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SYSTEMATIC REVIEW

Major Publications in the Critical Care 
Pharmacotherapy Literature: 2023
OBJECTIVES: We aimed to summarize the most significant and impactful publi-
cations describing the pharmacotherapeutic care of critically ill patients in 2023.

DATA SOURCES: PubMed/MEDLINE and the Clinical Pharmacy and 
Pharmacology Pharmacotherapy Literature Update.

STUDY SELECTION: Randomized controlled trials and prospective studies of 
adult critically ill patients assessing a pharmacotherapeutic intervention and re-
porting clinical endpoints published between January 1, 2023, and December 31, 
2023, were eligible for inclusion in this article.

DATA EXTRACTION: Articles from a systematic search and the Clinical Pharmacy 
and Pharmacology Pharmacotherapy Literature Update were included. An a priori 
defined three-round modified Delphi process was employed to achieve con-
sensus on the most impactful publications based on the following considerations: 
1) overall contribution to scientific knowledge and 2) novelty to the literature.

DATA SYNTHESIS: The systematic search and Clinical Pharmacy and 
Pharmacology Pharmacotherapy Literature Update returned a total of 1202 arti-
cles, of which 1164 were excluded. The remaining 38 articles underwent a three-
round modified Delphi process. In each round, articles were independently scored 
based on overall contribution to scientific knowledge and novelty to the litera-
ture. Included articles are summarized and their impact discussed. Article top-
ics included hydrocortisone for severe community-acquired pneumonia, inhaled 
amikacin for prevention of ventilator-associated pneumonia, methylene blue for 
septic shock, restrictive vs. liberal fluid management for sepsis-induced hypoten-
sion, andexanet alfa for major bleeding associated with factor Xa inhibitors, and 
early administration of four-factor prothrombin complex concentrate in patients 
with trauma at risk for massive transfusion.

CONCLUSIONS: This review provides a summary and perspective on the po-
tential impact of the most relevant articles in 2023 describing advances in the 
pharmacotherapeutic care of critically ill patients.

KEYWORDS: critical bleeding; critical care; critically ill; pharmacotherapy; 
pneumonia; septic shock

A rise in critical care publications poses challenges for timely imple-
mentation of evidence-based medicine, making it difficult for clini-
cians to evaluate emerging literature without becoming overwhelmed 

(1–3). Strategies including journal surveillance, interaction with social media 
communities, and continuing education allow clinicians to engage with the 
scientific literature while managing information overload (4, 5). The Clinical 
Pharmacy and Pharmacology Literature Update (CPPLU) working group of the 
Society of Critical Care Medicine (SCCM), Section of Clinical Pharmacy and 
Pharmacology, reviews major critical care journals and disseminates monthly 
summaries of the most impactful articles to various sections of the Society, 
and provides an annual summary and perspective of these articles (6–16). We 
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aimed to summarize and evaluate the impact of the 
most relevant publications related to critical care phar-
macotherapy in 2023.

METHODS

We performed a systematic search of PubMed/
MEDLINE from January 1, 2023, to December 31, 
2023, to capture articles related to critical care phar-
macotherapy. Search criteria were similar to those used 
in previous reviews, excluding systematic reviews, and 
meta-analyses (Appendix 1, http://links.lww.com/
CCX/B404) (15, 16). Monthly critical care pharmaco-
therapy literature updates produced by the CPPLU were 
reviewed to include any articles not captured in the 
systematic search. Two independent reviewers (B.M., 
P.K.G.) assessed each title and abstract for inclusion 
based on predefined criteria including: 1) randomized 
controlled trial (RCT) or prospective study design, 2) 
critically ill adult patient population, 3) assessment of 
a pharmacotherapeutic intervention, and 4) reporting 
of clinical endpoints. A full-text review was subse-
quently performed to exclude remaining articles that 
did not fulfill inclusion criteria. Eligible articles were 
entered into a survey (Appendix 2, http://links.lww.
com/CCX/B404).

