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Chapter 1

Intensive Care of Aneurysmal 
Subarachnoid Hemorrhage:  
An Update
Nissar Shaikh, Wael Khalaf, Arshad Ali, Abdulnasser Thabet, 
Ghanem Al-sulaiti and Ali Ayyad

Abstract

Despite the progress made in the diagnosis and management of aneurysmal 
subarachnoid hemorrhage (aSAH), it has remained a potentially life-threatening 
disease, with loss of productivity leading to social and financial losses. The recent 
development in diagnosis and intensive care therapy has decreased the fatality from 
aSAH. The Ottawa subarachnoid hemorrhage (SAH) criteria are extremely beneficial 
in detecting and distinguishing SAH from other causes of headaches. Furthermore, 
a computerized cerebral angiogram (CTA) diagnoses aSAH with high sensitivity and 
specificity. The Digital Subtraction Angiography (DSA) gives more accuracy about 
the morphology and orientation of the cerebral aneurysms. The severity of aSAH is 
assessed with various scores and the most frequently used one is the World Federation 
of Neurosurgeons Score (WFNS). The Early Brain Injury (EBI) from a ruptured 
cerebral aneurysm leads to raised Intracranial Pressure (ICP), hydrocephalus and/or 
seizures. The systemic complications of aSAH include cardiorespiratory and hor-
monal dysfunctions. The recent development in the management of aSAH patients 
begins with controlling the headache using multimodal analgesia. Following an 
aSAH, there will be severe hypertension, which should be treated with short-acting 
antihypertensives to avoid rebleeding. The ruptured aneurysm should be repaired 
within 24 to 72 hours. The hydrocephalus should be managed by cerebrospinal fluid 
(CSF) diversion via an Extra-ventricular Drain (EVD). Witnessed seizures in aSAH 
patients should be treated with a short course of anticonvulsants. Delayed Cerebral 
Ischemia (DCI) should be prevented and minimized. More recently, the cerebral 
vasospasm can be detected by daily Transcranial Doppler (TCD), continuous 
electroencephalography (cEEG), CTA, and DSA. Prompt management of cerebral 
vasospasm by inducing hypertension, euvolemia, and keeping serum sodium at the 
high-normal range is essential for minimizing the occurrence of DCI. The cerebral 
vasospasm resistance to this therapy is increasingly treated with chemical or balloon-
assisted cerebral angioplasty. Cardiac complications in aSAH patients range from 
arrhythmias to acute myocardial infarction, are diagnosed early by continuous moni-
toring, a series of ECGs, and cardiac biomarkers, and are treated immediately. The 
respiratory complications in aSAH include neurogenic pulmonary edema, aspiration, 
ventilator-associated pneumonia (VAP), and acute respiratory distress syndrome 
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(ARDS). These should be treated with diuretics, inotropes, early intubation, a VAP 
prevention bundle, and lung protective ventilation. The electrolyte disturbance and 
metabolic complications of aSAH such as fever, hyperglycemia, and hyponatremia are 
detected early with intensive care therapy and managed accordingly. Early mechani-
cal thromboprophylaxis with the addition of pharmacological prophylaxis as soon as 
the aneurysm is secured has led to a significant decrease in the incidence of deep vein 
thrombosis as well as pulmonary embolism.

Keywords: aneurysmal subarachnoid hemorrhage, headache, hypertension, delayed 
cerebral ischemia, cardiorespiratory complications, euvolemia early cerebral injury, 
hyponatremia, hyperglycemia, hydrocephalus, intracranial pressure, seizures, 
vasospasm

1.  Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a severely morbid and poten-
tially fatal condition. Prehospital mortality for aSAH patients is approximately 26%. 
Those who are discharged from the hospital often require rehabilitation and are 
generally unable to return to work. One-third of these patients need full functional 
support, imposing significant financial and medical burdens. The incidence of aSAH 
globally is around 6.1 per 100,000 per year, with Japan experiencing a higher rate of 
26 per 100,000 per year [1].

Over the past three decades, the global fatality rate of aSAH has decreased 
by 17–50% due to advancements in ambulance services, diagnostic technolo-
gies, surgical techniques, and intensive care therapies. Equal contributions to 
this reduction have come from improved management of hypertension, smoking 
prevention, and regularly updated guidelines for aSAH management [2]. Despite 
the decreasing trend in aSAH incidence, an aging population and an increasing 
prevalence of comorbidities that elevate the risk of developing aSAH necessitate 
that the management team remains current with best practices to improve patient 
outcomes [2].

Unruptured cerebral aneurysms are increasingly detected incidentally, due to the 
widespread use of imaging studies [3]. Frequently, these aneurysms are small, sac-
cular, and never rupture and their management remains controversial. The incidental 
unruptured fusiform, dissecting, mycotic, or traumatic aneurysm requires interven-
tions [3]. More details on this topic will be written in a separate chapter.

2.  Diagnosis of aSAH

In awake patients, the classic presentation of aSAH is a severe thunderclap 
headache, often described as the worst headache of their life. This headache typi-
cally peaks quickly, persists, and may be associated with nausea, vomiting, general 
weakness, photophobia, and neck pain or stiffness. It is crucial not to overlook the 
suspicion of aSAH in these patients, as emergency departments receive a significant 
number of headache complaints daily. Although only 3% of these cases are due to 
aSAH, missing this diagnosis can result in patients returning with severe disease and 
poor outcomes, hence the term “sentinel headache” [4].
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The Ottawa subarachnoid hemorrhage rules have recently been found useful for 
diagnosing lower-grade aSAH patients. These criteria include signs and symptoms 
beyond severe headache, such as age ≥ 40 years, neck pain or stiffness, witnessed loss 
of consciousness, headache onset during or after exertion, and restricted neck flex-
ion. The Ottawa SAH rules are highly sensitive (100%) but have a lower specificity of 
around 13%. These rules have been validated by prospective randomized studies [5].

A high-quality CT (computed tomography) scanner can detect SAH with a 
sensitivity of 98.7% and a specificity of 99.9% when interpreted by qualified imaging 
experts [6]. Thus, a negative CT brain scan performed within six hours of headache 
onset is likely to miss less than 1.5% of SAH cases. For the minority of CT-negative 
SAH cases, xanthochromia on lumbar puncture is diagnostic, with 100% sensitivity 
and 95.2% specificity [7].

Furthermore, computed tomographic angiography (CTA) is an important tool in 
the diagnosis of aSAH. CTA can differentiate between patterns of hemorrhage, such 
as diffuse bleeding in the basal cisterns and Sylvian fissure versus small-volume focal 
cortical SAH. In patients with diffuse SAH, it is recommended to perform digital 
subtraction angiography (DSA) to locate smaller aneurysms or vascular lesions that 
might escape detection due to the spatial resolution limitations of CTA [8]. DSA is 
the gold standard for detecting cerebral aneurysms and understanding aneurysmal 
geometry and cerebrovascular anatomy, which dictate treatment modalities for the 
aneurysms.

3.  The comorbidities and risk for aSAH

The presence of various congenital and acquired comorbidities increases the risk 
of developing aSAH. Familial predisposition, female gender, and congenital diseases 
such as polycystic kidney disease and Ehlers-Danlos syndrome are significant risk 
factors. Modifiable risk factors include hypertension and tobacco use. Hypertension 
increases the risk of developing aSAH by 2.5 times, while alcohol consumption 
exceeding 150 grams per week doubles the risk. Non-white ethnicity is associated 
with a 3.4-fold increased risk of aSAH. Conversely, a lean body mass index (BMI) and 
hypercholesterolemia decrease the risk by 70 and 40%, respectively [9].

4.  Severity scales for aSAH

The severity of aneurysmal subarachnoid hemorrhage (aSAH) is assessed using 
various scoring systems based on the Glasgow Coma Scale (GCS), the distribution of 
hemorrhage on CT brain imaging, and the presence of motor deficits. The most used 
severity score for aSAH is the World Federation of Neurosurgical Societies (WFNS) 
score. This score ranges from 0 to 5, with higher scores indicating greater severity, 
and incorporates the GCS and the presence or absence of motor deficits. The Hunt 
and Hess (H&H) score has been used for decades to evaluate aSAH severity. It also 
ranges from 0 to 5, based on neurological signs and symptoms, from mild headache to 
coma. The Fisher and modified Fisher grading systems assess aSAH severity based on 
the presence of hemorrhage in the subarachnoid, intraventricular, and parenchymal 
regions of the brain. Additionally, the Subarachnoid Hemorrhage Early Brain Edema 
Score (SEBES) detects global brain edema in aSAH patients and correlates well with 
patient outcomes [10].



Recent Updates in Intensive Care Medicine

4

5.  Pathophysiology, local and systemic complication of aSAH

The sudden rupture of a cerebral aneurysm causes blood to spread into the sub-
arachnoid space, which may extend into the ventricles and parenchyma of the brain 
(Figure 1). This leads to increased intracerebral pressure; in extreme cases, severely 
elevated intracerebral pressure can halt blood circulation in the brain, resulting in death.

The spillage of blood in the subarachnoid space in aSAH causes not only local 
cerebral complications but also systemic problems. Local cerebral injury can be early 
or delayed and is due to disruption of the blood–brain barrier (BBB), the release of 
proinflammatory cytokines and mediators, and oxidative stress, leading to cerebral 
microcirculatory dysfunction. These local cerebral injuries result in the develop-
ment of hydrocephalus and vasospasm, causing seizure activity and hyperthermia. 
Together, these changes can complicate into delayed cerebral ischemia and poor 
prognosis.

Systemic complications after aSAH are due to autonomic nervous system, meta-
bolic, or hormonal disturbances. Cardiac adverse effects in aSAH patients are mainly 
due to a surge in sympathetic and parasympathetic activity, ranging from arrhythmias 
to stress cardiomyopathy and neurogenic pulmonary edema. Metabolic disturbances 
can cause hyperglycemia. Hormonal changes may lead to the syndrome of inappro-
priate antidiuretic hormone (SIADH) and cerebral salt wasting syndrome (CSWS), 
causing hyponatremia (Figure 1).

6.  Intensive care therapy of aSAH patients

Patients with aSAH should be admitted to and managed in the intensive care unit 
(ICU), where they can receive appropriate monitoring and therapy tailored to their 
presentation, severity, and any local or systemic complications.

Figure 1. 
Pathophysiology, local and systemic complication of aSAH.
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All aSAH patients require adequate analgesia, hydration, and prophylaxis against 
gastric ulcers. Given the severity and multifactorial nature of their headaches, 
effective pain control is paramount [11]. Multimodal analgesia is recommended [11], 
with our practice typically initiating therapy with regular paracetamol and fentanyl 
as needed. Ketorolac or dihydrocodeine may be added if pain persists, and in select 
cases, transitioning to fentanyl patient-controlled analgesia (PCA) alongside regular 
paracetamol may be warranted. Dexamethasone can be introduced at any stage, 
typically at a dosage of 4 mg twice daily [11]. The figure illustrates our approach 
to analgesia in aSAH patients. We follow the Doha protocol for analgesia in aSAH 
patients (Figure 2).

Given the potential for restlessness in patients with aSAH, necessitating sedation, 
we have found success using dexmedetomidine at a dosage ranging from 0.7 to 1.4 
mcg/kg/hour. Dexmedetomidine offers advantages over benzodiazepines, particu-
larly in facilitating the assessment of consciousness levels.

aSAH patients often present with elevated blood pressure, a significant risk factor 
for rebleeding. Conversely, hypotension increases the risk of cerebral vasospasm. 
Therefore, it is crucial to maintain blood pressure within a target range, typically 
around 140 mmHg systolic, using shorter-acting antihypertensives such as labetalol 
or clevidipine.

Early intervention to secure the cerebral aneurysm is paramount to prevent 
rebleeding. It is recommended to perform aneurysm coiling or clipping within 24 to 
72 hours of the ictus [12].

Antifibrinolytic agents can help stabilize clots and prevent rebleeding, but their 
prolonged use may elevate the risk of delayed cerebral ischemia. Therefore, their use 
should be judicious [13].

Hydrocephalus following aSAH can be of various types (communicating or 
non-communicating) and may occur acutely, sub-acutely, or chronically [14]. Acute 
hydrocephalus requires immediate intervention, often through external ventricular 
drain (EVD) insertion, lumbar drainage, or ventriculostomy, to prevent and treat 

Figure 2. 
Doha protocol for analgesia in aSAH.
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increased intracranial pressure. Chronic hydrocephalus may necessitate the place-
ment of a ventriculoperitoneal (VP) shunt. Care must be taken during lumbar drain-
age to avoid excessive cerebrospinal fluid drainage.

DCI is a concerning complication occurring in approximately 30% of patients 
with aSAH. Its etiology lies in cerebral vasospasm, triggered by the presence of 
blood and blood products surrounding cerebral vessels. Risk factors for cerebral 
vasospasm include female gender, smoking, hydrocephalus, hyperglycemia, and 
poor grade aSAH [14, 15].

Interestingly, only half of patients with angiographic vasospasm develop DCI. 
Moreover, DCI can occur even with a normal cerebral angiogram, as smaller vessels 
with spasm may evade angiographic detection. Strategies to reduce DCI risk involve 
oral or enteral nimodipine, along with avoiding hypovolemia and hypotension [16].

Early detection, prevention, and treatment of cerebral vasospasm before it 
progresses to DCI are crucial. Neurological assessments, while important, may miss 
DCI diagnoses. Therefore, alongside clinical monitoring, imaging studies such as 
transcranial Doppler (TCD), computerized cerebral angiography (CTA), or digital 
subtraction angiography (DSA) play significant roles. TCD, though non-invasive and 
bedside-compatible, has lower sensitivity compared to CTA and poorly correlates 
with it [17]. Continuous electroencephalography (cEEG) monitoring with analysis 
aids in earlier DCI detection. Combining TCD with cEEG enhances DCI diagnostic 
accuracy [18]. Treatment aims to improve regional cerebral perfusion and prevent 
DCI development. Inducing hypertension is a frequently employed intervention, 
reported to be safe and beneficial in reducing DCI and improving clinical outcomes. 
However, the ideal targeted blood pressure remains debated [19].

Balloon-assisted angioplasty or chemical angioplasty with local intra-arterial 
vasodilators like nimodipine or milrinone are viable options when induced hyperten-
sion fails or is contraindicated [20]. Addressing hyponatremia promptly is crucial, as 
it is also linked to cerebral vasospasm [21].

Figure 3. 
Doha protocol for management of cerebral vasospasm and prevention of DCI.
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To effectively prevent and manage cerebral vasospasm and DCI, we have devel-
oped and successfully implemented the Doha protocol (Figure 3) [22].

Seizures or status epilepticus occur in patients with aSAH, at the time of bleed-
ing, hospitalization, or post-discharge at home. The exact etiology for convulsion 
in these patients is not known, it is widely believed that seizure activity occurs 
due to inflammation, gliosis, and cerebral hyperemia [23]. The SAFARI score is 
helpful in identifying the high-risk patients of aSAH for seizure activity such as 
the elderly, convulsions at bleed, ruptured anterior circulation aneurysms, and 
ventricular drainage [24]. Anticonvulsants are not indicated for routine usage 
in aSAH patients; however, those with aSAH deemed at high risk for developing 
seizures or who present with seizures or a history of convulsive activity during 
the bleed can be given a short course of anticonvulsants. Keppra is preferred over 
phenytoin due to its better pharmacokinetic and pharmacodynamic profiles. If 
aSAH patients develop convulsions while in hospital, this will negatively impact 
their prognosis.

Findings from the SYNAPSE-ICU study [25] underscore the frequent occurrence 
of elevated intracranial pressure (ICP) in patients with aneurysmal aSAH, often 
necessitating therapeutic interventions. Therefore, implementing ICP monitoring in 
patients with acute brain injury can significantly improve their outcomes [26].

In cases where elevated ICP leads to acute hydrocephalus, cerebrospinal fluid 
(CSF) drainage via diversion is the primary therapeutic approach. External ven-
tricular drainage (EVD) stands as the gold standard for this purpose. However, the 
utilization of lumbar drains for CSF drainage offers a less invasive and lower infective 
alternative, with associated improved outcomes [26].

The risk factors predisposing aSAH patients to develop chronic hydrocephalus 
include higher grades, posterior circulation aneurysms, rebleeding events, higher 
modified Fisher scales, and multiple EVD clamping. In such cases, the treatment of 
choice is CSF diversion via VP shunt placement [27].

7.  Extracranial complications of aSAH and their management

7.1  Cardiac complications

Cardiac complications are a significant concern for patients with aSAH, as they can 
complicate management and worsen prognosis [28]. These complications encompass 
three main types. Firstly, cardiac conduction disturbances such as sinus arrhythmias, 
atrial fibrillation, and ventricular tachycardia can occur, necessitating continuous 
electrocardiography (cECG) monitoring and frequent 12-lead ECGs [29]. Secondly, 
sympathetic surge-induced wall motion abnormalities may lead to heart failure with 
decreased cardiac output. Lastly, Takotsubo cardiomyopathy, characterized by apical 
ballooning of heart chambers, can develop, although it is reversible and caused by 
myocardial stunning [30]. Additionally, some aSAH patients may rarely experience 
acute myocardial infarction (AMI) [31].

7.2  Respiratory complications in aSAH and its management

Respiratory complications pose another challenge, especially for high-grade aSAH 
patients with low Glasgow Coma Scale (GCS) scores. They are at a heightened risk of 
aspiration pneumonia and ventilator-associated pneumonia (VAP) due to prolonged 
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intubation and mechanical ventilation. Hence, strict adherence to VAP prevention 
bundles is essential [32]. Neurogenic pulmonary edema, affecting approximately 
23% of aSAH patients, may progress to acute respiratory distress syndrome (ARDS), 
necessitating immediate ICP reduction and prolonged invasive ventilation [33]. 

Headache management
Prevention of rebleed

• Multimodal analgesia

• Early Securing Aneurysm

• Avoid Hypertension or hypotension till aneurysm is secured

Hydrocephalus
Intracranial hypertension

• Urgent External Drainage of CSF by EVD or Lumbar Drain

• Intracranial Pressure Monitoring

• Antiedema therapy

Seizures • Anticonvulsant: in witnessed seizures or High-risk group 
patients

• Consider continuous Electroencephalogram (cEEG) 
Monitoring and analysis

Delayed Cerebral Ischemia • Daily Transcranial Doppler

• CT Angio and perfusion studies

• Chemical or mechanical Cerebral Angioplasty

• Maintain Euvolemia

• Serum sodium high-normal target

• Induced Hypertension

Fever • Start Therapy and temperature control management if 
Temperature = or > 37.5°C

• Continuous Temperature Monitoring

Polyuria
Hyponatremia

• Advanced hemodynamic monitoring

• Optimize Hydration

• Look for Cerebral Vasospasm

• Frequent Electrolyte Monitoring

• Maintain Serum Sodium >140 mEq/L

• Fludrocortisone

• Hypertonic saline

DVT Prophylaxis • Mechanical thromboprophylaxis till the Aneurysm is secured.

• Chemical thromboprophylaxis after securing aneurysm

Respiratory complications
Cardiovascular complications

• Reduce intrapulmonary water

• Lung protective ventilation

• Ventricular Associated Bundles (VAP) bundles

• Antimicrobial therapy

• Continuous monitoring

• Series of 12 lead ECG

• POCUS and Echocardiography

• Prompt diagnosis and treatment of complications

Table 1. 
Summary of updated intensive care management of aSAH.
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There is significant reduction in occurrence of ARDS in aSAH from 38% in 2008 to 
4% in 2014 [34]. The risk of ARDS increases in aSAH patients with cerebral edema, 
high grades of aSAH, cardiogenic shock, and cardiac arrest. These patients need lung 
protective ventilation, with worse overall outcomes [35].

7.3  Metabolic disturbances in aSAH and management

Metabolic disturbances are common in aSAH patients and require careful manage-
ment. Maintaining euvolemia and addressing electrolyte imbalances promptly are 
crucial aspects of their care. The use of albumin may maintain the intravascular vol-
ume in these patients [36]. Hyponatremia, hypokalemia, and hypophosphatemia are 
frequent in these patients and can cause cardiac and neurological dysfunction [16]. 
Hence, it is important to optimize the dyselectrolytemia quickly. The hyponatremia 
could be due to syndrome of inappropriate antidiuretic Hormone (SIADH) secretion, 
cerebral salt wasting (CSW) syndrome, or a combination of both. Prompt diagnosis 
and earlier management are essential [37].

Hyperglycemia, attributed to stress and hypothalamic dysfunction, requires 
prompt blood sugar control, balancing tight control to avoid hypoglycemia, which 
can be detrimental to the brain [38]. Fever is another medical complication of aSAH, 
and irrespective of etiology, it is associated with the worst outcome in these patients. 
Hence, frequent or continuous monitoring of the core body temperature and prompt 
control by pharmacological, mechanical, or combined therapy is essential. It is recom-
mended to avoid a rise in temperature of more than 37.50 C [39].

7.4  Deep venous thrombosis (DVT) and pulmonary embolism (PE)

Lastly, DVT and PE are significant concerns, affecting around 20% of aSAH 
patients. Early mobility in awake patients and the prompt initiation of mechanical 
DVT prophylaxis, followed by pharmacological prophylaxis once the cerebral aneu-
rysm is secured, are crucial to reduce morbidity and mortality associated with DVT 
and PE [40]. Updated Intensive care management of aSAH is summarized in Table 1.

8.  Perioperative management of ruptured cerebral aneurysms

8.1  Preoperative evaluation

It is an emergency to secure the bleeding ruptured aneurysm, hence, the pre-
anesthetic evaluation should facilitate the early surgical intervention. Apart from all 
demographics, clinical, and laboratory evaluations, one must mention the severity of 
aSAH by documenting the grade of SAH (WFNS and H&H scores) and the location 
of the aneurysm, as the higher grade and posterior circulation aneurysm has higher 
cardiorespiratory, metabolic complications and electrolyte disturbances, requiring 
advance hemodynamic monitoring and frequent therapeutic interventions [41].

8.2  Anesthetic management

The aim of anesthetic management of ruptured aneurysm cases is to prevent 
rebleeding, optimize cerebral perfusion, relax the brain, prevent edema, facilitate 
temporary clipping, and maintain hemodynamic stability [42]. During the induction 
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of anesthesia, prevention of hypo- as well as hypertension is essential, as hyperten-
sion increases the risk of rebleeding by increasing the transmural pressure in the 
aneurysm. Hypotension can potentiate the adverse effects of temporary clipping 
and have an impact on cerebral ischemia. One should maintain normocarbia, as 
both hyper- and hypocarbia have adversely affect the brain [42]. An invasive blood 
pressure monitoring with the arterial line will help in preventing or minimizing the 
above-mentioned complications and help in frequent blood sampling. Maintenance 
of anesthesia can be done by total intravenous anesthesia (TIVA) or by volatile 
anesthetic agents. Each of these has advantages and disadvantages, recent trends are 
toward using the TIVA. The aim of maintaining anesthesia in these patients should 
be to reduce the cerebral metabolic rate, reduce or prevent intracranial hypertension, 
provide neuroprotection, facilitate titration and maintenance of anesthesia depth, 
and ensure hemodynamic stability [42]. It is common practice to induced hyperten-
sion during the temporary clipping to reduce the ischemic effects by more perfusion 
through the collaterals. The burst suppression is achieved with the extra dosage of 
various anesthetic agents, but the major issue with this is the hypotension and one 
must be careful [43]. Adenosine-induced temporary flow arrest is also used in com-
plex, difficult ruptured aneurysmal surgeries, in patients without cardiac comorbid-
ity or complications. The use of adenosine-induced flow arrest needs experience and 
better communication between surgeons and anesthesiologists [44].

8.3  Post-anesthesia care

The emergence from anesthesia should be smooth. Pain should be controlled by 
multimodal analgesia. Postoperatively, these patients should be admitted to intensive 
care therapy unit for frequent blood sampling and acute management of the meta-
bolic and electrolyte disturbances. Post-cerebral aneurysm surgery, the hemodynamic 
management and optimization of preload by dynamic preload parameters such as 
stroke volume variation (SVV) and Global end-diastolic volume index (GEVI) have 
been shown to improve outcomes in higher grade aSAH patients. Induced hyperten-
sion, euvolemia along with higher normal serum sodium levels ara proposed in 
prevention of acute and delayed cerebral ischemia [45].

