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UPDATE IN 
PROGRESS



SEPSIS SCREENING



Sepsis Screening: The Million Dollar Question



Problems with SIRS



Sepsis-3 (2016)

“Sepsis is defined as life-threatening organ dysfunction 
caused by a dysregulated host response to infection”

➢ Eliminated SIRS as part of  sepsis definition

Singer, JAMA 2016, 315:801-10

Seymour, JAMA 2016; 315(8):762-74

Quick SOFA (qSOFA) proposed for rapid screening 
2 of 3 criteria:

➢Systolic Blood Pressure ≤100 mmHg

➢Respiratory Rate ≥ 22 bpm
➢Altered Mental Status (GCS <15)

➢ Supported by retrospective analyses in large databases comparing prognostic 
significance of  various clinical criteria in patients with suspected infection



Anand, Chest 2019; 156:289-297

1 million adult patients admitted to 85 U.S. hospitals from 2013-2015

AUROC for Mortality
Infection: 0.81

No Infection: 0.88

qSOFA is neither sensitive nor specific for 

sepsis and its prognostic significance is 

unrelated to infection

How Useful is qSOFA in Undifferentiated Patients?



Early Warning Scores Perform Better than qSOFA and SIRS 

Churpek, Am J Resp Crit Care Med 2017; 195(7):906-11

NEWS > MEWS > qSOFA > SIRS 

30,677 patients in the ED or ward with suspected infection
Criteria compared for predicting death or ICU transfer

But analysis was done 

in patients in whom 
there was already 

suspicion of infection 

→ doesn’t tell us when 
to suspect sepsis



Systematic review of 22 studies of sepsis alert systems in the ED (n=19,580 patients)

↓Mortality (RR 0.78, 95% CI 0.67-0.92)
↑Adherence with bundle elements

But most studies at high risk of 
confounding and ascertainment bias

And no guidance on what sepsis alert 
criteria are best

Kim H, JAMA Netw Open 2024; 7:e2422823



Sepsis Screening

No specific 
recommendation 

on what screening 
tool is best

But avoid using 
qSOFA alone for 
screening (low 

sensitivity)



FLUID RESUSCITATION



Initial Fluid Resuscitation

30 cc/kg fluid 
recommendation 

downgraded

Recs informed by 
ANDROMEDA-
SHOCK Trial



30 cc/kg Fluid Bolus

• 30 cc/kg threshold not rigorously studied in RCTs

• Potential for fluid overload in patients with heart failure, 

ESRD, respiratory dysfunction

• Increasing evidence about the harmful effects of  over-

resuscitation and positive fluid balance1-4

1. Brandt, Crit Care 2009; 13:R186

2. Micek, Crit Care 2013; 17:R246

3. Acheampong, Crit Care 2015; 19:251

4. Maitland, NEJM 2011; 364:2483-95



NY State Analysis: What Matters?

No difference with time-to-30 cc/kg fluid bolus
Seymour, NEJM 2017;376:2235-2244

Association between each hour of delay until bundle completion 
and risk-adjusted mortality amongst 49,331 patients in New York State



o ANDROMEDA-SHOCK: Multinational trial of  424 patients 
with septic shock comparing fluid resuscitation protocol 
based on normalizing capillary refill vs lactate-clearance 
strategy
➢ No difference in 28-day mortality

➢ Peripheral perfusion strategy associated with less organ 
dysfunction at 72 hours (potentially related to lower volume of  
administered fluids?)

➢ And lower mortality in subgroup of septic shock patients with less 
severe organ dysfunction (SOFA score <10)

➢ Argues against using lactate clearance to guide fluids! 

Hernandez, JAMA 2019;321:654-64

Lactate-Guided Resuscitation?



Early Liberal vs Restrictive Fluid Resuscitation

Prior to CLOVERS trial



Early Vasopressors or Liberal Fluids? 

