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Ab s t r ac t
Hemodynamic assessment along with continuous monitoring and appropriate therapy forms an integral part of management of critically ill 
patients with acute circulatory failure. In India, the infrastructure in ICUs varies from very basic facilities in smaller towns and semi-urban areas, 
to world-class, cutting-edge technology in corporate hospitals, in metropolitan cities. Surveys and studies from India suggest a wide variation in 
clinical practices due to possible lack of awareness, expertise, high costs, and lack of availability of advanced hemodynamic monitoring devices. 
We, therefore, on behalf of the Indian Society of Critical Care Medicine (ISCCM), formulated these evidence-based guidelines for optimal use of 
various hemodynamic monitoring modalities keeping in mind the resource-limited settings and the specific needs of our patients. When enough 
evidence was not forthcoming, we have made recommendations after achieving consensus amongst members. Careful integration of clinical 
assessment and critical information obtained from laboratory data and monitoring devices should help in improving outcomes of our patients. 
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monitoring, Static parameters, Thermodilution cardiac output,Transpulmonary thermodilution.
Indian Journal of Critical Care Medicine (2022): 10.5005/jp-journals-10071-24301

In t r o d u c t i o n
Hemodynamic monitoring is an integral part of the management of 
critically ill patients, especially those with acute circulatory failure. 
The history of hemodynamic monitoring dates back to ancient times 
when Galen of Pergamon (130–210 AD) described 27 characteristics 
from a single beat of pulse based on the speed, frequency, and size 
that were associated with different causes and outcomes.1 Scientific 
and technological advances over the years have led to a sea change 
in our understanding and ability to monitor the hemodynamic 
status in real time, with continuous or intermittent noninvasive 
and invasive techniques and devices. 

In patients with acute circulatory failure, the hemodynamic 
condition often waxes and wanes until overt decompensation, 
rather than in a linear progression to organ dysfunction. The 
dynamic variability represents the compensatory mechanisms that 
occur within the physiological reservoir before overt tissue injury 
occurs. These can to some extent be indirectly quantified from 
clinical assessment, absolute physiological values from the monitor, 
or other clinical and laboratory variables.2,3 However, in actual 
practice, these hemodynamic thresholds may not often account for 
individual variations and dynamic changes, which can potentially 
lead to misinterpretation or sometimes even underestimation of 
the instability. Therefore, understanding the limitations of various 
hemodynamic monitoring techniques and the actual physiological 
values they reflect is essential to justify the cost, especially in 
resource-limited settings.

In India, the infrastructure in ICUs varies from very basic facilities 
in smaller towns and semi-urban areas to world-class, cutting-edge 
technology in corporate hospitals, in metropolitan cities.4 The 
first INDICAPS study, a 4-day point-prevalence study conducted 
in 2011, which included data from 124 Indian ICUs (4209 patients), 
found that arterial cannulation was performed in only 19.5% 
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patients, while a central venous catheter (CVC) was present in 34.6% 
patients.5 In barely 3% of patients, CO and stroke-volume variation 
(SVV) monitoring was being performed. The second INDICAPS 
study (5019 patients, 141 ICUs), which surveyed the ICUs between  
2018 and 2019, also showed a similar infrequent use of invasive 
arterial (24.5%) and central venous (34.3%) pressure monitoring. 
CO and SVV monitoring remained low even in this second survey 
which happened after a gap of ~8 years.6

The wide variation in clinical practices observed in these 
surveys may be due to lack of awareness, expertise, availability of 
advanced hemodynamic monitoring devices and high costs. These 
surveys are suggestive of a need to increase awareness about the 
utility and limitations of various techniques of hemodynamic 
monitoring. We, therefore, on behalf of the ISCCM, formulated 
evidence-based guidelines to guide clinicians for optimal use of 
various modalities of hemodynamic monitoring in patients with 
acute circulatory failure, keeping in mind the resource-limited 
settings and the specific needs of Indian patients.

Sco p e o f t h e Gu i d e l i n e s 
These guidelines have been developed to help clinicians perform 
hemodynamic monitoring in adult critically ill patients using 
evidence-based recommendations in variable resource settings. 
These guidelines are aimed to give clinicians a broad framework 
for hemodynamic monitoring, however, the details of individual 
monitoring devices and techniques have not been included. 
Consensus opinion from the committee experts and other experts 
who are members of the ISCCM has been taken, wherever robust 
evidence is lacking or to suit the requirements in the region. These 
guidelines do not represent the minimum standard of practice, nor 
are they a substitution for good clinical judgment.

Me t h o d s

Committee Composition 
The ISCCM executive committee appointed two chairs to constitute 
a national committee to formulate guidelines for hemodynamic 
monitoring in the critically ill patients. The committee chairs formed 
a panel of critical care specialists with clinical experience and 
expertise in the field of hemodynamic monitoring. Corresponding 
with individual expertise, the panel was divided into subgroups 
addressing the following six domains: (i) Definition of shock or 
acute circulatory failure, (ii) Clinical and point-of-care investigations 
to determine the presence of acute circulatory failure, (iii) Volume 
responsiveness, (iv) Role of transthoracic and transesophageal 
echocardiography (TEE), (v) Fine-tuning of fluid therapy, and  
(vi) When to use advanced hemodynamic monitoring. Each subgroup 
was led by a team member and was given the task of summarizing 
evidence and drafting recommendations in the respective area. 

Conflict of Interest 
Each panel member declared any conflict of interest based on 
procedures outlined by the ISCCM, which has been reviewed by 
the guideline chairs. The views and interests of any commercial 
entity that provided funding to ISCCM had no influence on the 
topics discussed and recommendations made.