9.  Conclusion

A ruptured cerebral aneurysm is the primary cause of spontaneous subarach-
noid hemorrhage. While the fatality rate of aSAH has decreased over the past three 
decades, it remains a serious condition with high morbidity and mortality. The 
Ottawa SAH rules aid in suspecting and diagnosing aSAH, potentially preventing 
sentinel bleeds. Early local cerebral complications of aSAH include brain edema, 
seizures, hydrocephalus, and vasospasm, all of which heighten the risk of delayed 
cerebral ischemia (DCI). Systemic complications arise from cardiovascular, respira-
tory, metabolic, and hormonal disturbances due to sympathetic outflow surge. Severe 
intracranial pressure (ICP) elevation following aSAH can be fatal. The Subarachnoid 
Hemorrhage Brain Edema Score (SEBES) aids in detecting global brain edema. 
Patients may develop communicating or non-communicating hydrocephalus, neces-
sitating cerebrospinal fluid drainage via external ventricular drain (EVD) or lumbar 
drain. Seizure occurrence warrants short-term anticonvulsants, with seizure reoccur-
rence indicating a poor prognosis. The SAFARI score helps identify patients at risk for 
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seizure activity. Early detection, prevention, and management of cerebral vasospasm 
are crucial to prevent or reduce DCI. Apart from clinical monitoring, daily transcra-
nial Doppler (TCD) in combination with continuous electroencephalography (cEEG) 
and further evaluation with CT angiography (CTA) aids in early detection.

Treatment of cerebral vasospasm involves induced hypertension, maintaining 
euvolemia and serum sodium levels around 140 mEq/L. Resistant vasospasm may 
require chemical or mechanical angioplasty. Early detection and proper management 
of systemic complications are essential to mitigate adverse outcomes. Continuous 
or frequent core body temperature monitoring is vital due to the potential adverse 
impact of fever. Hyperglycemia should be managed with liberal blood sugar control, 
while hypo- and hyperglycemia should be avoided. Reducing the occurrence of deep 
vein thrombosis (DVT) or pulmonary embolism (PE) involves early mobilization 
of awake patients and pharmacological thromboprophylaxis once the aneurysm 
is secured. The incidence of acute respiratory distress syndrome (ARDS) in aSAH 
patients is declining, and ventilator-associated pneumonia (VAP) should be pre-
vented using VAP prevention bundles. Continuous ECG monitoring, a series of 
12-lead ECGs, and cardiac biomarkers are essential for diagnosing and managing 
cardiac complications in aSAH patients. Above-mentioned updated perioperative care 
will improve aSAH patients’ management.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Resuscitation in Obstetric 
Hemorrhage: “Less Is More”
José Antonio Villalobos Silva, Obed Isaí Aguilera Olvera 
and Germán Antonio Aguirre Gómez

Abstract

Obstetric hemorrhage accounts for one-third of maternal deaths worldwide. Risk 
factors have been identified, being common in developing countries. Mortality due to 
this complication has increased in recent years in countries like United States. Therefore, 
intensivists should be aware of the clinical tools and technology available for diagnos-
ing and treating patients with severe hemorrhage. The main goal of resuscitation is to 
restore tissue oxygen delivery and perform initial management with crystalloids, while 
evaluating perfusion windows, which has been a long-time study, followed by transfu-
sion of blood products (if initially not available) with the aim of restoring circulating 
volume. In recent years, complications of a large volume of fluids during resuscitation 
have proved harmful, as fluid accumulation in different organs such as the brain, heart, 
lung, and kidneys may cause edema, decreased lactate clearance, oxygen diffusion, 
weaning failure, increased hospital stay, and coagulopathy. The “less is more” approach 
is a strategy based on optimizing resources such as time to evaluation, treatment with 
fluids and blood products, clinical and laboratory data to assess severity to provide sta-
bilization, and avoiding common complications in the ICU due to severe hemorrhage.

Keywords: obstetric hemorrhage, transfusion, fluid therapy, resuscitation, ICU

1. Introduction

Throughout the world, obstetric hemorrhage is one of the main causes of maternal 
death. However, there may be a great disparity between the prevalence of obstetric 
hemorrhage and its mortality in different countries due to individual implementa-
tion of preventive and preplanning measures in high-risk patients. The World Health 
Organization (WHO) has defined maternal death as the death of a woman during 
pregnancy or childbirth, or within 42 days of pregnancy termination, due to any 
cause related to or aggravated by pregnancy or its management.

A fourth of all maternal deaths in the world result from obstetric hemorrhage, 
accounting for approximately 140,000 deaths per year; the incidence of potentially 
deadly bleeding is 5–15% and is defined by the Royal College of Obstetrics and 
Gynecology (RCOG) as an estimated loss of blood of >2.5 liters or the required 
administration of >5 blood product units, or treatment of coagulopathy, all warranted 
in 3.7 of every 1000 pregnancies. Despite an observed decrease in the incidence of 
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Figure 1. 
Rate of severe maternal morbidity. Source: CDC.

maternal deaths in the past few years, over half of them are still due to obstetric 
hemorrhage, whereby their incidence increased from 2.7 to 4.3% between 2000 and 
2019 [1, 2]. As a result of this higher incidence, we analyzed the current therapeutic 
efforts used to improve the in-hospital response and thus decrease the hemorrhage-
dependent mortality rate.

2. Definition

As of 2014, the American College of Obstetricians and Gynecologists (ACOG) 
published the reVITALize initiative and classically defined obstetric hemorrhage 
in the immediate postpartum period as blood loss above 1000 mL during vaginal 
delivery and/or secondary to a cesarean section. Bleeding quantification must be 
standardized although the exact measurement of blood loss in these procedures, and 
in general, is difficult to determine and usually underestimated, leading to inconsis-
tent values; thus, a few medical centers have standardized the gravimetric method for 
its precise quantification in the operating room [3, 4]. Due to the frequent impreci-
sion in blood loss calculation, the early intervention of a critical medicine specialist in 
the operating room is a recommended strategy, particularly if the patient shows signs 
of hypoperfusion and acute hemodynamic abnormalities that could lead to organ 
compromise.

The obstacles faced by low-income countries are clearly predictable. The lack of 
continuous medical education, insufficient resources, suboptimal infrastructure, 
and the paucity of qualified and certified personnel who can appropriately respond 
to an obstetric emergency are further complicated by the fact that many institutions 
are not supported by an immediate response team capable of following established 
care guidelines. In previously healthy women, severe hemorrhage may lead to 
a broad range of comorbidities: hemorrhagic shock, acute kidney failure, acute 
respiratory distress syndrome (ARDS), endocrine dysfunction, reperfusion injury, 



19

Resuscitation in Obstetric Hemorrhage: “Less Is More”
DOI: http://dx.doi.org/10.5772/intechopen.1004328

endotheliopathy secondary to massive resuscitation, coagulopathy, etc. This is further 
compounded by the secondary abnormalities resulting from massive transfusion of 
blood products (Figure 1) [5, 6].

According to its temporality, obstetric hemorrhage is classified as primary if it 
occurs in the first 24 hours postpartum or cesarean section, and the most frequent 
etiology (70%) is uterine atony; less frequently, it results from placenta accreta, 
increta, or percreta that cause potentially deadly hemorrhages. Different studies have 
reported a median blood loss between 2000 and 7800 mL in placenta accreta cases 
(Figure 2). In these scenarios, resuscitation must be conservative in terms of the use 
of blood products, albumin, and balanced crystalloid solutions.

There are severity staging systems such as the one established by the California 
Department of Health that describes several stages organized according to the 
patient’s clinical characteristics and the blood loss volume (Figure 3).

Figure 2. 
Hysterectomy due to placenta percreta; hemorrhage: 7500 ml. Source: Hospital General Victoria. Tamaulipas, 
Mexico. 2023.



Recent Updates in Intensive Care Medicine

20

3. Evaluation of hemorrhagic shock by the ICU team

First, one must acknowledge the available tools that can identify hemorrhage risk 
factors, and these have been slowly incorporated into clinical care and applied imme-
diately before the development of hemorrhagic events (Table 1); identify promptly 
those patients at risk of warranting medical care progression if excessive hemorrhag-
ing is observed, and obtain immediate care in the intensive care unit [8].

The early systematic evaluation of the patient in the recuperation area will 
reveal an obstetric patient with severe hemorrhagic shock and clinically recog-
nizable macro- and microcirculatory findings that lead to the generation of free 
oxygen radicals and subsequent cell death. The patient will be at risk of multiorgan 
dysfunction compounded by the effects of resuscitation in the operating room 
resulting in ischemia-reperfusion injury and the initial phases of multiple organ 
dysfunction [9, 10].

Among patients at high risk of obstetric bleeding, the following parameters should 
be gauged before the delivery or cesarean section: metabolic status, renal function, 
cystatin-C, lactate, C reactive protein (CRP), coagulation profile, and acid-base sta-
tus. The well-known hemodynamic changes of pregnancy include a 30–40% increase 

Intermediate risk High risk

Blood loss: 500–1000 mL Accumulated blood loss >1000 ml

Vaginal deliveries: > 4 Placental abruption and/or active bleeding

Platelets: 50,000–100,000 Platelets: < 50,000

Hematocrit: < 30% (Hb < 10gr/dL) Hematocrit: < 24% (< 8gr/dL)

Genital laceration (3rd–4th degree) Known associated coagulopathy

Multiple gestations Placenta accreta

Chorioamnionitis HELLP

Table 1 Adapted and used with permission from Lagrew et al., and originally adapted from the “Improving Health 
Care Response to Obstetric Hemorrhage: A California Quality Improvement Toolkit”, funded by the California 
Department of Public Health, 2015; supported by Title V funds. Adaptations are also works protected by copyright. To 
publish this adaptation, authorization must be obtained both from the owner of the copyright of the original work and 
from the owner of the translation or adaptation copyright [7].

Table 1. 
Risk factors for obstetric hemorrhage.

Figure 3. 
The California pregnancy-associated mortality review. Report from 2002-2017 maternal death reviews. Source; 
Sacramento: California Department of Public Health, Maternal, Child and Adolescent Health Division, 2017.
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in cardiac output (CO), systolic volume (SV) (30–40%), left ventricular ejection frac-
tion (LVEF) (5%), and a 20–30% decrease in peripheral vascular resistance (PVR), 
all to increase oxygen availability (O2A) during gestation and satisfy the additional 
oxygen consumption (VO2) of the obstetric patient.

3.1 Hemorrhage ≥1000 ml in the perioperative period

Hemorrhagic shock-induced endotheliopathy (SHINE) is fostered by an effective 
hypovolemic state followed by adrenal activation and a secondary massive release 
of catecholamines leading to dysregulated endothelial activation as well as of its 
glycocalyx, which in turn, activate a series of different biochemical markers such as 
E-selectin, intracellular adhesion molecule-1 (ICAM-1), the family of four heparan 
sulfate proteoglycans (Syn1–Syn4) (HSPGs), and angiopoietin (Agpt-1 and Agpt-2). 
Simultaneously, fibrinolysis signaling is triggered, altering the coagulation pathway, 
particularly the phase of “coagulation amplification,” which can in turn lead to the 
development of uncontrolled disseminated intravascular coagulation, further compli-
cating the baseline state of hypovolemic shock [11].

During active bleeding caused in 70% of cases by uterine atony, we must not waste 
time making decisions, because “less is more.” We must optimize the timing of every 
therapeutic decision and implement efforts based on guidelines with a strong grade 
of clinical evidence quality (GRADE). When pharmacologic interventions do not 
control the bleeding rate, a surgical approach should be rapidly implemented (strong 
recommendation, high); compression sutures, the ligation of the uterine, iliac, or 
internal iliac arteries, and uterine artery embolization are effective interventions 
to consider; however, hysterectomy should not be delayed in patients that remain 
unstable due to active bleeding (strong recommendation, high) [12].

During active hemorrhage, all the initial measures implemented in the operating 
room by the multidisciplinary team must be reinforced, whereby two peripheral, 
permeable intravenous accesses must be available, an electrocardiogram should 
be obtained or electrocardiographic monitoring should be initiated for the timely 
detection of myocardial ischemia secondary to the decreased availability of oxygen, 
and venous and/or arterial blood gases should be obtained to determine the patient’s 
acid-base status, as well as hematocrit and lactate levels; blood gases should be closely 
monitored [13].

Hemostatic resuscitation is a new concept referring to the prompt replacement of 
the intravascular volume with blood products and further reflects the idea of “less is 
more”: this was concluded from the results of a systematic review of various trials that 
compared the administration of fresh frozen plasma (FFP), platelets, and red blood 
cells in 1:1:1 ratio with the practice of laboratory-guided transfusion (n = 69), early 
cryoprecipitate transfusion following standard practice (n = 41), and early admin-
istration of fibrinogen concentrate, in comparison with placebo (n = 45); one trial 
compared the effect of a 1:1:1 proportion of FFP, platelets, and red blood cells with 
1:1:2 proportion in terms of mortality at 24 hours and at 30 days [n = 680]; another 
compared treatment with [whole blood with 24-hour blood [n = 107]; another com-
pared the administration of FFP with red blood cells at 1:1 ratio with 1:4 ratio [n = 16]; 
all protocols were based on limited available evidence and did not reach a conclusion 
on the best approach in terms of mortality or morbidity [14].

Other authors are also investigating the predictive performance of the shock index in 
women with bleeding ≥1000 mL, but no significant correlation has been found, with an 
AUC ROC of 0.54 (95% CI: 0,47–0,61), a similar value to other vital signs [15].
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If available, the coagulation model must be evaluated by thromboelastography 
prior to admission to the intensive care unit, to consider the early administration of 
tranexamic acid (TXA) or another directed pharmacologic measure. Several clini-
cal trials, two large meta-analyses, and a randomized controlled trial revealed that 
1 g TXA administered intravenously in the context of early obstetric bleeding can 
decrease blood loss, rate of hysterectomies, and most probably, mortality [16, 17]. 
A recent placebo-controlled trial revealed that the prophylactic administration of 
tranexamic acid during cesarean section did not decrease the risk of maternal death 
or the need for blood transfusions [18].

3.2 Transfer and admission to the intensive care unit (ICU)

The transfer of patients with obstetric hemorrhage must be as timely as possible 
once the intensive care team has evaluated the patient’s status and analyzed the 
potential risks implicit in the transfer. In patients who are hemodynamically unstable 
and mechanically ventilated, in terms of timelines, again, “less is more,” whereby 
the transfer should be prompt as the patient will require early interventions by the 
ICU team, such as the placement of monitoring equipment, precise and personal-
ized adjustments to mechanical ventilation to prevent ventilator-induced lung injury 
(VILI), and set up an alveolar protection ventilation model [18, 19].

During the transfer to the ICU, the patient must be continuously monitored elec-
trocardiographically as well as via pulse oximetry, her blood pressure must be periodi-
cally measured non-invasively, and the heart and respiratory rates should be easily 
visualized on the monitor; some selected patients may benefit from capnography. 
All drugs initiated before the transfer such as vasoactive, inodilator, antiarrhythmic, 
and/or sedating drugs must still be administered with continuous infusion pumps 
powered with portable batteries. All patients who require intubation and mechanical 
ventilation due to hemodynamic instability should be transferred with a transport 
ventilator, and initial ventilatory parameters should be maintained unless the ICU 
team decides to increase or activate the 100% oxygen in the first 2-minute function 
and then make further necessary adjustments [20–22].

3.3 Resuscitation in the ICU

In the presence of a massive hemorrhage that could potentially lead to hemody-
namic instability and clear signs of hypoperfusion, crystalloid solutions must be 
combined with albumin and blood products, while still individualizing every case 
to prevent hemodilution, coagulopathy, and mainly, fluid retention with positive 
balances in the first 24 hours.

Three physiological concepts are key in a hemorrhagic shock scenario in obstetric 
patients: the evaluation of response to fluid administration, circulatory reserve, and 
microcirculation. One way to test these variables is with a fluid challenge, administer-
ing initially a balanced crystalloid solution (Ringer Lactate, Ringer Acetate, Plasma-
Lyte), the most similar solution to plasma. The underlying physiological principle of 
this maneuver is an attempt to increase the mean systemic filling pressure (Pmsf) to 
increase the systemic venous return per the central venous pressure (CVP) and hence 
increase the cardiac output by increasing the compartment volume: the “stressed 
volume.”

In septic shock with borderline bleeding volume, and in which hypovolemia is 
greater, the state of hypoperfusion and shock is secondary to a vasodilated state with 
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relative hypovolemia; the Frank-Starling mechanism is tested and allows to determine 
the benefit of fluid administration for resuscitation purposes. In severe hemorrhage 
scenarios, the test aims to evaluate the Frank-Starling mechanism and establish 
whether blood loss has been physiologically stanched, whether the arteriolar system is 
functional or if we are faced with an uncontrollable hemorrhage.

If blood loss is severe or if consumption coagulopathy develops during the active 
hemorrhage, platelets must be transfused and maintained at a value >50 × 109/L. The 
main purpose of fresh plasma administration is to maintain an INR <1.8; fibrinogen 
should always be maintained above 2 g/L, and if necessary, several cryoprecipitate 
units should be administered to increase its value by 150–200 mg/dL. Another option 
is the use of fibrinogen concentrates (RiaSTAP) at a dose of 60–70 mg/kg weight or a 
standard dose of 4 g, which may increase serum fibrinogen up to 100 mg/dL [23].

In animal hemorrhagic shock models, systemic endothelial inflammation is 
induced and increases the risk of multiple organ dysfunction. Shedding of the 
endothelial glycocalyx may be secondary to the activation of cell signaling; however, 
the therapeutic use of unbalanced crystalloid solutions may also cause this injury. 
Crystalloids have been one of the most studied interventions in resuscitation sce-
narios; the administration of this treatment modality must be thought through since 
sooner or later, we must face their secondary effects; their use, however, is indispens-
able in the initial stages of hypovolemic shock. In a hemorrhagic shock canine model, 
Smart et al. observed that the administration of up to 80 ml/kg of crystalloids led to 
a considerable increase in endothelial inflammatory markers such as interleukin-6 
(IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10), and hyaluronan in comparison 
with colloids and blood products [24].

Xavier Monnet et al. referred that resuscitation with a rapidly administered load of 
crystalloid fluids (250–500 ml in 10–15 minutes) in hemorrhagic shock does not increase 
cardiac output (CO) but rather improves tissue oxygenation albeit not constantly, even 
in patients who respond well to fluid administration; hence, the response tends to be 
dynamic and inconsistently harmful, so treatment must be personalized [25].

Despite the development of shock, and the appropriate medical management of 
bleeding as well as the correction of macrohemodynamic parameters with transfu-
sions, the microvasculature frequently remains altered: a concept known as hemody-
namic coherence [26].

Functional capillary density refers to the capillary segments in which a red blood 
cell transits in an interval of 15 seconds and, that with the venular exit, allows the 
performance of two relevant physiological phenomena: optimization of O2 transport 
to cells by convection and diffusion, important markers of microvascular perfusion 
that are key to maintain the integrity of endothelial glycocalyx [27]. In other words, 
fluid therapy seeks to improve convection, and real hypovolemia states in the terri-
tory of functional microcirculatory hemodynamics (FMH), thus ameliorating the 
volume quantity transported per second in the microcirculation. Diffusion refers to 
the maintenance of the functional capillary density (FCD) by not excessively increas-
ing interstitial edema due to liberal resuscitation measures and decreasing oxygen 
diffusion from the capillaries to the mitochondria (Figure 4).

3.4 Focusing on resuscitation in obstetric hemorrhage

The first “resuscitation” insult refers to the initial 59 minutes in which there is 
an imminent risk of death if the primary disorder is not corrected, such as in severe 
hypovolemia due to the hemorrhage. This initial phase may last 3 to 6 hours in septic 
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shock but is much shorter in continuous obstetric hemorrhages, which is why prompt 
therapeutic management is mandatory. This is the time point in which bolus fluid 
administration is most relevant, although this strategy should be temporary until 
blood products are available, so we can avoid hemodilution in a patient with an 
already limited circulating blood volume. It is not necessary to wait for the hemoglo-
bin result to initiate resuscitation with intravenous fluids as it only informs us of its 
baseline value. The purpose of this phase is to restore the circulating volume, preserve 
tissue oxygenation, revert or prevent the development of coagulopathy, and elimi-
nate/treat the underlying obstetric hemorrhage source.

“Optimization,” the second phase, refers to the second insult: ischemia-reperfu-
sion. The critical decision on when to stop fluid therapy becomes key. In the case of 
obstetric hemorrhages, this will occur once bleeding is under control, macro- and 
microcirculatory perfusion indices are adequate, and laboratory test results have been 
obtained (coagulogram, coagulation profile, bleeding time, viscoelastic tests, etc.).

The third phase, “stabilization,” refers to the success of the previously adminis-
tered therapies, and this is the point at which intravenous fluids, including solutions, 
and drug diluents should be strictly controlled.

Finally, the “evacuation” phase represents the evaluation of fluid accumulation 
due to its deleterious effects on organs such as the heart, lungs, liver, and kidneys. At 
this point, the intensive care physician must ask him/herself two questions: when to 
begin removing fluid and when to stop removing it [29–31].

As previously mentioned, the endothelial glycocalyx is the main target respond-
ing to a state of shock, in response to changes in blood flow, perfusion pressure, and 
blood viscosity. This is relevant because the injury caused by inflammatory mediators 
leads to endotheliopathy or SHINE (shock-induced endotheliopathy) that has been 
linked with hemostatic abnormalities, either pro or antithrombotic. Viscoelastic 
hemostatic tests or assays have required decades of study in coagulation disorders, 
particularly when applied to liver transplants and heart surgery [32]. It is not infre-
quent for coagulation disorders to develop in association with obstetric hemorrhage, 
and they are reflected in prolonged coagulation times, hypofibrinogenemia, and/or 
thrombocytopenia, especially in catastrophic scenarios [33].

Figure 4. 
Non-liberal resuscitation balance vs. early deresuscitation/de-escalation. U-shape relationship between 
hypovolemia/fluid overload and mortality (Adapted from Bellamy’s theoretical framework) [28].



25

Resuscitation in Obstetric Hemorrhage: “Less Is More”
DOI: http://dx.doi.org/10.5772/intechopen.1004328

Therefore, a disadvantage to the use of crystalloids during resuscitation is the 
referred endothelial glycocalyx injury, despite their low cost and availability. In hem-
orrhagic shock, resuscitation with fresh frozen plasma has been shown to decrease 
pulmonary capillary hyperpermeability and syndecan-1 levels when compared with 
crystalloids such as Ringer’s lactate; less volume is also needed to ensure macrohemo-
dynamic perfusion [34]. Patients in hemorrhagic shock have high levels of syndecan-1 
that invariably decrease after resuscitation unlike crystalloids such as saline solution 
that increase endothelial permeability; hence, early administration of fresh frozen 
plasma is recommended [35, 36].

3.5 Coagulopathy and blood-derived products

Hemostatic viscoelastic tests were introduced as a research tool in 1948, and have 
been useful for several decades as a reference to the appropriate reanimation when 
the use of blood products is warranted. Table 2 shows the proposed values of the 
various results obtained with the commercial tests, rTEG® 5000 and ROTEM® [37]. 
Figure 5 presents the components of TEG®.

The use of these assays in obstetrics has been evaluated in several clinical trials 
and systematic reviews, particularly to predict the development of coagulopathy in 
patients with pre-eclampsia. Two therapeutic approaches have been evaluated in the 
management of obstetric hemorrhage: one in which the patient is hemodiluted (due 
to the use of crystalloid fluids), and the other when using blood product transfusions 
with viscoelastic test guidance. Despite the advantages offered by these tests such as a 
decreased need for blood transfusions or specific blood products if deficient, stan-
dard tests such as the prothrombin time and activated thromboplastin time remain 
very useful when detecting coagulation abnormalities and correlate well with blood 
loss. A clear disadvantage of this reanimation strategy is its complexity and the added 
cost of viscoelastic assays. Undeniably, viscoelastic tests are an area of opportunity in 
massive obstetric hemorrhage, decreasing the frequency of multiple transfusions and 
their known consequences [38, 39].

The management of hemorrhagic coagulopathy will depend on its phenotype or 
clinical presentation, manifested as either hypocoagulable or hyperfibrinolytic state, 

rTEG® trigger value ROTEM® trigger value Intervention

ACT >128 s EXTEM CT < 80 s CCP/FFP

α angle <65°
MAff/CFF < 11 mm

EXTEM α angle <63°
FIBTEM CA 10 < 7 mm

Fibrinogen/cryoprecipitate

MA < 55 mm MCF < 45 mm Fibrinogen/cryoprecipitate/platelets

LY30/60 > 7.5% EXTEM
CLI30/60 < 82%
ML < 15%

TXA/Aminocaproic acid

Abbreviations: Activated coagulation time (ACT); clot amplitude at 10 min (CA10); clot lysis index at 60 minutes 
after CT (CLI60); coagulation time (CT); extrinsic thromboelastometry activator (EXTEM); fresh frozen plasma 
(FFP); fibrinogen-based thromboelastometry (FIBTEM); lysis at 30 min (LY30); maximal amplitude (MA); 
functional fibrinogen, TEG (MAff/CFF); maximum clot firmness (MCF); prothrombin complex concentrate 
(PCC); maximum lysis after 30/60 min (ML30/60); rotational thromboelastometry (ROTEM®); Rapid TEG 
(rTEG®); Thromboelastography (TEG®); tranexamic acid (TXA) [37].

