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Andrea Carsetti**, Eva Vitali!, Lucia Pesaresi!, Riccardo Antolini?,
Erika Casarotta?, Elisa Damiani‘?, Erica Adrario*? and
Abele Donatit?

!Department of Biomedical Sciences and Public Health, Universita Politecnica delle Marche, Ancona,
Italy, ?Anesthesia and Intensive Care Unit, Azienda Ospedaliero Universitaria delle Marche, Ancona, Italy

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated
host response to infection, while septic shock is a subset of sepsis with persistent
hypotension requiring vasopressors to maintain a mean arterial pressure (MAP)
of >65 mmHg and having a serum lactate level of >2 mmol/L, despite adequate
volume resuscitation. Sepsis and septic shock are medical emergencies and
time-dependent diseases with a high mortality rate for which early identification,
early antibiotic therapy, and early source control are paramount for patient
outcomes. The patient may require surgical intervention or an invasive procedure
aiming to control the source of infection, and the anesthesiologist has a pivotal
role in all phases of patient management. During the preoperative assessment,
patients should be aware of all possible organ dysfunctions, and the severity of
the disease combined with the patient’s physiological reserve should be carefully
assessed. All possible efforts should be made to optimize conditions before
surgery, especially from a hemodynamic point of view. Anesthetic agents may
worsen the hemodynamics of shock patients, and the anesthesiologist must know
the properties of each anesthetic agent. All possible efforts should be made
to maintain organ perfusion supporting hemodynamics with fluids, vasoactive
agents, and inotropes if required.
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Introduction

Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host
response to infection, while septic shock is a subset of sepsis with persisting hypotension
requiring vasopressors to maintain a mean arterial pressure (MAP) of >65 mmHg and
having a serum lactate level of >2 mmol/L, despite adequate volume resuscitation (1). The
30-day mortality rates for sepsis and septic shock have been recently estimated at 24.4 and
34.7%, respectively (2).

Concomitantly with resuscitation, a pillar of sepsis/septic shock management is source
control (3). The patient must undergo diagnostic tests to identify the source of the infection
and to determine if an invasive approach is needed to eliminate the source. Surgical
intervention is needed, for example, in case of peritonitis or necrotizing fasciitis, surgical
or percutaneous drainage is required for abscess, and nephrostomy or ureteral stenting
is needed for hydronephrosis or urinary tract obstruction. In addition to source control,
the invasive procedure also allows a sample for microbiological culture directly from
the source of infection. Thus, the anesthesiologist may face a critically ill patient, the
management of whom may be challenging. In this study, we review the peri-operative
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management of patients with sepsis/septic shock, describing the
main issues of preoperative and intraoperative management.

Preoperative management

Patients with sepsis/septic shock may need preoperative
optimization. Frequently, the patients need an urgent surgical
and the
preoperative assessment should be focused to identify and

intervention to control the source of infection,

support organ dysfunction. Organ dysfunction may be assessed
by the SOFA score, which considers Glasgow Coma Scale (GCS),
PaO,/FIO,, and MAP, considering the need for vasoactive
drugs, platelets count, bilirubin level, and creatinine/urine
output (4).

Hemodynamic optimization must be performed before
surgery.
The balanced crystalloid solution should be used to correct

anesthesia induction and continued during the
hypovolemia. Current guidelines suggest administering up to
30 ml/kg in the first 3h (3) even if a personalized approach
based on the fluid challenge technique is considered appropriate
(5). An increase in the stroke volume (SV) to >10-15% after
the infusion of 3 ml/kg of crystalloid over 5min defines a
responsive patient, and the test may be repeated until the
patient is responsive (6). However, SV monitoring may not be
always available, especially in the early phase of assessment and
treatment. An increase in systolic and mean arterial pressures
have been assessed as alternative parameters to consider for
fluid responsiveness evaluation, but they have not shown good
sensitivity and specificity (7). An increase in pulse pressure of
>10% has been demonstrated as a more reliable parameter to
consider (7).

If the patient is still hypotensive after initial fluid therapy, a
vasoactive drug should be early started while volemia is still under
optimization (8). Noradrenaline is the vasoconstrictor of choice (3)
and may be initially infused also in the peripheral veins (3, 9). No
major complication has been reported when an antecubital vein
has been used, avoiding the smaller distal ones (10-14). This may
be a reasonable approach in the meantime central venous access
is established.

