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Abstract
The concept of enhanced recovery after surgery (ERAS) 
has gained gratifying achievements in clinical practice, 
but there are still many disputes and incompatibilities 
in its application. The reasons for this phenomenon are 
multifaceted, is evident at multilevels and needs further 
exploration and improvement.

By combining previous studies and our clinical experience, 
we propose an enhanced concept of ERAS, i.e., precision 
organ function protection (POFP) for ERAS to promote last-
ing rehabilitation of patients after surgery. We prefer to use 
“important organ function outcomes” (IOFOs) as the clinical 
target of ERAS. Perioperative optimal organ function pres-
ervation by using a series of techniques can help patients 
recover quickly and return to baseline function as soon as 
possible. This concept has greatly expanded the connota-
tion of the traditional ERAS, whose core idea was reducing 
stress, providing analgesia and humane care.
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at all stages of the perioperative period. Firstly, mini-
mally invasive surgery is regarded as a dominant part 
of ERAS. Secondly, anesthesiologists prefer to reduce 
stress by providing adequate analgesics and anesthet-
ics. All these are based on ensuring patient safety in-
stead of blindly pursuing the application of high-tech 
and new medicines [1].

Currently, ERAS systematically integrates the knowl-
edge of various disciplines. The multidisciplinary team 
(MDT) aims to prevent or reduce perioperative compli-
cations and adverse effects. MDT treatment not only 
helps to reduce postoperative complications but also 
helps improve patient comfort in the perioperative pe-
riod [2].

ERAS requires more humanistic care in clinical 
practice

ERAS promotes the biomedical model to a Bio-Psy-
cho-Social medical model. Humanistic care should inte-
grate all aspects of ERAS. Firstly, doctors should contin-
uously improve their own technical skills. Secondly, the 
implementation of the ERAS program requires multidis-
ciplinary cooperation according to a patient-centered 
philosophy [2-4]. Thirdly, the clinical application of ERAS 
requires active patient cooperation, and adequate com-
munication between doctors and patients. Finally, the 
use of problem-oriented philosophy may help patients 
benefit from existing technologies [1,5].

Current ERAS guidelines consider that patient coop-
eration is a key factor in success. Preoperative educa-
tion of ERAS is more focused on humanistic care, which 
includes (1) The transition from “dogmatic communi-
cation” to “educational communication” between the 
medical staff and patients; (2) The transition from “pas-
sive acceptance” to “active participation” in patients; (3) 

Introduction
Professor Henrik Kehlet from the University of Co-

penhagen in Denmark first proposed the concept of 
enhanced recovery after surgery (ERAS) in 1997. At 
present, the core idea of ERAS is reducing stress, pro-
viding analgesia and humane care. Although ERAS has 
achieved gratifying achievements in clinical practice, 
there are still many disputes and incompatibilities, 
which need further exploration and improvement.

ERAS requires multidisciplinary involvement in 
the prevention, rehabilitation and treatment of 
perioperative complications

ERAS emphasizes alleviating pain, trauma and stress 
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The transition from “post-treatment” to “pre-existing 
prevention” in clinical practice; (4) The transition from 
“single surgery” to “multidisciplinary cooperation”. 
These changes emphasize the problem-oriented philos-
ophy in medical practice, which reflects a patient-cen-
tered philosophy. When we communicate with the pa-
tient about ERAS, this subtly changes the mindset and 
work habits of the medical team [6].

Optimization of multidisciplinary cooperation 
makes ERAS more “individual” and “humanized”

ERAS outcomes stem from minimally invasive tech-
niques, optimizing surgical procedures, and results in 
the shortening of the average hospital stay. The opti-
mized measures include the reasonable application of 
tubes (drainage tube and urine, etc.), use of different 
analgesic methods, rapid recovery of gastrointestinal 
function, and whether tracheal intubation is required 
[1,7].

The initial focus of ERAS was to achieve complete 
recovery of patients. ERAS needs to be developed as a 
treatment plan from a recovery perspective rather than 
the treating diseases.

Each discipline prefers selecting the best solution 
for the professional problem, then choosing the in-
dividual treatments. The individual pain treatments 
may involve MDT collaboration, which include the 
following points. (1) The nurse informs the patient 
about his condition and pain treatments and actively 
guides the preoperative preparation. (2) The anes-
thesiologist prepares advanced analgesia treatments. 
(3) The surgeon takes preventive treatment (such as 
local infiltration of anesthesia around the incision), 
according to postoperative pain characteristics. (4) 
Most importantly, the anesthesiologist evaluates the 
analgesic effect after surgery and adjusts the analge-
sic program according to the individual’s needs [2].

Individual treatment of ERAS varies from person to 
person, which also reflects "humanized" care. From 
evidence-based practice, continuously improving diag-
nosis, treatment or surgical procedures is essential to 
improving the quality of recovery after surgery. Special 
risk factors need to be considered in ERAS during the 
perioperative period, to optimize the process according 
to identified high-risk factors and to strengthen periop-
erative rehabilitation management. The individualiza-
tion focuses on treatment, while humanization involves 
prevention, treatment and rehabilitation [7-10].

The role and problem of anesthesia in ERAS
Anesthesiologists play important roles in ERAS. They 

improve clinical outcomes by taking many measures, in-
cluding early health education and active preoperative 
preparation. These measures include optimization of 

anesthesia, making the fluid therapy plan and mon-
itoring body temperature, and implementing reason-
able analgesia after surgery. The field of anesthesiol-
ogy extends from assessment before surgery to com-
fort and rapid recovery after surgery.

However, there are still difficulties and controver-
sies in clinical practice, which include the following 
points. (1) Can surgeons receive early intervention 
from the anesthesiologist? (2) Can the anesthesiolo-
gist agree with the surgical notice? (3) Can appropri-
ate measurements for preoperative fasting and car-
bohydrate supplementation be selected? (4) How do 
we choose the sedatives before surgery and make an 
anesthesia plan? (5) Can local and regional anesthe-
sia widely be accepted in clinical practice? (6) Is lap-
aroscopic surgery compatible with spinal anesthesia? 
These problems need to be addressed in the future 
through more randomized controlled trials [11,12].