Table 2. 
Proposed trigger values for rTEG® 5000 and ROTEM®.
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and the patient’s status may worsen due to uncontrollable bleeding, hemodilution, 
and/or hypocalcemia due to products with citrate. Therefore, there are different 
phenotypes upon which management with blood products or anticoagulant drugs 
will depend [40]. Viscoelastic assays are helpful in damage control management, 
whereby transfusions are administered to fulfill a physiological objective. A study 
conducted in 2015 analyzed reanimated patients treated with cryoprecipitates to 
correct the fibrinogen levels before the routine availability of ROTEM in the hospital 
(57 patients), and after (28 patients), and showed a decreased need for transfused 
blood products (p < 0.001), less warranted hysterectomies, admissions to the ICU, 
and shorter hospitalization, perhaps the result of rapid correction of the coagulopa-
thy [41]. Current evidence supports the use of transfusions based on physiological 
parameters in patients with massive hemorrhage [42].

The use of blood components is a complex process that requires fine tuning 
the risk-benefit ratio, and timely decisions decrease morbidity and mortality. The 
current recommendation when transfusing packed red blood cells hinges on a 
hemoglobin level < 7 g/dL or in the case of symptomatic active hemorrhage, 8–10 g/
dL (hematocrit 21–24%), with changing values over a six-hour period. The presence 
of thrombocytopenia is established with platelet values below 100,000/μL; platelet 
administration, either concentrates or by apheresis, must be considered when values 
are below 50,000/μL, and bleeding is active. In vaginal deliveries, platelets should 
be transfused if their value is under 1000/μL. Concentrations below 10,000/μL may 
lead to spontaneous bleeding. The prothrombin time and the international normal-
ized ratio (TP/INR) are used to evaluate the extrinsic pathway, and clinically, they 

Figure 5. 
TEG® of a cardiac surgery patient. Superior image shows low α-angle and maximum amplitude during active 
bleeding. Inferior image resulted after fresh frozen plasma and cryoprecipitate administration. Source: High 
Specialty Regional Hospital, Victoria, Tamaulipas, Mexico, 2023.
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assess fibrinogen and factor II, V, VII, and X deficiencies. The aim is to maintain the 
INR between 1.5 and 2. Evaluation of the intrinsic pathway is based on the activated 
thromboplastin time (aPTT). If the aPTT is 1.5 times above the upper normal limit, 
transfusion of fresh frozen plasma (FFP) should be considered. The use of fibrinogen 
is also important in patients in whom it has decreased 1 g/dl as they have a 2.6-fold 
greater risk of severe bleeding. Fibrinogen should be administered to maintain its 
value between 150 and 200 mg/dl [43].

The use of blood products entails risks such as transfusion reactions or the trans-
mission of pathogens. Most reactions are considered minor and include nonhemolytic 
febrile reactions, hemolytic reactions, anaphylaxis, and TRALI (transfusion-related 
acute lung injury) or TACO (transfusion-associated circulatory overload). A clear 
understanding of these events and their therapeutic approach is most relevant 
because although transfusions are the main treatment in the reanimation of patients 
with obstetric hemorrhage, they may also increase the rate of complications and the 
duration of the in-hospital stay [44].

3.6 Deresuscitation and de-escalation

The final step in resuscitation is to deal with the consequences of the employed 
therapy in case large blood product and solution volumes were administered, a pro-
cess known as deresuscitation. This concept describes the active removal of fluid by 
ultrafiltration (UF) in patients with fluid overload. As soon as resuscitation is success-
ful, the de-escalation phase must begin, decreasing the volume of the administered 
solutions, be they crystalloids, blood products, or drugs, and promoting the early use 
of diuretics to maintain an overall balance of zero.

When the fluid balance negatively impacts an organ as in patients with difficult 
extubation, deresuscitation must be initiated; because of deleterious effects on organs 
such as the heart, lung, gastrointestinal tract, kidney, abdominal cavity, and central 
nervous system, several therapeutic strategies must be implemented, including the 
use of diuretics – loop diuretics, aldosterone antagonists, or thiazides are highly 
recommended [45].

In cases of resistance to diuretics, Chawla et al. have suggested using the furo-
semide stress test when acute kidney injury (KDIGO I-II) is suspected early in the 
patient’s course; a dose of 1–1.5 mg/kg is administered, the response is evaluated 
whereby diuresis should be apparent within the following 2 hours, and the use of 
ultrafiltration is recommended [46].

4. Complications

The mortality resulting from continuous massive hemorrhage is the result of 
metabolic complications and a general state of hypoperfusion that throughout the 
first 24 hours may trigger irreversible coagulopathy, prolonged bleeding, and in the 
worst-case scenario, multiple organ dysfunction and early death. Damage-control 
conservative resuscitation attempts to revert organ dysfunction and avoid the trauma-
lethal prognosis triad (hypothermia, acidosis, and coagulopathy) which could in turn 
partially or completely control hemorrhaging and preclude the development of a 
vicious circle in which the patient continues bleeding [47].

In obstetric hemorrhage, hypothermia is usually due to hampered cellular 
heat kinetics secondary to severe tissue hypoperfusion. It is usually worsened and 
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exacerbated by intraoperative heat loss resulting from inadequate preventive maneu-
vers such as the lack of intraoperative heated blankets, reanimation with cold crystal-
loid fluids, and perhaps most importantly, prolonged exposure of the open abdominal 
cavity during surgery. In this setting, aside from the significant bleeding, the patient’s 
course may be complicated by hypothermia-induced cardiac arrhythmias, a decrease 
in cardiac output, and an abnormal hemoglobin-oxygen dissociation curve that 
increases erythrocyte oxygen affinity and decreases its release into cells [48].

Metabolic acidosis, mostly resulting from anaerobic metabolism, and secondarily 
from increased blood lactate concentrations during obstetric bleeding, leads to a 
drop in intracellular and extracellular pH, which in turn causes hemodynamic failure 
and progressive organ and system shutdown. A pH < 7.2 worsens the cardiovascular 
function by increasing the amplitude of the systolic calcium transient, thus altering 
calcium binding to troponin C and decreasing its systolic properties [49].

Any specialist’s patients may require transfusions, but obstetric hemorrhage is one 
of the complications that most frequently warrants massive transfusions defined as 
the administration of 10 units or more of whole blood or packed red blood cells over 
24 hours. On rare occasions, ultramassive transfusions are needed and are defined as 
the need for more than 20 units of packed red blood cells over a 24–48-hour period. 
The main objective of a massive transfusion is to prevent the deadly results of criti-
cal complications relating to hypoperfusion while we attempt to achieve hemostasis. 
In the final phases, coagulopathy develops due to coagulation factor consumption 
and activation due to the hemorrhage per se and the administration of multiple 
transfusions; dilution, prolonged shock, hypoxia-induced acidosis, and hypothermia 
decrease the activity of coagulation factors. Another process resulting from multiple 
transfusions is metabolic alkalosis due to sodium citrate and citric acid in blood prod-
ucts. Hypocalcemia also develops as the metabolism of citrate generates 23 mEq of 
bicarbonate per blood unit and compromises oxygen delivery to cells. Hypocalcemia 
may also promote the development of arrhythmias with QT interval alterations that 
combined may lead to fatal outcomes [50].

Transfusion-related acute lung injury (TRALI), transfusion-related circulatory 
overload (TACO), and acute respiratory distress syndrome (ARDS) are characterized 
by pulmonary injury with accumulation of fluids in the interstitium, reflected as 
low- or high-pressure pulmonary edema depending on its origin. It is manifested as 
progressive respiratory failure with a high possibility of associated cardiopulmonary 
dysfunction and deadly cardiovascular outcomes. Despite the different conditions 
that can generate these complications, it is important to distinguish them as their 
etiology-directed management will lead to better results [51].

5. Conclusions

Obstetric hemorrhage is common in developing countries, accounting for less than 
3% of ICU admissions. However, its social impact implies that the resources available 
in the critical care area are used for correct resuscitation from shock to avoid fatality. 
The initial approach involves clinical skills to identify signs of tissue hypoperfu-
sion, restore cardiac output by initially administering volume, and quick and secure 
transport to ICU.

Detecting coagulation alterations is important because it involves identifying 
the blood component indicated to correct said alteration. In this way, the use of 
viscoelastic tests arises as an aid to limit the amount of blood products transfused, 
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without leaving aside the usefulness of classic tests that evaluate intrinsic and extrin-
sic pathways. The “less is more” care strategy is aimed at optimizing the use of time 
and therapeutic resources and thus limiting the complications of the use of large 
resuscitation volumes. All these are aimed at restoring DO2, microvascular perfusion, 
limiting endothelial damage, and preventing and reversing coagulopathy.

It is preferable to avoid fluid accumulation due to aggressive resuscitation, 
although not uncommon that it occurs. Deresuscitation implies the active elimination 
of fluid accumulation that causes alteration in organ perfusion, increased hydrostatic 
capillary pressure, impaired lactate clearance, and weaning failure, mainly with drugs 
and ultrafiltration. This last part of critical care has an impact in improving prognosis 
in obstetric patients.

“Less is more” implies the knowledge of available resources to identify, resuscitate, 
transport, assess, and treat hemorrhagic shock in obstetric patients.
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Chapter 3

Misoprostol, a Good Alternative 
for Preventing Postpartum 
Haemorrhage
De-Joseph Mibi Kakisingi

Abstract

Postpartum haemorrhage is the leading cause of maternal mortality. There are ways to 
prevent it and reduce the risk of maternal mortality. Oxytocin is the drug of first choice 
recommended by the WHO but poses problems in its conservation and management. 
Increasingly, misoprostol is recommended in place of oxytocin given the similar and 
sometimes superior results; it offers in preventing PPH and the ease of storage, transport, 
and ease of use that it offers. It offers comparison to oxytocin. Several studies have shown 
the effectiveness of misoprostol and its acceptance by both patients and medical staff.

Keywords: misoprostol, delivery, oxytocin, uterotonic, childbirth, postpartum 
haemorrhage, third stage of labor, active management of third stage, oxytocic drugs

1.  Introduction

Maternal mortality is a global public health problem, with approximately 830 
women dying every day worldwide from complications related to pregnancy or 
childbirth [1]. The maternal mortality ratio in developing countries in 2015 was 239 
per 100,000 births, compared to 12 per 100,000 in developed countries [2].

Postpartum haemorrhage (PPH) is one of the leading causes of maternal death in 
sub-Saharan Africa. In developing countries, postpartum haemorrhage is responsible 
for 30% of maternal deaths [3].

Despite the identification of risk factors, postpartum haemorrhage (PPH) is 
most often unpredictable. The main causes of postpartum haemorrhage are uterine 
atony, placental insertion anomalies, and coagulation disorders [4].

Risk factors include multiple pregnancies, fetal macrosomia, primigravida, grand 
multiparity, older age, preterm births, genital tract injuries, non-use of uterotonic for 
PPH prophylaxis, labor induction, cesarean delivery, and intrauterine fetal deaths a 
history of postpartum haemorrhage. Uterotonics are used both for the prevention and 
treatment of postpartum haemorrhage if the cause is obviously uterine atony. Since 
then, several uterotonics have been proposed, some being more effective than others. 
Among the uterotonics, some require more complex and rigorous storage conditions. 
The routes of administration are also different for most of them. The WHO standard 
is “All women should benefit from the administration of a uterotonic at delivery to 
prevent delivery haemorrhage” [5, 6].
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2.  Anatomical reminders

The pregnant uterus at term consists of three muscular layers of unequal values. 
Due to pregnancy changes, the myometrium loses its complexity and approaches the 
embryonic and tubal structure. The superficial layer is specific to the uterine body. 
It is thin, subperitoneal, formed by longitudinal bundles in the midline and oblique 
laterally. The deep layer is made up of two sub-layers which are sandwiched in an 
intermediate zone. During pregnancy, this intermediate zone is covered by a rich 
venous plexus and muscular bundles whose predominant direction is transverse. 
Furthermore, these muscle bundles adhere to and surround the vessels. Thus, dur-
ing contraction of the uterus the lumen of the vessels is erased. This device reduces 
haemorrhage to relatively small proportions of normal delivery.

Regarding vascularization, the uterine artery stretches, unwinds its turns, and 
increases its length, which triples or even quadruples. It is after delivery that the 
retraction of the uterine artery causes an increase in its caliber. It must be remem-
bered that the flow rate of each uterine artery reaches 300 ml/min at the end of 
pregnancy (Figure 1) [7].

3.  Physiological reminder

3.1  Physiology of the third phase of childbirth

Deliverance is the expulsion of the placenta and membranes from the genital tract. It 
progresses in three phases: placental abruption, expulsion of the placenta, and hemostasis.

Placental abruption phase: Placental abruption is dependent on uterine retraction 
which prepares it and uterine contractions which provoke it. Uterine retraction is 
a passive phenomenon, corresponding to the reduction in uterine volume during 
fetal expulsion. It results in an increase in thickness of the uterine walls respect-
ing the area opposite the placental insertion which remains thin. This results in a 
physiological intermingling of the placenta, essential for its separation. Uterine 

Figure 1. 
Muscle layers of the myometrium on a gravid uterus [7].
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contractions gradually increase in intensity. The physiologically enchatonated pla-
centa, the perimeter of which is surrounded by a thicker muscular ring, undergoes 
concentric pressures which tend to make it bulge toward the cavity Uterine. This 
creates detachments in places, which will quickly lead to a retro-placental hema-
toma. Retroplacental hematoma results in complete cleavage between the uterine 
decidua (Superficial layer of the gravid uterine mucosa) and the deep mucosa layer 
which, remaining undamaged, will be the basis for the subsequent regeneration of 
the uterine mucosa.

Phase of migration and expulsion of the placenta: Under the influence of uterine 
contractions and its own weight, increased by the blood retained by the mem-
branes still adhering to the uterine walls, the placenta falls into the lower segment 
which unfolds, lifting the uterine body. Then, the detached placenta then migrates 
through the cervix toward the vagina to be expelled to the vulva: Most frequently, 
through the fetal side of the placenta (BAUDELOCQUE mode), which occurs more 
often if the placenta is fundal or fairly high up; more rarely by its maternal side 
(DUNCAN mode), especially if it is low inserted. This method of delivery would 
promote complications (retained membranes, lower segment haemorrhage), 
requiring increased monitoring.

Uterine retraction phase: The phase of uterine retraction this time concerns the 
placental wound where it ensures hemostasis: the vessels are enclosed and closed 
by the contraction of the fibers Muscular; thrombosis occurring in these vessels is 
facilitated by coagulation factors, which are increased in late pregnancy. Blood loss is 
often underestimated.

3.2  Physiological hemostasis

Three factors are involved in uterine hemostasis:
Muscle factor: This is the most important mechanism because it is a fundamental 

locking system to stop bleeding. Hemostasis is essentially ensured by uterine retrac-
tion. The very strong retraction of the uterus closes the uterine vessels as they pass 
through the myometrium, closing the mesh of the plexiform layer. All the utero-
placental vessels which until then nourished the placenta bleed but by contracting, 
the uterus tightens these vessels, and the bleeding ends up decreasing. At the area 
of insertion of the placenta in particular, the maternal vessels will find themselves 
enclosed and collapsing by the active contraction of the fibers of the myometrium 
which create a true physiological tourniquet or “living Pinard ligature”. This is physi-
ological vascular ligation of Pinard. Compression of the spiral arteries therefore limits 
intrauterine haemorrhage while compression of the venous sinuses will prevent the 
intrusion of amniotic fluid, tissue debris, air, and thromboplastinic substances into 
the maternal circulation. This uterine retraction will only be possible after complete 
evacuation of the uterus. It is this mechanism, and not the coagulation process, which 
is responsible for the rapid cessation of bleeding, so much so that, if the hemorrhagic 
risk is significant, it is useful to amplify this mechanism using utero tonics to reduce 
blood loss less than 150 ml (“directed” or “assisted” delivery).

Vascular factors: Prostaglandins, released by the endometrium after placental 
abruption, cause vasoconstriction. This reflex vasoconstriction reduces both the 
caliber and the flow.

Hemostatic factor: This factor can only work if the other two (2) are pres-
ent. Thrombosis occurring in these vessels is facilitated by coagulation factors 
(fibrinogen, factors VII, VIII, and X) which are increased at the end of pregnancy.
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3.3  Hormones and hemostasis

The essential phenomenon which explains physiological hemostasis is the 
contraction of the uterine muscles which occurs after childbirth. This contraction 
is induced by the action of certain hormones both to induce labor and to control 
the rhythm of uterine contractions and after expulsion, to ensure hemostasis by 
compressing the vessels that remain open. Two hormones play an important role 
in this phenomenon. These are oxytocin and prostaglandin. Oxytocin is a peptide 
hormone best known for its role in childbirth and breastfeeding. It is released in 
large quantities by the pituitary gland during labor and causes contractions of the 
uterus to facilitate birth. It also stimulates contractions during the third stage of 
labor: the separation of the placenta from the uterine wall and the compression of 
the maternal blood vessels after placental expulsion. When uterine contractions 
are not strong enough to compress the blood vessels, postpartum haemorrhage can 
threaten a woman’s life. In this case, a woman will receive a utero tonic medica-
tion, to stimulate contractions and stop bleeding. Prostaglandins have recently 
appeared in the therapeutic armamentarium as an alternative to the surgical 
technique of hemostasis hysterectomy. Many authors have shown that plasma 
levels of endogenous prostaglandins reach a maximum at the time of delivery, 
5–10 min after birth, and thus play a crucial role in uterine retraction [7]. The 
action of prostaglandins is more powerful and earlier than that of methylergo-
metrine and oxytocin on the myometrium. Currently the mechanisms of action 
by which prostaglandins cause physiological hemostasis are known. Three types 
of prostaglandins are concerned: prostaglandins E2 and F 2 Alpha. These 2 types 
of prostaglandin are synthesized at the level of the amniochoreal membrane 
and the decidua. It crosses the placental barrier to trigger uterine contractions. 
Prostaglandin I 2 or prostacyclin is synthesized in the myometrium, and its role 
is to regulate uterine contractions. The uterine contractions induced by these two 
groups of prostaglandins will contribute to the regularity of labor and after the 
expulsion of the fetus and its appendages, to the reduction of haemorrhage by 
causing the uterine contractions which are at the origin physiological hemostasis 
by compression of the vessels.

4.  Prevention of delivery haemorrhages

Preventing postpartum haemorrhage remains an absolute priority in obstetrics. 
Prevention of PPH is essential outside of a maternity ward as well as in the delivery 
room. Physiological means as described above are not enough to guarantee effective 
hemostasis and avoid haemorrhage which is the leading cause of maternal mortality 
despite prevention and treatment. Among postpartum haemorrhages (PPH), those 
during delivery are the most dangerous. This fear is reinforced by the fact that they 
represent the leading cause of maternal mortality and that their preventable nature 
reaches 50–80%, hence the importance of prevention by means that are effective and 
easy to handle. However, it should be noted that a haemorrhage of 500–1,000 ml is 
generally well tolerated with a clinical impact often only apparent beyond 1,000 ml 
of blood loss [7]. The prevention and even the management of haemorrhages during 
delivery use the means which make it possible to amplify the phenomenon of uterine 
contraction to achieve ligation of the uterine vessels by the plexiform muscles. For this 
purpose, utero tonics are used.
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5.  A toned uterus

(An oxytocic) is a product/medication that increases the tone of the muscles of 
the uterus. It stimulates the contraction of the uterine muscles. Drugs such as oxy-
tocin and ergometrine have important uterotonic properties and have been used to 
treat uterine atony since their discovery. Oxytocin is the first-line medication for the 
management of postpartum haemorrhage. But more and more, misoprostol is used 
with results highly appreciated by many researchers.

5.1  Oxytocin and prevention of postpartum haemorrhage

SYNTOCINON® is a synthetic analogue of natural post-pituitary oxytocin. 
Oxytocin—or called oxytocin—is a cyclic nonapeptide. Physiologically, this hormone is 
synthesized by the hypothalamus, which projects its neuronal extensions into the poste-
rior pituitary gland. This is where ADH and oxytocin will be stored to be released into the 
bloodstream when needed. Throughout pregnancy, and especially in the third trimester, 
stretching of the uterus and cervix sends impulses through afferent fibers to the hypothal-
amus. The latter responds by synthesizing oxytocin and delivering it through the posterior 
pituitary gland. Furthermore, its secretion is increased by stimulation of the breast and 
is reduced by taking ethanol. Its half-life in plasma is 5–10 min, and it is degraded by an 
amniopeptidase or oxytocinase and is eliminated by the kidney. It is at the end of preg-
nancy where we see an increase in estrogen levels which, on the one hand, stimulates the 
synthesis of oxytocin receptor in myometrial cells, and on the other hand, antagonizes 
the influence of progesterone. This is how the effectiveness of oxytocin increases during 
gestation: the uterus becomes more and more sensitive to its presence, due to the multipli-
cation of receptors on the surface of muscle cells. Thus, oxytocin has the effect of acting 
mainly on the uterine smooth muscle and the mammary glands, by inducing an increase 
in the intracellular calcium concentration by stimulation of phospholipase C [1]. On the 
smooth muscle fiber, by increasing the intracellular calcium concentration, oxytocin 
increases the strength and frequency of muscle contractions. Indeed, once the hypothala-
mus is involved, positive feedback from oxytocin induces an increase in its secretion, and 
therefore, uterine contractions intensify and send feedback to the hypothalamus, and so 
on. Its action is coupled with that of prostaglandins, the synthesis of which by the placenta 
is induced by the secretion of oxytocin itself. It is therefore essential to avoid interfering 
with their production, for example, by using anti-prostaglandin drugs such as ibupro-
fen, which can then inhibit the first period of labor [8, 9]. Marketed under the name 
SYNTOCINON®, its composition is 5 IU of oxytocin per 1 mL ampoule.

5.1.1  Use in obstetrics and constraint

All women should benefit from the administration of a uterotonic during delivery 
to prevent PPH, and the recommended uterotonic is oxytocin (10 IU IV/IM). However, 
oxytocin requires a number of conditions for its conservation. The temperature sensi-
tivity of oxytocin in solution requires that the injectable product be supplied and stored 
under refrigerated (2–8°C) (it should never be frozen) or cool (<25°C) to minimize 
degradation of oxytocin and maintain quality. This condition involves heavy logistics 
and rigor in conservation. In developed countries, this is already a significant chal-
lenge. In many low-resource countries temperatures will exceed 25°C, and cold chain 
infrastructure may be lacking or unreliable [10]. In some developing countries, the 
manufacture of oxytocin is not regulated as in developed countries; in addition, it is not 
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always stored under proper temperature control, leading to deterioration of effective-
ness, especially when exposed to sunlight and high temperatures. Oxytocin exists in 
injectable form only and requires the use of sterile consumables such as syringes, infu-
sions, kits, etc., for its administration. It also requires the availability of trained medical 
personnel and medical supervision during its administration. Pain during injection is 
another factor that must be taken into account for the comfort of the patient.

5.2  Prostaglandins

Prostaglandins, natural and intrinsic substances, are revolutionizing all modern 
therapy. Since their discovery in 1913, they have continued to arouse a certain scientific 
curiosity on the part of researchers. In 1930, two American gynecologists, Kurszrok and 
Lieb, discovered that uterine strips from hysterectomized patients contracted or relaxed 
when exposed to human sperm [1]. A few years later, in 1934, Goldblatt in England and 
Von Euler in Sweden reported that seminal fluid and reproductive glands stimulated 
smooth muscle contraction. Von Euler identified the active material as a fat-soluble acid, 
capable of contracting certain smooth muscles and lowering blood pressure. He named 
this acid prostaglandin, believing that this hormone was secreted by the prostate. Von 
Euler’s discovery was logical: we now know that seminal fluid is rich in prostaglandins, 
of the order of mg per ml. Everywhere else, their concentration is of the order of ng per 
ml [7]. In 1957, Bergstrôm’s team isolated PGEl and PGFla in crystalline form. In 1964, 
this same team synthesized PGE2 from arachidonic acid. Therefore, numerous studies 
are devoted to the physiological effects of prostaglandins and make it possible to clarify, 
thanks to a series of discoveries, their role in the cardiovascular, digestive, respiratory, 
genitourinary systems, and the endocrine and nervous systems.