Meetings
In view of the travel restriction due to the pandemic, all committee 
meetings were held on an online platform. Conference calls and 

e-mail correspondence were used to discuss specific issues requiring 
input from other panel members, including updated literature 
searches, evidence synthesis, finalizing the recommendations, and 
responding to peer review.

Formulating Clinical Questions
The panel agreed on eight specific questions pertinent to 
hemodynamic monitoring of critically ill adults and outlined 
outcomes of interest for each question a priori: 

•	 How do we assess tissue perfusion clinically?
•	 Which laboratory parameters do we use to diagnose tissue 

hypoperfusion and as targets for resuscitation?
•	 How should the blood pressure be monitored in patients with 

acute circulatory failure? What should be the blood pressure 
target for resuscitation of patients with acute circulatory 
failure?

•	 What is the role of echocardiography in assessing patients with 
acute circulatory failure?

•	 How do we assess fluid responsiveness?
•	 When do we stop giving fluid to a patient with acute circulatory 

failure?
•	 Which patients need advanced hemodynamic monitoring?
•	 Should changes in microcirculatory perfusion be used to guide 

the therapy of a patient with acute circulatory failure?

Literature Review
A medical librarian helped to develop a search strategy for each 
of the guideline questions, using specific vocabulary terms for an 
updated search of articles from January 2016 to December 2021 in 
MEDLINE, EMBASE, Cochrane Registry of Controlled Trials, Ovid, 
Google Scholar, and PubMed. In addition, the panel members 
were also asked to highlight any additional studies not identified 
by the search.

Evidence Review and Development of Clinical 
Recommendations
Two independent reviewers in each group screened titles and 
abstracts to identify articles related to their subgroup, they also 
evaluated the full text of articles deemed potentially relevant 
by any reviewer. Any disagreement was resolved by consensus 
among the members. We used Grading Recommendations, 
Assessment, Development, and Evaluation (GRADE) principles to 
prioritize outcomes, assess the quality of evidence, and determine 
the strength of outcomes, rather than the formal GRADE process. 
Thereafter, we used the Evidence-to-Decision framework to facilitate 
transition from evidence to final recommendations.7 We classified 
each recommendation as strong or conditional as per GRADE 
methodology. A recommendation was accepted if 80% consensus 
was achieved. We developed best-practice statements based on 
these recommendations. The committee assessed whether the 
intervention would provide substantially more benefit than harm. If 
the benefit was felt to be substantial in our consensus opinion, the 
recommendation was worded as “we recommend”. If we were not 
confident of substantial benefit as against harm, then we worded 
it as “We suggest”. Where the evidence was not strong but the 
committee felt that the interventions were beneficial, the statements 
for the particular intervention have been labeled as Best Practice  
Statements or BPS.
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Re co mm  e n dat i o n s w i t h Ev i d e n c e Su mma   ry

How do we Assess Tissue Perfusion Clinically?
Shock is defined as a life-threatening acute circulatory failure, 
which leads to either failure of oxygen delivery or utilization 
by the tissues. Shock may be caused by a single pathology or 
a combination of different disease processes. Shock, unless 
identified and corrected promptly, may lead to multi-organ failure 
and death. It is important to remember that the patient can have 
shock without being hypotensive, but have hyperlactatemia. 
Tissue hypoperfusion can be diagnosed using clinical signs and 
laboratory parameters.

Recommendations
•	 We recommend that the clinician looks for clinical signs of 

peripheral hypoperfusion in all critically ill patients. 
•	 We recommend that all patients be assessed for the presence of 

altered mentation, tachycardia, hypotension, decreased urine 
output, and tachypnea. 

•	 If the peripheries are cold on touch, formal measurement of the 
difference between peripheral and core temperature should 
be carried out at admission and at frequent intervals during 
resuscitation. 

•	 We recommend that capillary refill time (CRT) be measured 
at admission, if it is found to be >4 seconds, frequent 
measurements should be carried out during resuscitation to 
check for a change. 

•	 We recommend that patients be assessed for the presence of 
mottling around the knees, and if present, it should be graded 
from 0 to 5, and repeated assessment carried out at frequent 
intervals. 

•	 We recommend that hourly urine output should be measured 
in all critically ill patients.

•	 We recommend that a single clinical sign be not relied upon, 
and overall clinical assessment should be taken into account 
while assessing the progress of the patient. 

Evidence Summary
In the presence of an insult leading to the development of shock, 
the human body progresses through compensating physiological 
needs, to decreasing organ perfusion, to overt shock. The signs 
that are seen are dependent on the importance of the organs to 
the body based on “inverse priority pattern”, i.e., the perfusion 
reduces first in the organs of least importance (skin and muscles) 
through to the last but the most important organs, i.e., heart and 
brain.8 In the initial interval, neurohumoral response takes over 
causing vasoconstriction, which then leads to decreased peripheral 
perfusion with preservation of vital organ perfusion.9 Therefore, 
decreased peripheral temperature, i.e., cold extremities, appears 
first, followed by tachycardia [to increase cardiac output (CO)], then 
decreasing blood pressure, tachypnea, oliguria, and last changes 
in mentation occur.