An a priori defined three-round modified Delphi 
process was performed consisting of a Qualtrics 
(Provo, UT) survey including article titles and links 

to full-text files. A multiprofessional panel of review-
ers (n = 15) chosen to represent diverse critical care 
professions and specialties as well as geographic re-
gions independently assessed and scored each article 
on a 5-point scale according to overall contribu-
tion to scientific knowledge (morbidity/expense) 
and novelty to the literature. Articles scoring at or 
above the median were included in the subsequent 
round until the six articles most relevant to critical 
care pharmacotherapy were chosen. The process for 
article identification and selection is consistent with 
previous reviews (15, 16). Selected studies were sum-
marized and analyzed for applicability to critical care 
practice.

RESULTS

The systematic search and CPPLU returned 1202 ar-
ticles, with 1141 excluded during title and abstract re-
view and 23 excluded following full-text review. The 
remaining 38 articles were included in the modified 
Delphi process (Fig. 1). The results of the modified 
Delphi process are presented in eTables 1–3 (http://
links.lww.com/CCX/B404). After three rounds, six 
studies with the highest median ranking were selected 
for inclusion.

DISCUSSION

Hydrocortisone in Severe Community-Acquired 
Pneumonia

The Community-Acquired Pneumonia: Evaluation of 
Corticosteroids (CAPE-COD) trial was a multicenter, 
double-blind, randomized controlled superiority 
trial investigating the impact of early hydrocortisone 
therapy on 28-day mortality in adult patients admit-
ted to the ICU with severe community-acquired pneu-
monia (sCAP) (17). Diagnosis of sCAP was based 
on clinical and radiographic criteria, with severity 
defined by: invasive or noninvasive mechanical ven-
tilation (MV), high-flow nasal cannula (HFNC) or 
nonrebreather oxygen mask with a ratio of Pao2:Fio2 
less than 300 and Fio2 greater than or equal to 50%, 
or a Pulmonary Severity Index (PSI) greater than 130. 
Exclusion criteria included influenza pneumonia, 
septic shock, or suspected aspiration. Patients were 
randomized to continuous infusion hydrocortisone 
200 mg/d (n = 400) or placebo (n = 395) for 4 days, 
tapered over a total of 8 or 14 days or stopped early 

 
KEY POINTS

Question: What were the most impactful publi-
cations related to critical care pharmacotherapy in 
2023?

Findings: This systematic search and modified 
Delphi process identified five randomized con-
trolled trials and a single-arm prospective trial. 
These articles spanned a number of domains in-
cluding sepsis and septic shock resuscitation, 
treatment and prevention of pneumonia, and man-
agement of hemorrhage.

Meaning: This review provides a focused up-
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describing advancements in the pharmacothera-
peutic management of critically ill adult patients 
published in 2023.
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if discharged from the ICU (median 5 d; interquartile 
range [IQR], 3–8 d). Treatment with hydrocortisone 
was associated with an absolute reduction in 28-day 
mortality of 5.7% (6.2% vs. 11.9%; 95% CI, –9.6% to 
–1.7%; p = 0.006) and decreased need for invasive MV 
(hazard ratio [HR], 0.69; 95% CI, 0.50–0.94) and vaso-
pressors (HR, 0.59; 95% CI, 0.43–0.82). A subgroup 
analysis based on C-reactive protein (CRP) suggests 
that CRP greater than 15 mg/dL may further iden-
tify patients most likely to benefit from corticosteroid 
therapy, supporting results of previous studies (18). 
Median daily insulin requirements were greater in the 
hydrocortisone group (35.5 vs. 20.5 U; 95% CI, 4.0–
13.8; p < 0.001). There were no differences in hospital-
acquired infection or gastrointestinal bleeding.

Pneumonia confers a significant risk of morbidity 
and mortality in the ICU (19). Inflammation, impaired 
gas exchange, and respiratory failure associated with 
sCAP may be attenuated with corticosteroid therapy. 
Two prior meta-analyses of corticosteroids in pneu-
monia suggested improved time to clinical stabiliza-
tion and decreased mortality, respectively; however, 
the latter was deemed to have a high risk of bias (20, 
21). Previous studies have evaluated a variety of cor-
ticosteroid agents, doses (30 mg to 1 mg/kg/d meth-
ylprednisolone equivalent), and durations (4–9 d) 
while demonstrating improvements in surrogate 
markers (e.g., MV-free days, clinical stability, length 
of stay [LOS]) (20). While baseline characteristics and 

comorbidities seen in pre-
vious studies were similar 
to those in CAPE-COD, 
few specifically enrolled 
patients with sCAP.