In 1968, Karim artificially induced labor in a woman, using an IV infusion of 
PGE2. But it was in the field of reproduction that prostaglandins aroused the interest 
of researchers in the 1970s. Their oxytocic properties and their action on the matura-
tion and dilation of the cervix therefore gave rise to great hopes concerning their 
application in evacuation of uterine contents, prevention of postpartum haemor-
rhage, the process of cervical ripening, and artificial induction of labor.

5.2.1  Mechanism of action of prostaglandins

• Membrane action

At the cellular level, the initial step in the response to endogenous or exogenous 
prostaglandins appears to be binding to specific membrane receptors or to certain 
intracellular sites. The action of prostaglandins is essentially membrane-based, with 
the basis of controlling the activity of adenyl cyclase and/or guanyl cyclase, to form 
cAMP at the origin of the biological response from ATP or GTP. Other membrane 
enzymes (ATP-ases in particular) see their activity modulated by prostaglandins which 
thus intervene on membrane permeability to Ca2+ ions, hence the generation and 
propagation of action potentials at the origin of muscle contraction (Figure 2) [9].

• Calcium and contractile system

The myometrial response consists of an increase in the frequency of phasic 
contractile responses and an increase in baseline tone. Phasic contractions depend 
on the transmembrane influx of Ca2+ ions associated with brush action potentials: 
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the ascending phase of the action potential is linked to the rapid entry of sodium and 
calcium. It is the concentration of intracellular calcium that regulates the contractile 
system. Calcium is essential for the establishment of uterine contraction, the sliding 
relative to each other of actin and myosin filaments requiring energy provided by 
hydrolysis of ATP. This hydrolysis is the result of a protein kinase having Ca2+ as a 
co-factor. Carsten demonstrated that for contractile proteins to be activated (by phos-
phorylation of a myosin light chain allowing the establishment of anchoring bridges 
between the myofilaments), the intracellular Ca2+ must be greater than 10-7 M [7].

On the other hand, the use of an inhibitor of an endoplasmic reticulum-dependent 
Ca2+-ATPase, tBHQ (2,5-di(tert-butyl)-1,4-hydroquinone), led to a drop in the flux 
extracellular calcium and consequently a cessation of muscle contractions in vitro [8].

• Messenger systems

The cellular mechanism of action of prostaglandins at the level of myometrial cells 
can be explained by considering on the one hand the fundamental role attributed 
to calcium, but also on the other hand by highlighting the role of other messenger 
systems regulating contractile activity: – PGE2 and PGI2 stimulate adenyl cyclase 
and cAMP, – Phosphatidyl inositol (PI) promotes Ca2+ movements, di-acyl-glycerol 
(DAG) activates phospholipase A2, the importance of which is known for the synthe-
sis of prostaglandins, and – Inositol tri phosphate (IP3), by mobilizing intracellular 
calcium, activates Ca2+-Calmodulin-dependent protein kinases (Carsten) (Figure 3).

Messengers: IP3 and DAG, according to Tournaire.
Finally, we will note the contradiction manifested by prostaglandins E which cause 

both a contraction of the uterine fibers and an increase in intracellular cAMP. (cAMP 
causes the activation of a cAMP-dependent phosphorylase kinase involved in the 
inhibition of myosin light chain phosphorylation, promoting relaxation) (Figure 4).

Aucune source spécifiée dans le document actif [9].

5.2.2  Misoprostol and prevention of postpartum haemorrhage

Misoprostol is a medicine from the prostaglandin family. It is a synthetic prosta-
glandin, analogous to natural PGE1. Formerly used in the treatment of ulcers stomach 

Figure 2. 
Cellular mechanism of action of prostaglandins [9].
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Figure 4. 
Mode of action of certain myocontracting or muscle-relaxing substances whose final point of impact is the cAMP 
system, according to Tournaire. Cliquez ou appuyez ici pour entrer du texte. Aucune source spécifiée dans le 
document actif [9].

Figure 3. 
Phosphatidyl inositol pathway with the second two [9]. PI, phosphatidyl inositol; PIP, phosphatidyl inositol 
4-phosphate; PIP2, phosphatidyl inositol 4-5-phosphate; PKC, protein kinase C; IP3, inositol triphosphate; DAG, 
diacylglycerol; DAG, diacylglycerol.
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and duodenum and to prevent or treat gastritis due to non-steroidal anti-inflamma-
tory treatment (NSAIDs). Today he has a double marketing authorization(AMM) for 
its use also in gynecology and obstetrics.

• Therapeutic action

In gynecology, at recommended doses, misoprostol causes contractions of the 
smooth muscle fibers of the myometrium and relaxation of the cervix. The utero-
tonic properties of misoprostol should facilitate the opening of the cervix and the 
expulsion of intrauterine debris. Through this mechanism, it allows hemostasis to be 
achieved also after childbirth. At recommended doses, misoprostol is not expected 
to cause cardiac, hepatic, or renal adverse effects. Misoprostol comes in tablets of 25 
and 200 μg. Its use in gynecology and obstetrics is very broad. It is used both in the 
termination of pregnancy, the induction of labor, and in the prevention and treat-
ment of postpartum haemorrhage. In the prevention of postpartum haemorrhage, 
doses of 200, 400, and 600 μg have been used according to the authors and research 
reaching similar conclusions but with different dose-dependent effectiveness. Studies 
using 600 μg had greater effectiveness in preventing postpartum haemorrhage. In the 
treatment of postpartum haemorrhage, FIGO recommends a dose of 800 μg.

• Use in obstetrics and advantages

Although the World Health Organization recommends the use of oxytocin for 
the prevention of PPH, the use of misoprostol is becoming more common due to its 
benefits in the management and treatment administration. Misoprostol, presented in 
tablet form, is indeed very easy to manage compared to oxytocin. Misoprostol does 
not need a cold chain, and it can be kept at room temperature below 25°C, which 
makes it easy to store and transport. Misoprostol can be stored for longer. It also 
offers several routes of administration. Misoprostol can be administered sublingually, 
rectally, and vaginally. Its administration does not require the presence of highly 
qualified personnel. At recommended doses, it has few side effects. For the treatment 
of postpartum haemorrhage, the rectal route is used when the sublingual route is 
impossible. A theoretical advantage of sublingual misoprostol could be better bio-
availability achieved by avoiding first-pass metabolism [11]. Misoprostol appears to 
be a good alternative, but there is insufficient data on the comparative effectiveness of 
oxytocin 10 IU IM and sublingual misoprostol, particularly at the recommended dose 
of 600 mcg, for the prevention of PPH during active labor management.

6.  Misoprostol, an evidence-based alternative

Oxytocin is rightly considered a first-line drug in the management of postpartum 
haemorrhage. This is because of the results obtained from its use and the fact that 
it is the most used medication throughout the world to prevent or treat postpartum 
haemorrhage. Misoprostol has been offered for several years as an alternative, espe-
cially in low-resource countries. Some practitioners remain skeptical, and scientists 
cite the absence of sufficient data to conclude. Since then, several studies have been 
conducted on the effectiveness of misoprostol in the prevention and management 
of postpartum haemorrhage. To be an alternative, misoprostol must provide at least 
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the same level of effectiveness as oxytocin to be ethically accepted. Several studies 
were then carried out to verify this. The studies whose results are presented in this 
chapter consisted of comparing the effectiveness of misoprostol versus oxytocin in 
the prevention of postpartum haemorrhage. The samples included two groups. One 
group consisted of women given oxytocin treatment to prevent postpartum haemor-
rhage, and the other consisted of women given misoprostol treatment for the same 
cause. A study conducted on a sample of 652 cases, by Ballad et al., found that sub-
lingual misoprostol was more effective than intramuscular oxytocin in reducing PPH 
[9]. A systematic review analysis carried out in Taiwan by Zümrüt Bilgin and Nuran 
Komürcü in 2019 that included 12 randomized controlled articles (n = 6290) con-
cluded that in the misoprostol group, the rate of blood loss >500 mL was lower than 
that in the oxytocin group (p < 0.05). Misoprostol was found to be more effective 
than oxytocin in 10 out of 12 studies [12]. Another study conducted in India between 
2012 and 2014, although on a small sample, noted a higher number of haemorrhages 
in the oxytocin group than in the misoprostol group [13]. A study conducted in the 
Democratic Republic of Congo, comparing misoprostol 600 μg sublingual to 10 IU of 
oxytocin IM in the prevention of postpartum haemorrhage, showed similar results. 
The study found that the proportion of PPH was higher in the group of women who 
received oxytocin 6.96% versus 2.87% in the group of women who received misopros-
tol (measured blood loss greater than 500 ml at 2 h).

After adjustment of this logistic regression model, a high probability of the occur-
rence of postpartum haemorrhages was noted in the groups of women who received 
oxytocin with a risk multiplied by 2.51 times that in the group of women having 
received misoprostol with a statistically significant difference (p < 0.001) [14]. Some 
studies have found that misoprostol is clinically equivalent to oxytocin when used to 
stop excessive postpartum bleeding suspected of being due to uterine atony in women 
who received oxytocin prophylactically at during the third phase of labor. A study 
done in Uganda in 2014 found a modest benefit from oxytocin compared to misopro-
stol. The Ugandan study found no significant differences in the rate of severe PPH, 
need for blood transfusion, postpartum hemoglobin, hemoglobin change, or use of 
supplemental uterotonics between the groups. study. The same study concludes that 
“the significant results between treatment groups also offer promising preliminary 
data that sublingual misoprostol at a dose of 600 mg is likely to be of significant 
benefit where oxytocin is not available”.

These studies found that sublingual misoprostol was more effective than intra-
muscular oxytocin in reducing PPH [15–17]. The sublingual mode and/or powder 
formulation may increase the effectiveness of misoprostol and make it superior to 
injectable oxytocin for the prevention of PPH.

Other studies with a different objective to these have been carried out in certain 
areas of Asia and Africa. Among these studies, some have studied the practicality of 
misoprostol use by midwives who attend home births. Others have studied the possibil-
ity of distributing it to pregnant women living in remote areas, who do not have access 
to health facilities and who most often give birth in their homes. These are critical situ-
ations which unfortunately still exist in certain corners of the world. In a study carried 
out in the North-East department of Haiti, on “access to misoprostol for the preven-
tion of postpartum haemorrhage at the level of health institutions and at home, the 
results clearly showed that the distribution community-based misoprostol is generally 
accepted by all stakeholders from the two municipalities. The satisfaction expressed by 
users of this product was also observed at all levels, whether providers, health workers, 
or community leaders. More than three quarters of women, or 79.2%, used misoprostol 
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correctly after childbirth. The results revealed that the majority of women who received 
misoprostol in ANC and who delivered at home used it correctly” (USAID).

Misoprostol is easier to distribute among the local population than a less stable 
injectable medicine, such as oxytocin, to prevent or treat severe bleeding in women 
after childbirth (postpartum haemorrhage).

7.  Conclusion

Misoprostol is a good alternative to oxytocin and offers more benefit in manage-
ment, use, and distribution. For the prevention of PPH, a single dose of 600 μg (3 
tablets of 200 μg) sublingual may be indicated, after the birth of the child, for the 
treatment of PPH secondary to uterine atony.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Recent Updates in Intensive Care Medicine

46

References

[1] Alkema L, Chou D, Hogan D, Zhang S, 
Moller AB, Gemmill A, et al. Global, 
regional, and national levels and trends 
in maternal mortality between 1990 and 
2015, with scenario-based projections to 
2030: A systematic analysis by the UN 
maternal mortality estimation inter-
agency group. Lancet. 2016;387:462-474. 
DOI: 10.1016/S0140-6736(15)00838-7

[2] Jacquot JM, Pouderoux P, Piat C, 
Strubel D. Prise en charge. Press 
Medicale. 2001;30:1645-1656

[3] Bagou G. Hémorragie du post-partum 
immédiat. Paris, France; 2012. Available 
from: https://www.sfmu.org/upload/70_
formation/02_eformation/02_congres/
Urgences/urgences2012/donnees/
articles_titre/fs_conf21_art02.htm

[4] Muñoz M, Stensballe J, Ducloy- 
Bouthors AS, Bonnet MP, De Robertis E, 
Fornet I, et al. Patient blood management 
in obstetrics: Prevention and treatment 
of postpartum haemorrhage. A 
NATA consensus statement. Blood 
Transfus. Mar 2019;17(2):112-136. 
DOI: 10.2450/2019.0245-18. Epub 
2019 Feb 6. PMID: 30865585; PMCID: 
PMC6476742

[5] OMS. Recommandations de l’OMS 
pour la prévention et le traitement de 
l’hémorragie du post-partum. 2014. 41 p. 
Available from: https://www.who.int/fr/
publications-detail/9789241548502

[6] WHO Recommendations for the 
prevention and treatment of post-
partum haemorrhage. 2014. 41 p. 
Available from: https://www.who.int/fr/
publications-detail/9789241548502

[7] Kamina P. Anatomie gynécologique et 
obstétricale. Paris: Maloine s.a. editeur; 
1979

[8] Atukunda EC, Siedner MJ, Obua C,  
Mugyenyi GR, Twagirumukiza M, 
Agaba AG. Sublingual misoprostol versus 
intramuscular oxytocin for prevention 
of postpartum hemorrhage in Uganda: A 
double-blind randomized non-inferiority 
trial. PLOS Medicine. 2014;11:e1001752. 
DOI: 10.1371/journal.pmed.1001752

[9] Hoarau M. Les prostaglandines 
en gynécologie-obstétrique: de 
l’interrruption de grossesse au 
déclenchement artificiel du tavail. 
Sciences Pharmaceutiques. 1997. 115 p. 
ffdumas-01344302f

[10] Lambert P, Nguyen TH, McEvoy C, 
Minhas RS, Wright P, Deadman K, et al. 
Quality of oxytocin ampoules available 
in health care facilities in the Democratic 
Republic of Congo: An exploratory 
study in five provinces. Journal of Global 
Health. 2018;8:020415. DOI: 10.7189/
jogh.08.020415

[11] Aziz S, Kazi S, Haq G, Soomro N. 
Oral misoprostol versus oxytocin in the 
management of third stage of labour. 
The Journal of the Pakistan Medical 
Association. 2014;64:428-432

[12] Rani PR, Begum J. Recent 
advances in the management of major 
postpartum haemorrhage—A review. 
Journal of Clinical and Diagnostic 
Research. 2017;11:1-5. DOI: 10.7860/
JCDR/2017/22659.9463

[13] Bellad M, Tara D, Ganachari M, 
Mallapur M, Goudar S, Kodkany B, et al. 
Prevention of postpartum haemorrhage 
with sublingual misoprostol 
or oxytocin: A double-blind 
randomised controlled trial. BJOG: 
An International Journal of Obstetrics 
and Gynaecology. 2012;119:975-986. 
DOI: 10.1111/j.1471-0528.2012.03341.x



Misoprostol, a Good Alternative for Preventing Postpartum Haemorrhage
DOI: http://dx.doi.org/10.5772/intechopen.1004726

47

[14] Mibi DJK, Nyakio O, Mbaya ÉI, 
Kakusu D, Musese MCN, Botalatala JB, 
et al. Comparative study of the efficacy 
of misoprostol and oxytocin Im in the 
prevention of post-partum haemorrhage 
in a low-resource setting. Open Journal of 
Obstetrics and Gynecology. 2023;13:983-
996. DOI: 10.4236/ojog.2023.135083

[15] Priya GP, Veena P, Chaturvedula L, 
Subitha L. A randomized controlled 
trial of sublingual misoprostol and 
intramuscular oxytocin for prevention 
of postpartum hemorrhage. Archives 
of Gynecology and Obstetrics. 
2015;292:1231-1237. DOI: 10.1007/
s00404-015-3763-5

[16] Gallos ID, Papadopoulou A, Man R, 
Athanasopoulos N, Tobias A, Price MJ, 
et al. Uterotonic agents for preventing 
postpartum haemorrhage: A network 
meta-analysis. Cochrane Database of 
Systematic Reviews. 2018;12:CD011689. 
DOI: 10.1002/14651858.CD011689.pub3

[17] Mousa HA, Blum J, Abou El 
Senoun G, Shakur H, Alfirevic Z. 
Treatment for primary postpartum 
haemorrhage. Cochrane Database of 
Systematic Reviews. 2014;9:CD003249. 
DOI: 10.1002/14651858.CD003249.pub3





49

Chapter 4

Updates in Acute Respiratory 
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Abstract

Acute respiratory distress syndrome (ARDS) is a clinical entity characterized by 
widespread pulmonary injury following an inciting event. ARDS was first recog-
nized in medical literature during the 1960s, and our knowledge of the disease and 
treatment has since then considerably advanced. The majority of patients who are 
diagnosed with ARDS ultimately require mechanical ventilation, and an estimated 
10–15% of patients admitted to the intensive care unit (ICU) meet diagnostic criteria 
for severe ARDS. In this chapter, we present a comprehensive overview of ARDS with 
emphasis on the definition, etiology, pathophysiology, phenotypes, and management. 
The impact of medical innovations and scientific advances on the evolving defini-
tion of ARDS is explored through discussion of the parallels between medicine and 
technology. This concept is then linked to the myriad of ARDS etiologies which share 
a similar pathophysiological foundation. Expanding on this idea, we will focus on 
the ever-changing management of ARDS; importantly, this chapter will scrutinize 
the various viewpoints regarding mechanical ventilation strategies, prone ventila-
tion, neuromuscular blockade, and extracorporeal membrane oxygenation (ECMO). 
This chapter concludes by discussion of prognosis and use of artificial intelligence in 
prognostication.

Keywords: acute respiratory distress syndrome (ARDS), acute hypoxemic 
respiratory failure, intensive care unit (ICU), mechanical ventilation, fluid therapies, 
neuromuscular blockade agents (NMBAs), extracorporeal membrane oxygenation 
(ECMO), prone ventilation, prognosis, practice guidelines

1.  Introduction

ARDS is a clinical syndrome that is characterized by acutely worsening hypoxia 
with bilateral pulmonary infiltrates present on chest imaging after an inciting pulmo-
nary injury [1, 2]. The COVID-19 pandemic has led to increased awareness and focus 
on ARDS due to the significant number of associated fatalities [2]. It is paramount 
to maintain a high index of clinical suspicion for ARDS in patients presenting with 
dyspnea, worsening hypoxemia, and characteristic findings on chest imaging to 
ensure prompt recognition and timely intervention. Unsurprisingly, up to 80% of 
patients who are diagnosed with ARDS will require mechanical ventilation, and an 
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estimated 10–15% of patients will be admitted to the ICU, meeting diagnostic criteria 
for severe ARDS [1, 3]. In this chapter, we will be discussing etiology, pathophysiol-
ogy, and management of ARDS. However, despite strides in diagnostic and therapeu-
tic modalities on a global scale, ARDS remains a formidable, life-threatening disease 
process with an unwavering high mortality rate. Therefore, management guidelines 
are evolving as newer therapies are being explored.

2.  Pathophysiology

2.1  Etiologies

The list of etiologies for ARDS is extensive and can be classified as infectious and 
non-infectious [1]. See Table 1. Sepsis is the most common infectious cause, while 
pancreatitis, aspiration of gastric contents, shock, and trauma are the most common 
non-infectious causes [1, 4]. There are several predisposing factors to ARDS such 
as smoking, alcohol, air pollution and genetics [5]. Genetic heterogeneity, although 
rare, may contribute towards sepsis. Haptoglobin variant Hp2 is an example of genetic 
association with risk of ARDS. This allele is predominant in 60% of people with 
European descent and thus subjecting them to an increased risk of ARDS [6].

2.2  Pathologic stages

ARDS develops through the activation of injury response pathways, involving 
inflammation and coagulation cascades, both locally in the lung and systemically [3, 
4]. The hallmark pathological finding is diffuse alveolar damage caused by neutro-
philic alveolitis and hyaline membrane deposition [5, 6]. The alveolar-capillary bar-
rier is formed by Type I (AEC I) and Type II alveolar epithelial cells (AEC II) which 
intersperse one another. Injury to AEC I hinders fluid transport across the epithelium 
leading to alveolar flooding, while damage to AEC II type II impairs surfactant 
production [7, 8]. It is important to recognize that high tidal volumes and inspiratory 
pressures can further this injury by subjecting poorly compliant alveoli to volutrauma 
and barotrauma highlighting the importance of proper ventilator management in 
ARDS patients [9].

Pulmonary causes (direct lung injury) Extrapulmonary causes (indirect lung injury)

• E-cigarettes, vaping

• Smoke inhalation

• Drowning

• Aspiration

• Pneumonia

• Pulmonary Contusion

• Ventilator-induced lung injury

• Neurogenic

• Ischemic reperfusion after lung transplantation

• Pulmonary endarterectomy

• Drug toxicity

• Transfusion-related acute lung injury

• Acute Pancreatitis

• Sepsis

• Trauma

• Fat/air embolism

Table 1. 
Causes of acute respiratory distress syndrome [1].
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Fluid-filled alveoli results in significant V/Q mismatch, inactivation of surfac-
tant, and alveolar collapse [7, 8]. Subsequently, incomplete differentiation of AEC 
I from transitional cells leads to pulmonary fibrosis [10]. However, a recent study 
using explanted tissue from patients who underwent lung transplantation secondary 
to ARDS showed organized transitional cells (i.e., cuboidal, partially spread, flat 
cuboidal cells) without evidence of fibrosis. This suggests the possibility of clinical 
recovery and may justify the rationale of adequate treatment support including the 
use of extra-corporeal membrane oxygenation (ECMO), especially if patient is a 
candidate for lung transplant [11].

The pathogenesis of ARDS is thought to progress through three different stages: 
diffuse alveolar damage, proliferative stage, and finally, fibrotic stage. Diffuse alveo-
lar damage usually happens in the first week of ARDS. By the time 2nd week of ARDS 
comes around, some degree of repair seems to start taking shape. In this prolifera-
tive stage, inflammation is resolved, neutrophils are removed, pulmonary edema is 
cleared, and alveolar-capillary membrane is restored.

However, when the inflammatory cascade persists, the myofibroblasts formed 
during the proliferative stage in the interstitium and responsible for deposition of 
extracellular proteins that help in repair, may lead to unabated fibrosis [12]. This 
process is like the process responsible for fibrotic damage in other organs, e.g., in 
kidneys [13].

2.3  Phenotyping

The process of grouping of ARDS into homogenous groups is called phenotyping 
and it aids in streamlining relevant treatment options [14]. Phenotypes can be further 
classified into sub phenotypes. This is a topic that needs considerable future research. 
Two sub phenotypes of biological and radiological origin are further described below.

Biologic phenotypes are further classified as hyper and hypo inflammatory. 
Hyperinflammatory sub-phenotypes have higher IL-6, IL-8, and TNF receptor-1 
but lower bicarbonate and protein C concentration as compared to hypo inflamma-
tory [15, 16]. Hyperinflammatory ARDS is associated with longer ICU stay, fewer 
ventilator-free days and higher 90- days mortality thus highlighting the importance 
of understanding the biological phenotypes in management [15, 16]. Radiologic 
phenotypes use the modality of computed tomography (CT) to further classify ARDS 
as diffuse and patchy loss of aeration vs. predominant dorsal-inferior consolidation. 
The former responds well to alveolar recruitment strategies while the latter has better 
outcome with proning [17]. A randomized control trial (RCT) showed personal-
ized treatment based on radiologic phenotyping decreased mortality by 10% [18]. 
In future, phenotyping may allow for individually tailored treatment strategies and 
hopefully, better outcomes [19].

3.  Diagnosis

Since its inception, the diagnostic criteria of ARDS have undergone many 
revisions. The 2012 Berlin definition, as noted in Table 2, played an essential role 
in providing feasible, reliable parameters that could objectively define ARDS. It 
improved the predictive validity for mortality compared to the previous definition by 
the American-European Consensus Conference (AECC) [20, 21]. The Berlin criteria 
improved specificity, established the severity of oxygenation, and acknowledged the 
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Figure 1. 
Evolution and timeline of ARDS diagnostic criteria [21, 22].

role of noninvasive ventilation (NIV) in mild ARDS. However, after global adoption, 
many limitations became clear—specifically, the exclusion of patients in locations 
where NIV or invasive ventilation is unavailable, the lack of noninvasive oximetry 
as equivalent to PaO2 on arterial blood gas (ABG), and the lack of high-flow nasal 
oxygen (HFNO) incorporation [20–22]. The results of the FLORALI trial have 
shifted the paradigm in favor of NIV in hypoxemic respiratory failure [22]. There are 
other limitations to Berlin 2012 definition, such as use of chest radiographs, which 
have compared poorly to CT chest (SN 0.73, SP 0.70, PPV 0.88, NPV 0.47) [20, 22, 
23]. Also, when Berlin criteria is matched with biopsies from patients, the criteria 
has low specificity for ARDS [21]. Finally, the mortality prediction is poor, but 
improved compared to AECC. Based on a meta-analysis of 4188 patients – Berlin ROC 
AUC = 0.577 compared to 0.536 for AECC [20]. The Kigali modification recognized 
these limitations and emerged to address practical constraints in resource-limited 
regions, yet it did not reach the global adoption seen by the Berlin definition [20, 21]. 
See Figure 1.

