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Critical care medicine is a relatively new specialty that has been growing over the past seven decades. The specialty has come a 
long way from the bag-ventilation of polio patients to the modern intensive care units. Over the years, with more understanding 
of physiology, critical care now means intervening less while monitoring the patient more closely. The article touches upon the 
evolution of the specialty and the Indian context; and the opportunities artificial intelligence may bring in the coming decades.
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Introduction
In 1952, Copenhagen faced the worst poliomyelitis epidemic, 
and patients were dying of respiratory failure.1 The most 
significant change in history stemmed from a change in 
reasoning that these patients were dying of carbon-dioxide 
retention and not from metabolic alkalosis.1 As a result, Bjorn 
Ibsen proposed a solution of tracheostomy with manual 
positive-pressure ventilation, resulting in a dramatic drop in 
mortality. Encouraged by this improvisation, the specialty 
of intensive care was born in December 1953 in Denmark.2

The history of intensive care is probably still older, dating 
back to the Crimean War when Florence Nightingale arranged 
her most seriously wounded patients adjacent to the nurses’ 
station, for close monitoring. Later in 1958, Max Harry Weil 
and Herbert Shubin opened a four-bed “shock ward” at the 
USC Medical Center, and almost concurrently, Peter Safar 
established a multidisciplinary ICU in Baltimore.3 Critical 
care medicine was thus born out of a crisis, driven by the 
willingness to support failing organs by whatever available 
means and to call for teamwork under pressure. Seventy years 
down the line, the specialty continues to focus on organization 
of the care built on evidence-based practice.

The Evolution of Organ Support
The history of ventilators began in the nineteenth century 
with negative-pressure ventilators, including the iron lung 
and progressed to the positive-pressure ventilation during 
the polio epidemic.4 Over years, the understanding of 
ventilation-induced lung injury also evolved as we learned 
about barotrauma, volutrauma, atelectrauma, biotrauma, 
and Ergotrauma5 (Figure 1). That marked a change in era 
of ventilation - from targeting normoxia and normocapnia 
with high tidal volumes, to a more gentle, tolerant approach 
to hypercapnia and hypoxia. Currently, the spectrum of 
respiratory support ranges from oxygen to non-invasive 
ventilation, and high-flow nasal oxygen, the use backed up 
with evidence, scoring systems and guidelines. A landmark 
trial in the history of critical care was the publication of the 
ARMA trial which showed that ventilating injured lungs with 
tidal volumes of 6 ml/kg of predicted body weight showed 
a significant mortality benefit vs 12 ml /kg body weight.6 
Later, the PROSEVA trial suggested that prolonged prone 
positioning in severe ARDS, can result in a relative reduction 
of mortality by 50%.7
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Figure 1: The evolution of respiratory support in the ICU. The trajectory from aggressive strategies to the gentle patient friendly strategies. 

Extracorporeal Life Support (ECMO)
The concept of ECMO to tide over failure of heart or lungs 
evolved from the heart–lung machine, in 1953.8 However, the 
first survivor on ECMO was reported only in 1972, and later, 
a child in 1975.8 In 1979, the first randomized trial on ECMO 
in adults was published which turned out to be negative.9 The 
resurgence of ECMO was later observed during the 2009 
influenza pandemic, with the CESAR trial (2009) showing a 
benefit from referring ARDS patients to a center capable for 
performing ECMO10 and later by the EOLIA  in 2018 which 
further defined the role of ECMO in severe ARDS.11

Circulatory Support
The pulmonary artery catheter (PA catheter) developed and 
introduced in 197012 helped clinicians to reliably understand 
the pressures inside the heart and decide on therapeutics 
including fluids or modification of vasopressors. The PA 
catheter remained the gold standard of hemodynamic 
monitoring for over 20 – 25 years till adverse effects like 
arrhythmias, infection, and pulmonary artery rupture and a 
failure to improve clinical outcomes resulted in its downfall. 
Esophageal Doppler to measure blood flow in the aorta, Pulse 
Contour Analysis to estimate cardiac output from arterial 
waveforms, Impedance Cardiography, and later bedside 
point of care ultrasound and echocardiography brought the 
objectivity in day-to-day hemodynamic assessment. The use 
of mixed venous oxygen saturation, central venous oxygen 
saturation, lactate, and the arterio -venous CO2 gap (A-VCO2 
gap) also improved the way we perform hemodynamic 
resuscitation.