A reduced peripheral perfusion leads to a drop in temperature 
of the extremities. This decrease in peripheral perfusion also leads  
to a temperature gradient between central and peripheral areas 
of the body and can be confirmed by measuring the difference 
between core temperature/room temperature and great toe.10,11 
Another sign of decreased peripheral perfusion is delayed CRT. This 
is easily measured at either the fingertips or knees of the patient. 
Multiple studies have shown an association between delayed CRT 
and metabolic parameters (lactate) of perfusion, and their impact 

during resuscitation, particularly in septic shock.11–15 A trial targeting 
CRT vs lactate normalization in patients with septic shock found 
that though CRT-targeted resuscitation did not reduce mortality, 
it did lead to reduced organ dysfunction at 72 hours.15 Recently, a 
point-of-care device for CRT measurement was shown to improve 
the accuracy of assessment of peripheral perfusion.16

Reduced perfusion can lead to changes in consciousness 
and cognition, leading to obtunded mental status. In critically ill 
patients, reduced perfusion can present as altered mental status 
that may range from confusion to delirium and coma. Gofton and 
Young found that 70% of septic shock patients had neurological 
symptoms.17 Kataja found that 68% patients with cardiogenic 
shock had altered mental status at presentation and this was an 
independent predictor of mortality.18

Normally, the kidneys receive one-fifth of total CO, but 
of this, 90% goes to the cortex and the rest to the medulla. In 
patients with adequate renal blood flow, the cortex and medulla 
respond differently to a decrease in renal perfusion pressure. 
The medullary microcirculation is pressure-dependent, i.e., it has 
poor autoregulation. Therefore, it responds poorly to decrease 
in circulating intravascular volume.19 Any drop in blood pressure, 
therefore, leads to a decrease in urine output. In the ICON study, 
persistent oliguria in the critically ill was found to be associated 
with increased ICU stay and hospital mortality.20

A Mottling score with 6 grades (0–5) has been described, which 
was shown to correlate with survival in patients with septic shock, 
this, however, can be used only in patients with fair skin.21

Which Laboratory Parameters do we use to Diagnose 
Tissue Hypoperfusion and as Targets for Resuscitation?
Recommendations
•	 We recommend measuring lactate during the initial phase of 

resuscitation. 
•	 We suggest serial lactate measurement be performed for 

prognostic purposes. 
•	 We do not recommend tailoring resuscitation strategies solely 

on the basis of elevated lactate. 
•	 We do not recommend using nonclearance of lactate as a trigger 

for fluid therapy. 
•	 We suggest using standard bases excess (SBE) as a tool for 

triaging patients in shock, especially in the setting of trauma.
•	 We do not recommend using SBE as an alternative to lactate 

measurement or as a single parameter to guide resuscitation 
in nontrauma patients.

•	 We recommend measurement of oxygen saturation (SvO2)/ 
ScvO2 in patients having shock. 

•	 A low ScvO2 suggests poor tissue hypoperfusion and patients 
should be re-evaluated to ascertain the cause of shock and guide 
further therapy (BPS). 

•	 A high ScvO2 on the other hand may indicate impaired oxygen 
utilization by the tissues (BPS).

Evidence Summary
Lactate is recommended as a marker of resuscitation and peripheral 
perfusion. The Surviving Sepsis Campaign integrated lactate 
measurement into the 1-hour bundle.22 During critical illness, 
multiple factors cause elevation in lactate in addition to hypoxia and 
hypotension.23 A threshold of 2 mmol/L has now been projected 
as a marker of organ dysfunction, especially in sepsis.24 However, 
hyperlactatemia may be seen without evidence of hemodynamic 
instability. In addition, not all patients with a diagnosis of shock 
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manifest lactic acidosis. The original recommendation to measure 
lactate arose from the concept of “oxygen debt” in 1969.25 While 
this was a very simplistic explanation, hyperlactatemia and lactic 
acidosis are fairly consistent manifestations of cellular hypoxia and 
represent the severity of shock. Serial lactate measurements then 
became the standard of care.26 It was recognized and accepted for 
long that the responders of fluid resuscitation could be identified 
by a 10% decrease in blood lactate concentration over 1 hour. 
Further evidence seemed to suggest that faster clearance of lactate 
identifies patients with a better prognosis.27 The ANDROMEDA-
SHOCK trial, however, countered the concept of lactate-directed 
resuscitation.15 The authors found that lactate-guided therapy 
resulted in more fluid therapy, more vasopressor usage, and 
more adrenaline usage, while not resulting in better outcomes. 
The finding of great concern was that mortality was higher in 
the lactate-guided therapy group. It has to be remembered that 
hyperlactatemia in the early hours of resuscitation, especially in 
sepsis, may not always be due to end-organ hypoperfusion.

Standard Base Excess
Early recognition of shock (especially hypovolemic shock) is a 
challenge in the acute care setting. The SBE is often used as a 
marker of systemic metabolic acidosis in the context of shock. 
Most blood gas analyzers provide both the values. The role of SBE 
in managing trauma patients is well-documented.28 Standard base 
excess might be able to predict mortality better than vital signs 
or shock index. But this body of evidence comes predominantly 
from observational studies. Moreover, SBE values are significantly 
influenced by hyperchloremia in the acute setting. Kidney injury 
and failure, diabetic ketoacidosis, and chronic CO2 retention also 
influence the SBE.29 Therefore, its application across the spectrum 
of patients needing hemodynamic optimization is not validated.

Monitoring SvO2/ScvO2
The ultimate endpoint of resuscitation is to reverse the imbalance 
between oxygen supply and demand. It was proposed that 
both mixed venous SvO2 and ScvO2 can be used to measure the 
efficacy of resuscitation. A true SvO2 measure needs a pulmonary 
artery catheter, while ScvO2 measurement needs an appropriately 
positioned CVC. The importance of ScvO2 was highlighted in the 
first early goal directed therapy (EGDT) trial.30 Since then, several 
studies have attempted to replicate the results of “normalizing” 
ScvO2 with no success.24 The incidence of low ScvO2 in patients 
needing resuscitation also appears to be low.31

How Should the Blood Pressure be Monitored in 
Patients with Acute Circulatory Failure? What Should 
be the Target for Resuscitation of Patients with Acute 
Circulatory Failure?
Recommendations
•	 We recommend that in all patients in shock, arterial blood 

pressure should be monitored invasively.
•	 We recommend a target MAP of 65–70 mm Hg. 

