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Abstract: In the last decades, several new and modern techniques have been developed for the
continuous monitoring of vitals for patients undergoing surgery under general anesthesia. These
complex methods are meant to come as an adjunct to classical monitoring protocols used in general
anesthesia to increase patient safety. The main objectives of multimodal monitoring are avoiding
the over- or underdosing of anesthetic drugs, adapting the concentration for the substances in use,
reducing post-anesthetic complications, and increasing patient comfort. Recent studies have shown a
series of benefits with significant clinical impact such as a reduced incidence of nausea and vomiting,
shorter reversal times, a reduction in opioid consumption, shorter hospital stays, and an increase in
patient satisfaction.

Keywords: entropy; bispectral index; multimodal monitoring; general anesthesia; electroencefalography

This Special Issue, “General Anesthesia as a Multimodal Individualized Clinical Con-
cept”, in the Medicina journal of MDPI’s “Intensive Care/Anesthesiology” section, reports
international studies regarding the concept of the personalized monitoring of patients un-
der general anesthesia. Furthermore, it describes modern monitoring techniques for certain
anesthesia-specific parameters such as the degree of hypnosis, continuous monitoring of
the nociception–antinociception balance, neuromuscular transmission monitoring, and
hemodynamic monitoring (heart rate, invasive or non-invasive measurement of blood
pressure, peripheral oxygen saturation, temperature). This Special Issue also describes new
techniques for monitoring respiratory gases perioperatively by using modern technology
such as indirect calorimetry.

Cotae et al., in a randomized prospective study have analyzed the impact that mon-
itoring the degree of hypnosis by using the Entropy technology (E-Entropy Module, GE
Healthcare, Helsinki, Finland) and the nociception–antinociception balance through Surgi-
cal Pleth Index (SPI Module, GE Healthcare, Helsinki, Finland) can have on postoperative
delirium and cognitive dysfunction (POCD) in 107 trauma patients. For the statistical
analysis, the authors used two study groups. The first was the target group, in which
general anesthesia management was based on multimodal monitoring, and the second
group that received classical monitoring in accordance with international guidelines. In the
multimodal monitoring group, they studied both Entropy and SPI as constants throughout
the general anesthesia. Patient assessment for POCD was based on the Neelon and Cham-
pagne (NEECHAM) Confusion Scale. Following this study, they identified statistically
significant differences (p < 0.05) between the two groups regarding the incidence of POCD,
although in the intervention group the overall number was significantly lower [1].

In more detail, Rogobete et al., in their review article "Multiparametric Monitoring of
Hypnosis and Nociception–Antinociception Balance during General Anesthesia—A New Era in
Patient Safety Standards and Healthcare Management", described a series of modern techniques
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currently in use in the clinical setting for personalized and individualized general anesthesia
monitoring. The group described and summarized information on the most modern moni-
toring techniques for the degree of hypnosis (Bispectral Index, BIS, Medtronic-Covidien,
Dublin, Ireland; Response Entropy/State Entropy, Entropy, GE Healthcare, Hesinki, Find-
land; Narcotrend index, NCT, Monitor Technik, Germany; and composite auditory evoked
potential index, cAAI, AEP Monitor/2, Danmeter A/S, Odense, Denmark). They have
also presented recent studies on the topic and have shown the impact of these techniques
on hemodynamic stability, incidence of adverse events, anesthetic drug consumption and
other quality and safety indicators in medical practice. Furthermore, this review article
describes different monitoring techniques for the nociception–antinociception balance and
for neuromuscular transmission. The authors also bring to light the impact of general
anesthesia on the systemic inflammatory status, oxidative stress, and other biochemical
pathways directly or indirectly involved in the clinical outcome of patients undergoing
surgery under general anesthesia [2].

Tiglis et al. have published an article—"Incidence of Iron Deficiency and the Role of Intra-
venous Iron Use in Perioperative Periods"—that shows the importance of the multidisciplinary
monitoring of patients undergoing general anesthesia. The research group describes a series
of mechanisms and biochemical pathways associated with iron deficit and preoperative
anemia, as well as with post-operative low iron levels. Their article presents the impact on
clinical prognosis, the direct association between iron deficiency and perioperative need
for blood transfusion, incidence of postoperative infection, ICU length of stay, morbidity
and mortality, and the economic impact of the medical act [3].

Balan et al., in a review article on ultrasound-based monitoring and diagnosis tech-
niques, underline the importance of ultrasound-guided regional anesthetic techniques on
the management of nociception–antinociception balance and the impact of these techniques
on opioid consumption, patient satisfaction, and postoperative recovery [4].

Fiedler et al., in an original article, have analyzed a method that is frequently used
in ventilatory support for patients under general anesthesia. They carried out an obser-
vational trial aiming at evaluating the impact of positive end-expiratory pressure (PEEP)
levels on ventilation parameters and gastric air insufflation during laryngeal mask general
anesthesia in children. The study only included pediatric patients (n = 67), aged 1 to 11.
The authors identified statistically significant differences for ventilatory parameters such
as: peak pressure (p < 0.05), tidal volume (p < 0.05), and dynamic compliance (p < 0.05).
They reported an increase in all parameters that are directly influenced by the increase of
PEEP, except from etCO2, for which they reported a significant increase, and for respiratory
rate, for which no differences have been reported. They have also identified a propor-
tional increase in gastric insufflation with increased PEEP. The authors have therefore
proven the importance of multimodally monitoring mechanical ventilation during general
anesthesia, as well as the fact that modern techniques can reduce side-effects associated
with anesthesia [5].

An interesting article, adapted to the crisis that was generated by the COVID-19
pandemic, has been published by Secosan et al., who report on the impact of disinformation
regarding SARS-CoV-2 and the impact the pandemic had on the medical personnel. The
authors included in their study 100 employees of the Clinic for Anesthesia and Intensive
Care in “Pius Brinzeu” Emergency County Hospital in Timisoara, Romania. They all
received a questionnaire between March and April 2020 that was meant to evaluate the
degree of depression, anxiety, stress, and the incidence of insomnia. The study identified
the negative impact that social disinformation had on the stress and anxiety levels of
the medical personnel, overlapping with overtime during the crisis, the great number of
patients, social and medical drama, the very high number of deaths, and being mentally
and physically overworked [6].

In conclusion, this Special Issue presents a number of modern monitoring techniques
for all segments of general anesthesia and current clinical practice, presenting updates in the
field of monitoring of degree of hypnosis, perioperative pain, neuromuscular transmission,
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hemodynamic stability, ventilatory support, and the most important biochemical pathways
associated with inflammation. Moreover, adapted to the ongoing COVID-19 pandemic, the
time of the Special Issue’s publication has proven the importance of periodic evaluation of
the psychological well-being of medical personnel, as well as the importance of offering
psychological support.
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Abstract: Background and Objectives: Patients with traumatic injuries have often been excluded from
studies that have attempted to pinpoint modifiable factors to predict the transient disturbance of
the cognitive function in the postoperative settings. Anesthetists must be aware of the high risk
of developing postoperative delirium and cognitive dysfunction (POCD) in patients undergoing
emergency surgery. Monitoring the depth of anesthesia in order to tailor anesthetic delivery may
reduce this risk. The primary aim of this study was to improve the prevention strategies for the
immediate POCD by assessing anesthetic depth and nociception during emergency surgery. Material
and Methods: Of 107 trauma ASA physical status II–IV patients aged over 18 years undergoing emer-
gency noncardiac surgery, 95 patients were included in a prospective randomized study. Exclusion
criteria were neurotrauma, chronic use of psychoactive substances or alcohol, impaired preoperative
cognitive function, pre-existing psychopathological symptoms, or expected surgery time less than
2 h. Entropy and Surgical Pleth Index (SPI) values were constantly recorded for one group during
anesthesia. POCD was assessed 24 h, 48 h, and 72 h after surgery using the Neelon and Cham-
pagne (NEECHAM) Confusion Scale. Results: Although in the intervention group, fewer patients
experienced POCD episodes in comparison to the control group, the results were not statistically
significant (p < 0.08). The study showed a statistically significant inverse correlation between fentanyl
and the NEECHAM Confusion Scale at 24 h (r = −0.32, p = 0.0005) and 48 h (r = −0.46, p = 0.0002),
sevoflurane and the NEECHAM Confusion Scale at 24 h (r = −0.38, p = 0.0014) and 48 h (r = −0.52,
p = 0.0002), and noradrenaline and POCD events in the first 48 h (r = −0.46, p = 0.0013 for the first 24
h, respectively, and r = −0.46, p = 0.0002 for the next 24 h). Conclusions: Entropy and SPI monitoring
during anesthesia may play an important role in diminishing the risk of developing immediate
POCD after emergency surgery.

Keywords: entropy; POCD; general emergency surgery; anesthesia depth

1. Introduction

First described in the mid-20th century, cognitive dysfunction following anesthesia
and surgery is a complication that can have a significant impact on patients, leading to
unfavorable outcomes [1]. Postoperative cognitive dysfunction (POCD) is described as a
decline of the intellectual functions and processes (both basic and higher executive skills)
that develops after surgery [2]. Although recognized as a transient decline of cognitive
function, POCD can persist for weeks, months, or more. POCD also interferes with patients’
psychological status, long-term outcome, mortality, and hospital discharge [3–5].

Postoperative cognitive decline occurs more frequently in the elderly population, with
a higher incidence in patients older than 60 years irrespective of the type of anesthesia and
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surgery. Despite the fact that studies assessing cognitive impairment have been primarily
centered on the study of older patients, there is a general agreement that POCD is more
likely to occur after major surgery [5,6]. Although this type of cognitive dysfunction is
considered multifactorial, it remains difficult to determine whether its occurrence is a
result of patient-, surgical-, or anesthesia-related factors [7]. Several risk factors have
been suggested to be involved in the pathophysiology of cognitive dysfunction, such
as inflammatory cytokines, pain, preoperative impairment in neurocognitive function,
metabolic disturbances, duration/type of surgery, hypoxemia, old age, and the use of
certain anesthetics (sedation medication or different volatile anesthetic agents) [5–8].

Fortunately, several screening tests are available to establish cognitive disorders.
Among these, one stands out for being easily performed without supplemental training.
The Neelon and Champagne (NEECHAM) Confusion Scale was developed not only to
identify postoperative delirium but also to classify patients as “early to mild confused ”,
“at risk”, or “normal ” [9,10]. A score between 0 and 24 points is conclusive for the presence
of at least one cognitive impairment. The scale has acceptable sensitivity, specificity, and
predictive values when compared to the CAM-ICU [11].

This recent development encourages us to use electroencephalography (EEG) moni-
toring to assess the depth of anesthesia. Using neuromonitoring during anesthetic delivery
can reduce the risk for postoperative cognitive side effects [12]. Among the anesthesia
monitors currently approved to assess the depth of anesthesia, the entropy monitor proves
to be one of the most reliable. The entropy device is capable of acquiring not only EEG
signals but also frontal electromyography data, transforming them into two values: State
and response entropy. The entropy device then displays state and response entropy as
numerical values, denoting the depth of anesthesia. State entropy and response entropy
are given indices between 0–91 and 0–100, respectively, ranging from complete suppression
of cortical neuronal activity to an awake-state EEG [13].

As we have already mentioned, another important element in developing POCD is
pain. In order to monitor intraoperative nociceptive stimulation and antinociceptive drug
effects, different tools have been proposed over the years. Among them, the Surgical Pleth
Index (SPI) has received recognition after several studies reported a better outcome in com-
parison to conventional analgesia. The Surgical Pleth Index module is designed to acquire
and process the plethysmograph pulse wave and heartbeat frequency. The parameter has
a range of value between 0 and 100. Although there is little to no validation of a specific
cut-off value, previous studies have recommended a target value of SPI ≤ 50 [14,15].

The aim of this study was to reduce the incidence of POCD in the first 72 h by assessing
anesthetic depth using entropy and nociception through the Surgical Pleth index (SPI)
during emergency surgery.

2. Materials and Methods

2.1. Study Design

This prospective randomized study was carried out in the Anaesthesia and Inten-
sive Care Clinic, Clinical Emergency Hospital of Bucharest, between August 2018 and
January 2019. All the procedures performed during this study were in accordance with the
Declaration of Helsinki.

The study was approved by the Research Ethical Committee of our hospital (reg-
istration number 2100/2021), and all the patients provided written informed consent.
Patients were considered eligible for the study if they were over 18 years old, undergo-
ing emergency noncardiac surgery expected to last at least 2 h, and American Society of
Anesthesiologists (ASA) physical status II, III, or IV. The surgical procedures included
abdominal (splenectomy, splenorrhapy, hepatorrhapy, hemicolectomy, phrenoraphy) and
orthopedic (femoral osteosynthesis, tibial osteosynthesis, humeral osteosynthesis) surgery.
Exclusion criteria were neurotrauma, chronic use of psychoactive substances or alcohol,
impaired preoperative cognitive function pre-existing psychopathological symptoms, neu-
rological deficits, or expected surgery time less than 2 h. From the collection data process,
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we excluded patients intubated prior to the surgical procedure and those who remained
intubated at the end of the surgical procedure. The patients were consecutively assigned
into 2 study groups. In the first group, anesthesia was provided under standard monitoring
(SMG): 5-lead electrocardiogram, noninvasive arterial pressure, pulse oximetry, tempera-
ture and end-tidal carbon dioxide concentration. In the second group, apart from standard
monitoring, entropy and SPI data were allowed to be included into the management of
anesthesia (ESMG).

2.2. Anesthesia

Sedative premedication was prescribed in a dosage of 0.01–0.02 mg/kg midazolam,
which was adjusted to the patient’s condition. Before induction of anesthesia, entropy
electrodes were applied to the patient’s forehead as recommended by the manufacturer.
Anesthesia was induced using propofol or etomidate (depending on the indications) in
combination with fentanyl 2–3 μg/kg, followed by a neuromuscular block to facilitate
tracheal intubation with rocuronium 0.6–1 mg/kg. Anesthesia was maintained using a
volatile anesthetic (sevoflurane). The anesthesiologists were unrestricted in using conven-
tional regimens of opioid analgesics and neuromuscular blocking agents as required. In
order to maintain an anesthetic state in the SM Group, anesthesia was adjusted according to
somatic response and hemodynamic events, while in the ESM Group, the anesthesiologists
tailored anesthesia to achieve state entropy between 40–60 and an SPI value≤ 50.

2.3. Data Collection, Assesment of Postoperative of POCD, and Delirium

For each patient included in the ESM Group, we recorded the state entropy (SE) and
response entropy (RE) in the awakening state, every 15 min after the beginning of surgery
and at extubation time. Because negligible differences exist between state and responsive
entropy in curarized patients, we decided to acquire only state entropy data. Other data
collected included patient characteristics, surgical procedure, anesthetic data, and the
intraoperative hemodynamics.

Between the groups, we recorded and compared the incidence of hypotension, brady-
cardia, tachycardia (variation of more than 20% from preinduction values of mean arterial
blood pressure and heart rate). Patients were discharge from the post-anesthesia care unit
based on the modified Aldrete score criteria. Postoperative analgesia was guided according
to patient demands and consisted of 1 g paracetamol every 6 h, 20 mg nefopam every
12 h, or morphine (0.1 mg/kg) every 8 h, as well as 50–100 mg ketoprofen every12 h in
selected cases.

Postoperative cognitive dysfunctions were assessed 24 h, 48 h, and 72 h after surgery
using the NEECHAM Confusion Scale. Patients’ cognitive status could not be further
evaluated because the majority of patients were discharged from ICU after 3 days. Another
reason for taking into account only the first 3 postoperative days was other postoperative
events that could have interfered with our findings. Screening was performed by trained
medical personnel.

2.4. Statistical Analysis

The objective of this study was to demonstrate that the use of entropy and SPI moni-
toring in assessing anesthetic depth in emergency surgery is associated with a reduction
in postoperative cognitive dysfunctions events. GraphPad 8Prism and MedCalc14.1 were
used for statistical analysis.

Given the objective of this study, the correlations between the doses of anesthetics
used and the NEECHAM score imposed a sufficient sample size to meet this goal. For
this calculation, we used the MedCalc program 14.1 (Sampling-Correlation coefficient).
We considered it appropriate to use a significance level of 0.05 to avoid the occurrence
of a type 1 error (alpha level 2-sided) and 0.1 to avoid the occurrence of a type 2 error
(beta) using an input of the correlation coefficient of 0.5 (the hypothesized or anticipated
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correlation coefficient). At least 29 patients were required for each group and patients were
randomized according to the permuted block technique.

The Anderson–Darling test was used to test the data distribution. Data with normal
distribution were compared using the student’s t-test and presented as mean with SD, and
data that did not follow the normal distribution were analyzed using nonparametric tests
(Mann–Whitney). Different methods for correlation analyses available from MedCalc14.1
were performed, namely Pearson correlation (r) for Gaussian distribution and Spearman
rho for nonparametric data. Nominal data were compared using the chi-square test or
Fisher’s exact test. A p-value < 0.05 was considered statistically significant.

In order identify how we could avoid postoperative cognitive dysfunction, we de-
veloped a logistic regression model that used a NEECHAM score at 24 h higher than
24 (indicating the absence of cognitive dysfunction) as a dependent variable. The logistic re-
gression model included the use of entropy monitoring and doses of fentanyl, sevoflurane,
and norepinephrine.

3. Results

Of 107 trauma patients undergoing general emergency noncardiac surgery, 12 patients
were excluded from the study after application of the exclusion criteria. The remaining
95 patients were assigned using the permuted block randomization design in a 1:1 ratio to
the standard monitoring group (SMG) or to the entropy-SPI standard monitoring group
(ESMG). Of these patients, 11 and 10 subjects, respectively, were excluded from data
analysis either because they remained intubated at the end of the procedure or because the
length of the procedure was less than 2 h (Figure 1).

 
Figure 1. Data collection flowchart.

Patient characteristics were similar in both groups (SMG, ESMG; Table 1), and no
significant difference was found in the preoperative data except for the duration of anes-
thesia. Due to the heterogeneity of trauma patients and the variety of surgical procedures
employed, no significant statistical analysis could be performed given the small sample for
each group studied. Regarding comorbidities, the most frequently associated pathologies
were represented by cardiovascular disease (arterial hypertension, ischemic cardiomyopa-
thy) and obesity.

The total dose of fentanyl administered to patients was lower in the ESM Group than in
the SM Group, with a statistically significant difference between the two groups(p < 0.0001).
Sevoflurane uptake per hour was significantly lower in the study group than in the control
group (p < 0.0001) (Table 2). Anesthesia length was approximately 17 min shorter in the
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entropy and SPI monitored group than in the standard monitored group (132.52 vs. 150.05 min,
p = 0.0013). The shorter anesthesia length in the ESM group might be a cofounding factor
with regard to the anesthetic volatile consumption.

Table 1. Patient characteristics.

SMG
(n = 36)

ESMG
(n = 38)

p-Value

Gender—Female/male ** 15/21 17/21

ASA Score *, n (%) **

II 12(33.3) 9(23.6)

p = 0.582III 17(47.2) 18(47.3)

IV 7(19.4) 11(28.9)

* ASA, American Society of Anesthesiologists. ** Categorical data were expressed as number and percentage.

Table 2. Comparison of entropy and SPI-guided anesthesia in contrast with standard monitoring-guided anesthesia.

Patient
Characteristics

Median Group
ESMG

Median Group
SMG

95%CI for the
Median ESMG

95%CI for the
Median SMG

Interquartile
Range ESMG

Interquartile
Range SMG

p-Value

Age 45 44 35.6 to 54.00 36.00 to 57.00 27.5 to 59.5 32.00 to 64.00 0.681

Temperature 36.7 37 36.5 to 36.9 36.7 to 37.1 36.4 to 37.00 36.5 to 37.2 0.024

Fentanyl (μg) 350 500 332.9 to 350.00 450.00 to 500.00 300.00 to 400.00 450.00 to 550.00 <0.001

Sevoflurane(mL/h) 3.2 5.15 3.00 to 3.40 5.00to 5.3 2.9 to 3.6 4.9 to 5.6 <0.001

Crystalloid (mL) 2500 3250 2500.00 to 3170.52 3000.00 to 4000.00 2500.00 to 3500.00 3000.00 to 4000.00 0.010

Colloid (mL) 1000 1000 500.00 to 1000.00 500.00 to 1000.00 500.00 to 1000.00 500.00 to 1000.00 0.324

Noradrenaline
(μg/kg/min) 0.08 1 0.05 to 0.50 0.9 to 1.2 0.05 to 0.5 0.8 to 1.3 <0.001

Data were analyzed using the Mann–Whitney test.

