [13]. The SORT and SORT v2 models
implement five variables: ASA physical status, operative priority level (elective, urgent,
immediate), surgical specialties (gastrointestinal, thoracic, or vascular surgery), surgical
severity (major/complex), and malignancy status, age (65–79 or ≥80 years). Surgical
severity is calculated automatically upon the entry of procedure details. According to
the developers’ guidelines, if the procedure performed is not listed, the nearest available
procedure is used for calculation [13]. The procedures from the list we used were “total
pancreatectomy” and “distal pancreatectomy”, both associated with major severity. SORT
v2 also implements the physician’s perceived mortality risk [13]. The POSSUM and P-
POSSUM scores were calculated by employing the method proposed by Copland [15] and
Prytherch [16], respectively.

Discrimination (the ability to distinguish patients who died from patients who did
not die) and calibration (the ability to successfully predict the mortality rate) traits of the
SORT and SORT v2 models were assessed. Discrimination was assessed by producing
receiver-operating characteristic (ROC) curves and calculating the area under the ROC
curve (AUC). The AUC was determined by calculating the 95% confidence intervals and
was compared by employing nonparametric paired tests, as described by DeLong [17]. The
model discrimination was defined as poor, fair, or excellent when the AUC was of <0.70,
0.70–0.79, and 0.80–1.00, respectively [17].

The calibration was calculated for each included model by measuring the expected
mortality and then comparing it with the observed mortality. An observed-to-expected
ratio of 1 represented perfect accuracy, a ratio < 1 represented an overestimation of mortality
rate, and a ratio of >1 demonstrated an underprediction. Furthermore, calibration was
also assessed by employing the Hosmer–Lemeshow (H-L) goodness of fit test, with a lack
of fit defined as a p-value ≤ 0.05 [18]. In cases where the outcome variable separated the
predictor variable completely, a perfect separation was described.

All extracted data were tabulated using Microsoft® Excel 16.61 (Microsoft, Redmond,
WA, USA) and were analyzed by employing Prism® Graphpad 9.3.1 for Mac (GraphPad
Software, San Diego, CA, USA).

3. Results

3.1. Baseline Patient Characteristics

The findings of the current study are presented in accordance with the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) guidelines [19].
The trial flowchart for the study, which demonstrates the data extraction strategy, is reported
in Figure 1. In total, 252 patients were screened, and 212 patients were finally incorporated.
The patients’ baseline characteristics are presented in Table 1. Of the total group, 78 (36.8%) fe-
male patients were included, with a mean age of 67.2 (standard deviation (SD)—10.5) years.
Most of the cases presented with a re-sectable tumor (71.7%) and underwent an elective proce-
dure (91.5%). The tumor was located primarily in the head (180 patients—84.9%) of patients.
Most of the cases were PDAC 190 (89.6%), with a mean CA19-9 of 502.9 (SD: 1136) U/mL.
A total of 178 (84%) patients underwent pancreaticoduodenectomy, sixteen (7.5%) a total
pancreatectomy, and eighteen (8.5%) a distal pancreatectomy. Finally, the overall 30-day
mortality rate was 3.3%.
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Figure 1. Trial flow.

3.2. Performance of SORT and SORT v2 Models in the Total Dataset

The performance of SORT is presented in Table 2 and Figure 2. In fact, SORT
was associated with an excellent discrimination level in the total analysis (AUC: 0.98
(95% CI: 0.95–1.00); p = 0.001). SORT v2 presented similar discrimination (AUC: 0.98
(95% CI: 0.97–1.00); p = 0.001). Furthermore, SORT demonstrated the lowest Hosmer–Lemeshow
value (H-L: 2.97; p = 0.71), thus showing the best-performing calibration for all models in the total
analysis. SORT v2 demonstrated the second-lowest H–L value (H-L: 5.46; p = 0.49). Nonetheless,
both SORT and SORT v2 underestimated the mortality determined by observed/expected ratios
of >1.

3.3. Comparison of SORT and SORT v2 with Other Mortality Prediction Models in the Entire Dataset

The POSSUM (AUC: 0.72 (95% CI: 0.57–0.88); p = 0.045) and P-POSSUM (AUC: 0.75
(95% CI: 0.64–0.86); p = 0.025) were associated with a fair discrimination level (Table 2),
though both underestimated mortality (Table 2).

3.4. Performance of Mortality Prediction Models in Subgroups

The outcomes derived from the subgroup analysis are shown in Table 3 and Figure 3.
The SORT and SORT v2 models demonstrated an excellent discrimination level in predict-
ing perioperative mortality in all subgroups. In certain subgroups, SORT and SORT v2
models demonstrated a perfect separation, which is translated into a perfect prediction
of mortality (Table 3). Furthermore, POSSUM and P-POSSUM were inferior in terms of
the discrimination level in most of the subgroups when compared with SORT and SORT
v2. In addition, SORT demonstrated a high level of calibration in all subgroups, with the
lowest value reported in patients undergoing pancreaticoduodenectomy with high levels
of CA19-9 and a previous ERCP. In all subgroup analyses except “ERCP or No ERCP”,
SORT and SORT v2 underestimated the perioperative mortality.
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Table 1. Patient baseline characteristics.

Baseline Characteristics Number of Patients, n = 212

Female, n (%) 78 (36.8)

Mean age, years (SD) 67.2 (10.5)
Age ≥ 70 (%) 82 (38.7)

BMI, (SD) 26.5 (1.9)
Mean previous Operations, n (SD) 1.9 (1)

Pre-operative ERCP, n (%) 82 (38.7)
ASA Class, n (%)

I 48 (22.6)
II 112 (52.8)
III 42 (19.8)
IV 10 (4.7)

Stage, n (%)

Re-sectable 152 (71.7)
Borderline re-sectable 60 (28.3)

Mean CA19-9, U/mL (SD) 502.9 (1138)
CA19-9 ≥ 500 U/mL, n (%) 162 (76.4)
CA19-9 < 500 U/mL, n (%) 50 (23.6)

Neoadjuvant treatment, n (%) 56 (26.4)

Operative priority

Elective 194 (91.5)
Acute 18 (8.5)

Cancer site, n (%)

Head/Vater 180 (84.9)
Body 14 (6.6)
Tail 18 (8.5)

Pathology, n (%)

PDAC 190 (89.6)
NET 14 (6.6)

Other 8 (3.8)

Surgical Operation, n (%)

Pancreaticoduodenectomy 178 (84)
Total pancreatectomy 16 (7.5)
Distal pancreatectomy 18 (8.5)

30-day mortality 7 (3.3)

Abbreviations: ASA: American Society of Anesthesiologists; BMI: Body Mass Index; PDAC: Pancreatic ductal
adenocarcinoma; NET: Neuroendocrine Tumor; CA19-9: Carbohydrate antigen 19-9.

Table 2. Discrimination and calibration traits for each score regarding the prediction of mortality in
patients with pancreatic cancer undergoing surgery.

Scoring Systems O E O:E
Discrimination Calibration

AUC (95% CI) p H-L p

POSSUM 7 0 - 0.72 (0.57–0.88) 0.045 17.47 0.03
P-POSSUM 7 0 - 0.75 (0.64–0.86) 0.025 9.47 0.31

SORT 7 4 1.75 0.98 (0.95–1.00) <0.001 2.97 0.71
SORT v2 7 4 1.75 0.98 (0.97–1.00) <0.001 5.46 0.49

Abbreviations: O: observed; E: expected; AUC: area under curve; 95% CI: 95% confidence interval;
H–L: Hosmer–Lemeshow.
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Figure 2. Receiver Operating Characteristic (ROC) curves regarding the discrimination of each model
in the total study population. ROC curves regarding. (a). Surgical Outcome Risk Tool (SORT), (b).
SORT v2, (c). Physiological and Operative Severity Score (POSSUM), (d). Portsmouth-POSSUM
(P-POSSUM).

Table 3. Discrimination and calibration traits of each score for predicting mortality in certain subgroups.

Scoring Systems O E O:E
Discrimination Calibration

AUC (95% CI) p H-L p

Pancreaticoduodenectomy (n = 178)

POSSUM 5 0 - 0.67 (0.50–0.84) 0.193 9.56 0.297
P-POSSUM 5 0 - 0.75 (0.64–0.86) 0.055 11.18 0.192

SORT 5 2 2.5 0.96 (0.92–1.00) <0.001 2.89 0.822
SORT v2 5 2 2.5 0.98 (0.95–1.00) <0.001 6.87 0.443

Total pancreatectomy (n = 16)

POSSUM perfect seperation
P-POSSUM ps

SORT ps
SORT v2 ps

Distal pancreatectomy (n = 18)

POSSUM 2 2 1 0.88 (0.71–1.00) 0.092 6.82 0.556
P-POSSUM 2 0 - 0.75 (0.54–0.96) 0.261 17.09 0.017
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Table 3. Cont.

Scoring Systems O E O:E
Discrimination Calibration

AUC (95% CI) p H-L p

SORT ps
SORT v2 ps

CA19-9 ≥ 500 mU/L (n = 162)

POSSUM 5 0 - 0.69 (0.51–0.86) 0.157 9.30 0.318
P-POSSUM 5 0 - 0.76 (0.65–0.87) 0.048 9.88 0.274

SORT 5 2 2.5 0.96 (0.91–1.00) <0.001 2.82 0.831
SORT v2 5 2 2.5 0.97 (0.95–1.00) <0.001 6.76 0.562

CA19-9 < 500 mU/L (n = 50)

POSSUM 2 0 - 0.79 (0.68–0.91) 0.166 18.94 0.015
P-POSSUM 2 0 - 0.71 (0.58–0.84) 0.322 15.29 0.054

SORT ps
SORT v2 ps

Neoadjuvant treatment (n = 56)

POSSUM 3 2 1.5 0.98 (0.95–1.00) 0.005 0.41 >0.999
P-POSSUM 3 1 3 0.95 (0.88–1.00) 0.009 21.89 0.003

SORT 3 2 1.5 0.91 (0.81–1.00) 0.018 0.83 0.997
SORT v2 3 2 1.5 0.98 (0.95–1.00) 0.005 3.63 0.822

No neoadjuvant treatment (n = 156)

POSSUM 4 0 - 0.63 (0.42–0.85) 0.370 16.73 0.033
P-POSSUM 4 0 - 0.74 (0.62–0.86) 0.104 12.14 0.145

SORT ps
SORT v2 4 2 2 0.99 (0.9671.00) <0.001 1.29 0.972

≥70 (n = 82)

POSSUM 2 0 - 0.53 (0.26–0.79) 0.904 8.65 0.373
P-POSSUM 4 0 - 0.65 (0.45–0.84) 0.322 8.52 0.384

SORT 4 2 2 0.94 (0.86–1.00) 0.003 4.50 0.480
SORT v2 4 2 2 0.97 (0.94–1.00) 0.001 0.71 0.994

<70 (n = 130)

POSSUM 3 0 - 0.92 (0.87–0.97) 0.014 22.27 0.004
P-POSSUM 3 0 - 0.82 (0.75–0.89) 0.059 12.24 0.141

SORT ps
SORT v2 3 2 1.5 0.98 (0.96–1.00) 0.004 1.18 0.947

ERCP (n = 82)

POSSUM 5 4 1.25 0.83 (0.66–1.00) 0.001 16.71 0.033
P-POSSUM 5 2 2.5 0.89 (0.89–1.00) 0.001 6.88 0.550

SORT 5 2 2.5 0.93 (0.85–1.00) 0.001 2.23 0.973
SORT v2 3 2 1.5 0.97 (0.94–1.00) <0.001 36.27 <0.001

No ERCP (n = 130)

POSSUM 2 0 - 0.81 (0.75–0.88) 0.130 11.38 0.181
P-POSSUM 2 0 - 0.79 (0.63–0.95) 0.156 7.76 0.458

SORT ps
SORT v2 2 2 1 0.98 (0.96–1.00) 0.019 0.52 0.991

High risk for POPF

POSSUM 4 4 1 0.94 (0.86–1.00) 0.005 6.22 0.622
P-POSSUM 4 2 2 0.91 (0.80–1.00) 0.009 5.64 0.688

SORT 4 3 1.33 0.92 (0.81–1.00) 0.008 0.88 0.997
SORT v2 4 3 1.33 0.98 (0.93–1.00) 0.002 17.81 0.013

Low risk for POPF

POSSUM 3 0 - 0.59 (0.34–0.84) 0.59 10.60 0.225
P-POSSUM 3 0 - 0.74 (0.67–0.81) 0.15 27.26 0.001

SORT ps
SORT v2 3 2 1.5 0.98 (0.97–1.00) 0.004 1.11 0.981

Abbreviations: O: observed; E: expected; AUC: area under curve; 95% CI: 95% confidence interval; H–L: Hosmer–
Lemeshow; ps: perfect separation, which is translated into a perfect prediction of mortality; ERCP: endoscopic
retrograde cholangiopancreatography; POPF: postoperative pancreatic fistula; Surgical Outcome Risk Tool (SORT);
SORT v2; Physiological and Operative Severity Score (POSSUM); Portsmouth-POSSUM (P-POSSUM).
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Figure 3. Receiver Operating Characteristic (ROC) curves regarding the discrimination of Surgical
Outcome Risk Tool (SORT) and SORT v2 in the following subgroups: (a,b): pancreaticoduodenec-
tomy procedure; (c,d): CA19-9 ≥ 500; (e,f): age ≥ 70; (g,h): pre-operative endoscopic retrograde
cholangiopancreatography (ERCP); (i,j): High risk for postoperative pancreatic fistula (POPF).
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4. Discussion

The current original trial represents the first attempt to validate SORT and SORT v2
models in (1) PC surgery and (2) compare them with additional traditional risk models such
as POSSUM and P-POSSUM, and (3) perform a sensitivity subgroup analysis. This study
also represents the first external validation of SORT v2 currently provided in the literature
and especially in PC surgical patients. The outcomes provided by the present study directly
affect daily clinical practice, suggesting the potential value of SORT and SORT v2 in the
perioperative pathway and during the counseling and shared decision-making (SDM)
processes for patients with PC scheduled for surgery.

SORT remains a useful and probably the most user-friendly risk-stratification tool.
It was developed by Protopapa et al. [9], who aimed to accurately predict the 30-day
mortality in an objective manner. The present trial demonstrated that six pre-operatively
available clinical variables could efficiently predict postoperative mortality with a higher
accuracy compared to other traditional risk assessment tools, such as ASA-PS [9]. In the
same context, SORT v2 was proposed as an enhanced version of the original SORT as
it implements the physician’s perception of the perioperative mortality risk [13]. Other
risk-stratification tools that have been implemented in clinical practice and were included
for comparison in the current study are POSSUM and P-POSSUM. Given that both patients
and physicians have implemented these tools in the SDM process, it was important to
compare them with SORT and SORT v2. In addition, according to recent evidence [15],
traditional risk-stratification tools, such as POSSUM and P-POSSUM, were associated
with poor accuracy, while new models are required to provide enhanced calibration and
discrimination traits, according to findings derived from prospectively collected data [15].
Our outcomes provide a response to this call for enhanced risk-stratification models in the
setting of PC surgery. SORT and SORT v2 demonstrated the best-performing discrimination
and calibration characteristics compared with all other risk-stratification models assessed in
the present study. Our outcomes not only follow the preliminary outcomes of our previous
study [12] but also highlight the superiority of both tools compared with POSSUM and
P-POSSUM and validate SORT v2 for the first time. In this context, the outcomes of this
study have direct implications for the SDM process of patients with PC regarding their
postoperative mortality risk, thus helping patients to co-shape their treatment strategy.

The efficiency of both SORT and SORT v2 was also demonstrated in the sensitivity
subgroup analyses. SORT and SORT v2 were associated with excellent discrimination traits
and enhanced calibration. However, we should further stress our comparative outcomes
regarding patients undergoing pancreaticoduodenectomy with raised levels of CA19-9 and
pre-operative ERCP. In this group, SORT and SORT v2 demonstrated excellent calibration
and discrimination traits and showed significantly lower H–L values compared to POSSUM
and P-POSSUM. Patients with these baseline characteristics represent the most difficult
cases faced by our HPB multi-disciplinary teams. These are commonly symptomatic
patients, diagnosed through a thorough diagnostic workup after presenting with jaundice.
At that stage, they commonly present CA19-9 levels over 500 U/mL, thus demonstrating
an aggressive tumor biology, although the tumor is borderline resectable in most of these
cases. They also commonly undergo ERCP stenting to alleviate jaundice prior to surgery,
especially in cases in which neoadjuvant treatment is chosen. In this context, it is of great
importance to have access to such an effective and reliable risk-stratification tool during the
MDT meetings when such complex cases are discussed, in addition to during the patients’
counseling process.

We have not found a significant difference between SORT and SORT v2, thus proposing
that the physicians’ estimation of perioperative mortality risk does not significantly affect
the original SORT outcomes. Nonetheless, in all analyses, SORT v2 demonstrated slightly
better discrimination and calibration compared with SORT. Consequently, it would be
interesting to investigate whether there is a discrepancy between SORT and SORT v2
in patients undergoing pancreaticoduodenectomy with vascular reconstruction. Despite
our original intention to perform such a subgroup analysis, there were limited available
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cases that underwent pancreaticoduodenectomy with major vascular reconstruction to
perform further analyses. Consequently, this clinically relevant question requires further
investigation by a future trial mainly focusing on complex cases. Moreover, the findings of
the current study regarding the value of clinical variables employed by SORT remain in
accordance with the evidence provided by administrative datasets [20]. Finally, according to
our outcomes, SORT and SORT v2 are associated with higher accuracy compared with other
pre-operative (BH 2009—Barwon Health 2009) [21] and intraoperative risk-stratification
tools (SAS—Surgical Apgar Score) [22], while remaining user-friendly as they implement
six clinical variables.

