
Qualitative analysis of RV consists of assessing RV size relative to LV, RV/LV end-
diastolic area, and RV free wall thickness during diastole. RV/LR end-diastolic area ra-
tio of more than 1 indicates severe RV dilation. RV wall thickness during diastole
greater than 1 cm indicates severe RV hypertrophy and differentiates between pheno-
types 6 and 7, both of which have dilated RV.
The complementary echocardiographic evaluation includes color-flow Doppler

imaging of the mitral, tricuspid, and aortic valves. Indeed, it is a useful application
as a screening tool for severe valvular disease (regurgitation and stenosis). Last,
atrial collapse during systole and/or ventricular collapse during diastole
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Initial and subsequent EASY phenotypes for septic shock patients

Cluster 1
Small/normal cavity

Increase or normal global contractility

Cluster 2
Enlarged LV +/– RV cavity

Decreased global contractility

Cluster 3
Isolated enlarged right ventricle

Increase or normal LV contractility

LA
LV

Fig. 1. EASy phenotypes are based on the subcostal four-chamber view (top row), subcostal
IVC view (middle row), and lung evaluation in the upper lung fields (bottom row). Pheno-
types 1 to 3 are grouped within cluster 1, phenotypes 4 and 5 are part of cluster 2, and phe-
notypes 6 and 7 are part of cluster 3. In general, cardiac assessment assesses myocardial
performance, IVC evaluation provides the estimate of fluid responsiveness, and lung exam-
ination defines fluid tolerance (A-profile) and intolerance (B-profile). Phenotype 1 describes
the patient with hypovolemic shock with small diastolic ventricular chamber size, collapsed
IVC with significant variability in its diameter throughout the respiratory cycle, and A-profile
on lung examination. Phenotype 2 is consistent with distributive shock in adequately fluid-
resuscitated patient with good cardiac filling, normal IVC size, and A-profile on lung exam-
ination. Phenotype 3 describes patient with hypertrophic LV, commonly dilated left atrium,
small and collapsible IVC, and A-profile on lung examination. Phenotypes 4 and 5 describe
patient with isolated LV (phenotype 4) and biventricular (phenotype 5) dysfunction, usually
plethoric IVC and B-profile on lung examination. Phenotype 6 most commonly describes pa-
tient with ARDS complicated by RV dysfunction. These patients demonstrate enlarged RV,
plethoric IVC, and B-profile on lung examination more commonly reflecting nonhydrostatic
edema. Phenotype 7 includes patients with underlying pulmonary hypertension and RV hy-
pertrophy who develop acute on chronic RV failure. These patients have enlarged and hy-
pertrophic RV, plethoric IVC, and variable lung profile (B-profile shown here). Bi A, Bi atrial;
Bi V, Bi ventricular; HTN, hypertension; LA, left atrium; LVH, left ventricular hypertrophy; RA,
right atrium; RVH, right ventricular hypertrophy. (Courtesy of N. Bughrara, MD, Albany, NY.)
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EASy phenotypes are based on the subcostal four-chamber view (top row), subcostal IVC view (middle 
row), and lung evaluation in the upper lung fields (bottom row).  
 
Phenotypes 1 to 3 are grouped within cluster 1, phenotypes 4 and 5 are part of cluster 2, and 
phenotypes 6 and 7 are part of cluster 3. In general, cardiac assessment assesses myocardial 
performance, IVC evaluation provides the estimate of fluid responsiveness, and lung examination 
defines fluid tolerance (A-profile) and intolerance (B-profile).  
 

• Phenotype 1 describes the patient with hypovolemic shock with small diastolic ventricular 
chamber size, collapsed IVC with significant variability in its diameter throughout the respiratory 
cycle, and A-profile on lung examination.  

• Phenotype 2 is consistent with distributive shock in adequately fluid resuscitated patient with 
good cardiac filling, normal IVC size, and A-profile on lung examination.  

• Phenotype 3 describes patient with hypertrophic LV, commonly dilated left atrium, small and 
collapsible IVC, and A-profile on lung examination.  

• Phenotypes 4 and 5 describe patient with isolated LV (phenotype 4) and biventricular 
(phenotype 5) dysfunction, usually plethoric IVC and B-profile on lung examination.  

• Phenotype 6 most commonly describes patient with ARDS complicated by RV dysfunction. 
These patients demonstrate enlarged RV, plethoric IVC, and B-profile on lung examination more 
commonly reflecting nonhydrostatic edema.  