In regard to intraoperative fluid management, fewer fluids were used for the ESM
Group, and statistically significant results between the two groups were found only for
crystalloid (p = 0.010). As for the noradrenaline dosage, the ESM Group received a smaller
dose of vasopressor in comparison to the SM Group (p < 0.0001) (Table 2).

Hemodynamic events are listed in Table 3. Intraoperative hypotension was encoun-
tered more frequently in the control group (p < 0.0001). No statistically significant differ-
ences were noted between the two groups regarding the incidence of other hemodynamic
disturbances.

Table 3. Comparison of entropy and SPI-guided anesthesia in contrast with standard monitoring-
guided anesthesia regarding adverse intraoperative hemodynamic events.

SMG ESMG p-Value

At least one intraoperatory episode of

Tachycardia 10 12 0.61

Bradycardia 10 4 0.13

Hypotension 36 18 0.0001

Nominal data were compared using Fisher’s exact test.

Postoperative Delirium and Cognitive Dysfunction

Although fewer patients in the intervention group experienced postoperative cognitive
dysfunctions episodes in comparison to the control group, the results were not statistically
significant (p = 0.08). The study showed a statistically significant inverse correlation
between fentanyl and the NEECHAM Confusion Scale at 24 h (r = −0.32, p = 0.0005) and
48 h (r = −0.46, p = 0.0002), sevoflurane and the NEECHAM Confusion Scale at 24 h
(r = −0.38, p = 0.0014) and 48 h (r = −0.52, p = 0.0002), and noradrenaline and POCD events
in the first 48 h (r = −0.46, p = 0.0013 for the first 24 h respectively, and r = −0.46, p = 0.0002
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for the next 24 h) (Figure 2). There was no statistically significant correlation between
fentanyl, sevoflurane, or noradrenaline and POCD at 72 h (Figure 2).

Figure 2. Correlation matrix. The table above shows correlations coefficients between the following variables: Fentanyl
(μg), sevoflurane (mL/h), noradrenaline (μg/kg/min) and NEECHAM score at 24 h, 48 h, and 72 h. The colorencodes the
sign of correlation between each 2 variables: Blue for positive r values and red for negative r values.

In order to identify how we couldavoid postoperative cognitive dysfunction, we
developed a logistic regression model that used a NEECHAM score higher than 24 points
(indicating absence of cognitive dysfunction) at 24 h as a dependent variable. A four-
predictor logistic model was fitted to the data to test the research hypothesis regarding the
relationship between the use of entropy and the doses of anesthetic drugs and vasopressor
with the advent of postoperative cognitive dysfunctions.

The logistic regression hadan overall model fit described by a nullmodel-2 Log Likeli-
hood of 74.150 and a full model-2 Log Likelihood of 65.311, with a chi-squared value of
8.840 (p = 0.06). The goodness of fit of this regression model was calculated with Cox&Snell
(R2 = 0.19). According to the model, the log of the odds of a patient to develop POCD was
negatively related to the dose of fentanyl, sevoflurane, or noradrenaline and positively
related toentropy and SPI monitoring (Table 4).
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Table 4. Logistic regression analysis of 74 patients for POCD appearance.

Coefficient and Standard Errors

Variable Coefficient Std.Error Wald P
ESMG = 1 4.1 1.8 5.2 0.022

Fentanyl μg 0.006 0.004 1.7 0.182
Noradrenaline μg/kg/min 0.4 0.7 0.3 0.541

Sevoflurane mL/h 0.7 0.7 1.08 0.296
Constant −7.4 4.3 2.8 0.090

Odds Ratios and 95% Confidence Intervals

Variable Odds Ratio 95%CI

ESMG = 1 66.1 1.8 to 2423.3
Fentanyl μg 1.006 0.9 to 1.01

Noradrenaline μg/kg/min 1.5 0.3 to 7.03
Sevoflurane mL/h 2.1 0.5 to 9.3

4. Discussion

The main finding of this study was that entropy and Surgical Pleth Index-guided
anesthesia versus standard monitoring may reduce the incidence of postoperative cognitive
dysfunction in the first 72 h for patients undergoing general emergency noncardiac surgery.
Also, entropy and SPI may offer a protective role in developing postoperative cognitive
dysfunctions. The reported incidence varies greatly in the literature [16,17], especially
because neuromonitoring anesthesia has been studied less during emergency noncardiac
surgery in comparison to elective surgery.

In our research, we found a substantial reduction in anesthesia duration in the en-
tropy and Surgical PlethIndexmonitored group than in the standard monitored group
(132.52 vs. 150.05 min, p = 0.0013). The shorter anesthesia length in the ESM Group might
be a confounding factor with regard to the anesthetic volatile consumption. In our study,
we observed significantly lower sevoflurane doses in the ESM Group. Previous studies
demonstrated that neuromonitoring may lead to a less ‘roller-coaster’-like anesthesia [18]
and less fluctuation from a defined target than the clinical estimation of anesthetic depth
only [19]. Hor et al. conducted a randomized controlled trial in order to assess sevoflurane
uptake in patients undergoing major surgery andfounda significant reduction in sevoflu-
rane uptake with the use of entropy, in addition to a faster extubation [20]. Fedorow et al.
highlighted that using neuromonitoring in order totitrateanesthetic agents may avoid
an unnecessary increase in anesthesialevels and possible neurotoxic effects, especially
in high-risk patients [21]. Our data suggest that anesthetic agents may represent a risk
factor for developing POCD in the first 48 h. This finding is consistent with previous-
lypublished studies. According to Micha et al., sevoflurane has a negative influence on
short-termcognition [22].

Another pharmacological factor, fentanyl, can be considered a causal factor for the
presence of POCD, and we have identified significant dose reduction in the entropy-SPI
monitored group in comparison to the standard monitored group. In our study, we
identified that fentanyl may represent a risk factor for developing POCD in the first
48 h, but the results cannot be extended topatients who develop POCD in the next 24 h.
Although the incidence of cognitive disorders is highly dependent on the type of surgery
and general anesthesia management [23,24], opioid treatment remains very influential in
POCD occurrence [25].

Emergency surgery is usually closely related to hemodynamic instability. Thus, an-
other favorable trend for the entropy-SPI studied group is represented by fewer hypotensive
eventsin the intervention group and by the significantly decreased demand for vasopres-
sor. Intraoperative hypotension was encountered more frequently in the control group
(p < 0.0001). It is well known that, in addition to uncontrolled anesthetic exposure, another
important factor that may increase the risk of developing POCD is represented by blood
pressure fluctuation [26,27]. As Wu et al. investigated in a randomized controlled trial, this
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may be related to sevoflurane consumption [28]. However, we must keep in mind that, in
trauma settings, other important factors may contribute to hemodynamic alteration (type of
injury, intravascular volemic status, volemic resuscitation, response to tissue injury, tissue
perfusion, etc.) [29]. Our findings highlight that noradrenaline may contribute to cognitive
impairment in the first 48 h after surgery. Although vasopressors are a cornerstone for
treating refractory hypovolemic shock, they may also exhibit negative side effects with
harmful repercussion on cerebral perfusion [30,31].

In our study, the majority of patients experiencedthe following comorbidities: Cardio-
vascular disease (arterial hypertension, ischemic cardiomyopathy) and obesity. Current
data do not support the hypothesis that these comorbidities are potential cofounders for
developing postoperative cognitive dysfunctions [32,33].

5. Limits

Although in the intervention group, fewer patients experienced postoperative cog-
nitive dysfunctions episodes in comparison to the control group, the results were not
statistically significant (p < 0.08). We consider that one of the main drawbacks of the
study was the inability to control all ofthe risk factors that contribute to the development
cognitive disorders.

Another study limitation is the consequence of not being to further evaluate postoper-
ative cognitive disorders after 72 h because the majority of patients were discharged from
ICU. We also considered that, after 72 h, other factors may interfere with cognitive function
and mislead POCD screening.

Due to the fact that neuromonitoring anesthesia and nociception have been studied
less frequentlyduring emergency noncardiac surgery in comparison to elective surgery, the
available papers do not allow us to entirely compare the magnitude of our findings with
the previous published data.

The present research included a small number of patients in each group. In order
to establish future relevant knowledge for improving patients’ cognitive outcome, we
con-sider it imperative to recruit a higher number of patients.

6. Conclusions

The present study was designed to reflect routine clinical practice in emergency set-
tings. It is difficult to isolate one perioperative risk factor for POCD in studies even when
excluding individual factors. Despite the extensive research conducted in recent years
onthe subject, the causes and pathophysiological mechanismsresponsible for postoperative
cognitive decline remain unclear. Entropy and SPI monitoring during anesthesia may play
an important role in diminishing the risk ofdeveloping immediate postoperative cognitive
dysfunctions after emergency surgery. Also, sevoflurane, fentanyl, and noradrenaline
may be closely associated with POCD occurrence in the first 48 h. In order to confirm
our hypothesis, we considered that our study required a higher number of patientsto be
enrolled. Building upon the data found inour research, we suggest monitoring intraopera-
tive anesthetic depth using entropy and nociception through the SurgicalPlethIndex (SPI)
in patients with pre-existing cognitive impairment in order to investigate postoperative
cognitive dysfunction in future research.
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Abstract: Background and Objectives: The population has been overwhelmed with false information
related to the Coronavirus disease (COVID-19) crisis, spreading rapidly through social media and other
channels. We aimed to investigate if frontline healthcare workers affected by infodemia show different
psychological consequences than frontline clinicians who do not declare to be affected by false news
related to the COVID-19 pandemic. Materials and Methods: One hundred twenty-six frontline healthcare
workers from the Intensive Care Unit (ICU) and Emergency Departments in Romania completed
a survey to assess stress, depression, anxiety, and sleep disorders, between March and April 2020.
We split the sample of frontline healthcare workers into two groups based on the self-evaluated criteria:
if they were or were not affected by infodemia in their activity. Results: Considering limitations such
as the cross-sectional design, the lack of causality relationship, and the sample size, the results show
that, the frontline medical workers who declared to be affected by false news were significantly more
stressed, felt more anxiety, and suffered more from insomnia than healthcare workers who are not
affected by false information related to pandemic time. Conclusions: The infodemia has significant
psychological consequences such as stress, anxiety, and insomnia on already overwhelmed doctors and
nurses in the outbreak of the COVID-19 crisis. These findings suggest that medical misinformation’s
psychological implications must be considered when different interventions regarding frontline
healthcare workers during the COVID-19 pandemic are implemented.

Keywords: false news; COVID-19; frontline clinicians; misinformation; stress; mental health;
anxiety; insomnia

1. Introduction

As the coronavirus has spread across the world, so too the misinformation about it was exploded.
The first cases of COVID-19 in Romania emerged in March 2020. By October, there were 222,559 infected,
6681 deaths, and 27,280 people in isolation. As the virus spreads across the country, the need for
information has become a daily preoccupation for many people. Romanian Government created a
Strategic Communication Group, which is qualified to communicate information about COVID-19 cases,
treatment, and other social and medical implications. Nevertheless, most people rely on social media
and look for information on social media platforms instead of using official communication channels.

Before the outbreak of COVID-19, people in many countries already relied on social media to
gather information and news. Since the outbreak at the end of 2019, people worldwide return to
social media, online press, or television to obtain as much information as they can [1]. A previous
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study showed that social media played an essential role in the COVID-19 outbreak in most countries.
This role is highlighted in three areas: accurate information about the novel coronavirus was published
on social media all over the world; fake news and misinformation about the outbreak were published
daily on the internet, and social media has played an important role in creating and disseminating fear
and panic about the outbreak worldwide [2].

According to The New York Times, medical misinformation about the novel coronavirus has been
spread by ideologues who do not believe in modern medicine and scientifically proven treatments,
like vaccines, and by profiteers who found an opportunity to promote cures or other wellness
products [3]. Furthermore, specialists talk about an infodemic of misinformation. Infodemic is a
blend of “information” and “epidemic”, that refers to disseminating information, both accurate and
inaccurate, about an important subject, as a disease. Once the information is spread, it becomes
challenging to learn essential information about the topic. The word infodemic was first used in 2003
and has seen renewed usage since the outbreak of the COVID-19 crisis [4].

According to the World Health Organization (WHO), the COVID-19 related infodemic is just as
dangerous as the virus itself. Misinformation, disinformation, and rumors during a health emergency,
false preventive measures, fake remedies, conspiracy theories, and other incorrect information may have
consequences beyond public health [5]. Since the COVID-19 outbreak in Romania, false information
is spreading faster than the virus itself. The Romanian government and medical public health
experts repeatedly warned against the negative consequences of some of the most viral false medical
information, such as: the virus does not exist, the pharmaceutical giants invented the pandemic,
vitamin C treats coronavirus, 5G is the source of the virus, people are paid to declare that they are
infected with the novel coronavirus, and other misinformation. Infodemics can hamper a significant
public health response and create confusion and distrust among people [6]. A past study illustrated the
potential of using social media to conduct “infodemiology” studies for public health. Influenza A virus
subtype H1N1 (H1N1) pandemic-related tweets on Twitter were used to disseminate official information
from credible sources to the public and a source of opinions and experiences. The researchers proved
the correlation between the prevalence of misinformation, terminology use, fear, and panic spread
publicly, and the correlation between case incidence and public preoccupation [7]. During a pandemic,
healthcare professionals should cooperate with the mass media and help identify the inaccurate, and
misleading headlines that agitate members of the public, cause fear, impinge on public communication,
and diminish countermeasures for the outbreak [8]. In a pandemic, people’s emotional reactions
are likely to be very complicated and extensive, such as extreme fear and uncertainty. Furthermore,
anxiety and distorted perceptions of risk will lead to negative social behaviors [9].

To our knowledge, little evidence is available on the impact of false information during the
outbreak of the novel coronavirus (SARS COV2) on the general population and healthcare workers.
Misinformation and fake health news in social media may constitute a potential threat to public health.
Patients are more likely to mistrust the medical information and disrespect the preventive measures
and the medical experts’ policies. Furthermore, considering previous studies on misinformation’s
impact on mental health, false news may negatively impact medical staff. During the COVID-19
outbreak, faced with unprecedented challenges, doctors and nurses must manage levels of stress and
trauma similar to ones usually experienced in war zones [10]. We already know from previous studies
that during the outbreak of COVID-19, healthcare workers screened positive for moderate to severe
levels of depression, anxiety, and stress [11].

Considering these factors, the sample of frontline healthcare workers were split into two groups
based on the self-evaluated criteria: if they were or were not affected by infodemia in their activity,
we aimed to investigate whether frontline healthcare workers who declared to be affected by false
news show different levels of stress, anxiety, depression, and insomnia than frontline clinicians who do
not consider themselves to be affected by infodemia related to the COVID-19 pandemic.
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In summary, we hypothesize that frontline workers who were declared to be affected by false
news are more likely to experience stress, anxiety, depression, and insomnia than healthcare workers
who were not affected by fake news in their professional activity.

Hypothesis 1 (H1). Frontline healthcare workers who are declared to be affected by infodemia have a higher
stress level than frontline clinicians who do not claim to be affected by false news.

Hypothesis 2 (H2). Frontline medical clinicians affected by infodemia presented a higher level of anxiety than
healthcare workers who are not affected by false information.

Hypothesis 3 (H3). Frontline medical professionals who are declared to be affected by infodemia experienced a
higher level of depression than their colleagues who are not affected by misinformation.

Hypothesis 4 (H4). Frontline healthcare workers who claim to be affected by infodemia have a higher incidence
of insomnia than frontline professionals who are not affected by false news.

2. Procedure and Participants

We have surveyed frontline healthcare workers, emergency doctors, ICU doctors, and medical
nurses from two Hospital Departments (Emergency and ICU) in Romania, namely the County
Emergency Clinical Hospital Pius Brinzeu, Timisoara. The present study is a cross-sectional one; all
data were collected from March to April 2020. The study was conducted following the Declaration
of Helsinki and approved by the Ethics Committee of the County Emergency Clinical Hospital,
No. 170/05.08.2019, as part of ongoing research considering the burnout syndrome and psychological
implications healthcare profession. All gathered information was confidential; the participation was
entirely voluntary, and written informed consent was obtained from all the participants.

The inclusion criteria concerned the categories of personnel who directly contact patients during
the COVID-19 outbreak through the performed medical act, respectively, primary doctors, specialists,
residents (trainees), ICU, and emergency medicine nurses. All data were collected online via a link
sent by email. A total of 126 health professionals took part in the survey: 32 nurses and 94 physicians
were questioned. Sociodemographic data were collected on gender (male or female), marital status
(single, married, divorced, widowed), parental status (children; yes or no), profession (physician or
nurse), technical title (trainee, specialist, primary or other), and specialty (ICU or emergency medicine
specialist).

The Plan of measures for hospitals’ preparation in the COVID-19 pandemic, stated by the
Romanian Ministry of Health Order number 533/03.29.2020, disposed of by the end of March 2020,
that The County Emergency Hospital Pius Brinzeu Timisoara, Romania will take over the critical cases
of patients infected with the novel coronavirus. The usual hospital activity was decreased by 80%
regarding chronic cases to increase the hospital’s resources in treating COVID-19 patients [12]. By May
2020, 19,133 COVID-19 patients in Romania, 98,403 people in isolation, and 2993 people in official
quarantine. Although Timis County had, by the end of May, 505 confirmed cases since the outbreak of
the novel coronavirus crisis in Romania in early March, the increase in demand and changes to supply,
redeployment of staff, extended work tasks the reorganization of hospital facilities, increase in donning
and doffing personal protective equipment (PPE) and implementing new guidelines and protocols,
caused tremendous psychological pressure for the frontline healthcare workers [13].

3. Materials and Methods

The Depression, Anxiety, and Stress Scale (DASS 21) is a reliable and suitable questionnaire
to assess symptoms of common mental health problems, such as depression, anxiety, and stress.
This scale’s essential function is to evaluate the severity of the core symptoms of depression, anxiety,
and stress; thus, it supports our research questions. The DASS 21, as a self-report questionnaire
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consisting of 21 items, has 7 items per subscale: depression (e.g., “I couldn’t seem to experience any
positive feeling at all.”—the Cronbach’s alpha for this scale was α = 0.88), anxiety (e.g., “I was worried
about situations in which I might panic and make a fool of myself.”—the Cronbach’s alpha for this
scale was α = 0.88), and stress (e.g., “I felt that I was rather touchy.”—the Cronbach’s alpha for this
scale was α = 0.91). Depression refers to depressed mood, dysphoria, loss of interest and pleasure,
anhedonia, and increased fatigue; anxiety refers to agitation, impatience, trouble concentrating,
irritability, restlessness, difficulty relaxing, and difficulty falling asleep, while the third factor labeled
stress refers to emotional or physical tension. The items are evaluated on a Likert scale, from 0 (did not
apply to me at all) to 3 (applied to me very much) [14].

The Insomnia Severity Index (ISI) is a valid a reliable instrument to assess cases of insomnia
in the population, with a good psychometric properties The ISI is composed of seven items
(e.g., “How worried/distressed are you about your current sleep problem?”), rated on a five-point
Likert scale (‘0’—not at all, ‘4’—extremely), and the time interval is ‘in the last two weeks’. Cronbach’s
alpha for this scale was 0.91 [15].

Before the study’s beginning, we organized a focus group with respondents from the ICU
and Emergency Department, doctors, and nurses. We disseminated two directions and created
custom-made questions following these recommendations. The frontline healthcare workers suffered
from the false news impact in two ways: they are exposed to medical misinformation and need to make
an effort to discern the actual news, and on the other hand, the doctor-patient relationship is affected,
patients been themselves exposed to false news and having troubles trusting the medical system and
the healthcare specialists. Therefore, specific questions related to fake news influence on the frontline
medical staff were created, such as: “Are you affected by fake news in the course of your professional
activity?”, “In what way fake news affects you?”, “What is the word that best describes the media
position (print, audiovisual, online press) regarding medical staff during the outbreak of COVID-19?”.