Although POSSUM and P-POSSUM have been extensively validated [2], SORT and
SORT v2 have certain advantages. To begin, both tools incorporate only six pre-operative
variables, significantly fewer compared with the eighteen perioperative variables of POS-
SUM and P-POSSUM. They are thus significantly easier to implement in real-life clinical
practice. Moreover, POSSUM and P-POSSUM include intra- and postoperative variables
that are not available during the pre-operative assessment. Finally, (P-)POSSUM contains
certain subjective variables, thus increasing the interobserver variability and heterogeneity
and posing a certain bias.

The current study is associated with certain limitations. One limitation is associated
with the study design, given that it is a single-institution retrospective trial. Nonetheless, it
should be noted that all data was prospectively collected, the patients were consecutive,
the surgical team remained the same, and the surgeon’s bias regarding patient or surgi-
cal approach selection was minimized as this was decided based on MDT suggestions
and patients’ choices after extensive counseling. In addition, given that one of the most
important postoperative complications associated with high morbidity and mortality in
pancreatic surgery is POPF, there is a certain limitation related to the lack of this variable in
the formulas of all the risk-stratification tools implemented in the present study.

The current outcomes demonstrate that SORT and SORT v2 are feasible, friendly,
and efficient risk-stratification tools that should be implemented in the pre-operative
counseling and SDM process of patients with PC undergoing surgery, thus enhancing
clinical quality in a cost-effective manner. In addition, they are useful instruments to be
taken into consideration during multidisciplinary meetings when examining complex cases
associated with comorbidities and frailty.

5. Conclusions

In the present study, we validated the SORT and SORT v2 risk-stratification models in
adult patients undergoing surgery for pancreatic cancer. Both tools demonstrated the best-
performing discrimination and calibration compared with POSSUM and P-POSSUM. The
value of SORT and SORT v2 was further confirmed by sensitivity subgroup analyses. Both
tools are associated with excellent discrimination and calibration, especially in patients with
PC undergoing pancreaticoduodenectomy with pre-operative ERCP and CA19-9 levels
over 500 U/mL. SORT represents a feasible and efficient risk stratification tool that can be
easily implemented in the perioperative pathway of patients with PC.
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Abstract: The present review discusses restrictive perioperative fluid protocols within enhanced
recovery after surgery (ERAS) pathways. Standardized definitions of a restrictive or liberal fluid
regimen are lacking since they depend on conflicting evidence, institutional protocols, and personal
preferences. Challenges related to restrictive fluid protocols are related to proper patient selection
within standardized ERAS protocols. On the other hand, invasive goal-directed fluid therapy
(GDFT) is reserved for more challenging disease presentations and polymorbid and frail patients.
While the perfusion rate (mL/kg/h) appears less predictive for postoperative outcomes, the authors
identified critical thresholds related to total intravenous fluids and weight gain. These thresholds are
discussed within the available evidence. The authors aim to introduce their institutional approach to
standardized practice.

Keywords: perioperative; enhanced recovery; fluid management; guidance

1. Introduction

Over the last 20 years, fluid management has been increasingly recognized as a
sensitive and modifiable parameter of perioperative care, directly affecting postoperative
outcomes [1–3]. However, the optimal amount of perioperative fluid administration is
controversial, and standardized definitions of a restrictive or liberal regimen are lacking
due to conflicting evidence, institutional protocols, and personal preferences [4,5]. In line
with these findings, a recent meta-analysis revealed various intra- and postoperative fluid
volumes [6].

On the one hand, peri- and postoperative fluids are essential to maintain adequate
organ perfusion and tissue fluid homeostasis [7]. An overly restrictive approach may
lead to hypotension and decreased organ perfusion, ultimately associated with acute
kidney injury (AKI) [4]. Furthermore, perioperative organ injury due to both inflammation
and ischemia (due to a demand–supply mismatch) represents a potential hazard, thus
needing preventive measures and close perioperative monitoring [8]. Enhanced recovery
after surgery (ERAS) pathways aim to decrease the physiological surgical stress response
represented by a state of insulin resistance [9]. Several measures, including preoperative
carbohydrate loading, perioperative feeding strategies, minimally invasive surgery, and
early resumption of a normal diet help to modulate the stress response, promote insulin
sensitivity, and attenuate the breakdown of protein. Further consequences related to
decreased organ perfusion due to an overly restrictive approach may be cardiovascular
dysfunction (perioperative myocardial ischemia due to tachycardia, hypotension, hypoxia,
or anemia), neurological complications (including confusional states or delirium), and
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intestinal dysfunction (including splanchnic or anastomotic hypoperfusion), which may be
exacerbated by an excessive use of vasopressors [10,11].

On the other hand, fluid overload may result in harmful “third space” weight gain, as-
sociated with higher rates of pulmonary complications, postoperative ileus, altered mental
status, and edema-related anastomotic complications, thus impeding postoperative recov-
ery [12–16]. Furthermore, an excessive extracellular fluid volume may lead to abdominal
compartment syndrome, which by itself may trigger adverse physiologic effects such as
respiratory failure and renal failure [17]. In light of these findings, definitions must be set
to guide clinical practice.

In the setting of established ERAS pathways, the authors’ institutions attempted to
identify “safety” fluid thresholds for colorectal resections [13,18,19]. The present review
aims to define optimal fluid management, provide an overview of suggested thresholds,
and discuss this institutional practice in the light of available evidence.

2. What Is Optimal Fluid Management?

Optimal fluid management implies a normovolemic state during and beyond the sur-
gical procedure without fluid management-related complications due to overly restrictive
or generous fluid administration, least possible postoperative weight gain, and prompt
functional recovery. Whether a specific patient can be managed by noninvasive monitoring
and according to a “zero fluid” approach as suggested by the ERAS guidelines mainly
depends on the disease presentation, physiological state at the time of surgery, comorbidi-
ties, and patient frailty [2]. A euvolemic, otherwise healthy patient without significant
comorbidities warranting close surveillance going into elective, minimally invasive surgery
is thus eligible for a standardized, restrictive fluid strategy, considering the physiologic
principles of euvolemia [5]. On the other hand, patients at risk presenting with an impaired
physical condition and distress due to a more acute or emergent disease presentation should
benefit from invasive monitoring techniques and be treated within a more liberal strategy
according to their physiologic reactions to surgery in a non-elective, acute setting [6]. This
is even more important given the fact that these fragile patients are prone to postoperative
morbidity and are not eligible for a simplified restrictive approach. On the contrary, man-
agement of these patients implies several critical perioperative assessments, including an
evaluation of fluid responsiveness triggering, if appropriate, the administration of fluid
boluses to increase stroke volume [20]. Of note, such a protocol does not necessarily need
hemodynamic monitoring devices for reliable prediction but can also be carried out using
echography after a passive leg raising test or by inferior vena cava evaluation, both in
mechanically ventilated and spontaneously breathing patients [21–23]. In line with these
basic principles, both authors’ institutions aimed to standardize fluid management over
the last years to implement preset thresholds related to IV fluids and weight gain as red
flags for guidance in clinical practice.

Definition of a Restrictive versus Liberal Approach

To date, there is no standardized definition of restrictive fluid therapy. The Enhanced
Recovery After Surgery (ERAS) guidelines recommend aiming for a “zero fluid” balance
and euvolemia intraoperatively and during the first postoperative days in patients un-
dergoing elective colorectal resections [24,25]. Pre-operatively, carbohydrate loading and
unrestricted access to clear fluids until 2 h before anesthesia induction help maintain fluid
homeostasis and initiate surgery in a euvolemic, physiological state. Intraoperatively, a
basal rate of crystalloid solution of <4 mL/kg/h is recommended [24,26]. This approach has
been considered “restrictive”; however, its interpretation and application in clinical practice
remain vague and subjective. Patients requiring goal-directed fluid therapy (GDFT) should
receive boluses to maintain the cardiac stroke volume and, hence, central normovolemia [6].
However, recent guidance reserves a GDFT approach for high-risk patients (e.g., frailty
and cardiopulmonary dysfunction) and high-risk procedures (e.g., emergent setting and
disease-related distress) with large intravascular fluid loss [25,27,28]. Postoperatively, both
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early IV fluid lock and resumption of liquids and solids allow for adherence to the natural
process of fluid homeostasis according to individual needs [29].

In a recent meta-analysis including 18 randomized controlled trials, the median
intraoperative fluid administrated in the restrictive group was 1930 mL (interquartile
range (IQR): 1480–2470 mL) compared to 3880 mL (IQR: 3000–4400 mL) in the liberal
group [30]. On postoperative day 1, the median volume of intravenous fluids was 2340 mL
(IQR 1640–3530 mL) versus 4350 mL (3100–5330 mL), respectively. However, important
differences were observed among individual trials regarding total fluid volumes in the
restrictive and liberal groups [30,31]. Consequently, a liberal approach in a specific trial
could be equivalent to a restrictive approach in another trial [30,32]. While the concept
of fluid restriction outside high-risk patients and procedures is widely accepted, “safety”
thresholds may be valuable adjuncts and serve as red flags for clinical guidance during
anesthesia and postoperative surveillance. Several randomized controlled trials compared
both approaches (restrictive vs. liberal) and reported on fluid-related thresholds and
postoperative complications, as summarized in Table 1.

Table 1 provides an overview of published RCTs comparing restrictive and liberal
groups.

Table 1. Randomized controlled trials comparing restrictive and liberal fluid regimens.

Study (Year) Surgery N Total Fluids
IV Fluid

Management
mL/kg/h

Weight Day
2 (Δ, kg)

Outcomes
Restrictive Group

Lobo 2002 [5]
Elective CS

(cancer)

10 (R) 11.6L (IV +
oral) 3000 (POD 0)

NA
0 ↓ LOS, ↓ gastric

emptying

10 (L) 18L (IV +
oral) 5700 (POD 0) 3 ↓ time to stool

Brandstrup
2003 [33] Elective CRS

69 (R) 3.8L (IV +
oral POD 0) 2700 (POD 0)

NA
1 ↓ cardiopulmonary +

tissue-healing
complications72 (L) 6.2L (IV +

oral POD 0) 5400 (POD 0) 3.8

Nisanevich
2005 [34]

Major
abdominal

surgery

77 (R)
NA

1400 (IO), 2200
(POD1) 4 RL (IO) 0.5 (POD 1) ↓ LOS, ↓ time to

flatus/stool
75(L) 3900 (IO), 2000

(POD1)
12 RL
(IO) 1.9 (POD 1)

Kabon 2005
[35] Elective CS

124 (R)
NA

2500 (IO) 8–10 RL
(IO) NA → SSI, nausea

129 (L) 3900 (IO) 16–18 RL
(IO)

MacKay 2006
[36] Elective CS

39 (R)
NA

2000 (IO), 2000
(POD1) NA NA

→ time to
flatus/stool, LOS

31 (L) 2750 (IO), 2600
(POD1)

Holte 2007
[37] Elective CS

16 (R) 1600 (POD 0) 1140 (IO) 5–7 RL 0.8 → complications,
time to stool, LOS16 (L) 5100 (POD 0) 3900 (IO) 18 RL 2.9

Muller 2009
[38] Elective CS

76 (R) 2700 (POD 0) 1900 (IO) 5 RL (IO)
NA ↓ complications, ↓

LOS75 (L) 5200 (POD 0) 3000 (IO) 10 RL
(IO)

Aguilar-
Nascimento

2009 [39]

Major
abdominal

surgery

28 (R) 9.2 L 4400 (IO) 17
NA

↓ LOS, ↓ pulmonary
complications33 (L) 11.7 L 5400 (IO) 20
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Table 1. Cont.

Study (Year) Surgery N Total Fluids
IV Fluid

Management
mL/kg/h

Weight Day
2 (Δ, kg)

Outcomes
Restrictive Group

Futier 2010
[40]

Major
abdominal

surgery

36 (R
GDT)

NA
3400 (IO) 7.7

NA
↑ complications

(leak, sepsis)5600
(IO) 12.2 24 (C

GDT)

Abraham-
Nordling
2012 [41]

Elective CRS

79 (R)

NA

3100 (POD0)

NA 0.8
2.9

↓ overall
complications,

82 (L) 5800 (POD0)
→ LOS, leak, AKI,

↑ cardiac
complications

Kaylan 2013
[42] Elective CRS

121 (R)
NA

1000 (IO), 1900
(POD0) 5–7 (L,

IO)

−1.4 → major
complications, LOS,

mortality119 (L) 2000 (IO), 3300
(POD0) 1.3

Hong-Ying
2014 [43]

Elective CRS
(cancer)

96 (R)
NA

1600 (IO)
NA

0.9 ↓ overall
complications,

89 (L) 3100 (IO) 2.8 ↑ cardiac
complications

Phan 2014
[44] Elective CRS

50 (R)
NA

1500 (IO) 5 (both
groups) NA

→LOS, minor/major
complications50 (L) 2100 (IO)

Gomez-
Izquierdo
2017 [45]

Elective CRS
64

(GDT)
64 (L)

NA 1500 (IO)
2400 (IO)

6 (GDT)
12

0.6
0

→ ileus, LOS,
surgical and medical

complications

Myles 2018
[4]

Major
abdominal

surgery

1490 (R)
NA

1700 (IO), 3700
(24 h) NA NA

↑ AKI

1493 (L) 3000 (IO), 6100
(24 h) → sepsis, mortality

IV—intravenous, CS—colon surgery, CRS—colorectal surgery, R—restrictive, L—liberal, GDT—goal-directed
therapy, NA—not available, LOS—length of stay, POD—postoperative day, IO—intraoperative, AKI—acute
kidney injury. Total fluids relate to the total LOS unless specified otherwise. Arrow down: decreased, arrow up:
increased, regular arrow: same.

In a former meta-analysis, Varadhan et al. suggested stratifying fluid regimens of the
perioperative day into restrictive (<1750 mL/d), balanced (1750–2750 mL/d), and liberal
(>2750 mL/d) [32]. The balanced fluid range was calculated to compensate for the daily
physiological water loss for an average human in a homeostatic state, estimated between
25–35 mL/kg [46,47]. This volume is supposed to replace the perioperative body water loss
to approach a zero fluid balance. Interestingly, this upper cut-off of 2.7 L was independently
confirmed by an institutional series of the Mayo Clinic [13].

3. Impact of Fluid Overload on Postoperative Complications

A considerable weight gain of >6 kg after elective colorectal surgery has been observed
in several studies, requiring close postoperative surveillance to prevent associated com-
plications, especially in fragile patients prone to pulmonary complications [33]. However,
fluid management in these fragile patients represents a particular challenge given that
they are at increased risk of experiencing postoperative morbidity. This impedes uncritical
assumptions of cause (fluid overload) and effect (complications) patterns. While some of
the data suggest a modest correlation between total perioperative IV fluid administration
and weight gain [48,49], a dose–response correlation with consequent increased complica-
tion rates was observed by others [33,50]. Despite the seemingly easy-to-perform weight
measurements in the postoperative period, postoperative weight is reported in only 50% of
randomized controlled studies [30], Table 1.
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Fluid overload induces prolonged gastric emptying [5], which, together with bowel
edema and interstitial third space fluids, causes postoperative ileus (POI). The series of
both our institutions confirmed an independent effect of fluid overload and weight gain
on POI occurrence [18,51]. These findings were confirmed by others and independently
validated [52–54]. Furthermore, similar associations were observed in the setting of ostomy
procedures [55,56].

Pulmonary complications after surgery are a major concern, with an occurrence of up
to 23% [12,57]. Fluid overload of the interstitial space triggers pulmonary edema, especially
in patients with impaired cardiac function [57,58]. A significant decrease in mean blood
saturation on the second night after surgery was observed in patients within the liberal
fluid administration group; however, there was no increased morbidity in this study [37].
However, the results are conflicting, and cause–effect patterns are hard to establish in fragile
patients with cardiopulmonary impairment. Several studies, including an institutional
series, revealed that fluid overload and weight gain are associated with an increased risk of
pulmonary complications [12,50,59].

Impact of Fluid Management on Renal Function

While perioperative hypotension may impact on several organs, a major concern
of overly restrictive perioperative fluid administration is the development of AKI. The
evidence is conflicting. A meta-analysis revealed a higher AKI rate in the restrictive
group [30]. Further data suggest that even a minor increase in creatinine levels could
increase in-hospital mortality in non-cardiac surgical patients [60]. However, no cause–
effect patterns could be established due to its retrospective design. Myles et al. published
a large multicentric randomized controlled landmark trial comparing restrictive versus
liberal fluid administration in major abdominal surgery [4]. In their study, the restrictive
approach had no impact on disability-free survival but was associated with a statistically
significant AKI increase (8.6% vs. 5% in the restrictive and liberal groups, respectively).
Notably, around 50% of patients in this trial were not treated according to the ERAS
principles, impeding uncritical extrapolation of the results to the setting of our institutions
offering care within longstanding, established, and standardized ERAS pathways [61,62].
A sizeable institutional series of elective patients revealed a low AKI rate of 2.5% according
to loss of kidney function and end-stage kidney disease (RIFLE) criteria [63]. In another
series of our group, an intraoperative fluid range defined as “balanced” (300 mL–2700 mL)
was associated with the lowest rate of POI and a prolonged length of stay but not AKI [13].
Restrictive fluid management during elective colorectal resections appears safe if carried
out within standardized pathways and it is supported by respective societies [24,25,64].

