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Abstract
PURPOSE: To assess the treatment effect of capillary refill time–guided personalised hemodynamic
resuscitation (CRT-PHR) in patients with early septic shock in low- and middle-income countries (LMICs).

METHODS: Post hoc analysis of the ANDROMEDA-SHOCK-2 randomised clinical trial, conducted in 86
ICUs across 19 countries. Centres were classified according to World Bank income groups as LMICs or
high-income countries (HICs). The primary outcome was a hierarchical composite of 28-day mortality,
duration of vital organ support, and hospital length of stay, analysed using a stratified win ratio.

RESULTS: Among 1,467 patients, 652 (44.4%) were treated in LMIC centres and 815 (55.6%) in HIC
centres. Patients enrolled in LMICs were younger, had higher lactate levels, more frequent abnormal CRT,
and greater baseline vasopressin use (59.4% vs 29.5%). Treatment-effect estimates were similar across
income groups, with win ratios of 1.16 (95% CI 1.14–1.18) in LMICs and 1.18 (95% CI 1.17–1.20) in HICs,
with no evidence of treatment-effect modification by country income level. Within LMICs, baseline
lactate >4 mmol/L showed the strongest exploratory signal of heterogeneity (win ratio 1.57 vs 0.93;
interaction p=0.002). Vasopressin use was associated with a numerically larger treatment-effect
estimate (1.39 vs 1.12), but was not statistically significant. Centre-level analyses suggested
heterogeneity by hospital and ICU size (interaction p=0.081 for both).

CONCLUSION: Despite the marked differences in baseline severity, vasopressor use, and resuscitation
practice, CRT-PHR produced consistent and significant treatment effects in both LMIC and HIC settings.
Within LMICs, hyperlactatemia a centre-level heterogeneity identified contexts of differential benefit,
underscoring limitations of national income classification as a proxy for local critical-care capacity.

TAKE HOME MESSAGE
In this post hoc analysis of ANDROMEDA-SHOCK-2, CRT-guided personalised hemodynamic
resuscitation showed similar treatment-effect estimates across LMICs and HICs settings, despite
marked differences in baseline severity and resuscitation patterns. Within LMICs, patients with lactate >4
mmol/L derived the greatest benefit, while centre-level analyses revealed that hospital ownership and
ICU size better capture the institutional heterogeneity that shapes treatment response. CRT-guided
treatment for septic patients is a reliable hemodynamic resuscitation strategy even in centres where
resources are scarce.

 

BACKGROUND
Sepsis and septic shock remain leading causes of critical illness worldwide, with differences in burden
between low- and middle-income countries (LMICs) and high-income countries (HICs).[1] Mortality is
reported at 30–40% in LMICs versus 15–20% in HICs [1–3], with higher ICU and hospital mortality
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despite similar sepsis prevalence.[4, 5] These differences may reflect limited ICU capacity, delayed
presentation, restricted access to surgical source control and inadequate monitoring capabilities.[6]
LMICs also have a higher prevalence of infectious disease, poor sanitation, and elevated rates of
hospital-acquired and multidrug-resistant infections which may contribute to this burden. [7]
Socioeconomic inequities, including lower income, limited education, lack of health insurance, and
underfinanced public health systems, are further associated with increased sepsis mortality. [8, 9]

In the ANDROMEDA-SHOCK trial, capillary refill time (CRT)-targeted resuscitation resulted in less organ
dysfunction at 72 hours compared with lactate-targeted resuscitation. [10] A subsequent personalised
CRT-based protocol in early septic shock demonstrated a more favourable hierarchical composite
outcome of 28-day mortality, duration of vital organ support, and hospital length of stay (HLOS), driven
primarily by a shorter duration of vital organ support. [11] CRT-targeted fluid resuscitation has also
achieved hemodynamic targets faster, with similar fluid volumes and microcirculatory effects, and
demonstrated that discontinuing fluid administration when CRT achieved 3 seconds was safe. [12]
Although ANDROMEDA-SHOCK showed a numerically lower 28-day mortality with CRT-targeted
resuscitation, the difference was not statistical significance; a post hoc re-analysis reported a high
probability of mortality benefit [13] While CRT-guided resuscitation appears to reduce organ support
requirements, evidence remains limited, and its effect on mortality in LMIC populations with septic shock
remains uncertain.