We have used the Statistical Package for Social Science (SPSS) v. 21 program (IBM Corp., Armonk,
NY, USA). to test our hypothesis. The significance level adopted was p ≤ 0.05. Independent Student
t-tests between two independent groups for all the variables were calculated.

4. Results

Demographic data were self-reported by the participants, as follows: gender (35.7% male and
64.3% female), marital status (42.8% single, 52.3% married, and 4.7% divorced), children (55.5% yes,
44.4% no), profession (74.6% physician, 25.3% nurse), staff category-doctors (45.2% trainee,
15% specialist, 16.6% primary, 23% other), and specialty (36.5% ICU and 63.4% EM) (Table 1),
During the study period, the County Emergency Clinical Hospital Pius Brînzeu, Timisoara, was actively
involved in the care of COVID-19 patients.

We split the sample of frontline healthcare workers into two groups based on the criteria: if they
were or were not affected by fake news in their professional activity. We compared these groups
concerning stress, depression, anxiety, and also insomnia (Table 2).

The frontline medical workers who were declared to be affected by false news (N1 = 43) were
significantly more stressed (t = 3.04, p < 0.001) than healthcare workers who are not affected by
misinformation related to pandemic time (N2 = 83), and this result offers support for Hypothesis 1.
The healthcare workers who are affected by infodemia (N1 = 43) feel more anxiety (t = 1.91, p < 0.05)
than healthcare workers who are not affected by false news (N2 = 83), supporting Hypothesis 2.
Regarding Hypothesis 3, we found no difference in the level of depression between the frontline
clinicians who are declared to be affected by false news (N1 = 43) and their colleagues who claim not to
be affected by infodemia related to pandemic times (t = 1.54, p < 0.12). Consistent with Hypothesis 4,
the frontline workers who are affected by misinformation suffer more from insomnia (t = 1.89, p < 0.05)
than healthcare workers who are not affected by the infodemia related to pandemic time (N2 = 83).
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Table 1. Demographic and professional characteristics of frontline healthcare workers.

Variables Categories Frequency Percentage

Gender
Male 45 35.7

Female 81 64.3
Total 126 100

Marital status

Single 54 42.8
Married 66 52.3
Divorced 6 4.7
Widower 0 0

Total 126 100

Children
Yes 70 55.5
No 56 44.4

Total 126 100

Profession
Physician 94 74.6

Nurse 32 25.3
Total 126 100

Staff category-doctors

Trainee 57 45.2
Specialist 19 15
Primary 21 16.6

Other 29 23
Total 126 100

Specialty
ICU 46 36.5
EM 80 63.4

Total 126 100

Table 2. Statistical indicators of differences.

Variables N Mean t-Test p

Stress
Affected by fake news 43 7.23 3.04 0.00

Not affected by fake news 83 4.71

Depression Affected by fake news 43 4.79 1.54 0.12
Not affected by fake news 83 3.59

Anxiety Affected by fake news 43 3.93
1.91 0.05Not affected by fake news 83 2.61

Insomnia
Affected by fake news 43 10.86 1.88 0.05

Not affected by fake news 83 8.66

Regarding the specific questions related to the false news impact on the frontline medical staff,
we obtained the following results: 34% of frontline healthcare workers answered yes to the question:
“Are you affected by false news in the course of your professional activity?”.

The most common answers to the question: “In what way fake news affects you?” were:
“The doctor-patient relationship is affected. People distrust doctors and the medical system because
they are misled by fake news.” (23% of the respondents), “It affects me emotionally.” (30% of the
participants), and “It creates confusion.” (19% of the respondents).

The top three words found in the answers of the frontline healthcare workers regarding the question:
“What is the word that best describes the media position (print, audiovisual, online press) regarding
medical staff during the outbreak of COVID-19?” are: “appreciation”, (33% of the respondents),
“distorted” (33% of the participants), and “objectivity” (15% of the respondents).
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5. Discussion

The purpose of this research was to study if doctors and nurses who declared to be affected by
false news show different types of psychological consequences than healthcare workers who do not
consider themselves to be affected by fake news related to the COVID-19 pandemic.

The results were concordant with our predictions. Firstly, we found that almost half of the
participants were affected by false news in their professional activity. The general population has
been overwhelmed with information about COVID-19, including incorrect information and false
information. Medical misinformation has centered around key themes: food and beverages as “cures,”
hygiene practices, and medicines. Healthcare workers must take action by refuting or rebutting
misleading health information and providing appropriate information [16].

As false medical news about the novel coronavirus spread across the world, healthcare workers
found themselves in another battle, the second pandemic, an infodemic. As one study shows, the job
of healthcare workers has changed. Academics need to publicly denounce wrongdoers and hold them
accountable with scientific evidence in the battle with fake news during the outbreak of COVID-19 [17].

The COVID-19 pandemic is putting health systems and healthcare workers around the world
under immense pressure. Besides treating patients with COVID-19, medical specialists need to battle
with another enemy, fake news. The frontline medical workers who declared to be affected by false
news believe that misinformation affects them in many ways, such as: “I am emotionally affected by
fake news.”, “The doctor-patient relationship is affected by false medical news; patients distrust their
doctors.” “It consumes time and energy to battle misinformation. It creates confusion. “People are
scared, and it takes more time and energy from our part to calm them and explain scientific information.”,
“Communication with patients influenced by fake news is difficult.”, “It affects our professional
reputation and credibility.”, “It affects the general population’s trust in the medical system and doctors.
People who suffer from time-sensible health problems are afraid to go to hospitals to get treatment.
That makes our job harder. It is sad and problematic for all of us, the healthcare workers.”

Secondly, the frontline doctors and nurses who were declared to be affected by false news were
significantly more stressed than healthcare workers who are not affected by medical misinformation
related to the pandemic. Previous studies concerning the psychological sequelae observed during
the SARS COV-1 in the 2003 outbreak revealed that healthcare workers experienced acute stress
reactions [18]. In 2020, as one study shows, since the declaration of the coronavirus outbreak as
a pandemic, some healthcare workers from different hospitals screened positive for moderate to
extremely severe stress [19].

Work-associated stress affects healthcare workers, including doctors, nurses, auxiliary personnel,
administrative staff, and other medical technicians. The three main work-related stress factors identified
were: heavy workloads, the time-related pressure on the job, and extended working hours [20].
During a pandemic, frontline workers who are called upon to assist or treat those with COVID-19
may experience stress related to a physical strain of protective equipment, physical isolation,
constant awareness, and vigilance regarding infection control procedures, pressures regarding
procedures that must be followed [21]. Furthermore, as our study shows, frontline healthcare
workers in Romania are influenced by false news and feel stress, among other psychological outcomes,
in dealing with this particular factor concerning the public misinformation about the COVID-19
medical crisis.

Thirdly, the frontline medical workers who were declared to be affected by the infodemia felt more
anxiety than healthcare workers who are not affected by false news related to pandemic time. The most
frequently reported symptom during pandemic time is anxiety, both in the general population and
medical staff. Many studies already demonstrated that frontline healthcare workers screened positive for
moderate to severe anxiety during the outbreak of COVID-19. Before COVID-19, internet addiction was
already recognized as a growing problem contributing to social anxiety, attention-deficit/hyperactivity
disorder, and other wellness aspects, which may only intensify during a pandemic time [22].
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Since the COVID-19 pandemic outbreak, the constant stream of information and fake medical
news can be overwhelming for anyone, let alone clinicians already facing stressful challenges in
their professional and personal lives [23]. False medical messages trigger feelings of fear and panic
in public. When the message has an emotional impact, people are more inclined to share that
information with family and friends. Despite our Government’s efforts to communicate efficiently and
disseminate medical information to the public, false news continued to spread much faster than the
virus itself, leaving the medical community on the frontline of another battle, with misinformation and
disinformation regarding the coronavirus crisis.

Finally, the frontline healthcare workers who are declared to be affected by misinformation suffer
more from insomnia than healthcare workers who are not affected by false news related to pandemic
time. Previous studies on emergency medicine specialists in Romania demonstrated that work-related
stress symptoms, such as sleep disorders, play an essential role in the medical staff’s mental health [24].

During a pandemic time, medical staff is placed under tremendous pressure, leading to many
psychological reactions, including sleep disorders and low sleep quality, being present almost all the
time [25,26]. A cross-sectional survey among healthcare workers treating patients with COVID-19
in China revealed that a significant proportion of participants experienced insomnia symptoms [27].
Having to face permanent dissemination of misinformation about the coronavirus, its treatments,
evolution, impact, and even existence of the virus, the frontline medical workers felt the influence of
this significant stress factor also, infodemia.

This research could be considered an initial attempt to integrate the false medical information
stress-factor, among the other occupational stress causes during a pandemic time, which, to our
understanding, is new and unique in Romanian frontline healthcare workers during the SARS
COV-2 pandemic.

The results of this study should be evaluated, considering several limitations. One of the limits is
the cross-sectional design. Our research cannot assess if there will be a change in variables over time.
The relations found do not involve causal inferences between the studied variables. We attempted to
compare the study groups concerning stress, depression, anxiety, and insomnia; further longitudinal
research may contribute to a better understanding of ways in which the causality relationship regarding
the false news effect on medical frontline healthcare workers and other psychological implications may
occur. Another limit is the self-reported impact of the false news in the medical activity; the subjectivity
of the cohort classification can be overcome in future research aiming at objective measurements of
the false news factor. Despite the Romanian Strategic Communication Group’s effort to present and
explain in real-time, when possible, the false medical information that appeared in the Romanian
media, separating false information from actual news can seem daunting and may influence our
study variables.

Moreover, the sample size was too small. Further research with a larger sample, such as a
nation-wide study, should be performed to gain a complete image of the fake news influence on doctors
and nurses during the pandemic time. Longitudinal studies could further strengthen our conclusions
and evidence of the relationships between fake news and different psychological outcomes Further
research is needed to test a regression model of the study variables and factors that may be associated
with the exposure to fake news in the medical and general population. Future research also may
improve our knowledge of the impacts of false medical news, from efficient tools to discern between
true and false content to better develop our cognitive reflection and overcome other psychological
implications due to the exposure to false news in the COVID-19 pandemic.

6. Conclusions

In conclusion, our findings suggest that frontline healthcare workers who are declared to be
affected by false news show different levels of psychological manifestations such as anxiety, stress,
and insomnia, during the outbreak of the COVID-19 pandemic. They should be considered in the
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aftermath of the COVID-19 crisis when policies and interventions for positive mental health and
well-being among frontline medical staff are designed and implemented.
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Abstract: Background and objectives: The laryngeal mask is the method of choice for airway management
in children during minor surgical procedures. There is a paucity of data regarding optimal management
of mechanical ventilation in these patients. The Supreme™ airway laryngeal mask offers the option
to insert a gastric tube to empty the stomach contents of air and/or gastric juice. The aim of this
investigation was to evaluate the impact of positive end-expiratory positive pressure (PEEP) levels
on ventilation parameters and gastric air insufflation during general anesthesia in children using
pressure-controlled ventilation with laryngeal mask. Materials and Methods: An observational trial was
carried out in 67 children aged between 1 and 11 years. PEEP levels of 0, 3 and 5 mbar were tested for
5 min in each patient during surgery and compared with ventilation parameters (dynamic compliance
(mL/cmH2O), etCO2 (mmHg), peak pressure (mbar), tidal volume (mL), respiratory rate (per minute),
FiO2 and gastric air (mL)) were measured at each PEEP. Air was aspirated from the stomach at the
start of the sequence of measurements and at the end. Results: Significant differences were observed
for the ventilation parameters: dynamic compliance (PEEP 5 vs. PEEP 3: p < 0.0001, PEEP 5 vs.
PEEP 0: p < 0.0001, PEEP 3 vs. PEEP 0: p < 0.0001), peak pressure (PEEP 5 vs. PEEP 3: p < 0.0001,
PEEP 5 vs. PEEP 0: p < 0.0001, PEEP 3 vs. PEEP 0: p < 0.0001) and tidal volume (PEEP 5 vs. PEEP 3:
p = 0.0048, PEEP 5 vs. PEEP 0: p < 0.0001, PEEP 3 vs. PEEP 0: p < 0.0001). All parameters
increased significantly with higher PEEP, with the exception of etCO2 (significant decrease) and
respiratory rate (no significant difference). We also showed different values for air quantity in the
comparisons between the different PEEP levels (PEEP 5: 2.8 ± 3.9 mL, PEEP 3: 1.8 ± 3.0 mL; PEEP 0:
1.6 ± 2.3 mL) with significant differences between PEEP 5 and PEEP 3 (p = 0.0269) and PEEP 5 and
PEEP 0 (p = 0.0209). Conclusions: Our data suggest that ventilation with a PEEP of 5 mbar might be
more lung protective in children using the Supreme™ airway laryngeal mask, although gastric air
insufflation increased with higher PEEP. We recommend the use of a laryngeal mask with the option
of inserting a gastric tube to evacuate potential gastric air.

Keywords: paediatric anaesthesia; laryngeal mask; gastric insufflation; PEEP; airway devices;
respiratory function
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1. Introduction

The laryngeal mask is a well-established option for airway management in pediatric patients
undergoing general anesthesia for various surgeries [1]. This device can be used to secure ventilation
in difficult situations, for example, after primary failure of endotracheal intubation [2–4].

Laryngeal mask airway (LMA) provides a relatively safe airway for positive pressure ventilation
(PPV) in children [5]. Pressure control ventilation (PCV) is widely discussed as the method of choice for
delivery of PPV through an LMA. A study by Natalini et al. compared pressure-controlled ventilation
and volume-controlled ventilation with the LMA. The study demonstrated that the use of PCV during
general anesthesia with the LMA reduced the peak airway pressure compared with volume control
ventilation at the same tidal volumes and inspiratory times [6]. Positive end-expiratory pressure (PEEP)
is frequently used in tracheally intubated patients to increase oxygenation, but is rarely used with the
LMA because the low pressure seal predisposes to oropharyngeal and esophageal air leaks [7].

The use of general anesthetic reduces functional residual capacity especially in children, resulting
in increased intrapulmonary shunts [8]. PEEP reduces this shunt volume during controlled ventilation
in patients with healthy lungs [9]. There are no guidelines for PEEP settings in pediatric patients.
Nevertheless, anesthesiologists traditionally set PEEP to a lower level in pediatric patients than in
adults, i.e., below 5 cmH2O [8].

Optimization of functional residual capacity is even more important in children since they have a
lower capacity for elastic retraction and a lower relaxation volume, and as a result are more susceptible
to atelectasis than adults [10]. However, there is little data on optimum ventilation using a laryngeal
mask and applying PEEP.

The Supreme™ laryngeal mask (S-LMA, a second-generation laryngeal mask) offers the option of
simultaneous insertion of a gastric tube. This is important as, in contrast to airway management using
endotracheal intubation, use of a laryngeal mask is potentially associated with the risk of gastric air
insufflation with possible further consequences. But a randomized controlled trial by Drake-Brockman
et al. evaluated the effect of endotracheal tubes versus LMAs on perioperative respiratory adverse
events (PRAE) in infants [11]. The primary outcome of this study was the incidence of any PRAE in
relation to the type of airway device used. The impact of LMA vs. endotracheal tubes (ETT) on the
incidence of individual PRAE and their timing (intraoperatively and postoperatively) were assessed
as secondary outcomes. This study showed a clear benefit of the use of an LMA compared with an
endotracheal tube in a large number of infants undergoing minor elective surgery.

The aim of our observational investigation was to evaluate the effects on ventilation parameters
during general anesthesia in children using pressure-controlled ventilation with the S-LMA at different
PEEP levels. Primary outcome parameters were changes of the dynamic compliance and end-tidal
carbon dioxide (etCO2) to verify recruitment maneuver’s with PEEP in lungs; secondary outcome
parameters were the gastric air insufflation during ventilation with three different PEEP levels.

2. Methods

This prospective clinical trial was carried out from February 2012 to August 2014. Included children
were aged between 1 and 11 years old, with American Society of Anaesthesiologists (ASA) classification
I-III, scheduled for a minor elective surgery (inguinal hernia repair or circumcision) under general
anesthesia in supine position with a planned surgery duration <30 min. Inclusion of patients was after
informed consent. The study protocol was been approved by the Medical Ethics Committee II of the
Mannheim Medical Faculty of the University of Heidelberg (2010-264N-MA; 22 June 2010).

Exclusion criteria were an ASA classification of IV and above, children with known difficult
airways or impossibility of insertion of the laryngeal mask or the gastric tube. The size of the S-LMA
(Teleflex Medical Europe Ltd., Athlone, Ireland) (see Table 1), the gastric tube and the cuff filling
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volume were selected based on weight-adapted tables provided by the manufacturer [12]. The cuff
was inflated to a recommended maximum of 60 cmH2O using a cuff pressure monitor [12,13].

Table 1. Baseline characteristics.

Characteristic All Patients (n = 67)

Age, year 4.7 ± 2.4

Range 1.1–10.8

Gender n (%)

Male 55 (82)

Female 12 (18)

Body weight *, kg

19.5 ± 8.4

Range, kg 9–59

Groups * n (%)

<5 kg Supreme™ laryngeal mask size (1) 0 (0)
5–10 kg Supreme™ laryngeal mask size (1.5)- 5 (8)

10–20 kg Supreme™ laryngeal mask size (2) 38 (58)
20–30 kg Supreme™ laryngeal mask size (2.5) 17 (26)
30–50 kg Supreme™ laryngeal mask size (3) 5 (8)
50–70 kg Supreme™ laryngeal mask size (4) 1 (2)

* Information on body weight was unavailable for one subject.

A total of 71 children were included in the study (ASA class I or II, all without lung disease).
In two children investigation was stopped due to a leakage of the laryngeal mask and in two other
children investigation had to be discontinued because the gastric tube could not be positioned for
adequate function. These four children were excluded from the statistical analysis. Thus, the data for
67 children (12 girls and 55 boys) were available for final analysis.

2.1. General Anaesthesia

Each child was given premedication with midazolam (Dormicum®, Roche Pharma,
Grenzach-Wyhlen, Germany) (0.5 mg/kg bodyweight (bw)) per os within 30 min of induction
of anesthesia.

Balanced or total intravenous anesthesia was used. Each patient was connected to a Dräger
Primus® (Drägerwerk, Lübeck, Germany) machine. Standard monitors included precordial stethoscope,
pulse oximeter, electrocardiography, automated noninvasive blood pressure (NIBP), capnometer and
nasopharyngeal temperature.

The subject was pre-oxygenated with an inspiratory oxygen fraction of 80% and 4 L fresh gas flow
per minute using a facemask. Thereafter we administered 2–4 μg fentanyl (Fentanyl Janssen®,
Jansen-Cilag, Neuss, Germany) per kilogram bw and 4–6 mg propofol 10 mg/mL (Propofol®,
Fresenius Kabi, Bad Homburg, Germany) per kilogram bw via a previously inserted intravenous
cannula. Muscle relaxants were not required at any point during the investigation.

We did not perform bag-valve mask ventilation. The subject was pre-oxygenated and after the
administration of fentanyl and propofol we inserted the S-LMA. At this time point, no monitoring
of gastric air insufflation was undertaken. Lidocaine gel (Xylocain Gel 2%, Astra Zeneca, Wedel,
Germany) recommended as a lubricant by the manufacturer [12], was applied to the back of the
S-LMA prior to insertion. Adequate ventilation was verified based on the gel displacement test [12,14],
bilaterally visible respiratory excursion, bilateral auscultation of the breath sounds and capnography.

A leakage test was carried out after the laryngeal mask had been fixed in place and connected
to the ventilator. This was the airway pressure generated when an audible noise was heard over the
mouth. Airway leak pressure was measured beforehand at a minimum pressure of 18 cmH2O and a
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maximum pressure of 25 cmH2O. We excluded patients from our study if the airway leak pressure was
under the minimum pressure.

