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Ab s t r Ac t
 The concept of “Less is more” has been gaining increasing awareness and acceptance in Critical Care. In 2017, we attempted to systematically 
answer the question “Can less be more in intensive care” with empirical data. We reviewed all the critical care randomized clinical trials (RCTs) 
between 1 January 2008 and 5 October 2016 in the New England Journal of Medicine (NEJM).
 This article attempts to repeat the earlier exercise using data from 5 October 2016 to 31 December 2023. 
 This analysis of critical care RCTs in the NEJM has shown three findings. Approximately three-quarter of RCTs in critical care in the NEJM between 
2008 and 2023 failed to show benefit or harm. In the years 2008–2016, patients in the intervention cohort had a higher mortality compared 
to controls, but in the years 2016–2023, the difference in overall mortality in patients in the intervention and control arms was not statistically 
significant. Compared to the years 2008–2016, in the years from 2016 to 2023, the number of RCTs showing harm decreased and those showing 
benefit increased. 
Keywords: Clinical outcomes, Less is more, Mortality in randomized clinical trials.
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Simplicity is the Ultimate Sophistication 
– Leonardo da Vinci

In t r o d u c t I o n A n d bAc kg r o u n d
The concept of “Less is more” has been gaining increasing 
awareness and acceptance in critical care. In 2017, we attempted 
to systematically answer the question “Can less be more in 
intensive care” with empirical data. We reviewed all the critical 
care randomized clinical trials (RCTs) between 1 January 2008 and 
5 October 2016 in the New England Journal of Medicine (NEJM).1 
This article attempts to repeat the earlier exercise using data from 
5 October 2016 to 31 December 2023. 

Review of Analysis of NEJM RCTs from 2008 to 2016
The earlier analysis showed the following: In 63 RCTs, the total 
reported mortality in the intervention group was 23,601/58,727 
(40.19%), and in the control group, it was 20,752/53,568 (38.74%).1 
The relative risk of death in the intervention group of patients was 
1.0374 [95% confidence interval (CI): 1.0224–1.0526; p < 0.001]. This 
translates to an additional death for every 69 patients enrolled in 
the intervention arm of these trials.

We also noted that “The majority of RCTs had no impact on 
the primary outcome. Only eight therapies reported improved 
mortality or other clinically meaningful primary outcomes, while 
seven therapies worsened outcomes.” These interventions are 
listed in the following: 

Eight therapies that improved the outcomes are as follows:1

1. Continuous positive airway pressure in respiratory failure 
[high-flow oxygen through nasal cannula in acute hypoxemic 
respiratory failure (FLORALI)].2

2. Thrombolysis in cerebrovascular accident (CVA) [European 
Cooperative Acute Stroke Study (ECASS)].3

3. Neurointervention in CVA [Multicenter Randomized Clinical 
trial of Endovascular treatment for Acute ischemic stroke in the 
Netherlands (MR CLEAN); Extending the Time for Thrombolysis 
in Emergency Neurological Deficits—Intra-Arterial (EXTEND 
IA); randomized assessment of rapid endovascular treatment 
of ischemic stroke (ESCAPE); solitaire with the intention for 
thrombectomy as primary endovascular treatment (SWIFT 
PRIME); randomized trial of revascularization with solitaire 
fr device versus best medical therapy in the treatment of 
acute stroke due to anterior circulation large vessel occlusion 
presenting within eight hours of symptom onset (REVASCAT)].4–8

4. Surgical control of intracranial pressure (ICP) in CVA [decompressive 
surgery for the treatment of malignant infarction of the middle 
cerebral artery II (DESTINY II)].9

5. Prone position ventilation in acute respiratory distress syndrome 
[acute respiratory distress syndrome (ARDS)] (PROSEVA).10
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6. Neuromuscular-blockers in ARDS [neuromuscular blockers in 
early acute respiratory distress syndrome (ACURASYS)].11

7. Liberal transfusion after cardiac surgery [liberal or restrictive 
transfusion after cardiac surgery (TITRe2)].12

8. Limited approach in pancreatitis [a step-up approach or open 
necrosectomy for necrotizing pancreatitis (PANTER)].13

Following are the seven therapies that worsened outcomes:1

1. Hydroxy ethyl starch solutions for fluid resuscitation [6S; 
hydroxyethyl starch or saline for fluid resuscitation in intensive 
care (CHEST)].14,15

2. Fluid bolus in pediatric nonhypotensive sepsis [mortality after 
fluid bolus in African children with severe infection (FEAST)].16

3. High-frequency oscillatory ventilation in ARDS [high-frequency 
oscillation for acute respiratory distress syndrome (OSCAR); 
high-frequency oscillation in early acute respiratory distress 
syndrome (OSCILLATE)].17,18

4. Glutamine supplementation [a randomized trial of glutamine 
and antioxidants in critically ill patients (REDOXs)].19

5. Early total parenteral nutrition [early parenteral nutrition 
completing enteral nutrition in adult critically Ill patients 
(EPaNIC)].20

6. Surgical ICP control in traumatic brain injury [decompressive 
craniectomy in patients with severe traumatic brain injury and 
diffuse lesions in CT scan (DECRA)].21

7. Hypothermia in traumatic brain injury [hypothermia for 
intracranial hypertension after traumatic brain injury 
(EUROTHERM)].22

Analysis of NEJM RCTs from 2016 to 2023.