• Phenotype 7 includes patients with underlying pulmonary hypertension and RV hypertrophy 
who develop acute on chronic RV failure. These patients have enlarged and hypertrophic RV, 
plethoric IVC, and variable lung profile (B-profile shown here).  

 
Bi A, Bi atrial; Bi V, Bi ventricular; HTN, hypertension; LA, left atrium; LVH, left ventricular hypertrophy; 
RA, right atrium; RVH, right ventricular hypertrophy. 
 
Source: Bughrara, N., Diaz-Gomez, J. L. & Pustavoitau, A. Perioperative Management of Patients with 
Sepsis and Septic Shock, Part II: Ultrasound Support for Resuscitation. Anesthesiol Clin 38, 123–134 
(2020). 
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size (see Fig. 3). This cardiovascular profile is most likely represented by patients
who have received volume resuscitation and lack ventricular systolic dysfunction.
The primary mechanism of persistent hypotension is inappropriate systemic vaso-
dilation. This phenotype corresponds to the previously described high cardiac
output circulatory shock. In these patients, volume responsiveness should be
assessed using fluid challenge. B-line ultrasound pattern in the upper lungs can
indicate fluid intolerance. In this phenotype, vasopressor support should be the
mainstem therapy (norepinephrine, ! vasopressin, ! phenylephrine). Initiation of
vasopressor support can unmask LV/RV dysfunction, and the patient’s phenotype
could be transformed into phenotype 4 (see Fig. 3). Patients resistant to traditional
vasopressors can benefit from an infusion of methylene blue and/or angiotensin II,
which can be used only if the cardiac index is high or normal.

Phenotype 3: Small Cavity, Thick Hypertrophic Left Ventricle

This phenotype requires special considerations in perioperative care (Video 10).
These patients commonly demonstrate diastolic dysfunction and hypotension

Cluster 1

4 5 No septal shift → LV Septal shift

Cluster 2 Cluster 3

5 ml/kg IVF challenge 2.5 ml/kg IVF challenge No volume

NE ± Vasopressin Vasopressin Vasopressin

10 ml/kg IVF challenge

Vasopressin
phenylephrine

Volume
NE

LA

LVRA
RV

LA
LV

RA
RV
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LV
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RV

Inotropic agent(s) Inotropic agent(s) Inotropic agent(s)

PPV is not accurate in case
of RV failure, do not follow

1

Small cavity

3

LA
LV

LA dilation, LVH
thick septum

2

Normal LA & LV dilation Bi A, Bi V dilation

PPV is accurate and could be
used if the following is met:
Passive ventilation with no effort,
TV > 8, RR < 30, sinus rhythm,

no RV failure, closed chest

PPV might not be accurate

Fig. 2. Organization of ultrasound findings into phenotypes and clusters allows providers to
develop a systematic approach to patient optimization immediately before induction of anes-
thesia. The mainstay therapy for patients in cluster 1 includes fluid resuscitation, and as the
inferior vena cava becomes fuller and interstitial B-line pattern appears on lung examination
the therapy shifts toward vasoactive medications. These patients could be followed in the
operating room using serial EASy examination and pulse pressure variation. Depending on
IVC evaluation and lung examination patients in cluster 2 may benefit from small titrated fluid
boluses 2.5 to 5 mL/kg (under conditions of collapsible IVC, A-profile on lung examination);
however, the mainstay therapy usually consists of using vasoactive medications and occasion-
ally inotropic agents when end-organ perfusion is not restored. In these patients, pulse pres-
sure variation is of value, and additional evaluation of LV diastolic function if appropriate
expert is available. Patients in cluster 3 present particular challenges, and assessment of septal
shift is required to establish whether RV function is compensated (septum does not bow into
the LV during diastole allowing for adequate LV filling) or not. Gentle fluid loading on a scale
of 2.5 mL/kg can be provided when function is compensated, and such measures as diuresis or
renal-replacement therapy undertaken when RV function is decompensated. The mainstay
therapy includes maintenance of systemic blood pressure with vasoactive medications and
inotropic support and minimizing increases in pulmonary pressures by avoiding hypoxemia/
hypercapnea and through the use of pulmonary vasodilators. IVF, intravenous fluid; NE,
norepinephrine. (Courtesy of N. Bughrara, MD, Albany, NY.)
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Organization of ultrasound findings into phenotypes and clusters allows providers to develop a 
systematic approach to patient optimization immediately before induction of anesthesia. 

The mainstay therapy for patients in cluster 1 includes fluid resuscitation, and as the inferior vena cava 
becomes fuller and interstitial B-line pattern appears on lung examination the therapy shifts toward 
vasoactive medications. These patients could be followed in the operating room using serial EASy 
examination and pulse pressure variation. 