Pressure-controlled ventilation was carried out with a tidal volume of 6 to 8 mL/kg bw and a
PEEP of 3 mbar. The inspiratory oxygen fraction (FiO2) was reduced from 80% to 50%, aiming at an
oxygen saturation of above 95% and an end-tidal carbon dioxide (etCO2) concentration of 33–39 mmHg.
A balanced anesthesia was maintained to the end of the surgery, using sevofluran (Sevofluran Baxter,
Baxter, Unterschleißheim, Germany) with a minimal alveolar concentration (MAC) of 0.8, or as a total
intravenous anesthesia using propofol. The equilibration period was not defined.

After positioning of the S-LMA, each patient received a lubricated gastric tube through the
drainage canal. Measurement time started after the insertion of the gastric tube and the withdrawal of
the contents of the stomach (fluids or air) with a 5 mL syringe.

2.2. Data Collection

The recorded ventilation parameters included the dynamic compliance, etCO2, peak inspiratory
pressure (PIP), inspiration volume, respiratory rate (RR), and the FiO2 for each PEEP level. Additionally,
gastric air and aspirates/secretions were documented. We did not measure the BMI of the children and
we didn’t take the time of the surgery during our measurements.

Once anesthesia was established, PEEP was increased to 5 mbar for 5 min (T0), PEEP was then
reduced to 3 mbar for 5 min (T1) and to 0 mbar for 5 min (T2). Peak inspiration pressure was kept
constant during all PEEP levels. All measurements were performed during the surgical procedure.
The patients were not breathing spontaneously. The laryngeal mask was removed correctly at the
end of surgery once the patient was awake and exhibiting sufficient spontaneous respiration and an
adequate presence of protective reflexes.

2.3. Statistical Analysis

Statistical analysis was carried out using the statistical software package SAS, release 9.4
(SAS Institute, Cary, NC, USA).

Quantitative variables are presented as mean and standard deviation together with their range
(see Table 1). Data approximately normally distributed (i.e., dynamic compliance, etCO2, peak pressure,
tidal volume, respiratory rate) that had been recorded multiple times for a given observation unit was
analyzed using repeated measures ANOVA. The SAS procedure PROC MIXED with the fixed factors
“measuring point”, patients’ age and body weight group and the random factor “patient ID” was used
for this purpose based on three defined PEEP levels (T0: PEEP 5, T1: PEEP 3 and T2: PEEP 0 mbar).

To compare gastric air at different time points the Friedman test was used, since this parameter
may not be considered normally distributed. For pairwise comparisons of measurement time points,
post hoc tests according to Scheffé or Wilcoxon test for 2 paired samples were used, respectively.
The result of a statistical test was considered as significant for p < 0.05.

3. Results

Baseline characteristics are presented in Table 1. The youngest child was aged 13 months and the
oldest 10 years and 10 months. Mean body weight was 19.5 ± 8.4 kg.

3.1. Ventilation Parameters

Comparison of RR, tidal volume (Vt), peak pressure, dynamic compliance, expiratory carbon
dioxide concentration (etCO2), inspiratory oxygen fraction (FiO2) and quantity of gastric air at T0
(PEEP 5 mbar), T1 (PEEP 3 mbar) and T2 (PEEP 0 mbar) are shown in Table 2.
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Table 2. Ventilation parameters and gastric air by PEEP.

T0
(PEEP 5)
(mbar)

T1
(PEEP 3)
(mbar)

T2
(PEEP 0)
(mbar)

p-Values
for Pairwise

Comparisons

Dynamic compliance Cdyn

(mL/cmH2O)
18.4 ± 7.5 16.8 ± 6.9 14.4 ± 5.5

T0-T1: <0.0001
T0-T2: <0.0001
T1-T2: <0.0001

etCO2 (mmHg) 37.1 ± 4.7 38.2 ± 4.3 41.3 ± 5.1 T0-T2: <0.0001
T1-T2: <0.0001

Peak pressure
(mbar)

14.9 ± 1.6 13.0 ± 1.6 10.6 ± 1.5
T0-T1: <0.0001
T0-T2: <0.0001
T1-T2: <0.0001

Vt (mL) 170.4 ± 66.2 160.2 ± 60.8 138.8 ± 50.2
T0-T1: 0.0048

T0-T2: <0.0001
T1-T2: <0.0001

RR
(per minute)

20.9 ± 3.8 20.9 ± 3.8 21.0 ± 3.8 not significant

FiO2 0.51 ± 0.06 0.49 ± 0.06 0.49 ± 0.06 not significant

Gastric air (mL) 2.8 ± 3.9 1.8 ± 3.0 1.6 ± 2.43 T0-T1: 0.0269
T0-T2: 0.0209

For each PEEP level—with the only exception of respiratory rate, p = 0.3708—changes over time
could be detected (each p < 0.0001) (Table 2).

There was a significant decrease in dynamic compliance as PEEP levels reduced (PEEP 5 > PEEP
3 > PEEP 0).

A significant increase in etCO2 concentration was observed with decreasing PEEP (PEEP 5 < PEEP
3 < PEEP 0). The inspiratory oxygen fraction (FiO2) was not significant.

The mean airway leak pressure was 22.5 ± 2 cmH2O.

3.2. Gastric Air or Aspirates/Secretion

An important endpoint of our study was the amount of gastric air or aspirates during mechanical
ventilation with S-LMA and three different PEEP levels.

Also, for this parameter, changes over time have been found (p = 0.0176). Wilcoxon tests for two
paired samples revealed significant differences between PEEP 5 and PEEP 3 (p = 0.0269) as well as
PEEP 5 and PEEP 0 (p = 0.0209). We did not aspirate any gastric secretion.

4. Discussion

The principal findings of the present observational clinical trial are that a PEEP of 5 mbar provides
significantly higher dynamic compliance (Cdyn), tidal volume (Vt) and peak pressure during general
anesthesia in children using PCV with the S-LMA at different PEEP levels. We also found a significantly
higher gastric air volume during ventilation with a PEEP of 5 mbar.

The S-LMA with the additional option of insertion of a gastric tube was used in this investigation
of different PEEP levels during minor elective surgical interventions in children. We used this S-LMA
because with the opportunity of insertion of a gastric tube during PCV and the application with PEEP,
the insufflation of air and the risk of aspiration seems to be higher.

According to several studies, sufficient PEEP should be used to minimize atelectasis and maintain
oxygenation [5,9,15,16]. Serafini et al. examined ten children, ranged from ages 1 to 3 years, all without
lung disease. After general anesthesia for cranial or abdominal CT scans, pulmonary morphology
was investigated. A PEEP of 5 cmH2O was shown to recruit all available alveolar units and to
induce the disappearance of atelectasis in dependent lung regions [17]. However, after full muscle
relaxation, ventilation was with an orotracheal tube and not with a laryngeal mask in this study.
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Our study demonstrated that without muscle relaxation the children might develop atelectasis, and that
ventilation with S-LMA and PEEP of 5 mbar improves the dynamic compliance and recruited the lungs.

Goldmann and colleagues tested the hypothesis that in anaesthetized pediatric patients the
ProSeal™ laryngeal mask (P-LMA) can be used effectively to apply a PEEP of 5 cmH2O during
pressure-controlled ventilation (PCV) and that this leads to an improved arterial oxygenation compared
to a PCV ventilation without PEEP [18]. It seems that the application of PEEP (5 cmH2O) during PCV
improves gas exchange in healthy pediatric patients [18]. We did not take arterial blood gas samples in
our setting. The duration of minor surgeries in our setting was not as long as the procedures in the
study from Goldman et al.

A randomized controlled trial with 90 children showed that PCV with PEEP using the P-LMA
was accompanied with lower incidence of adverse events in comparison to spontaneous respiration in
infants and toddlers with upper respiratory tract infection undergoing infra umbilical surgeries under
general anesthesia. The authors concluded that PCV with PEEP using P-LMA may be the preferred
mode of ventilation in children [19].

In our study, we found significant differences in Cdyn through different PEEP levels during PCV.
Cdyn was significantly greater for a PEEP of 5 mbar. In pediatric patients PEEP is traditionally set
lower, but we have not found profound reasoning in the literature, empirically, anesthesiologists
tend to ventilate children with a lower PEEP compared to adult patients. Wirth et al. investigated
whether moderately higher PEEP improves respiratory mechanics and regional ventilation. Therefore,
40 children were mechanically ventilated with PEEP 2 and 5 cmH2O. They analyzed volume-dependent
compliance profiles as a measure of intratidal recruitment/derecruitment. They concluded that
increasing PEEP from 2 to 5 cmH2O improved mean compliance and was associated with improved
peripheral ventilation without causing overdistension of the lungs or hemodynamic compromise [8].
This was the first study investigating the effects of PEEP on intratidal compliance in children.
Compared to our study children received full neuromuscular block, they did a tracheal intubation
during anesthesia and invasive ventilation and the planned surgery duration was >60 min.

In a study by von Ungern-Sternberg et al. [10], younger children were more susceptible to
atelectasis than older children and benefited from higher PEEP settings. Another study in children
showed that increasing the PEEP can reopen dorsal areas of the lungs [17]. As the closing capacity is
lower at younger age, younger children have a higher probability that closing capacity is lower than
FRC (functional residual capacity). As a consequence, small airways tend to collapse at the end of
expiration. Therefore, particularly in younger children a higher PEEP might be required to shift FRC
to a level at which the collapse of the small airways is prevented [8,10].

Furthermore, we demonstrated in our study that the behavior of etCO2 concentration opposed
that of Cdyn. EtCO2 concentration was significantly higher at a PEEP of 0 mbar than at 5 mbar. This is
possibly due to the higher Cdyn arising from the larger gas exchange area (recruitment with PEEP and
minute volume), whereby the carbon dioxide is more easily exhaled.

In our study, we posed the question of whether increasing the PEEP level results in an increase in
the rate of gastric air insufflation during ventilation with S-LMA. The analyses revealed that there were
significant differences in the quantities of gastric air obtained via the gastric tube for the different PEEP
levels in the overall data analysis. Lagarde et al. noted in their study that the incidence of gastric air
insufflation rises with increasing inspiratory pressure under face mask ventilation [20]. The ventilation
with a face mask for further pre-oxygenation prior to positioning of the S-LMA is probably the reason
for positive quantities of air. Therefore, we did not ventilate each child during pre-oxygenation with
the mask.

We also recorded in our study the highest peak pressure with a PEEP of 5 mbar merely around
15 mbar and significant reduction of the gastric air quantity with the decrease of the PEEP levels.
Lagarde et al. describe gastric air insufflation in children as occurring in over 58% at an inspiratory
pressure of above 15 cmH2O [20]. However, gastric air insufflation was detected through auscultation
of the stomach in this experimental setup. How high the rates for false positives and negatives were in
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this study is unclear. According to the literature, gastric air insufflation occurs at an earlier stage in
younger subjects than in older ones. A limit of below 15 cmH2O for inspiratory pressure and, in some
cases even below 10 cmH2O, is referred for children below the age of one year. The inspiratory pressure
therefore appears to be age-dependent [20]. Bouvet et al. reach the conclusion that an inspiratory
pressure of 15 cmH2O is probably the best compromise between adequate ventilation with a face
mask and gastric air insufflation [21]. However, PEEP is not used in this study and the reduced
incidence of gastric air insufflation is related to the induction phase of anesthesia [21]. The probability
of gastric air insufflation arises due to the use of PCV, as this results in lower inspiratory pressures
for volume-controlled ventilation at the same tidal volume. The inspiratory pressure of 15 cmH2O is
recommended as the standard limit in children as no further increase in tidal volume is achieved and
there is an increased incidence of gastric air insufflation above this value [20]. The correct positioning
of the airway device, such as the laryngeal mask, appears to be the decisive factor in achieving
optimum sealing and avoiding any potential axial rotation, thereby ensuring that less air enters the
stomach [22,23].

A further question that arises repeatedly is whether insufflation of air increases the patients’ risk
of aspiration.

The results of our investigation showed a tendency that the quantity of the gastric air can be
reduced following aspiration through the gastric tube in the S-LMA. Maybe the opportunity of a gastric
tube can lower the risk of regurgitation and aspiration.

However, the precise reduction in the risk of aspiration cannot be derived from our available data.
In a retrospective analysis, Bernadini et al. demonstrated that, compared to an endotracheal tube,
there is no increase in the risk of aspiration when using a laryngeal mask, but that the majority of cases
of aspiration occurred in patients who required emergency surgery [24].

Our investigation was subject to some limitations. The patients included in this study were aged
between 1 year and 11 years. The range of age is very large and consequently the group is heterogenous
(weight and height). Therefore, the results obtained in the present investigation cannot be directly
extrapolated to younger children and certainly not to older children or even adults. To minimize the
risk of complications, only children with uncomplicated airways were investigated. Furthermore,
this is not a blinded study as no experimental and control groups were formed. A critical view must
also be taken in relation to the short duration of 5 min for the application of PEEP. It might be possible
to obtain more clear-cut results if both the individual PEEPs were tested for longer periods and a
greater overall number of subjects with a better age distribution were to be investigated. The range of
different PEEP levels were very small. In our study, the focus was set on these levels because pediatric
anesthetists are used to lower PEEP levels.

We also used only one kind of laryngeal mask with the advantage of a channel for a gastric tube.
Additionally, the amount of gastric air should better be evaluated by gastric ultrasound or auscultation,
a method well established in anesthesia practice today. The evacuation of gastric air over the gastric
tube by aspiration via a syringe is not as valid as gastric ultrasound. This is a limitation of our study
and we need further randomized investigations with more patients to figure out the risk of aspiration
during ventilation with laryngeal masks.

5. Conclusions

Our results revealed that a higher PEEP, maximum 5 mbar in our investigation, yielded more
ventilator-associated advantages than disadvantages with the S-LMA. Results on this were usually
significant, especially for a PEEP of 5 mbar, with a larger inspiration volume, greater Cdyn and a lower
etCO2 concentration.

Our investigation also demonstrates that significant quantities of air are insufflate into the stomach
under PCV with the S-LMA and a PEEP of up to 5 mbar.

However, it must be noted, that air was collected mainly after induction of anesthesia and
ventilation with the S-LMA after insertion of this device. The question therefore arises, as to whether
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routine aspiration of air from the stomach significantly reduces the incidence of aspiration when
the S-LMA, and possibly also other supraglottic airway devices, are used. This could constitute a
hypothesis for future studies with a larger sample size.

Overall, the conclusion can at least be drawn that a positive PEEP value is more suitable than no
PEEP during ventilation with S-LMA in children.
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Abstract: With the advent of fast-track pathways after cardiac surgery, there has been a renewed
interest in regional anesthesia due to its opioid-sparing effect. This paradigm shift, looking to
improve resource allocation efficiency and hasten postoperative extubation and mobilization, has
been pursued by nearly every specialty area in surgery. Safety concerns regarding the use of classical
neuraxial techniques in anticoagulated patients have tempered the application of regional anesthesia
in cardiac surgery. Recently described ultrasound-guided thoracic wall blocks have emerged as
valuable alternatives to epidurals and landmark-driven paravertebral and intercostal blocks. These
novel procedures enable safe, effective, opioid-free pain control. Although experience within this
field is still at an early stage, available evidence indicates that their use is poised to grow and may
become integral to enhanced recovery pathways for cardiac surgery patients.

Keywords: cardiac surgery; enhanced recovery; regional anesthesia; ultrasound; paravertebral
blocks; fascial plane blocks; nociception level index

1. Introduction

Cardiac surgery (CS) generates a unique set of challenges compared to non-cardiac
surgery. Postoperative outcomes and quality of life result from several factors, including
demographic characteristics, comorbidities, type and quality of surgical intervention, the
extent of the systemic inflammatory response, range of organ dysfunction and pain [1–4].
Conveniently, many of these factors are amenable to optimization. To this end, enhanced
recovery after surgery (ERAS) programs have evolved and are now commanded by a
multidisciplinary consensus in CS [5].

Pain management is a crucial element of cardiac ERAS. Adequate analgesia is a prereq-
uisite to ensure patient comfort, low morbidity, early mobilization, and cost effectiveness.
Postoperative pain is multifaceted and may result from various interventions, including
sternotomy, thoracotomy, chest drains and leg vein harvesting. One study found that
maximal pain intensity in CS was usually moderate [6], but severe acute postoperative pain
was also reported elsewhere and more frequently associated with chronic post-sternotomy
pain [7].

Traditionally, opioids were considered the mainstay for pain management after CS
based on a predictable hemodynamic profile. Acknowledged risks associated with their
use (e.g., hyperalgesia, opioid dependence, respiratory depression, nausea and vomiting,
immunosuppression, ileus, delirium, prolonged postoperative recovery) fueled that which
now represents a central tenet in the ERAS paradigm–multimodal analgesia (MA) [8]. MA
built on drug combinations is not faultless [9]; N-methyl-D-aspartate (NMDA) antagonists
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may bring about sympathetic hyperactivity, central alpha-2 agonists can cause bradycardia
and hypotension, and nonsteroidal anti-inflammatory agents are associated with renal
dysfunction and abnormal clotting.

Regional anesthesia/analgesia (RA) represents a valid alternative for the MA reper-
toire. It obviates many of the drawbacks of drug-based MA strategies, albeit with its
particular challenges [10]. Classical neuraxial techniques such as thoracic epidural anes-
thesia (TEA) and landmark-based paravertebral blocks (PVBLM) constituted the standard
regional approach to ensure chest wall pain relief before ultrasound (US) virtually revo-
lutionized RA. Bleeding complications (e.g., spinal epidural hematoma (SEH)) were the
primary concern regarding the use of TEA and PVBLM in CS [11]. This may explain to some
extent why CS fell behind other surgical specialties regarding the large-scale implementa-
tion of ERAS programs. Since its inception, US-guided RA (USRA) has helped improve
existing techniques (i.e., PVB) and favored the design of new ones. Specifically, real-time
US needle-tracking is essential to perform chest wall fascial plane blocks (CWFPB) [12]. De-
livery of local anesthetics (LA) between myofascial layers spares the neuraxium and blocks
the nerves as they course within that tissue plane. Reasons for the growing popularity of
CWFPB include (1) ease of performance; (2) excellent safety profile; (3) good efficacy in
various clinical settings. The scope of this review is to address the use of RA in CS, with
particular reference to the indications, techniques, and complications of currently available
CWFPB (see Table A1, Appendix A).

2. Techniques

RA of the chest wall may be performed at various points along an arch coursing
anteriorly from the posterior midline. With TEA as gold standard regarding the breadth
of somatic and sympathetic blockade, CWFPB exhibit a variable decrement in their effect
as they approach the anterior midline. Autonomic effects are retained proportionally to
the extent of LA spread into the epidural space, and the area of sensory loss is inversely
related to the distance between the injection spot and spine. A considerable inter-individual
variation in the extent and intensity of CWFPB exists, and several reasons may represent
the root cause of this: (1) existence of differential sensory blockade [13]; (2) reliance on
passive LA spread to achieve analgesia; (3) redundant innervation between peripheral
nerve territories, including midline overlapping [14,15].

2.1. Thoracic Epidural Anaesthesia (TEA)

The role of TEA in cardiac ERAS programs remains an intensely debated topic. TEA
produces robust chest wall pain relief, yet it repeatedly failed to improve perioperative
morbidity and mortality in CS populations [16]. Potential reasons include the fact that TEA
benefits may have a disproportionate impact on CS pain or because TEA side effects and
complications may offset its benefits. Notably, pain associated with CS is typically moder-
ate [6], so less intense analgesia (i.e., CWFPB) might suffice. In contrast, adverse events
associated with TEA may be clinically relevant (e.g., respiratory depression with epidural
opioids and hypotension with epidural LA) and potentially catastrophic (e.g., SEH).

Cardiac sympatholysis was shown to benefit myocardial blood flow [17] but also
blunt the heart capacity to cope with hemodynamic challenges, especially within specific
subgroups such as those with established pulmonary hypertension [18].