Evidence Summary
Cohn, in 1967, described how inaccurate the palpatory and 
auscultatory methods of noninvasive blood-pressure measurements 
were as compared with invasive blood-pressure measurement.32 
Meidert et al. recently reported that in ED patients, oscillometric 
method was unable to detect hypotension in patients with shock, 

since the MAP measured by this method was erroneous, nearly 15% 
higher compared with invasive blood-pressure measurement.33

The aim of resuscitation in shock states is to restore 
adequate tissue perfusion. Varpula et al. chose different mean 
arterial pressure (MAP) thresholds, 60, 65, 70, and 75 mm Hg, 
and looked at the effect of maintaining these target pressures 
on patient outcomes. They found that MAP of 65 mm Hg and 
ScvO2 >70% were independent predictors of mortality.34 
Dünser et  al. calculated the time integral of drop in arterial 
blood pressure for systolic pressure, mean perfusion pressure  
[MPP = MAP–central venous pressure (CVP)] for the first 24-hour 
stay in the ICU, and correlated it with ICU outcomes.35 They 
found that MAP threshold of ≥60 mm Hg was as good as higher 
MAP levels. However, acute renal failure was likely to occur if the  
MAP was <75 mm Hg. A post hoc analysis of different quartiles 
of MAP values and vasopressor load found that increasing MAP 
to values higher than 70 mm Hg does not offer any advantage, 
contrarily, use of higher doses of vasopressor may cause an 
increased mortality.36 Asfar et al. found no difference in outcomes 
when targeting low (65–70 mm Hg) or high (80–85 mm Hg) MAP 
thresholds, in patients with septic shock, however, there was an 
increased incidence of atrial fibrillation in the high-target group.37 
Another trial comparing normal vs higher blood-pressure targets 
did not find any improvement in outcomes of patients with shock.38 
Prolonged high dose of vasopressor therapy may be associated 
with adverse cardiac events and worse outcomes, due to certain 
adverse effects of exogenous vasopressor load.35,38,39 A systematic 
review of trials comparing high vs lower blood pressure did not 
find any patient-related adverse events in the lower target group, 
but suggested that higher blood-pressure targets may increase 
mortality, for patients who are on high doses of vasopressors.40

What is the Role of Echocardiography in Assessing 
Patients with Acute Circulatory Failure? 
Recommendations
•	 We recommend use of transthoracic echocardiography (TTE) 

for initial evaluation of type of shock. 
•	 We recommend that a stepwise, protocolized, echocardio

graphic approach be used. 
•	 Echocardiography can be used to determine the type of shock, if 

the reason is not clinically obvious (BPS). Subsequently, it should 
be used for sequential evaluation (BPS).

•	 We recommend a detailed echocardiographic evaluation, after 
initial rapid evaluation to confirm the findings.

•	 We suggest the use of TEE for hemodynamic monitoring only if 
an operator skilled in its use is available. 

•	 We recommend using TEE over T TE for hemodynamic 
monitoring in the following situations: 
–	 Poor thoracic echo window that precludes TTE.
–	 Patients in prone position.
–	 During cardiac arrest, to diagnose the cause of the arrest and 

to assess the adequacy of compressions.
–	 Pulmonary embolism due to a proximal pulmonary artery 

thrombus.
–	 Thoracic aortic dissection.
–	 Post cardiac surgery hypotension.

•	 We suggest obtaining the following views at a minimum with 
TEE done for assessing a hemodynamically unstable patient:
–	 Transgastric short-axis view.
–	 Mid-esophageal 4-chamber (ME4C) view.
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–	 Mid-esophageal bicaval view.
–	  Mid-esophageal descending aorta view. 

•	 We recommend using a two-point compression technique 
(femoral and popliteal) for rapid screening for DVT. 

Evidence Summary
Echocardiography is the perfect hemodynamic tool for the initial 
evaluation of the patient in shock due to reasons such as immediate 
availability of results to detect the mechanism of shock, guidance 
for hemodynamic management (fluid responsiveness/impairment 
of left or right ventricular (RV) function/increased RV afterload), and 
rapid evaluation of response therapy.41,42

A clinician should be trained in rapid cardiac assessment by 
echo (RACE), to assess a deteriorating patient using 2D and M‐mode 
echocardiography, to detect major abnormalities with initiation of 
treatment. This can be followed by a more detailed assessment at 
a later stage. RACE involves assessment of left ventricular function, 
including ejection fraction, regional wall-motion abnormalities; 
signs of right heart failure; inferior vena cava assessment, and 
pericardial pathologies. RACE should be also accompanied by other 
scans [lung ultrasound (LUS), DVT scan, etc.] to confirm diagnosis 
and guide therapy. For this reason, several integrated protocols 
for shock assessment have been devised, which allow stepwise 
protocolized approach. One such protocol is the Rapid Ultrasound 
in Shock (RUSH) protocol.43 The RUSH protocol consists of three 
components: “the pump”, “the tank”, and “the pipes”, allowing 
an experienced ultrasound operator to easily complete the entire 
protocol in 5–10 minutes. Several studies of RUSH protocol have 
shown excellent accuracy for all types of shock.44,45

Transthoracic echocardiography is noninvasive, quicker, and 
cheaper than TEE. In addition, availability of transesophageal probe 
and the training required to use it may be a barrier to using TEE. If 
available, TEE has a distinct advantage over TTE for hemodynamic 
monitoring in patients with a poor transthoracic echo window. 
Transthoracic echocardiography cannot be performed when 
patients are in prone position, while TEE can.46 In cardiac arrest, 
TEE is useful to determine the cause of the arrest and allows for 
continuous monitoring of the adequacy of resuscitation, which 
is not possible with TTE.47 In aortic dissection, TEE offers much 
superior visualization of the thoracic aorta than TTE.48 Postoperative 
bleeding with localized tamponade in the post-cardiac surgery 
patient requires TEE as it is difficult to rule it out using TTE. 
Transesophageal echocardiography is also superior to TTE for the 
visualization of a central pulmonary embolus.49