CLOVERS Trial: RCT of 1563 patients with sepsis-induced hypotension 
comparing restrictive fluid strategy (early vasopressors) vs liberal fluid 

strategy x 24 hours after an initial 1-3 L of resuscitation in 60 US hospitals

Shapiro NI, NEJM 2023; 388:499-510



Restrictive vs Standard Fluid Strategies in the ICU 
(Post-Initial Resuscitation)

Meyhoff, TS. NEJM 2022; 386(26):2459-2470



Fluid Choice

Recs informed by 
SMART Trial (but 
before PLUS Trial)



Physiologic Effects of (Ab)Normal Saline

Metabolic Acidosis

Hyperchloremia

Renal Vasoconstriction

Hyperkalemia Hypotension Acute Kidney Injury
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P=0.04
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PRIMARY COMPOSITE OUTCOME Semler, NEJM 2018; 378:829-39



Semler, NEJM 2018; 378:829-39

Mortality in Sepsis Patients: 
25% vs 29% (p=0.02)



The PLUS Trial

Finfer, NEJM 2022; 386:815-826

Also no difference in patients 
with sepsis (~42% of cohort)



Updated Meta-Analysis of RCTs

89.5% probability that balanced 

crystalloids reduce mortality

Trend towards better renal 

outcomes with balanced solutions:
➢ AKI: RR 0.96 [95% CI 0.89-1.02]

➢ RRT: RR 0.95 [95% CI 0.81-1.11]

Hammond, NEJM Evidence 2022; 1 (2)



VASOPRESSORS AND 
HEMODYNAMIC TARGETS



Vasopressor Management

1st line NE over dopamine 
supported by SOAP II trial 
→ equivalent mortality but 
more adverse effects with 
dopamine (NEJM 2010)

Combination of vasopressin + NE weakly 
supported by VASST trial – no difference 
in mortality overall, but lower mortality 
with combo pressors in less severe septic 
shock (NEJM 2008)



Angiotensin II

o Non-catecholamine 

vasopressor FDA approved in 

Dec 2017 for septic / 

distributive shock based on 

ATHOS-3 Trial

o Patients on high dose NE 
had good BP response to 
angiotensin II vs placebo
➢ With no difference in serious 

adverse events

➢ And trend towards lower 28-day 
mortality (46% vs 54%, p=0.12)

Khanna, NEJM 2017; 377:419-30



Methylene Blue?

o Inhibits guanylate cyclase (enzyme that produces cGMP) and 
nitric oxide → inhibits vascular smooth muscle relaxation

o Most common use: refractory vasodilatory shock following CP 
bypass

o Very limited data for septic shock1,2

o Side effects:
• Interfere with O2 sat readings

• Serotonin syndrome in patients on serotonergic agents (partial MAO 
inhibitor)

• Potential methemoglobinemia

• Blue discoloration of  skin, mucosa, urine (temporary)

• Contraindicated with G6PD deficiency (hemolytic anemia)
1. Kirov, Crit Care Med 2001; 29:1860-7

2. Memis, Anaesth Intensive Care 2002; 30:755-62

TYPICALLY A DRUG OF 

LAST RESORT;

NOT MENTIONED IN SSC 

GUIDELINES



Ibarra-Estrada M, Crit Care 2023; 27:110

Single center RCT of 91 patients with septic shock comparing early 
adjunctive methylene blue (within 24h) vs standard care

• Time to vasopressor 
discontinuation (69 h vs 
94 h, p<0.001)

• ICU LOS by 1.5 days 
(p=0.039)

• Similar mortality rates

• No serious adverse effects



Hemodynamic Management: Beta-Blockers?

• Open-label phase 2 single-ICU RCT of  154 
patients in the Netherlands with septic shock 

with HR ≥95 requiring high-dose NE 
comparing esmolol vs usual care

• Achieved primary outcome of reduced heart 
rate, without adverse hemodynamic and 
organ function measures

• Secondary outcome: lower 28-day mortality 
with esmolol 49.4% vs 80.5% in control 
(p<0.001)

• Open-label RCT in 40 UK ICUs comparing 
landiolol vs usual care in 126 patient with septic 

shock with HR ≥ 95 and ≥24 hours of  NE
• Trial stopped early: No signal for reduction in 

SOFA scores at 14 days; increased hypotension, 
pressor requirements, and lactate levels

• Also higher 28-day mortality: 37.1% in landiolol 

group vs 25.4% in standard care group (p=0.16)

Theory: Adrenergic stress in septic shock may cause adverse cardiac, immune, inflammatory, and 
metabolic consequences that are attenuated with beta-blockers (supported by some animal models 

and retrospective studies of sepsis patients on chronic beta-blockers)

Whitehouse T, JAMA 2023; 330:1641-1652Morelli A, JAMA 2013; 310:1683-91



MAP Goal

Supported by lack of benefit for higher 
MAP targets, and lack of  harm with 
permissive hypotension in elderly 

patients (65 trial)



o Multicenter RCT in 29 French hospitals

o 776 adults with septic shock randomized to high vs low MAP targets (80-

85 vs 65-70 mmHg) using vasopressors

o No difference in 28-day mortality (or 90-day mortality)