The calculated maximum risks of SEH in CS after TEA were 1:1500 with 95% con-
fidence and 1:1000 with 99% confidence, respectively [19]. In a recent meta-analysis of
over 6000 patients, Landoni et al. estimated this risk at 1:3552 (95% CI 1:2552–1:5841) [20].
Placing the epidural one day before surgery could prevent bleeding complications, but
such practice patterns would contradict the very essence of ERAS programs.

Overall, minimization of risks outweighs maximization of analgetic potential. Ad-
equate patient selection, risk factors, and anesthesiologist’s expertise must be carefully
balanced before pursuing TEA or any other type of neuraxial technique. Until more evi-
dence becomes available, the risk-benefit ratio of neuraxial analgesia remains prohibitive.
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2.2. Paravertebral Blocks (PVB)
2.2.1. Mechanism and Clinical Applications

PVB involves LA injection into the thoracic paravertebral space (TPVS) to block the
spinal nerve roots as they emerge from the intervertebral foramina. TPVS is a triangular-
shaped space on both sides of the vertebrae bounded anterolaterally by the parietal pleura,
medially by the posterolateral parts of the vertebral body and posteriorly by the supe-
rior costotransverse ligament (SCTL) (see also Figure 1). TPVS communicates laterally
with the intercostal space, and medially with the epidural space. TPVS is also contigu-
ous with its contralateral counterpart but to a much lesser extent whereas its cranial
extension remains ill-defined. Caudal and rostral segmental spread of the LA drug from
the injection site generates multilevel ipsilateral somatic and autonomic blockade, with
epidural and intercostal LA dispersions likely contributing substantially to analgesia [21].
The clinical effect of single-level PVBLM is highly variable because the LA spread is un-
predictable [22]. Consequently, a multiple-injection technique was commonly consid-
ered superior to single-injection patterns [23,24]. This theory was first challenged by
Renes et al. [25] and Marhofer et al. [26] who used US-guidance to perform PVB (PVBUS).
Later, Uppal et al. [27] demonstrated that single- and multilevel PVBUS are equivalent
regarding coverage and pain relief duration. Conveniently, the single-level PVBUS are
markedly faster and better tolerated by patients, two prerequisites of any ERAS strategy.

Compared to PVBLM, PVBUS are more reliable and safer [28]. Two assets, equivalent
analgesia to TEA but with fewer complications [29–34] and unilateral sympathectomy,
favored the resurgence of PVBUS. Still, the latter proves itself ineffectual in CS with
sternotomy since this surgery requires bilateral nerve blockade.

Figure 1. Cont.
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Figure 1. (A) Parasagittal scan of thoracic paravertebral space (TPVS); (B) Transverse/oblique scan
of TPVS after 75-degree anti-clockwise rotation from A. The needle tip’s target is TPVS, which, after
probe rotation, appears enlarged and lies anteriorly to superior costotransverse ligament (SCTL)/IIMb
(see text).TM, trapezius muscle; RM, rhomboid muscle; ESM, erector spinae muscle; EIM, external
intercostal muscle; IIM, internal intercostal muscle; TP, transverse vertebral process; SCTL, superior
costotransverse ligament; IIMb, internal intercostal membrane; TPVS, thoracic paravertebral space.

As with TEA, hemorrhagic complications represent a crucial factor to consider. In
contrast to TEA, risk quantification of SEH after PVB is less evident and intensely debated.
The latest American Society of Regional Anesthesia and Pain Medicine (ASRA) Practice
Advisory on RA and anticoagulation maintains the same recommendations for PVB as for
any other neuraxial block [11]. Equivocally, ASRA does not differentiate between PVBLM
and PVBUS, and between single-shot PVB and PVB with catheters. New data suggests
that US guidance during paravertebral blockade could virtually abrogate spinal injury
risk even with the large heparin dosing needed in cardiopulmonary bypass (CPB) [35]. El
Shora et al. recently compared PVBUS with catheter to TEA to manage pain after on-pump
CS [36]. Catheters were placed immediately after induction in both study groups, and LA
infusion was started only postoperatively. PVBUS were non-inferior to TEA regarding pain
relief, and bleeding complications were not reported in either group.

Future studies will have to address two aspects to maximize the benefits and minimize
the potential risks associated with PVBUS. The first is concerned with single-shot PVB being
safer than PVB with TPVS catheters because catheter misplacement, including epidurally,
is still possible even with US [37,38]. The second aspect is concerned with nerve blockade
timing, as suggested by Richardson et al. [39]. Compared to PVBUS established after
surgery, preemptive PVBUS may be better tailored to fast-tracking as it would also mitigate
the intraoperative opioid consumption.

The best strategy to implement PVBUS has yet to be established. Further research is
needed before the routine use of paravertebral blockade in CS is either supported or refuted.

Sonoanatomy and Block Techniques (Figure 1)

PVBUS have superseded PVBLM in every aspect. A comprehensive review described
at least nine approaches, all of which share the same three sonoanatomical landmarks
circumscribing TPVS—rib, pleura, and transverse process (TP) [40]. At present, formal
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recommendations on the best way to perform PVBUS do not exist. Instead, personal
factors relating to skill, experience and perceived safety seem to play a decisive role. An
objective comparative evaluation of currently used PVBUS techniques is essential to enable
an informed PVB-based MA.

TPVS scanning breaks down to 4 elements: (1) plane of US beam orientation (i.e., trans-
versal versus sagittal); (2) needling technique (i.e., out-of-plane versus in-plane); (3) di-
rection of angulation (i.e., lateral versus medial, and caudal versus cranial respectively)
and (4) safety limit for needle tip (i.e., anteriorly or posteriorly to SCTL) [40]. Choosing
between these elements entails a trade-off between two goals, simplicity and accuracy. The
latter is advocated in our institute, so we perform an in-plane, lateral to medial, transver-
sal/oblique approach with a safety limit set anteriorly to SCTL (see Figure 1). Based on
currently available evidence, catheters are excluded with CPB heparin dosing.

Scanning starts with the linear-array transducer placed in a parasagittal plane to
identify the adjacent TP, recognizable as flat, rectangular hypoechoic structures (see also
Figure 2). Anti-clockwise rotation to a transversal/oblique plane displays the TPVS. The
needle is inserted in-plane, latero-medially and advanced until it reaches the wedged-
shaped TPVS. Adequate LA injection pushes the parietal pleura anteriorly. Preemptive
bilateral single-shot blocks are performed at the level of the fourth thoracic vertebrae. This
alone may provide intraoperative analgesia long enough to sustain most types of CS.

2.3. Chest Wall Fascial Plane Blocks (CWFPB)
2.3.1. Posterior CWFPB-Erector Spinae Plane Block (ESPB) and other PVB Variants
Mechanism and Clinical Applications

Post-mortem data challenge the traditional view that TPVS is a discrete anatomical
space and suggest that the SCTL is permeable to LA drugs [41]. Hence, paravertebral
blockade of nerves could still be elicited by placing the needle tip outside but close enough
to the TPVS.

US guidance has facilitated the emergence of several more superficial needle place-
ment techniques, all collectively labelled as “paraspinal blocks” [42] or “PVB by proxy” [43].
These include the retrolaminar block (RLB) [44,45], midpoint transverse process to pleura
block (MTPB) [41], intercostal/paraspinal block (ICPB) [46], rhomboid intercostal and sub-
serratus block (RISS) [47], and erector spinae plane block (ESPB) [48]. Depending on their
underlying pathway of LA spread, these novel blocks produce a variable combination of
ipsilateral somatic and autonomic blockades, the extent of which remains open for further
research. Amongst them, ESPB is the most well characterized to date.

The ESPB target for LA deposition is the plane between the erector spinae muscle
(ESM) and the thoracic TP tip. Correct single-level LA injection should lift the ESM off the
TP and allow the ipsilateral craniocaudal volume-dependent [49] LA spread across several
contiguous dermatomes (i.e., 3 to 7 intercostal spaces) [50]. As with PVB, transforaminal,
intercostal and circumferential epidural diffusions likely contribute to its mechanism of
action [50,51].

Krishna et al. compared bilateral single-shot ESPB with control (i.e., general anesthesia
alone) in CS with sternotomy and found reduced postoperative pain, time to extubation,
time to ambulation, opioid usage and total length of intensive care unit (ICU) stay [52].
Interestingly, rescue analgesia was reported in the intervention group only ten hours after
extubation compared to six hours in the control group (p = 0.0001). Macaire et al. used
a before-and-after design to show that in open CS a preemptive strategy with bilateral
ESPB catheters is associated with reduced intra- and postoperative opioid consumption.
Consequently, several ERAS endpoints were favorably altered, including postoperative
adverse events (hypotension, nausea/vomiting and hyperglycemia) and times to chest
tube removal and first mobilization. The authors found no differences in extubation time
and pain during the first mobilization. Another RCT showed comparable postoperative
pain scores between bilateral continuous ESPB and TEA in 50 patients undergoing open
CS [53]. Finally, Bousquet at al. endorse the association of bilateral parasternal block
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with bilateral ESPB [54] given that ESPB alone may sometimes fail to provide adequate
parasternal analgesia [55]. This dual blockade significantly reduced the intraoperative
sufentanil and postoperative morphine usage in a 20-patient cohort [54]. These four studies
did not report any RA related adverse effects, but then again, neither was appropriately
powered to detect them.

 

 

Figure 2. (A) Parasagittal scan—rib level; (B) Parasagittal scan—TP level (see text). TM, trapezius
muscle; RM, rhomboid muscle; ESM, erector spinae muscle; TP, transverse vertebral process; ESM-to-
TP, erector spinae muscle -to-transversus process plane.
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Although promising, results from these clinical studies are not generalizable. There
is a potential bias concerning the small patient populations, blinding and randomization.
Further studies are mandated to fully understand the benefits and extent of incorporating
ESPB into routine clinical practice.

Sonoanatomy and Block Tachnique (Figure 2)

Scanning starts with the linear-array transducer set 5–6 cm away from the dorsal
midline in a parasagittal orientation. The ribs are then displayed as rounded acoustic shad-
ows with an interceding hyperechoic pleural line (see Figure 2A). Sliding the transducer
medially along the short axis allows visualization of the TP as flat, squared-off acoustic
shadows (see Figure 2B). Additionally, the pleural line is more in-depth and ill-defined. A
too medial position identifies the thoracic laminae as a continuous flat hyperechoic line
with regularly interspersed notches representing the facet joint interfaces. Needle insertion
follows an in-plane approach, either craniocaudal or vice versa, to contact the ESM-to-TP
plane. Real-time imaging guarantees correct LA hydro-dissection beneath the ESM and
catheter placement whenever continuous pain relief is warranted. Single-level injection
ESPBs (i.e., at the 5th thoracic vertebrae), as initially described by Forero et al. [48], continue
to be the norm but this view has recently been challenged by Tulgar et al. who propose a
bilevel approach to ensure a more homogeneous LA spread [56].

2.3.2. Anterolateral CWFPB—Pectoral Blocks and Serratus Plane Block
Mechanism and Clinical Application

Anterolateral CWFPB provide ipsilateral somatic anesthesia of the upper anterolateral
hemithorax but may spare the anterior branches of the intercostal nerves and hence do
not consistently provide anesthetic coverage to the ipsilateral parasternal region [12]. This
theoretically hinders their use in CS with sternotomy. Established techniques include the
serratus anterior plane block (SAPB) [57] and the pectoralis block type I (PECS I) [58]
and II (PECS II) [59]. Whilst PECS I and SAPB are distinct blocks, targeting two separate
musculofascial planes, PECS II merely represents an attempt to achieve both PECS I and
SAPB during a two-staged single needle pass (see also Figure 3).

A 40-patient RCT compared PECS II with no block as part of a postoperative MA
strategy in patients undergoing CS with sternotomy. PECS group patients were extubated
earlier, had lower pain scores and fewer episodes of rescue analgesia [60].

SAPB was studied in minimally invasive heart valve surgery (MIHVS) with right
thoracotomy and minimally invasive direct coronary artery bypass (MIDCAB) with left
thoracotomy. Berthoud et al. compared postoperative single-shot deep SAPB to continuous
wound infiltration (CWI) and reported significantly lower morphine consumption, reduced
length of ICU stay and improved pain control during the first 48 h following MIHVS [61].
Another group of authors compared pre-incisional single-shot and postoperative catheter-
based deep SABP against parenteral morphine [62]. The intraoperative opioid usage
remained unaffected, but the combined regional nerve blockade significantly spared the
postoperative morphine consumption. Nevertheless, this did not change the postoperative
course, that is, ICU and hospital lengths of stay and ventilator-free days. According to one
study, SAPB appears well suited for MIDCAB thoracotomies [63] but remains inferior to
PVB in terms of analgesic coverage and intensity [64]. Lastly, SAPB and PECS II showed
an equivalent analgesic effect in an RCT conducted on pediatric patients undergoing CS
with thoracotomy without CPB [65].

Anterolateral CWFPB have an excellent safety profile that will allow their ongoing
integration in cardiac ERAS pathways. Their impact relies markedly on adequate timing
(i.e., pre- versus postoperative blockade) and indication.

41



Medicina 2021, 57, 312

 

Figure 3. (A) Parasagittal scan along the medioclavicular line-2nd rib level; (B) Oblique scan after
a slight medial tilt with inferolateral sliding towards the midaxillary line-4th rib level (see text).
PMAJOR, pectoralis major muscle; PMINOR, pectoralis minor muscle; AxA, axillary artery; AxV,
axillary vein; red arrows, thoracoacromial artery and vein; SAM, serratus anterior muscle; IM,
intercostal muscle; TTM, transversus thoracic muscle; P1, PECS I plane; P2, superficial plane for
SAPB/PECS II; P3, deep plane for SAPB/PECS II. To elicit an adequate SAPB coverage, P2 or P3
need to be targeted at the 4th or 5th rib level.
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Sonoanatomy and Block Technique (Figure 3)

PECS I targets the lateral (C5–C7) and medial (C8–T1) pectoral nerves travelling within
the fascial plane between the pectoralis minor and major muscles. SAPB targets the plane
either above or below the serratus anterior muscle (SAM). Although some authors favor the
latter [66], the differences between these two juxtaposed fascial planes have not yet been
elucidated. SAPB blocks the lateral cutaneous branches of the intercostal branches and,
when superficially performed, the long thoracic (C5–C7) and thoracodorsal nerves (C6–C8).
A single needle pass may secure both blocks (i.e., PECS II) and achieve ipsilateral anesthesia
of the anterolateral hemithorax and axilla. Scanning is carried out craniocaudally along the
midclavicular line, sliding laterally to intersect the midaxillary line at the fourth and fifth
ribs level. Needle insertion follows an in-plane, mediolateral approach (see Figure 3).

2.3.3. Anteromedial CWFPB—Parasternal Block Variants
Mechanism and Clinical Applications

These blocks complement the anterolateral CWFPB by providing anesthesia confined
to the parasternal region [67]. Depending on where the anterior branches of the intercostal
nerves are blocked, anteromedial CWFPB consist of two interrelated approaches: the
pecto-intercostal fascial plane block (PIFB) [68] and transverse thoracic muscle plane
block (TTMPB) [69]. The former is the injection of LA between the external intercostal
and pectoralis major muscles. The latter targets a deeper fascial layer between the inner
intercostal and transverse thoracic muscles. Some authors promote PIFB because of a
potentially superior safety profile [70,71] and others inform that the transverse thoracic
muscles may be too thin to identify with US [72].

Both parasternal variants have been evaluated in CS with sternotomy. Two small RCTs
looked at bilateral single-shot PIFB as part of a postoperative MA regimen. Adverse effects
were not recorded, and pain scores were significantly reduced in both trials [73,74]. There
was a trend towards reduced cumulative opioid consumption, but this reached statistical
significance in only one trial [73]. Anecdotal evidence supports the combination of PIFB
with other fascial plane blocks as clinically required [75]. Furthermore, such an approach
may be readily generalizable to all CWFPB and lend itself to an individualized USRA.

Preemptive single-shot bilateral TTMPB was compared with placebo in an RCT of
48 adult patients undergoing CS with median sternotomy. Several ERAS-specific outcomes
were significantly improved, including first 24 h opioid requirement, rescue analgesia,
pain scores, and ICU discharge time [76]. Similar findings have been reported by several
pediatric RCTs in CS via midline sternotomy [77,78], with one trial using a combination of
TTMPB with rectus sheath block [79].

Sonoanatomy and Block Technique (Figure 4)

The linear-array probe is placed in the parasagittal plane, 1 cm lateral from sternum’s
edge in the fourth or fifth intercostal space (see Figure 4). Structures to be identified
include the pectoralis major muscle, intercostal muscle, thoracic transversus muscles and
rib shadows with the intervening pleural line. The internal thoracic artery and vein run
longitudinally and share the same plane with TTMPB (i.e., superficial to the thoracic
transversus muscle). Perforating branches may cross the intercostal muscles to reach
the sternum. Careful scanning in two orthogonal planes is thus mandated before needle
insertion to avoid inadvertent vascular puncture. To this end, some authors recommend
a transversal approach with lateral to medial needle advancement [72]. Regardless of
probe orientation, one or both target planes can then be selected to deposit LA using an
in-plane approach.
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Figure 4. (A) Sagittal parasternal scan; (B) Sagittal parasternal scan with markings. Note that
TTM appears as a hypoechoic band folding over the hyperechoic pleura. PMAJOR, pectoralis
major muscle; EIM, external intercostal muscle; IIM, internal intercostal muscle; INNIM, innermost
intercostal muscle; TTM, thoracic transversus muscle; P1, target plane for PIFB; P2, target plane
for TTMPB.

3. Complications

US-assistance has dramatically increased the safety and efficiency of RA techniques
resulting in improved outcomes. Reports of complications are scarce and unsystematic.
Although local anesthetic systemic toxicity (LAST) is virtually a shared complication
of all blocks, it may be more often reported with blocks performed in highly vascular
compartments. That was the case with PVB in a case series of eight patients undergoing
coronary artery bypass grafting (CABG), where potentially toxic ropivacaine concentrations
were reportedly common [80]. Of note, PVB were performed using a landmark technique,
and catheters were placed in all patients. Similarly, Lockwood et al. cautioned that
systemic absorption after PVBLM is highly probable, especially with continuous catheter
infusions [81]. Such findings are compelling enough to consider, regardless of block location
and technique, the following precautions: (1) do not exceed the maximum recommended
LA dose (see also Table A1); (2) addition of epinephrine to delay systemic absorption; (3) be
ready to monitor, recognize and treat LAST; and (4) consider US to enable precise needle
advancement [82].

Sympathectomy varies in extent and intensity and is common with posterior nerve
blocks, mostly bilateral PVB. Compared to PVB, posterior CWFPB seem less associated
with hypotension and bradycardia [83], probably because the epidural spread is lower than
initially thought [84].
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Performance of PVB and CWFPB can, in theory, result in iatrogenic pneumotho-
rax. Nevertheless, the incidence of this will remain undefined given that chest tubes are
invariably present in CS with median sternotomy.

Although PVB are formally contraindicated with CPB anticoagulation regimens, the
same recommendations may not apply to the more superficial CWFPB. To date, there are no
reported hemorrhagic complications after any of the CWFPB, with anecdotal evidence sup-
porting their use in contexts otherwise prohibitive for classical neuraxial techniques [85].

4. Perspective

The best way to provide RA as part of cardiac ERAS strategies has become a topic
of considerable interest. Future trials are needed to compare currently available USRA
techniques (e.g., PVB versus posterior and anterior CWFPB), establish the optimum time
to start the nervous blockade (i.e., pre- versus postoperatively) and understand the role of
various perineural adjuvants. This last issue could have momentous consequences as it
may enable prolonged duration of single-injection nerve blocks and circumvent the use of
catheters [86]. Catheter-free RA is faster to implement, more tolerable and perceivably safer.
Furthermore, a simplified technique without additional catheter attempts may promote
adherence and widespread use amongst anesthesiologists.

Monitoring regional blockade can be difficult under general anesthesia. With con-
scious, awake patients, preemptive blockades could be assessed by sensory testing (i.e.,
pinprick or cold stimulus), but this would delay the operation by at least twenty min-
utes. Intraoperative nociception monitors could help run an individualized and precise
opioid-sparing strategy starting with induction. One trial is currently underway to evaluate
the efficacy of ESPB on perioperative opioid consumption in CS with sternotomy during
goal-directed anti-nociception using the Nociception Level (NOL) index (NCT04338984).