CRT is a simple, low-cost, and feasible resuscitation target for resource-limited settings. [14] Most CRT-
based trials have been conducted in Latin American and middle-income ICUs; however, none has
specifically focused on septic shock populations or isolated LMIC-specific mortality effects. [10, 15]
Existing evidence suggests, but does not definitively establish, a mortality benefit, and no trial has
isolated treatment effects specifically within LMIC populations. We therefore aimed to determine
whether a CRT-guided resuscitation protocol reduces organ support requirements and mortality among
patients with septic shock in LMICs, and to assess whether treatment effectiveness varies by country
income level.

METHODS
This was a post hoc exploratory analysis of the ANDROMEDA-SHOCK-2 randomised clinical trial, an
international, multicentre, open-label RCT conducted across 86 ICUs in 19 countries between March
2022 and April 2025. The design, protocol, statistical analysis plan, and primary results have been
reported previously. [12, 17, 18]

Parent Trial Population and intervention
Adults with septic shock were eligible if they had suspected or confirmed infection, lactate ≥ 2.0 mmol/L,
and required norepinephrine to maintain MAP ≥ 65 mmHg after ≥ 1,000 mL of intravenous fluids, within 4
hours of shock onset. Key exclusion criteria and full eligibility criteria are reported in the parent trial.
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Patients were randomised 1:1 to CRT-guided personalised hemodynamic resuscitation (CRT-PHR) or
usual care. In the intervention arm, hourly CRT assessment during a 6-hour protocol guided sequential
optimisation of arterial pressure, fluid responsiveness, vasopressor therapy, dobutamine, and MAP
targets. Full protocol details are available elsewhere. [12]

Country Income Classification
Centres were classified according to World Bank income groups. Lower-middle-, and upper-middle-
income economies were grouped as LMICs and high-income economies as HICs. LMICs included
Mexico, Colombia, Argentina, India, Ecuador, and Brazil; all remaining participating countries were
classified as HICs. Country classification was derived from the country code embedded in the
participant identifier.

To explore heterogeneity beyond national income classification, centre-level characteristics were
additionally evaluated. Hospitals were classified by ownership (public/private), university affiliation, and
ICU size (≤ 15, 16–25, or > 25 beds); country-specific analyses were also performed within LMICs. Centre
characteristics were derived from trial centre information and verified institutional sources. Additional
regional analyses evaluated treatment effects within Latin America according to country-income
classification.

Outcomes
The primary outcome was a hierarchical composite comprising: (1) 28-day all-cause mortality, favouring
survival and, among non-survivors, longer survival; (2) duration of vital organ support (vasopressors,
invasive mechanical ventilation, and kidney replacement therapy) through day 28, favouring shorter
duration; and (3) HLOS truncated at 28 days, favouring shorter stay.

Secondary outcomes included 28- and 90-day mortality, vital support–free days at day 28, duration of
vital organ support, HLOS, and component support-free days. Baseline resuscitation patterns were also
characterised.

Statistical Analysis
The primary outcome was analysed using a win ratio (WR) stratified by the median APACHE II score (cut-
point 19), consistent with the parent trial randomisation strategy. [18] Intervention and control patients
were compared hierarchically within each stratum according to 28-day survival, duration of vital organ
support, and HLOS. The WR was calculated as total wins divided by total losses, with 95% CIs derived by
log transformation and normal approximation.

Mortality was analysed using Cox proportional hazards regression adjusted for APACHE II score with the
Efron method for ties. Vital support–free days were analysed using ordinal logistic regression and
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reported as proportional odds ratios. Continuous variables are reported as median (IQR) and categorical
variables as counts and proportions.

Treatment-effect heterogeneity was assessed using treatment-by-subgroup interaction terms. For the
hierarchical outcome, interaction was evaluated using likelihood-ratio testing from ordinal models;
mortality interactions were evaluated in Cox models. An interaction p < 0.10 was considered suggestive
given the exploratory design.

Predefined sensitivity analyses included exclusion of tied pairs, alternative APACHE II tertile
stratification, and Cox models with country-level frailty. Exploratory patient-level subgroup analyses
evaluated baseline CRT, lactate category, vasopressin use, and number of adjunctive vasoactive agents.
Additional post hoc centre-level analyses evaluated hospital ownership, university affiliation, ICU size,
country, and regional income-group heterogeneity. Stratified WRs were calculated using the same
APACHE II framework. No adjustment for multiplicity was performed. All analyses followed the intention-
to-treat principle and were conducted in R version 4.3.3 and RStudio version 2026.01.1 + 403.