4. Fluid Management in the Perioperative Period: Which Indicators

Intraoperative oliguria occurring in isolation should not trigger fluid boluses since
the predictive value for postoperative AKI appears low [65]. An institutional series of the
Mayo Clinic revealed that a certain degree of postoperative hypotension in up to 10% of
patients may persist for less than 20 h without negatively impacting AKI occurrence, which
affected <3% [66]. There is a broad consensus that a permissive attitude to physiologic
oliguria due to renal vasoconstriction can be adopted in the elective ERAS setting, pro-
viding no established cause exists [25]. Based on the available information, intraoperative
fluid management should be protocolized to determine an underlying physiologic problem
requiring reversal [67]. Standard monitoring integrating clinical data is thus likely sufficient
in low-risk procedures, combining maintenance fluids at a low rate of < 4 ml/kg/h in the
intraoperative and early postoperative period in the post-anesthesia care unit. Outside this
low-risk setting and depending on the surgical risk, GDFT, including advanced hemody-
namic monitoring devices, should be used as valuable adjuncts in higher-risk patients or
procedures, triggering fluid administration if a decreased cardiac output or surrogates are
suspected [68,69].
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5. Summary of Institutional Thresholds and Practice Guidance

Based on the above discussed evidence and considering a 7-year experience in ERAS
care in both authors’ institutions at that time, our groups aimed not only to focus on
established, evidence-based perioperative ERAS care but also to standardize fluid man-
agement [19]. The need to improve perioperative fluid management standards in our
institutions was motivated by the rather low compliance with guidelines, despite growing
ERAS experience [19]. Importantly, the aim was not to set inflexible, dogmatic thresholds
but to help with guidance in clinical practice. Restrictive fluid management through a
zero-balance practice in elective surgery represents one puzzle piece in a comprehensive
care pathway aiming to maintain a physiologic state throughout the perioperative period,
significantly impacting postoperative recovery [5].

In total, 11 cohort studies of the authors’ institutions described fluid management-
related thresholds, as summarized in Table 2.

Table 2. Fluid thresholds and related outcomes within the authors’ institutions.

Study (Year) Cohort N
Critical Fluid-Related

Threshold
Outcome Related to Fluid

Overload

Abd El Aziz 2022 [13] Elective CRS 2900 300–2700 mL (IO) ↑ POI, ↑ LOS, ↑ AKI

Grass 2022 [70] Elective CRS 5′398 3000 mL (IO) Impeded outpatient strategy in
selected patients

Butti 2020 [48] Major abdominal
surgery + IMC stay 111 3 kg (POD 2) Prolonged IMC stay

Grass 2020 [18] Elective CRS 4205
3000 mL ↑ POI2.5 kg (POD 2)

Grass 2020 [71] Elective CRS 5122 3000 mL (IO) Prolonged LOS > 48 h

Grass 2020 [72] Urgent colectomy 224
3000 mL (POD 0), ↑ overall complications

2.3 kg (POD 2)

Grass 2019 [63] Elective CRS 7103 3800 mL ↑ AKI

Hübner 2019 [50] Laparoscopic CRS 580
3000 mL (colon) ↑ overall, major, respiratory

complications4000 mL (rectum)

Grass 2019 [56] Loop ileostomy closure 238
1700 mL (POD 0) ↑ POI1.2 kg (POD 2)

Pache 2019 [73] Open CRS 121
3500 kg (POD 0) ↑ overall, respiratory

complications, prolonged LOS3.5 kg (POD 2)

Jurt 2018 [12] Elective CRS 1298 4 kg (POD 2) ↑ respiratory complications

IV—intravenous, CS—colon surgery, CRS—colorectal surgery, LOS—length of stay, POD—postoperative day,
IO—intraoperative, AKI—acute kidney injury, POI—postoperative ileus. Arrow down: decreased, arrow up:
increased, regular arrow: same.

The thresholds are displayed with their respective impact on specific outcomes or
clinical consequences. Three papers from the Lausanne group tried to identify thresholds
through receiver operating characteristics (ROC) curves in different surgical settings: mini-
mally invasive surgery [50], open surgery [73], and lastly, surgery for urgent indications [72].
Interestingly, the thresholds did not differ significantly across the different settings. The
Mayo group analyzed an independent large dataset of elective colorectal surgeries with a
focus on POI, prolonged LOS, and AKI, which were plotted against the rate of intraoper-
ative Ringer lactate (RL) infusion (mL/kg/h) and total intraoperative volume [13]. Total
intraoperative RL ≥2.7 L was independently associated with POI and prolonged LOS, but
not AKI. Of note, the infusion rate (ml/kg/h) was not retained as a superior predictive tool.
Further work focused on patients undergoing major surgery and needing postoperative
surveillance in an intermediate care unit [48]. In this particularly vulnerable subgroup
of patients, the fluid balance and weight course showed only a modest correlation. Both
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institutions further focused on POI in their analyses and found comparable results, with a
strong correlation of fluid overload and POI in patients undergoing major surgery [18] and
in patients undergoing loop ileostomy closure [56]. In the largest dataset of the Mayo group
with over 7000 patients, early AKI was very uncommon within the institutional ERP (2.5%),
and long-term sequelae were exceptionally low [63]. Interestingly, AKI patients received
higher amounts of POD 0 fluids and had increased postoperative weight gain at POD 2. A
further study of the Lausanne group revealed a protective effect of high compliance with
the ERAS protocol to prevent postoperative pulmonary complications [12]. A threshold of
4 kg at POD 2 appeared to be critical in this setting. Finally, both author groups showed
increasing interest in short stay processes in recent years, and excess intraoperative fluids
of >3 L turned out to impede early discharge and thus an outpatient strategy [70,71].

Taking the above summarized evidence together, a threshold of 3000 mL intraopera-
tively serves presently as a red flag in daily clinical practice in both authors’ institutions. In
addition to the mere focus on IV fluids, weight gain at postoperative day 2 turned out to be
a valid surrogate for fluid overload [18].

Besides IV fluid management, several further ERAS care items help to maintain tissue
homeostasis and an euvolemic state [24]. Preoperative carbohydrate loading helps to
attenuate the catabolic response through a reduction of insulin resistance in response to
surgery [74]. Clear fluids can be safely ingested until 2 h before surgery, whereas 6 h fasting
for solid food is sufficient [75]. While there is growing evidence in favor of combined
mechanical and oral antibiotic bowel preparation, mechanical bowel preparation alone
may lead to preoperative dehydration and electrolyte imbalances and should thus be
avoided [76]. Postoperatively, early oral nutrition is advocated and has proven its benefits
by several meta-analyses and has been endorsed by different nutritional societies [64].
Finally, early mobilization of at least 6 h per day is of utmost importance and helps to
prevent muscle loss and to promote functional recovery due to a direct prokinetic effect on
the intestines [77]. Figure 1 summarizes the pre, intra, and postoperative measures within
the institutions’ standardized ERAS protocol.

Figure 1. Schematic representation of fluid management-related recommendations within the authors’
institutional ERAS pathways.

6. Implications in Daily Clinical Practice

The fast track concept that eventually led to standardized ERAS pathways was in-
troduced 25 years ago by Henrik Kehlet and helped to simplify patient management by
targeting the quality and speed of postoperative recovery [78]. Standardization of care is a
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way to facilitate patient management and improve a multidisciplinary team approach [79].
This holds true for surgical technique, but also intraoperative management and patient
care in the ward. Postoperative care protocols with predefined care maps simplify the
workflow, especially for frequently performed procedures. Perioperative fluid management
represents a key element of ERAS care.

ERAS guidelines suggest aiming for a zero fluid balance for elective colorectal resec-
tions, while GDFT should be reserved for high-risk patients and procedures [24,25]. The
use of vasopressors is advocated when fluid boluses fail to improve the stroke volume
in order to prevent fluid overload [80]. The thresholds described in the present study
and used in the authors’ institutions cannot replace careful individual risk-stratification in
every patient before surgery. However, in the authors’ experience, they help with raising
awareness among both surgeons and anesthesiologists to discuss fluid management during
and after the procedure. Furthermore, a weight gain threshold of 2.5 kg at POD 2 serves as
a useful point of reference in the surgical ward. Postoperative body weight is easy to assess
and helps to timely launch counterregulatory measures [48,81]. In patients who exceed the
threshold, subsequent fluid restriction, diuretics, and the promotion of mobilization can be
initiated [50].

7. Conclusions

In conclusion, our practice of restrictive fluid management is based on institutional
thresholds to help guide clinical practice, aiming to prevent deleterious fluid overload-
related adverse outcomes.
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Abstract: Atrial fibrillation (AF) is the most common arrhythmia with a high burden of morbidity
including impaired quality of life and increased risk of thromboembolism. Early detection and
management of AF could prevent thromboembolic events. Artificial intelligence (AI)--based methods
in healthcare are developing quickly and can be proved as valuable for the detection of atrial
fibrillation. In this metanalysis, we aim to review the diagnostic accuracy of AI-based methods for the
diagnosis of atrial fibrillation. A predetermined search strategy was applied on four databases, the
PubMed on 31 August 2022, the Google Scholar and Cochrane Library on 3 September 2022, and the
Embase on 15 October 2022. The identified studies were screened by two independent investigators.
Studies assessing the diagnostic accuracy of AI-based devices for the detection of AF in adults
against a gold standard were selected. Qualitative and quantitative synthesis to calculate the pooled
sensitivity and specificity was performed, and the QUADAS-2 tool was used for the risk of bias and
applicability assessment. We screened 14,770 studies, from which 31 were eligible and included.
All were diagnostic accuracy studies with case–control or cohort design. The main technologies
used were: (a) photoplethysmography (PPG) with pooled sensitivity 95.1% and specificity 96.2%,
and (b) single-lead ECG with pooled sensitivity 92.3% and specificity 96.2%. In the PPG group,
0% to 43.2% of the tracings could not be classified using the AI algorithm as AF or not, and in
the single-lead ECG group, this figure fluctuated between 0% and 38%. Our analysis showed that
AI-based methods for the diagnosis of atrial fibrillation have high sensitivity and specificity for the
detection of AF. Further studies should examine whether utilization of these methods could improve
clinical outcomes.

Keywords: atrial fibrillation; artificial intelligence; screening

1. Introduction

Atrial fibrillation (AF) is the most common arrhythmia in adults worldwide. AF can
be completely asymptomatic, and often its initial presentation includes thromboembolic
events, such as strokes. It is estimated that more than 25% of strokes are caused by
previously asymptomatic atrial fibrillation. In most of the cases, the stroke could have been
prevented if the atrial fibrillation had been detected earlier, and the patients were started
on anticoagulation therapy [1].
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Given that many of the complications are preventable, many screening strategies
have been suggested [2,3]. Currently, the European Society of Cardiology (ESC) guidelines
suggest opportunistic screening for people above 65 years old, and systematic screening
for people > 75 years old or those with increased risk of stroke [3]. The recommended
screening tools include pulse check, single-lead ECG > 30 s. or 12-lead ECG interpreted by
a physician [3]. However, since AF is often paroxysmal, these screening methods result in
many false negative results, and therefore their use is limited [2].

Over the last few years, mobile heath technology has been developing quickly [4]. So
far, various mobile devices and smartwatches with AI algorithms have been developed
to detect AF and they demonstrate high diagnostic accuracy against a gold standard
(i.e., 12-lead ECG, single-lead ECG, telemetry, Holter monitor, or implantable cardiac
monitor) [5–7].

So far, the two main technologies used by AI-based devices to automatically detect
AF are the photoplethysmography (PPG) and the single-lead ECG. The former is a pho-
toelectric method that measures changes in blood volume in the peripheral vessels. PPG
devices consist of a light source and receptor, and based on the reflected light can detect
changes in the blood volume. These changes can be captured in a PPG trace which is then
interpreted by an AI algorithm [8,9]. The single-lead ECG methods consist of a portable or
wearable device which can record a single-lead ECG trace. To complete this assessment,
the individual is asked to keep two parts of their body (e.g., wrist and finger or two fingers,
etc.) in touch with the device for a pre-determined time. The recording is then transmitted
to an AI application for interpretation [10–12]. These AI methods classify their recordings
as “possible AF”, “normal” or “no AF”, “undiagnosable/unclassified”, or “error” [11,12].

Compared to the conventional methods, AI-based devices for the diagnosis of AF are
widely available, easy to use, and offer prolonged monitoring times, which increase the
chances of detecting paroxysmal episodes of AF [12]. If accurate, they can also accelerate
the decision-making process by the physicians, who could use these data without the need
to wait for further time-consuming investigations. In addition, single-lead ECG devices
can save the ECG tracings, which can then be reviewed by a physician.

On the other hand, the rapid increase in uncertified devices and applications can lead
to many false results. This can cause stress to the patients, unnecessary treatments and
investigations, and a cost burden for the health care systems [12]. Also, single-lead ECGs
are conducted by untrained individuals rather than trained health care professionals, which
can result in poor quality tracings and thus unreliable outcomes [12].

The aim of our study is to provide a systematic review and meta-analysis of the diag-
nostic accuracy of all the available AI-based methods for the diagnosis of atrial fibrillation.

2. Materials and Methods

This systematic review–metanalysis was designed and conducted based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [13]. PROSPERO registration: https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=357232 accessed on 10 July 2023 [14].

2.1. Inclusion and Exclusion Criteria

We included: (1) diagnostic studies with a cohort or case–control design, (2) studies
conducted in adults 18 years old and above, (3) studies which tested AI-based devices
to detect AF, (4) studies which used an acceptable reference standard interpreted via a
healthcare professional, including 12-lead ECG, 6-lead ECG, single-lead ECG, 3-lead Holter
monitor and telemetry, (5) studies that provided true positive, true negative, false positive,
and false negative results or provided enough data to calculate them, (6) studies in which
unclassified/unreadable results by the devices were reported separately.

Exclusion criteria included: (1) conference abstracts or studies without available full
text, (2) studies published in a language other than English, (3) studies that only provided
measurement-based instead of individual-based results, (4) studies that validated novel
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devices without automated interpretation, (5) studies in which the reference standard test
was not completed in all the participants.

Unclassified results are the ones that could not be classified by the automated algo-
rithm as AF or not AF. Unreadable results are the ones that could not be interpreted by the
automated algorithm, e.g., poor quality or short tracings.

2.2. Data Sources and Search Strategy

To identify all the relevant studies, we searched the databases: (1) PubMed, (2) Embase,
(3) Cochrane Library, and (4) Google Scholar. In addition, we conducted a manual search
for further eligible studies.

The search in PubMed was undertaken on 31 August 2022, in Cochrane Library and
Google Scholar on 3 September 2022 and in the Embase database on 15 October 2022.

The search strategy we used was:
((ai OR artificial intelligence OR machine learning OR ml OR deep learning OR neural

network OR wearables OR smartwatches OR wearable OR smartwatch OR applewatch
OR alivecor OR iECG) AND (diagnosis OR diagnosing OR detection OR detect OR detect-
ing) AND (af OR atrial fibrillation OR afib OR arrhythmia OR svt OR supraventricular
tachycardia OR atrial flutter OR tachycardia)).

The search strategy was created by the first author (NMS), reviewed by a second
member of the team (IMS), and approved by the supervising professor (AB).

2.3. Screening

The identified citations were imported in the web application Covidence, which is
endorsed by the Cochrane Collaboration for the conduction of systematic reviews [15]. The
screening was performed by two independent and blinded researchers (NMS and IMS).
Initially, duplicates were removed either automatically by the Covidence web app, or, less
frequently, manually by the researchers. Following that, we screened the studies by reading
the title and abstract, and then, for the selected studies, we performed a full-text review.
Studies that met our inclusion and exclusion criteria were selected. In case of disagreement,
the 2 researchers discussed until an agreement was reached.

2.4. Data Extraction

Data extraction was executed in Microsoft Excel, version 16.69. In case of uncertainty,
a second researcher was asked to extract the data for the study in question, which was then
discussed. In addition, when data calculation was impossible, the authors were contacted.
If this was impossible, the study was reviewed by the second researcher before exclusion.
For all the included studies, we extracted data including among others: the first author,
the year of publication, the setting (inpatient vs. outpatient), the study design, the name of
the device, the type of AI algorithm, the duration of the index test, the reference standard,
basic demographics, true positive and negative results, false positive and negative results,
and unclassified and unreadable results.

2.5. Assessment of Risk of Bias and Applicability

For the assessment of risk of bias and applicability, we used the quality assessment of
diagnostic accuracy studies—2 (QUADAS-2) tool, which is recommended by the Cochrane
Collaboration and the U.K. National Institute for Health and Care Excellence [16]. We
assessed each study in 4 domains (1) selection of participants, (2) index test, (3) reference
standard, (4) flow and timing. For each study, we also assessed the first 3 domains regarding
its applicability. We used predetermined signaling questions tailored to our review. The
assessment of risk of bias and applicability was performed by the main researcher (NMS).

2.6. Statistical Analysis

Data synthesis was conducted separately for the two main types of technology, photo-
plethysmography (PPG) and single-lead ECG. For the studies that tested technologies other
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than the above two, we did not perform a quantitative analysis due to lack of sufficient
data, however, we describe their results. As effect measures of diagnostic accuracy, we used
sensitivity and specificity. For the unclassified/unreadable results, we did not perform a
quantitative analysis, however we describe them separately for each group. To present
the unclassified/unreadable outcomes, we used their percentages out of total results as
the effect measure. Studies that tested more than one device/technology are included as
separate studies. We performed subgroup analysis on the PPG (inpatients vs. outpatients)
and single-lead ECG groups (inpatients vs. outpatients and duration of index test).

To calculate our summary values and create the graphical interpretations, we used
the mada package in R, version 4.2.3 (which uses the bivariate model of Reitsma, which is
equivalent with the HSROC of Rutter and Gatsonis when covariates are not used). Also, we
used the interactive online application MetaDTA, version 2.0 [17]. For the data synthesis,
we used the random effects methodology due to the expected clinical heterogeneity among
the studies. Due to the lack of a gold standard for the assessment of heterogeneity in
diagnostic accuracy studies, we used the Zhou and Dendukuri approach, which considers
the correlation between sensitivity and specificity for the calculation of I2 [18].