Although terminated 
early, CAPE-COD is the 
largest trial demonstrat-
ing a mortality benefit with 
corticosteroid therapy in 
patients with sCAP and 
corroborates findings from 
previous trials and meta-
analyses. The larger study 
size and higher severity 
of illness in CAPE-COD 
(22.2% intubated, 63.8% 
HFNC or noninvasive MV, 
47.5% PSI class V) may ex-

plain the mortality difference observed. Based on rapid 
initiation of hydrocortisone in CAPE-COD (within 
15 hr of ICU admission), benefits of corticosteroids 
in sCAP may be dependent on timing of initiation. 
Limitations of the trial include a nonstandardized 
approach to antimicrobial management and lower than 
anticipated mortality in both groups. Additionally, 
while a continuous infusion of hydrocortisone was 
used, intermittent dosing is often used in clinical prac-
tice. Finally, immunocompromised patients repre-
sented 6.4% of patients in CAPE-COD; therefore, it is 
unclear if benefits of corticosteroid therapy translate 
to this population where further immunosuppression 
may be detrimental. A notable takeaway from this 
trial is the importance of identifying patients most 
likely to benefit from corticosteroid therapy. Overall, 
results from CAPE-COD support early hydrocortisone 
therapy in sCAP, and this is further reflected in recent 
clinical practice guideline updates from SCCM that 
endorse the administration of steroids to adult patients 
with severe pneumonia (22).

Inhaled Amikacin to Prevent Ventilator-
Associated Pneumonia

The Inhaled Amikacin vs. Placebo to Prevent Ventilator-
Associated Pneumonia (AMIKINHAL) trial was a 
multicenter, double-blind, randomized controlled supe-
riority trial evaluating inhaled amikacin for prevention 

Figure 1. Flow diagram of article screening.
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of ventilator-associated pneumonia (VAP) among adult 
critically ill patients receiving MV for greater than or 
equal to 72 hours. Exclusion criteria included MV greater 
than 96 hours, diagnosis of VAP before enrollment, sys-
temic aminoglycosides, Kidney Disease: Improving 
Global Outcomes stage 2 or 3 acute kidney injury, glo-
merular filtration rate less than 30 mL/min, or scheduled 
extubation within 24 hours. Patients received inhaled 
amikacin 20 mg/kg of ideal body weight (n = 417) or an 
equivalent volume of 0.9% sodium chloride (NaCl) (n = 
430) daily for 3 days; 77.5% were on systemic antibiotics 
at randomization. VAP within 28 days (positive bacterial 
culture plus at least two of: leukocytes ≥ 10,000/mL or 
≤ 4,000/mL, fever, or purulent secretions with new in-
filtrate on chest radiograph) was lower in the amikacin 
group (14.8% vs. 22.1%; difference in restricted mean 
survival time to VAP 1.5 d; 95% CI, 0.6–2.5 d; p = 0.004). 
Enterobacterales (27.8%) and Staphylococcus aureus 
(20.7%) were the primary isolates. First episode of VAP 
per 1000 MV days (16 vs. 23; risk ratio [RR], 0.68; 95% 
CI, 0.49–0.94) and occurrence of a ventilator-associated  
condition (increase of 20% in Fio2 or 3 cm H2O of pos-
itive end-expiratory pressure sustained for at least 2 d 
after a period of stability; 32.8% vs. 39.5%; HR, 0.79; 95% 
CI, 0.64–0.99) were lower in the amikacin group. There 
were no significant differences in systemic antibiotic ex-
posure, duration of MV to day 28, ICU or hospital LOS, 
ICU or hospital mortality, or safety outcomes.