In 2023, the Matthay modification (Figure 1) aimed to rectify the known limita-
tions of the Berlin definition. Notable modifications include an extended onset of 

Timing • Within 1 week of known clinical insult or new respiratory symptoms

Chest imaging • Bilateral opacities not fully explained by effusions, lobar/lung collapse, or 
nodules (on chest x-ray or chest computed tomography)

Origin of edema • Respiratory failure not fully explained by cardiac failure or fluid overload.

• Requires objective assessment (e.g., TTE) to exclude cardiogenic pulmonary 
edema if no risk factors present

Oxygenation • Mild: PaO2/FiO2 200-300 mmHg with PEEP or CPAP ≥5 cm H2O

• Moderate: PaO2/FiO2 101-199 mmHg with PEEP ≥5 cm H2O

• Severe: PaO2/FiO2 ≤ 100 mmHg with PEEP ≥5 cm H2O

Abbreviations: CPAP: continuous positive airway pressure; FiO2: fraction of inspired oxygen; PaO2: partial pressure of 
arterial oxygen; and PEEP: positive end-expiratory pressure.

Table 2. 
Acute respiratory distress syndrome: Berlin criteria [20].
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opacities following the initial insult (1–2 weeks) to encompass more indolent diseases 
like COVID-19, incorporation of ultrasonography for detecting bilateral opacities 
addresses resource limitations in regions where CT imaging or chest X-rays may not 
be readily available, the use of SpO2/FiO2 as an alternative to the PaO2/FiO2 ratio, 
with the advantage of noninvasive pulse oximetry’s widespread availability, and 
lastly, the inclusion of non-intubated patients on HFNO who meet ARDS criteria, 
requiring at least 30 L/min, expanding the criteria for invasive or noninvasive 
 ventilation [21, 22].

4.  Ventilation

4.1  Non-invasive ventilation

NIV includes simple face mask, nasal canula, non-rebreather, HFNO, continuous 
positive airway pressure (CPAP), bilevel positive airway pressure (BiPAP) and helmet 
ventilation. It is used in patients with mild ARDS who are hemodynamically stable 
or severe ARDS if patient can maintain oxygenation without the need for intubation. 
However, a large observational study, LUNG SAFE trial showed use of NIV in patients 
with severe ARDS was associated with higher ICU mortality [24]. Another prospec-
tive study on NIV use in ARDS showed slower recovery in patients with pulmonary 
ARDS vs. extrapulmonary cause [25].

4.2  Mechanical ventilation

Most patients with ARDS end up requiring mechanical ventilation. There are 
certain evidence-based ventilation practices that are recommended in ARDS. We will 
visit them next.

4.2.1  FiO2

During and after intubation, care must be taken to prevent hyperoxia to further 
prevent collapse of alveoli with low V/Q ratio [26]. Adverse effects of oxygen are 
dose and duration of exposure dependent. For e.g., in rat models mortality rapidly 
decreases once fio2 is lowered from 100 to 85% [27]. While Fio2 is set at 100% 
initially, in accordance with ARDSNet, recommendation is to maintain saturation 
(SpO2) of 88–95% which corelates with an arterial oxygen tension (PaO2) between 
55 to 80 mmHg. The recommended goal is conservative oxygenation. No mortality 
benefit has been found in trials comparing conservative with liberal oxygen therapy 
targeting PaO2 90 to 105 mmHg: SpO2 ≥ 96% [28].

4.2.2  Low tidal volume ventilation

The gold standard approach of mechanical ventilation in ARDS has been laid 
down by the famous ARDSNet study (ARMA). It compared the use of standard tidal 
volume (Vt) of 12 mL/kg with low tidal volume ventilation (LTVV) between 4 and 
8 mL/kg while aiming for a plateau pressure (Pplat) ≤ 30 cm of H2O. The weight in 
kg is predicted body weight. The study showed a decrease in ventilator-induced lung 
injury (VILI) and 22% reduction in mortality [29]. Despite the compelling evidence, 
LTVV is underutilized. A prospective cohort in 2016 showed only 60% clinicians 
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successfully diagnosing ARDS and less than two thirds of those diagnosed received 
LTVV [1, 29]. One part of LTVV strategy is targeting high PEEP, and the other is 
keeping plateau pressure ≤ 30 mmHg.

4.2.3  PEEP

PEEP plays a key role in alveolar recruitment and oxygenation. As noted above, 
high PEEP is a part of LTVV. ALVEOLI and LOVS trials demonstrated the use of high 
PEEP. In ARMA trial, PEEP was high but set according to Fio2 [30, 31]. According to 
the ALVEOLI trial high PEEP improved oxygenation on Day 1 and Day 3 of admis-
sion but showed no difference in ventilator free days and mortality as compared to 
low PEEP. A meta-analysis showed mortality benefit when higher PEEP strategy was 
used without recruitment maneuver [32]. Another meta-analysis, a Cochrane review, 
showed reduced mortality in patients with moderate to severe ARDS but increased 
mortality in mild ARDS [33]. Based on these two meta-analyses, American Thoracic 
Society (ATS) made a conditional recommendation for the use of high PEEP without 
recruitment maneuvers in patients with moderate to severe ARDS [34].

There are many ways PEEP can be titrated such as using FiO2 as in ARMA trial, 
measuring esophageal pressures, looking at the inflection points on pressure-volume 
loops, using lung ultrasound or by calculating maximum oxygen delivery. No one 
measure has proven to be more beneficial than others. Optimal PEEP is still a matter 
of debate at this point. In general, it is recommended that initial PEEP be set at 5-8 cm 
of H20 for hypoxic respiratory failure and a higher PEEP but not higher than 34 cm of 
H20 for moderate to severe ARDS. The higher PEEP should be individualized based on 
patient’s compliance, oxygenation status and hemodynamics.

4.2.4  Recruitment maneuvers

To maintain or maximize alveolar oxygenation, recruitment maneuvers may be 
used. It usually means applying a positive pressure such as 35–40 cm of H2o for an 
extended duration, e.g., 20–40 seconds. Optimal time to apply recruitment maneu-
vers is when patient has derecruited such as after transport. Another such maneuver 
is Sigh Ventilation which is a cyclic maneuver. For this strategy, enough tidal volume 
is applied to produce a sufficient plateau pressure such as 35 cm of H2O every few 
minutes. The SiVent Randomized Clinical Trial was undertaken to figure out whether 
adding sigh ventilation improved clinical outcomes in patients with trauma who were 
at risk for ARDS. Although the trial did not suggest any difference in ventilator free 
days, prespecified secondary outcomes suggested mortality benefit [35]. Recently, 
there were two trials that evaluated the use of high PEEP applied for prolonged 
duration as a recruitment maneuver in ARDS patients. One trial found it increased 
mortality, and another found that it increased rates of cardiac arrythmia, but neither 
found any benefit [36, 37]. Based on these trials, ATS recommended against the use of 
lung recruitment maneuvers in moderate to severe ARDS [34].

4.2.5  Modes of ventilation

The two common modes of ventilation are Volume (VC) vs. Pressure Control 
(PC). Evidence does not support one mode over another. The preference usually 
comes down to practice pattern. The goals are to minimize patient’s work of breath-
ing with the hope that will further prevent cascading inflammation and decrease the 
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ongoing acute lung injury, aim for LTVV, keep airway pressures (plateau and driving 
pressures) in check to prevent further ventilation induced lung injury and prevent 
hyperoxia as described above.

There is another mode, Auto Pressure Release Ventilation (APRV) that is 
sometimes used in practice. The concept of APRV revolves around a specific time 
switching mode alternating between long duration of high airway pressure (T high) 
and short duration of low airway pressure (T low). By using the biphasic Positive 
airway pressure (BIPAP), APRV may help reduce barotrauma by minimizing alter-
nating recruitment and de-recruitment of alveoli. Other advantages may include 
increased functional residual capacity, unrestricted spontaneous breathing resulting 
in improved ventilation/perfusion(V/Q ) mismatch and decreased need for sedation 
and neuromuscular blockade [38–40]. A single center randomized controlled trial 
by Zhou et al. showed superiority of APRV over LTVV in terms of improving oxy-
genation and compliance, decreasing plateau pressure, and reducing the duration of 
mechanical ventilation and ICU stay in patients with ARDS [41]. There is still a dearth 
of solid data in medical patients to recommend usage of APRV over LTVV. However, 
it may be a suitable ventilation strategy in selective patients and may be useful 
depending on the experience of the providers.

4.2.6  Respiratory rate

In addition to LTVV at 6 mL/kg, the initial respiratory rate (RR) is set at ≤35, 
adjusted to meet the demands of minute ventilation (commonly ranging between 14 
and 22 breaths/minute) [29]. Respiratory rate is an integral part of mechanical power 
which is discussed below.

4.2.7  Driving pressure and mechanical power

Driving Pressure (DP) calculation is useful in patients with moderate to severe 
ARDS. DP is equal to ventilator measured Pplat minus applied positive end-expiratory 
pressure (PEEP) or Tidal volume (VT)/ respiratory system compliance. A retrospec-
tive analysis of nine trials including 3562 patients on mechanical ventilation for ARDS 
proved that DP was the best predictor of survival when compared to VT, PEEP and 
Pplat. A DP increase in 7 cm of H2O was associated with increased mortality [42]. 
Usually, a target DP of < or = 14 cm of H2O has shown clinical benefits [43].

Lately, a unifying concept has emerged-Mechanical Power (MP). In simple words, 
it is the collective energy delivered by the ventilator to the patient. Therefore, it can be 
hypothesized that lower MP may increase the odds for better outcomes.

The mechanical power in Volume and Pressure Controlled mode are described in 
the following equations (Eqs. (1) and (2)):

 ( ){ }= D + + + Dé ùë û
2

rs awVC : MP RR. V . 1 / 2.EL RR. 1 I : E / 60.I : E.R V.PEEP  (1)

where ∆V is the tidal volume, ELrs is the elastance of the respiratory system, I:E is 
the inspiratory-to-expiratory time ratio, and Raw is the airway resistance [44].

 ( )* * * * * *é ù= + Dë ût inspPC : MP 0.098 RR V PEEP P 1 – e – Tinsp / R C   (2)
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where 0.098 is a conversion factor to J/min, RR is the respiratory rate in 
beats/min, Vt is the tidal volume in L, PEEP is the positive-end expiratory pressure in 
cmH2O, ∆Pinsp is the inspiratory pressure in cmH2O, Tinsp is the inspiratory time in s, R 
is the resistance in cmH2O/L/s and C is the compliance in L/cmH2O [45].

To figure out each ventilator variable’s impact, 4549 patients from a pooled 
database were analyzed [26]. Results showed only two variables, DP, and RR, had a 
significant association with mortality. The effect of every 1 cm H2O increase in driv-
ing pressure produced 4 times the effect of increase in each breath/min of RR. This 
can be summed into a bivariate model represented by the equation: {(4*DP) + RR}; 
this was a significant predictor of mortality even more so than mechanical power and 
may hold the independent variables that truly predict mortality in the mechanical 
power equation [26].

Chiumello et al. derived simplified equations for both VC and PC that can be 
used for bedside calculation and found they had good correlation with the above-
mentioned equations [46]. The equations are described below (Eqs. (3) and (4)).

 { }*= + +VC : MP VE Peak Pressure  PEEP  Inspiratory flow( / 6) / 20  (3)

where VE is the minute ventilation expressed in l/min. Peak pressure and PEEP are 
expressed in cmH2O.

 * * * é ù= + Dë ût inspPC : MP 0.098 RR V PEEP P  (4)

where 0.098 is a conversion factor from cmH2O l min−1 in J/min, RR is the respira-
tory rate, and Vt is the tidal volume in liters. PEEP and ΔPinsp is the pressure (cmH2O) 
above PEEP during pressure-controlled ventilation.

In a proof-of-concept study, Petra J et al., showed that VC without pause time had 
the lowest mechanical power [47]. Overall, mechanical power remains an exciting 
concept that may offer a unifying variable that can be targeted to decrease the risk of 
VILI. Further research will be needed to validate this concept for bedside use.

4.2.8  Side effects of mechanical ventilation

The four common pathophysiological mechanisms associated with VILI include 
atelectrauma, barotrauma, volutrauma and biotrauma [48]. Atelectrauma involves 
damage to the alveolar unit caused by high-shear forces that help in the recruitment 
of alveoli. Interalveolar septae and fluid-filled nonaerated alveoli mediate the defor-
mation of neighboring alveolar units, resulting in trauma [48]. Barotrauma is caused 
by high lung inflation pressure, leading to regional overdistention of the alveolar 
unit resulting in alveolar rupture, pneumothorax, pneumomediastinum, and subcu-
taneous emphysema. Volutrauma results from alveolar over-distension. Biotrauma 
results from the release of cytokine and inflammatory mediators due to mechanical 
injury. This not only affects normal and diseased lungs, but may result in multi organ 
dysfunction [48, 49].

LTTV is associated with potential side effects including but not limited to hyper-
capnia, auto-PEEP, ventilator dyssynchrony and as previously described, VILI. 
Hypercapnic respiratory acidosis is the result of alveolar hypoventilation to avoid 
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overdistention. Studies have shown that permissive hypercapnia may be beneficial 
when LTVV is applied [50].

Theoretically, LTVV needs a higher respiratory rate which may result in auto-
PEEP due to insufficient time of expiration. Subgroup analysis from ARDSNet trial 
detected insignificant auto-PEEP (needs source). LTVV may result in increased work 
of breathing that may result in increased sedation requirement at the initiation of 
LTVV. The need for increased sedation does not usually persist [51].

A common phenomenon experienced in one quarter of mechanically ventilated 
patients is dyssynchrony described as incongruity between the patients’ breathing 
efforts and ventilator- delivered breaths [52–54]. Factors affecting dyssynchrony can 
be divided into patient- centered and ventilator centered. Patient’s factors include 
respiratory drive and lung mechanics (compliance and airflow resistance). Ventilator 
factors include respiratory rate, inspiratory flow, and trigger sensitivity. Double 
triggering (breath stacking) commonly seen in ARDS occurs when the second breath 
is taken before the ventilator completes the first breath [55]. Increasing the VT while 
maintaining the 4 to 8 mL/kg and recommended Pplat may help with the problem. 
Ineffective triggering results from a failed effort on patient’s part to trigger the venti-
lator and may suggest presence of auto PEEP. Reverse triggering involves mechanical 
ventilation induced contractions. Decreasing sedation, increasing sedation, neuro-
muscular blockade or adjusting the respiratory rate or tidal volume may help alleviate 
some of the problems.

5.  Fluids

Fluids are a common topic of discussion in ARDS, and in the past have often been 
the source of some controversy. Studies have shown that a conservative, rather than 
a more liberal approach, leads to more favorable outcomes [56, 57]. Given increased 
vascular permeability, a conservative approach to fluids is needed, with the goal of 
minimizing or eliminating a positive fluid balance, if patients are hemodynamically 
stable [57]. Although difficult to achieve in clinical practice, literature suggests aim-
ing for a central venous pressure (CVP) of <4 mmHg or a pulmonary artery occlusion 
pressure (PAOP) of <8 mmHg [56]. Conservative fluid strategy, consisting of fluid 
restriction and use of diuretics, leads to improvement in oxygenation index, lung 
injury score and increased numbers of ventilator-free days and ICU-free days [57]. 
Although a clear mortality benefit has not been proven, retrospective data suggests 
a positive fluid balance is associated with increased 30-day mortality compared to a 
negative fluid balance [57, 58]. The high-inflammatory phenotype, which is associ-
ated with higher mortality, seems to benefit from conservative fluid strategy the 
most [58].

6.  Prone ventilation

Prone ventilation is a technique in which ventilation is delivered while a patient is 
placed in a prone position. Prone position reduces the difference between dorsal and 
ventral transpulmonary pressure, recruits alveoli that collapse during supine ventila-
tion and decreases medial posterior lung compression [59, 60]. These effects improve 
ventilation and oxygenation by increased lung recruitment [60]. Proning may also 
decrease systemic inflammation.
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Current recommendations stemming from PROSEVA trial suggest that after a 
12–24 hours of stabilization period with supine ventilation, prone ventilation can 
be initiated for up to 36 hours for patients with severe ARDS [61]. Per the PROSEVA 
trial, the mean duration of time in prone position was 17 hours per session with 
an average of 4 sessions. Most patients who show a response to prone positioning 
usually do so within the first hour after being placed into the prone position [61]. 
A response can be [determined] via improvement in ABG of >10 mmHg PaO2 on 
ventilator after 1 hour or notable increase in lung compliance based on a decrease in 
plateau pressure [62].

PROSEVA trial showed decrease in mortality in patients with severe ARDS who 
undergo prone ventilation [61]. It also showed improvements in ventilator-free days 
and time to extubation. Proning does not seem to prevent organ dysfunction or 
lead to reduced ICU stay [61, 62]. Several meta-analyses concur on the findings of 
PROSEVA trial, with one meta-analysis even reporting that proning of 12 hours or 
more in patients with severe ARDS led to lower mortality [63]. This suggests that at 
least 12-hours of proning session daily is sufficient to provide benefit of reducing 
mortality [63].

Contraindications and complications of proning are outlined below in Table 3 
[63]. Of note, use of prone positioning in an ICU is a labor-intensive process as staff 
need experience and training as they should be able to quickly put patient back into 
supine positioning, for e.g., to perform cardiopulmonary resuscitation [64].

In the light of COVID-19 pandemic, prone positioning in awake patients who are 
not intubated has garnered much attention. Recent data shows that prone positioning 
reduced the need for intubation for patients with COVID-19 induced acute hypoxemic 
respiratory failure and should be used in patients with COVID-19 that are in the ICU 
or are requiring advanced respiratory support [65]. Awake COVID-19 patients who 
are on supplemental oxygen but do not require mechanical ventilation may not have 
the same clinical benefits from prone positioning and have a high probability of worse 
clinical outcomes [65]. Therefore, prone positioning should not be used on all patients 
with COVID-19 but rather, be individualized based on degree of hypoxic respiratory 
failure. The considerations for initiation of the use of prone positioning, the length 
and its discontinuation in COVID-19 patients are like non-COVID-19 ARDS patients. 
However, prone positioning in awake patient does not have enough data to extrapolate 
to those with non-COVID ARDS and further trials are called for [66].

Absolute contraindications Relative contraindications Complications

• Spinal instability, including 
patients at risk of spinal instabil-
ity (i.e., History of rheumatoid 
arthritis)

• Unstable fractures

• Anterior burns

• Open wounds in places that would 
limit proning

• Pregnancy

• Acute bleeding

• Severe hemodynamic instability 
(i.e., on multiple pressors) such that 
patient is not able to tolerate change in 
positioning

• Active arrythmias that may require 
cardioversion

• Recent thoracic &/or abdominal 
surgeries

• Pressure injuries

• Facial edema

• Transient reduc-
tion in oxygen 
saturation

• Transient 
arrhythmias

Table 3. 
Contraindications and complications of prone ventilation [63].
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Recently completed, PRONECMO trial concluded that prone ventilation did not 
significantly reduce time to successful weaning of ECMO for patients with severe 
ARDS supported by VV-ECMO when compared to supine position [67].

7.  Steroids

The proposed indications glucocorticoid in ARDS varies among professional soci-
ety guidelines. It is widely accepted that glucocorticoids, specifically dexamethasone, 
are likely to benefit patients with moderate to severe ARDS during the early course of 
disease. Before the DEXA-ARDS trial in 2020, many studies had demonstrated fewer 
ventilator days and shorter ICU length of stay with steroid use [68]. This was further 
supported by the DEXA-ARDS trial in 2020 which once again showed that in patients 
with moderate to severe ARDS as defined by PaO2/FiO2 of 100–200, early dexametha-
sone usage improved ventilatory-free days and decreased mortality [68]. The inter-
vention of DEXA-ARDS, which dictates most of current practice, was dexamethasone 
20 mg IV daily for days 1–5, followed by 10 mg daily from days 6–10; following 
extubation, dexamethasone was stopped [68]. It should be noted that steroids should 
not be used in Influenza related ARDS as it is associated with higher mortality [69].

8.  Neuromuscular blockade

The mitigating effects of neuromuscular blockade agents (NMBAs) on inflammation, 
oxygen consumption, and ventilatory dyssynchrony intrinsic to the pathophysiology 
of ARDS have long been theorized. However, earlier research has not substantiated this 
hypothesis. Despite its arguable potential, the widespread adoption of NMBAs among 
ICUs is still limited, presenting an intriguing avenue for further investigation.

The first multicenter trial was ACURASYS 2010 [70]. It showed that in patients 
with severe ARDS (i.e., PaO2/FiO2 ≤ 120 mmHg), the use of cisatracurium improved 
adjusted 90-day mortality and increased ventilatory-free days. However, no statisti-
cally significant difference was seen in crude 90-day, 28-day, in-hospital, or ICU 
mortality rates. Furthermore, whether cisatracurium or heavy sedation caused these 
differences could not be concluded as all patients were heavily sedated.

The second multicenter trial was ROSE in m019 [71]. See Table 4. It random-
ized patients with moderate to severe ARDS (i.e., PaO2/FiO2 ≤ 150 mmHg) with 
PEEP of ≥8 cm H2O to receive cisatracurium vs. placebo randomly, but the trial 
stopped early after enrolling 1006 patients due to futility. ROSE 2019 concluded 
that compared to placebo, cisatracurium did not significantly reduce 90-day 
in-hospital mortality (42% cisatracurium vs. 43% control; P = 0.93). Furthermore, 

ROSE ACURASYS

Prone ventilation • 15.8% • 44.8%

Sedation targets • Light sedation • Heavy sedation

PEEP strategies • Higher • Lower

Abbreviation: PEEP = positive end-expiratory pressure.

Table 4. 
Differences between ROSE and ACURASYS trials [70, 71].
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secondary outcomes at day 28 (e.g., in-hospital mortality, ventilatory-free days, 
and ICU-free days) also showed no significant difference. Moreover, the cisatra-
curium group had significantly more complications of ICU-acquired weakness 
and serious adverse cardiovascular events [71]. ROSE not only cast doubt on the 
beneficial effects of early NMBAs for patients with moderate to severe ARDS but 
also suggested potential harm.

European Society of Intensive Care Medicine (ESICM) published its guidelines 
in 2023 and recommended against the routine use of NMBAs in moderate-t0-severe 
ARDS [72]. ESICM noted that given differing ventilatory approaches between the two 
trials and heavy use of sedation in ACURASYS, NMBA cannot be recommended in 
ARDS patients.

9.  Extracorporeal membrane oxygenation (ECMO)

Despite the other evidence-based modalities mentioned in this chapter, severe 
ARDS is still associated with high mortality [73]. In the last decade, with the wide-
spread adoption of ECMO around U.S., it has become an intervention that is often 
considered for patients with severe ARDS. However, lack of universal availability of 
ECMO and limited circuits of ECMO at ECMO centers has prevented ECMO from 
becoming a routine standard of care for patients with severe ARDS.

COVID-19 pandemic has accelerated the use of ECMO [74]. The goal of imple-
menting ECMO in ICU care is to provide advanced mechanical life support to patients 
with acute respiratory or cardiac failure [75]. This support is achieved by draining 
deoxygenated blood from the venous system via cannulation, pumping the blood 
through a membrane that facilitates oxygen and carbon dioxide exchanges, and 
returning the newly oxygenated blood to the body for circulation and organ perfu-
sion. The two most utilized ECMO cannulation strategies are venovenous (VV) 
and venoarterial (VA), which provide isolated respiratory support and combined 
cardiopulmonary support, respectively [75]. In the setting of ARDS, VV ECMO is 
the strategy that is commonly implemented. Because of this, the current landmark 
trials evaluating implementation of ECMO in ARDS have focused on VV cannulation 
(Figures 2 and 3).