Renal Support
The principle of dialysis was first described in 1854, and the 
first successful dialysis was performed in 1945.13 In 1946 
the first documented clinical peritoneal dialysis (PD) on a 
patient suffering from acute renal failure was reported and 

PD remained a widely accepted treatment for renal failure 
inside critical care settings till the early 1980s.14 In 1977 
Peter Kramer performed the first continuous arteriovenous 
hemofiltration and allowed more precision in fluid removal 
and solute clearance.15 Owing to the high costs and non-
availability of CRRT machines, sustained low-efficiency 
dialysis was introduced in late 90s.16 These modalities of renal 
support have been repeatedly and rigorously tested trial after 
trial regarding the timing, mode of renal support, dose of renal 
replacement therapy, type of filters, etc. Similar to ECMO, 
acute peritoneal dialysis saw a revival during the COVID 
pandemic, with good outcomes and lower costs. The renewed 
interest in peritoneal dialysis for critically ill patients with 
acute kidney injury reiterates that in dire situations, proper 
application of physiology in appropriate patient groups with 
coordinated teamwork can help simple solutions transform 
outcomes.17

Sepsis Management
Sepsis is one area where critical care has focused, resulting 
in important changes in management and outcome. The 
early goal-directed therapy (EGDT) trial by Rivers et al. that 
demonstrated a significant mortality benefit by a protocolized 
early recognition and management of sepsis.18 The routine 
use of central venous pressure and mixed venous oxygen 
saturation (SvO₂) was later refuted by subsequent trials.19 But 
EGDT had already transformed sepsis care by reinforcing  
the early identification, timely intervention, and structured 
resuscitation. Kumar et al. showed that every hour of delay in 
the administration of appropriate antibiotics was associated 
with a significant increase in mortality.20 Understanding 
the pharmacodynamics and pharmacokinetics (PK- PD)  
principles of antibiotics, and their application in practice 
based on the trials like DALI – ICU, BLING series, BLISS, 
and MERCY, along with rapid molecular diagnostics has also 
contributed to a paradigm change in sepsis management.21 
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These trial results have significantly changed the practice, 
and the mortality of sepsis and septic shock has reduced 
over years. 

Gastrointestinal support and nutrition
Over the years, nutritional support has also evolved in critical 
care. Initially, most critically ill patients were kept fasting 
during the acute phase, and nutrition never received the 
same priority as the other forms of organ support. In the late 
1960s, total parenteral nutrition was introduced by Dr. Stanley 
Dudrick, which revolutionised the field.22 The understanding 
of the role of GI tract and its integrity to maintain immune 
function, later shifted the practice again towards enteral 
feeding. Trials such as EDEN, PermiT, EPaNIC, TARGET, 
NUTRIREA-2 and NUTRIREA-3 demonstrated that 
aggressive early calorie delivery, particularly during shock, 
does not improve outcomes while permissive hypocaloric 
feeding during the acute phase is safe. NUTRIREA-3 trial also 
suggests that temporary restriction of both calories and protein 
during the early phase of shock may reduce gastrointestinal 
complications and facilitate recovery23 (Table 1).

Oncology critical care
Historically, patients with malignancy were not considered 
for ICU admission, owing to a prevailing therapeutic 
nihilism about their outcomes. Advancements in critical 
care – in technology and in the refinement of practice – along 
with advances in oncology such as better chemotherapy, 
targeted therapies, immunotherapy, and haematopoietic 
stem cell transplantation, have changed this significantly. 
Dedicated onco-critical care units demonstrated that acute 
organ failure in cancer patients can be reversed, with good 
patient outcomes. Time-limited trials of ICU admission 

further helped decision-making in patients with uncertain 
prognosis. Newer agents such as CAR-T cell therapy and 
immune checkpoint inhibitors are promising but rely heavily 
on critical care to recognize and manage their treatment-
related toxicities.24

The Evidence Era: Trials That Changed Practice
If the early decades gave critical care some ideas and rationale, 
the 1990s and 2000s gave it evidence. The randomized 
controlled trials were applied at the bedside, and critical 
care matured from the application of plausible physiology 
into application of tested outcomes. Some trials established 
a beneficial practice (Table 2) while other trials demonstrated 
that some widely used interventions were either useless or 
harmful. (Table 3). 