Transesophageal echocardiography has been shown to have 
a greater diagnostic accuracy and therapeutic impact compared 
with TTE in hemodynamically unstable patients.50 It is also less 
operator-dependent and needs a shorter training time to achieve 
competency.51 Although more invasive than TTE, it has a low risk 
of complications – that are mostly very minor.52

How do we Assess Fluid Responsiveness?
Fluid responsiveness is a state when the left ventricle is able 
to increase its stroke volume (SV) or CO in response to fluid 
administration.53–56Administering a fluid challenge will help 
determine fluid responsiveness, however, this may be harmful in 
nonresponders. Repeated fluid boluses increase the risk of fluid 
overload and may worsen outcomes, especially in patients with 
septic shock and acute respiratory distress syndrome.57 Thus, 
administering fluid to a “fluid non-responder” is not only ineffective, 
but may be harmful. Therefore, after initial resuscitation, predicting 

whether a fluid bolus will increase CO or not before administering 
fluid, is essential to avoid harm. Dynamic parameters are more 
reliable than static parameters like CVP and pulmonary artery 
occlusion pressure (PAOP) to assess fluid responsiveness. The 
dynamic parameters in current clinical use are pulse-pressure 
variation (PPV), SVV, using tidal volume challenge (TVC) and lung 
recruitment to improve the reliability of PPV, respiratory variation 
of vena cava diameters (rvIVC), and end-expiratory occlusion 
test (EEOT), and noninvasive tests such as plethysmographic-
variability index (PVI).58,59 Central venous catheter is placed in 
critically ill patients both for CVP monitoring and safe venous 
access for administration of vasopressors and other irritant 
medications. Central venous pressure is considered a surrogate of 
right ventricular end-diastolic pressure (RVEDP), which in turn is 
considered to be a reflection of RV preload and is the commonest. 
However, CVP interpretation and extrapolation to clinical practice 
has several limitations.54

Recommendations
•	 We recommend against the use of CVP to predict f luid 

responsiveness. 
•	 In spontaneously breathing patients in shock, we suggest using 

focused cardiac ultrasound to accurately identify patients with 
low CVP, provided the patient is not gasping for breath and has 
smooth breathing pattern.

•	 A very low CVP may indicate low preload, on the other hand, a 
very high CVP may indicate an adequately filled vasculature. If 
the patient is still in shock, we feel other approaches need to 
be adopted for further evaluation and therapy (BPS).

•	 We suggest that a fluid challenge be used to identify patients 
who will benefit from fluid therapy, provided there is no 
contraindication to fluid administration.

•	 We recommend that at least 4 mL/kg crystalloid be given over 
5–10 minutes for performing fluid-challenge test. 

•	 If advanced devices for monitoring are not available, we suggest 
using the CVP and MAP to observe a response to fluid-challenge 
test. 

•	 We feel that a mini fluid challenge should be used only if 
advanced echocardiographic expertise interpretation is 
available (BPS).

•	 We recommend using dynamic parameters such as PPV, SVV, 
Δ-IVC, EEOT, and TVC over static parameters for hemodynamic 
monitoring, when available, in mechanically ventilated patients. 

•	 We recommend using pulse-pressure variation, which is 
available with most modern monitors used for invasive arterial 
pressure, as the preferred dynamic measure, since it is likely to 
be available in all settings, even in areas with limited resources. 

•	 We recommend using TVC with PPV and SVV to predict fluid 
responsiveness in patients ventilated using low tidal volume. 

•	 When TVC is used with PPV, direct CO measurements are not 
required (BPS).

•	 Among dynamic parameters, we recommend using the EEOT, 
TVC, and PLR, as these tests are the most reliable in predicting 
fluid responsiveness in patients ventilated using low tidal 
volume. 

•	 We recommend that EEOT be assessed by direct measurement 
of CO, as it is less reliable when its effects are measured using 
arterial pressure. 

•	 We recommend using ΔVmaxAo and ΔSVC over ΔIVC, as they 
have greater diagnostic accuracy, provided required expertise 
for TEE is available. 
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•	 We recommend using passive leg-raising test (PLR) to predict 
fluid responsiveness in both nonventilated and ventilated 
patients.

•	 We recommend performing PLR using a direct measurement 
of CO or stroke volume, since it is less reliable when performed 
using invasive arterial pressure waveform.

•	 Since PLR may not be useful in patients with intra-abdominal 
hypertension, we suggest using some other measure for fluid 
responsiveness in its place. 

•	 We recommend against using PLR in patients with intracranial 
hypertension, or other conditions where head-low position may 
adversely affect the patients. 