Asfar, NEJM 2014; 370:1583-93

➢ More renal failure in chronic HTN pts in low MAP group 
➢ More a-fib in high MAP group



o “65 Trial” = multicenter RCT done in 65 U.K. ICUs

o Enrolled ~2600 patients ≥65 years old with vasodilatory shock to vasopressors 

with MAP goal 60-65, vs usual care (MAP ≥65)

➢ Permissive hypotension → similar 90-day mortality (trend toward benefit), 

with shorter duration of  vasopressors and no adverse events in any subgroups

Lamontagne, JAMA 2020; 323:938-949 

➢Implication: Can have a low threshold to decrease MAP goal to 60 

for elderly patients (especially if close to weaning off pressors, or 
having arrhythmias or other problems with high-dose pressors)



ANTIBIOTIC AND INFECTION MANAGMENT



Empiric Antimicrobial Therapy



Timing of Antibiotics



Timing of Antibiotics

Driven by a large body of observational studies suggesting that 
hourly delays in antibiotics are associated with higher mortality in 

patients with septic shock but not sepsis without shock



Retrospective cohort study of 273,255 patients with community-onset sepsis at 173 
hospitals and treated with antibiotics within 12 hours of  arrival

No Shock

Shock

Metastatic cancer

No Metastatic cancer

Greatest benefit of early antibiotics in patients with shock (vs no 
shock) and metastatic cancer (vs no metastatic cancer)

Also: patients with multiple organ dysfunctions

Hecthman RK, AJRCC  2024 ; 209:852-860



Antibiotic Dosing Strategy



Dosing Beta-Lactams: Prolonged Infusions

Extended Infusion (3-4 hours) or 
Continuous Infusion vs Standard 
Infusion (30 minutes)

➢ Rationale: More time above MIC 
leads to:
• Greater bactericidal effect 

• Higher plasma drug levels

• Potential reduced selection for 
resistance 
➢ More rapid bacterial eradication, 

less regrowth between doses

o Without evidence of higher 
toxicity risk

Prolonged infusions most sensible for :
• Severely ill patients with altered 

pharmacodynamics, and/or
• At risk for drug-resistant gram-

negative infections (or with susceptible 
infections with high MICs)



Multinational RCT of 607 ICU patients with sepsis or septic shock prescribed 
meropenem by their treating clinicians at 26 hospitals comparing continuous vs 

intermittent meropenem

Monti G, JAMA 2023; 330:141-151

No significant difference in primary or secondary outcomes, 
including in important pre-specified subgroup analyses



RCT of 7,031 critically ill patients with sepsis in 104 ICUs in 7 countries comparing 
continuous piperacillin-tazobactam or meropenem vs intermittent infusion

P=0.08

Dulhunty JM, JAMA 2024; 332:629-637



Updated Meta-Analysis of Prolonged β-Lactam Infusions

Abdul-Aziz MH, JAMA 2024; 332:638-648

Meta-analysis of 17 RCTs including 9,014 critically ill adults with sepsis

Pooled RR for 90-day mortality: 0.86 [95% CI 0.72-0.98]
99.1% posterior probability that prolonged infusions lower 90-day mortality 

Also: ↓ICU mortality (RR 0.84 [0.70-0.97]) and ↑clinical cure (RR 1.16 [1.07-1.31]



Procalcitonin



SAPS Trial: PCT to Discontinue Antibiotics in the ICU

Suspected infection in 
critically ill patients

Check baseline PCT but 
do not withhold 

antibiotics

Check daily PCT level

PCT <0.5 or ↓≥80% 
from peak

STOP 
ANTIBIOTICS

PCT >0.5 or not 
↓≥80% from peak

CONTINUE 
ANTIBIOTICS

De Jong, Lancet Infect Dis 2016; 16: 819-27

Multicenter RCT 
of 1,575 ICU 
patients in 15 

hospitals in the 
Netherlands



Procalcitonin in the ICU: SAPS
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de Jong, Lancet Infect Dis 2016;16:819-827

Fewer days of  antibiotics No difference in LOS Lower Mortality!