Some thoughts on medical education in ERAS
At present, the design and implementation of the 

ERAS program is mainly based on the experience of 
surgeons. There are a number of deficiencies in this. 
Firstly, the executors of the program are different 
from the creators, so the performance evaluation is 
not enough. Secondly, the standardization process is 
not easy to adapt to the needs of each patient be-
cause of differences in patients’ condition and med-
ical staff. In addition, surgeon-led clinical model in 
ERAS also has many practical difficulties. The anes-
thesiologist-led clinical model has been proposed in 
recent years. However, anesthesiologists do not di-
rectly manage patients in the ward, and it is more dif-
ficult for them to determine the surgical approach or 
postoperative management.

It can be concluded that a single subject-led ERAS 
has some difficulty in covering all related problems, 
and the process of the MDT-led ERAS is too cumber-
some to implement. Therefore, it is essential to in-
tegrate ideas and raise awareness of ERAS, in order 
to break the “fortress” effects of the different disci-
plines and to emphasize the deep integration of clin-
ical multidisciplinary teams for ensuring the safety 
and effective development of ERAS.

In future medical education, it is better to recom-
mend training surgeons with an anesthesia background 
or anesthesiologists with a surgical background [13-15].

The new concept of ERAS------ triple rehabilitation
In early animal experiments and subsequent clinical 

trials, multimodal pre-rehabilitation programs (includ-
ing physical, nutritional, and psychological triple reha-
bilitation) appear to be more effective in helping pa-
tients recover quickly [16-18].
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Organ function protection in perioperative period 
has been the key point in this area in recent 
decades

Surgery is an important method of treating diseases. 
The surgery itself is also a trauma for patients. Severe 
trauma, shock, infection, organ ischemia-reperfusion 
injury, sepsis, and the local and systemic severe in-
flammatory response syndrome caused by the surgery 
itself are important factors leading to important organ 
dysfunction in perioperative period. Therefore, organ 
function protection requires close collaboration from 
different departments, which is important for patient's 
prognosis [26-28].

Organ function protection by anesthetics and an-
esthesia: A large number of animal tests and clinical 
trials have found that anesthetics and anesthesia have 
clearly protective effects on heart, brain, lungs, kidneys, 
and other organs. Autophagy and apoptosis pathways, 
the PKC system, the ERK 1/2 signaling pathway, the in-
flammatory response, the NO system, mitochondrial 
dysfunction, body inflammatory response, intracellular 
calcium overload, oxidative stress and other pathways 
have been shown to be involved in these protective ef-
fects [29-32]. Therefore, to understanding the mecha-
nisms of anesthetics can promote the progress of relat-
ed research [33-36].

Organ function protections of non-narcotic drugs 
and methods: It is necessary not only to use anesthet-
ics to protect organ function but also to combine this 
with other medicines and methods, such as acupunc-
ture [37,38], hypothermia [39-42], remote ischemic 
preconditioning [43], and traditional Chinese medicine 
[44-46]. Related research explores the mechanism of 
organ function protection from different aspects, in-
cluding holistic, cellular, molecular changes and gene 
expression. Protective measures include the protective 
effects of various non-anesthetics on different organs, 
as well as ischemic preconditioning. The application of 
the above non-anesthetics and methods opens up more 
ways for perioperative organ protection.

Some thoughts about immunosuppression by 
anesthetics and opioids: Since the 1990s, the study 
of perioperative organ protection by anesthetics has 
been ascendant. However, there is no clear evidence 
that the organ function protection of anesthetics 
can affect long-term recovery or mortality in surgical 
patients. Recent studies have found that commonly 
used anesthetics or opioids may lead to immuno-
suppression [47]. The immunosuppression by these 
drugs may help alleviate systemic inflammatory re-
sponses but may also increase postoperative mortal-
ity and recurrence rates [47].

Anesthetics, especially inhaled anesthetics, can af-

The triple pre-rehabilitation strategy is the emerg-
ing pretreatment concept in ERAS. The strategies aim 
to ensure patients getting the best treatment plans 
and achieving the best functional status with multidis-
ciplinary collaboration before surgery. The extensive 
development of pre-rehabilitation is becoming a new 
practice of preoperative medical treatment. Anesthesi-
ologists have the responsibility to promote these strat-
egies to help patients rapidly recover after surgery. At 
present, most of the clinical trials of triple pre-rehabili-
tation focus on gastrointestinal surgery [17,19,20], and 
future trials should expand to more fields. We hope that 
feasible programs can be validated in families so that 
more patients can benefit in the future.

Precision organ function protection promotes 
rapid and long-lasting recovery of patients

One core aim of ERAS is to reduce stress, includ-
ing physical and psychological stress, in the perioper-
ative period. Therefore, ERAS requires medical staff 
to optimize clinical techniques and measures (preop-
erative rehabilitation, optimizing bowel preparation, 
optimizing anesthesia, multimodal analgesia, rational 
use of various catheters, early enteral nutrition, get-
ting early out of bed, changing clinical care patterns, 
controlling gastrointestinal discomfort, intraopera-
tive heat preservation, restriction of fluid input, pre-
vention of antibiotics, strict discharge assessment, 
and complete post-hospital visit system) [1].

Although ERAS has achieved gratifying achievements 
in clinical practice, there are still many disputes and in-
compatibilities, which need further exploration and 
improvement [21]. Recently, some studies found that 
the evaluation by the medical staff did not accurately 
reflect the patient's body condition and feelings. There-
fore, some researchers suggested that patient-reported 
outcomes (PROs) should be one of the clinical targets of 
ERAS [22-25].

The recovery of symptoms depends on the rapid re-
habilitation of vital organs. By combining previous stud-
ies and our clinical experience, we propose an enhanced 
concept of ERAS. That is “Precision organ function pro-
tection (POFP) for ERAS to promote the lasting rehabili-
tation of patients after surgery”.