Me t h o d s

Study Design and Allocation
We are now extending the analysis from 5 October 2016 to 31 
December 2023. All the RCTs reported in the critical care section 
of the NEJM website were included in this analysis (https://www.
nejm.org/medical-research/critical-care). They were analyzed as per 
the primary outcome and also by mortality. The relevant articles 
are shown in Table 1. 

Statistical Analysis
A Chi-square test was employed to assess the association between 
intervention and control groups regarding mortality outcomes. 
Specifically, mortality rates in the intervention and control arms 
were compared to determine if there were statistically significant 
differences between the groups. The chi-square analysis in this study 
was conducted using Microsoft Excel and its data analysis, ToolPak. 
Additionally, the results were validated using easymedstat.com.

re s u lts
The total reported mortality in the intervention group was 
12,700/55,977 (22.69%) and was 13,080/56,557 (23.13%) in the 
control group, p = 0.079. The relative risk reduction (RRR) of death in 
the intervention group was 0.981, 95% CI: 0.960–1.002. The absolute 
mortality risk reduction (ARR) was 0.44%.

Two RCTs showed an adverse mortality outcome (details in 
Table 1).

1. Vitamin C in severe sepsis. In this trial, the mortality was 
significantly higher at 28 days but the difference was not 

statistically different at 90 days [intravenous vitamin C in adults 
with sepsis in the intensive care unit (LOVIT)].23

2. Conservative oxygenation in ARDS. In this trial, the primary 
outcome was mortality at day 28, which was similar in both 
groups. At day 90, the mortality was significantly higher in the 
conservative oxygenation group [liberal or conservative oxygen 
therapy for acute respiratory distress syndrome (LOCO2)].24

Five of the following showed a mortality benefit (the details are 
provided in Table 1):

1. Hydrocortisone in severe community-acquired pneumonia 
(CAPECOD).25

2. Dexamethasone in oxygen-dependent COVID-19 pneumonia 
[dexamethasone in hospitalized patients with COVID-19 
(RECOVERY)].26

3. Hydrocortisone and fludrocortisone for sepsis [hydrocortisone 
plus fludrocortisone for adults with septic shock (APROCCHSS)].27

4. Convalescent plasma in COVID-19 ARDS. In this trial, the 
mortality was significantly lower on day 28, but the difference 
was not statistically different on day 365.28

5. Haloperidol in delirium in intensive care unit (ICU) patients. 
In this trial, mortality was one component of the composite 
primary outcome; the number of days alive and out of hospital 
at 90 days. The primary outcome was similar in both groups 
haloperidol for the treatment of delirium in ICU patients 
(AID-ICU).29

A total of 13 trials showed beneficial outcomes for the primary 
endpoint (details are provided in Table 1).

1. Platelet transfusion of central venous pressure (CVP) placement 
[platelet transfusion before CVC placement in patients with 
thrombocytopenia (PACER)].30

2. Hydrocortisone in severe CAP (CAPECOD).25

3. Dexamethasone in COVID-19 (RECOVERY).26

4. Tocilizumab in COVID-19 [tocilizumab in patients hospitalized 
with Covid-19 pneumonia (EMPACTA)].31

5. High-flow nasal oxygen (HFNO) for tracheal decannulation 
[high-flow oxygen with capping or suctioning for tracheostomy 
decannulation (REDECAP)].32

6. Prevention of ventilator-associated pneumonia (VAP) 
after cardiopulmonary resuscitation (CPR) [prevention of 
early ventilator-associated pneumonia after cardiac arrest 
(ANTHARTIC)].33

7. Bag mask ventilation for endotracheal tube (ETT) (PreVent).34

8. Balanced crystalloids [saline against lactated ringer’s or plasma-
lyte in the emergency department (SALT-ED)].35

9. Hydrocort and fludrocortisone for sepsis (APROCCHSS).27

10. Angiotensin II for shock [angiotensin II for the treatment of 
high-output shock ATHOS-3)].36

11. Convalescent plasma in COVID-19 ARDS.28

12. Inhaled Amikacin for VAP [amikacin inhalation in mechanically 
ventilated patients with gram-negative pneumonia 
(AMIKINHAL)].37

13. Video laryngoscopy for ETT intubation [direct versus video 
laryngoscope (DEVICE)].38

When we compare the main similarities and differences between 
2008 and 2016 and 2016–2023, we note the following:

• Similarities: Through both the periods, 2008–2016 and 2016–
2023, 23 (majority) of the trials (~75%) were neutral, showing 
no benefit or adverse effect. 

https://www.nejm.org/medical-research/critical-care
https://www.nejm.org/medical-research/critical-care
easymedstat.com
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• Differences: The overall mortality in the 2008–2016 cohort was 
38.7–42% while it was much lower in the 2016–2023 cohort at 
22.69–23.13. 