But trial excluded severely 

immunocompromised patients → safety 
of using PCT-guided algorithms to 
shorten antibiotic duration in this 

population is unknown



PCT-Guided Antibiotic Discontinuation In ICU Patients and Mortality

Meta-analysis of 5000 ICU patients from 16 RCTs

Pepper D, Chest 2019; 155:1109-1118

But results driven mainly by trials with high protocol adherence 
→ Low Certainty Evidence (High Risk of Bias)



Source Control

Supported primarily by observational data (no RCT data) and clinical experience

Limited data on impact of specific time frames of delays



Retrospective analysis of 4,962 patients with community-onset sepsis who underwent 
source control procedures

• Early source control (<6 hours) 
associated with 29% decreased odds of 
90-day risk-adjusted mortality vs late 
source control (6-36 hours)

• Strongest association for GI/abdominal 
and soft tissue interventions (vs 
orthopedic and cranial interventions)

Reitz KM, JAMA Surgery 2022;  July 13;e222761 (ePub)



CORTICOSTEROIDS



Corticosteroids

Reflects 3 NEJM RCTs published since 
2016 SSC guidelines; meta-analysis 
suggests faster resolution of shock, 

increase in neuromuscular weakness, 
and unclear benefit on mortality



Steroids for Severe CAP

584 ICU & intermediate care patients with CAP at 
42 VA hospitals randomized to methylprednisolone 

40mg/day x7d then 13d taper

CAPE-COD Trial: 795 ICU patients with severe 
CAP (without septic shock) randomized to 

hydrocortisone 200mg/day x 4-8d then taper 

~50% lower mortality!
HR discharge alive from ICU: 

1.33 (95% CI 1.16-1.52)

Dequin P, NEJM 2023;288:1931-1941Meduri GU, Intensive Care Med 2022;48:1009–1023

No significant difference!
HR death: 0.90 (95% CI 0.66-1.22)

Methylprednisolone

Placebo



Differences in Meduri vs CAPE-COD Trials

Meduri Trial 

• Treatment started up to 96h 

after admission

• 96% of  participants were male

• ~10% of  patients had influenza

CAPE-COD Trial

• Treatment started up to 24h after 

admission

• 31% of  participants were female

• Excluded patients with influenza

Dequin P, NEJM 2023;288:1931-1941Meduri GU, Intensive Care Med 2022;48:1009–1023



CAPE-COD: Subgroup Analyses
795 patients ICU patients with severe CAP comparing hydrocortisone 200mg/day x 4-8d vs placebo

Dequin P, NEJM 2023;288:1931-1941

Bottom Line

✓ Consider steroids for 
Severe CAP requiring 
ICU care

➢ Ideally within 24h of 
admission

➢ Especially if ↑CRP



Crit Care Med 2024; 

52:e219-e233



Summary and Take-Home Points, 1/2

o Screening: 
✓ Electronic sepsis alerts may help improve bundle compliance and outcomes

✓ Best set of  criteria remains unknown, but avoid using qSOFA alone

o Fluid Resuscitation: 
✓ Initial 30 cc/kg target for fluid resuscitation is controversial and not evidence-based

✓ Balanced crystalloids preferred over saline (may have mortality and renal benefit)

✓ Lactate-guided resuscitation no better (and potentially worse) than perfusion-guided 
resuscitation

✓ No difference in early liberal fluid strategy vs early vasopressors (CLOVERS)

✓ No difference in late restrictive vs standard fluid strategy (CLASSIC)

o Vasopressors/Hemodynamic Management:
✓ Norepinephrine remains first-line, vasopressin as adjunct

✓ Methylene blue might help if  administered early but needs further study  

✓ Avoid beta-blockers

✓ MAP target default is still 65 mmHg, but can potentially lower in elderly patients



Summary and Take-Home Points, 2/2

o Antibiotics:
✓ Time-to-antibiotics most urgent in suspected septic shock (1 hour target, vs 

3 hours for sepsis without shock)

✓ There may be other phenotypes that benefit from immediate antibiotics 
(e.g., metastatic cancer, multiorgan failure without shock)

✓ Prolonged β-lactam infusions likely improve outcomes

✓ Procalcitonin use can help de-escalate/stop antibiotics and may improve 
mortality

✓ Timely source control associated with improved outcomes

o Adjunctive:
✓ Corticosteroids indicated for refractory shock and likely benefits patients 

with severe CAP (even without shock)



Thank You!

crhee@bwh.harvard.edu

mailto:crhee@bwh.harvard.edu
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