3. Results

3.1. Study Selection

The flowchart (Figure 1) illustrates our study selection process. We identified 14,770 stud-
ies from which 43 were selected. From those, 12 studies were excluded in a later stage. Six
of them were excluded because they only provided measurement-based, and not patient-
based, results [19–23]. The remaining six studies were excluded because they either did not
provide enough data or we were unable to communicate with the authors to provide data
for analysis [24–29]. In the end, 31 studies were included in our analysis (Figure 1).

Figure 1. Flow chart (n: number).
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3.2. Diagnostic Performance of Photoplethysmography (PPG) Devices
3.2.1. Study Characteristics of PPG Studies

We identified 12 diagnostic accuracy studies that tested PPG devices for the diagnosis
of atrial fibrillation. Their characteristics are summarized in Table 1. Nine studies had
a case–control design and three had a cohort design. The total number of participants
was 4579. The smallest study included 51 patients [30], and the biggest, 1057 [31]. Five
studies were conducted in an outpatient setting [11,31–34], five studies in an inpatient
setting [30,35–38] and two studies in both settings [39,40]. Eight studies [30,31,33,36–40]
used smartwatches, three studies [11,32,35] used mobile phones and one study [34] tested
the technology of a remote PPG with the use of industrial camera. Seven studies tested the
devices for up to 5 min [11,32,35–37,39,40], and the rest tested the devices from 10 min to up
to 1 week [30,31,33,34,38]. Three studies [36–38] tested more than one device/technology,
therefore each one was included as a separate study.

3.2.2. Assessment of Risk of Bias and Applicability of PPG Studies

Fourteen studies [11,34–40] were deemed high risk of bias in the participants’ domain,
and two studies [11,35] in the index test domain. The rest were deemed either low or
unclear risk of bias (Figure 2). The studies were low in risk regarding their applicability
(Figure 2).

3.2.3. Data Synthesis of the PPG Studies

The total sensitivity for the diagnosis of atrial fibrillation in the PPG group was 95.1%
(95% C.I. 92.5–96.8%), the specificity was 96.2% (95%C.I. 94.3–97.5%), the area under the
curve (AUC) for the SROC curve was 0.983 and the partial AUC was 0.961. The I2 was
12.5% (Figures 3 and 4).

Among the studies, the AF prevalence was found to be between 2.5% and 57%, with a
median prevalence of 44%. Based on these data, we used the total sensitivity and specificity
to calculate the predictive false results in 1000 patients, by using different prevalence
values. For prevalence of 5%, PPG devices would have resulted in 47 (95% C.I. 30–71) false
positive results and 2 (95% C.I. 1–3) false negative results in 1000 patients. For the median
prevalence of our studies, 44%, PPG devices would have resulted in 27 (95% C.I. 18–42)
false positive results and 17 (95% C.I. 11–25) false negative results in 1000 patients. For
a high prevalence of 60%, PPG devices would have resulted in 20 (95% C.I. 13–30) false
positive results and 23 (95% C.I. 15–34) false negative results in 1000 patients.

3.2.4. Subgroup Analysis (Inpatients vs. Outpatients) of the PPG Studies

We did not proceed to a formal subgroup analysis for the PPG studies due to the
low number of studies per subgroup, but also because we did not observe clusters in this
subgroup’s SROC curve (Figure 5).

3.2.5. Unclassified Unreadable Results of the PPG Studies

We found significant heterogeneity among the studies, regarding the unclassified/
unreadable results. The reported unclassified/unreadable results ranged from 0% at the
lowest [30–33,38] to 43.2% at the highest (Table 1) [37].
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Figure 2. Assessment of risk of bias and applicability of the PPG studies. (Väliaho et al., 2019
(A): testing the AFEvidence algorithm; Väliaho et al., 2019 (B): testing the COSEn algorithm; Väliaho
et al., 2021 (A): testing device performance when time interval between every measurement is 10 min;
Väliaho et al., 2021 (B): testing device performance when time interval between every measurement
is 20 min; Väliaho et al., 2021 (C): testing device performance when time interval between every
measurement is 30 min; Väliaho et al., 2021 (D): testing device performance when time interval
between every measurement is 60 min; Dörr et al., 2019 (A): testing performance of device when
recording for 1 min; Dörr et al., 2019 (B): testing performance of device when recording for 3 min;
Dörr et al., 2019 (C): testing performance of device when recording for 5 min).

3.3. Diagnostic Performance of Single-Lead ECG Devices
3.3.1. Study Characteristics of the Single-Lead ECG Studies

During our search, we identified 22 diagnostic accuracy studies that tested single-
lead ECG devices with AI-based algorithms for the diagnosis of atrial fibrillation. Their
characteristics are summarized in Table 1. Eleven studies had cohort design [11,32,40,42,
45,46,48,50,54,56,57] and the rest had case–control design [10,37,41,43,44,47,49,51–53,55].
The total number of participants was 6597. The smallest study included 50 patients [57]
and the biggest study included 1013 patients [32]. Eleven studies were conducted in
inpatient setting [37,41,43,45,46,50–52,54,55,57], 6 studies were conducted in outpatient
setting [10,11,32,48,49,56], 2 studies were conducted in both settings [40,44] and in 3 studies
the setting was not clear [42,47,53]. Eight studies tested smartwatches [10,40,42–44,47,50,
53] and the rest of studies tested other devices [11,32,37,41,45,46,48,49,51,52,54–57]. Five
studies [10,46,47,51,53] tested more than one device/technology, and therefore each one
included as a separate study.
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Figure 3. PPG group: (a) Forest plot of sensitivity; (b) forest plot of specificity. (Väliaho et al., 2019;
(A): testing the AFEvidence algorithm, Väliaho et al., 2019; (B): testing the COSEn algorithm, Väliaho
et al., 2021; (A): testing device performance when time interval between every measurement is 10 min,
Väliaho et al., 2021; (B): testing device performance when time interval between every measurement
is 20 min, Väliaho et al., 2021; (C): testing device performance when time interval between every
measurement is 30 min, Väliaho et al., 2021; (D): testing device performance when time interval
between every measurement is 60 min, Dörr et al., 2019; (A): testing performance of device when
recording for 1 min, Dörr et al., 2019; (B): testing performance of device when recording for 3 min,
Dörr et al., 2019; (C): testing performance of device when recording for 5 min).

Figure 4. PPG group random effects meta-analysis.
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Figure 5. Subgroup analysis of the PPG studies (inpatients vs. outpatients).

3.3.2. Assessment of Risk of Bias and Applicability of the Single-Lead ECG Studies

Twelve studies [11,37,40,41,43,45,47,49,52,55] were deemed to be at high risk of bias in
the participants’ domain, nine studies [11,32,45,49,51,54,57] in the index test domain, four
studies [45,53] in the reference standard domain, and two studies [11,45] were deemed to
be at high risk of bias in the flow and timing domain (Figure 3). The studies were low in
risk regarding their applicability (Figure 6).

3.3.3. Data Synthesis of the Single-Lead ECG Studies

The total sensitivity for the detection of atrial fibrillation by using single-lead ECG
was 92.3% (95% C.I. 88.9–94.8%), the specificity was 96.2% (95%C.I. 94.6–97.4%), the area
under the curve (AUC) for the SROC curve was 0.979, and the partial AUC was 0.939. The
I2 was 9.2% (Figures 7 and 8).

Among the studies, the AF prevalence was found to be between 2% and 61%, with
median prevalence 31%. Based on these data, we used the total sensitivity and specificity to
calculate the predictive false results in 1000 patients, by using different prevalence values.
For a prevalence of 5%, a single-lead ECG device would have resulted in 73 (95% C.I.
49–106) false positive results and 2 (95% C.I. 1–3) false negative results in 1000 patients. For
the median prevalence of our studies, 31%, a single-lead ECG device would have resulted
in 53 (95% C.I. 36–77) false positive results and 12 (95% C.I. 8–17) false negative results in
1000 patients. For a high prevalence of 60%, a single-lead ECG device would have resulted
in 31 (95% C.I. 21–44) false positive results and 23 (95% C.I. 16–32) false negative results in
1000 patients.

3.3.4. Subgroup Analysis (Inpatients vs. Outpatients) of the Single-Lead ECG Studies

We conducted a subgroup analysis according to the setting. In this analysis, we did
not include either the studies in which the setting was not clear, or the ones that included
both inpatients and outpatients.
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Figure 6. Assessment of risk of bias and applicability of the single-lead ECG studies. (Desteghe et al.,
2017(A): testing the AliveCor in the cardiology ward population; Desteghe et al., 2017 (B): testing the
MyDiagnostick in the cardiology ward population; Desteghe et al., 2017 (C): testing the AliveCor in
the geriatric ward population; Desteghe et al., 2017 (D): testing the MyDiagnostick in the geriatric
ward population; Ford et al., 2022 (A): testing the Apple Watch 4; Ford et al., 2022 (B): testing the
KardiaBand; Fu et al., 2021 (A): testing the device in supine position, Fu et al., 2021 (B): testing the
device in upright position, Fu et al., 2021 (C): testing the device after individuals climbed to the 3rd
floor; Santala et al., 2021 (1): published in October 2021, Santala et al., 2021 (2) (A): published in May
2021 and testing the device between the palms, Santala et al., 2021, (2) (B): published in May 2021
and testing the device in the chest; Abu-Alrub et al., 2022(A): testing the Apple Watch 5, Abu-Alrub
et al., 2022 (B): testing the Samsung Galaxy Watch Active 3, Abu-Alrub et al., 2022 (C): testing the
Withings Move ECG; Wegner et al., 2020 (A): testing the lead I; Wegner et al., 2020 (B): testing the
novel parasternal lead).
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Figure 7. Single-lead ECG group: (a) forest plot of sensitivity, (b) forest plot of specificity. (Desteghe
et al., 2017 (A): testing the AliveCor in the cardiology ward population; Desteghe et al., 2017 (B): testing
the MyDiagnostick in the cardiology ward population; Desteghe et al., 2017 (C): testing the AliveCor
in the geriatric ward population; Desteghe et al., 2017 (D): testing the MyDiagnostick in the geriatric
ward population; Ford et al., 2022 (A): testing the Apple Watch 4, Ford et al., 2022 (B): testing the
KardiaBand; Fu et al., 2021 (A): testing the device in supine position, Fu et al., 2021 (B): testing the
device in upright position, Fu et al., 2021 (C): testing the device after individuals climbed to the 3rd
floor; Santala et al., 2021 (1): published in October 2021, Santala et al., 2021 (2) (A): published in May
2021 and testing the device between the palms, Santala et al., 2021 (2) (B): published in May 2021
and testing the device in the chest; Abu-Alrub et al., 2022 (A): testing the Apple Watch 5, Abu-Alrub
et al., 2022 (B): testing the Samsung Galaxy Watch Active 3, Abu-Alrub et al., 2022 (C): testing the
Withings Move ECG, Wegner et al., 2020 (A): testing the lead I, Wegner et al., 2020 (B): testing the
novel parasternal lead).

For the inpatients, the total sensitivity was 92.9% (95% C.I. 87.6–96) and the specificity
was 94.2% (95% C.I. 91.8–95.9). The AUC was 0.974 and the partial AUC was 0.898. The
I2 was 14.4%. For the outpatients, the total sensitivity was 90.7% (95% C.I. 76.8–96.6) and
the specificity was 98.1% (95% C.I. 95.1–99.3). The AUC was 0.983 and the partial AUC
was 0.949. The I2 was 26.9%. Although the sensitivity was higher in the inpatient group,
the specificity was higher in the outpatients. However, the 95% confidence intervals were
overlapping. In addition, there was a difference in I2 between the subgroups. In the
inpatient group, the I2 was 14.4%, and in the outpatient group it was 26.9% (Figure 9).

3.3.5. Subgroup Analysis (Duration of Index Test) of the Single-Lead ECG Studies

We did not proceed to a formal subgroup analysis regarding the duration of the index
test since most of the studies used it for 30 s (Figure 10).
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Figure 8. Single-lead ECG group: random effects meta-analysis.

Figure 9. Single-lead ECG group: subgroup analysis (inpatients vs. outpatients).

3.3.6. Unclassified/Unreadable Results of the Single-Lead ECG Studies

Regarding the unclassified/unreadable results, we also identified significant hetero-
geneity in the single-lead ECG group. The reported unclassified/unreadable results ranged
from 0% the minimum [32,41,46,52,57] to 38% the maximum (Table 1) [54].
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Figure 10. Single-lead ECG group: subgroup analysis (duration of index test).

3.4. Diagnostic Performance of Technologies Other Than PPG or Single-Lead ECG

As mentioned earlier, some of the studies tested technologies other than PPG and
single-lead ECG. Due to there only being a few studies, we did not proceed to quantitative
synthesis, but we have described them separately. Their characteristics are summarized in
Table 1 and Figure 11.

Figure 11. Miscellaneous technologies—assessment of risk of bias and applicability. (Lown et al.,
2018 (A): testing the Watch BP, Lown et al., 2018 (B): testing the Polar H7 device, Lown et al., 2018
(C): testing the Bodyguard 2 device; D: domain; RoB: risk of bias; AC: applicability).
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The study of Lown et al., 2018 [49], apart from single-lead ECG, tested three more
devices in the same population. It tested the Watch BP device, which is a modified sphyg-
momanometer, and compared it with a 12-lead ECG. The resulting sensitivity was 96.34%
(95% C.I. 89.68–99.24%) and the specificity was 93.45% (95% C.I. 90.25–95.85%). The same
study tested two more devices that can detect AF by using heart rate variability. The Polar
H7 device had a sensitivity of 96.34% (95% C.I. 89.68–99.24%) and specificity of 98.21% (95%
C.I. 96.17–99.34%), and the Bodyguard 2 had a sensitivity of 96.34% (95% C.I. 89.68–99.24%)
and a specificity of 98.51% (95% C.I. 96.56–99.52%).

The study of Reverberi et al., 2019 [58] is a diagnostic case–control study, which tested
a chest-strap heart rate monitor in combination with the mobile application, RITMIA™, for
the diagnosis of atrial fibrillation. The resulted sensitivity was 97.0% (95% C.I. 91.4–99.4%)
and the specificity was 95.2% (95% C.I. 89.1–98.8%).

Finally, the study of Chen et al., 2020 [40], which was described in both the PPG and
single-lead ECG groups, also tested the combination of both technologies. Specifically,
during this test, the PPG mode was on, and if AF was detected, then participants were
notified to perform a single-lead ECG. If the single-lead ECG was also positive for AF, then
the result was considered positive. Otherwise, the final result was considered negative.
The sensitivity for this mode was 80% (95% C.I. 72.52–85.90) and the specificity was 96.81%
(95% C.I. 93.58–98.51).

4. Discussion

In this metanalysis, the two main technologies used to automatically detect AF (PPG
and single-lead ECG) demonstrated very high diagnostic accuracy. Although the PPG
technology proved to be more sensitive than the single-lead ECG, their 95% confidence
intervals were overlapping. On the other hand, the two technologies had equal specificity.

In the PPG group, we noticed that four studies [31,33,36,42] showed significantly lower
specificity compared to the rest (Figure 3). A further review of the studies demonstrated
that, in most cases, the duration of the index test was prolonged, which may increase the
false positive results. On contrary, the prolonged period of the index test can decrease the
unclassified/unreadable results, since most of the studies with 0% unclassified/unreadable
results used the devices for a longer period of time, and specifically from 10 min [35] to
1 week [41]. In the subgroup analysis between inpatients and outpatients in the PPG group,
we did not observe any differences in the SROC curve; however, the small number of
studies did not allow us to proceed to a quantitative synthesis.

In the single-lead ECG group, the lower pooled sensitivity could be partially explained
by the lower duration of the index test. In most of the studies, it was applied for 30 to 60 s,
compared to the PPG which was applied for at least 1 min. In addition, operation of a
single-lead ECG requires action by the individual, and therefore unsupervised recordings
could result in more poor-quality tracings. In this group, we performed two subgroup
analyses. In the inpatients versus outpatients subgroup, the 95% confidence intervals were
overlapping, and in the duration of the index test analysis (30 s vs. 60 s), we did not observe
any clusters in the SROC curve. In relation to the unclassified/unreadable results, we
observed significant heterogeneity in this group as well. Similarly with the PPG group, we
noticed that most of the single-lead ECG studies with 0% unclassified/unreadable results
used the index test for a prolonged period of time and/or allowed multiple measurements.

In both of the above groups, risk of bias was high or unknown in the participants
selection domain, mainly due to case–control design in combination with ambiguity of the
selection process. The rest of the domains were deemed mostly low risk of bias, and the
applicability of the diagnostic test was satisfactory.

Other technologies, such as the modified sphygmomanometer and the heart rate
variability, demonstrated very high sensitivity and specificity in their respective studies;
however, the data were not enough to conduct a metanalysis. The study of Chen et al.,
2020 [40] is especially interesting, because it tested the combination of PPG and single-
lead ECG. During this study, individuals were being tested by continuous PPG, and they
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were asked to perform a single-lead ECG only when the PPG outcome was “possible AF”.
Only if the single-lead ECG confirmed the diagnosis, then the individual was notified
that they may suffer from AF. This study showed very high specificity but not as high
sensitivity (~80%). Since more and more devices offer the possibility of both PPG and
single-lead ECG, its combination can be proved valuable. All the technologies resulted
in unclassified/unreadable results, which demonstrated significant heterogeneity among
the studies.