Cardiac function should be assessed to identify arrhythmias
or septic cardiomyopathy. Septic cardiomyopathy, defined as
any cardiac dysfunction (left ventricular systolic or diastolic
dysfunction or right ventricular dysfunction) unrelated to ischemia
(15, 16), may be present in a variable percentage of patients,
ranging from 10 to 70% (15), and may significantly contribute
to hemodynamic instability and hypoperfusion. Echocardiography
has a pivotal role to assess cardiac function. Biomarkers such
as troponin or BNP rise in relation to cardiac injury even
if different mechanisms of release may be identified during
sepsis (e.g., inflammation, myocardial wall stress, and renal
impairment) reflecting the severity of critical illness and other
organ dysfunctions independent of the cardiac cells’ death (15).

Optimizing oxygen delivery, red blood cell (RBC) transfusion
may be needed to maintain hemoglobin (Hb) levels between 7 and
9¢g/dl (3, 17).

According to the source of the infection and the presence
of lung inflammation, the patient may be dyspneic and hypoxic.
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TABLE 1 ISTH overt DIC and SIC scoring systems.

Score  Overt DIC SIC
Platelet count (x10°/L) 2 <50 <100

1 50-100 100-150
FDP/D-dimer 3 Strong increase

2 Moderate increase
PT (PT ratio) 2 >6 (>1.4)

1 3-5 (1.2-1.4)
Fibrinogen (g/ml) 1 <100
SOFA score 2 - >2

1 1
Total score >5 >4

DIC, disseminated intravascular coagulation; FDP, fibrin/fibrinogen degradation products;
PT, prothrombin time; SIC, sepsis-induced coagulopathy; SOFA, sequential organ
failure assessment.

An increased work of breathing and tachypnea may be due
to the compensatory mechanism of metabolic acidosis, while
hypoxia may be present if acute respiratory distress syndrome
(ARDS) coexists. Physical examination, SpO,, EGA, and chest
imaging (chest X-ray and CT scan) are fundamental to identifying
lung injury.

A careful assessment of renal function must be performed as
sepsis/septic shock may be responsible for acute kidney injury.
Urea and creatinine levels must be assessed, as well as diuresis
and electrolytes.

Finally, coagulopathy may be an important issue in patients
with sepsis/septic shock. It may manifest as a mild/moderate
alteration of the coagulation test (INR and PTT) and/or
thrombocytopenia up to the most severe scenario of disseminated
intravascular coagulopathy (DIC). The International Society on
Thrombosis and Hemostasis has established the criteria for
overt DIC and sepsis-induced coagulopathy (SIC) (Table 1) (18).
Rotational thromboelastography (TEG) and thromboelastometry
(ROTEM) may have a role in identifying alterations in coagulation
in sepsis (19, 20) and an early prediction of DIC (21). An
hypocoagulability state may be detected by TEG/ROTEM also
in patients with normal INR/PTT values and is associated with
increased mortality (22). In patients with DIC and active bleeding
or at high risk of bleeding (e.g., patients who undergo an invasive
procedure), fresh-frozen plasma (FFP) (10-15 mL/kg) should be
administered (23, 24). To avoid fluid overload, factor concentrates
such as prothrombin complex concentrate might be considered as
an alternative (23, 24). Fibrinogen concentrate or cryoprecipitate
may be used to treat severe hypo-fibrinogenemia (<1 g/L) (23, 24).
The transfusion of platelets should be considered for patients with
active bleeding or at high risk of bleeding who have a platelet count
of <50 x 10°/L (23, 24).

Concurrently with resuscitation, broad-spectrum antibiotics
should be started within 1 h from the suspect of sepsis/septic shock
after culture sampling (3). The antibiotic choice should be based
on the site of suspected infection, the risk factors for multidrug-
resistant microorganisms, the severity of the disease, and the
local epidemiology.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1150124
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Carsetti et al.

Intraoperative management

Considering the emergency/urgency indication for surgical
procedures in patients with sepsis/septic shock, the rapid sequence
induction (RSI) technique should be used for the induction of
general anesthesia.