Depending on IVC evaluation and lung examination patients in cluster 2 may benefit from small titrated 
fluid boluses 2.5 to 5 mL/kg (under conditions of collapsible IVC, A-profile on lung examination); 
however, the mainstay therapy usually consists of using vasoactive medications and occasionally 
inotropic agents when end-organ perfusion is not restored. In these patients, pulse pressure variation is 
of value, and additional evaluation of LV diastolic function if appropriate expert is available. 

Patients in cluster 3 present particular challenges, and assessment of septal shift is required to establish 
whether RV function is compensated (septum does not bow into the LV during diastole allowing for 
adequate LV filling) or not. Gentle fluid loading on a scale of 2.5 mL/kg can be provided when function is 
compensated, and such measures as diuresis or renal-replacement therapy undertaken when RV 
function is decompensated. The mainstay therapy includes maintenance of systemic blood pressure 
with vasoactive medications and inotropic support and minimizing increases in pulmonary pressures by 
avoiding hypoxemia/hypercapnea and through the use of pulmonary vasodilators.  

IVF, intravenous fluid; NE, norepinephrine. 

Source: Bughrara, N., Diaz-Gomez, J. L. & Pustavoitau, A. Perioperative Management of Patients with 
Sepsis and Septic Shock, Part II: Ultrasound Support for Resuscitation. Anesthesiol Clin 38, 123–134 
(2020). 
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Example of progressive resuscitation and serial evaluation of a patient with septic shock who presented to the
operating room initially demonstrating phenotype 1. Accordingly, the patient received fluid boluses 10 mL/kg at a
time until he demonstrated phenotype 2 and systemic mean arterial pressure was greater than 65 mm Hg. After
intubation and initiation of positive pressure ventilation, pulse pressure variation was used to guide further fluid
therapy in addition to serial EASy examinations. Norepinephrine was added because of persistent hypotension.
When patient developed left ventricular dysfunction, plethoric inferior vena cava, and interstitial edema pattern
on lung examination (phenotype 4), fluid was halted and epinephrine added; additional metabolic support with
hydrocortisone was offered. In accordance with Surviving Sepsis Guidelines tissue perfusion markers were
followed throughout the case, and goals of resuscitation are stated in the box on the far right.

MAP, mean arterial pressure; OR, operating room; PPV, pulse pressure variation; RR, respiratory rate; TV, tidal volume.

Source: Bughrara, N., Diaz-Gomez, J. L. & Pustavoitau, A. Perioperative Management of Patients with Sepsis and Septic Shock, Part II:
Ultrasound Support for Resuscitation. Anesthesiol Clin 38, 123–134 (2020).
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Video 14). In patients with septic shock, acute kidney injury and hyperuricemia could
precipitate pericardial effusion.
In case of the presence of concomitant large pleural effusion pleural fluid

should be drained first before anesthetizing patients for placement of pericardial
window. Tamponade physiology causes obstructive shock, which leads to plethoric
IVC. In this situation fluid should be given despite plethoric IVC to keep the patients
“full, fast and tight.” When IVC is collapsible then shock cannot be explained by
obstruction physiology only and is probably caused by hypovolemia. Under these
circumstances optimizing volume status by giving rapid volume boluses is neces-
sary before making diagnosis of obstructive shock secondary to tamponade
(Fig. 5).

Phenotype 9: Gross Valvular Heart Disease

The use of two-dimensional echocardiography and color flow Doppler imaging facili-
tates recognition of confirmatory signs of possible infectious endocarditis when there
is reasonable clinical suspicion of this condition (Video 15). Indeed, early identification
of heart systolic failure caused by severe valvular dysfunction, large mobile vegeta-
tions, and the presence of abscess are crucial in the characterization of patient’s he-
modynamics and ventricular function in the setting of possible infectious endocarditis.
Of note, in patients with low clinical suspicion for infectious endocarditis, a negative,
high-quality, transthoracic echocardiography is sufficient for excluding infection,