Our findings are comparable with previous similar metanalyses [5–7,59] and suggest
that widely available AI-based devices can accurately detect AF and can be used as a
screening tool. So far, screening for AF is a controversial area. ESC guidelines support
screening in targeted populations [3]; however, the American guidelines advise that the
evidence is limited [60]. Long-term continuous screening in high-risk populations proved
effective in detection of AF in a randomized study [61]. Another randomized trial showed
that screening for AF led to fewer events for the combined primary outcome which included
stroke, systemic embolism, bleeding leading to hospitalization and all-cause death [62].
Simulation studies using contemporary screening methods in elderly populations showed
that screening is cost-effective, reduces stroke episodes, but increases bleeding risk and
events [63,64].

In this context, our findings suggest that easily accessible AI-based devices can be
convenient and non-invasive tools for AF screening. Compared to the traditional methods,
these devices allow long-term passive monitoring, which is a paramount advantage given
the paroxysmal and often asymptomatic nature of AF. Also, it provides individuals with
the opportunity to record a trace at any time which can be useful when, for example, they
develop symptoms. Most importantly, the AI-based devices do not require a health care
professional at the stage of rhythm diagnosis; therefore, the devices allow more time for
physicians to focus on the rest of the management.

5. Strengths and Limitations

Our study was designed and conducted according to the PRISMA guidelines. The
review was very extended, since it identified almost 15,000 studies, and more than 1000 stud-
ies were reviewed based on their full text. The screening was conducted by two blinded
and independent investigators, and the statistical analysis was performed for the two main
technologies separately. Furthermore, we proceeded to subgroup analysis and described
technologies other than the main two. We also calculated the false results for different
prevalence values, which eventually is directly applicable to daily clinical practice.

On the other hand, our study demonstrates certain weaknesses. First of all, part of
our study’s drawbacks arises from the limitations of the included studies. To start with
the unclassified/unreadable results, there was significant heterogeneity among the studies.
Many authors excluded them completely, some included them as false, and others included
them as true or false depending on the reference standard. In our study, these results were
excluded from the calculation of sensitivity and specificity and were described separately.
Also, in many studies, atrial flutter and fibrillation were considered as the same disease,
with the argument that their complications and treatment are very similar. However, others
either excluded patients with atrial flutter completely or included them in the control
group. Lastly, there was heterogeneity in the control groups, since some studies used only
patients in sinus rhythm as control, and others used patients with any rhythm other than
AF. Another issue was the use of multiple different devices and AI algorithms. On several
occasions, the name or the version of the device and/or the AI algorithm were not even
reported. Many authors tested the same devices with different algorithms, or they tested
an amended version of the commercial algorithm. This heterogeneity constitutes a burden
in the validation of devices and algorithms since it is difficult to appreciate the impact of
their variability.

In addition, the executive part of our study appears to have certain limitations. First
of all, the data extraction was performed mainly by one researcher, due to limited time and
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resources. Also, we had to amend our protocol, especially regarding the choice of reference
standard test. Apart from the 12-lead ECG, we included other reference standard tests,
since more tests are now accepted as gold standards for the diagnosis of atrial fibrillation.
Furthermore, due to the complexity of diagnostic metanalysis, we could not proceed to
more advanced statistical analyses, such as further subgroup and network metanalysis.
Similarly, we did not calculate the reporting bias due to the complexity of metanalysis of
diagnostic accuracy studies.

6. Conclusions

In summary, our findings support that both PPG and single-lead ECG devices have
excellent sensitivity and specificity for the automated diagnosis of atrial fibrillation and
can be used as screening tools. A prolonged period of monitoring may result in more false
positive results, but less unclassified/unreadable outcomes. Further validation studies need
to be conducted for alternative technologies, such as modified sphygmomanometry and
combination of PPG and single-lead ECG. Further clinical trials are necessary to evaluate
the cost-effectiveness, and risks and benefits, especially in younger populations where
AI-based devices are widely available.
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Abstract: Objective: Due to an ever-increasing ageing population and limited available data around
the use of thoracic endovascular aortic repair (TEVAR) in elderly patients, investigating its efficacy
and safety in this age cohort is of vital importance. We thus reviewed the existing literature on this
topic to assess the feasibility of TEVAR in elderly patients with severe thoracic aortic pathologies.
Methods: We identified all original research studies that assessed TEVAR in elderly patients published
up to 2023. Morbidity, as assessed by neurological and respiratory complications, endoleaks, and
length of stay, was the primary endpoint. Short-term mortality and long-term survival were the
secondary endpoints. The Mantel–Haenszel random and fixed effects methods were used to calculate
the odds ratios for each outcome. Further sensitivity and subgroup analyses were performed to
validate the outcomes. Results: Twelve original studies that evaluated elective TEVAR outcomes in
elderly patients were identified. Seven studies directly compared the use of TEVAR between an older
and a younger patient group. Apart from a shorter hospital stay in older patients, no statistically
significant difference between the morbidity outcomes of the two different cohorts was found. Short-
term mortality and long-term survival results favoured the younger population. Conclusions: The
present meta-analysis indicates that, due to a safe perioperative morbidity profile, TEVAR should not
be contraindicated in patients based purely on old age. Further research using large patient registries
to validate our findings in elderly patients with specific aortic pathologies and both elective and
emergency procedures is necessary.

Keywords: TEVAR; thoracic aorta; endovascular repair; elderly; age; morbidity; mortality

1. Introduction

Thoracic endovascular aortic repair (TEVAR) has achieved rapid adoption as a treat-
ment modality for thoracic aortic disease since its introduction in 1992. The minimally
invasive nature of TEVAR and its short-term safety and efficacy have led to its expanding
utilization as the primary treatment approach for various aortic pathologies, including pen-
etrating atherosclerotic ulcers and aortic transections [1]. TEVAR has been associated with
decreased in-hospital mortality rates, reduced intraoperative blood loss, and perioperative
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morbidity compared to open surgical repair [2]. The minimally invasive nature of TEVAR
and its short-term safety and efficacy have led to its increasing implementation as the
mainstay of treatment for thoracic aortic aneurysms (TAAs) and thoracic aortic dissections
(TADs) [3].

While there is substantial evidence supporting the use of TEVAR in nonelderly patients
with a low-risk factor profile, concerns have been raised about its suboptimal outcomes
in certain populations, particularly the elderly. Multiple studies have shown increased
postoperative morbidity, such as stroke and pulmonary complications [4–6], and poor
mortality outcomes [5,7] in the elderly population when compared to younger counter-
parts. Furthermore, increasing age has been described as an independent risk factor for
higher mortality among patients undergoing TEVAR [3]. This could be attributed to the
increased comorbidities, frailty, and age-related physiological changes observed in the
elderly population, posing unique challenges in the management of thoracic aortic disease.
Consequently, the available data on the morbidity and mortality outcomes of TEVAR in
the elderly are limited due to the small number of such patients who have undergone the
procedure and received a systematic follow-up.

Thus, the question of whether TEVAR should be offered to this age group remains
unanswered. This is particularly important as, due to an ever-increasing ageing population,
it is projected that by 2050 more than 50% of aortic dissections will occur in patients over
75 years old [8,9]. In light of the changing demographic landscape, there is an increasing
need for compelling evidence to determine the efficacy of TEVAR across different age
groups and whether it should be offered to the elderly population.

In this context, we designed a systematic review and meta-analysis aiming to evaluate
TEVAR morbidity and mortality outcomes in elderly patients. This was achieved by com-
paring the morbidity and mortality outcomes of TEVAR between elderly and nonelderly
patients. The primary endpoint was perioperative morbidity defined as (1) endoleaks,
(2) neurological complications, (3) respiratory complications, and (4) length of hospital
stay (LoS), and secondary outcomes included in-hospital mortality and long-term survival
following TEVAR.

2. Materials and Methods

2.1. Literature Search

This study was conducted in accordance with a protocol agreed upon by all authors
and the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [8]. The Medline (PubMed) literature was systematically searched for studies
reporting on outcomes in elderly patients undergoing TEVAR. The last day of the search
was the 4 February 2023. The following MeSH terms were used in our search: “TEVAR”,
“octogenarians”, “elderly”, “age”, “nonagenarians”, “outcomes”, “complications”, and
“mortality”. Articles were also identified using the function “related studies” on the
PubMed platform. Duplicate articles were removed. Included studies were (1) original
reports with ≥10 patients, (2) written in the English language, (3) performed on human
subjects, and (4) reported on elderly patients undergoing TEVAR. Abstracts, letters to the
editor, and case reports were excluded. A kappa-coefficient analysis regarding the level of
agreement for the inclusion of the selected studies was performed.

2.2. Data Extraction

Data extraction was performed independently by two reviewers (AF and SB) into
a comprehensive Excel spreadsheet. In cases of discrepancy, studies were discussed in
group meetings with the senior authors (DEM and TA) until a consensus was reached. The
following information was extracted from each study: first author, year of publication,
study-population characteristics, study design, baseline patient characteristics, number
of patients operated using TEVAR, the age limit for defining the elderly population, and
postoperative outcomes.
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2.3. Patient Characteristics

This study attempted to compare the outcomes of elective TEVAR in elderly and
nonelderly patients. Studies which reported on outcomes of urgent TEVAR only and on
debranching TEVAR were excluded. The majority of the studies included, however, did
not distinguish or conduct subgroup analysis between elective and emergency TEVAR. The
elderly patients were defined as the experimental group and nonelderly patients as the
control group. From the included studies, eight studies used 80 years of age for defining
elderly [4,9–15], three studies used 75 years of age [1,16,17], and one subgrouped patients
in >75 and >80 age groups [5]. Studies that used cutoff points below the age of 75 were
excluded from the analysis.

The baseline preoperative patient characteristics of the included studies are presented
in Table 1. All patients included in this study suffered from a thoracic aortic pathology
which was treated using the TEVAR procedure. More specifically, these included thoracic
aortic aneurysms (TAA), aortic dissections, other [penetrating aortic ulcer (PAU), traumatic
aortic injury (TAI), or intramural haematoma (IMH)]. The detailed aortic pathology of
patients in each study is presented in Table 2.

Seven studies directly compared TEVAR outcomes between elderly and nonelderly
patients [1,4,5,10,12,14,17], with three studies comparing emergency and elective TEVAR
procedures [5,9,11]. In addition, six studies conducted KM analysis investigating the overall
survival (OS) in elderly patients undergoing TEVAR [1,4,5,13,15,16]. A minimum of three
studies per outcome were needed for data synthesis and analysis. In cases where less than
three studies reported on a complication, such as renal complications, a comparison was
not possible.

2.4. Endpoints of Interest
2.4.1. Primary Endpoint

The primary endpoint of this study was to assess and compare the perioperative
morbidity of TEVAR between elderly and nonelderly patients. As mortality trends often
favour younger populations, the decision to select morbidity outcomes as the primary
endpoint was made. Morbidity was defined based on the following outcomes: (1) neu-
rological complications (2), endoleaks, (3) respiratory complications, and (4) length of
hospital stay. Due to the heterogeneity of definitions of neurological complications pro-
vided by the papers examined, the umbrella term ‘neurological complications’ was tilized,
which involved cerebrovascular accidents (CVAs) and paralysis/paraplegia. Studies that
reported separately on the aforementioned outcomes were combined and reported under
‘neurological complications’.

2.4.2. Secondary Endpoint

The secondary endpoint of this study was mortality, defined as a (1) short-term mor-
tality, specifically either 30-day or in-hospital mortality, and (2) overall survival following
TEVAR procedures. Both 30-day mortality/in-hospital mortality and overall survival were
compared in elderly and nonelderly patients.
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Table 2. Baseline preoperative aortic pathology. E: elderly, NE: nonelderly, TAA: thoracic aortic
aneurysm, AD: aortic dissection, Other: penetrating aortic ulcer (PAU), traumatic aortic injury (TAI),
intramural haematoma (IMH). References: [1,4,5,9–17].

E NE Total

Study TAA AD Other TAA AD Other TAA AD Other

Alnahhal 2022 [16] 415 169 92 1328 1244 860 1743 1413 952
Dakour-Aridi 2021 [6] 336 54 0 1063 589 0 1399 643 0
Akhmerov 2021 [17] 15 7 3 N/A N/A N/A 15 7 3
Yamauchi 2019 [15] 50 6 1 N/A N/A N/A 50 6 1

Buckenham 2015 [14] N/A N/A N/A N/A N/A N/A 132 77 55
Preventza 2010 [13] 75 11 15 N/A N/A N/A 75 11 15
Kpodonou 2008 [12] 26 9 9 84 58 34 110 67 43
De Rango 2016 [7] 38 5 13 35 23 26 73 28 38

Kern 2006 [18] N/A N/A N/A N/A N/A N/A N/A N/A N/A
Czerny 2010 [3] N/A N/A N/A N/A N/A N/A 100 57 69
Patel 2008 [19] 24 7 19 N/A N/A N/A 24 7 19

Karimi 2016 [11] 24 0 17 N/A N/A N/A 24 0 17

Study quality and risk of bias assessment were performed using the Risk of Bias
in Non-Randomized Studies of Interventions tool (ROBINS-I) to evaluate non-RCTs [19].
No RCTs reporting on outcomes in the elderly following TEVAR were identified in the
literature. Two reviewers (EG and AF) rated the studies independently, and the final
decisions were achieved by consensus in cases of any disagreement.

2.5. Subgroup Analysis: Elective vs. Emergency

Where available, data on the outcomes of emergency and elective TEVAR were used
for a sensitivity analysis to explore how the outcomes in the elderly population were
affected by the nature of the operation. The only outcome in which there was sufficient
data to enable such a subgroup analysis regarding emergency and elective operations was
short-term mortality.

2.6. Statistical and Sensitivity Analysis

The Mantel–Haenszel random and fixed effects methods were used to combine the
odds ratio (OR) for outcomes of interest allowing for comparison between elderly and
nonelderly populations. Due to the heterogeneity of the studies’ populations and surgical
techniques, a random effect analysis was necessary to account for the variance within each
study and between them. For funnel plots, the fixed-effect method was chosen because
their purpose is not to estimate an overall effect size but rather to visually inspect the
distribution of study results and identify potential bias [20]. Two strategies were used to
assess the heterogeneity of the data. Firstly, publication bias was explored graphically using
funnel plots. Secondly, sensitivity analysis was performed using the leave-one-out method.
This involves conducting a meta-analysis on each subgroup of studies per outcome by
excluding exactly one study.

Pooled overall survival analysis was performed using the published Kaplan–Meier
graphs from the included studies using a two-stage approach [18]. In stage one, raw data
coordinates, time, and survival probability were extracted for elderly patients from the
Kaplan–Meier curves of 9 studies. Kpondonou et al. were excluded from OS analysis as the
number of patients at risk at specific time points was not available and individual patient
data could not be extracted. During stage two, individual patient data were reconstructed
using data coordinates based on the raw data coordinates from the first stage and the
numbers at risk at certain time points. The reconstructed individual patient data from
all the included studies were then pooled and a Kaplan–Meier graph was produced. The
threshold for statistical significance was set as a p-value of less than 0.05. Data and statistical

123



J. Clin. Med. 2023, 12, 5001

analysis were performed using RevMan V5.4 (The Cochrane Collaboration) and IBM SPSS
Statistics (Armonk, New York, United States).

3. Results

The total number of studies included in this analysis was 12 (Figure 1). All the
included studies were retrospective cohort studies, published between 2006 and 2022. The
quality assessment for the included studies is demonstrated in Figure 2. The baseline
preoperative patient characteristics of the included studies are presented in Table 1. The
level of agreement between the two reviewers was “almost perfect” (kappa = 0.946, 95%
CI:0.934, 0.958).

Figure 1. Flow Chart of the current systematic review and meta-analysis.
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Figure 2. (a) Risk of Bias in Non-Randomized Studies of Interventions. (b) Risk of Bias in Non-
Randomized Studies of Interventions tool with summary plot. References: [3,6,7,11–19].

3.1. Primary Endpoint—Morbidity
3.1.1. Neurological Complications

Five included studies investigated the number of neurological complications between
the elderly and nonelderly populations. Thus, a total of 1186 elderly and 5618 nonelderly
patients were compared for this outcome. Figure 3a demonstrates that the incidence
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of neurological complications was not significantly different between the two cohorts
(OR = 0.91 [95% CI 0.63–1.31]).

Figure 3. (a) Comparison of neurological complications between elderly and nonelderly patients
undergoing TEVAR. (b) Funnel plot assessing the publication bias for neurological complications in
elderly patients. References: [6,7,12,14,16].

3.1.2. Endoleaks

Endoleaks in both populations were reported in three of the included studies, amount-
ing to a total number of 118 elderly and 399 younger patients. As shown in Figure 4a,
no significant difference in the incidence of endoleaks between elderly and nonelderly
populations was observed (OR = 1.53, [95% CI = 0.52–4.55]).
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Figure 4. (a) Comparison of rate of endoleaks between elderly vs. nonelderly patients undergoing
TEVAR. (b) Funnel plot assessing the publication bias for the rate of endoleaks. References: [3,12,18].

3.1.3. Respiratory Complications

Data on respiratory complications among both age cohorts were documented in four
studies. This led to a comparison of 1128 elderly and 5313 nonelderly patients. There
was no significant difference in the incidence of respiratory complications (OR = 1.18,
95% CI = 0.59–2.35) (Figure 5a).
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Figure 5. (a) Comparison of respiratory complications between elderly vs. nonelderly patients
undergoing TEVAR. (b) Funnel plot assessing the publication bias for respiratory complications.
References: [6,12,16,18].