We prefer to use important organ function out-
comes (IOFOs) as the clinical target of ERAS. This is 
because perioperative optimal organ function pres-
ervation by using a series of techniques can help pa-
tients recover quickly and return to baseline function 
as soon as possible. This concept has greatly expand-
ed the connotation of the traditional ERAS, whose 
core idea was in reducing stress, providing analgesia 
and humane care.
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fect the expression of tumor proteins through immune 
or neuroendocrine effects, thereby affecting patients' 
long-term prognosis [48,49]. Propofol seems to be an 
ideal anesthetic for patients undergoing malignant tu-
mor surgery, and satisfactory analgesia [48,49]. Re-
gional anesthesia may be an ideal method for lung 
cancer and breast cancer [50,51]. Patients should use 
opioids as little as possible [47,52], and non-steroidal 
anti-inflammatory drugs (COX-2 inhibitors, others) can 
be chosen as alternative analgesics [52]. The choice of 
anesthesia method and anesthetic has different effects 
on postoperative recurrence, metastasis and long-term 
survival rate in different tumor patients. The patient's 
stress response to surgical trauma may also increase the 
growth and invasion of tumor cells, which may reduce 
the immune system's defense and surveillance capabil-
ities. Surgery, anesthesia and analgesia may lead to tu-
mor recurrence and metastasis. However, it is too early 
to draw a clear conclusion about it [48,50-52]. Inhaled 
anesthetics can induce tumor mitosis, angiogenesis and 
metastasis by affecting vascular endothelial growth fac-
tor, metalloproteinase 2/9 and hypoxia-inducible fac-
tors [48,53-55].

Therefore, it should be recognized that organ func-
tion protection of anesthetics needs comprehensive 
analysis. Many factors in the perioperative period have 
profound impact on immune function. For clinicians, im-
proving perioperative management at multiple levels, 
reducing the suppression of immune function in tumor 
patients, and further improving the long-term prognosis 
of patients are the goals of future work.

Precision organ function protection and precision 
anesthesia in perioperative period

The connotation of precision anesthesia: Anesthe-
siology is transforming into a perioperative medicine. 
Anesthesiology should not be limited to the "intermedi-
ate department". Instead, anesthesiologists should pay 
more attention to the patient’s safety and comfort in 
perioperative period and as well as the long-term prog-
nosis. The anesthesiologist should ensure that the an-
esthesia be stable, maintain circulation and internal en-
vironmental stability, emphasize in medication individ-
ualization, and reduce mortality through accurate im-
plementation of anesthesia and anesthetics. We should 
pay more attention to precision, comfort, remoteness, 
and extension in the future, which are also the trends of 
modern anesthesiology.

The meaning of precision anesthesia includes intra-
operative monitoring, circulation management, airway 
management, stress management, etc. Among these, 
intraoperative monitoring is the basis of precision an-
esthesia. Anesthesiologists should monitor vital signs 
through instruments such as electrocardiogram and 
pulse oximetry, monitoring sedation depth by Bispec-

tral index (BIS) and auditory evoked potential, monitor-
ing the degree of muscle relaxation through four-string 
stimulation (TOF), and indirectly monitoring the pa-
tient's response to surgical trauma and noxious stimu-
lation [56-59].

Accurately regulating the function of important or-
gans in perioperative period is the key factor for rap-
id and sustained recovery of patients: As mentioned 
above, the core of ERAS is precision organ function 
protection, reducing stress, providing analgesia and hu-
mane care. Therefore, anesthesia management should 
also focus on minimal physiological interference, per-
fect organ function protection, and reduction of stress, 
which mainly includes the following aspects.

Regulation of stress: Stress or stress response re-
fers to the nonspecific systemic response of the body 
stimulated by various internal and external factors. 
Stress is characterized by sympathetic excitation and 
enhancement of hypothalamic-pituitary-adrenergic 
cortical function. The stress events include tracheal in-
tubation, mechanical ventilation, surgical trauma, and 
ischemia-reperfusion injury. The importance of stress 
regulation lies in organ function protection and im-
provement of long-term outcomes.

The goal of precise stress regulation is to reduce 
the incidence of perioperative complications, reduce 
mortality, and improve long-term outcomes. Anesthe-
siologists should select effective measures to decrease 
stress according to the condition of the individual, type 
of surgery, surgical trauma, etc. Furthermore, anes-
thesiologists should accurately regulate perioperative 
internal environment disorders on anesthetics, anes-
thesia methods, surgical inflammation, pain, volume, 
endocrine status and other factors [60-62].

Regulation of perioperative inflammation and 
immune reaction: Stress can regulate immune in-
flammation, and excessive stress may lead to addi-
tional damage through the release of excessive in-
flammatory factors which may induce postoperative 
cognitive dysfunction (POCD), postoperative deliri-
um, chronic pain, thrombosis and other risks [63,64]. 
Tan confirmed that dexmedetomidine exerted renal 
protection through an anti-inflammatory mechanism. 
Acute kidney injury is also an inflammatory response 
caused by ischemia-reperfusion after coronary artery 
bypass grafting (CABG). Neutrophil gelatinase-associ-
ated apolipoprotein (NGAL) is an early and sensitive 
biomarker of kidney injury, and NGAL in serum gen-
erally rises within 2 h after the onset of renal injury 
[65,66]. Anti-inflammatory effects of dexmedetomi-
dine may enable the patients to have a lower extent 
of postoperative mental state scale score, POCD, re-
nal injury incidence, and inflammatory factor level 
[67-69].
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netic parameters. Drugs (e.g., etomidate, propofol, and 
remifentanil) with fast metabolism and short time-re-
lated half-life can be chosen for use in target-controlled 
continuous infusion, while drugs (e.g., fentanyl, vecu-
ronium bromide) with a long time-related half-life and 
easy accumulation should be administered as a single 
intravenous injection. When stopping these drugs, it is 
necessary to stop the drug in accordance with pharma-
cokinetics and to manage the anesthetics in a reason-
able order to promote recovery of the patient.

Differing from precision anesthesia, precision 
medicine is based on gene sequencing and molecular 
targeting technology. Precision anesthesia requires 
experienced anesthesiologists to determine precise 
fluid therapy, suitable analgesia, and stationary he-
modynamics according to changes and difficulties 
encountered during operation. To determine the se-
quence of drugs and the order of use, the anesthe-
siologist should be familiar with pharmacodynamics 
and pharmacokinetics of the drug, which may help 
their patients have a speedy recovery [84-86].

Organ function evaluation is the key to guide ERAS

The optimization of organ function evaluation will 
be an important part of ERAS in the future. Evaluation 
methods in the peri-operative period are currently not 
fully developed. The following are some details of the 
progress in organ function evaluation:

Monitoring based on hemodynamics and organ 
perfusion:

Some limitations of traditional fluid therapy in 
predicting responsiveness in critically patients: Early 
fluid therapy is the first method of choice to improve 
hemodynamics in critically ill patients. Reasonable fluid 
therapy can increase cardiac output (CO), attain stable 
hemodynamics, and improve patient outcomes. Relat-
ed indicators include blood pressure, heart rate, central 
venous pressure (CVP), and pulmonary wedge pressure 
(PAWP). In some reports, the concept of hemodynam-
ics, oxygen metabolism, and tissue perfusion are often 
confused. In terms of the order of occurrence, hemo-
dynamics is related to the process of tissue perfusion, 
while oxygenation is related to the result of tissue per-
fusion. There is no reliable indicator in clinical practice 
that can accurately reflect tissue perfusion.