Comparing the periods 2008–2016 and 2016–2023, the number 
of trials with adverse events was less [7/63 vs 1 (+1)/57] in the  
2016–2023 analysis. The positive trials were a relatively small 
percentage (13/57, 22.8%) and the trials with a mortality benefit 
were an even smaller percentage (5/57, 8.6%).

dI s c u s s I o n
The table of RCTs in the NEJM from 2008 to 2016 and from 2016 to 
2023 in this analysis gives a concise summary of the current state of 
evidence.1 These can be used to guide our practices in critical care. 

We can speculate and frame a few hypotheses based on our 
analysis of outcomes in critically ill patients from RCTs in the NEJM. 
The most encouraging aspect was the lack of harm demonstrated in 
the more recent RCTs. Two trials showed harm. Supraphysiological 
doses of vitamin C in sepsis resulted in higher 28-day mortality but 
similar 90-day mortality, while restrictive oxygen in ARDS had a 
similar 28-day mortality but a higher 90-day mortality. 

The data from 2016 to 2023 show that the mortality of 
patients in the intervention arm of these RCTs was neither higher 
nor lower than those of patients in the control arm (p = 0.0079). 
In terms of nonmortality primary outcomes, patients in 9/57 of 
the RCTs benefitted by being in the intervention arm of the trial. 
Approximately three-quarter [44 (+1)/57, 78.9%] of the trials showed 
no effect of intervention. This partially justifies a restrictive approach 
to unproven therapies as the majority of the patients would not end 
up receiving ineffective and potentially costly therapy. 

The last three decades have seen a paradigm shift in clinical 
research publications. Earlier, much of the literature focused on 
correcting abnormal physiologic parameters, with the presumption 
that doing so would improve outcomes. It is only in the last two 
to three decades that we have large multicenter clinical trials 
evaluating clinical outcomes. The clinical outcomes of interest 
in critical care are lower mortality, lower severity, and enhanced 
recovery. Severity is usually reflected by the length of illness and by 
the degree of organ failure and organ support needed. Enhanced 
recovery evaluates the functional recovery in the weeks and months 
after the patient is discharged from the ICU. Encouragingly, most of 
the critical care RCTs reported in the NEJM were not done by industry 
or pharma, but by academic centers and professional critical care 
societies. This ensured a relative lack of financial conflict of interest. 
As the number of these large RCTs increased, it became increasingly 
apparent that the majority of critical care interventions were not 
translating to improved mortality and/or other clinical outcomes. 

Our earlier analysis showed that patients enrolled in the 
intervention arm of these RCTs (published in NEJM 2008–2016) had 
an overall higher mortality than those in the control or placebo arm. 
To explain this worse outcome, we speculated that, “During the 
stress of an illness, many parameters may fall outside the normal 
range, as part of a protective response. Reversing these protective 
responses by targeting normal values may be detrimental. Two 
billion years of eukaryotic evolution and 600 million years of large 
animal evolutionary selection have resulted in complex but poorly 
understood physiologic adaptations that are ruthlessly efficient 
in ensuring healing and survival. Our add-on therapies, based on 
2–3 centuries of modern medicine, are often too simplistic and 
superficial to impact outcomes.” 

By extending our analysis from 2016 to 2023, we have revised 
some of our earlier conclusions. Unlike the earlier analysis, the 
mortality was similar in patient’s intervention and control groups 
in this cohort of patients. This suggests that “less” is not necessarily 
“more,” at least in the context of mortality. In terms of better clinical 
outcomes, a small minority of patients in clinical trials had better 
primary outcomes. 

co n c lu s I o n
This analysis of critical care RCTs in the NEJM has shown three 
findings. One, approximately three-quarter of RCTs in critical care 
in the NEJM between 2008 and 2023 failed to show benefit or harm. 
Two, in the years 2008–2016, patients in the intervention cohort had 
higher mortality compared to controls, but in the years 2016–2023, 
the difference in overall mortality in patients in the intervention and 
control arms was not statistically significant. Three, compared to the 
years 2008–2016, in the years from 2016 to 2023, the number of RCTs 
showing harm decreased and those showing benefit increased. 
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