3.2. Length of Hospital Stay

The duration of hospital stay in both age groups was reported in four studies. Hence,
757 elderly patients and 3906 nonelderly were pooled for this outcome. Figure 6a depicts
that there was a tendency towards a shorter length of hospital stay in the elderly cohort
(OR = −1.26, [95% −2.34 −0.17]).
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Figure 6. (a) Comparison of length of hospital stay between elderly vs. nonelderly patients un-
dergoing TEVAR. (b) Funnel plot assessing the publication bias for length of hospital stay. Refer-
ences: [12,14,16,18].

3.3. Secondary Endpoint
Short-Term Mortality

As this endpoint was documented in seven studies for both cohorts, a comparison
of short-term mortality was carried out between 1288 elderly patients and 5925 younger
patients. Figure 7a shows that short-term mortality favoured the nonelderly population
compared to elderly patients (OR = 1.81, [95% CI 1.18–2.76]).

The number of studies reporting on elective versus emergency TEVAR procedures in the
elderly was three. This translated to a total of 152 patients undergoing elective operations
and 47 patients undergoing emergency TEVAR. A comparison regarding short-term mortality
between elective and emergency TEVAR procedures in elderly patients revealed a significantly
higher mortality in emergency repairs (OR = 0.09, [95% CI 0.02–0.35]) (Figure 8a).
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a  

 
b  

Figure 7. (a) Comparison of short-term mortality between elderly vs. nonelderly patients.
(b) Funnel plot assessing the publication bias for short-term mortality in elderly patients.
References: [3,6,7,12,14,16,18].

Figure 8. (a) Comparison of short-term mortality between elderly patients undergoing elective vs.
emergency TEVAR procedures. (b) Funnel plot assessing the publication bias for short-term mortality
in elective vs. emergency TEVAR procedures. References: [7,11,13].
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3.4. Secondary Endpoint
Overall Survival

Figure 9 demonstrates the pooled Kaplan–Meier curves for overall survival in a cohort
of 2823 patients from six studies, with median follow-up ranging from 12 to 25 months.
The cohort was stratified into elderly (n= 633) and nonelderly (n = 1897) and Kaplan–Meier
curves were constructed to analyse overall survival. Patients in the elderly group had a
mean OS of 42.9 months compared to 50.6 months for nonelderly patients (42.9; Cl 39.7–46.2
vs. 50.6; Cl 48.9–52.3, p < 0.001).

Figure 9. Cumulative Kaplan–Meier curve for overall survival (OS) of elderly vs. nonelderly patients
undergoing TEVAR.

3.5. Sensitivity Analysis

Funnel plots investigating publication bias for each outcome are presented in Figures 3–8.
The funnel plots for the incidence of neurological complications, endoleaks, and hospital
stay in elderly vs. nonelderly patients (Figures 3b, 4b and 6b) show homogenous groups of
studies. Figure 5b exhibits heterogeneity between the three studies investigating respiratory
complications. Figures 7b and 8b for short-term mortality resemble symmetrical inverted
funnels (95% CI) with only one study being outside in the first case.

No significant difference was found in the leave-one-out method when comparing
elderly vs. nonelderly patients in the following primary endpoints: 30-day mortality,
neurological complications, and respiratory complications. A significant difference was
observed when excluding the studies by Kpodonou, Alnahhal, and Kern et al. [10,14,17]
regarding mean hospital stay, and when excluding the study by Kpodonou et al. [10]
regarding endoleaks. In the comparison of 30-day mortality between elective and urgent
TEVAR, leaving out the study by Dakour-Aridi [4] also led to a statistically significant
difference in the sensitivity analysis.

4. Discussion

This systematic review and meta-analysis demonstrated that the morbidity associated
with TEVAR did not differ significantly between elderly and nonelderly patients. A shorter
length of hospital stay was also identified in the older age group. Regarding our secondary
endpoints, short-term mortality was found to be lower in the nonelderly population. In
addition, younger patients also exhibited higher long-term overall survival rates with lower
long-term mortality rates.
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Neurological complications often have significant long-term health implications for
patients, especially for elderly ones, and are commonly reported by studies [21,22]. Our
findings did not show any statistically significant difference in post-TEVAR neurological
complications between the two cohorts. Older age was also not found to be a significant
predictor for stroke in a multivariable regression model of a prospective observational
study [21]. Similar findings were reported by a large retrospective study investigating
patients with type B dissections. The researchers’ risk analysis concluded that increasing
age was not independently associated with a higher incidence of neurological complica-
tions [20]. Examples of risk factors which have been linked to higher rates of strokes and
other neurological events in the existing literature include LSA coverage, prior stroke,
and coronary artery disease, long duration of the procedure, aortic rupture, and female
gender [20–22].

Endoleaks represent a common reason for reintervention following endovascular aortic
repair, contributing to significant postoperative morbidity [23,24]. No significant difference
in the rates of post-TEVAR endoleaks was found between the two age groups in this review.
The lack of sufficient data distinguishing between the different types of endoleaks (I, II, or
III) and documenting how long after TEVAR they were detected prevented us from carrying
out further subgroup analyses. All three different types and both early and late endoleaks
have been reported post-TEVAR in the literature [25,26]. Varying rates of reinterventions
have been found following each endoleak type, with type II requiring the least secondary
procedures [23]. A more detailed documentation of this important post-TEVAR outcome
in the elderly population is, hence, needed in research studies. Nevertheless, evaluation
of our results suggests no significant added risk for elderly patients undergoing TEVAR
regarding the development of endoleaks.

Respiratory complications and postoperative length of hospital stay in the elderly
after TEVAR are less reported in the literature. In a large US nationwide study, TEVAR
was associated with decreased respiratory complications and LoS compared to open aortic
repair, even though the TEVAR population was significantly older [27]. Hence, TEVAR
appears to be an attractive alternative treatment option to open surgery for elderly patients,
due to a lower respiratory morbidity risk. Potential reasons for the favourable LoS in the
older age group after TEVAR need to be explored. Data from the endovascular repair of
abdominal aortic aneurysms have shown that older age was associated with higher rates
of nonhome discharge [28]. Thus, older patients who are going to be transferred to other
facilities due to known comorbidities or frailty might potentially get discharged earlier
than younger patients. Dissections, emergency procedures and previous cardiac history
have been identified as significant predictors of prolonged hospital stay after TEVAR [29].
Considering the limited available studies for these outcomes, it is evident that more research
is necessary.

Short-term mortality, either reported as 30-day or in-hospital mortality, was the end-
point most commonly documented by studies comparing post-TEVAR outcomes between
elderly and younger patients (n = 7). Previous studies have also demonstrated that the
short-term mortality of elderly patients post-TEVAR is higher compared to the nonelderly.
Using data from large multinational registries, Hellgren et al. identified a higher short-
term death rate in patients over 80 years old undertaking TEVAR for a variety of aortic
pathologies [30]. In addition, Naazie et al. conducted a risk analysis on patients under-
going TEVAR for descending aortic aneurysms and reported that age over 75 years old
is associated with higher mortality [31]. Apart from increasing age, other factors, such
as female sex, coronary artery disease, ASA class, and urgency of the procedure, have
also been found to be predictors of a higher early death rate [31]. Elderly patients also
had lower overall survival compared to their nonelderly counterparts. Our findings re-
garding both short- and long-term mortality could be attributed to the generally higher
prevalence of comorbidities, frailty, and cardiovascular disease risk factors among the older
population [32]. However, it is important to consider the methodological limitations of
the included studies, such as the absence of random treatment allocation and potential
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selection bias favouring elderly patients with lower comorbidities. Consequently, there is a
possibility that long-term mortality rates in the elderly have been underestimated due to
these limitations.

As the incidence of aortic pathologies in elderly patients continues to rise [6,7] and the
applications of TEVAR for various aortic pathologies constantly expand, the evaluation of
TEVAR use in older patients is becoming even more important for clinical practice. Due to
its minimally invasive nature, an increasing number of patients are becoming eligible for
procedural repair. Evidently, from 2003–2004 to 2011–2012, the proportion of procedural
management of ruptured TAAs in patients over 80 years old performed with TEVAR in-
creased from 18% to 86% [33]. Our analysis showed that, while increasing age is associated
with higher mortality rates post-TEVAR, this trend was not observed in morbidity out-
comes. With no added risk for adverse perioperative morbidity outcomes, we demonstrate
that increasing age should not be a contraindication for TEVAR on its own. Quality-of-life
investigations, which depict the impact of the aforementioned physical complications
on patients’ overall health, are also gaining steady ground in the assessment of elderly
patients. As identified by a systematic review examining thoracic aorta interventions, the
postaortic surgery health-related quality of life of elderly cohorts was similar to a matched
population [34]. This finding indicates a satisfactory return to the preinterventional base-
line for most patients, an important consideration after every operation in older patients.
Elderly patients should, hence, be considered for endovascular repair for aortic pathologies,
predominantly in elective cases, unless other risk factors associated with worse TEVAR
morbidity outcomes are identified.

The population included in this review consisted of patients undergoing TEVAR for
a variety of aortic pathologies. As most studies did not report separate outcome results
for each diagnosis; a comprehensive analysis of how post-TEVAR morbidity and mortality
varied with different aortic presentations could not be conducted. Comparisons of patient
outcomes undergoing TEVAR for aortic aneurysms and dissections have yielded variable
results. Although some studies report similar postoperative morbidity and mortality [35,36],
inferior outcomes in patients suffering from aneurysms have also been found [37,38].
Another important consideration when assessing TEVAR use is whether the endovascular
repair was carried out electively or as an emergency procedure. The lack of subgroup
analyses on urgent vs. elective TEVAR in the studies included in this review meant that
postoperative complications after acute and nonacute presentations could not be compared.
Even for short-term mortality, the outcome most commonly reported, only three studies
provided separate data for both elective and urgent aortic pathologies [5,9,11]. Death
rates were lower after elective procedures, an observation generally supported by the
existing literature [39–43]. Thus, in studies consisting of elderly populations, more detailed
reporting of distinct post-TEVAR outcomes for the most common aortic presentations and
for elective and emergency procedures is recommended.

The limitations of this meta-analysis greatly depend on the individual studies used,
which were retrospective cohort studies, as no relevant RCTs were identified during the
literature search. Due to the nature of the comparison, an RCT between the two age groups
might not be feasible. Hence, future research using large TEVAR registries should be
prioritised. Until then, this systematic review and meta-analysis remains the best level of
evidence around TEVAR use in the elderly. In addition, as mentioned, renal complications
and the effect of different aortic conditions, and the urgency of the procedure on outcomes
after TEVAR, were not explored. There was also a lack of available information about
other important procedural details, such as renal complications, type of anaesthesia, and
duration of the TEVAR procedure. We strongly recommend that future studies report on
these variables, as they can influence surgical outcomes. Patient data were derived from
Kaplan–Meier curves, and not individual patient information, thus further limiting us
from conducting even more subgroup analyses based on various patient characteristics.
Different selection criteria between studies and confounding variables are also significant
factors that could not be controlled.
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5. Conclusions

The overall findings of this systematic review and meta-analysis suggested that mor-
bidity following TEVAR, assessed by the incidence of neurological complications, res-
piratory complications, and endoleaks, was similar in elderly and nonelderly patients.
Short-term mortality and long-term overall survival post-TEVAR favoured, as expected,
the younger population. Due to its safe perioperative morbidity profile, it can be concluded
that patients should not be excluded from elective TEVAR interventions purely based on
age criteria.
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Abstract: Background: the aim of this meta-analysis was to evaluate the postoperative effects of
neuromuscular blockade reversal with sugammadex compared with acetylcholinesterase inhibitors in
colorectal surgery. Methods: A systematic literature search was performed for studies comparing the
postoperative course of patients receiving neuromuscular blockade reversal with either sugammadex
or acetylcholinesterase inhibitors (control) after colorectal surgery. Data from eligible studies were
extracted, qualitatively assessed, and included in a meta-analysis. Odds ratios and standardized mean
differences with 95% confidence intervals (CIs) were calculated. Results: Five studies with a total of
1969 patients were included (sugammadex n = 1137, control n = 832). Sugammadex reversal resulted
in a significantly faster return of defecation or flatus after surgery compared to acetylcholinesterase
inhibitors (SMD 13.01, 95% CI 6.55–19.46, p = < 0.0001). There were no significant differences between
the two groups in other clinical outcomes such as surgical morbidity and length of hospital stay.
Conclusion: The present data support the beneficial impact of sugammadex on gastrointestinal
motility after colorectal surgery. However, the effect of sugammadex on the prevention of surgical
complications and a prolonged hospital stay is diminishing. Larger randomized controlled trials with
standardized study protocols are needed to validate the results presented here.

Keywords: sugammadex; acetylcholinesterase inhibitors; colorectal surgery; operative outcome;
gastrointestinal motility

1. Introduction

Postoperative ileus (POI) is unfortunately a common phenomenon after gastroin-
testinal surgery and contributes to high morbidity, prolonged hospital stay, increased
readmission rates, and thus high hospital costs [1,2]. Even in the era of improved recovery
programs, POI rates between 15% and 30% are reported after colorectal surgery [3,4]. Nowa-
days, muscle relaxation with neuromuscular blocking agents (NMBAs) is widely used
to improve surgical conditions and reduce the rate of postoperative adverse events [5,6].
Residual effects of neuromuscular blockade and muscle weakness are associated with
postoperative pulmonary complications (POPCs) and impaired clinical recovery in the
postanesthesia care unit (PACU) [7,8]. Acetylcholinesterase inhibitors such as neostigmine
or pyridostigmine have traditionally been used to reverse the effects of NMBAs [9]. Poten-
tial cholinergic side effects of acetylcholinesterase inhibitors due to peripheral muscarinic
activation are treated via the concomitant administration of anticholinergics (e.g., atropine
or glycopyrrolate) [10]. Sugammadex is a modified γ-cyclodextrin that forms a stable 1:1
complex with aminosteroidal neuromuscular blockers such as rocuronium or vecuronium,
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reducing their availability to nicotinic receptors [11]. In a Cochrane-based meta-analysis
of 41 included studies, sugammadex was found to have a faster potential to antagonize
the rocuronium-induced neuromuscular blockade (regardless of the depth of blockade)
and 40% fewer adverse events compared with neostigmine [12]. However, there are con-
flicting results in the literature regarding postoperative defecation when sugammadex or
neostigmine is administered as their effect on bowel motility and recovery has still not
been fully elaborated upon [13,14]. This could be partly related to the fact that no unified
and reproducible outcome measures of gastrointestinal motility function throughout the
literature exists [15]. Therefore, our primary objective was to critically evaluate the role of
sugammadex compared to “classical” acetylcholinesterase inhibitors in the postoperative
course of patients undergoing colorectal surgery by means of a systematic review and
meta-analysis. Special attention will be paid to all reported parameters of postoperative
gastrointestinal motility.

2. Material and Methods

Prior to the study initiation, the study protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO CRD 42022383245). This meta-
analysis was conducted in accordance with the current PRISMA statement (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) [16] and the latest version of
the Cochrane Handbook for Systematic Reviews of Interventions [17].

2.1. Eligibility Criteria and Group Definition

All studies comparing postoperative clinical outcomes after the reversal of neuro-
muscular blockade with sugammadex or an acetylcholinesterase inhibitor (defined as the
comparator) in patients undergoing colorectal surgery were included. To avoid heterogene-
ity, only studies in which 100% of patients underwent colorectal surgery for any reason
were included. Particular attention was paid to postoperative gastrointestinal motility
parameters such as ileus, time to first bowel movement or flatus, and time to first solid
food intake. Other outcomes of interest included postoperative morbidity and mortality,
number of pulmonary events, length of postoperative hospital stay, and rate of readmission
to the hospital or intensive care unit. To be included in the analysis, studies had to report at
least one of the outcomes listed above. Publications that were randomized controlled trials
(RCTs) or prospective or retrospective comparative cohort studies were included in the
analysis. Disagreements or differing conclusions in the selection of studies were resolved
either via consensus or consultation with an independent third author (S.K.).

2.2. Literature Search

A systematic electronic search of the Pubmed (Medline) and Scopus databases without
time or language restrictions was performed to identify articles comparing outcomes in
patients with colorectal surgery after the reversal of neuromuscular blockade with sug-
ammadex or an acetylcholinesterase inhibitor. The following search terms were used in
combination with the Boolean operators AND or OR: “sugammadex”, “Bridion®”, “neuro-
muscular reversal”, “neostigmine”, “acetylcholine”, “pyridostigmine”, and “colorectal”.
In addition, the reference list of retrieved articles (including systematic reviews, case re-
ports, editorials, or experimental studies) was reviewed to identify potentially relevant
citations for analysis. Two reviewers (S.V. and D.P.) performed the primary search and
independently assessed each abstract and eligible study for relevance for inclusion in the
meta-analysis. A third reviewer (S.K.) was consulted as needed. The final literature search
was performed on 20 January 2023.

2.3. Data Extraction and Outcome Measures

Two authors (S.V. and D.P.) independently recorded all available and relevant data
from studies meeting the inclusion criteria on a self-generated electronic data extraction
sheet. Study- and patient-specific information included country of origin, year of pub-

138



J. Clin. Med. 2023, 12, 3235

lication, study design, exclusion criteria, enrollment period, type and composition of
neuromuscular reversal drug, number of patients enrolled per group and their demograph-
ics (age, sex, body mass index (BMI), ASA class, and comorbidities), surgical indication,
proportion of laparoscopic and open surgery procedures, duration of anesthesia (min), and
follow-up period. The primary endpoint was time (hours) to first documented postopera-
tive bowel movement or flatus. The secondary postoperative endpoints analyzed were ileus
(as individually defined by the authors), time to first solid oral intake (hours), postoperative
nausea and vomiting (PONV), reported adverse pulmonary events (pooled composite of
pneumonia, hypoxemia, postoperative supplemental oxygen, acute respiratory distress
syndrome, pulmonary embolism, and emergency sugammadex use), urinary tract infec-
tion, anastomotic leak, bleeding, postoperative wound infection, length of postoperative
hospital stay (days), PACU stay (minutes), reoperation rate (within 30 days), hospital and
ICU readmission rate, and mortality. Again, discrepancies in data extraction were resolved
via consensus or reassessment by an independent third author (S.K.).