Traditional static stress monitoring indicators, such 
as CVP, PAWP, and ventricular end-diastolic volume in-
dicators, cannot predict the effectiveness of fluid thera-
py. Therefore, it is necessary to find new hemodynamic 
indicators to monitor early fluid therapy [84-86].

Effect of GDFT on postoperative outcome and or-
gan function: In 1988, Shoemaker first proposed the 
concept of ideal circulation during the perioperative pe-
riod. The use of dobutamine or mediating fluid load in 

Perioperative management of circulation: Circu-
latory management is an important part of precision 
anesthesia. The circulatory system has four major fac-
tors (myocardial contractility, vascular resistance, blood 
volume and factors of the neurohumoral regulation), 
which may mediate blood pressure and cardiac output. 
Blood pressure stability is the core goal of precision an-
esthesia [70-73]. Monk confirmed that intraoperative 
low blood pressure was associated with an increase in 
mortality 30 days postoperatively whereas intraopera-
tive hypertension was not associated with mortality at 
30 days postoperatively [71,74]. Walsh showed that the 
risk of acute kidney or myocardial injury increased when 
the mean arterial pressure was below 55 mmHg for an 
extended time [75].

Common treatments for perioperative hypoten-
sion include fluid replacement, reducing the depth 
of anesthesia, and vasoactive drugs. When the above 
treatments are not performed correctly, periopera-
tive complications may occur. When there is insuffi-
cient capacity and low blood pressure, inappropriate 
fluid replacement treatment may cause excessive 
capacity load. Excessive volume overload is the main 
cause of death and disability in perioperative period 
in some contexts. Therefore, limiting excessive liquid 
input can improve postoperative pulmonary function 
and prevent hypoxemia in ERAS, which can also im-
prove the cardiovascular active hormone concentra-
tion. Goal-directed fluid therapy (GDFT) with hemo-
dynamic parameters, mixed venous oxygen satura-
tion and blood lactate level can reduce complications, 
shorten hospital stays, and optimize liquid therapy 
for precise anesthesia. Too deep anesthesia is one of 
the important factors of hypotension. Choosing anes-
thetics with little effect on circulation and accurate 
dosage is important for the implementation of accu-
rate anesthesia [76,77].

Precise use of anesthetics in perioperative period: 
Anesthetics mainly include sedative drugs, analgesics, 
muscle relaxants, and vasoactive drugs. Choosing ap-
propriate drugs may result in additive, synergistic and 
antagonistic effects, which can reduce the dose require-
ment of a single drug and decrease related side effects. 
Some sedative drugs may act on the same site, but their 
receptor subtypes and clinical effects may not be the 
same. The precise compatibility of anesthetics should 
be based according to pharmacokinetics and pharma-
codynamics. Multimode analgesia in ERAS requires that 
doctors choose the order and time of administration ac-
cording to the different mechanisms of the analgesics. 
This can reduce adverse effects and physiological inter-
ference [78-83].

It is advisable to choose drugs that are short acting 
and fast acting. The administration of different drugs 
should be determined according to the pharmacoki-
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critically ill patients increased their CO and oxygen sup-
ply resulting in significantly reduced length of stay and 
mortality.

Optimized hemodynamic parameters (such as 
stroke volume, cardiac output) are regarded as ide-
al treatment targets by mediating liquid load, which 
can be adjusted according to an individual’s demand 
during the perioperative period. This may reduce 
the risk of insufficient or overall capacity. GDFT to 
improve post-surgical outcomes through fluid ther-
apy is based on dynamic parameters. Intraoperative 
and postoperative GDFT for fluid management have 
been validated in many trials. GDFT can significantly 
reduce the incidence of postoperative nausea, vom-
iting, intestinal paralysis and other complications. 
It promotes gastrointestinal function recovery, and 
shortens the length of stay in the hospital or ICU. The 
GDFT aims to adjust the individual’s fluid therapy to 
the most suitable circulatory state by maximizing SV 
and others.

GDFT is different from the previously described liq-
uid therapy, which targeted predetermined therapeu-
tic indicators. Furthermore, the timing of perioperative 
fluid therapy may be more important than the choice of 
method. It is believed that early rational fluid therapy 
may be important in preventing the occurrence and de-
velopment of adverse effects. Therefore, the GDFT pro-
tocol should be emphasized at all stages during surgery 
to cater to the requirements of the individual’s capacity 
or major surgery [76,77,87]. Most doctors prefer to use 
a shorter length of stay in the hospital or ICU as a good 
outcome of liquid therapy. Vomiting and organ function 
are also important aspects of the evaluation of the post-
operative outcome in GDFT, which needs to be further 
validated in controlled clinical trials.

Pulse oxygen volume variation index (PVI) and per-
fusion index (PI): In recent years, some noninvasive 
dynamic parameters (such as stroke volume variation 
(SVV), systolic blood pressure variation (SPV), and pulse 
pressure difference variation (PPV)) based on cardio-
pulmonary interaction have been shown to be more 
accurate and sensitive than classical invasive parame-
ters (such as CVP and PAWP) in mechanically ventilated 
patients.

PVI can predict the expansion response to me-
chanical ventilation. However, PVI is not suitable for 
patients with spontaneous breathing, arrhythmia or 
severe heart failure because the predicted accuracy 
of PVI is affected by peripheral perfusion factors. In 
addition, the threshold of the predicted expansion 
response and clinical effects of fluid therapy with PVI 
in different patients remain unclear, and more trials 
needed to be performed.