9.1  The ECMO trials

CESAR (Conventional Ventilation or ECMO for Severe Adult Respiratory Failure) 
trial showed a statistically significant improvement in survival rates by 33–35% 
without disability in the group evaluated for ECMO when compared to conventional 
ventilation [76]. The other trial, EOLIA (ECMO to Rescue Lung Injury in Severe 
ARDS) randomized patients to conventional ventilation or VVECMO in severe 
ARDS [77]. It showed no mortality benefit. However, multiple secondary outcomes 
did show significant improvement with the early ECMO intervention group. These 
outcomes included ICU length of stay, days free from mechanical ventilation, and 
days free from renal replacement therapy. In the intention-to-treat analysis, mortal-
ity at 60 days was 35% (44 out of 124) in the ECMO arm and 46% (57 out of 125) in 
the control arm; a relative risk of 0.76 (95% CI 0.55–1.04) with p-value of 0.09. This 
meant an absolute risk reduction of 11% in the ECMO arm, but this did not reach sta-
tistical significance [77]. A post hoc analysis of EOLIA trial showed mortality benefit, 
but the range of benefit varied depending on the analysis [78].



61

Updates in Acute Respiratory Distress Syndrome
DOI: http://dx.doi.org/10.5772/intechopen.1004721

Subsequently, two meta-analyses comparing the two trials showed mortality 
benefit for VVECMO in severe ARDS and one meta-analysis showed improvement in 
cardiac, renal, and neurological dysfunction (Table 5) [81, 82].

Figure 2. 
Common cannulation strategy for veno-venous ECMO [75].

Figure 3. 
Common cannulation strategy for veno-arterial ECMO [75].
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9.2  ESICM guidelines for ECMO in ARDS

In 2023, ESICM gave updates to their 2017 clinical practice guidelines on the 
management of ARDS. In their discussion on ECMO’s role in ARDS, the society gave 
recommendations for selecting proper patient for ECMO [72]. The guidelines gave 
a strong recommendation for patients with severe ARDS not due to COVID-19 to be 
treated with ECMO with management mirroring the EOLIA trial. While noting a low 
level of evidence, they also extended this recommendation to patients with severe 
ARDS due to COVID-19 since a randomized control trial of ECMO in severe ARDS 
due to COVID-19 is unlikely to occur. This decision was guided by multiple obser-
vational studies in COVID-19 patients that suggested improved short-term survival 
with ECMO. However, the available data did not show significant differences in 0-to-
90-day mortality (Table 6) [72].

10.  Prognostication

Various prognostication models have been developed over the years. The predic-
tive values of disease-, patient-, and management-related factors have been studied, 
yet none reign supreme. For example, the Murray Lung Injury Score, the PaO2/FIO2 
ratio, and the Oxygenation Saturation Index [80]. Recently, two studies have tried to 
take another evidence-based approach to this.

In 2021, the Stratification for Identification of Prognostic Categories In the Acute 
RESpiratory Distress Syndrome (SPIRES) Score was formulated. SPIRES identified 
three variables: patient’s age, number of extrapulmonary organ failures, and the 
PaO2/FiO2 ratio assessed at 24 hours of ARDS diagnosis. Those variables predicted 
ICU mortality significantly better than many previously proposed models, such as the 
PaO2/FiO2 ratio alone or the SOFA assessment scale [80].

In 2023, the Predicting ICU Mortality in Acute Respiratory Distress Syndrome 
Patients Using Machine Learning: The Predicting Outcome and STratifiCation of 

CESAR trial EOLIA trial

Issues with blinding and standardization of treatment 
protocols. The control group did not receive uniform 
treatment, leading to variability in care. Some 
participants referred for ECMO did not receive it, 
affecting the study’s validity [79].

Underpowering of the study. High crossover rate 
to ECMO in control group may have affected 
outcomes. Variability in ECMO implementation 
across centers raised concerns about consistency 
[80].

Table 5. 
Criticisms of landmark ECMO trials [76, 77].

Indication Criteria for ECMO in ARDS

Severe ARDS with PaO2/FIO2 < 80 mmHg for more than 6 hours

PaO2/FiO2 < 50 mmHg for more than 3 hours

pH <7.25 with PaCO2 > 60 mmHg for more than 6 hours

Table 6. 
Indication criteria for ECMO in ARDS per ECISM, implemented directly from the inclusion criteria of the 
EOLIA trial [72].
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severity in ARDS (POSTCARDS) Study was published. POSTCARDS used a machine 
learning program (MLP) and identified seven variables listed in Table 7 with the 
highest predictive accuracy for 24-hour ICU mortality performance was comparable 
to traditional methods [83]. The POSTCARDS study did note that two different MLP 
did not outperform the SPIRES scoring system (AUC, 0.91; 95% CI, 0.82–0.91; SN, 
0.85: SP0.84).

11.  Complication, Prognosis & Long-term Outcomes

11.1  Complications

Since ARDS patients often end up requiring mechanical ventilation and intensive 
care unit (ICU) admission, they are at risk for VILI, nosocomial infections, such as 
ventilator-associated pneumonia, critical care myopathies, venous thromboembolic 
events, stress ulcerations, decreased nutrition and delirium [84–86]. These complica-
tions are likely multifactorial in nature; however, they lead to high morbidity and 
mortality in these patients.

11.2  Mortality

The Lung Safe study directly observed the outcomes of patients who had ARDS. 
Patients had a median duration of 8 days of ventilation, ICU stay of 10 days and 
total hospital stay of 17 days [84]. Mortality was directly proportional to the sever-
ity of the ARDS with 35% mortality for mild ARDS increasing up to 46% mortality 
for patients with severe ARDS [84–86]. Comparing ICU patients, ARDS increased 
mortality rate by 15% compared to those who did not have ARDS in the ICU [87]. 
Mortality is also increased in patients with ARDS in low-income and middle-income 
countries when compared to high-income countries [88]. Most of the deaths in the 
first 3 days are related to the underlying cause and later deaths were mostly attrib-
uted to sepsis [88, 89].

11.3  Outcomes in survivors

Among the survivors of ARDS, the cardiopulmonary function often reaches back 
to baseline by 6 months after the initial lung injury. Patients are, however, usually 
left with new or worsening cognitive, psychiatric, and physical deficits [88]. Severity 
of ARDS and resulting hypoxemia is associated with increased risk of cognitive defi-
cits, including executive reasoning, verbal reasoning, memory issues and attention 
deficits [88]. There is an increase in depression, anxiety, and post-traumatic stress 

7 Potential Predictors Identified in POSTCARDS

• Age

• Cancer

• Immunosuppression

• Baseline & 24 hr Pplat

• PaO2/FIO2 ratio

• Inspiratory plateau pressure

• Number of extrapulmonary organ failures

Table 7. 
Predictors in POSTCARDS study [83].
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disorder (PTSD) reported in survivors [90]. The physical deficits include reduced 
exercise tolerance and increased disabilities, are further complicated by muscle 
weakness [89, 90]. There are also reports of increased hospital readmissions for up to 
40% of survivors, including a third who need ICU admissions [91]. Overall, ARDS 
survivors experience noticeable decline in quality of life. Growing evidence shows 
that survivors may benefit from multidisciplinary-led post-intensive care clinics with 
regular intervals of follow-ups to help optimize functional status of the patient [92]. 
Further research is warranted into methods to improve outcomes for these patients, 
including the benefits of recovery programs and support groups.

12.  Conclusion

Acute respiratory distress syndrome diagnosis does not adequately describe what 
the syndrome is. While the patient is typically in respiratory distress due to this syn-
drome, the diagnosis usually means acute diffuse lung injury with imaging showing 
bilateral infiltrates, blood gas showing severe hypoxia and/or hypercapnia while the 
pathology shows diffuse alveolar damage. It can portend significant morbidity and 
mortality. As we touched on, regardless of how ARDS is defined, and definitions are 
evolving, there are certain golden rules for treatment. NIV, Proning, ventilation with 
LTVV while keeping Pplat < 30 mmHg and DP <15 mmHg, steroids, restrictive fluid 
usage and ECMO are the usual interventions available. Our understanding of ARDS 
and its pathophysiology is evolving. There is increasing attention being given to ARDS 
phenotypes. On this front, much research remains to be done. The management and 
understanding of ARDS remains a dynamic and complex topic, further necessitating 
a multidisciplinary approach with prudent application of evidence-based strategies. 
Future research is likely to shift the current paradigms dramatically.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Ventilator-associated pneumonia accounts for 60% of healthcare-associated 
infection deaths. It results from invasion of the lower respiratory tract by microorgan-
isms and affects patients 48 hours after they have been intubated and have received 
mechanical ventilation. Prompt diagnosis using a combination of clinical, radio-
graphic, microbiological, and laboratory assessment can help prevent exacerbation 
of symptoms and provide immediate treatment. Usage of antibiotics for therapy has 
proven clinically useful; however, emerging resistance of microorganisms to these 
medications has been continuously evolving. This article focuses on amikacin and 
how its emerging role in treating VAP has improved patient outcomes and increased 
their chances of recovery with minimal adverse effects.

Keywords: amikacin, antibiotics, management, ventilator-associated pneumonia, 
hospital-acquiredds

1.  Introduction

Ventilator-associated events (VAEs) are mainly caused due to pneumonia, fluid 
overload, ARDS, and atelactasis, and about 40% of ventilator-associated pneumo-
nias (VAP) meet the criteria for VAE [1]. VAP manifests as pneumonia occurring 
more than 48 hours subsequent to patients undergoing intubation and mechanical 
ventilation. An overwhelming 86% of all hospital-acquired pneumonias are linked 
to mechanical ventilation, with VAP’s mortality rates fluctuating between 0 and 
50%, contingent upon the specific pathogens identified. When specifying areas 
of the hospital most affected by VAP, a study by Song et al. showed that there was 
no true difference seen between the incidence of VAP in medical intensive care 
units(MICU) when compared to surgical intensive care units(SICU), neither was 
there a significant difference in mortalities (P = 0.228); however, the length of stay 
for MICU patients with VAP was significantly prolonged as compared to those who 
had not contracted VAP, averaging on 6 and 8.5 days, respectively (P < 0.001) [2]. 
Hence, apart from its medical implications, VAP also imposes significant financial 
burdens on patients due to prolonged hospital stays. Furthermore, effective treat-
ment necessitates diligent nursing care, respiratory therapy, and prudent antibiotic 
administration.
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Selecting the appropriate therapy for VAP mandates adherence to certain prin-
ciples, including awareness of prevalent organisms, local resistance patterns within 
the ICU, a rationale for antibiotic selection, and considerations for de-escalation or 
cessation of antibiotic therapy. Studies have underscored the criticality of timely 
initiation of appropriate antibiotic treatment for VAP, as delays have been correlated 
with increased mortality rates.

In case of absence of risk factors for multidrug-resistant bacteria, clinicians typi-
cally opt for empirical therapy targeting Streptococcus pneumoniae, methicillin-sen-
sitive Staphylococcus aureus, Haemophilus influenzae, and susceptible gram-negative 
enteric organisms [3]. This empirical regimen typically comprises an antipseu-
domonal cephalosporin (such as cefepime or ceftazidime), an antipseudomonal 
carbapenem (such as imipenem or meropenem), or a β-lactam/β-lactamase inhibitor 
(such as piperacillin-tazobactam), coupled with an aminoglycoside (such as amikacin 
or gentamicin) or an antipseudomonal fluoroquinolone (like ciprofloxacin or levo-
floxacin). Recent research has highlighted the potential efficacy of inhaled antibiot-
ics, particularly amikacin. This chapter aims to delve deeper into this aspect [4].

1.1  Pathogenesis

With the increasing burden of disease and ICU admissions, understanding the 
development and pathogenesis of ventilator-associated pneumonia (VAP) is crucial 
for devising effective treatment strategies.

Microorganisms causing VAP must first access the normally sterile lower respira-
tory tract, where they adhere to the mucosa and establish infection. There are four 
primary mechanisms through which microorganisms gain access: aspiration of 
microbe-laden secretions from the oropharynx, direct extension from contiguous 
infections, inhalation of contaminated air or medical aerosols, and hematogenous 
carriage from remote infection site [5].

In non-intubated patients, the oropharyngeal flora primarily consists of viridans 
streptococci, Haemophilus species, and anaerobes, maintained by factors like the flow 
and content of saliva. However, in critically ill patients, especially in ICUs, there’s a 
significant shift toward aerobic gram-negative bacilli and Staphylococcus aureus [6]. 
Various factors such as reduced mucosal immunoglobulin A, increased protease 
production, and altered airway receptors contribute to bacterial adherence to the 
orotracheal mucosa in mechanically ventilated patients.

Aspiration of oropharyngeal contents overwhelms compromised host defenses, 
leading to VAP development. The stomach serves as a potential reservoir for VAP-
causing bacteria [7], particularly in conditions like elevated gastric pH due to factors 
such as treatment with acid-suppressing medications or enteral nutrition. Gastric 
microorganisms can reflux up the esophagus and are aspirated into the trachea, 
implicating the stomach in VAP development.

Furthermore, the endotracheal tube (ETT) acts as a conduit for microbial coloni-
zation, providing a direct route for bacteria to bypass upper respiratory tract defenses. 
Biofilm formation on the ETT surface further facilitates bacterial adhesion and 
colonization, promoting the persistence of infection despite antimicrobial therapy.

Ventilator-induced lung injury (VILI) plays a significant role in VAP patho-
genesis. Mechanical ventilation disrupts the normal physiological mechanisms 
of airway clearance and immune defense, leading to impaired mucociliary clear-
ance [8], reduced cough reflex, and compromised alveolar macrophage function. 
Additionally, high tidal volumes and positive end-expiratory pressure (PEEP) can 



75

Role of Amikacin in the Management of Ventilator-Associated Pneumonia
DOI: http://dx.doi.org/10.5772/intechopen.1005446

cause barotrauma and volutrauma, resulting in lung tissue damage and inflammation, 
which further predisposes the lung to infection.

In summary, VAP pathogenesis is multifactorial, involving microbial colonization 
facilitated by the endotracheal tube, disruption of normal lung defense mechanisms by 
mechanical ventilation, and dysregulation of the host immune response. Understanding 
these intricate processes is essential for developing targeted preventive strategies and 
optimizing management approaches to reduce the burden of VAP in critically ill patients.

In understanding the intricate processes of VAP pathogenesis, we are better 
equipped to develop targeted preventive strategies and optimize management 
approaches. Now, let us delve into the crucial aspect of diagnosing VAP to ensure 
timely and effective interventions for improving patient outcomes.

1.2  Diagnosis of VAP

VAP requires the implementation of multiple clinical manifestations for its prompt 
diagnosis. The recommended diagnostic measures are as follows: (i) radiographic 
assessment (manifestation of new or progressive lung infiltrates and consolidation or 
cavitation); (ii) laboratory assessment (white blood cell count >4 or at least 12×103 
cells/mm3); (iii) clinical assessment (such as a body temperature < 36°C or > 38°C, 
new onset or increase of purulent aspirates, wheezing, rales, rhonchi, or progres-
sive worsening of gas exchange); (iv) microbiological criteria (showcasing positive 
culture result from suctioned sputum, bronchoscopy, blind bronchoalveolar lavage, 
or pleural fluid) [9–11]. Several criteria have been proposed for diagnosing VAP in 
clinical settings, which is summarized in the Table 1.

The National Nosocomial Infection Surveillance (NNIS) system, developed in 
the 1970s by the Centers for Disease Control (CDC), was implemented to study the 
distribution of hospital acquired infections. It was compared to 292 bronchoalveolar 
lavage (BAL) fluid cultures obtained from trauma patients and was found to have a 
sensitivity of 84% and a specificity of 69% [12].

Subsequently, Pugin et al. [13]. proposed the Clinical Pulmonary Infection Score 
(CPIS), which takes into account the following six variables: fever, white blood cell 
count, tracheal aspirates, oxygenation of the blood, radiographic consolidation, and 
semiquantitative cultures of tracheal aspirates using Gram stain. This criterion originally 
showed 93% sensitivity and 100% specificity; however, it only included results from 
28 patients. Along with that, the results were compared to quantitative cultures of BAL 
fluid using a bacterial index (sum of the logarithm of all bacterial species recovered), 
which cannot be accounted for as an acceptable gold standard for diagnosis of VAP.

When compared to a pathological diagnosis, CPIS showed sensitivity between 72 
and 77% and specificity between 42 and 85% [14, 15]. Pham et al. [16]. compared 
quantitative BAL fluid culture to diagnose VAP and concluded that CPIS had a sensi-
tivity of 30% and specificity of 80%.

Johnson et al. [17] suggested that diagnosis of VAP should be made by onset of a new 
or worsening consolidation in chest radiology along with evidence of any two of the fol-
lowing variables: fever >38°C, increased white blood cell count, and purulent secretions. 
When Fabregas et al. [14]. chose to compare immediate post-mortem lung biopsies, its 
sensitivity was only 69%, and specificity reached 75%, proving this criterion to have 
low accuracy. Despite this relatively low accuracy, these criteria were approved by the 
American Thoracic Society Consensus Conference for correct diagnosis of VAP [18].

VAP is also classified based on the onset of symptoms. Development in less than 
4 days of admission is considered early-onset VAP, and it most commonly arises as a 
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Clinical criteria used in diagnosing ventilator-associated pneumonia

Johnson criteria Clinical Pulmonary Infection 
Score (CPIS)

Centers for Disease Control and Prevention 
(CDC)

• Presence 
of a new or 
progressive 
radiographic 
infiltrate

• Temperature

• 0 point: 36.5–38.4 C

• 1 point: 38.5–38.9

• 2 points: < 36 or > 39

• Oxygenation (PaO2/FiO2)

• 0 point: PaO2/FiO2 > 240 or 
ARDS

• 2 points: PaO2/FiO2 < 240 and 
no ARDS

• Radiology signs

Two or more serial chest radiographs with at least 
1 of the following:

• new or progressive and persistent infiltrate

• consolidation

• cavitation

• Plus at least two 
of three clinical 
features:

• fever >38°C

• leukocytosis or 
leukopenia

• purulent 
secretions

• Tracheal secretions (score)

• 0 point: < 14

• 1 point: > 14

• 2 points: purulent sputum

• Culture of tracheal aspirate

• 0 point: minimal or no growth

• 1 point: moderate or more 
growth

• 2 points: moderate or greater 
growth

• Microbiological criteria

At least one of the following:

• positive growth in blood culture unrelated to 
any previous infection

• growth seen in culture or pleural field

• positive quantitative culture from bronchoal-
veolar lavage (>104) or protected specimen 
brushing (>103)

• 5% or more of cells with intracellular bacteria 
on direct microscopic examination of Gram-
stained BAL fluid

• histopathological evidence of presence of 
pneumonia

• Blood leukocytes (cells/μL)

• 0 point: 4000–11,000

• 1 point: < 4000 or > 11,000

• 2 points: > 500 band forms

• Pulmonary radiography

• 0 point: no infiltrate

• 1 point: diffuse or patchy 
infiltrates

• 2 points: localized infiltrate

• Clinical signs

At least 1 of the following:

• fever (temperature > 38°C)

• leukopenia (< 4000 WBC) or leukocytosis  
(> 12,000 WBC)

• altered mental status seen in adults over the age 
of 70 with no other recognized cause

Plus at least 2 of the following:

• onset of newly developed purulent sputum, or 
change in character and quality of sputum

• increased respiratory secretions within the 
lung, or increased suctioning requirements seen

• onset of any of the following: worsening cough, 
dyspnea, tachypnea

• bronchial sounds or rales

• progressive worsening of gas exchange

• increased oxygen requirements for the body

Total score of >6 points suggests 
ventilator-associated pneumonia

Table 1. 
Criteria for diagnosis of ventilator-associated pneumonia.
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result of microorganisms sensitive to antibiotics. On the other hand, development of 
VAP more than 4 days after admission is classified as late-onset VAP and is usually due 
to MDR pathogens [9].

Delayed diagnosis, along with a delay in its required therapy, may lead to worsen-
ing symptoms in patients with VAP. Similarly, a false diagnosis will lead to unwar-
ranted treatment and its associated complications. An early and clinically accurate 
diagnosis is key in managing patients with VAP [16].

1.3  Management of VAP

Current guidelines prepared by a joint committee of American Thoracic Society 
(ATS) and Infectious Diseases Society of America (IDSA) consider late-onset VAP a 
risk for MDR pathogens, so they aim to focus more on identification of risk factors 
and prompt administration of empiric therapy so as to not exacerbate symptoms.

Pathogens that are most often seen to be causing VAP include gram-negative bacte-
ria such as P. aeruginosa, Escherichia coli, Acinetobacter species, K. pneumoniae, and 
Gram-positive bacteria such as Staphylococcus aureus [9].

Antibiotics that target specific pathogens of VAP are ideally recommended for 
treatment of clinically suspected VAP to allow for coverage of Staphylococcus aureus, 
Pseudomonas aeruginosa, and other gram-negative bacilli so as to minimize overtreat-
ment and its subsequent outcomes. The Table 2 summarizes different treatment 
modalities for VAP proposed over the years.

Guideline Empiric treatment 
recommendation

Aerosolized antibiotic 
recommendation

Duration of antibiotic 
therapy

Qiu [19] — For VAP/HAP patients 
infected with gram-negative 
bacteria, that is, identified 
as multidrug-resistant, a 
combination of systemic 
antibiotics and aerosol 
inhalation antibiotics can 
be considered to improve 
the cure and clearance 
rate of respiratory bacteria 
responsible for causing 
pneumonia.

—

Qu [20] For HAP/VAP patients 
with risk factors of MDR 
Pseudomonas aeruginosa 
and other MDR 
gram-negative bacilli 
infection or high risk of 
death, the combination 
of two different 
types of antibiotics is 
recommended.
HAP/VAP patients who 
are not critical/have no 
risk factors for MDR 
infection can be given 
a single antibiotic as 
empirical treatment

— —
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1.4  Empirical antibiotics

Twenty-one recommendations on empiric therapy for treatment of VAP were 
gathered from a compilation of four guidelines [5, 18, 22, 23]. All the guidelines 
advised for the implementation of an empirical treatment plan are based on local 
prevalence of pathogens linked to VAP and their susceptibility to antibiotics. Due to 
this, narrow-spectrum antibiotics such as ertapenem, cefotaxime, moxifloxacin, or 
levofloxacin were recommended for patients with a lower likelihood of developing 
multidrug resistance (MDR) infection and early-onset VAP [23].

Antibiotic combination therapy was considered suitable if the pathogen was con-
sidered empirically to be multidrug resistant. The 2016 guidelines from the Infectious 
Diseases Society of America (IDSA) [24] recommended empirical dual therapy 
targeting both gram-negative bacteria and MRSA, with vancomycin or linezolid as the 
standard suggested treatment.

Guideline Empiric treatment 
recommendation

Aerosolized antibiotic 
recommendation

Duration of antibiotic 
therapy

— The administration of 
nebulized colimycin 
(sodium colistimethate) 
and/or aminoglycosides 
is suggested; the 
suggested treatment 
as multidrug-resistant 
gram-negative bacilli are 
proven to be sensitive to 
the aforementioned drug 
combination when no other 
antibiotics are being used

The recommended duration 
for antibiotic treatment 
in the case of HAP should 
be less than 7 days except 
during specific situations 
like immunosuppression, 
empyema, necrotizing or 
abscessed pneumonia

Torres 
et al, [5]

It may be advisable 
to base empiric 
treatment plans on local 
prevalence of pathogens 
linked to VAP and 
their susceptibility to 
antibiotics.

— Using a 7–8-day course 
of antibiotic therapy is 
suggested in VAP patients 
who are not diagnosed 
with immunodeficiency, 
cystic fibrosis, empyema, 
lung abscess, cavitation, 
or necrotizing pneumonia 
and having a good clinical 
response to therapy

Kalil [21] It may be advisable 
to base empiric 
treatment plans on local 
prevalence of pathogens 
linked to VAP and 
their susceptibility to 
antibiotics.

Patients that are known 
to have been infected by 
gram-negative bacilli leading 
to VAP, which are susceptible 
only to aminoglycoside or 
polymyxins, are advised to 
receive both inhaled and 
systemic antibiotics, as 
opposed to just systemic 
antibiotics alone

For patients with VAP, a 
7-day course of antimicrobial 
therapy rather than a longer 
duration is recommended

Table 2. 
Guidelines for the management of ventilator-associated pneumonia.
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1.5  Etiological treatment

Fifteen recommendations on etiological treatment for VAP were gathered. Once 
the infecting pathogen is identified, its corresponding antimicrobial treatment 
plan should be administered with reference to the results obtained from in vitro 
drug sensitivity tests. This detailed treatment plan can be seen in the IDSA 2016 
guideline [24], CMA 2018 guideline [24], and IDST 2018 guideline [21]; however, 
the CMA 2018 guideline and IDST 2018 guideline did not give any recommenda-
tions on strength.