5. Conclusions

USRA favors improved outcomes coupled with an excellent safety profile and has
gained considerable momentum in fast-track cardiac surgery over the last decade. Young
adults (i.e., mean age 50 years) undergoing elective cardiac surgeries with relatively short
aortic cross clamp times seem to derive the greatest benefits, including opioid sparing,
reduced time to extubation, earlier mobilization and improved perioperative pain control.
Upcoming trials are expected to provide the missing links needed to standardize the
integration of RA in cardiac ERAS pathways. Until such time, USRA remains a valuable
adjunct in cardiac perioperative care that calls for a personalized application encompassing
both anesthesiologist’s expertise and patient’s characteristics.
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Abstract: The development of general anesthesia techniques and anesthetic substances has opened
new horizons for the expansion and improvement of surgical techniques. Nevertheless, more complex
surgical procedures have brought a higher complexity and longer duration for general anesthesia,
which has led to a series of adverse events such as hemodynamic instability, under- or overdosage of
anesthetic drugs, and an increased number of post-anesthetic events. In order to adapt the anesthesia
according to the particularities of each patient, the multimodal monitoring of these patients is highly
recommended. Classically, general anesthesia monitoring consists of the analysis of vital functions
and gas exchange. Multimodal monitoring refers to the concomitant monitoring of the degree of
hypnosis and the nociceptive-antinociceptive balance. By titrating anesthetic drugs according to
these parameters, clinical benefits can be obtained, such as hemodynamic stabilization, the reduction
of awakening times, and the reduction of postoperative complications. Another important aspect is
the impact on the status of inflammation and the redox balance. By minimizing inflammatory and
oxidative impact, a faster recovery can be achieved that increases patient safety. The purpose of this
literature review is to present the most modern multimodal monitoring techniques to discuss the
particularities of each technique.

Keywords: hypnosis; multimodal monitoring; entropy; qNOX; qCON; bispectral index; surgical
plethismographic index; general anesthesia; patient safety
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1. Introduction

The rapid developments in the field of anesthesia, including new drugs, new anesthetic
techniques, and new monitoring devices, have led to an increased trust in the anesthetic
act from the general population and increased addressability toward surgical services, also
promoting the development of more complex surgical techniques. In order to keep up with
the demand multiparametric monitoring techniques in general anesthesia, rapid adaption
is needed. This would lead to shorter waiting times, less post-operatory adverse events,
and an increase in patient safety [1–9].

The state of consciousness is represented by a series of variables that can be expe-
rienced and felt, such as perceptions, sensations, emotions, and memories, making the
quantitative analysis of these states impossible. One of the first state-of-consciousness
theories launched in 1949 by Hebb, who postulated that the physical transposition of a
mental representation is given by the neuro-cellular assembly and by the neuronal inter-
connections [5]. The N-metil-D-aspartate (NMDA) synapses were discovered based on this
first theory, and after numerous studies, researchers found that synapses are predominantly
found in the cortex [6–8]. Diverse interactions, ionic exchanges, the production of nitric
oxide, and the electrical stimulation generated by the opening and closing of ion channels
leads to the formation of inter-neuronal connections and to a complex neuronal activity.
The loss of consciousness can have a number of causes, such as anesthesia, cerebral lesions,
or sleep. In the case of anesthesia, the responses of the central nervous system are totally
suppressed. This state is reversible, and it is an attribute of the development of modern
medicine that has enabled the development of modern surgery and invasive therapeutic
and diagnostic techniques [10–25].

Multimodal monitoring techniques in general anesthesia refer to the utilization of
all parameters that characterize this process. Therefore, we talk about monitoring of the
degree of hypnosis, of the nociception-antinociception balance, and of the functionality
of the autonomic nervous system [23]. In the classical state of things, general anesthesia
monitoring includes the evaluation of vital functions such as heart rate, blood pressure,
temperature, and other subjective clinical findings. In this situation, there is always a risk
of under- or overdosage of anesthetics, leading to either awareness or an excessive degree
of hypnosis, with serious impact on the outcome and prognosis of these patients. Clinical
signs such as hypertension, tachycardia, and tearing have long been used for guiding
general anesthesia, but it has already been proven that they are subjective and cannot guide
general anesthesia in an individualized manner, in accordance with the real needs of each
patient [2,24,25].

Electroencephalography (EEG) is the recording of postsynaptic potentials in the pyra-
midal cells of the cerebral cortex. EEG is classified then based on the frequency. It can
be recorded on the scalp and forehead using surface electrodes and reflects the metabolic
activity of the brain. The metabolic activity of brain cells needs energy. Problems or
changes in energy production (increased demand or decrease production) by brain cells
can profoundly affect EEG activity [10–12]. Monitoring of the level of consciousness during
general anesthesia based on electroencephalography has become a routine practice in the
operating room. Both for the patient and anesthetist, the main concern during general
anesthesia is the state of unconsciousness, mainly avoiding the risk of awareness. EEG
models are well known to change in pattern with the deepening of anesthesia. Therefore,
evaluating the degree of hypnosis requires measurements of the electrical activity of the
brain [13–15]. The brain is the target effect site of anesthetics. Therefore, the brain needs
to be monitored together with spinal reflexes and cardiovascular changes such as mean
arterial pressure and heart rate. Measuring the depth of anesthesia is based on continuous
EEG monitoring. Certain algorithms have been developed able to translate changes in
the EEG signals into simple numerical indices that correspond to a certain level of anes-
thesia, from awake state to deep sleep [3,16,17]. Monitoring the state of consciousness
is a complex endeavor and, although this clinical area has evolved rapidly, the benefits
of EEG monitoring-based anesthesia are still controversial. The problem lies in the fact
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that our understanding of the human consciousness state is still incomplete, and we still
lack information about the exact effects of general anesthesia on the brain. The depth
of anesthesia is neither stable nor constant. Instead, it is more of a dynamic action that
depends on the balance between the dosage of anesthetic medication and the pain caused
by the surgical intervention [18–20].

Using EEG signal in order to monitor the depth of general anesthesia should reduce
the incidence of intra-anesthetic awareness, lead to a reduction in anesthetic medication
consumption, reduce the incidence of adverse effects related to anesthesia, and lead to
shorter recovery times [21,22].

2. Multimodal Monitoring Techniques for the Degree of Hypnosis

In the current clinical practice, achieving an individualized prediction of the response
to sedation and hypnosis is not accurate without multiparametric monitoring because of
complex factors and variables that interfere with the anesthetic act. Among these, the most
common are the concomitant administration of anesthetic agents, as well as the different
pharmacokinetic response and the individual pharmacodynamic variability. Therefore,
real-time monitoring of the effects induced by general anesthesia can bring an important
contribution to the optimization of anesthetic dosage and hemodynamic control by the
individualized titration of these medications. In order to limit perioperative adverse effects
induced by the anesthetic drugs, it is recommended to titrate the doses based on the indi-
vidual clinical response [26–28]. Some of the most common techniques for the evaluation
and quantification of the degree of hypnosis are represented by the bispectral index (BIS,
Medtronic-Covidien, Dublin, Ireland), Entropy (GE Healthcare, Helsinki, Finland), com-
posite auditory evoked potential index (cAAI, AEP Monitor/2, Danmeter A/S, Odense,
Denmark), and Narcotrend index (NCT, MonitorTechnik, Germany).

Bispectral analysis is a statistical technique that reveals nonlinear phenomena such as
the electroencephalogram (EEG). The conventional analysis of EEG signals using standard
procedures can bring important information regarding the frequency, power, and phase
of EEG signals. The bispectral analysis of these signals represents a separate technique
that analyses sinusoidal segments of the EEG spectrum, showing quantifiable variables
in the form of an index (BIS) with clinical applicability. From a practical viewpoint, BIS
is represented by a numeric interval between 0 and 100, where 0 represents the complete
electrical abolition translated through cortical suppression and 100 is characterized by the
conscious (awake) state on the EEG [29].

Another technique used for monitoring and individualizing the degree of hypnosis in
patients undergoing general anesthesia is Narcotrend (Monitor Technik, Bad Bramstedt,
Germany). Narcotrend is based on analyzing the EEG signal, and it classifies the degree
of hypnosis in different levels, such as A (awake) and F (electrical silence), quantified
by the Narcotrend Index, which ranges from 100 (awake) to 0 (electrical silence) [30].
In a study that compared the performance of the BIS and Narcotrend Index, Kreuer
et al. reported similar effects of the two techniques. This research group obtained a
prediction probability, P(K), for Narcotrend of 0.88 ± 0.03, while the P(K) for BIS was
0.85 ± 0.04. Furthermore, the mean drug effect, k(e0), was 0.2 ± 0.05 min−1 for Narcotrend
and 0.16 ± 0.07 min−1 for BIS [31]. A similar study was carried out by Kreuer et al., who
also reported similarities between the two techniques. Their study included 50 patients
undergoing orthopedic surgery and reported statistically significant correlations between
the D and E segments of Narcotrend and the 64–40 range of BIS [32]. Another study on the
impact of hypnosis monitoring by Narcotrend Index in the pediatric patient population
reported strong correlations between the Narcotrend Index and the minimum alveolar
concentration (MAC) in patients over 4 months of age [33].

The Auditory evoked potentials (AEPs) represent another technique used for moni-
toring the degree of hypnosis in patients under general anesthesia [34]. Mantzaridis et al.
studied the AEPs Index in patients undergoing orthopedic surgery. The mean value for the
index at the beginning of surgery was 72.5 ± 11.2, followed by a decrease to 39.6 ± 6.9 that

53



Medicina 2021, 57, 132

correlated with loss of consciousness. After recovery from anesthesia, the mean value for
the AEPs Index was 66.9 ± 12.5, leading to the conclusion that this index is suitable for
being used in the current medical practice [35].

On the other hand, the concept of Entropy derives from thermodynamics and is
successfully used in the current clinical practice, with applications in EEG signal analysis.
Regarding the mechanism of analysis, the EEG signal is first analyzed based on the “Fast
Fourier” [28–31] concept for the identification of the sinusoidal compounds. After identify-
ing the spectra, the Shannon function is applied in order to identify the specific values for
each identified frequency. The sum of these values results in the numerical values called
Spectral Entropy. The first algorithm ever to be used in the clinical practice has been defined
and applied in the M-Entropy modules S/5 (GE Healthcare, Helsinki, Finland) [10,29–45].
The EEG data are collected through an adhesive sensor made of three electrodes applied
on the fronto-temporal region. Applying this concept for general anesthesia led to the idea
that when the brain is in the “awake status,” the EEG signals are complex and present,
with a high degree of irregularity. When the patient is asleep/under general anesthesia, the
neuronal activity progressively decreases, and the EEG complexes become more regular.
Applying the principle in the case of Entropy in patients under general anesthesia, a signif-
icant difference has been observed regarding the wave spectrum generated, with this wave
spectrum being directly proportional with the neuronal activity. Because the EEG signals
are measured from electrodes placed on the frontal region, a high number of signals are rep-
resented by the activity of the muscles from the forehead region and are translated though
an electromyography signal (EMG). Therefore, the EEG signals are defined by frequencies
up to 32 Hz, while the EMG activity includes signals above 32 Hz. The M-Entropy module
(GE Healthcare, Helsinki, Finland) distinguishes these two frequencies and generates two
different parameters, both having important clinical significance—State Entropy (SE) and
Response Entropy (RE). SE (0.8–32 Hz) reflects the cortical status of the patient, while
RE (0.8–47 Hz) includes both the EEG and the EMG activity [12,34–36]. The values of SE
are between 0 (suppressed EEG) and 91 (“awake status”), while RE is characterized by
values between 0–100. In clinical practice, it is recommended to maintain RE/SE between
40 and 60 in order to achieve an adequate degree of hypnosis. Spectral Entropy is based
on the analysis of frontal EEG and EMG variations and is a safe and reliable method for
monitoring the depth of anesthesia. The Entropy module transforms the irregular content
of the EEG signal in an index that reflects the depth of anesthesia. Normally, the signal is
acquired from the skin on the forehead and temporal. Hence, it encompasses both an EEG
and an EMG component [37]. The index is then calculated based on the following: High
levels of entropy during anesthesia demonstrate awareness, while very low entropy levels
are correlated with a profound state of unconsciousness. Using this parameter will lead to a
more rapid awakening of the patient at the end of surgery and a lower dosage of anesthetic
drugs. At the same time, it will prevent intra-anesthetic awareness episodes [32,38–40].

Changes in neuronal activity can be analyzed indirectly through computed tomogra-
phy with integrated positron emission (PET-CT). This analysis is based on the changes in
certain variables, such as neuronal activity, cerebral blood flow, and cellular metabolism [41].
Thus, specific changes in the glucose metabolism rate and cerebral blood flow can be quan-
tified using [18F]–fluorodeoxiglucose and [15O] H2O. General anesthetic agents such as
sevoflurane and propofol reduce the cerebral blood flow, with this effect being more impor-
tant in the case of propofol. Maksimow et al. carried out a study regarding the changes
in neuronal activity under general anesthesia and mapped the cerebral areas that better
correlated with the EEG signals. The analysis of the regional cerebral blood flow was stud-
ied at different degrees of hypnosis measured by the Minimum Alveolar Concentration
(MAC). In particular, the authors used MAC:1, MAC:1.5, and MAC:2 for sevoflurane, and
different half maximal effective concentrations for propofol (EC50) at 30 min intervals.
For patients in the sevoflurane group, the authors analyzed the End-Tidal Sevoflurane
(Et-Sevo): 0% Et-Sevo (patient awake), 2% Et-Sevo (1 MAC), 3% Et-Sevo (1.5 MAC), and 4%
Et-Sevo (2 MAC), while for the propofol group the analyzed group, the authors measured
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0 microg/mL (patient awake), 6 microg/mL (1 EC50), 9 microg/mL (1.5 EC50), and 12
microg/mL (2 EC50). In both groups, the Entropy was inversely proportional with the
sevoflurane and propofol concentrations, with reductions from 73.5 ± 6.5 to 12.2 ± 9.4 and
from 70.4 ± 7.1 to 0.6 ± 1, respectively, in the frontal region. In the temporo-occipital region,
the Entropy analysis was similar, following the same dose-dependent trend. Regarding the
correlation between EEG/SE analysis and computed tomography, the researchers found
statistically significant correlations for both drugs at similar concentrations (1.5 MAC,
r = 0.81 s, i 1.5 EC50, r = 0.83). Following this study, Maksimow et al. validated the fact
that spectral Entropy can be used for both sevoflurane and propofol, showing the same
regional neuronal activity confirmed through noninvasive PET-CT analysis. The usage
of monitoring techniques for the degree of hypnosis in the case of pediatric patients is
limited and is not validated. Numerous studies have analyzed the statistical correlations
between BIS and Entropy for different age groups but have not identified strong statistical
correlations between BIS/Entropy values and anesthetic drugs concentrations in infants
vs. pediatric patients (aged over 1 year old) [42]. Davidson et al. carried out a study
regarding the performance of BIS and Entropy for different age groups in pediatric patients.
They analyzed four age groups: 0–1 years old (n = 8), 1–2 years old (n = 10), 2–4 years old
(n = 18), and 4–12 years old (n = 14). Regarding the comparison between Entropy and BIS,
above the initial status (awake), they identified statistically significant differences in the
0–1 years old group, as follows: RE/BIS: 45 vs. 84, p = 0.003, SE/BIS: 36 vs. 78 (p = 0.02).
Following this study, no statistically significant differences have been proven for BIS or
for Entropy, especially in the 0–1 age group. Interestingly, there were no performance
differences between BIS and Entropy but applying these techniques in the case of infants
should be done with caution. In Table 1, a series of implications for different monitoring
techniques for the degree of hypnosis on the clinical prognostic of patients undergoing
general anesthesia are summarized [43].

Table 1. The impact of monitoring the degree of hypnosis on anesthetic drugs consumption and on time recovery.

Author
Parameter/Monitoring

Technique
Type of General

Anesthesia
Observations Reference

Kim et al. State Entropy (SE) 78 children (age: 3–12)
Sevoflurane

↓ sevoflurane consumption
↓ postoperative recovery time [44]

Wu et al. State Entropy (SE) 64 patients
Sevoflurane

↓ sevoflurane consumption
↓ consumption of antihypertensive drugs

↑ hemodynamic stability
[45]

Vakkuri et al. State Entropy (SE)
368 patients

propofol-alfentanil-
N2O

↓ propofol consumption
↓ postoperative recovery time [46]

Talawar et al. Entropy (SE/RE) 50 patients
isofluran-N2O ↓ postoperative recovery time [47]

Elgebaly et al. Entropy (SE/RE) propofol ↓ propofol consumption
↑ hemodynamic stability [48]

Gan et al. Bispectral index (BIS)
302 patients

propofol-alfentanil-
N2O

↓ propofol consumption
↓ postoperative recovery time

Liu et al. Bispectral index (BIS) 1383 patients
Day surgery

↓ consumption of anesthetic drugs
↓ incidence of adverse effects (nausea,

vomiting)
↓ postoperative recovery time

Bhardwaj et al. Bispectral index (BIS) 50 pediatric pts
propofol

No effects have been observed regarding
the consumption of anesthetic drugs

No effects on the postoperative
recovery time

[49]
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Table 1. Cont.

Author
Parameter/Monitoring

Technique
Type of General

Anesthesia
Observations Reference

Aime et al. Bispectral index (BIS)
and Entropy (RE/SE)

115 patients
Sevoflurane; BIS & Entropy: ↓ sevoflurane consumption [50]

Liao et al.

Bispectral index (BIS)
and A-line

autoregressive index
(AAI)

116 patients
Sevoflurane;

BIS & AAI: ↓ sevoflurane consumption
↓ postoperative recovery time; [51]

Weber et al.
Composite auditory

evoked potential index
(cAAI)

20 pediatric patients
TIVA propofol and

remifentanil;

↓ propofol consumption
↑ hemodynamic stability [52]

Lai et al. Narcotrend 40 patients
propofol and fentanyl;

↓ propofol consumption
↓ postoperative recovery time

No effects on PONV
[53]

Rundshagen
et al. Narcotrend

48 patients
propofol and
remifentanil

No effects on propofol/remifentanil
consumption

No effects on postoperative recovery time
[54]

RE: Response Entropy; SE: State Entropy; BIS: Bispectral Index; TIVA: Total Intravenous Anesthesia; PONV: Postoperative nausea and
vomiting; AAI: A-line Autoregresive index; cAAI; composite auditory evoked potential index.

One other widely discussed risk is the incidence of intraoperative awareness that
can lead to long-term posttraumatic stress disorder. Sebel et al. carried out a study on
the incidence of intra-anesthetic awareness analyzing 19,575 patients. They identified
25 patients that presented with awareness, resulting in an incidence of 0.13%. This research
group did not find any statistically significant differences regarding the incidence based
on sex or age, but increased incidence was associated with higher The American Society
of Anesthesiologists (ASA) physical status classification system scores (odds ratio, 2.41;
95% CI, 1.04–5.60 ASA III–V vs. ASA I–II) [55]. Sebel et al. estimated a rough number of
26,000 cases of intra-anesthetic awareness annually in the United States, and this number
is reported to be approximately 20 million among general anesthesia procedures [55]. In
a similar study, Bruhn et al. reported an incidence of 0.11% out of 10,811 patients [34].
Ekman et al. reported a 0.18% incidence of awareness in a retrospective study that included
7826 patients [56]. For all listed studies, the incidence of awareness was lower in the groups
of patients where techniques for monitoring the degree of hypnosis were used [34,55,56].

3. Monitoring Techniques for the Nociception-Antinociception Balance

Another important aspect in the clinical practice is represented by the continuous
monitoring of the nociception-antinociception balance. The aim of these parameters is
to aid the clinician in deciding the adequate analgesia dosage for each patient. Whereas
monitoring the degree of hypnosis is achieved through the direct evaluation of the EEG
signals, the nociception-antinociception balance can be monitored indirectly [9,12] by
evaluating certain variables such as the vasomotor reflex, pupillary size, the H reflex, and
the hemodynamic response [57,58] (Figure 1).