Pulse amplitude variability (APOP) is a reliable indi-

cator for predicting an expansion response. However, 
the acquisition of APOP values is complicated, which 
limits its clinical application. PVI was initially invented to 
quantify APOP automatically and continuously. A new 
algorithm module converting PVI into perfusion index 
(PI) enables clinicians to measure APOP instantly, auto-
matically and continuously. The PVI detector is capable 
of detecting the values of the body's infrared light in DC 
and AC, which are the main components of the pulse 
plethysmographic waveform. PI is defined as the AC/
DC ratio, which can promptly reflect the amplitude of 
the pulse plethysmogram at a certain instant. PVI cal-
culates the variability of PI in the respiratory cycle, so it 
can essentially reflect APOP. Because the Pl can predict 
neonatal status, anesthesia response or complications, 
it is widely used in the field of ICU in recent years. As an 
ideal method for theoretically evaluating tissue perfu-
sion and evaluating critical illness, PI is a new tool for 
guiding fluid resuscitation and rehabilitation of critically 
ill patients [88-92].

Pulmonary protection strategies and evaluation of 
pulmonary function: Lung injury during cardiopulmo-
nary bypass (CPB) is the most common complication 
in cardiac surgery. Most cases only have transient mild 
symptoms, but some cases are characterized by acute 
lung injury or respiratory distress syndrome. Pulmo-
nary insufficiency is one of the main causes of death af-
ter CPB. The mortality rate is as high as 50% to 70% in 
critically ill patients with pulmonary insufficiency. The 
mechanism of CPB is mainly due to systemic inflamma-
tory response syndrome (SIRS) and lung ischemia-reper-
fusion injury through complement activation, cytokine 
release and neutrophil aggregation, oxidative stress, 
apoptosis, and other insults [93].

Pulmonary function tests are essential for early de-
tection of respiratory diseases, assessing the severity 
and prognosis, pharmacodynamic evaluations, differen-
tial diagnosis of dyspnea, lesions, and evaluation of the 
tolerance of surgery.

Pulmonary ventilation test: There are many indica-
tors for monitoring ventilation. They include the tidal 
breathing method, interruptions, surface description 
techniques, chest and abdominal cavity extrusion tech-
niques, diffusion techniques, pulse oscillation tech-
niques, and airway reactivity measurement. Each has its 
own advantages and limitations, which should be con-
sidered comprehensively when evaluating tidal breath-
ing parameters, respiratory compliance, and airway re-
sistance [94].

In infantile pneumonia, ventilation is mainly charac-
terized by obstruction, while the index reflecting the re-
striction is not significantly reduced. Left-to-right shunt 
congenital heart disease can affect lung function in chil-
dren, which indicates restrictive and obstructive venti-
latory dysfunction.
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fects, but clinical evaluation of its safety and reliability 
is lacking [95,96].

Protection strategies and evaluation of renal func-
tion: Although many biomarkers (such as the NGAL, 
cystatin C, KIM-I, urine interleukin-8) have been dis-
covered, there is no reliable marker that can predict or 
evaluate renal injury. Scr and urine volume are still the 
major biomarkers for the diagnostic index of AKI in clin-
ical practice [97-100]. Anesthesiologists need to actively 
prevent and control these factors to improve renal func-
tion and patient survival.

Renal protection strategies including prediction, 
prevention, monitor, and treatment are maintained 
throughout the perioperative period. AKI assessment 
is used to identify high-risk factors before surgery. The 
anesthesia plan needs to be developed and optimized 
for renal function during the prevention phase. Sensi-
tive and specific methods should be used to monitor 
renal function during the monitoring phase. Effective 
measures should be taken to reduce the degree of re-
nal damage during the treatment phase. Non-phar-
macological interventions for renal protection include 
volume treatment, maintenance of renal blood flow 
and renal perfusion pressure, avoidance of nephrotoxic 
drugs, stable blood glucose, and ischemic precondition-
ing or drug pretreatment. Pharmacological interven-
tions for renal protection include vasodilator, diuretics, 
natriuretic peptide, and antioxidants. Severe pain after 
surgery may cause obvious renal injury, aggravate tissue 
metabolism and delay recovery. Therefore, anesthesiol-
ogists need to control the pain with individualized treat-
ment [101-103].

Protection strategies and evaluation of the brain: 
The brain is the most sensitive organ because ischemia 
and hypoxia can easily lead to nerve injury. The main 
mechanisms include mitochondrial damage, abnormal 
energy metabolism, calcium overload, neurotoxicity of 
excitatory amino acids (EAAs), accumulation of free rad-
icals, and production of inflammation-related media-
tors. An in-depth study of the mechanism of nerve inju-
ry will be helpful to optimize brain protection strategies 
with drugs and indicator measurements.

Noninvasive monitoring: Diagnosis and assess-
ment of nerve injury currently depend on clinical 
symptoms, neurological examination, imaging (MRI, 
CT), and nerve injury score. Transcranial Doppler 
(TCD) is a common clinical method for monitoring ce-
rebral blood flow morphology. It is very sensitive to 
abnormal intubation and embolism in cerebral blood 
flow. TCD can continuously detect acute intracranial 
blood flow changes and provide preliminary analysis. 
Compared with electroencephalography, near-in-
frared spectroscopy (NIRS) has greater sensitivity in 
detecting the regional cerebral hemoglobin oxygen 

Biochemical indicators of lung injury: NF-kappa B, 
TNF-α, and IL-8 are central regulators of the inflamma-
tory response and are closely related to ALI/ARDS and 
multiple-organ failure. The upregulation of the above 
indicators often accompanies the deterioration of lung 
function. The expression level of CD11b/CD18, which is 
closely related to PMN adhesion, is highly correlated 
with the severity of pulmonary capillary leakage, ALI 
and its development, and pulmonary interstitial ede-
ma. As a specific reductase of PMN, the activity of my-
eloperoxidase may quantitatively reflect the degree of 
PMN aggregation related to the degree of lung injury. 
The lung is the main target organ of oxygen free rad-
icals. Malondialdehyde is a lipid peroxidation product 
and an important indicator of lipid peroxidation. Ox-
ide dismutase is an important antioxidant enzyme that 
scavenges oxygen free radicals in the body and indicates 
antioxidant capacity to some extent.

MiRNAs as biomarkers in ALI/ARDS: Although there 
is increasing evidence that miRNAs are involved in the 
development of ALI/ARDS, there are few reports on the 
use of miRNAs as reliable markers for the diagnosis of 
ALI/ARDS.

Guo reported that miR-125b in the serum of ARDS 
patients was significantly decreased, which negative-
ly correlated with disease severity. Over-expression of 
miR-125b may inhibit lung inflammation and increase 
LPS-induced survival rates in ARDS mice. The above 
studies suggested that miR-125b-based clinical treat-
ment may improve survival rates with ARDS.