Is Less More? Monitoring Closely, Intervening 
Less
With increasing experience in critical care, we have 
significantly moved from a goal of attaining normal 
physiological parameters to a tolerant limit of normal. 
Multiple high-quality trials have shown that tolerating mild 
degree of physiological abnormality can be lifesaving than 
aggressive intervention. As good critical care physicians, we 
now realize that every intervention, drug, and device carries a 
risk that must be justified by a genuine expected benefit. Less 
is more is now a dictum in Critical care, which now supports 
lower tidal volumes, restrictive transfusion thresholds, lighter 
sedation with daily awakening, conservative fluid strategies 
once shock has resolved, moderate oxygen targets, shorter 
antibiotic courses.33 Doing “less” safely demands more 
aggressive, continuous, attentive monitoring of the disease 
trajectory (Table 4).

Table 1: summary of nutrition trials in critical care

Trial (Year) Study population Nutrition strategy tested Major findings

EDEN (2012)
Mechanically ventilated 
patients with acute lung 
injury/ARDS

Trophic enteral feeding versus full enteral 
feeding during the first 6 days

No difference in mortality, 
ventilator-free days, or infections.

EPaNIC (2011) Critically ill adults with 
insufficient enteral intake

Early supplemental parenteral nutrition 
(within 48 hours) versus delayed parenteral 
nutrition (after day 7)

Delayed parenteral nutrition 
resulted in fewer infections, shorter 
ICU stay, and faster recovery

PermiT (2015) Critically ill adults requiring 
nutritional support

Permissive underfeeding (40–60% of 
calculated calorie target) versus standard 
feeding (70–100% target) with similar protein 
intake

No difference in 90-day mortality or 
major clinical outcomes

TARGET (2018) Mechanically ventilated ICU 
patients

enteral nutrition targeting full calories versus 
enteral nutrition with lower calorie delivery

Increased calorie delivery did not 
improve survival or functional 
outcomes

NUTRIREA-2 (2018)
Mechanically ventilated 
ICU patients with shock 
receiving vasopressors

Early full-dose enteral nutrition versus early 
parenteral nutrition

Similar mortality; enteral nutrition 
group had increased complications

NUTRIREA-3 (2023) Mechanically ventilated ICU 
patients with shock

Early low-calorie and low-protein feeding 
versus standard calorie and protein targets 
during the first week

No significant mortality reduction
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Table 2: Selected landmark trials that established a beneficial practice

Trial (year) Question Practice-changing result

TRICC, 199925 Restrictive vs liberal red-cell transfusion Transfusion at a hemoglobin threshold of 7 g/dl 
was as safe or safer in critically ill patients

ARDS Network (ARMA), 
20006

Low vs traditional tidal volume in ARDS ~9% absolute mortality reduction with 6 ml/kg; 
lung-protective ventilation vs 12 ml/kg 

Rivers (EGDT), 200118 Early protocolized resuscitation in sepsis Stressed early recognition and timely 
resuscitation of sepsis worldwide.

PROSEVA, 20137 Prolonged prone positioning in severe ARDS 28-day mortality 16% vs 33% with prone 
positioning in severe ARDS.

EOLIA  201811 Whether early veno-venous ECMO improved survival 
compared to conventional mechanical ventilation in patients 
with severe ARDS

Secondary analyses suggested benefit in 
selected severe ARDS patients.

DEXA ARDS 202026 Dexamethasone for treatment of ARDS Early administration of dexamethasone reduces 
mortality in moderate-to-severe ARDS

Table 3: Influential “negative” trials that changed practice

Trial (year) Intervention tested Result & consequence

PAC-Man, 200527 Pulmonary artery catheter No benefit from routine use; invasive catheter use was largely 
abandoned.

CORTICUS, 200828 Corticosteroids in septic shock No overall mortality benefit; steroids reserved for refractory 
shock.

VISEP 2008; NICE-SUGAR 
200929,30

Tight glycemic control No benefit, more hypoglycemia and excess mortality; tight 
control was abandoned.

OSCAR
OSCILLATE (2013)31,32

High frequency oscillatory ventilation vs 
mechanical ventilation in ARDS

High mortality in HFOV group – abandonment of HFOV

PROCESS / ARISE / 
PROMISE(2014–15)19 

Protocolized early goal-directed therapy in 
sepsis

No benefit over good usual care; rigid sepsis protocols were 
relaxed, though early recognition endured.

Still a Doctor: The Art of Critical Care
It is tempting to imagine the intensivist as superhuman who 
reads fancy machines and is skilled at lines and tubes. The 
reverse is true. A good intensivist is one who realizes that 
behind every trace on the monitor is a patient with a history, 
and if the physician doesn’t ask where the story began, he is 
likely to be like Don Quixote fighting windmills of numbers 
and alarms while missing the real enemy.