2.4. Quality Assessment

The quality of the included non-randomized trials was independently assessed by the
authors using the ROBINS-I tool [18], which covers seven different domains of bias at three
time points in each trial: before intervention (confounding and selection of participants),
during intervention (classification of interventions), and after intervention (bias due to
deviations from planned interventions, missing data, measurement of outcomes, and
selection of reported outcomes). Based on these domains, a final assessment of the overall
risk of bias for each included study was possible in the categories “low risk”, “moderate
risk”, “high risk”, and “critical risk”. The Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) method [19] with four assigned levels of evidence
(high, moderate, low, and very low) was used to adequately document the strength of
evidence for the significant outcomes [19,20].

2.5. Statistical Analyses

Statistical analysis was performed using RevMan software (version 5.3; Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). Pairwise meta-analyses
were performed. For each endpoint of interest, summary treatment effect estimates with
95% confidence intervals (CIs) were calculated. For dichotomous endpoints, the odds
ratio (OR) was chosen as the effect measure. For continuous outcomes, standardized
mean differences (SMDs) were calculated. The methods proposed by Luo et al. [21] and
Wan et al. [22] were used to calculate the mean and standard deviation (SD) from the
available median and interquartile range data. The degree of heterogeneity among the
included studies was interpreted as follows after applying the Cochrane Q test (chi-square
test; Chi2) and measuring inconsistency (I2): 0–30% low heterogeneity, 30–50% moderate
heterogeneity, and 50–90% substantial heterogeneity [17,23]. If heterogeneity was low or
moderate (I2 < 50%), summary estimates were calculated using a fixed-effects method.
Where appropriate, subgroup analyses were performed to examine heterogeneity in the
results. Publication bias tests and funnel plots were not performed due to the small number
of studies included in the meta-analysis, as recommended [17].

3. Results

3.1. Study and Patient Characteristics

The initial database search using the predefined keywords yielded 365 potentially
relevant abstracts. Of these, 14 full-text articles were screened for eligibility and finally
5 non-randomized observational studies (1 multi-center prospective and 4 single-center
retrospective) comparing the outcome of neuromuscular blockade reversal with sugam-
madex and acetylcholinesterase inhibitors were included in the qualitative and quantitative
data analysis [24–28]. The PRISMA flowchart for the literature search is shown in Figure 1.
Of the total 1969 patients included (1114 men/855 women), 1137 were assigned to the
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sugammadex group and 832 were assigned to the acetylcholinesterase inhibitor group
(control). Two studies used pyridostigmine as the acetylcholinesterase inhibitor [24,26],
and three studies used neostigmine [25,27,28]. Three studies included both malignant and
non-malignant cases [25,27,28], while two studies included only patients with colorectal
cancer [24,26]. The rate of laparoscopic surgery ranged from 20–100% in the sugammadex
group to 22–100% in the control group. Inpatient [25,26] and up to 30 days [24,27,28]
follow-up data were presented. The study by Serrano et al. [27] was a prespecified sub-
study of the POWER trial [29]. Tables 1–3 provide a detailed summary of the study and
clinical characteristics.

Figure 1. Flowchart for identifying and selecting studies for review analysis.
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Table 3. Surgical and anesthesiologic features.

Author Reversal Agent NMBA Anesthesia Time (min)
Laparoscopic
Approach (%)

Cancer
Surgery (%)

Chae et al. [24] Sugammadex Rocuronium 176.0 ± 46.7 * 32 (20) 157 (100)
Pyridostigmine Rocuronium 175.1 ± 41.0 34 (22) 157 (100)

Hunt et al. [25] Sugammadex Rocuronium or
Vercuronium 229.8 (166.2) # 96 (100) 52 (54.2)

Neostigmine/
Glycopyrrolate

Rocuronium or
Vercuronium 214.2 (127.8) 128 (100) 67 (52.3)

Oh et al. [26] Sugammadex Rocuronium 202.5 [177.0; 240.0] # 210 (100) 210 (100)
Pyridostigmine Rocuronium 201.5 [170.0; 238.0] 210 (100) 210 (100)

Serrano et al. [27] All patients All patients All patients All patients
Sugammadex NS NS 471 (69.7) NS
Neostigmine

Traeger et al. [28] Sugammadex NS 170 (120–215 [29–443]) † 74 (66.7) 73 (65.8)
Neostigmine/

Glycopyrrolate NS 157 (110–194 [42–378]) 111 (50.9) 123 (54.9)

NMBA: neuromuscular blocking agent, NS: not stated, * mean ± standard deviation, # median (IQR), † median
(IQR [range]).

3.2. Study Quality and Risk of Bias

The risk of bias (Figure 2) was moderate in all included studies according to the
Robins I tool [18]. However, the most important limiting factor in terms of bias was the non-
randomized and observational study design of all of the studies. In addition, the definition
of gastrointestinal motility outcomes varied widely among the included studies, and not
all outcomes of interest were available in each study. Based on the GRADE method [19],
the level of evidence for the primary endpoint was rated as being very low (Table 4).

 

Figure 2. Summary of risk of bias and graphical representation of included studies [24–28] based on
the ROBINS-I tool.
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Table 4. Level of certainty of the evidence as assessed by the GRADE approach for the
primary endpoint.

Outcomes No. of
Studies

No. of Included Patients
SMD/OR
[95% CI]

Quality Assessment
Quality

Sugammadex Control
Risk of
Bias a Inconsistency Indirectness Imprecision Publication

Bias

Time to first
postopera-
tive bowel
movement
or flatus

2 [25,28] 207 352 SMD 13.01
[6.55–19.46]

Serious
(−1) Serious (−1) No indi-

rectness
No impre-

cision NA Very low

OR: odds ratio, SMD: standardized mean difference, NA: not available. a Risk of bias assessed using the
ROBINS-I tool.

3.3. Gastrointestinal Motility Outcomes
3.3.1. Time to First Bowel Movement or Flatus

Time to first bowel movement or flatus as the primary endpoint was reported in two
studies with 559 patients [25,28]. In the sugammadex group, the time to first postoperative
bowel movement or flatus was significantly shorter than in the control group (SMD 13.01,
95% CI 6.55–19.46, p < 0.0001). Importantly, heterogeneity was low (I2 = 0%, Chi2 test:
p = 0.58) (Figure 3).

 

Figure 3. Forest plot comparing time to first bowel movement or flatus between sugammadex-
reversed cases and controls from the studies published by Hunt et al. [25] and Traeger et al. [28].

3.3.2. Time to First Oral Diet Intake

Two studies reported on the time to first oral food intake [24,28]. Meta-analysis
revealed no statistically significant difference between the two groups regarding the time
to first postoperative oral food intake (SMD 4.27, 95% CI −5.29–13.84, p = 0.38). The degree
of heterogeneity was low (I2 = 16%, Chi2 test: p = 0.27) (Figure 4).

Figure 4. Forest plot comparing time to first oral food intake between sugammadex and control from
the studies published by Chae et al. [24] and Traeger et al. [28].

3.3.3. Ileus

Postoperative ileus was reported in four studies [24,25,27,28]. A meta-analysis of
the pooled data showed no significant difference between the sugammadex and acetyl-
cholinesterase inhibitor groups in terms of postoperative ileus rate (OR 1.44, 95% CI 0.66–3.11,
p = 0.36). The data for this outcome were highly heterogeneous (I2 = 81%, Chi2-test: p = 0.001).
The source of heterogeneity was identified in the study by Chae et al. [24]. However, the
subsequent subgroup with low heterogeneity (I2 = 2%, Chi2 test: p = 0.36) still demonstrated
no difference in the reported ileus rates between both groups (OR 0.99, 95% CI 0.69–1.44,
p = 0.97) (Figure 5).
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Figure 5. Forest plot comparing ileus rates in sugammadex-antagonized cases and controls from the
studies published by Chae et al. [24], Hunt et al. [25], Serrano et al. [27] and Traeger et al. [28].

3.4. Non-Gastrointestinal Motility Outcomes

Analysis of secondary endpoints other than gastrointestinal motility (urinary tract
infection, pulmonary morbidity, PONV, postoperative hospitalization, anastomotic leak,
bleeding, wound infection, ICU stay, repeat surgery, repeat hospitalization, repeat ICU stay,
and mortality) showed no statistically significant difference between the sugammadex and
control groups. A detailed summary is shown in Table 5.

Table 5. Non-gastrointestinal motility outcomes.

Heterogeneity Level

Outcomes
No. of

Included Studies
No. of

Included Patients
SMD/OR [95% CI] p-Value I2 (%) p-Value

Urinary tract infection 2 [24,27] 990 0.37 [0.07–2.04] 0.25 0 0.63
Pulmonary morbidity 3 [24,26,27] 1410 0.77 [0.46–1.29] 0.32 0 0.41
PONV 2 [25,26] 644 0.91 [0.59–1.41] 0.67 0 0.59
Length of postoperative
hospital stay 4 [24–26,28] 1293 −0.03 [−0.27–0.21] 0.80 0 0.87

Anastomotic leak 2 [27,28] 970 1.11 [0.31–3.94] 0.87 61 0.11
Bleeding 2 [24,27] 990 0.76 [0.24–2.43] 0.64 3 0.31
Surgical site infection 2 [24,27] 990 0.65 [0.40–1.07] 0.09 0 0.74
PACU stay 2 [24,26] 734 −0.95 [−3.04–1.14] 0.37 0 0.91
Reoperation 3 [26–28] 1431 0.89 [0.54–1.48] 0.66 0 0.73
ICU readmission 2 [24,28] 649 1.16 [0.44–3.06] 0.76 32 0.23
Hospital readmission 3 [24,27,28] 1325 1.07 [0.68–1.67] 0.78 0 0.80
Mortality 2 [24,27] 990 1.89 [0.19–18.81] 0.59 61 0.11

ICU: intensive care unit, OR: odds ratio, PACU: postanesthesia care unit, PONV: postoperative nausea and
vomiting, SMD: standardized mean difference.

4. Discussion

Although the level of evidence seems to be very low, the results of our meta-analysis
suggest that the reversal of the neuromuscular blockade with sugammadex compared with
acetylcholinesterase inhibitors accelerates postoperative bowel motility in colorectal surgery.
However, other surrogate markers of gastrointestinal motility such as ileus or time to first
solid food intake were not affected by the type of reversal agent. In addition, no significant
effect on clinical outcomes, including pulmonary events, postoperative complications
and mortality, or length of hospital stay was observed in patients receiving sugammadex.
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To our knowledge, this is the first meta-analysis comparing sugammadex and classic
acetylcholinesterase inhibitors exclusively in colorectal surgery, with a special focus on
gastrointestinal motility parameters. With the increasing number of colorectal procedures,
enhanced recovery after surgery (ERAS) pathways with a multimodality approach toward
minimizing postoperative ileus [30] are becoming increasingly important as they have been
shown to reduce postoperative complications and length of hospital stay [31].

The pharmacological effect of sugammadex lies in its ability to create a tight 1:1 com-
plex with aminosteroid neuromuscular blocking agents. This complex results in a de-
crease in free NMBA plasma concentration, promoting a gradient shift from the peripheral
compartment (including neuromuscular junction) into plasma [11,32]. Furthermore, the
potential impact of sugammadex on gastrointestinal motility is linked to the affinity to bind
with steroid hormones [28,33]. In contrast, the administration of anticholinergics to prevent
the cholinergic side effects of acetylcholinesterase inhibitors may unintentionally cause
adverse gastrointestinal effects such as constipation or ileus [11].

Deljou et al. [34] also demonstrated in a large cohort of transabdominal surgery
patients that reversal with sugammadex was associated with a faster occurrence of the first
postoperative bowel movement compared to neostigmine/glycopyrrolate, whereas the
length of hospital stay showed no statistical difference between the two reversal groups.
However, this retrospective study did not report the overall rate of colorectal surgery,
limiting the power in this subgroup. The same results were observed in another study by
Cho et al. [35], who analyzed the recovery time of gastrointestinal motility in 736 patients
after open pancreaticoduodenectomy. Sugammadex administration resulted in a lower
incidence of delayed flatus passage and delayed tolerance to oral food intake compared to
neostigmine administration.

Time to first bowel movement was also studied in three randomized trials with
conflicting results. While An et al. [36] showed that the use of sugammadex in laparo-
scopic cholecystectomy was associated with earlier first postoperative flatus, the studies
by Claroni et al. [37] and Sen at al. [33] failed to demonstrate a significant effect of sugam-
madex on gastrointestinal motility in robotic cystectomy and thyroid surgery, respectively.
One explanation for the incongruent and heterogeneous results regarding intestinal motil-
ity in our meta-analysis and in the literature may be the different definition of ileus. In
contrast to Chae et al. [24] and Serrano et al. [27] who did not specify the definition of
ileus, Hunt and co-workers [25] reported ileus rates based on clinical records and docu-
mentation, and Traeger et al. [28] defined ileus as the failure to reach GI-2 (consisting of
time to defecate and oral solid food intake without nausea) after four postoperative days.
Furthermore, the development of postoperative ileus is triggered by a complex neuro-
immuno-inflammatory response and the μ-opioid receptor activation pathway [13,38].
Therefore, reduced surgical trauma and opioid-sparing postoperative analgesia may be
more effective in ileus prophylaxis than the reversal of the neuromuscular blockade with
sugammadex or acetylcholinesterase inhibitors [13]. Interestingly, it has been demonstrated
that patients undergoing right-sided colectomy have a higher incidence of postoperative
ileus compared to patients with left hemicolectomy [39]. The type and side of resection
were reported in four included studies [25–28], but based on the provided data, a subgroup
analysis was not possible for determining the reversal effect after right- and left-sided
colectomy. Another important flaw is the lack of complementary information regarding
time point and duration of sugammadex or acetylcholinesterase inhibitor administration,
and not all studies mentioned the exact dosage of the applied reversal agents in their pro-
tocols [26–28], thus restricting definite conclusions and recommendations. Sugammadex
was associated with a significant lower incidence of pulmonary reverse events, as demon-
strated in a large multicenter cohort study [40]. However, in a recently published study by
Alday et al. [7] with 126 patients undergoing major abdominal surgery including 80 col-
orectal cases, no difference was found in terms of pulmonary function in the sugammadex
and neostigmine groups. In line with this observation, we also could not find a significant
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advantage of sugmmadex in preventing pulmonary morbidity in colorectal surgery with
1410 included patients.

In a recently published meta-analysis, Chen et al. [41] for the first time compared the
postoperative outcomes of sugammadex with a control drug for neuromuscular reversal
after colorectal surgery. The authors showed that there was no statistically significant differ-
ence between the two groups in total hospital length of stay and rates of adverse respiratory
events. However, despite its novelty, this study has some major weaknesses in terms of
study selection and results: (1) The authors included studies with varying proportions of
colorectal procedures (63.3–100%). Although the majority of patients underwent colorectal
surgery, the results were from a heterogeneous study population. (2) The included study by
Piccioni et al. [42] investigated the outcome of patients treated with sugammadex versus
a placebo, whereas all of the other analyzed studies compared the effect of sugammadex
with classical non-selective cholinesterase inhibitors such as pyridostigmine or neostigmine.
(3) The authors focused mainly on postoperative respiratory events and length of hospital
stay, whereas other important pillars of the ERAS concept such as postoperative nutrition
and ileus were not considered in the meta-analysis.

Based on the results presented, the validity of the recommendation for clinical practice
is clearly limited, especially considering the retrospective design of four of the included
studies, which may be subject to bias and misinterpretation. The quality of the data
may vary within these retrospective studies, and thus unwanted variables may influence
the result. Even though the studies included 100% colorectal surgical procedures, they
show a noteworthy heterogeneity of study protocols and gastrointestinal motility outcome
definitions. In order to address this important issue and with respect to the variable
definitions, all provided bowel function outcome measures were included in the meta-
analysis. Of note, the proposed composite GI-2 outcome as a validated and evidence-based
measure [15] was only mentioned in one study [28].

Furthermore, the exclusion criteria of the individual studies vary considerably, not
only with regard to the neuromuscular blocking agent and its combination preparation,
but also with regard to the surgical indication. The proportion of open versus laparoscopic
procedures and the extent of surgical resection as an important factor in the development
of ileus are not evenly distributed.

In addition, the economic benefit of sugammadex remains controversial [43–45]. In a
recent study from Taiwan, for example, despite better postoperative recovery, the benefits of
sugammadex did not outweigh the higher costs compared with neostigmine [46]. Moreover,
different healthcare systems and costs must be taken into account when considering the use
of sugammadex. Although a newly approved drug is initially protected by a patent, once
the patent expires, other companies can manufacture and sell the drug as a generic under
a different name. The price will then be determined by competition and will usually fall.
This scenario can of course be applied to sugammadex; so, it is likely that the introduction
of generics will make sugammadex cheaper and more widely available in the future.