Yang collected miRNA chips from arterial blood 
samples of patients 16 h after CPB. The microarray 
results revealed that the expression levels of 11 miR-
NAs were significantly increased in the reperfusion 
group, especially miR-499 (0.25 times) and miR-320 
(3.56 times). Furthermore, the expression levels of 
tumor necrosis factor-α (TNF-α) and respiratory in-
dex (RI) in blood samples were positively correlated 
with miR-320 level, while oxidation index (OI) was 
negatively correlated with miR-320 level. The vitro 
experiments further confirmed that the expression 
of miR-320 in the injured A549 cells was significantly 
increased. Therefore, elevated miR-320 in peripher-
al blood may be a reliable biomarker for respiratory 
function failure in ALI patients.

The CPB lung protection strategies are mainly divid-
ed into non-pharmaceutical and pharmaceutical pro-
tection. Non-pharmaceutical protection includes ultra-
filtration, ischemic preconditioning and post-treatment, 
and lung protective ventilation strategies in clinical 
practice. Pharmaceutical protection includes glucocor-
ticoids, ulinastatin, sevoflurane, sirolimus, and dexme-
detomidine. A large number of basic and clinical studies 
have found that they all have certain lung protective ef-
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der induced by persistence of various causes should be 
blocked. To avoid deep vein thrombosis and disseminat-
ed intravascular hemorrhage, the reasonable treatment 
plan should be to revise carefully according to the type 
of coagulopathy [113-115].

With the advancement of medicine, increased treat-
ments for refractory coagulopathies have been clinically 
applied. Therefore, as a promising strategy, monitoring 
coagulation function is expected to bring new hope for 
perioperative treatments in critically ill patients.

Gastrointestinal function evaluations:

AGI and GIF score: Currently, clinicians often diag-
nose bowel insufficiency according to gastrointesti-
nal digestion, absorption and motor dysfunction, but 
there are few objective indicators and standards for 
the evaluation of gastrointestinal function, especially 
in critically ill patients. Some scholars have present-
ed a new gastrointestinal failure score according to 
enteral nutrition intolerance and intra-abdominal 
hypertension in 2008. Based on the GIF score, the 
European Society of Critical Care Medicine (ESICM) 
recommended that patients with acute gastrointes-
tinal dysfunction (AGI) be divided into four grades 
according to food intolerance, intestinal motor func-
tion, gastrointestinal bleeding and intra-abdominal 
pressure, which can help define and manage gastro-
intestinal function in intensive care patients.

Compared with the GIF score, the AGI score includes 
more indicators of gastrointestinal disorders and is ef-
fective in patients with gastrointestinal function. As an 
early indicator, AGI score can provide early assessment 
and diagnosis of intestinal barrier dysfunction in sepsis 
and determine the severity of intestinal barrier dysfunc-
tion, though it still requires further clinical trials for vali-
dation, especially in elderly patients [116-118].

Evaluation indexes of intestinal mucosal barrier 
damage: Abnormal biochemical indicators, morpho-
logical changes and intestinal permeability:

(1) Diamine oxidase and Intestinal fatty acid bind-
ing protein (I-FABP)

Diamine oxidase (DAO) and intestinal-fatty acid 
binding protein (I-FABP) can specifically reflect in-
testinal mucosal damage. DAO is present in the cyto-
plasm of the upper villus cells of all mammalian intes-
tinal mucosa and has the highest activity in air and il-
eum. When the intestinal mucosal cells are damaged 
or necrotic, DAO may be released into the blood or 
enter the intestinal cavity with the necrotic intestinal 
mucosal cells. This may lead to increasing DAO activ-
ity in plasma and the intestinal cavity. Because the 
concentration of DAO is stable in plasma, DAO level 
can be used as a sensitive indicator for early diagno-
sis of intestinal mucosal injury. I-FABP (15 kD) is a 

saturation (rSCO2). Jugular bulb venous oxygen sat-
uration (SjvO2) can accurately reflect the balance be-
tween the oxygen supply and oxygen demand of the 
brain.

Biochemical indexes: Neuron-specific enolase (NSE), 
S100 calcium binding protein B (S100B), Glial fibrillary 
acidic protein (GFAP), and Myelin basic protein (MBP) 
are currently used to assess traumatic brain injury. The 
combination of NSE and S100B may improve the sen-
sitivity and specificity of diagnosis. Combining various 
monitoring methods to detect cerebral hypoperfusion 
or cerebrovascular embolism early and help to adjust 
the treatment and medication accordingly can help re-
duce the occurrence of adverse events after CBP [104-
107].

Non-pharmacological interventions for brain injury 
include shortening the time of arterial ligation, improve-
ment of extracorporeal circuits, appropriate hypother-
mia therapy, hyperbaric oxygen therapy, and stem cell 
therapy. The pharmacological interventions for brain 
injury include anesthetics, statins, N-acetylcysteine 
(NAC), opioids, dexmedetomidine hydrochloride, cre-
atine phosphate (phosphocreatine, PCr), ATP, oxirace-
tam, minocycline, gamma globulin, glucocorticoids, pro-
tease inhibitors, calcium channel blockers, and oxygen 
free radical scavengers and antioxidants [108-110].

The correlation between coagulation function 
and severity of diseases: Coagulopathy is often pres-
ent in critically ill patients, which may lead to an ex-
tension of hospitalization time and increased fatality 
rate. Coagulopathy with inflammatory transmitter 
release, activating leukocyte adhesion molecule and 
other factors may lead to vascular endothelial cell 
injury and out-of-control inflammatory responses. 
These out-of-control responses and injury may affect 
the coagulation system through several mechanisms, 
including endothelial cell damage, platelet adhesion 
and aggregation, tissue factor activation in exoge-
nous coagulation pathway, release of cytokines, and 
inhibition of the physiological anticoagulant system 
or fibrinolysis system. The coagulation factors can 
also stimulate the release of inflammatory factors 
and promote inflammatory reactions. It can be seen 
above that the activation of the coagulation system 
interacts with inflammatory response [111,112].

In the intensive care unit, clinicians should assess the 
risk of coagulopathy in critically ill patients, pay more 
attention to those patients with abnormal coagulation 
(thrombocytopenia, prolongation of PT or APTT, abnor-
mal fibrinogen and hyperfibrinolysis), and prevent coag-
ulation abnormalities in perioperative period.