The 2016 JAID guideline [21] recommendeds sulbactam (SBT) and ampi-
cillin (ABPC) as the first-choice drug for respiratory infections caused by 
Acinetobacter Baumann. The CMA 2018 guideline also recommends SBT in 
combination with polymyxin, tigecycline, or doxycycline. However, the IDSA 
2016 guideline warned against the use of tigecycline for patients with VAP caused 
by Acinobacter species, since it was related to worsening of outcomes compared 
with other therapies.

2.  Aerosol inhalation antibiotic therapy

Four guidelines [5, 25–27] recommend aerosol inhalation antibiotic therapy for the 
treatment of VAP, while the 2018 CMA guidelines reinforce improved cure rate and 
clearance rate of respiratory bacteria causing pneumonia for patients infected with 
multi-drug resistant gram-negative bacteria.

2.1  Duration of antibiotic treatment

The IDSA 2016 guideline and SFAR 2018 guidelines [27] strongly recom-
mend a 7-day course of antimicrobial treatment, while the ERS 2017 guideline 
[28] weakly recommends a 7–8-day course of antibiotic therapy. The IDSA 2016 
guideline reported a decrease in antibiotic exposure and antibiotic resistance 
without increasing mortality or recurrent disease, hence reducing cost and side 
effects.

Timely commencement of management and appropriate dosage of therapy 
are crucial for critically ill patients to ensure adequate treatment and reduction of 
morbidity and mortality. Over the years, various antibiotic therapies have been used 
to treat VAP based on isolated microorganisms.

Active agents against methicillin-resistant Staphylococcus aureus like vanco-
mycin and linezolid have been used to treat VAP in patients with antimicrobial 
resistance. However, based on current research, the most effective antimicrobial 
agents against P. aeruginosa are antipseudomonal antibiotics. They can be fur-
ther classified into β-lactams (ticarcillin, piperacillin, aztreonam, imipenem, 
cefsulodin, cefoperazone, and ceftazidime), non–β-lactams (like ciprofloxacin, 
levofloxacin, amikacin, gentamicin, tobramycin, colistin, polymyxin), and most 
recent aminoglycosides, fluoroquinolones, and fosfomycin. The combination of 
ceftazidime and amikacin is regarded as the primary treatment plan for antipseu-
domonal chemotherapy [29]. Table 3 reflects the different antibiotic groups used 
against various organisms.
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3.  Ceftolozane-tazobactam

Ceftolozane-tazobactam is a combination of a fifth-generation cephalosporin with 
a β-lactamase inhibitor. Ceftolozane is capable of overcoming bacterial resistance, and 
using it in combination with tazobactam expands its activity against β-lactamases-
producing Enterobacterales [30]. During in vitro studies, ceftolozane–tazobactam 
shows increased activity against P. aeruginosa, since it is more active against MDR 
or extremely drug-resistant (XDR) strains [31] A multicenter Italian cohort study 
included 101 patients treated with ceftolozane–tazobactam for severe infections 
caused by P. aeruginosa. Overall, 84 patients showed clinical success out of 101 
(83.2%) after treatment. A clinical success rate of 75% was also seen in the subgroup 
of nosocomial pneumonia [32].

3.1  Meropenem-vaborbactam

Meropenem–vaborbactam is a β-lactamase inhibitor combined with a  carbapenem 
made with the intention of exhibiting high activity against MDR Enterobacterales [33].

The in vitro activity of meropenem–vaborbactam against gram-negative isolates 
was tested on hospitalized patients with pneumonia, including VAP, which showed 
the highest susceptibility rates against Enterobacterales isolates (98.0%). Along 
with this, meropenem–vaborbactam was seen as the most active β-lactam tested 
(82.1% susceptible) against P. aeruginosa isolates, with amikacin (86.0%) and colistin 
(99.4%) showing higher susceptibility rates [34].

Drug Spectrum Labeled indications

Ceftobiprole Nonextended spectrum β-lactamase, 
non-AmpC, and non-carbapenemases-
producing Enterobacterales, P. aeruginosa, 
MRSA

EMA: HAP excluding VAP, CAP, ABSSSI

Ceftazidime-
avibactam

ESBL, KPC, AmpC, and some OXA (e.g., 
OXA 48)-producing Enterobacterales, 
MDR P. aeruginosa, MDR A. baumannii

FDA: HAP/VAP, cUTIs, cIAIs
EMA: all those infections due to aerobic 
gram-negative organisms with limited 
treatment options

Ceftolozane-
tazobactam

ESBL-producing Enterobacterales, MDR P. 
aeruginosa, some anaerobes, Streptococcus 
spp., MSSA

FDA: HAP/VAP, cUTIs, cIAIs
EMA: HAP/VAP, cUTIs, cIAIs

Meropenem-
vaborbactam

ESBL, KPC, AmpC-producing 
Enterobacterales, non-MDR P. aeruginosa, 
non-MDR A. baumannii, Streptococcus spp.
MSSA

FDA: cUTI, including pyelonephritis.
EMA: cUTI (including pyelonephritis), 
HAP, VAP, cIAI, and infections due to 
aerobic GNB with limited treatment 
options

Imipenem-
relebactam 
cilastatin

ESBL, KPC-producing Enterobacterales, 
MDR P. aeruginosa, Streptococcus spp., 
MSSA

FDA: HAP/VAP, cIAI, cUTI; EMA: 
infections due to aerobic GNB with 
limited or no other therapeutic options

Cefiderocol ESBL, CRE (class A, B, and D enzymes), 
CR P. aeruginosa, S. maltophilia, A. 
baumannii, Streptococcus spp.

FDA: cUTI, HAP/VAP EMA: infections 
due to aerobic GNB with limited 
therapeutic options

Table 3. 
Different antibiotics used for different organisms causing ventilator-associated pneumonia.
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3.2  Imipenem-relebactam

Imipenem is a cabapenem antibiotic that is used in combination with relebactam, 
a bicyclic diazabicyclooctane β-lactamase inhibitor. The addition of relebactam to 
imipenem increases the activity of the carbapenem against gram-negative bacteria, 
including strains that are not susceptible to imipenem such as P. aeruginosa and some 
β-lactamase-producing Enterobacterales [29]. The rate of sensitivity of P. aeruginosa 
to imipenem–relebactam was approximately 90% [35].

3.3  Cefiderocol

Cefiderocol is a cephalosporin that exhibits activity against gram-negative bacilli, 
including Enterobacterales, allowing it to remain stable in the presence of all classes 
of β-lactamases. A CREDIBLE-CR study trial was carried out to compare cefiderocol 
with BAT for treating HAP, VAP, cUTI, or bloodstream infections due to carbapenem-
resistant gram-negative bacilli.

Nosocomial pneumonia was present in 45% of the patients, and almost 25% of 
them were diagnosed with VAP. The most common isolates found from this test were 
A. baumannii (46%, 54 patients), K. pneumoniae (33%, 39 patients), and P. aeruginosa 
(19%, 22 patients).

Regarding patients with HAP and VAP who were infected by A. baumannii, 
mortality was seen to be much higher in the cefiderocol group (42%) when compared 
with the BAT group (18%) [36].

3.4  Amikacin in VAP

Timely commencement of management and appropriate dosage of therapy are 
crucial for critically ill patients to ensure adequate treatment and reduce morbidity 
and mortality. Over the years, various antibiotic therapies have been used and are still 
used to treat VAP based on the microorganism isolated [37].

Amikacin is an aminoglycoside that targets more resistant gram-negative bacilli 
causing VAP, such as Acinetobacter baumanii and Pseudomonas aeruginosa, which are 
some of the most difficult nosocomial infections to treat. Amikacin kills bacteria by 
binding to the 30S bacterial ribosome subunit, which interferes with a reading of the 
genetic code and hence inhibits protein synthesis by, for example, eliciting premature 
protein termination and incorporating incorrect amino acid resulting in insufficient 
protein synthesis for the survival of the microorganism. Over the years, amikacin has 
been used increasingly and has shown good outcomes in treating VAP.

Amikacin is widely used in two forms—intravenous and nebulized. Initially, it 
was used in its IV form alongside medications such as carbapenems, cephalosporins, 
penicillins, and beta-lactamase inhibitors [38]. Introduction of amikacin to treatment 
guidelines dramatically altered care of patients in ICUs for the better, particularly in 
hospitals with high gentamicin and tobramycin resistance. Of 2661 gram-negative 
isolated in a study, an estimate of 2.0% were found to be resistant to gentamicin, 
while only 1.3% were resistant to amikacin [39]. This is because amikacin reduces the 
inactivation of bacterial acetylase, adenylase, and phosphorylase relatively more than 
other aminoglycosides [40].

However, the recent introduction of nebulized form of amikacin has revolution-
ized treatment and prevention of VAP in critically ill patients. When aerosolized 
amikacin was combined with IV forms of the antibiotics listed earlier, it showed to 
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improve patient outcomes and increased chances of recovery. In order to prove this, 
a trial was done on 90 patients with VAP who were categorized randomly into three 
equal groups: Group I received IV amikacin and meropenem. Group II received the 
same as Group I with nebulized amikacin. Group III received IV amikacin, nebulized 
amikacin, and meropenem. Groups II and III showed a higher cure rate (53.33% and 
66.67%, respectively) compared to Group I (26.67%, P = 0.007). Group II showed 
relatively significant reduction in ventilator days (5.32 ± 1.86 vs. 7.3 ± 2.1 days, 
respectively, P < 0.001) and reduction in ICU stay (11.87 ± 2.6 vs. 15.3 ± 3.1 days, 
respectively, P < 0.001) compared to Group I. Group III showed significant reduc-
tion in days of ventilation (4.22 ± 1.32 vs. 5.32 ± 1.86, respectively, P = 0.011) and a 
particularly significant reduction in ICU stay (9.21 ± 1.17 vs. 11.87 ± 2.6, respectively, 
P < 0.001) compared to Group II [41].

A combination of nebulized and IV amikacin is also a combination frequently 
used. A 5-year observational study was conducted, which had 154 patients diagnosed 
with VAP caused by P aeruginosa, who were split into two categories: (i) 79 consecu-
tive patients treated with IV amikacin from January 2011 to August 2013, and (ii) 
75 consecutive patients received nebulized amikacin administered from September 
2013 to February 2016. In both groups, amikacin was taken for 1 to 5 days with an IV 
β-lactam for 10–14 days. Results showed that the aerosol group had a clinical cure 
rate of 72%, while the IV group showed 58%, with a significant difference of p = 0.02 
between the two groups. This proves the significance of nebulized amikacin in treat-
ment of VAP, and it does so by providing better oxygenation and organism clearance 
by allowing more product to reach the site of infection, that is, the lungs [42].

Additional benefits to using aerosolized forms of amikacin are that it has even 
proven to cause fewer side effects like nephrotoxicity and lessens the duration of 
mechanical ventilation and ICU stay. A recent study  was carried out on 64 mechani-
cally ventilated patients with gram-negative VAP. The patients were divided into two 
groups: Group A was treated with nebulized amikacin plus IV amikacin and included 
32 patients, while 32 patients in group B were treated with IV amikacin alone. Both 
groups were given treatment for a duration of 8 days. The results of this study showed 
that Group A had a significant improvement of oxygenation before and after treat-
ment (p 0.006), compared to group B that showed no significant difference (p 0.212). 
The length of stay was 21.5 days in Group A and 25.5 days in Group B, with a relatively 
significant reduction in group A (p 0.037). The duration of mechanical ventilation in 
Group A of 19 days was much less than Group B that showed 23 days, with a signifi-
cant reduction (p 0.045) of ventilator days.

Additionally, Group B showed a significant rise of creatinine level after treatment 
(p < 0.001), while no significant rise in creatinine level was found in Group A after 
treatment. A noteworthy difference between groups A and B (p 0.003) was also seen 
after the end of treatment. The mortality was 19 (60%) in Group A and 26 (80%) in 
Group B.

As time progressed and more research was conducted, nebulized forms of amika-
cin began to replace its IV form when it was found that repeated doses of aerosolized 
amikacin could be safely administered and bring about improvement in mechanically 
ventilated patients without causing serious side effects or increasing mortality. A 
study was conducted that involved administering aerosol amikacin administered with 
IV treatment in ventilated patients who acquired gram-negative pneumonia. Patients 
were randomized where one group received aerosolized amikacin daily with placebo 
(normal saline) 12 hours later, one received amikacin twice daily, and the other 
placebo twice daily [43]. The results revealed that the mean number of IV antibiotics 
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were two times greater with placebo than with twice-daily amikacin (P < 0.02). For 
daily and twice-daily amikacin, the serum Cmax were 1.3 and 1.8 μg/ml, respectively, 
on day 1, and 2.3 and 3.2 μg/ml on day 3. Mean trough levels were 0.87 and 1.49 μg/
ml. Tracheal aspirate levels (mean) on day 3 were found to be 6.9 mg/ml (daily) 
and 16.2 mg/ml (twice daily). This shows that mechanically ventilated patients with 
gram-negative pneumonia can safely be treated with repeated doses of adjunctive 
inhaled amikacin as it is well tolerated by most while simultaneously lessening the 
need for frequent IV antibiotic use.

Recent study done by Lu et al. proves that nebulized form of amikacin works 
best against intermediate strains and reduces chances of developing antibiotic 
resistance. In this study, 40 patients with ventilator-associated pneumonia caused by 
Pseudomonas aeruginosa were studied in a comparative phase II trial. Twenty patients 
infected with susceptible or intermediate strains were treated with nebulized ceftazi-
dime and amikacin (25 mg·kg−1·d−1). Seventeen patients infected with susceptible 
strains received intravenous ceftazidime and amikacin (15 mg·kg−1·d−1). After 8 days 
of treatment, acquisition of antibiotic resistance was seen exclusively in the intrave-
nous group. Moreover, in the aerosol group, four patients infected with intermediate 
strains were treated successfully [44].

Furthermore, it has also been seen that if administered via inhalation prophylacti-
cally within the right time frame, amikacin has shown to reduce chances of development 
of VAP in the first place. A study enrolled 850 patients who underwent randomization to 
have 417 placed in the amikacin group and 430 in the placebo group. Amikacin nebuli-
zations were administered thrice daily at a dose of 20 mg/kg in 337 patients (81%) in the 
amikacin for 28 days. The results showed that ventilator-associated pneumonia devel-
oped in 62 patients (15%) in the amikacin group and in 95 patients (22%) in the placebo 
group, with a difference in mean survival time to ventilator-associated pneumonia of 
1.5 days, 95% confidence interval [CI]of 0.6 to 2.5, and P = 0.004. Similarly, 74 patients 
(18%) in the amikacin group developed infection-related ventilator-associated compli-
cation, while 111 patients (26%) in the placebo group developed similar complications 
(hazard ratio, 0.66; 95% CI, 0.50 to 0.89), proving that inhaled amikacin can reduce the 
burden of ventilator-associated pneumonia in ICU patients [45].

3.5  Prevention of VAP

With better understanding of the pathophysiology of VAP, new advancements 
have been made for the prevention of VAP. These include non-pharmacological as well 
as pharmacological interventions.

4.  Non-pharmacological preventative strategies

4.1  Utilization of preventative bundles

Preventative bundles, consisting of evidence-based preventive measures, are 
implemented to maximize efficacy. Although challenging to procure and implement 
due to the necessity of continuous surveillance to ensure compliance and measure 
improvements, several studies have proven their effectiveness in reducing the occur-
rence of VAP. For instance, in one study, the incidence of VAP decreased from 8.6 per 
1000 ventilator days before bundle implementation to 2.0 per 1000 ventilator days 
after (P < 0.001) [46]. Similar studies have reported comparable results.
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4.2  Modification of artificial airways

Efforts have been made to improve the design of endotracheal tubes (ETTs) to 
enhance sealing properties. For instance, researchers found that the ratio between the 
diameter of the cuff and the tracheal internal lumen, cuff length, and cuff pressures 
were associated with tracheal sealing (Li Bassi et al.) [47]. Additionally, subglottic 
secretion suction (SSS) has shown consistent evidence of benefits in reducing VAP 
incidence (Mao et al.) [48]. Meta-analyses have confirmed that SSS is associated with 
a decrease in VAP incidence, decreased ventilator days, and ICU length of stay. A new 
ETT, the PneuX, has been evaluated in clinical settings, featuring a low-volume, low-
pressure silicone cuff and a continuous tracheal seal monitor system [4].

4.3  Adjustment of body position

Studies have demonstrated that semi-recumbent positions with higher head-of-
the-bed orientation reduce the risk of clinically suspected VAP compared to supine 
positions. Moderate quality evidence supports this finding [49].

5.  Pharmacological preventative strategies

5.1  Oropharyngeal decontamination

Decontamination agents such as chlorhexidine and hydrogen peroxide have been 
widely successful in preventing VAP, as oral hygiene plays a significant role in the develop-
ment of respiratory infections. High-quality evidence supports the efficacy of chlorhexi-
dine in reducing the incidence of VAP compared to placebo or usual care. Similarly, 
hydrogen peroxide has shown significant effectiveness in reducing VAP incidence [50].

5.2  Prophylactic antimicrobials

Antimicrobials administered intravenously, nebulized, or to the gastrointestinal 
tract have been used to prevent VAP. However, concerns about antibiotic resistance arise 
in the time of multidrug resistance. Studies have shown a lower incidence of gram-neg-
ative bacilli and multidrug-resistant bacteria VAP in patients who received colistin, but 
the long-term deleterious effects of antibiotic resistance require further evidence [51].

5.3  Probiotics

Probiotics, microorganisms administered as individual strains or combinations, have 
shown promise in reducing VAP incidence. A 2016 meta-analysis supports their use as 
a preventive strategy to maintain gastrointestinal homeostasis and inhibit colonization 
[52]. However, larger randomized trials are needed to conclusively establish their benefits.

6.  Implications

Despite showing good response to eradicating gram-negative bacilli in ventilated 
patients, numerous studies have revealed why treatment with amikacin might not be 
sufficient. One of the biggest reasons for this is antibiotic resistance. Studies from as 
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early as the 1980s have documented the development of resistance to amikacin, along 
with multiple other antimicrobials [53]. Resistance can develop due to several reasons 
such as alteration of the target site, enzymatic inactivation of the drug, or establish-
ment of a permeability barrier to the drug [54]. Another common risk factor found to 
cause amikacin resistance was insufficient dosage and frequently changing medica-
tions and doses. Since then, hospitals globally have been taking necessary precautions 
to prevent or at least slow down the rate at which resistance is developing. This is done 
by restricting treatment to one antimicrobial at a time and ensuring it is administered 
at the right dosage [55].

As mentioned earlier, aminoglycosides like amikacin are often paired with other 
antimicrobials to broaden the antibacterial spectrum and reduce chances of resistance. 
However, combination therapy with amikacin was found to result in a significantly 
higher incidence of adverse effects, most noteworthy one being nephrotoxicity [3].

As the fields of medicine and pharmacology are ever evolving to continuously 
improve quality of care provided to patients and combat restrictions, alternative 
combination therapies have been found to show better responses to treating VAP by 
reducing ICU mortality, decreasing duration of mechanical ventilation, and lessen-
ing duration of ICU stay while being a lot more cost effective. Furthermore, these 
new medications also produce lesser side effects than combination treatments with 
amikacin [6].

In addition to these recent advancements, a recent study found that nebulized 
amikacin might not have a major role to play in treating VAP. When compared with a 
placebo, it was found that there was no particular difference in survival rates of either 
groups: 191 (75%) patients in the Amikacin Inhale group survived compared to 196 
(77%) patients in the placebo group (odds ratio 0·841, 95% CI 0·554–1·277; p = 0·43), 
further raising doubts about the active and significant role of inhaled amikacin 
with intravenous antibiotic treatment in mechanically ventilated patients who have 
acquired gram-negative VAP [1].

Nevertheless, despite aminoglycosides being an older group of antibiotics, they 
continue to be clinically valuable, particularly amikacin for its broad-spectrum 
bactericidal activity especially against gram-negative bacteria if used correctly with 
adequate monitoring, dosing, and administration timings to reduce development of 
side effects and resistance.

7.  Conclusion

Based on current research, amikacin has proven successful in treating ventilator-
associated pneumonia with minimal adverse effects such as nephrotoxicity and has 
markedly reduced the duration of mechanical ventilation and ICU stay. Its nebulized 
form demonstrates the most effective response against intermediate strains and 
has also been used prophylactically in the prevention of VAP. Utilization of the 
aforementioned preventative, diagnostic, and therapeutic recommendations may 
allow for improved outcomes seen in mechanically ventilated patients suffering from 
ventilator-associated pneumonia.
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Chapter 6

ICU without Borders: We Reached 
out and MET them
Mainak Majumdar

Abstract

Rapid response systems and MET teams are now recognised as integral 
 components of patient safety measures in health care. While their roles have contin-
ued to evolve over the last two decades, most healthcare systems have adopted a model 
of ICU-led MET teams. We review the current role of ICU-led MET teams within the 
healthcare ecosystem, including their scope, structure, governance, and contribution 
to system-wide quality and safety approaches. We also explore the increasing input 
of rapid response systems into areas of health care not within the traditional remit 
of intensive care medicine, from end-of- life decision-making to clinical governance, 
and the increasing reliance of ward-based teams on support from their colleagues in 
ICU to provide safe, high-quality patient-centric care in modern healthcare systems.

Keywords: rapid response team, rapid response system, medical emergency team, 
deteriorating patient, patient safety

1.  Introduction

Data from many health systems worldwide suggest that 15–20% of hospitalised 
patients develop serious adverse events [1, 2]. Up to 80% of these adverse events are 
preceded by physiological and biochemical derangements that can occur over hours 
and sometimes days [3–5]. Furthermore, many adverse events leading to significant 
deterioration, including unplanned admissions to intensive care unit (ICU), in-
hospital cardiac arrest, and unexpected death, may be due to delays or deficiencies in 
medical management prior to deterioration, meaning that the majority of these may 
be preventable [1–2, 6].

Efforts to minimise harm from such incidents and enhance patient safety during 
hospital admission have become a cornerstone of patient-centric care in healthcare 
systems worldwide. Beginning with dedicated cardiac arrest teams, solutions to this 
problem have been in evolution for over two decades now, and varying nomencla-
tures—Rapid Response Team (RRT), Critical Care Outreach Team (CCOT), and 
Medical Emergency Team (MET)—are in use in different parts of the world.

Patient deterioration itself is a complex phenomenon and the nature and trajec-
tory of patient deterioration—whether due to natural trajectory of disease, or errors 
of omission or commission during medical management—is often dependent on the 
patient population being served by the health service.
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Furthermore, there is considerable heterogeneity in personnel, resources, and 
equipment available to any health service, and this is reflected in the thresholds at 
which such emergency responses are triggered for patients, the personnel available 
to provide a meaningful response, and the nature of the response (interventions, 
outcomes and dispositions). Detailing every possible scenario is outside the scope of 
this chapter.

In the interests of uniform nomenclature, this chapter will refer to all physiologic 
deteriorations triggering a health system response as rapid response system (RRS) 
activations, the responding teams as Medical Emergency Teams (MET team), and 
primarily consider health services with access to intensive care (ICU) facilities.

2.  We reached out and MET

General hospital wards are not staffed or equipped to provide intensive observations 
and treatments available in critical care areas such as ICU, high dependency units 
(HDU), emergency departments (ED), or operating theatres (OR). The intent behind 
rapid-response systems is to identify and respond to patients outside the critical care 
environment who are at risk of progressing to a serious adverse event such as cardiac 
arrest, unanticipated ICU admission, or death [7].

2.1  Why have we MET?

Nearly 90% of patients who needed RRS activation were also reviewed by the 
home teams in the 24 hours preceding this [7]. Interestingly, patients receiving 
only a home team review prior to RRS were likelier to have higher mortality than 
if they had a recent ICU review or had recently been discharged from a critical 
care area [7]. There was little influence of availability of the home team on the 
likelihood of patients triggering RRS, as evidenced by the day (weekday versus 
weekend) or time (business hours versus after hours), or on disposition of patients 
by the MET teams [8, 9].

MET teams and RRS represent an intuitively simple concept: When a patient 
demonstrates signs of imminent clinical deterioration, a team of providers is sum-
moned to the bedside to immediately assess and treat the patient with the goal of 
preventing ICU transfer, cardiac arrest, or death. This is a step forward from “cardiac 
arrest” or “Code Blue” teams, which can only be summoned after cardiopulmonary 
arrest occurs, with accompanying high mortality and morbidity. MET teams, on the 
other hand, intervene during the critical period of deterioration on patients in general 
medical and surgical wards [10].