In critical care, every source of information is eagerly 
sought into – the history from a reliable relative, the previous 
medical record, the unmentioned travel history or silent 
pet at home. Along with the eliciting of a good history, a 
focused objective clinical examination continues to remain 
the foundation of critical care. Point-of-care ultrasound, 
procedural skills in airway management, and vascular access, 
although considered sine qua non for critical care, have 
never replaced the physician’s understanding of the disease 
pathophysiology. Knowing when not to order the test, not to 
start the drug, not to escalate, is among the most refined skills 
in the unit. Critical illness has thus probably raised the stakes 
of the art of clinical medicine.

A Day at the Bedside
My day begins in my bed, scrolling through overnight events 
posted in the WhatsApp groups. This gives me a head’s-up, 
but I don’t compromise on a bedside-focused handover. The 
multidisciplinary rounds are deliberately brief. The nurse, 
the respiratory therapist, the dietitian, the trainees and the 
relevant consultants voice their opinion at the bed. I often 
act as the buffer. A sick patient often carries four consultants 
with four plans; and as an intensivist, I must hold the whole 
picture, reconcile the contradictions, and keep the patient 
from being pulled in four directions. I tend to focus a lot on 
clinical microbiology, appropriate antibiotics and try to draw 
a line between colonization and true infection. Every day, at 
the bed side the charts are revisited, reading the trends, so 
that we are always in anticipation of tomorrow’s trajectory. 

Clinical examination includes a deliberate examination 
under the blanket to expose the limbs so that mottling, a 
cold periphery, pedal edema, or an early cellulitis are picked 
up. In patients with shock, the touch on extremities and the 
capillary refill aid a focused ultrasound of the heart, lungs, 
and kidneys. Again, I run through the blinking monitors, 
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Table 4: Current evidence of “Less is more in critical care.”

Area / Intervention (Less is More) Major Trial(s) Evidence

Avoid supranormal oxygen delivery goals34 Gattinoni SVO2 trial Targeting supranormal cardiac index/DO₂ did not improve outcomes; 
excessive fluids/inotropes may cause harm

Restrictive transfusion strategy25 TRICC Trial (1999) Hb trigger 7 g/dL was at least as safe as liberal transfusion (10 g/dL); 
reduced unnecessary blood exposure

Less  synthetic starch  in resuscitation35 VISEP, 6S, CHEST Trials Hydroxyethyl starch increased risk of renal injury/RRT without survival 
benefit

Lower tidal volume ventilation in ARDS6 ARMA Trial (ARDSNet, 
2000)

6 mL/kg predicted body weight reduced mortality compared with 
traditional high tidal volumes

Conservative fluid strategy in ARDS36 FACTT Trial (2006) Conservative fluid management improved ventilator-free days without 
increasing shock or renal failure

Less sedation37 Daily interruption trial 
(Kress)

Daily awakening and spontaneous breathing trials reduced ventilation 
duration and ICU stay

Lower oxygen targets / avoid hyperoxia38 Oxygen-ICU Conservative O₂ reduced mortality

Avoid intensive glucose normalization30 NICE-SUGAR Trial (2009) Tight glucose control increased mortality and hypoglycemia; moderate 
targets preferred

Shorter antibiotic duration39 Balance trial Short-course antibiotics often equivalent and reduce resistance/adverse 
effects

Table 5: The domains of post-intensive care syndrome (PICS and PICS-F). Critical illness is a family event; its effects persist for months to years 
after discharge in a large proportion of survivors.

Physical impairment Cognitive impairment Mental health impairment PICS-F (Family impact)

ICU-acquired weakness Memory impairment Anxiety Caregiver anxiety

Fatigue and deconditioning Poor concentration Depression Depression

Reduced mobility Slowed information processing Post-traumatic stress symptoms Complicated grief

Breathlessness Executive dysfunction Sleep disturbance Financial strain

infusion pumps, charts, labs, and case files, so that nothing 
is skipped. Drug interactions, drug deescalations, dose 
modifications, and drug reconciling happens at this point.  
Then the second part begins – discussion with the relatives, 
truthfully, clearly, in their own language, with respect. In our 
context, communication is an art, and we need to address 
concerns from the decision-maker, the confused relatives, and 
maybe an unknown person over the phone. As intensivists we 
must express the possible complications, yet infuse them with 
confidence, avoid conflicts, and still help to take the decisions 
that remain tangled culturally and legally, such as palliative 
care and, at times, futility without being paternalistic. 