Approximately 10% of intubated patients will de-
velop VAP, with the highest risk in the days after intu-
bation (23–25). VAP prolongs the duration of MV and 
ICU and hospital LOS and is associated with an attrib-
utable mortality of 13% (25). Previous studies inves-
tigating prophylactic inhaled antibiotics (e.g., colistin, 
ceftazidime) for VAP prevention have demonstrated 
mixed results. These studies were largely conducted in 
surgical or trauma ICUs, while AMIKINHAL included 
86.4% medical admissions. Past studies also enrolled 
patients with a greater severity of illness and used 
longer durations of prophylactic therapy (1–2 wk or 
until extubation) but required similar durations of MV 
before enrollment (26–30). Due to conflicting results, 
risk of adverse drug effects, and emergence of resistant 
bacteria, the practice of utilizing inhaled antibiotics for 
VAP prevention has not been widely implemented.

In the AMIKINHAL trial, frequency of VAP within 
28 days was reduced, although this time frame may 
not be adequate to assess emergence of resistance. 

Limitations of the trial include use of inhaled 0.9% 
NaCl as a placebo, which may have increased the risk 
of VAP in the control group. In addition, the require-
ment of positive quantitative bacterial cultures for 
diagnosis of VAP potentially excluded patients with 
clinical VAP and raises concerns that amikacin may 
have limited diagnostic yield. Although this study was 
not powered for patient-centered outcomes, there was 
no improvement in these measures despite lower rates 
of VAP, which is a key consideration when evaluating 
this intervention for application in clinical practice. 
Current guidelines do not recommend prophylactic 
inhaled antibiotics for prevention of VAP (31). Larger 
trials are needed to determine the safety and efficacy of 
early initiation of inhaled prophylactic antibiotics for 
VAP and impact on patient-centered outcomes.

Early Restrictive or Liberal Fluid Management 
for Sepsis-Induced Hypotension

The Crystalloid Liberal or Vasopressors Early 
Resuscitation in Sepsis (CLOVERS) trial was a mul-
ticenter, randomized, unblinded superiority trial that 
evaluated the impact of two resuscitation strategies in 
patients with sepsis-induced hypotension (32). Adult 
patients with suspected or proven infection and sys-
tolic blood pressure less than 100 mm Hg or mean 
arterial pressure less than 65 mm Hg (or receiving 
vasopressors) after administration of 1–3 L of fluid 
within 4 hours of enrollment were eligible. Exclusion 
criteria included fluid overload or nonsepsis severe 
volume depletion. Patients were randomized to a re-
strictive fluid (RF) with early vasopressor (n = 782) 
or liberal fluid (LF; n = 781) protocol for 24 hours 
(complete protocols available with full text of article) 
(32). Median volume of pre-randomization fluid was 
similar (2050 mL; IQR, 1450–2450 mL). ICU admis-
sion occurred in 65.6% of patients, and 19.4% were on 
vasopressors at enrollment. The trial was stopped early 
for futility. All-cause mortality was similar at 90 days 
(14.0% vs. 14.9%; absolute difference [AD], –0.9%; 
95% CI, –4.4% to 2.6%; p = 0.61). Total IV fluids 
administered differed by 2134 mL at 24 hours (1267 vs. 
3400 mL; 95% CI, –2318 to –1949 mL). Vasopressors 
were used 21.8% more frequently (59.0% vs. 37.2%; 
95% CI, 16.9–26.6%), 1.4 hours earlier (95% CI, –2.0 to 
–0.8 hr), and for 4.2 hours longer (95% CI, 3.3–5.2 hr) 
in the RF group. There were no significant differences 
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in other secondary efficacy outcomes, subgroup analy-
ses, or adverse events.

Millions of people are affected by sepsis every year, 
with hospital mortality estimates of 15–27% (33, 34). 
Early resuscitation is a key component of sepsis man-
agement, and fluids are a mainstay of therapy (35). 
Current guidelines recommend a minimum of 30 mL/
kg of crystalloids within the first 3 hours of resuscita-
tion, with subsequent fluid administration guided by 
dynamic measures (36). A LF resuscitation strategy 
may cause volume overload and increased need for 
medical intervention, while a strategy favoring va-
sopressor use may increase the risk of side effects 
(37). Approximately 25% of patients may be fluid- 
responsive at 2 hours from onset of septic shock, al-
though volume status and responsiveness can be  
difficult to assess (38). LF and RF resuscitation strat-
egies were previously compared in ICU patients with 
septic shock and a higher disease severity with no sig-
nificant difference in 90-day mortality (39).