Evidence Summary
Central Venous Pressure Measurement
Studies have shown that CVP is an unreliable marker of fluid 
responsiveness.54–56 Dynamic hemodynamic variables consistently 
perform better than CVP in predicting fluid responsiveness. 
However, at extremes of values (CVP <6 and >12 mm Hg), CVP 
seems to perform better to predict fluid responsiveness.57 A recent 
analysis of a large database in China, demonstrated that measuring 
CVP was associated with reduced risk-adjusted 28-day mortality 
among septic patients, this benefit was proportionally mediated 
through reduction of serum lactate.58

Fluid-challenge Test
One of the most frequent dilemmas while resuscitating sick patients 
is whether the patient should be given fluids. Fluid-challenge test 
is a method to identify patients who may benefit from an increase 
in intravascular volume. It is, in other words, a dynamic test for 
the circulation. Given the fact that positive fluid balance could be 
detrimental to patients during the later stages of resuscitation, 
it is crucial to identify those who will actually benefit from an 
increase in intravascular volume. The fundamental principle is 
that, for a fluid bolus to increase the SV and thereby the CO, the 
administered volume should be able to stretch the right heart  
(i.e., increase the RV end-diastolic volume).59 The postulated volume 
that is expected to achieve this result in physiological state is  
3 mL/kg or 200 mL.59 A dose of 4 mL/kg over 5 minutes was found to 
be superior to infusion of 1, 2, or 3 mL/kg (body weight) of crystalloid 
over 5 minutes.60 It should be remembered that not all patients who 
are fluid-responsive, need fluids. This decision has to be taken based 
on the assessment of perfusion. A positive response to FC would 
imply a 10–15% increase in SV or CO. The parameter, which identifies 
this increase in SV or CO, is not the same in all-clinical settings. 
Mean arterial pressure is the most universally applied measure. 
Urine output, point-of-care ultrasound echocardiography, and CO 
monitoring have also been used. The choice of fluid used for the FC 
is quite often a crystalloid. The rate of fluid administration is equally 
important. A short infusion time of 5–10 minutes is considered 
optimal. A mini-fluid challenge involving an infusion of 100 mL of 
colloid over 1 minute targeting VTi has also been proposed but has 
not been validated.61

Dynamic Measures of Fluid Responsiveness
Dynamic parameters are based on heart–lung interactions, and 
predict fluid responsiveness by measuring the changes in SV or CO 
due to changes induced in preload, due to pressure changes in the 
thorax, and due to mechanical ventilation. Several dynamic tests 
and parameters have been used to predict fluid responsiveness. 

They involve inducing or observing variations in cardiac preload, 
and measuring the resultant changes in CO or SV. The magnitude of 
these changes can help predict how much change will be induced 
in these parameters by fluid administration. These include tests 
based on heart–lung interaction and one test that does not: the 
passive leg-raising test (PLRT). Dynamic parameters and tests 
based on heart–lung interactions include PPV, SVV, using TVC to 
improve the reliability of PPV, rvIVC and EEOT, lung recruitment, and 
noninvasive tests such as PVI.62,63 The most common limitations of 
the tests using heart–lung interactions are spontaneous breathing, 
low lung compliance, ventilation using low tidal volume (Vt), and 
arrhythmias. The rvIVC however is not affected by the presence of 
arrhythmias and TVC can be reliably used in patients ventilated 
using low VT.62 Three meta-analyses found that arterial waveform-
derived parameters, PPV and SVV, can reliably predict fluid 
responsiveness in mechanically ventilated patients. The respiratory 
variations of superior vena cava diameter (rvIVC), however, are not 
affected by the presence of arrhythmias and both rvIVC along with 
TVC can be reliably used in patients ventilated using low VT.63–65 

Si et  al. conducted a systematic review and meta-analysis to 
assess the reliability of EEOT to predict fluid responsiveness in 
mechanically ventilated patients. The mean threshold was an 
EEO-induced increase in CI of more than 4.9 ± 1.5%.66 However, the 
accuracy of EEOT was shown to be reliable when its hemodynamic 
effects were assessed by direct measurement of CO than using 
arterial pressure. Messina et  al. conducted a meta-analyses and 
systematic review to check the reliability of the EEOT and of the 
mini-fluid challenge for predicting fluid responsiveness.67 The areas 
under the curve (AUC) for EEOT was 0.96, with pooled sensitivity 
and specificity of 0.86 and 0.91, respectively. They concluded that 
EEOT and the mini-FC reliably predict fluid responsiveness.

The largest prospective multicenter study (540 ventilated 
adults) compared echocardiographic indices used to predict fluid 
responsiveness, i.e., rvSVC, rvIVC, and Doppler velocity in the left 
ventricular outflow tract (ΔVmaxAo).68 The ΔVmaxAo had the 
best sensitivity and rvSVC the best specificity in predicting fluid 
responsiveness. Though rvSVC had a greater diagnostic accuracy 
than rvIVC (AUC was 0.752 and 0.635, respectively), its measurement 
requires TEE. The most commonly used echocardiographic variable 
in clinical practice is rvIVC. Vignon et al. conducted a systematic 
review and meta-analysis (20 studies and 761 patients) to assess 
the diagnostic accuracy of rvIVC in detecting fluid responsiveness.69 
Pooled sensitivity and specificity of rvIVC in 330 spontaneously 
breathing patients were 0.80 [95% conf idence inter val  
(CI) 0.68–0.89] and 0.79 (95% CI 0.60–0.90). Pooled sensitivity and 
specificity of rvIVC in 431 mechanically ventilated patients were 
0.79 (95% CI 0.67–0.86) and 0.70 (95% CI 0.63–0.76).70

Among the limitation with the use of parameters and tests to 
predict fluid responsiveness, ventilation using low tidal volume is 
the most common in clinical practice.62 Recently, Alvarado Sánchez 
et  al. conducted the first systematic review and meta‑analysis 
on predictors of fluid responsiveness in critically ill patients 
mechanically ventilated with low tidal volumes (Vt ≤8 mL kg), 
including 33 studies and 1352 patients.71 The AUC values for 
predictors of fluid responsiveness were: for PPV = 0.82, Δ-IVC = 0.86, 
SVV = 0.90, m-FC = 0.84, PLR = 0.84, EEOT = 0.92, and TVC = 0.92. 
They concluded that using TVC to improve reliability of PPV, EEOT, 
and SVV has excellent operative performance, while Δ-IVC, PLR, 
m-FC, and PPV had good operative performance as predictors of 
fluid responsiveness.72 The lung-recruitment tests and noninvasive 
tests such as plethysmography-variability index (PVI) have shown 
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promising results is small studies, but warrant further investigations 
before they can be recommended for routine clinical practice.62 
We can use heart–lung interaction to detect fluid responsiveness 
only in patients on controlled mechanical ventilation. For those 
who are breathing spontaneously, one should use PLR that is also 
known as internal or self-fluid challenge. While using PLR to detect 
fluid responsiveness, continuous CO monitoring is mandatory, 
where a 15% increase in stroke volume, following PLR, predicts 
fluid responsiveness.