This daily routine is not sustainable on willpower alone, 
and it comes with a cost – burnout — the triad of emotional 
exhaustion, depersonalization, and a diminished sense of 
accomplishment.40 It is universal but more common in high-
intensity areas like ICUs, due to an occupational response 
to the work, repeated exposure to death, moral distress, and 
interpersonal conflict. If not cared for, its consequences can 
negatively affect the workforce turnover and even patient 
safety.41 As a leader of the team, I need to constantly look 
into the daily structure of the duty pattern, nature of the 
duty and provide genuine, healthy, and collaborative team 
environments, with ready access to support.

Beyond Survival: ICU Liberation and Post-
Intensive Care Syndrome
Over the years, the goal of critical care has changed from 
survival to the quality of survival. It is now clear that surviving 
the ICU and recovering from it are not the same. Factors 
such as deep sedation and prolonged immobility in the ICU 
result in weakness, delirium, and lasting harm. A substantial 
proportion of survivors suffer from post-intensive care 
syndrome (PICS), affecting physical, cognitive, and mental-
health domains (Table 5). The ABCDEF bundle, appropriate 
pain control, minimizing sedation, pharmacological 
and non-pharmacological methods to manage delirium, 
mobilizing patients early, and engaging the family early 
during the disease course all help in improving the quality 
of ICU survival. The syndrome does not stop at the patient: 
family members may develop their own anxiety, depression, 
and grief — termed PICS-F which also requires a targeted 
management.42,43

Becoming a Critical Care Physician
The entry of a trainee into critical care can be from internal 
medicine, anesthesia, pulmonary medicine, and emergency 
medicine, each carrying forward the instincts of its parent 
specialty. In India, a formal super-specialty degree is offered 
via a three-year DM in Critical Care Medicine, or its National 
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Board equivalent, the DrNB, or through the fellowship 
pathway of the Indian Society of Critical Care Medicine, the 
IDCCM diploma, and IFCCM fellowship.

The Indian Context: Capacity and Disparity
The intensive care in India remains scarce and an unevenly 
distributed resource. Surveys estimate roughly 2.3 ICU beds 
per 100,000 population — one among the lowest figures in 
Asia and a small fraction of the capacity in high-income 
countries.44 Critical-care capacity remains concentrated in 
private hospitals and large cities, with rural populations 
comparatively underserved — a disparity displayed during 
the COVID-19 pandemic’s second wave. The response has 
pointed towards an urgent unmet need of scalable, lower cost 
“small ICU” models for smaller towns, and tele-ICU networks 
that extend expertise to the remote units. 

Lessons from a Pandemic
If the polio epidemic gave birth to the specialty of intensive 
care, the COVID-19 pandemic revealed its importance 
to the world. Words such as ventilator, ARDS, proning, 
ECMO, saturation monitoring entered daily conversation 
of common man and among national policy makers. The 
pandemic exposed the existing lacunae in availability of 
trained personnel, infrastructure including reliable oxygen 
supply, ICU beds, ventilators, and PPE availability which 
saw measures for urgent redressal. It also reaffirmed that 
the best care was delivered through teamwork, and not 
paternalism.

The Future 
The future is probably on predictive analytics and artificial 
intelligence that assist critical care physicians through early 
warning systems, pattern recognition, aiding early decision 
support, and optimization of therapies. Developments such 
as closed-loop ventilation and infusion systems, continuous 
and wearable monitoring, are also evolving which will 
result in personalized approach to critical illness. However, 
challenges will also arise, the most important being to avoid 
automation bias, preserve clinical reasoning, and ensure that 
technology does not replace human judgement. Along with an 
astute physician, I foresee Artificial intelligence providing an 
incremental, system-level gains with optimal timing, earlier 
diagnosis, better organization, and the disciplined withdrawal 
of therapy that does not help.

Conclusion
Critical care medicine began with fatigued clinicians at the 
bedside during a pandemic, squeezing a bag to keep a life 
going. Seven decades later, its essence remains unchanged: 
continuous monitoring, deep physiological understanding, 
teamwork, and compassion for the sickest patients. Although 
technology has grown exponentially, the discipline remains 
rooted in clinical medicine, calm, yet confident. The aim 
continues to be that to monitor patients closely, intervene only 
when it truly helps, and never forget that there are patients, 

relatives, and teammates in the ICU who need understanding, 
confidence, and support.
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