56



Medicina 2021, 57, 132

 
Figure 1. Technologies/parameters used for monitoring the nociception-antinociception balance [59–66]. ANI—analgesia
nociception index; qNOX index—index of nociception; SPI—Surgical Plethysmographic Index; NOL index—Nociception
Level Index; EEG—Electroencephalography; EMG—Electromyography signal.

One of the most widely studied technologies is the analysis of hemodynamic changes,
including the evaluation of the normalized heartbeat intervals (HBIs) and of the amplitude
of the plethysmographic waves, both correlating with sympathetic and parasympathetic
tones. A higher sympathetic tone correlates with the intensity of the surgical stimuli and
results in a suppressed plethysmographic amplitude (PPGA). For the correct calculation of
the Surgical Plethysmographic Index (SPI), after normalizing these parameters by trans-
forming the histogram, the SPI formula is used where SPI = 100 − (0.67 × PPGAnorm
+ 0.33 × HBInorm). The SPI value can be influenced by certain factors, such as cardiac
pacemakers, cardiac arrhythmias, antiarrhythmic medication, beta−1 adrenergic antago-
nists, and alpha2-adrenergic agonists. Bonhomme et al. evaluated the Surgical Pleth Index
(SPI, GE Healthcare, Helsinki, Finland) trend and made correlations with variability in
mean arterial pressure and heartrate. Following this study, they showed that there is a
strong correlation between all these variables. Therefore SPI values depend on the doses of
opioid medication administered during the anesthesia [58]. Bergmann et al. carried out a
randomized study that included 170 patients receiving general anesthesia with propofol
and remifentanil. The patients were divided in two study groups. One study group re-
ceived opioids based on SPI values, while the other group received the doses of opioids
based on standard monitoring parameters, both clinical and hemodynamic monitoring.
Statistically significant differences were shown in both propofol (p < 0.05, 6.0 ± 2.1 vs.
7.5 ± 2.2 mg/kg/h) and remifentanil (p < 0.05, 0.06 ± 0.04 vs. 0.08 ± 0.05 μg/kg/min) con-
sumption. The impact on post-anesthesia recovery time was evaluated by the time needed
to open the eyes and time to extubation. The results presented statistical significance for
both the evaluated features, extubation time (p < 0.05, 1.2 ± 4.4 min vs. 4.4 ± 4.5 min), and
eye-opening time (p < 0.05, −0.08 ± 4.4 min vs. 3.5 ± 4.3 min). The conclusion was that
dose reduction and shorter recovery times can be achieved by adapting general anesthesia
based on the SPI [10]. Huiku et al. confirmed in a similar study that SPI monitoring has a
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beneficial impact on anesthetic drugs used doses, increasing patient safety and the quality
of the medical services [67].

Another parameter used for the evaluation of the nociception-antinociception balance
is the Analgesia Nociception Index (ANI) [68]. The technology is based on the assessment
in heart rate variability. In the clinical setting, ANI values lie between 0 and 100. In this
case, 0 represents a very low degree of parasympathetic modulation and 100 represent
a very high degree of parasympathetic activity. From a clinical point of view, ANI = 0
represents high stress levels, while ANI = 100 represents low stress levels.

Dostalova et al. carried out a study in which they compared the impact the two
monitoring techniques have on general anesthesia. They had three study groups: The
group where doses of opioids were titrated based on ANI values, the SPI group, and the
control group. They showed statistically significant differences regarding the decrease in
opioid consumption and shorter recovery times after anesthesia [68]. Table 2 summarizes
a series of studies regarding the impact of monitoring techniques on the nociception-
antinociception balance and on the clinical outcome of patients.

Table 2. The impact of nociception-antinociception monitoring techniques on anesthetic drugs consumption and on
recovery time.

Author
Technique/
Parameter

Type of Anesthesia
Type of Intervention

Obervations Reference

Funcke et al.

SPI & Pupillary
Pain Index (PPI) &
Nociception Level

(NOL)

48 patients
radical retropubic

prostatectomy

SPI: ↓ hormonal response to stress
PPI: ↓ sufentanil consumption, ↑ hormonal

response to stress
No effect on postoperative recovery time

[69]

Bergmann et al. Surgical Pleth Index
(SPI)

170 patients
orthopedic surgery

↓ propofol consumption
↓ remifentanil consumption
↓ postoperative recovery time

[10]

Jain et al. Surgical Pleth Index
(SPI)

140 patients
Laparoscopic

cholecystectomy;

↓ PONV
↓ postoperative pain

↑ fentanyl consumption
No impact on hemodynamic stability

[70]

Won et al. Surgical Pleth Index
(SPI)

45 patient;
Elective thyroidectomy

↓ oxycodone consumption
↓ postoperative recovery time

↓ extubation time
[71]

Chen et al.

Surgical Stress
Index (SSI)–former
Surgical Pleth Index

(SPI)

80 patients
Elective surgical

interventions

↓ remifentanil consumption
↓ postoperative adverse effects

↑ hemodynamic stability
[72]

Theerth et al.
Analgesia

Nociception Index
(ANI)

60 patients
Oncological surgery

↓ fentanyl consumption
No impact on postoperative pain [73]

Soral et al.
Analgesia

Nociception Index
(ANI)

102 patients
Procedural sedation

↓ opioid consumption
No impact of propofol and ketamine

consumption
[74]

Gall et al.
Analgesia

Nociception Index
(ANI)

60 patients
Bariatric surgery

↓ sufentanyl consumption
No impact on PONV and

postoperative pain
[75]

Numerous studies have shown that opioid overdose during anesthesia is responsible
for a series of adverse effects, such as increased recovery times and opioid induced hy-
peralgesia, and that opioid overdose also leads to hypotension, having a major impact on
perioperative hemodynamic stability [66–71]. Won et al. reported that using SPI monitoring
during general anesthesia reduced opioid consumption, improved hemodynamic stability,
and reduced postoperative recovery times [71]. A similar study was carried out by Jain
et al., which showed a statistically significant decrease in the number of hemodynamic
adverse events when SPI was used for the titration of opioid medication (p < 0.05) [70].
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Another system used for monitoring the nociception-antinociception balance is the
index of nociception (qNOX) (qCON 2000 Monitor, Quantium Medical, Fresenius Kabi,
Mataro, Spain). This parameter is based on the evaluation of EEG and EMG patterns,
with values between 0 and 99. Jensen et al. carried out a study on 60 patients undergoing
general anesthesia with propofol and remifentanil and showed a series of statistically
significant correlations, concluding that qNOX can detect fine changes in the nociception-
antinociception balance [76]. The Nociception Level Index (NOL Index, Medasense, Ramat
Gau, Israel) is another widely used technology for titrating analgesic drugs during general
anesthesia. It analyses the photoplethysmographic wave, temperature, skin galvanic
conductance response, and accelerometry [63].

4. The Impact of Multimodal Monitoring on the Hemodynamic Status

During general anesthesia, maintaining adequate tissue perfusion represents one of
the most important goals in the perioperative management of the patient. Hypotension
frequently occurs, especially after the induction of anesthesia, that is, between the moment
of induction and the start of surgery. Reich et al. reported a decrease in mean arterial
pressure (MAP) of over 40% (MAP < 70mmHg or MAP < 60 mmHg) in the first 10 min after
induction (p < 0.001) [77]. Moreover, this study (n = 2406 patients) reported an increase in
the time spent in the recovery room (13.3%, p < 0.05) and in postoperative mortality rates
(8.6%, p < 0.02) in patients that presented perioperative hypotension. Another interesting
phenomenon presented by the group was that post-induction hypotension was more
frequent in the 5–10 min interval in comparison to the 0–5 min interval after induction of
general anesthesia [77]. A similar study carried out by Hug et al. reported that over 15%
of patients presented a decrease in systolic blood pressure (SBP) under 90 mmHg after
induction with propofol in the first 10 min after administration [78]. Studies have shown
that induction with sevoflurane maintains hemodynamic stability and decreases the risk
of hypotension in comparison to induction with propofol, as this technique is not as well
tolerated by the patients. Thwaites et al. studied the satisfaction of patients regarding
the induction technique used: Sevoflurane (inhalational induction, 8%) vs. propofol (i.v.
induction). Over 14% of the patients considered inhalational induction unpleasant in
comparison to 10% in the case of propofol. Furthermore, over 24% of the patients would
not choose sevoflurane induction the second time [79].

Cerebral ischemia is one of the main causes for cognitive impairment, with a very
high global degree of mortality, while motor and cognitive dysfunctions seriously affect the
quality of life of these patients. Cerebral reperfusion after an ischemic episode can induce
organ damage such as neurovascular injury, neuronal death, cerebral edema, and neuro-
hemorrhagic changes. The most common cellular mechanisms involved are represented by
apoptosis, inflammation, and excessive production of free radicals [80].

The impact of hypotension during general anesthesia on the postoperative outcome
and on the development of postoperative adverse events has been widely studied. In-
traoperative hypotension (IHO) is a common effect of general anesthesia and has been
associated with an increased incidence of 1-year mortality after surgery [81,82].

The most important predictors for perioperative morbidity and mortality are the
associated comorbidities, the determinants of the surgical procedure, and the specific
aspects of perioperative management and of general anesthesia. Apart from monitoring the
hemodynamic parameters, quantification of the degree of hypnosis “depth of anesthesia”
represents one of the most important parameters in modern general anesthesia. At the
time, monitoring the degree of hypnosis is possible using techniques based on the analysis
of electroencephalography signals (EEG) [83].

Monk et al. studied the 1-year prognosis of patients that underwent noncardiac
surgery under general anesthesia. The research group carried out complex statistical
analysis in order to determine if death at 1 year after can be associated with significant
clinical features of the patient or with the management of general anesthesia. In order to
control the degree of hypnosis, they used the Bispectral Index ® (BIS®), with the same type
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of electrodes for all patients included in the study (A1050BIS Monitor, BIS sensors, Aspect
Medical Systems, Newton, MA).

Global mortality at 1 year was 5.5% (n = 1604) and 10.3% for patients aged over 65
(n = 243). Regarding the variables that correlate with mortality, Monk et al. reported three
statistically significant segments: 1. Patient comorbidities (relative risk 6.116, p < 0.05);
2. General anesthesia overdosage/deep anesthesia, BIS < 45 (relative risk 1.244/h, p < 0.05);
3. Systolic hypotension during surgery (relative risk 1.036/min, p < 0.05) [83]. They con-
cluded that prolonged intraoperative hypotension can be associated with an increased
incidence in mortality at 1 year [83]. Although numerous studies have focused on pe-
rioperative hypotension, at the time there, is no clear definition for IHO [84]. Most of
the studies have addressed the statistical associations and correlations between different
numerical intervals and correlations with the clinical changes. Sun et al. carried out a
study on the impact of IHO on acute kidney injury (AKI). Furthermore, the research group
investigated the implications IHO time have on the incidence of AKI. They correlated the
AKI incidence with different IHO intervals as follows: MAP < 55 mmHg, MAP < 60 mmHg,
and MAP < 65 mmHg [85]. This was a retrospective study that included 5127 patients
between 2009 and 2012. The results showed an AKI incidence of 6.3% (324 patients) for
MAP < 60 mmHg and an IHO time between 11–20 min, and MAP < 55 for an IHO time
>10 min. Sun et al. reported a strong statistical correlation between sustained episodes of
IHO with a MAP < 50 mmHg and MAP < 60 mmHg and AKI incidence. For the evaluation
of AKI, they considered a 50% increase in creatinine levels or 0.3 mg/dL in the first 2 days
after surgery. A similar study was developed by Walsh et al. regarding the implications of
IHO on the incidence of AKI and myocardial injury. They evaluated 33,330 patients that
had undergone noncardiac surgery, making statistical correlations between the incidence
of AKI and myocardial injury in patients that presented with IHO with a MAP < 55 mmHg
and MAP < 75 mmHg. Following statistical analysis, they identified 2478 patients that had
developed AKI (7.4%) and 770 (2.3%) with myocardial injuries. For both groups, MAP was
under 55 mmHg. Interestingly, the risk for developing renal and myocardial lesions was
increased, even for short IHO times [86]. In a similar context, a metanalysis carried out
by Wesselink et al. reported ischemic organ damage when MAP < 80 mmHg for longer
than 10 min. This research group showed an increase in risk with any decrease in blood
pressure [84].

5. The Impact of General Anesthesia Multimodal Monitoring on Inflammation/Redox

Another important aspect that also has an impact on the clinical outcome of surgical
patients is represented by the inflammatory status and the oxidoreduction response (RE-
DOX) [87–91]. The excessive production of free nitrogen and oxygen radicals has a direct
involvement in the augmentation of the pro-inflammatory status. Under physiological
conditions, the balance between the production of free radicals and that of endogenous
antioxidant substances maintains the oxidoreduction equilibrium and the body does not
suffer. Under surgical stress, in the case of ischemia-reperfusion syndrome or hypoten-
sion, an excessive number of free radicals will be produced, as well as proinflammatory
mediators. All these factors will also decrease the production capacity for antioxidant
molecules [92].

Particularly in the case of patients under GA (general anesthesia) or in mechanically
ventilated patients, oxygen plays an essential role in therapeutic management. In the case
of general anesthesia, increased oxygen inspiratory fractions (FiO2) are administered before
endotracheal intubation and after extubation in order to maintain an adequate oxygen
plasma concentration. Under physiological conditions, PaO2 = 80–100 mmHg. When PaO2
exceeds 100 mmHg, the patient is characterized by hyperoxia, the most important systemic
effect being the increased and accelerated production of reactive oxygen species (ROS) and
the development of oxidative stress (OS) [93–99]. The most important mechanisms through
which OS is augmented in the case of general anesthesia are represented by the increase
in molecular oxygen offerings at the mitochondria, the interaction with reactive nitrogen
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species (RNS), and lipid peroxidation with destruction of cellular membranes [25,100–103]
(Figure 2).

 

Figure 2. Schematic representation of the oxidative response in patients under general anesthesia.

Nunes et al. studied the implications of general anesthesia (GA) on the redox profile of
surgical patients that underwent intravenous GA, as well as the implications of multimodal
monitoring based on Entropy on the oxidoreduction activity. The study included 20 patients
divided into 2 study groups. In the first group, the Entropy values were maintained in the
45–59 interval, and in the second, Entropy was maintained in the 30–44 interval in order
to evaluate the impact of anesthetic overdosage on the redox balance. The patients were
evaluated at different moments in time: M1—right after the administration of anesthetic
drugs, M2—after endotracheal intubation, M3—5 min after endotracheal intubation, M4—
immediately after surgical pneumoperitoneum, M5—1 min after pneumoperitoneum, and
M6—1 h after the end of surgery. The researchers determined the plasma concentrations for
Glutathione and TBARS (tiobarbituric acid reactive species). Following the analysis, they
identified significant increases in the Glutathione and TBARS concentrations at M5 in both
groups. There were statistically significant differences between the two study groups, with
higher values of both Glutathione and TBARS in the group where Entropy was maintained
between 30 and 44 (p < 0.05). In regard to the anesthetic management, recovery times
were significantly shorter for the group where Entropy levels were kept between 45 and 59
(7.70 ± 1.24 min vs. 10.20 ± 0.90 min, p < 0.05). The increase in redox imbalance markers
for the patients that received a deeper hypnosis (Entropy 20–44) reveals an increase in
anaerobic metabolism, possibly because of an accentuated suppression of the autonomic
nervous system [92].

Ferrari et al. carried out a study regarding the genotoxicity of sevoflurane on the
DNA structure in isolated lymphocytes in 20 patients undergoing orthopedic surgery
under GA. They showed important changes in DNA structure and in redox activity that
correlated statistically with the sevoflurane concentration [104]. Compared to the exposure
to propofol, the group that was exposed to sevoflurane presented a marked increase in the
expression of tumor necrosis factor alpha (TNF-alpha) and a decrease for interleukin 10
(IL-10) [104,105].
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6. The Impact of Multiparametric Monitoring on Drug Consumption and Recovery

Gan et al. led an important study regarding the implications of monitoring the degree
of hypnosis. They included 302 patients divided in 2 groups. In the study group, GA was
guided based on BIS monitoring, while in the control group, anesthesia was guided with
basic monitoring. BIS values were measured in both groups [106]. In the study group, the
dosage of anesthetic agents was optimized in order to achieve a mean BIS value between
40 and 60 based on current guidelines and recommendations. Interestingly enough, the BIS
values in the control group were under 40, indicating a tendency to overdose the anesthetic
agents. The total propofol consumption was lower in the study group compared to the
control. Another important variable was the time to extubation, which was 7.27 min shorter
(95% CI 6.23–8.28 min) in the study group compared to 11.22 min in the control group
(95% CI, 8.51–13.60 min). Song et al. designed a similar study that also showed a decrease
in extubation times in patients that received general anesthesia modulated based on BIS,
with a reduction from 6.5 ± 4.3 min to 3.6 ± 1.5 min (>40%) for Desflurane, and from
7.7 ± 3.5 min to 5.5 ± 2.2 min for sevoflurane [107].

Vakkuri et al. carried out a multicenter study on the impact the monitoring of degree
of hypnosis through Entropy (GE Healthcare, Helsinki, Finland) has on anesthetic drug
consumption and on postoperative recovery time. In the final analysis of the study, they
included 308 patients, divided homogeneously in 2 groups: The control group and the
study group, where GA was modulated based on Entropy. For propofol consumption, there
were statistically significant differences between the two study groups, with the median
for the control group being 0.11 (0.03, 0.21) mg/kg/min vs. 0.10 (0.04, 0.23) mg/kg/min
for the group where Entropy was used.

The analysis of the implications multimodal monitoring has on the postoperative
recovery showed a decrease in the time to spontaneous breathing in the study group (4.74
(0.00, 18.0) minutes) compared to the median in the control group (7.07 (1.00–28.5) minutes).
Using Entropy also decreased the time to extubation from 9.16 (1.67, 32.3) minutes to 5.80
(3.00, 27.3) minutes, with p <0.05. The patients in the target group opened their eyes to
verbal command faster than the control group (6.08 (0.15, 37.5) minutes vs. 10.8 (2.23,
43.2) minutes (p < 0.05)), and they were transferred to the Post-Anesthesia Care Unit
(PACU) faster, at 10.3 (1.17, 48.7, p < 0.05) minutes vs. 13.0 (5.0, 49.8) minutes. Mean State
Entropy (SE) during general anesthesia was 50 (34–78), while the mean Response Entropy
(RE) was 52 (35–84). [46]. A similar study was developed by El Hor et al., reporting an
increase in sevoflurane consumption in the case of patients that could not benefit from
advanced monitoring of the degree of hypnosis vs. patients for which Entropy monitoring
was applied (5.2 ± 1.4 mL/h vs. 3.8 ± 1.5 mL/h, p < 0.05) [108]. Regarding hemodynamic
stability, the researchers found statistically significant differences between the groups:
10 hypertension episodes were reported in the control group vs. 7 hypertension episodes
in the target group. For hypotension, the ratio was 3 in the control group vs. 0 in the target
group (p < 0.05). Tachycardia episodes were reported as 5 (control group) vs. 8 (target
group), while bradycardia episodes were reported as 1 (control group) vs. 0 (study group).

Wu et al. analyzed the impact of multiparametric monitoring based on Entropy (GE
Datex-Ohmeda S/5) on the recovery time and anesthetic drugs consumption in patients
undergoing orthopedic surgery. This research group included 68 patients in their anal-
ysis, divided into 2 groups: The target group with Entropy monitoring and the control
group with classical anesthesia monitoring. Sevoflurane consumption was significantly
lower in the target group 27.79 ± 7.4 mL/patient vs. 31.42 ± 6.9 mL/patient, p < 0.05.
Statistically significant differences were also reported for hemodynamic stability, as the
target group presented fewer hypertensive episodes compared to the control, 0.94 ± 1.15
vs. 1.48 ± 1.41, p < 0.05. Following this study, the research group concluded that using
Entropy-based multimodal monitoring significantly reduces both sevoflurane consumption
and the consumption of antihypertensive agents [45].