When do we Stop Giving Fluid to a Patient with Acute 
Circulatory Failure?
Recommendations
•	 If desaturation occurs, or crepitations develop, during fluid 

infusion, the patient should undergo urgent re-evaluation of 
ongoing fluid therapy (BPS).

•	 We recommend that in the absence of frank pulmonary edema 
and pneumothorax, repeated LUS be performed to assess and 
monitor the risk of fluid overload to guide fluid therapy. 

•	 We recommend closer clinical and LUS monitoring in patients 
with elevated LV-filling pressures (E/eʹ>15) as they may be at a 
higher risk of increased extravascular lung water (EVLW) with a 
fluid bolus. 

•	 We recommend that fluid therapy may be continued for patients 
with cardiovascular instability, provided the GEDVI is less than 
800 mL and Extra-vascular Lung Water Index (EVLWI) does not 
exceed 10 mL/kg. 

•	 In patients with high EVLWI (>12 mL/kg), fluid infusion should be 
stopped and other therapies such as vasopressors or inodilators 
may be instituted as indicated. 

Evidence Summary
Pulmonary edema, accumulation of excessive fluid in the alveoli, is 
frequently seen in critically ill patients, due to increased hydrostatic 
pressure (cardiogenic) or increased efflux of fluid into interstitial 
spaces as a result of sepsis-induced abnormalities in the vascular 
permeability.72,73 This can lead to desaturation, can be assessed 
clinically on auscultation, on X-ray, and by performing LUS. Using 
transpulmonary thermodilution or dye-dilution technique, we can 
measure the preload (Global End Diastolic Volume Index – GEDVI) 
and quantify the amount of fluid in the pulmonary interstitium 
(EVLWI).74,75

Global End-diastolic Volume Index/Extra-vascular 
Lung Water Index/Pulmonary Vascular Permeability 
Index
Chew et al. demonstrated that EVLW-related parameters improved 
the diagnosis of sepsis-associated lung injury at all severities.76 

A systematic review of 9 studies, which included 690 patients, 
found that EVLWI was a good predictor of mortality in critically ill 
patients.77 However, EVLWI may also be increased in patients with 
pneumonia and pleural effusion.74,78 The presence of pneumonia 
or pleural effusion is clinically evident. In the absence of these 
clinical conditions, GEDVI and EVLWI can be used to differentiate 
between cardiogenic and noncardiogenic pulmonary edema 
and fluid therapy can be implemented appropriately. Mayr et al. 
reported that B-line scores derived from LUS (either 4-sector or 
28-sector scans) were accurately able to predict the EVLWI in 
critically ill patients.79

The normal values for GEDVI (600–800 mL/m2), EVLWI (12 mL/kg),  
and PVPI (extravascular lung water/pulmonary blood volume) ≤2 

should be kept in mind for fine-tuning fluid therapy in critically ill 
patients.80

Echocardiography to Assess the Safety of Filling 
Pressure in Volume-responsive Patients
Excessive fluid administration can lead to deleterious effects in 
multiple organs, manifesting first in the lungs. Once the patient in 
shock is found to be preload-responsive, it is important to assess 
the risk of increasing EVLW. A simple pragmatic way to do this is to 
be cautious with fluid boluses in all patients with severe hypoxemia 
and bilateral lung infiltrates. The utility of LUS to assess safety of 
filling has been already described in another section.

rvIVC has been shown to correlate with EVLW.81 However, there 
is no evidence to show that IVC diameters or variation predicts 
increase in EVLW with fluid loading.

Echocardiographic LV systolic dysfunction has been shown to 
correlate with EVLW determined ultrasonologically.82 However, this 
does not predict an increase in EVLW with fluid administration.83 
These patients are however at higher risk of fluid overload and 
need closer monitoring during fluid resuscitation. In patients with a 
grossly dilated RV with RV systolic dysfunction, fluid administration 
can lead to overdistension of the RV, and precipitate RV ischemia 
due to the increased wall tension.84

Estimation of LV-filling pressures helps to determine if the 
patient is at risk of lung-fluid intolerance. The ratio of E to eʹ 
correlated well with the LV-filling pressures in most patients in sinus 
rhythm. An E/eʹ ratio of >15 suggests elevated LV-filling pressures. 
Using the medial mitral annulus has been shown to be better than 
the lateral mitral annulus for this purpose.85

Elevated filling pressures have shown a correlation with EVLW 
and predict cardiogenic pulmonary edema during weaning failure. 
However, elevated LV-filling pressures do not unequivocally predict 
a rise in EVLW with a fluid bolus.86 This is because an increase 
in EVLW with fluid administration also depends on pulmonary 
capillary permeability, serum albumin levels, and the presence of 
pulmonary vascular remodeling in patients with long-standing 
elevated filling pressures.87 The identification of elevated filling 
pressures on echocardiography only helps to suggest that the 
patient may be at a higher risk of increased EVLW, needing closer 
clinical and LUS monitoring during further fluid administration.