While the CLOVERS trial did not find a significant dif-
ference in outcomes comparing resuscitation strategies, 
the findings support those of previous studies that found 
no increased risk of adverse events with a RF strategy. The 
trial also provides additional evidence of the safety of pe-
ripheral administration of vasopressors up to 72 hours 
(63.2% of patients requiring vasopressors, 1% rate of line-
related extravasation complications). Adherence to the 
study protocol was 96.3%, but the unblinded study design 
may have introduced bias in selection, treatment, or re-
porting. The trial had limited representation or reporting 
on the prevalence of relevant subgroups that may benefit 
from a specific resuscitation strategy (e.g., end-stage renal 
disease). Additionally, some crossover between study 
arms may have limited treatment effect. The 2134 mL dif-
ference in fluid administration at 24 hours is greater than 
the difference seen in the Conservative versus LIberal 
Approach to Fluid Therapy of Septic Shock in Intensive 
Care (CLASSIC) trial (813 mL), but a patient population 
with a lower overall severity of illness and a protocol du-
ration of only 24 hours may have limited the magnitude 
of treatment effect (32, 39). The optimal amount of fluid 
to administer for sepsis-induced hypotension remains 
uncertain and the results of this trial should not change 
universal resuscitation practices outside of specific clin-
ical situations (e.g., evidence of fluid overload). Future 
investigations may benefit from enrolling patients at 
greatest risk for fluid overload.

Early Adjunctive Methylene Blue in Patients 
With Septic Shock: A Randomized Controlled 
Trial

This was a single center, double blind, RCT evaluating 
time to vasopressor discontinuation with early adjunc-
tive methylene blue (MB) in adult patients with septic 
shock (defined by Sepsis-3 criteria) (40). Exclusion cri-
teria included norepinephrine initiation greater than 
24 hours before enrollment, high probability of death 
within 48 hours, burn injury, history of glucose-6- 
phosphate dehydrogenase deficiency, or recent (4 wk) 
intake of selective serotonin reuptake inhibitors. 
Patients received MB 100 mg IV over 6 hours (n = 45) 
or placebo (n = 46) daily for three doses. All patients 
received antimicrobial therapy and hydrocortisone 
within 3 hours of septic shock diagnosis. At enroll-
ment, median norepinephrine doses were 0.45 µg/kg/
min (MB) and 0.37 µg/kg/min (placebo), 76.9% were 
on vasopressin, and median time from shock diagnosis 
to study intervention was 8 hours in both groups. Time 
to vasopressor discontinuation was 29.4 hours shorter 
in the MB group (69 vs. 94 hr; 95% CI, 15.4–50.7 hr; p 
< 0.001). Patients receiving MB had a higher chance of 
shock reversal (HR, 2.7; 95% CI, 1.5–5.0; p = 0.0007), 
1.0 more vasopressor-free days (p = 0.008), lower cu-
mulative fluid balance (741 mL; 95% CI, 293–1188 mL; 
p = 0.001), and shorter ICU (1.5 d; 95% CI, 0.08–2.5 
d; p = 0.039) and hospital (2.7 d; 95% CI, 0.3–4.6 d;  
p = 0.027) LOS, but there was no difference in all-cause 
mortality at 28 days (33.3% vs. 45.7%; RR, 0.76; 95% 
CI, 0.55–1.05; p = 0.23).

Adjunctive therapies such as vasopressin and corti-
costeroids have been associated with reduced catechol-
amine requirements and shorter time to shock reversal 
in septic shock. Studies suggest early implementation 
of adjuncts and minimization of catecholamines may 
reduce catecholamine-related complications or mor-
tality in select patients (41–45). Historically, the use 
of nonselective nitric oxide synthase (NOS) inhibitors 
increased mortality in septic shock, and MB, a selec-
tive inhibitor of inducible NOS, has been reserved as 
salvage therapy (46). Several small trials have evalu-
ated the effects of MB on hemodynamic parameters 
in patients with septic shock, with two previous RCTs 
demonstrating an improvement in hemodynamic 
parameters that were underpowered to assess patient-
centered outcomes (47, 48).
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This study is the largest to evaluate MB in septic 
shock. Supportive care principles (e.g., use of ste-
roids, fluid responsiveness assessment) were uniform 
and well-described, and enrolled patients had a high 
severity of illness. Study size and single-center de-
sign limit generalizability as well as power to evaluate 
other patient-centered outcomes. While the study 
was blinded, urine discoloration likely unmasked the 
treatment arms and could have imparted bias. Despite 
promising results in this trial, due to the small study 
size and limited additional evidence, MB is likely best 
reserved as an adjunct agent for refractory shock, sub-
ject to expert discussion of risk and benefits in specific 
cases. Given these limitations, larger, multicenter stud-
ies are needed to validate these findings and determine 
the impact of MB on morbidity and mortality in septic 
shock, as well as optimal dosing and duration.