The impact of multiparametric monitoring on the anesthetic drugs consumption
was proven in another study by Tewari et al. in patients undergoing gynecological and
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obstetrical surgery. They analyzed 120 patients that were divided into two study groups
based on monitoring technique, with an Entropy group and a classical monitoring of
general anesthesia group. They showed that Entropy monitoring led to a reduction of
propofol doses (6.7% reduction, p = 0.01), but also that the Fentanyl doses were 10.9%
larger in this group (p = 0.07). They did not find any statistically significant differences
for recovery time and discharge time from PACU [109–111]. In their study on the impact
of Entropy on sevoflurane consumption in major hepatic surgery, Refaat et al. showed a
marked decrease in the doses [110].

7. Conclusions

General anesthesia techniques are much more advanced nowadays compared to
latter decades, in accordance with the surgical needs and with the needs of the general
population. Medical services tend to become more and more complex, managing to solve
a wide range of pathologies in all surgical fields. In order to increase both patient safety
and medical act quality, as well as to decrease waiting times and to be able to answer
the needs of an increasing number of patients, endowment with modern multiparametric
monitoring techniques for general anesthesia is necessary. In conclusion, we can state that
using monitoring techniques for the degree of hypnosis, the nociception-antinociception
balance, and the hemodynamic status markedly increases patient safety. Furthermore,
by reducing postoperative recovery times and reducing anesthetic drugs doses, one can
highlight the positive impact, both short- and long-term, that multiparametric monitoring
has from an economic viewpoint.
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Abstract: Iron deficiency is a major problem in worldwide populations, being more alarming in
surgical patients. In the presence of absolute iron deficiency (depletion of body iron), functional iron
deficiency (during intense bone marrow stimulation by endogenous or exogenous factors), or iron
sequestration (acute or chronic inflammatory conditions), iron-restricted erythropoiesis can develop.
This systemic review was conducted to draw attention to the delicate problem of perioperative
anemia, and to provide solutions to optimize the management of anemic surgical patients. Systemic
reviews and meta-analyses, clinical studies and trials, case reports and international guidelines
were studied, from a database of 50 articles. Bone marrow biopsy, serum ferritin levels, transferrin
saturation, the mean corpuscular volume, and mean corpuscular hemoglobin concentration were used
in the diagnosis of iron deficiency. There are various intravenous iron formulations, with different
pharmacological profiles used for restoring iron. In surgical patients, anemia is an independent risk
factor for morbidity and mortality. Therefore, anemia correction should be rapid, with parenteral iron
formulations—the oral ones—being inefficient. Various studies showed the safety and efficacy of
parenteral iron formulations in correcting hemoglobin levels and decreasing the blood transfusion
rate, the overall mortality, the postoperative infections incidence, hospitalization days, and the
general costs.

Keywords: iron deficiency; anemia; intravenous iron formulation; perioperative period

1. Introduction

Iron deficiency (ID), a reduction of body iron levels, is a critical problem worldwide, affecting
4–30% of men, 10–43% of all women, and reaching 52% in pregnant women. Studies showed that iron
deficiency complicates the management of almost one-third of surgical patients [1]. The prevalence of
preoperative anemia varies from 26 to 75%, while after major surgery, it ascends to 90% [2]. It can occur
due to excessive losses in patients with massive acute bleeding or chronic hemorrhages, malabsorption,
insufficient intake in relation to increased needs, or functional deficiency due to a chronic disease
(e.g., HIV, cancer). In surgical patients, the cause can be multifactorial [3]. Iron deficiency might or
might not be associated with anemia (a decrease in hemoglobin levels and changes in erythrocytes
morphology), often being unidentified or untreated. The first phase of iron deficiency does not manifest
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through anemia, which usually appears in a later stage [4]. Therefore, good perioperative patient
management involves monitoring hemoglobin levels and iron status before surgery and, in case of
major interventions, in the postoperative period [5].

In the perioperative period, anemia is an independent factor for morbidity and mortality. It is
also related to an increased incidence of red blood cell transfusion, prolonged length of stay in hospital,
and higher complications [6]. Fowler et al. published a meta-analyses on the influence of preoperative
anemia on patients’ outcomes after major surgery, and concluded that it had a high incidence (about
39% of patients), being an independent risk factor for in-hospital mortality, acute kidney injury,
and infections. In patients proposed for cardiac surgery, it was also an independent risk factor for
stroke events [7].

In elective surgery, there might be enough time to correct anemia in the preoperative period,
with oral and parenteral iron products or erythropoietic agents, but in major emergency surgery,
there is no time for delays [6]. Anemia can also develop during hospitalization (major surgery,
complications, blood sampling) and continues further after the patient’s discharge, if it is not properly
corrected, leading to impaired functionality on the long-term. Therefore, in order to improve patient’s
outcome, recent guidelines and programs promote the safety and efficacy of intravenous iron, in order
to correct anemia, to reduce the need for blood transfusions, to decrease the rate of complications,
and economically speaking, to reduce hospitalization costs [5,8].

2. Materials and Methods

This systemic review was conducted to draw attention to the delicate problem of perioperative
anemia, to highlight the risks it has on the patients’ evolution, to provide solutions for optimizing the
clinical management of these surgical patients and to offer alternative solutions to blood transfusion.
For this purpose, we used PUBMED database, searching for words and word combinations, in article
titles or contents, like “perioperative anemia”, “perioperative period”, “major surgery”, “iron deficiency”,
“iron sequestration”, “intravenous iron”, “parenteral iron”, “iron molecule”, “iron formula”, “iron infusion”,
“erythropoiectic agent”, “blood transfusion”, “hypersensitivity reactions”, and “erythropoiesis”. In our review,
we only studied English articles, using systemic reviews and meta-analysis, clinical studies and trials,
case reports, and international guidelines. A total of 50 articles (Figure 1) were included and these
were reviewed by three authors (M.T, ., T.P.N., and A.N.) and two other persons (I.L., I.M.G.) checked
the eligibility. The FDA network was also consulted.

Figure 1. Articles used for analysis.

3. Results and Discussion

Parenteral iron formulations were first used in those with intolerance of, or unresponsiveness
to oral iron. In the last century, intravenous iron showed its benefits in the perioperative period.
It was used to rapidly correct the body iron levels and to improve hematopoiesis whenever important
bleeding was anticipated or arose. Therefore, perioperative transfusion requirements and complication
occurrences were reduced, improving the overall outcome of patients with chronic comorbidities [9,10].

In the following lines, important issues are presented—iron deficiency diagnosis, a short
presentation of intravenous iron products, the role of parenteral iron use in the perioperative
period, and the overall risks associated with intravenous iron products, in order to familiarize
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the clinician with the main aspects of surgical patients’ anemia, acquired iron deficiency, and the
existent therapeutic alternatives.

3.1. Iron Deficiency Diagnosis

Iron, a vital element, is involved in various essential biological processes of the body, like DNA
synthesis, immune system functionality, erythropoiesis, hemoglobin synthesis, oxygen transport,
energy metabolism, and the production of neurotransmitters [11]. Iron deficiency can commonly
present as an absolute deficiency (when the iron stores are abolished) in the face of important blood
loss. There can also be a functional or relative iron deficiency (increased erythropoietic response that
exceeds the available iron supply) and an iron deficiency by sequestration (increased hepcidin levels,
like in inflammatory diseases, induce iron retention in macrophages, or enterocytes) [12].

We should remember that iron exists in the body in many forms—circulating, stored intracellularly,
and utilized, like part of the hemoglobin structure. The “gold standard” for iron deficiency diagnosis
remains a bone marrow biopsy. It directly measures the iron stores that can be used in hematopoiesis,
but it is a complicated, invasive, and low tolerated test that is used in rare cases. In clinical practice,
the diagnosis relies mostly on serum biomarkers assessment (Table 1) [13].

Table 1. Serum biomarkers used to diagnose iron deficiency.

“Gold Standard” Method Usual Biomarkers Other Biomarkers

Bone marrow biopsy

Serum ferritin Mean corpuscular volume (MCV)

Transferrin saturation (TSAT) Mean corpuscular haemoglobin
concentration (MCHC)

Serum iron Red cell distribution width (RDW)

C-reactive protein
Reticulocyte haemoglobin content (CHr)

Zinc protoporphyrins (ZPP) in the red cell

One of the most sensitive tools for iron deficiency diagnosis is a serum ferritin level under
30 ng/mL, which is an expression of the depleted iron stores. Nevertheless, ferritin is also released
when inflammation is present like in inflammatory bowel disease, autoimmune disease, or chronic
renal failure, so normal, or elevated value does not always exclude iron deficiency [14,15]. Another
important test is represented by transferrin saturation (TSAT), which measures the transported iron
that is available for cell uptake but the reliability of TSAT in measuring iron status can also be reduced
by a high inflammatory status [13]. Circulating iron, bound to its carrier (transferrin) can also be
assessed, but its values can vary with the oral intake and the physiological necessities, and it can have
a normal value even in the presence of depleted stores. Therefore, iron’s defining parameters should
be drawn after an overnight fast [14]. C-reactive protein, used to assess the patient’s inflammatory
status, can guide iron’s deficiency diagnosis. In the presence of low ferritin (30–100 ng/mL) and
transferrin saturation levels (<20%), a level of C-reactive protein below 5 mg/L is a marker of absolute
iron deficiency [16].

Others markers that can be used are a low value of the mean corpuscular volume (MCV) and
mean corpuscular hemoglobin concentration (MCHC) (<280 g/L). The red cell distribution width
(RDW) (variation of cells volume) is increased in initial phases and after the iron treatment initiation.
The reticulocyte hemoglobin content (CHr), a reflexion of iron volume available for immediate
erythropoiesis, is decreased (<28 pg) [17].

3.2. Intravenous Iron Products–Short Presentation

Regarding the chemical structure, intravenous iron formulas are colloidal suspensions with
a core made of iron oxyhydroxide and a stabilizer, carbohydrate shell coating. The size of the
core particle influences the iron lability, the smaller size being the most labile of bound iron [18].
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The various intravenous iron formulations have a similar core but the chemistry, molecular weight of
the carbohydrate coat, and the bonds with the core are different. After the intravenous administration,
iron molecules dissociate from the carbohydrate shell coat and binds to specific proteins. According to
various studies, iron–carbohydrate complexes are taken by macrophages of the reticuloendothelial
system through endocytosis. In big steps, endosome fuses with lysosome, leading to iron cleavage
from the complex. Then, the iron enters the cytoplasm of the macrophages and it is incorporated into
ferritin or transported out and sequestrated into transferrin. After that, iron is transported into sites
of usage [19]. The new iron formulas are more stable, strongly binding the iron molecule within the
carbohydrate coat, and therefore, decreasing the iron release during infusion. It allows the infusion of
larger doses in comparison to older formulas (Table 2) [18,20].

Table 2. Intravenous iron formulas, usual doses, and time of administration.

Intravenous Iron Formula Dosage and Minimum Administration Time

1. Ferric carboxymaltose (Ferinject®, Injectafer®) 1000 mg in 15 min

2. Ferric derisomaltose (Monoferric®)
1000 mg in at least 20 min (in patients > 50 kg)
20 mg/kg in at least 20 min (in patients < 50 kg)

3. Iron sucrose (Venofer®) 200 mg in 30 min

4. Low molecular weight iron dextran (LMW dextran)
(Cosmofer®, InFed®) 20 mg/kg in 4–6 h

5. Sodium feeric gluconate (Ferrlecit®) 125 mg in 30–60 min

6. Ferumoxytol (Feraheme®, Rienso®) No longer in use

Ferric derisomaltose (Monoferric®), known since 2009 as iron isomaltoside 1000 (IIM)—Monofer®,
was released under this name since January 2020. It is a “new” molecule with high stability,
with a carbohydrate coat made of derisomaltose, with a molecular weight of 155 kDa and a plasma
half-life of approximately 27 h. The maximum dose was 20 mg/kg for patients weighing <50% and
1000 mg in patients >50 kg, with a minimum time for administration of 20 min. It could replace the
total required dose in one infusion or divided doses for correcting anemia, and does not require a test
dose, according to the manufacturer [3,21–23].

Ferric carboxymaltose (FCM) (Ferinject®, Injectafer®) has a carboxymaltose shell coating,
with a molecular weight of 150 kDa, a high stability, and a plasma half-life of approximately 8 h.
The maximum single dose is 1000 mg, administered over 15 min. It also has the ability to replace the
required iron dose in a single infusion [3,24].

Iron sucrose (IS) (Venofer®) is a medium stable molecule, with a sucrose shell coating, a molecular
weight of 43 kDa, a plasma half-life of 5 h, a maximum dose of 200 mg with at least 15 min minimum
time for the administration. This molecule has become available for use since 2000. It needs repeated
infusions to ensure the required amount of iron (about 1 g) [3,22].

Low molecular weight iron dextran (LMW dextran) (Cosmofer®, InFed®) has a dextran coat,
a high stability, and 400-kDa molecular weight with a plasma half-life of about 30 h. The maximum
dose is 20 mg/kg, administered over a minimum of 4–6 h. It is available in the market since 1991 [18].

Ferumoxytol (Feraheme®, Rienso®) has a polyglucose sorbitol carboxymethyl ether shell coating,
with a molecular weight of 750 kDa, a high stability, and a plasma half-life of 15 h. The maximum
dose is 510 mg administered over a minimum of 15 min. This product is no longer available in the
European Union [18].

Sodium ferric gluconate (SFG) (Ferrlecit®), being used since 1999, is a molecule with low
stability, a gluconate-made coat, a 280-kDa molecular weight, and a plasma half-life of 1 h and a half.
The maximum single dose is 125 mg, with a minimum administration time of 30–60 min. It does not
replace the total necessary dose, so multiple repeated infusions are required [3,18].
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There is no standardized recommendations for each formula—the selection depends on availability,
the prescriber’s experience, the available time for correcting iron deficiency (elective or emergency
surgery), the type of iron deficiency, and the patient allergenic profile [3,5,25–28].

3.3. The Role of Parenteral Iron Use in a Perioperative Period

As we previously emphasized, the perioperative period raised problems through the fact that
there is no time to correct the iron deficiency with oral supplementation and many patients had zero
response to these therapies due to the underlying comorbidities. Poor gastrointestinal tolerance led to
the necessity of new intravenous product use in surgical patients, with a better tolerance profile, fewer
adverse reactions, and rapid capacity of correcting iron deficiency [10,29,30].

A study published by Lee et al. has compared the efficacy and safety of ferric carboxymaltose
(FCM) (500 mg in patients weighing <50 kg and 1000 mg in patients with >50 kg) versus iron sucrose
(IS) (200 mg per session, maximum 600 mg per week), in treating preoperative anemia in gynecological
patients. They concluded that 1000 mg dose of FCM leads to rapid correction of iron deficiency anemia,
obtaining a hemoglobin level >10 g/dL in 7.7 days, compared to 10.5 days for IS. This allowed earlier
surgical intervention, reduced the number of hospital visits (one visit for FCM, 3–8 visits for IS),
and improved patient outcomes. Both formulations were safe, only being related to mild adverse
events, like headaches. [31].

In cases of emergency surgery, with important bleeding or in cases requiring invasive procedures,
it is recommended to restore body iron to improve postoperative recovery. High doses of parenteral
iron are generally preferred (1000–1500 mg), allowing a rapid infusion (between 15 min and 1 h).
For all nonselective surgical procedures, the therapy can be initiated or continued in the postoperative
period [17]. Studies showed that for these cases, ferric carboxymaltose and iron isomaltoside
1000 are preferred over sodium ferric gluconate or iron sucrose. Intravenous iron administration
hastened anemia correction, better replenished the iron stores, and reduced adverse event appearance,
as compared to oral products [28].

In another multicenter study (IVICA trial), Keeler et al. analyzed the role of preoperative iron
administration in improving the quality of life for patients after colorectal cancer surgery. Authors
pointed out that the intravenous route (55 patients) is more efficient than oral iron (61 patients)
in correcting hemoglobin level and improving patients’ outcomes. Using the parenteral formulas,
they observed rapid improvement in clinical quality of life scores on short and long-term evolution,
possibly in relation to anemia correction. Intravenous iron increased the hemoglobin levels more
rapidly than oral formulas, permitting an earlier surgical intervention or adjuvant therapies [32].

Intravenous iron agents have showed their usefulness in orthopedic surgery, and have become
“a state of the art”, as described by Muñoz et al. These are used on a daily basis in patients at risk
for perioperative anemia, decreasing the need for blood transfusion and the number of transfused
units, by rapidly correction the hemoglobin concentration. The postoperative recovery is hastened,
the length of stay is reduced, and the cost-effectiveness is significant [33–35].

A recent meta-analysis published by Schack et al., in which 5413 studies were screened, examined
the role of perioperative parenteral iron therapy in cases of acute non-cardiac surgery. A total of
3044 surgical patients (especially orthopedic interventions) were enrolled in these studies. A decrease
in 30-days mortality, allogenic blood transfusion, and a lower rate of postoperative infections were
observed. After the analysis, no statistical difference was observed with regards to the postoperative
hemoglobin level or the hospital’s length of stay [36].

3.4. The Overall Risks Associated with Intravenous Iron Products

During iron infusion, there is a risk of hypersensitivity reaction appearance or iron overload [37–39].
Studies showed that the incidence of adverse reactions is 1 in 200,000 patients, with a prevalence of
<0.1% [24,40–42]. The infusion rate plays a key role. Based on experts’ consensus, an infusion time
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extent from 15 min to one hour is recommended for the first dose. Then, the infusion time stated in the
drug monograph should be respected [25].

A recent analysis, published by Achebe and DeLounghery, studied the risk of severe
hypersensitivity reaction appearance related to intravenous iron used in 5247 patients. The authors
concluded that there were no statistical differences regarding the severity or risk of adverse reaction
appearance between various types of iron formulations [43]. Girreli et al. pointed out that if we
compared the frequency and gravity of adverse events related to intravenous iron administration and
red blood cell transfusion, we would observe that the rate of a major complication was lower in the
iron group [3].

Mild reactions are characterized by flushing, urticaria and itching, joint pain, and chest tightness,
and disappear if the infusion is stopped or the rate is lowered (Table 3) [10,44]. Cases with moderate
reactions require stopping the infusion, and, in the face of marked hypotension, tachycardia, dyspnea,
cough, and important chest tightness, intravenous fluids and steroids might be required [45]. Rampton
et al. published a review in which they highlighted that life-threatening manifestations (cardiac arrest,
wheezing, coma), which needed advanced cardiac life support, were extremely rare [46]. Delayed
reactions (after 30 min since the treatment was finished) were also extremely rare. They were unspecific
and manifest through fever, headache, myalgia, or arthralgia [26,47,48].

Table 3. Frequent adverse reactions related to parenteral iron administration.

Adverse Reactions Usual Treatment

1. flushing

� lowering the infusion rate
� stopping the infusion

2. urticaria

3. itching

4. joint pain

5. chest tightness

History of previous hypersensitivity reactions, atopy, and mastocytosis were cited as risk
factors. There were also some elements related to increased severity of the adverse events—male sex,
the concomitant use of beta-blockers or ACE inhibitors, older age and psychological liability, patients
with behavioral conditions that are often non-compliant with the treatment [11,49].

A recent randomized trial, published by Wolf et al. showed that ferric carboxymaltose had
a particular side effect, hypophosphatemia, being related to the stimulation of fibroblast growth factor
23 [11]. It is often asymptomatic, but in rare cases, it can lead to profound fatigue, muscle weakness,
bone fractures, and osteomalacia [50,51].

4. Conclusions

The intravenous iron formulation are safe for use in the perioperative period. The use of one
formula to the detriment of others is not standardized yet, the selection criteria especially being the
patient profile, the prescriber’s experience, the drug availability, and the time left until the surgery.
The new drugs are available in a single, higher dose that allow rapid correction of anemia, granting
early surgery, and reducing the number of hospital visits. The correction of iron deficiency in surgical
patients is vital for overall outcome, being related with a reduced need of allogeneic blood transfusion
and all associated complications, faster recovery after surgery, low rate of infections, reduced length of
stay in the hospital, reduced rate of complications, and a lower cost.
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