After a clear diagnosis of coagulopathy, the initial 
pathogenic factors should be further identified and 
treated. Furthermore, the persistent coagulation disor-
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bility changes, and intestinal epithelial changes, are in-
terrelated. Future studies of the interactions between 
I-FABP, DAO, D-lactic acid and citrulline and AGI score 
in septic elderly patients will be helpful to explore the 
possibility of using the AGI score as an early diagnostic 
standard of intestinal dysfunction [129,130].

Other potential indicators (such as tight junction 
protein family proteins, trefoil factor family proteins, 
adrenal hormone-releasing hormone, nitric oxide, liver 
fatty acid binding protein, α-glutathione-S-transferase, 
fibronectin, reduced glutathione) are being validated 
for assessment of gastrointestinal dysfunction in criti-
cally patients. These indicators are mainly verified in 
malignant tumors and chronic inflammatory diseases.

Single-nucleotide polymorphisms (SNPs) in organ 
Injury: Genetic polymorphism is important in deter-
mining the susceptibility and tolerance to stress, clin-
ical manifestations, and therapeutic effects. It may 
help to classify illnesses and predict the differences 
in clinical prognosis in the perioperative period. We 
improve the prognosis predictions by gene technol-
ogies and traditional examination. The development 
of drug research is intimately connected with mod-
ern science and technology. A physician familiar with 
its actions on pharmacogenomic data will be able to 
make specific fine-tuned decisions and choose the 
most appropriate dose for organ protection. The lat-
est scientific and technical innovations (in genomics, 
biology, and computer technology) are used in drug 
research. Modern drug research has reached new 
heights with the help of genetic polymorphisms.

SNPs in sepsis and lung injury: Current studies on 
the association of SNPs with sepsis or lung injury have 
focused mostly on pro-and anti-inflammatory cyto-
kine genes, such as IL-1alpha/-889, IL-1beta/-511, IL-
1R (psti 1970), TGF-beta/code 10, TNF-alpha/-308, 
TNF-alpha/-238, IL-6/+565 and IL-10/-1082, and HSP-
70. Genes with genetic polymorphisms closely related 
to acute lung injury (ALI) also include angiotensin-con-
verting enzyme (ACE), surfactant protein (SP), and VEGF 
[131-135].

Only a small proportion of patients with sepsis die 
from acute respiratory distress syndrome (ARDS) or 
multiple-organ failure (MOF). Even if other risk factors 
are the same, the susceptibility and prognosis of ARDS 
vary among individuals. Therefore, it can be concluded 
that gene polymorphism plays an important role in hu-
man susceptibility and prognosis for ALI.

Polymorphism in genes coding for inflammatory 
factors is closely related to the intensity of the inflam-
matory response after CPB. Shaw found that the -9545 
T/G polymorphism of the IL-18 gene in Caucasians was 
associated with increased postoperative inflammatory 
response and prolonged ICU stay. Chen found that the 

group of low-molecular-weight cytoplasmic proteins. 
I-FABP plays an important role in the uptake, trans-
port and metabolic regulation of long-chain fatty ac-
ids in the intestinal epithelium. When the intestinal 
mucosal epithelia are damaged, I-FABP is released 
and enters the blood circulation through the capillar-
ies, becoming detectable in peripheral blood. I-FABP 
and DAO can accurately reflect intestinal epithelial 
damage [119-122].

(2) D-Lactic acid

Due to an impaired intestinal mucosal barrier, in-
creased intestinal permeability can be confirmed in-
directly by the presence of peripheral blood endotox-
in, D-lactic acid and sugar molecular probes (such as 
urinary lactulose and mannitol) [123]. D-Lactic acid is 
a metabolite of bacterial fermentation. Though some 
types of bacteria in the intestinal tract can produce 
D-lactic acid, it is rarely absorbed because of the lack 
of a degrading enzyme system. When the intestinal 
mucosal barrier is damaged, the bacteria in the intes-
tine produce a large amount of D-lactic acid, which 
then releases D-lactic acid into the blood through the 
damaged mucosa. This leads to a rapid increase in 
plasma D-lactic acid levels. Therefore, monitoring the 
plasma D-lactic acid level can reflect the extent of in-
testinal damage and permeability changes with time. 
The diagnostic reliability of D-lactic acid presence in 
elderly patients remains unclear. The presence of 
I-FABP, DAO, and D-lactic acid can reflect intestinal 
epithelial damage and permeability changes to some 
extent [124,125], but there is still no reliable indica-
tor for evaluating intestinal epithelial cell function 
[122].

(3) Citrulline

Citrulline (C6H13N3O3), a nonprotein alpha-amino 
acid, is an intermediate product of the ornithine-urea 
cycle. In intestinal cells, citrulline is produced from 
glutamine through the "ornithine-glutamic acid" path-
way. Citrulline cannot be metabolized in the liver. After 
passing through the circulation of the liver, most of the 
citrulline can be taken up by the proximal convoluted 
tubules in the kidney and be converted to arginine with 
argininosuccinate synthetase. This is called "hidden ar-
ginine in the body" [126]. The intestinal model estab-
lished by Poll demonstrates that the intestinal mucosa 
and intestinal epithelial cells have the ability to produce 
citrulline and release it to the blood. Then, citrulline is 
eliminated or metabolized in the renal tubule. As a spe-
cific marker of intestinal epithelial dysfunction, citrul-
line is significantly affected by renal function [127,128]. 
Whether citrulline can be used as a marker of intestinal 
dysfunction in elderly patients with sepsis needs fur-
ther study. Intestinal dysfunction, including intestinal 
motor function and intestinal mucosal injury, permea-
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Short-term mortality of traumatic brain injury can also 
be predicted by cf-DNA levels. The dynamic monitoring 
of cf-DNA in patients with craniocerebral injury is vitally 
important to predict and assess pathological damage to 
the central nervous system [148-150].

Detection of cf-DNA can predict posttraumatic or-
gan failure, acute lung injury, acute respiratory syn-
drome, and death. Studies have found that a signif-
icant increase in plasma cf-DNA concentration was 
also prevalent in a variety of age-related diseases, 
such as myocardial infarction and stroke [151-153]. In 
addition, it is important to detect the donor's cf-DNA 
in order to evaluate the occurrence and development 
of acute and chronic rejection in organ transplants 
[154].