5. Conclusions

The use of sugammadex to reverse neuromuscular blockade during colorectal surgery
was associated with faster postoperative defecation or flatus compared with acetylcholinesterase
inhibitors. However, sugammadex did not show significant superiority in other gastroin-
testinal motility parameters and clinical endpoints such as length of postoperative hospital
stay and complications. Due to the lack of high-quality randomized trials and varying
definitions of outcome measures for the postoperative return of bowel movement, the
results must be interpreted with caution and the value of sugammadex in colorectal surgery
requires further investigation.
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Abstract: Introduction: Gastrointestinal bleeding (GIB) can cause life-threatening situations. Here,
endoscopy is the first-line diagnostic and therapeutic mode in patients with GIB among further
therapeutic approaches such as embolization or medical treatment. Although GIB is considered
the most common indication for emergency endoscopy in clinical practice, data on GIB in abdom-
inal surgical patients are still scarce. Patients and methods: For the present study, all emergency
endoscopies performed on hospitalized abdominal surgical patients over a 2-year period (1 July
2017–30 June2019) were retrospectively analyzed. Primary endpoint was 30-day mortality. Secondary
endpoints were length of hospital stay, cause of bleeding, and therapeutic success of endoscopic
intervention. Results: During the study period, bleeding events with an indication for emergency
endoscopy occurred in 2.0% (129/6455) of all surgical inhouse patients, of whom 83.7% (n = 108)
underwent a surgical procedure. In relation to the total number of respective surgical procedures
during the study period, the bleeding incidence was 8.9% after hepatobiliary surgery, 7.7% after
resections in the upper gastrointestinal tract, and 1.1% after colonic resections. Signs of active or past
bleeding in the anastomosis area were detected in ten patients (6.9%). The overall 30-day mortality
was 7.75%. Conclusions: The incidence of relevant gastrointestinal bleeding events in visceral surgical
inpatients was overall rare. However, our data call for critical peri-operative vigilance for bleeding
events and underscore the importance of interdisciplinary emergency algorithms.

Keywords: postoperative gastrointestinal bleeding; bleeding after GI surgery; endoscopic
complication management

1. Introduction

Gastrointestinal bleeding (GIB) is considered the most common indication for emer-
gency endoscopy in clinical practice. According to the current literature, the incidence of
GIB is 47/100,000 in the upper gastrointestinal tract (UGIT) or 33/100,000 in the lower
gastrointestinal tract (LGIT) [1]. Depending on the cause of bleeding, localization and
severity, GIB can lead to life-threatening situations and is associated with a mortality of
2–10% (UGIT) [2] and 2.4–3.9% (LGIT) [3], respectively. However, it must be considered that
the respective patient populations studied mostly consist of gastroenterological patients.
In contrast, the incidence, cause and therapy of GIB explicitly in surgical patients are not
well studied in the current literature. Here, single studies are demonstrating an increased
procedure-specific bleeding risk after surgery [4]. However, surgical patients are often
older compared to the general population and commonly in a reduced general condition
due to previous treatments (radio; chemotherapies) and surgical interventions, possibly
with anastomoses in the GIT.

For the emergency management of GIB, endoscopic diagnosis and immediate therapy,
if possible in one session, are the current gold standard. While numerous studies have
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investigated the incidence and causes of gastrointestinal bleeding events in gastroentero-
logical patients, data on GIB in surgical patients are scarce. Therefore, in the present study,
we retrospectively analyzed our complete surgical patient population over a period of two
years in regard to the incidence of GIB.

2. Materials and Methods

For the present study, all emergency endoscopies of inpatients in the Department of
General, Visceral and Transplant Surgery at the University Hospital of Tübingen over a
period of 2 years (1 July 2017–30 June 2019) were retrospectively analyzed. The local ethics
committee approved the study (922/2018BO2), and the project was registered as a clinical
trial (NCT04523753).

Inclusion criteria were inpatient care by the surgical department, indication for emer-
gency endoscopy due to gastrointestinal bleeding and patient age > 18 years. The inclusion
and exclusion criteria are listed in Table 1. For the definition of gastrointestinal bleeding,
the parameters according to the DGCS “S2k-Guideline gastrointestinal bleeding” [5] were
used as the basis for the analysis.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Bleeding relevant to circulation No surgery
Hb loss greater than 2 g/dL No emergency endoscopy

Need of transfusion Emergency endoscopy without suspected bleeding
Need of interventions Age < 18 years

Other aspects that were recorded and evaluated for the analysis are the clinical course,
previous diseases, current medications, type of surgical intervention and the endoscopic
findings as well as the success of the endoscopic therapy. The type of surgical care was
described by dividing into four surgical areas (Table 2). The primary endpoint was 30-day
mortality. Secondary endpoints were intensive care unit treatment duration, cause of
bleeding, and therapeutic success of endoscopic intervention.

Table 2. Classification of surgical interventions into four categories.

Operating Area Included Surgical Procedures

Upper Gastrointestinal Tract (UGIT) Esophageal, gastric or small bowel resections, bariatric surgery
Hepatobiliary System (HPB) Liver, pancreas, bile duct resections, liver transplantation (LTx)

Lower Gastrointestinal Tract (LGIT) Colonic, rectal resections, hemorrhoidal procedures.
Other Hernias, PIPAC (Pressurized Intra Peritoneal Aerosol Chemotherapy)

This study is a descriptive analysis. The statistical analysis of the data collected,
as well as the graphs and tables presented in the paper, were created using Microsoft’s
Excel spreadsheet software. The data are presented as absolute numbers or as means with
standard deviation.

3. Results

During the study period, bleeding events with indication for emergency endoscopy
occurred in 2.0% (129/6455) of all surgical inhouse patients. Of these 129 patients, a total
of 83.7% (n = 108) underwent surgery, while 21 patients (16.0%) underwent emergency
endoscopy on the surgical ward without documented surgical procedures during the same
inpatient stay. Patient’s characteristics are shown in Table 3.
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Table 3. Patient’s characteristics.

Patients Groups Depended on Surgery UGIT HPB LGIT Other

Included patients (n) 26 23 51 8
Sex (m:f) 11:12 17:8 38:13 6:2

Age (years;
−
X) 65.3 59.8 70.5 56.2

Surgery for malignancy (n; %) 14 (54) 10 (43) 25 (49) 0
Surgery for mesenteric ischemia (n; %) 8 (31) 1 (4) 5 (10) 2 (25)
Anticoagulation prior to surgery (n; %) 14 (54) 15 (65) 32 (63) 2 (25)

Abbreviations: UGIT = upper gastrointestinal surgery, HPB = hepatobiliary surgery, LGIT = lower gastrointestinal

surgery, n = number,
−
X = average.

The patients without surgical procedure were excluded from further analyses. Of
the analyzed 108 patients undergoing surgery and emergency endoscopy for suspected
GIB events, n = 94 (87.01%) were examined after surgery. A total of 14 (12.96%) patients
underwent endoscopy prior to surgery, where endoscopy was leading the indication for
surgery in more than 50% (8/14) of the patients.

However, for the vast majority of our inhouse patients (n = 94/108; 87.01%), emergency
endoscopy due to suspected GIB took place after surgery. In detail, fifty-one patients
(47.22%) underwent surgery on the LGIT, 26 patients (24.70%) underwent surgery on the
Hepato-pancreatico-biliary (HPB) system, 23 patients (21.29%) underwent surgery on the
UGIT, and eight patients underwent surgery that could not be classified into the categories
above. These numbers are resulting in a respective procedure-specific GIB-incidence of
1.1% for the LGIT, 7.7% for the UGIT and 8.9% for procedures in the HPB system during
the study period. A diagram of the distribution of patients is shown in Figure 1.

 

Figure 1. Patient’s distribution into the four groups regarding the operation area.

The localization of bleeding detected during emergency endoscopy was found in
the UGIT in n = 46 (52.87%), in the LGIT in n = 18 (20.69%), and in the HPB system in
n = 25 (28.73%) patients. In further detail, anastomotic bleeding that led to emergency
endoscopy was found in n = 10 (11.49%). In relation to the associated surgical site, 22.22%
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of patients after UGIT procedures, 10.89% of patients after LGIT procedures, and 5.55%
of patients after an HPB procedure were suffering from bleeding events in the region of
their primary anastomosis. In all other patients, the bleeding event was not located in the
area of the respective surgical procedures. Instead, gastroduodenal ulcerations occurred
most frequently.

A detailed overview of the analyzed parameters is given in Table 4. Of the 108 patients
undergoing emergency endoscopy, 80.55% (n = 87) had stigmata of gastrointestinal bleeding:
42 patients were found to have an active bleeding (38.89%), while 43 patients had evidence
of bleeding that had occurred (39.81%). In addition, examinations of 21 further patients
revealed no signs for a gastrointestinal bleeding event.

Table 4. Analyzed parameters of abdominal surgical patients with emergency endoscopies
for bleeding.

Patients Groups Depended on Surgery UGIT n = 23 HPB n = 26 LGIT n = 51 Others n = 8

Number of endoscopies per patient (
−
X) (range) 2.62 (1–7) 2.40 (1–7) 1.64 (1–5) 1.38 (1–7)

Active bleeding (n) (%) 11 (48) 15 (58) 13 (26) 1 (13)
Signs of previous bleeding (n) (%) 4 (17) 4 (15) 16 (31) 2 (26)

Endoscopic no signs of bleeding (n) (%) 8 (35) 7 (27) 22 (43) 5 (65)
Anastomotic bleeding (n) (%) 4 (17) 1 (4) 5 (10) 0

Gastroduodenal ulceration (n) (%) 13 (57) 13 (50) 19 (37) 0
Ischemic ulceration (n) (%) 1 (4) 0 12 (24) 1 (13)

Hemorrhage after endoscopic sphincterotomy (n) (%) 1 (4) 1 (4) 3 (6) 0
Bleeding esophagitis (n) (%) 0 1 (4) 3 (6) 2 (25)

Variceal bleeding (n) (%) 1 (4) 0 0 0
Bleeding gastric adenoma (n) (%) 0 0 1 (2) 0

Success of endoscopic intervention (%) 67 84 90 94
Hemostatic procedure while urgent bleeding endoscopy

(a) injection therapy 0 3 7 0
(b) clipping solely 3 3 4 0

(c) injection + clipping 10 7 6 1
(d) hemostatic powder 2 0 3 0

(e) stent 1 1 3 0
(f) variceal banding 1 0 0 0

(g) none 4 6 26 2
Endoscopy prior surgery (n) (%) 6 (20) 0 6 (12) 2 (25)

Length of hospital stay (
−
X, days) 31.00 39.16 31.25 4.31

30-day mortality (n) (%) 6 (26) 0 2 (4) 0

Abbreviations: UGIT = upper gastrointestinal surgery, HPB = hepatobiliary surgery, LGIT = lower gastrointestinal

surgery, n = number,
−
X = average.

Anticoagulative therapy was documented in n = 63 patients (58.33%). Sources of GIB
were gastroduodenal ulcerations (n = 45), bleeding esophagitis (n = 6), ischemic ulcerations
(n = 13), hemorrhage after endoscopic sphincterotomy (n = 6), one case of variceal bleeding
and one case with a bleeding gastric adenoma. Anastomotic bleeding was found in 9.26%
of all analyzed patients.

Emergency endoscopic therapy was successful in 83.8% of the cases. The most com-
mon endoscopic therapy in the patients studied was fibrin glue/suprarenin injection in
combination with metal clips (n = 24; 44.44%). Injection monotherapy or clip monotherapy
was performed in n = 10 patients (18.52%) each. The mean length of hospital stay for the
total of 14 patients who underwent endoscopy before surgical intervention was 34.9 days.
For the 94 other patients who underwent endoscopy subsequent to a surgical procedure,
the mean length of hospital stay was 30.9 days. An endoscopically untreatable active
bleeding situation at the time of emergency endoscopy existed in n = 5 of the patients
who died in the further course. In cases of endoscopic untreatable bleeding situation, an
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angiographic intervention was performed in n = 4, or/and an additionally or secondary
surgical procedure in n = 4 patients.

The 30-day mortality was 9.26% (n = 10/108). All of these 10 patients were operated:
n = 5 on UGIT, n = 2 on LGIT, and n = 1 on the HBP system. Two of the deceased patients
could not be classified into the three respective surgical areas. The leading indication for
surgery was mesenteric ischemia in n = 19. Of these patients, a number of n = 5 deceased in
the clinical course.

4. Discussion

The most common location of GIB events is the UGIT according to the literature. Here,
performing emergency esophago-gastro-duodenoscopy (OGD) is recommended as the
gold standard. According to Oakland et al., UGIB are more common than LGIB (33/100.00)
in surgical patients with an incidence of 47/10,000 [1]. According to the study by Hebert
et al., 2.3% of a total of 314 patients who underwent surgical procedures in the LGIT had
postoperative bleeding events in the anastomotic area [6]. In contrast, our data shed new
light on the incidence and location of GIB events in a surgical patient cohort. Since one
would hypothesize to find the bleeding location in the surgical area of those patients, the
majority of analyzed cases provided a different picture. Here, bleeding location outside
the operated organ area was found in the majority of cases, while a classical anastomotic
hemorrhage could only be detected in less than 10% of the cases (17% in the UGIT, 4% in
HPB and 10% in the LGIT), which is the first critical finding of our study. In more detail,
there was no marked difference between stapler anastomoses (UGIT and LGIT) and manual
anastomoses (HPB), which is another interesting aspect of our findings.

The average age of surgical patients at the onset of GIB is reported to be around
67 years [7,8]. However, the cited patient cohorts were reported separately according to the
procedures, for example, divided into patients with resections in the right or left colon or
with bariatric upper abdominal procedures. Here, the latter ones are usually representing a
younger patient population in contrast to cancer patients undergoing colonic resections.
As a critical amendment to the cited literature, our retrospective analysis also included
surgical patients who had undergone emergency endoscopy due to GIB already before
surgery. Considering only patients who underwent endoscopy for GIB after surgery, the
mean age in this subgroup was 63.9 years. Of note, when considering only patients who
underwent emergency endoscopy and finally died during the clinical course, the mean
age was 71 years. These results demonstrate the critical impact of age, thus providing
another crucial aspect being helpful for the individual perioperative risk assessment of
each individual patient.

The dichotomic classification of a surgical patient population into a pre- and a postop-
erative group was missing in the current literature yet. Here, most retrospective analyses of
surgical patients were reporting the postoperative phase only [9,10]. In our study, however,
patients with bleeding events prior to surgery were also included in the analysis in order
to be able to indicate the number of bleeding-related surgical procedures despite primary
endoscopic therapy. In this regard, more than half of the patients with bleeding-related
endoscopy prior to surgery had to undergo surgery with the indication given by endoscopy.
In contrast, in patients with postoperative bleeding-related emergency endoscopy, only one-
third of the patients were suffering from acute GIB while one-third of patients displayed
signs of past bleeding and the remaining patients had no bleeding stigmata. Of further
clinical relevance, one-third of our surgical patients underwent an invasive procedure
that finally provided no benefit to them, thus calling for critical clinical evaluation and
indications for emergency endoscopy.

Regarding the overall therapeutic success of endoscopic bleeding treatment, the cur-
rent literature reports success rates in patient cohorts from internal medicine of approxi-
mately 80% or even higher. For example, the study by Jung et al. showed a success rate of
acute endoscopic therapy of 88% [11]. Significantly lower success rates were reported by
Pescatore et al. with 78.5% and 75.7%, respectively, when fibrin glue and epinephrine or
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epinephrine alone were used. [12]. In our study, endoscopic hemostasis could be achieved
in 83.8% of cases, which is clearly within the range of the cited success rates for gastroentero-
logical non-surgical patients. Of note, some GIB causes are not endoscopically reversible,
for example in patients suffering from vascular ischemia representing a patient subgroup
at highest risk with 50% mortality in our analysis. Nevertheless, these cases also represent
“real-life” situations requiring first-line emergency endoscopy in surgical patients according
to current emergency algorithms.

The 30-day mortality rate in the analyzed patient cohort is high and thus calling for
sub-analysis to identify patients at highest risk. Here, half of the deceased patients were
suffering from a mesenteric ischemia. The previously reported mortality rates in these
patients is ranging from 60% up to 90% [13,14]. This high mortality rate shows the critical
importance of established emergency algorithms including urgent endoscopic examinations
also for surgical inpatients. In more detail, the high number of re-endoscopies is caused by
relapse of bleeding, second-look endoscopies and unclear primary endoscopic results.

In summary, only a small number of surgical inhouse patients experienced a relevant
GIB event. However, the associated 30-day mortality of GIB in the analyzed abdomi-
nal surgical patient population is increased at 7.75% when compared to the literature of
gastroenterological patient cohorts [2,3]. Although GIB events in mostly heterogenous,
postoperative patient cohorts have been poorly studied so far, the few data available report
on a 30-day mortality are ranging between 0 and 13.3% for elective colonic/rectal resec-
tions [13,15]. Of note, classical anastomotic hemorrhage could only be detected in less than
10% of the cases irrespective of stapler or manual anastomosis, while for the majority of
patients, the bleeding location was found to be outside the operated organ area. While our
overall endoscopic therapy success rate was high and comparable to those achieved in non-
surgical patients [11,12], especially vascular ischemia was not endoscopically reversible
and linked to 50% specific mortality in our analysis [14,16].

The three key limitations of the present study are the retrospective and monocentric
study design and the small number of cases, which are limiting the validity and general-
izability of our results. Nevertheless, our results demonstrate that GIB events in surgical
patients call for critical vigilance and require established, interdisciplinary emergency
algorithms for rapid endoscopic diagnosis and therapy. Finally, a prospective, multicenter
trial with a defined action plan in visceral surgery patients would be highly desirable.

5. Conclusions

Taken together, our study is the first to report the overall incidence of relevant gas-
trointestinal bleeding events in visceral surgical inpatients. Although the absolute num-
ber was rare, our analysis demonstrated several critical implications associated with the
primary surgical area of the respective patients. Therefore, our data call for critical peri-
operative vigilance for bleeding events and underscore the importance of interdisciplinary
emergency algorithms.
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