Phenotype 7 (Septic shock/preexisting pulmonary HTN/ARDS)
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Fig. 4. Example of resuscitation of a patient with preexisting pulmonary hypertension with RV
hypertrophy who developed ARDS and septic shock (phenotype 7). Initially, small fluid boluses
2.5mL/kgata timewereprovideduntil inferior venacavabecamefuller and systemicmeanarte-
rial pressure improved to greater than 65 mm Hg. On induction of anesthesia, intubation, and
initiation of positive-pressure ventilation using protective strategy with low tidal volumes and
titrated positive end-expiratory pressure and fraction of inspired oxygen, RV function became
decompensated with bowing of interventricular septum through cardiac cycle toward the left
ventricle. At this point vasoactivemedications (vasopressin) and inotropic (epinephrine andmil-
rinone) were added and patient was started on pulmonary vasodilator (inhaled prostacyclin).
Pulse pressure variation readings are inaccurate in a patient with decompensated RV function
and was not followed. In accordance with Surviving Sepsis Guidelines tissue perfusion markers
were followed throughout the case, and goals of resuscitation are stated in the box on the far
right. FRC, functional residual capacity; PEEP, positive end-expiratory pressure. (Courtesy of
N. Bughrara, MD, Albany, NY.)
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Example of resuscitation of a patient with preexisting pulmonary hypertension with RV hypertrophy who 
developed ARDS and septic shock (phenotype 7). Initially, small fluid boluses 2.5mL/kg at a time were 
provided until inferior vena cava became fuller and systemic mean arterial pressure improved to greater 
than 65 mm Hg. On induction of anesthesia, intubation, and initiation of positive-pressure ventilation 
using protective strategy with low tidal volumes and titrated positive end-expiratory pressure and 
fraction of inspired oxygen, RV function became decompensated with bowing of interventricular septum 
through cardiac cycle toward the left ventricle. At this point vasoactive medications (vasopressin) and 
inotropic (epinephrine and milrinone) were added and patient was started on pulmonary vasodilator 
(inhaled prostacyclin). Pulse pressure variation readings are inaccurate in a patient with decompensated 
RV function and was not followed. In accordance with Surviving Sepsis Guidelines tissue perfusion 
markers were followed throughout the case, and goals of resuscitation are stated in the box on the far 
right.  
 
FRC, functional residual capacity; PEEP, positive end-expiratory pressure. 
 
Source: Bughrara, N., Diaz-Gomez, J. L. & Pustavoitau, A. Perioperative Management of Patients with 
Sepsis and Septic Shock, Part II: Ultrasound Support for Resuscitation. Anesthesiol Clin 38, 123–134 
(2020). 
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whereas an initial negative transthoracic echocardiography warrants a transesopha-
geal echocardiography examination in situations of high clinical suspicion for infec-
tious endocarditis (including presence of Staphylococcus aureus bacteremia,
previous heart valve surgery).
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Phenotype 8 (pericardial tamponade, large pleural effusion)

Right heart Atrial collapse during systole, ventricular collapse during diastole
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markers
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Fig. 5. Although not included in this classification of hemodynamic phenotypes, obstructive
physiology is occasionally present in patients with septic shock, and large pleural effusions
confound clinical presentation of these patients. In this example, patient presented with
pericardial and large pleural effusion; however, still flat and collapsible IVC. He received
titrated 10 mL/kg fluid boluses and vasoactive support with norepinephrine until IVC
became fuller and systemic mean arterial pressure improved to greater than 65 mm Hg.
Thoracentesis was performed and pleural effusion evacuated resulting in A-profile on
lung examination. Subsequently, the patient was intubated while breathing spontaneously
and pericardial window was performed. In accordance with Surviving Sepsis Guidelines tis-
sue perfusion markers were followed throughout the case, and goals of resuscitation are
stated in the box on the far right. (Courtesy of N. Bughrara, MD, Albany, NY.)
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Although not included in this classification of hemodynamic phenotypes, obstructive physiology is 
occasionally present in patients with septic shock, and large pleural effusions confound clinical 
presentation of these patients. In this example, patient presented with pericardial and large pleural 
effusion; however, still flat and collapsible IVC. He received titrated 10 mL/kg fluid boluses and 
vasoactive support with norepinephrine until IVC became fuller and systemic mean arterial pressure 
improved to greater than 65 mm Hg. Thoracentesis was performed and pleural effusion evacuated 
resulting in A-profile on lung examination. Subsequently, the patient was intubated while breathing 
spontaneously and pericardial window was performed. In accordance with Surviving Sepsis Guidelines 
tissue perfusion markers were followed throughout the case, and goals of resuscitation are stated in the 
box on the far right. 
 
Source: Bughrara, N., Diaz-Gomez, J. L. & Pustavoitau, A. Perioperative Management of Patients with 
Sepsis and Septic Shock, Part II: Ultrasound Support for Resuscitation. Anesthesiol Clin 38, 123–134 
(2020). 
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