SNP detection in cf-DNA in peripheral blood is also 
important. Luo detected SNPS in plasma samples from 
403 patients with non-small cell lung cancer. They found 
that 9 out of 14 SNPs were associated with hypertri-
glyceridemia that was caused by bexarotene. Further-
more, targeted treatment can significantly improve the 
survival rate. Kelsey found that the polymorphism of 
the TGFBI gene promoter region in lung cancer patients 
is related to the sensitivity of radiotherapy. These stud-
ies suggest that SNP detection of cf-DNA in peripheral 
blood may be a potential tumor marker for predicting 
treatment response and prognosis [155,156].

As a new type of clinical molecular marker, cf-DNA 
still has some shortcomings in accuracy and sampling. 
At the same time, the sensitivity, specificity and time-
liness of cf-DNA still need to be improved. Obviously, 
we should carefully evaluate the relationship between 
the cf-DNA markers and other clinical evidence. Discov-
ery and validation of appropriate cf-DNAs for different 
diseases and populations are important tasks in clinical 
practice.

Transition from single index to joint scoring system 
with multiple indexes: In addition to routine monitor-
ing (such as myocardial enzymes, liver enzyme systems, 
and blood glucose), C-reactive protein and the PCT have 
been using as biomarkers for the evaluation of organ 
function. However, their specificity and sensitivity are 
still controversial. Therefore, some new markers have 
been validated for the evaluation and prognosis of or-
gan function. Many related studies have shown that the 
NGAL has a higher accuracy for the diagnosis of sep-
sis-associated AKI [100].

Since a single biomarker is sensitive only in a cer-
tain range, some limitations will exist in the diagnosis 
and prognosis of sepsis. Therefore, the combination 
of multiple biomarkers has attracted extensive inter-
est in the field of diagnosis and prognosis of sepsis. 
Combination markers can also help to choose the ap-
propriate antibiotics, to evaluate their efficacy and 

-607C/C polymorphism of the IL-18 gene was closely re-
lated to the occurrence of acute lung injury after CPB 
among the Han Chinese. In addition, Wang found that 
acute lung injury after CPB was associated with the IL-
6-572C/G polymorphism, but not with IL-10-1082A/G 
or TNF-alpha 308G/A, and the imbalance of pro-and 
anti-inflammatory factors may be caused by IL-6 gene 
polymorphism [136-138].

SNPs in renal injury: Many inflammatory factors, 
such as TNF-alpha, and IL-6, are important risk fac-
tors for AKI induced by ischemia or sepsis. AKI pa-
tients have high frequencies of AG/GC or AG/CC hap-
lotypes of TNF-alpha and IL-6, which are associated 
with prognosis. Patients with single-copy or no-co-
py polymorphisms had lower organ dysfunction and 
mortality rates compared to those with two copies. 
IL-10 (592C/734G/3367G) haploid carriers were more 
prone to develop AKI and often required renal re-
placement therapy. In addition, ApoE e2/e3/e4 has 
been associated with AKI [139-143].

SNPs in brain injury: There is significant variation in 
the prognosis of TBI patients with similar severities of 
trauma. One of the reasons is that of individual genet-
ic polymorphism, including that of ApoE, neuroglobin, 
BCL2, PARP-1, p53, ACE, interleukin-1 beta (IL1B) (SNP 
+3953 C/T), IL6 (SNP-174 G/C), and BDNF genes.

Genetic polymorphism may affect the progno-
sis of TBI in the following ways: (1) As a response of 
the brain to injury, apoptosis and vascular reactivity 
are initiated and strengthened after trauma. (2) The 
mechanisms of repair and remodeling help to repair 
damaged neurons and enhance tissue recovery and 
nerve regeneration after injury. (3) Cognitive ability 
and neurobehavior can be improved by regulating 
the synthesis and transportation of neurotransmit-
ters. (4) Epigenetic modifications can change gene 
expression by regulating chromatin methylation and 
acetylation. Studying the effects of genetic polymor-
phisms on the prognosis of TBI can help elucidate the 
differences between individuals with similar severi-
ties of TBI and to find potential treatments [144-147].

Cell-free plasma DNA in organ injury: Cell-free plas-
ma DNA (cf-DNA) is a body-derived DNA that is found 
outside of cells. Cf-DNA is widely observed in body flu-
ids such as blood, cerebrospinal fluid, synovial fluid, 
bronchoalveolar lavage fluid, and amniotic fluid. Recent 
studies have found that the concentration of cf-DNA in 
trauma patients increased faster in the acute phase of 
injury. And the concentration of cf-DNA positively cor-
relates with the severity of traumatic and infectious 
diseases. Trauma was the main cause of death, with up 
to 50% of deaths due to traumatic brain injury. Plasma 
cf-DNA level was an independent risk factor related to 
death in patients with severe traumatic brain injury. 
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to predict the development of organ dysfunction. 
Therefore, combined diagnosis in sepsis will become 
a new hot spot in the future [157-159]. Assessment of 
the severity or prognosis of sepsis may require a com-
bination of lactic acid, Acute Physiology and Chronic 
Health Evaluation II (APACHE II) score, and Sequential 
Organ Failure Assessment (SOFA) instead of depend-
ing on a single indicator. The APACHE II score is pop-
ular in assessing the severity of disease in intensive 
care units. The APACHE II score can reflect the severity 
of the disease and has a positive correlation with the 
mortality rate [157-160]. The accuracy of the APACHE 
II score in predicting mortality may reach 86%, so it 
can be used as the preferred indicator for assessing 
the condition and prognosis of sepsis [161,162].

Problems and prospects
1)	 The connotation of traditional ERAS, centering on 

analgesia, humane care, and rehabilitation, needs 
to take precision organ function protection to pro-
mote rapid and lasting rehabilitation of patients and 
precision anesthesia into account. We prefer to use 
important organ function outcomes (IOFOs) as the 
clinical target of ERAS.

2)	 Methodological selection and optimization of organ 
function evaluation are keypoints.

3)	 The balance between protection strategies and reg-
ulation technologies for different organ functions 
requires higher theoretical knowledge and abundant 
clinical experience.

4)	 Training surgeons with an anesthetic background or 
anesthesiologists with a surgical background are pre-
ferred to better help patients in the future via better 
perioperative medical education.

5)	 The evidence-based medicine and ethics in ERAS 
should strengthen and protect medical staff when 
they face medical disputes.
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