Efficacy and Safety of Early Administration of 
Four-Factor Prothrombin Complex Concentrate 
in Patients With Trauma at Risk of Massive 
Transfusion: The PROCOAG Randomized 
Clinical Trial

PROCOAG was a pragmatic, randomized, double-blind, 
placebo-controlled, multicenter superiority trial evaluat-
ing the impact of four-factor prothrombin complex con-
centrate (4F-PCC) 25 U/kg (n = 164) vs. placebo (n = 
160) on 24-hour blood product consumption (BPC) and 
thromboembolic events (TEs) in adult trauma patients at 
risk of massive transfusion (MT) (49). Included patients 
were transfused greater than or equal to 1 U packed RBCs 
(PRBCs) and had an Assessment of Blood Consumption 
score of greater than or equal to 2 or deemed at risk of MT 
(≥ 3 U PRBC within the first hour or ≥ 10 U PRBC within 
the first 24 hr) by clinical assessment. Exclusion criteria 
included traumatic cardiac arrest, devastating injuries 
(expected survival < 1 hr from admission), and preinjury 
anticoagulant use. Patients received restricted fluid expan-
sion and early transfusion with PRBC:fresh frozen plasma 
(FFP) ratios between 1:1 and 2:1, tranexamic acid within 
3 hours, and fibrinogen and platelet supplementation 
for predefined parameters. Median Injury Severity Score 
(ISS) was 36 (94.1% with ISS > 15) and 69.7% required 
a procedure for hemostasis. Median times from injury to 
arrival and arrival to treatment were 105 and 35 minutes, 
respectively. BPC was not different between 4F-PCC and 
placebo (12 U [5–19 U] vs. 11 U [6–19 U]; AD, 0.2; 95% 

CI, –2.99 to 3.33; p = 0.72). There was no difference in con-
sumption of individual components, time to correction of 
coagulopathy, or mortality at 24 hours or 28 days. Patients 
in the 4F-PCC group experienced 11% more TE by day 28 
(35% vs. 24%; 95% CI, 1–21%; p = 0.03).

Blood product transfusion is a vital component 
of the initial resuscitation of major trauma patients 
with hemorrhage, although transfusion of large vol-
umes poses risk (50). Interventions that reduce blood 
product transfusion may reduce fluid overload, risk 
of multiple organ failure, and transfusion reactions. 
Previous observational studies evaluating 4F-PCC plus 
FFP compared with FFP alone found decreased PRBC 
and FFP transfusion requirements and lower mortality 
with 4F-PCC without an increased risk of thrombosis 
(51, 52). These studies primarily focused on patients 
with evidence of coagulopathy while only 66.9% and 
25.7% of patients in PROCOAG were classified as hav-
ing coagulopathy (prothrombin time ratio [PTr > 1.2] 
and severe coagulopathy [PTr > 1.5]), which may have 
contributed to the difference in observed outcomes. 
A recent meta-analysis of nine studies (six evaluating 
4F-PCC, three evaluating three-factor prothrombin 
complex concentrate [PCC]) found no overall effect of 
PCC administration on mortality and rates of TE (53).

The results of the PROCOAG trial do not support 
the routine use of 4F-PCC in trauma patients at risk of 
MT. Limitations of this trial include a higher rate of ad-
ministration of TXA in the placebo arm, a difference in 
time from arrival to FFP transfusion between groups, 
and lack of patient-centered outcomes and routine vis-
coelastic testing to guide intervention, thus predispos-
ing patients without coagulopathy to potential risks of 
treatment. Clinical application of this intervention may 
be best reserved for patients with objective evidence of 
coagulopathy to optimize benefit and limit risk; while 
U.S. guidelines do not comment on adjunct use of 
PCC, European guidelines recommend reserving PCC 
for patients with evidence of a functional coagulation 
deficiency (54, 55). Future studies should identify spe-
cific trauma phenotypes that could demonstrate a ben-
efit from PCC without an increased risk of TE.