Which Patients need Advanced Hemodynamic 
Monitoring?
When initial fluid administration and vasopressor therapy fail to 
resolve shock, a re-evaluation of the patient condition becomes 
essential. In a patient with complex cardiovascular disorders, 
basic hemodynamic monitoring consisting of invasive arterial and 
CVP monitoring may be inadequate to guide therapy and more 
advanced hemodynamic monitoring may be required.

Recommendations 
•	 We recommend using either pulmonary artery catheterization 

or transpulmonary thermodilution in patients with shock and 
complex etiology.

•	 We recommend using transpulmonary thermodilution 
technique, if available, to differentiate and manage unstable 
patients with complex cardiopulmonary pathophysiology. 

•	 We recommend using pulmonary artery catheter in patients 
with cardiogenic shock on mechanical circulatory-assist devices. 

•	 We suggest use of pulmonary artery catheters (PACs) in patients 
with RV failure. 
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Evidence Summary
Recently, Kouz et al. studied the correlation between MAP and CO, 
in patients undergoing complex abdominal surgeries. They found 
that there was no meaningful correlation between MAP and CO. 
They attributed this to variation in the vascular tone and volume 
status of the patients.88 Therefore, it is logical to measure CO 
directly and optimize therapy in patients with complex etiology of 
shock, large fluid shifts, and those with multiple-organ dysfunction 
and failure. There is also increased interest in the use of PACs 
in patients with cardiogenic shock. The data from Cardiogenic 
Shock Working Group (CSWG) registry from 8 tertiary care centers 
of patients with cardiogenic shock, who were on mechanical 
circulatory support, suggested that use of PAC was associated 
with lower in-hospital mortality.89 Osman et  al. also reported 
decreased mortality in patients with cardiogenic shock who 
were on mechanical circulatory support, with the use of PAC, in a 
propensity-matched cohort of nearly 400,000 patients.90 Pan et al., 
in a retrospective analysis of over 500 patients, found that therapy 
utilizing transpulmonary thermodilution CO monitoring resulted 
in a moderately low CO and lower EVLWI, without compromising 
organ function. The patients with cardiogenic shock had lower 
EVLWI as compared with those with ARDS and mortality was lower 
in patients with cardiogenic shock.91

In the critically ill patients, when the patients’ hemodynamic 
status does not improve after initial resuscitation, or if the 
patient has shock of mixed or complex etiology, use of advanced 
hemodynamic monitoring, consisting of devices such as pulmonary 
artery catheter or transpulmonary thermodilution catheter, 
can help us to determine the ongoing need for further fluids or 
resuscitation, vasopressors, or inotropic agents. They can be used 
not only as diagnostic tools to clarify the patient status in complex 
scenarios of shock (due to a combination of etiologies) but can also 
guide further therapy. 

Should Changes in Microcirculatory Perfusion be Used 
to Guide Therapy in a Patient with Acute Circulatory 
Failure?
Recommendations
•	 We do not recommend monitoring the microcirculation and 

using microcirculation-targeted therapy in routine patient 
management. 

•	 We recommend that its use be restricted only to research 
settings.

Evidence Summary
The principal role of the circulation is to deliver nutrients to the 
organs and remove waste products. This is mainly accomplished 
by the delivery of red blood cells (RBC) into the microcirculation 
and the passive diffusion of oxygen from the RBCs to the tissue 
cells. When requirements are not met, organ dysfunction occurs 
before ultimately failing. Therefore, the goal in treating circulatory 
dysfunction is to restore adequate perfusion of the microcirculation. 
The oxygen content [hemoglobin (Hb) and Hb saturation] also 
determines the amount of oxygen delivered to the organs. 

Different handheld microscopes are used for direct observation 
of microcirculation, mostly applied to the sublingual area. The 
advantage of these devices is that they are noninvasive and easy 
and quick to use. Exploration of the microcirculation is intermittent 
but can be frequently repeated without inconvenience to the 
patient. Importantly, evaluation of the microcirculation requires 

acquisition of good-quality images and a strict protocol for image 
analysis.

The ultimate goal of resuscitation is the improvement in 
microcirculatory perfusion, the question is whether these currently 
used signs of shock and the improvement in these signs actually 
correspond to the changes in the microcirculation. Recent 
studies have shown that during the development of shock, the 
deterioration in the macrocirculatory parameters is followed by 
the deterioration of microcirculatory perfusion. However, in many 
cases, the restoration of adequate macrocirculatory parameters is 
frequently not associated with improvement in microcirculatory 
perfusion.92,93 This is again variable, depending on the etiology 
and type of shock. This may result in both overresuscitation and 
underresuscitation, leading to increased morbidity and mortality.

Fluids given in the early stages and dobutamine may somewhat 
improve the microcirculation, but their effects are quite variable. 
Vasodilatory agents may improve microvascular perfusion, but 
they lack selectivity and increase flow in already-perfused areas 
as well. Modulation of endothelial nitric oxide synthase with 
various agents (including vitamin C) appears promising. Hence, 
it is important to understand the microcirculatory changes 
that occur with various therapies to plan resuscitation targets 
for the future. At this stage, it seems premature to address this 
question. While there is no doubt that a better understanding 
of the pathophysiologic processes is desired, the major 
limitation is that we lack therapies specifically acting at the  
microcirculatory level.

Co n c lu s i o n
A group of nine experts from the ISCCM formulated these pragmatic 
recommendations for hemodynamic monitoring in Indian ICUs with 
variable resource settings. Almost all recommendations are based 
on studies performed in resource-rich environments. These will 
need to be adapted at individual provider level and ICU level based 
on available expertise and resources. The CRT was identified as a 
promising clinical tool for hemodynamic monitoring, whose role is 
being evaluated in a large randomized controlled trial. Prospective 
research on the utility and outcomes of hemodynamic monitoring 
in Indian ICUs is necessary to determine the modalities best suited 
for our circumstances.
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