RRS have become integral to the culture of patient safety in healthcare services 
across the world. The National Health Service (NHS) in UK has been at the forefront 
of safety culture in health care. The Royal College of Physicians developed the 
National Early Warning Score (NEWS) to standardise identification of patients at 
risk of deterioration in hospital. The Australian Commission on Safety and Quality in 
Health Care (ACSQHC) determines the National Safety and Quality Health Service 
Standards (NSQHSS) that all Australian health services must meet for accredita-
tion, of which Standard 8 (“Recognising and Responding to Acute Deterioration 
Standard”) aims to ensure that a person’s acute deterioration is recognised promptly 
and appropriate action is taken [11]. In the United States, the Joint Commission 
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Centre for Transforming Healthcare, which also focuses on accreditation of health-
care organisations, has incorporated RRS into the National Patient Safety Goals [12]. 
The worldwide movement has coalesced into the International Society for Rapid 
Response Systems (ISRRS), a forum where medical, nursing, managerial, and admin-
istrative expertise is shared to improve detection and prevention of patient deteriora-
tion, with the goal of improving patient safety in hospitals [13].

2.2  Who have we MET?

MET teams respond to RRS activations in patients admitted to a hospital’s 
 non-critical care areas. Thus, the patient population encountered in RRS is reflective 
of the inpatient population, which can vary between health services.

Physiologic thresholds for RRS activation, too, are reflective of the variations in 
populations of inpatients. An interesting result has been guidance received by ward 
teams when recording physiologic observations of their patients using (usually 
colour-coded) “track and trigger” charts (electronic or paper-based), prompting 
ward nursing staff to activate RRS as per local protocol (e.g. “Between the Flags” 
observation charts used in New South Wales and “Observation Recording Charts” 
used in Victoria, Australia) once critical physiologic thresholds are breached. 
Electronic records further facilitate calculation of early warning scores such as the 
National Early Warning Score, version 2 (NEWS2) in the National Health Service 
(NHS) Trusts in UK, the Modified Early Warning Score (MEWS), and the Canadian 
Hamilton Early Warning Score (HEWS).

Track and trigger charts have further been refined for specific patient subsets, e.g. 
The age-specific Victorian Children’s Tool for Observation and Response (VicTOR) 
charts introduced by the Royal Children’s Hospital in Melbourne, Australia, to record 
paediatric vital signs and the Maternity Observations Recording Chart (M-ORC) 
widely used in Victoria, Australia, to detect deterioration in obstetric patients.

Patients needing RRS activation represent a very small fraction of patients admit-
ted to hospital. However, they represent disproportionately higher resource use, with 
increased length of stay, high likelihood of unplanned ICU interventions, and greater 
odds of poorer (death or ongoing care) outcomes (OR 5.5) compared to patients 
admitted to hospital with similar diagnoses. Hospital mortality increases significantly 
after the age of 50 and rises rapidly for every decade in age [8, 14]. In-hospital mor-
tality rates as high as 15% (for patients with no limitations on therapy) to 50% (for 
patients with limitations on care) have been quoted [15].

2.3  What is different now we have MET?

While initial smaller studies [16, 17] indicated that introduction of RRS and MET 
teams could reduce incidence of unexpected cardiac arrests and hospital mortality, 
larger multicentre studies like MERIT [18] and subsequent systematic reviews have 
failed to corroborate this effect [19, 20].

Rapid response systems have come to exemplify the tension between those arguing 
for swift implementation of conceptually attractive patient safety interventions 
supported by anecdotal evidence of benefit and those advocating a more rigorous, 
evidence-based, and inevitably slower, approach [10].

Despite failure to demonstrate direct reduction in unexpected hospital mortal-
ity, “before and after” studies support the notion that RRS is of benefit through 
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improvements in multiple surrogate measures—respiratory failure, stroke, severe, 
sepsis, acute renal failure needing renal replacement, unplanned ICU admissions, 
perioperative deaths, and postoperative LOS in hospital [21]. There has also been a 
sustained and progressive reduction in the number of in-hospital cardiac arrests [22], 
which, in themselves, are a major cause of unexpected in-hospital mortality.

While the MERIT study and multiple subsequent studies [8, 18, 23–25] did 
demonstrate a significant increase in RRS activations in every health service where 
such systems have been introduced, one of the significant benefits has been a marked 
increase in support and uptake by nursing staff. The advantages from this cultural 
change within the healthcare system are difficult to quantify, but sustained focus on 
patient safety through early detection and escalation of patient deterioration can only 
be considered beneficial [25, 26].

About 20% RRS calls occur in patients with pre-existing end-of-life issues and 
another 10% identify end-of-life issues at the MET [15]. It is unclear whether identifi-
cation of patients at end-of-life or with significant deterioration at end-of-life through 
RRS has made any material difference to care delivery at end-of-life [9].

2.4  How soon should we have MET?

About a quarter of RRS activations occur within 24 hours of admission to hospital 
[27, 28]. ED patients admitted with respiratory conditions, myocardial infarction, 
or sepsis are at modestly increased risk for unplanned ICU transfer. While they may 
benefit from better triage from the ED, earlier intervention, or closer monitoring 
to prevent acute decompensation [29], decisions to discharge from ED to the ward 
are often made under time constraints based on clinical acumen alone rather than 
evidence-based guidelines [30]. While these may reflect suboptimal triage before 
ward transfer, the associated mortality is low [8, 28].

In contrast, RRS activations later in the course of the hospital admission are asso-
ciated with high mortality [28]. Having the first RRS activation more than 24 hours of 
admission to hospital is an independent predictor of both increased hospital mortality 
and length of stay [8]. Initial RRS activation after 48 hours of hospital admission is 
associated with significantly higher risk of in hospital mortality (OR 1.47) compared 
to MET calls within 24 hours of admission [8]. Whether these represent disease 
progression, failure to respond to therapy, suboptimal end-of-life planning, or noso-
comial complications is poorly understood.

2.5  We MET again!

Recurrent clinical deterioration and repeat medical emergency team activation are 
common and associated with increased risk of subsequent ICU admission, increased 
hospital length of stay, and increased hospital mortality. It may be possible to identify 
patients at risk of recurrent clinical deterioration following medical emergency team 
activation and target interventions to improve patient care [31].

These patients often represent substantial resource use for MET teams, are often 
frail, and have significant comorbidities. The greater the number of MET calls, the 
higher the levels of frailty and comorbidities (Figure 1) [14]. This may represent 
inadequate management of clinical problems in the ward or suboptimal end-of-life 
planning, as many have significant treatment limitations in place at the time of RRS 
activation.
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Figures 2 and 3 [14] demonstrate that while poor outcomes (death or ongoing 
care) are relatively rare amongst hospital admissions, these outcomes are far  likelier 
in the patients having MET calls. Compared to admissions not associated with RRS, 
having even one MET call during the admission significantly increases risk of poor 
outcomes (OR 3.3), while having more than one MET call increases risk of poor 
outcome substantially beyond this (OR 15.7). In general, having any MET call during 
an admission increases likelihood of poor outcome (OR 5.5) (Figure 4) [14].

MET teams generally triage patients without limitations on medical therapy well 
[32]. After the second MET call, if escalation of care does not occur, further RRS 
activations do not significantly change disposition from MET call or hospital outcome 
(Figures 4 and 5) [14].

Figure 1. 
Box-and-whiskers plot of burden of comorbidities (Charlson score) and frailty (Clinical Frailty Score, CFS) in 
patients with multiple MET calls. Patients triggering more MET calls have higher comorbidity burden and frailty. 
(Reproduced with permission from: [14]).

Figure 2. 
Death or need for ongoing care after hospital discharge is likelier in the population needing MET calls during the 
course of their hospital admission. (Reproduced with permission from: [14]).
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3.  Anatomy of a MET system

The minimum standards for ICU-based RRS have been laid out by the College 
of Intensive Care Medicine of Australia and New Zealand (CICM) [33]. In con-
junction with the Joint Position Statement with the Australian and New Zealand 
Intensive Care Society (ANZICS) [34], it lays the framework for RRS in Australia 
and New Zealand. Further jurisdictional regulatory requirements for health 
services, including governance and reporting structures, are laid out by state-wide 
bodies such as Safer Care Victoria [35] and the Clinical Excellence Commission in 
New South Wales.

The CICM-ANZICS position acknowledges that there is no clear evidence for the 
best model for RRS and suggests that the model employed by individual institutions 
must consider the resources available and the complexity and acuity of the patient 
mix. Whilst RRS must enhance the ability of all hospital staff to anticipate, identify, 
and manage patients at risk of deterioration, it may use variable combinations of 
ward and non-ward-based responders that best meet patient needs and ensure a 
continuum of patient care. Most hospitals adopt a multi-tiered response and col-
laborative decision-making between ICU and primary admitting or “home” teams 
is encouraged. RRS systems working in isolation from home teams are discouraged, 

Figure 4. 
Patients needing a MET call are likelier to have a poor outcome (death or need for ongoing care) than those who 
do not (OR5.5). A single MET call increases likelihood of poor outcome (OR3.3) but multiple MET calls increase 
the risk much more (OR 15.7). (Reproduced with permission from: [14]).

Figure 3. 
Likelihood of dying or needing ongoing care is higher in patients needing multiple MET calls than those needing a 
single MET call. (Reproduced with permission from: [14]).
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as these may conceal underlying systemic contributors to patient deterioration such 
as staffing levels, inadequate training of ward staff, access to senior medical staff 
or clinical services, and culture issues resulting in premature or delayed transfer of 
patients from critical care areas like ED, ICU, and OR to the ward.

In most jurisdictions, RRS is multidisciplinary. It is useful to consider them as 
comprised of four limbs: (1) an afferent limb, which is the calling criteria and the 
method of activation, (2) an efferent limb, which is the rapid response team (RRT) 
itself, (3) an administrative limb, which is responsible for the day-to-day running 
of the RRS, and (4) the quality improvement and governance limb which addresses 
system and clinical factors contributing to deterioration.

3.1  The afferent limb

In Victoria, Australia, where RRS activation occurring every 15.9 minutes [35], 
there is high demand for MET team services.

The optimal set of calling criteria for RRS has not been definitively identified, and 
there is significant variability in practise between individual institutions, which opt 
for thresholds and systems to suit their patient populations and staffing. As a general 
principle, having excessively high thresholds for triggering RRS activations is poten-
tially unsafe for the deteriorating patient and defeats the purpose of RRS activation. 
While modification of calling criteria, to account for chronic disease and individual 
patient needs, has also not been validated for safety, there is sound clinical rationale 
for the practise. It is recommended that modifications to calling criteria for individual 
patients should involve senior clinicians [34].

Staff involved in RRS are familiar with the A-B-C paradigm in resuscitation, and it 
may be helpful to consider RRS triggers in the same light, with thresholds individual-
ised to health services to reflect capabilities and inpatient populations.

A. Airway: Impending or actual threat to airway is universally recognised as an 
emergency in every health system, and it is reasonable to activate RRS for imme-
diate expert assessment and management by an RRS team with airway expertise 
and equipment.

Figure 5. 
If escalation does not occur at the 2nd MET call, subsequent RRS calls do not change disposition or hospital 
outcomes. (Reproduced with permission from: [14]).
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An occluded airway is frequently followed by cardiorespiratory arrest and is clear 
grounds for a Code Blue

B. Breathing: Tachypnoea (with or without significant increase in work of breath-
ing) and bradypnea (with or without progressive decrease in respiratory effort) 
may or may not accompany hypoxia, signified by reduced oxygen saturations 
(detectable with ward-level monitoring devices like pulse oximeters) or increas-
ing oxygen requirements.

Respiratory distress is often a harbinger of physiologic compromise and comes with 
approximately doubling (OR 2.05) of risk of in-hospital mortality after MET call [8].

C. Circulation: Tachycardia, symptomatic bradycardia, and new arrhythmias are 
some of the commonest causes of RRS activation in most healthcare services.

Chest pain in at-risk populations as a symptom of myocardial infarction, pulmo-
nary embolus, or respiratory infection merits immediate attention.

Hypotension has long been recognised as a marker of shock and is also a common 
trigger for MET calls. Hypertension with malignant symptoms is a significant 
cause for concern. Hypertension may be of high significance in specific popula-
tions like obstetric patients.

Paradoxically, given the traditional focus on cardiovascular parameters for 
shock, recognition and familiarity with resuscitation protocols often leads to 
successful resuscitation from cardiovascular compromise prior to progressing to 
cardiac arrest [8].

D. Disability/altered neurology: Acute alterations in cognition and neurology 
may not just signify time critical emergencies like stroke or seizures, they may 
also be early signs of a diverse range of pathologies from sepsis to intoxication, 
substance withdrawal, delirium, and metabolic encephalopathy. Neurologic 
emergencies can approximately double (OR 1.83) risk of in-hospital mortality 
after MET call [8], and, given the diversity of precipitants, early escalation and 
senior clinician assessments available through RRS activation may be life-saving.

Other/worry-Not every patient deterioration fits neatly into a system-specific 
paradigm reflected by abnormal vital signs for RRS activation. It has long been 
recognised that extreme worry by bedside clinical staff merits immediate senior 
medical review and is grounds for calling the MET team. Recent studies have tried 
to evaluate and quantify “Worry” in the context of physiologic deterioration of 
patients [36]. 

The influence of the indication for MET on in-hospital mortality at a university-
linked metropolitan teaching hospital in Australia is shown in Figure 6 [8].

3.2  The efferent limb

The efferent limb describes the responding clinician team and is often deter-
mined by the expertise immediately available. In Australasian hospitals with ICUs, 
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it is common for ICU clinical staff to be members of the responding team. In cen-
tres without an ICU, the team may be led by either senior nurses, senior medical, or 
junior medical staff [34]. In North America, hospitalists are increasingly becoming 
an integral component of RRS, often leading the MET team [10]. The CICM docu-
ment acknowledges that in hospitals with an ICU, the immediate availability of an 
ICU team to attend and initiate appropriate life-supportive measures on the ward 
represents the highest level of patient safety attainable, while recognising that 
other institution-specific system arrangements may also provide a level of patient 
safety [33].

The following aspects of the efferent limb are worth considering [33].

1. Staffing: Management of critically ill patients outside the ICU has increasingly 
become part of ICU core business and is a recognised part of core ICU training. 
A response time of less than 10 minutes would be typically expected from an 
ICU team in a large hospital.

The MET team should be overseen at all times by a specialist in intensive care, 
immediately available for advice to the ICU RRS responders and to attend to the 
RRS call where specialist expertise is required.

While units should ensure attendance of ICU medical staff to RRS calls, “Out 
of ICU Roles” must not compromise care of the patients within ICU. Trainees 
and non-specialist medical officers in both ICU and in the RRS teams must have 
adequate intensivist supervision available at all times.

All ICU-based RRS should have at least one experienced ICU senior nurse avail-
able to attend RRS calls. Their attendance in RRS calls must not compromise 
nursing care of patients within the ICU.

Hospitals averaging 2000 or more RRS calls per annum should roster an ICU 
medical officer and nurse separate to the main ICU treating team exclusively for 
RRS and have a separate specialist roster for RRS oversight.

Figure 6. 
Odds ratios of death due to various triggers for RRS. Higher chances of dying when the triggers for the RRS were 
respiratory distress or altered level of consciousness. (Reproduced with permission from: [8]).
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The “admitting” team is most familiar with the patient and holds primary 
responsibility for the patient. This team should have a designated medical of-
ficer who is immediately contactable for notification of RRS activation and for 
involvement in discussions with the ICU MET team members regarding appro-
priate patient management. Ideally, the afferent limb activation should also alert 
these doctors about the occurrence of the call in their patient so that they can 
attend the call in-person.

2. Education: The hospital should have a documented educational program for RRT 
members.

The required skill set for ICU staff should focus on knowledge. Technical and 
non-technical skills and leadership skills should be taught, ideally in the context 
of immersive team training.

Success of the RRS requires clinical teams from the RRS and the primary team 
to work in partnership to ensure timely review and continuity of clinical care. 
Such an approach has the greatest potential to enhance the skill set of members 
of each team and ensures that the RRS does not mask organisational problems in 
the patient’s management.

Education should include the ward-based staff (who are responsible for initiat-
ing RRS calls) so both the afferent and efferent limbs of the RRS are effective.

In hospitals admitting paediatric and obstetric patients, RRT members should 
undergo specific education in the management of paediatric, neonatal, and ob-
stetric emergencies.

3. Operational requirements: An ICU-based RRS must meet any national criteria 
set out for such systems.

An ICU specialist should be nominated as the clinical lead, with appropriate del-
egated responsibility from the hospital executive providing clinical governance 
and representing the RRS on relevant hospital committees (e.g. clinical quality, 
safety, and governance committee), with adequate support from hospital admin-
istrative staff employed for quality improvement.

The clinical lead should meet regularly with nurses and doctors to ensure that 
the system is running effectively and to resolve problems with the responding 
team, if any.

A prospective data collection and evaluation process must be in place and 
adequately resourced to provide timely and data-driven evaluation of per-
formance that aims to improve the response and outcomes for deteriorating 
patients.

4. Equipment: The type and quantity of equipment and medications will vary with 
the type, size, and function of the RRS and must be appropriate to the workload 
of the MET team as judged by contemporary standards.
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There must be a regular system in place for replacement and checking the safety 
of equipment. Protocols and in-service training for medical and nursing staff 
need to be available for the use of all equipment, including steps to be taken in 
the event of malfunction. Portable equipment for mechanical ventilation and 
monitoring of ventilation, respiratory, and circulatory status must be available 
for RRS patient transports.

Suggested equipment and medication lists for RRT can be found in the ANZICS 
and CICM Joint Position Statement on Rapid Response Systems in Australia and 
New Zealand and the Roles of Intensive Care [34]. Published data suggests RRS 
efferent limbs in ICU-based systems are good at risk stratification and triage of 
deteriorating inpatients [32].

3.3  Governance

The governance guidelines from Safer Care Victoria (SCV) [37] concur with CICM 
and ANZICS guidelines. There are similar principles embedded in other Australasian 
jurisdictions regarding the establishment of integrated systems, processes, leadership, 
and culture central to providing safe, effective, accountable, and person-centred care, 
underpinned by continuous improvement.

At a minimum, RRS must

• Demonstrate compliance with National Safety and Quality Health Service 
(NSQHS) Standard 8

• Have organisational-level recognition and response governance systems driven 
by medical lead/s (i.e. heads of unit or equivalent)

• Have clearly defined roles and responsibilities for those involved in the recogni-
tion and response system at both organisational and ward level

• Have clear expectations of attending clinician/team accountability within the 
recognition and response system

• Have clear rapid response escalation policy/policies

• Promote engagement of the attending clinician/team in the recognition and 
response escalation policies and procedures

• Define organisational clinical indicators for the recognition and response system

• Have a recognition and response system with audit and review processes in place

• Have specific timelines for recognition and response system data collection and 
data review

• NSQHS Standard 8 (deteriorating patient) committee and/or rapid response 
team operational lead undertaking risk review and identifies gaps for 
improvement.
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Additional desirable features include

• Hospital executive sponsor to set expectations of engagement

• NSQHS Standard 8 (deteriorating patient) committee including a broad range of 
multidisciplinary staff

• Standardised process for goals of care/resuscitation planning, including promotion 
and assistance for patients/families/carers to undertake advanced care planning

• Statewide and national benchmarking of recognition and response systems

• Organisational commitment to recognition and response systems through 
specific key performance indicators (KPI)

• Support and resource governance staff and clinicians to improve the recognition 
and response system

• Putting contingency processes, involving attending clinicians/teams in place to 
guide management of multiple demands on the recognition and response system 
(e.g. more than one rapid response call occurring at one time)

• Local minimum recognition and response system training requirements

• Ensuring bedside clinicians have adequate assessment skills with regular training 
updates to maintain skill level

• Development of guidelines for the management of common deterioration 
syndromes

• Regular multidisciplinary education sessions addressing common deterioration 
syndromes aimed at bedside clinicians, specific to clinical area.

3.4  Quality and improvement

Communication and feedback between operational, governance, and quality 
improvement arms of the health service are key for successful implementation of 
site-specific improvement measures.

RRS involves personnel who do not usually work together assessing and managing 
the sickest inpatients, often in unfamiliar areas outside of critical care, in a time-
critical fashion.

Communication between various elements of RRS, at bedside as well as organisation-
wide, is critical for success. At a system level, minimum, communication should include

• Informing patients/families/carers on admission that there is a process for 
managing deterioration, including a consumer-triggered escalation process

• Open communication and documentation, regarding goals of care, occurs 
between the patient/family/carer and the attending clinician/team within 
48 hours of admission
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• Robust rapid response notification system, including notification of attending 
clinician/team

• Use of crisis management communication skills, such as closed-loop communica-
tion, shared mental model, recapping, and graded escalation when escalating 
and caring for a patient experiencing acute deterioration

• Development of attending clinician/team consultant notification guidelines for 
when a patient experiences acute deterioration

• Clear, accessible, and open communication with the patient/family/carer 
regarding patient deterioration and ongoing care from attending clinician/
team

• Further review of goals of care, where appropriate, as soon as possible after acute 
deterioration.

Ideally, communication could also include

• Regular multidisciplinary education and training to support clinicians in the use 
of crisis management communication skills

Open discussion and joint decision-making between patient/family/carer, 
attending clinician/team and rapid response team about ongoing care, especially 
after repeated RRS activations.

Tiered systems of individual and systemic communication then form the basis of 
a feedback loop between health consumers, admitting medical staff, ward nursing 
staff, ICU-based MET team personnel, and organisational staff including personnel 
in governance, quality improvement, and executive roles. At a bare minimum, the 
feedback process should

• Be a two-way process that occurs in a “just culture” and focuses on overall 
improvement of the recognition and response system

• Ensure bedside clinicians are satisfied with the call outcome and plan prior to 
completion of the RRS

• Ensure debriefing is available post rapid response calls as required

• Ensure clinicians attending the RRS can review performance and system functions, 
with the aim of system improvement

• Ensure consistent recognition and response system data collection, analysis, and 
reporting

• Be facilitated by Standard 8 committee/lead, with attending teams clinically 
reviewing their own rapid response calls to look for patterns and develop strate-
gies for better clinical care
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• Ensure individual units and/or wards review their own recognition and response 
data at morbidity and mortality meetings

• Ensure recognition and response system reports are made available to all clini-
cians (nursing and medical)

• Ensure feedback to attending clinicians/teams/wards includes recognition and 
response data and specific trends.

Ideally, feedback should

• Be multidisciplinary (including ward staff) at rapid response morbidity and 
mortality review sessions

• Involve the attending clinicians/teams involved in audit, review, and feedback of 
recognition and response systems

• Provide recognition and response system reports are made available to consum-
ers in an accessible way

• Provide transparent, whole of organisation feedback that identifies trends across 
the health service (i.e. rapid response ground rounds, open access database)

• Have the ability to publicly report rapid response trends and patient outcomes to 
allow for benchmarking.

4.  Conclusions

ICU-based MET teams have become the norm for RRS in hospitals that have ICU 
on site over the last couple of decades. Models using both ICU medical and nursing 
staff as primary responders have been successfully introduced.

The commonly accepted model consists of afferent (recognition and escalation 
at the ward/bedside), efferent (MET teams, often ICU-based, comprising skilled 
resuscitators with senior decision-making authority and with ability to access more 
specialised facilities, e.g. ICU), governance (general policy, procedure and oversight 
of RRS framework as well as jurisdiction and organisation-specific compliance roles), 
and quality improvement (data gathering, reporting, and benchmarking) arms.

With widespread introduction of RRS, identification and escalation of care to 
critical care teams at an earlier point in the trajectory of physiologic deterioration 
means that therapies can be instituted pre-emptively within the general ward setting 
and only a small proportion of inpatients who trigger an RRS then actually need ICU 
admission for further management. Measures of patient safety such as unplanned 
ICU admissions and unexpected cardiac arrests, with attendant high mortality 
and morbidity, have shown measurable reductions consistently as RRS has become 
widespread. RRS also provides opportunities to identify patients with significant 
disease progression, failures to respond to therapy, inadequacies in triage prior to 
ward transfer, and suboptimal end-of-life planning.

An unavoidable consequence has been the progressive engagement of ICU staff in 
the governance, organisation, and processes across the remainder of the hospital and 
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in areas not within the traditional remit of ICU medicine. This is a significant change 
to both care delivery responsibilities and hospital culture. Like all major change, this 
comes with potential barriers due to entrenched practices and cultures within health 
systems and these need to be negotiated sensitively and appropriately for the RRS 
system to successfully provide the intended safety net to patient care in healthcare.
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