Final Study Report of Andexanet Alfa for Major 
Bleeding With Factor Xa Inhibitors

This study reports final safety and efficacy out-
comes from Andexanet Alfa, a Novel Antidote to 
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the Anticoagulation Effects of Factor Xa Inhibitors 
(ANNEXA-4), a multicenter, prospective, single-
group cohort study, with secondary analyses examin-
ing relationships between anti-factor Xa (FXa) activity, 
mortality, and hemostatic efficacy (56). Adults with 
acute major bleeding (hemodynamic compromise, he-
moglobin decrease ≥ 2 g/dL or hemoglobin ≤ 8 g/dL, 
or bleeding in a critical area or organ) within 18 hours 
of administration of FXa inhibitors (apixaban, rivar-
oxaban, edoxaban, or enoxaparin (≥ 1 mg/kg)) were 
eligible. Patients on low dose FXa inhibitors for coro-
nary or peripheral vascular disease were excluded. All 
patients (n = 479) received andexanet alfa as a bolus fol-
lowed by a 2-hour infusion; low vs. high dose regimens 
were determined by the FXa inhibitor received, dose, 
and timing of last dose. Primary sites of bleeding were 
intracranial hemorrhage (ICH) and gastrointestinal. 
Median decrease in anti-FXa activity from baseline 
was 93% (95% CI, 94–93%), 94% (95% CI, 95–93%), 
71% (95% CI, 82–65%), and 75% (95% CI, 79–67%) 
in the apixaban, rivaroxaban, edoxaban, and enoxa-
parin groups, respectively. Excellent or good hemo-
static efficacy at 12 hours occurred in 80% of patients 
(95% CI, 75–84) with no difference across subgroups. 
TE occurred in 10.4% of patients, 3.3% after reinitia-
tion of prophylactic parenteral anticoagulation but 
none occurring after restarting oral anticoagulation. 
Reduction in anti-FXa activity from baseline was as-
sociated with improved hemostatic efficacy in patients 
with ICH (area under the receiver operating curve, 
0.62; 95% CI, 0.54–0.70) and reduced mortality in 
patients younger than 75 years old (adjusted p = 0.022). 
Hemostatic efficacy was correlated with survival in all 
patients (p < 0.001).

This final analysis of the ANNEXA-4 trial includes 
the largest number of patients to date and evaluates 
both efficacy and safety data as well as the relation-
ship between anti-FXa activity levels, mortality, and 
hemostatic efficacy (57, 58). Limitations of this trial 
include an open-label design and lack of comparator 
group, exclusion of patients scheduled to undergo sur-
gery within 12 hours and patients with large ICH, or 
planned administration of blood products (e.g., PCC, 
FFP). This trial provides further evidence of FXa agent 
reversal and hemostatic efficacy. Additionally, the trial 
demonstrates an association between FXa activity and 
hemostatic efficacy in patients with ICH as well as be-
tween FXa activity and mortality in patients younger 

than 75 years old (this was not found in patients age 
> 75 yr, potentially due to age-related confound-
ers in comorbidities or management). Considering 
clinical application of study results, the safety data 
from ANNEXA-4 reinforces the need for prompt re-
sumption of anticoagulation when feasible since all 
TE occurred before resuming oral anticoagulation. 
Results from the ANNEXA-I trial comparing andex-
anet alfa to usual care in patients with ICH taking oral 
FXa inhibitors support hemostatic efficacy of andex-
anet alfa while also demonstrating an increased risk of 
TEs compared with usual care (59).

CONCLUSIONS

This review provides a summary and analysis of stud-
ies relevant to critical care pharmacotherapy pub-
lished in 2023. Utilizing a systematic search and a 
modified Delphi process, six articles were selected 
that represented the most novel and significant 
contributions to the critical care pharmacotherapy 
literature.
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