Patients with shock have a greater hemodynamic and nervous
system sensitivity to anesthetic agents, and a lower anesthetic dose
is required to exert the desired effect (25). Patients with sepsis
may have unstable hemodynamics, and the induction of anesthesia
may be responsible for severe hypotension due to vasodilation
and myocardial depression. All possible efforts should be made
to optimize hemodynamics before induction. In addition to the
standard monitoring, patients with sepsis/septic shock must have
invasive arterial monitoring and a central venous catheter. Preload
should be optimized, and the vasopressor is readily available or
ongoing to prevent the inevitable adverse effects of induction agents
(e.g., vasodilation). Patients with hypovolemia may present severe
hypotension with any anesthetic drugs due to the inhibition of
compensatory sympathetic stimulation. Zausig et al. (26) tested
the dose-response direct cardiac effects of induction agents in an
isolated septic rat heart model, and they showed that the cardiac
work dysfunction was highest for propofol (—50%), followed by
midazolam (—38%), etomidate (—17%), and s(+)-ketamine (—6%).
The titration of the dose is paramount to identify the lower effective
dose and limits the adverse hemodynamic effects.

Ketamine and etomidate are the agents of choice for their
limited hemodynamic effects compared to other anesthetic
drugs. The myocardial depression induced by ketamine is
counterbalanced by its stimulation in catecholamine release, which
however may be blunted in critically ill patients (27). Experimental
evidence suggests that ketamine may have an anti-inflammatory
effect reducing the production and release of cytokines in
endotoxemia in vitro (28-31). There is scarce evidence for which
is the superior hypnotic agent between ketamine and etomidate.
A retrospective study showed that etomidate was associated with
less hypotension than ketamine during intubation of septic patients
in the emergency department (32). Even if etomidate has adrenal
suppression properties that may be responsible for an increased
incidence of hypotension within the first 24h after induction
(33), a single bolus for induction is not associated with increased
morbidity and mortality in critically ill patients, including those
with sepsis (34). A reduced dose and the administration of
adjuvants may be considered to reduce the adverse effects of
induction agents. Adding lidocaine to a reduced dose of ketamine,
for example, is associated with fewer episodes of hypotension
in patients with septic shock (35). Short-acting opioids (e.g.,
fentanyl, alfentanil, and remifentanil) also allow a reduction of the
hypnotic agent.

Propofol may have a greater impact on patients with unstable
hemodynamics due to vasodilation and myocardial depression.
When used, it must be slowly titrated to find the lowest effective
dose. Thus, its role in the RSI of shocked patients is limited
(25). Even if preclinical trials have shown a potential anti-
inflammatory effect of propofol, it increased TNF-a responses
caused by LPS-stimulated human blood in vitro (36) and stimulated
the production of TNF-q, interleukin-1, and interleukin-6 in
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critically ill surgical patients (37). Thus, the anti-inflammatory
effects of propofol in endotoxemia remain unclear.

Midazolam may be an alternative induction agent. Even if it has
fewer hemodynamic effects than propofol, the high protein binding
and slow kinetic limit its use for RSI (25).

There is no evidence for the technique of choice for
the maintenance of general anesthesia (volatile vs. intravenous
anesthesia). Volatile anesthetics have immunomodulatory effects
including inhibitory effects on neutrophil function, decreased
lymphocyte proliferation, and suppressed cytokine release from
peripheral blood mononuclear cells (38-40). However, the evidence
of the effects of anesthetics on the immune system is mainly
derived from in vitro/experimental studies. The anesthesiologist
should know that sepsis/septic shock reduces the MAC for volatile
anesthetics (41-43). Moreover, severe lung dysfunction may make
it difficult to maintain a stable brain concentration of inhaled
drugs (44). Monitoring the depth of anesthesia using the processed
EEG may be useful to avoid drug overdose as well as the risk
of awareness.

For appropriate intraoperative hemodynamic management,
advanced hemodynamic monitoring may give important
information and guidance for therapy and should be implemented
if not already applied for the management of the preoperative
phase. A mini-invasive hemodynamic system based on pulse
contour analysis for cardiac output (CO) estimation should be
used, and the choice of calibrated vs. uncalibrated systems depends
on the severity of the shock. The reliability of uncalibrated systems
is limited in patients with a high dose of vasoactive drugs or
in case of rapid fluctuation of vasomotor tone. Central venous
pressure (CVP) has a limited role to guide fluid administration
(45). Dynamic indexes of fluid responsiveness (pulse pressure
variation [PPV] and stroke volume variation [SVV]) should
be considered to anticipate the patients response to a fluid
bolus. However, the limits for their applicability must be known,
including arrhythmia, tidal volume lower than 8 ml/kg, low
pulmonary compliance, intra-abdominal hypertension, and right
ventricular dysfunction (46). Often, a low tidal volume of 6 ml/kg
is applied as a protective lung ventilation strategy, and a tidal
volume test may be performed temporarily increasing Vt to 8
ml/kg for a few breaths aiming to assess a dynamic test of fluid
responsiveness. An increase in PPV or SVV of 3.5 and 2.5%,
respectively, after the increase in tidal volume from 6 to 8 ml/kg
are indicative of fluid responsiveness (47). Alternatively, an end
respiratory occlusion test may be performed for 15-20s, indicating
fluid responsiveness if CO increases by at least 5% (48). When a
large amount of fluid is required for preload optimization, albumin
should be considered (3). Other types of colloids (e.g., gelatines
and hydroxyethyl starch) are currently contraindicated (3). In
case of refractory hypotension despite fluid resuscitation and a
high dose of noradrenaline, vasopressin may be added (3). A low
dose of hydrocortisone (200 mg/day iv) should also be considered
in patients with septic shock and an ongoing requirement for
vasopressor (3). A low CO associated with hypoperfusion despite
adequate fluid resuscitation and afterload optimization may
indicate the need for an inotropic agent. Dobutamine is the drug of
choice (3). A central venous catheter is mandatory when vasoactive
drugs are needed, and central venous oxygen saturation (ScvO;) is
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also a useful parameter to assess the adequacy of tissue perfusion,
with arterial lactate and Pv-aCO,. Lactate > 2 mmol/l, ScvO, <
70%, and Pv-aCO, > 6 mmHg are signs of tissue hypoperfusion
(49). Patients’ position and surgical technique may also have
an impact on hemodynamics. Preload and CO may be severely
reduced in patients with hypovolemia undergoing laparoscopic
surgery with pneumoperitoneum (for the vena cava compression)
and/or anti-Trendelenburg position (for blood pooled in the
capacitance veins of the pelvis and the legs) (50, 51). During
surgery, bleeding may be responsible for further hemodynamic
derangement. Transfusion may be required to maintain the
HD target.

Protective ventilation strategies should be applied during
mechanical ventilation. A low tidal volume (6-8 ml/kg predicted
body weight) is recommended (52), and the lowest possible
FIO, to achieve SpO; > 94% should be used (52). Patients
with hypoxemias may benefit from recruitment maneuvers
and an appropriate positive end-expiratory pressure (PEEP)
setting. However, their hemodynamic effects are significant in
patients with hypovolemia, and severe hypotension may occur.
If needed, preload should be previously assessed and optimized.
Obese patients and pneumoperitoneum decrease abdominal/chest
compliance and a higher value of PEEP may be needed to avoid
atelectasis. For the same reason, a higher plateau pressure (Pplat)
may be tolerable. The PEEP level should be titrated to obtain the
lowest value of driving pressure (Pplat-PEEP) for the desired tidal
volume (52, 53).

Depending on the duration of the procedure, repeated
doses of antibiotics may be needed during surgery. Altered
pharmacokinetics and pharmacodynamics must be considered, as
patients with sepsis usually have a greater volume of distribution for
hydrophilic drugs and altered organ function (54). Thus, a higher
dose of hydrophilic drugs may be required.

Postoperative considerations

Intensive care unit admission is often required after source
control for patients with sepsis/septic shock. The patient
may still be hypoperfused and hemodynamically unstable,
requiring organ support. Moreover, further interventions may
be required subsequently, e.g., in case of abdominal infection
managed with an open abdomen requiring revision or daily
necrosectomy to face necrotizing fasciitis. Organ supports like
mechanical ventilation and renal replacement therapy may be
required postoperatively.
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