RESULTS
Among 1,467 patients, 652 were treated in LMIC centres and 815 in HIC centres; 324 and 396 patients,
respectively, were allocated to CRT-PHR. HIC recruitment occurred predominantly in Europe (n = 591,
72.5%), followed by Latin America (n = 182, 22.3%), the Middle East (n = 38, 4.7%), and North America (n 
= 4, 0.5%).

Baseline characteristics
LMIC patients were younger than HIC patients (median age 60 [IQR 43–71] vs 69 [58–77] years) and had
lower APACHE II scores (17 [12–22] vs 19 [15–24]), slightly higher SOFA scores (9 [7–11] vs 8 [7–10]),
higher lactate (3.9 [3.0–5.5] vs 3.5 [2.6–5.2] mmol/L), and longer CRT (4.3 [3.0–6.0] vs 4.0 [2.5–5.0]
seconds) (Table 1). Abnormal CRT was present in 65% and 56%, respectively, and baseline vasopressin
use was substantially more frequent in LMICs (59.4% vs 29.5%). Infection-source and additional baseline
characteristics are shown in Table 1.

Primary Outcome
CRT-PHR yielded similar treatment-effect estimates for the hierarchical primary outcome across income
groups (Table 2, Fig. 2). The stratified WR was 1.16 (95% CI 1.14–1.18; p < 0.001) in LMICs and 1.18
(95% CI 1.17–1.20; p < 0.001) in HICs, compared with 1.16 (95% CI 1.15–1.17; p < 0.001) overall. There
was no statistical evidence of heterogeneity in treatment effect by country income level, with a
treatment- by-income interaction p-value of 0.912.

Secondary Outcomes
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28-day mortality was 29.3% in both treatment arms among LMIC patients (adjusted HR 0.87, 95% CI
0.65–1.17; p = 0.364) and 24.2% vs 24.6% among HIC patients (adjusted HR 1.04, 95% CI 0.79–1.38; p = 
0.781), with no evidence of treatment-by-income interaction (p = 0.418) (Table 2, Figs. 1 and 3). Vital
support–free days yielded adjusted proportional ORs of 1.27 (95% CI 0.96–1.67) in LMICs and 1.30
(1.02–1.66) in HICs. By day 90, mortality was 34.0% vs 35.7% in LMICs (adjusted HR 0.86, 95% CI 0.66–
1.11) and 30.6% vs 31.2% in HICs (adjusted HR 0.98, 95% CI 0.76–1.25). Additional organ-support and
length-of-stay outcomes are reported in Table 2 and Supplementary Table S2.

Resuscitation Patterns
Baseline norepinephrine dose and pre-randomisation fluid administration were similar between income
groups (0.23 vs 0.20 µg/kg/min and 1,500 mL in both groups, respectively), whereas vasopressin use
was more frequent in LMICs (59.4% vs 29.5%; p < 0.001). Baseline dobutamine use did not differ
significantly. Detailed resuscitation patterns are shown in Supplementary Table S3 and Fig. 4.

Sensitivity Analysis and Exploratory Subgroup Analysis
Results were consistent across the pre-specified sensitivity analyses (Supplementary Table S4).
Exclusion of tied comparisons and alternative APACHE II tertile stratification produced nearly unchanged
win-ratio estimates, and country-level frailty did not materially alter mortality estimates.

Among exploratory patient-level subgroups, baseline CRT did not modify treatment effect. In LMIC
patients, however, baseline lactate showed significant heterogeneity: the WR was 1.57 (95% CI 1.53–
1.62) with lactate > 4 mmol/L and 0.93 (0.90–0.95) with lactate 2–4 mmol/L (interaction p = 0.002)
(Supplementary Table S1, Figure S1). Baseline vasopressin use and adjunctive vasopressor burden
showed numerical differences in treatment-effect estimates without significant interaction
(Supplementary Table S5, Figure S2).

Centre-Level and Regional Heterogeneity
Within LMICs, treatment-effect estimates varied across institutional characteristics (Supplementary
Figure S3). CRT-PHR was associated with a larger WR estimate in public centres (n = 402; WR 1.32, 95%
CI 1.28–1.35) than in private centres (n = 250; WR 0.96, 95% CI 0.92–1.01), with suggestive treatment-by-
ownership heterogeneity (interaction p = 0.081). Estimates also differed according to ICU size: WR 0.91
(95% CI 0.78–1.06) in ICUs with ≤ 15 beds, 1.34 (1.31–1.38) in those with 16–25 beds, and 0.92 (0.87–
0.98) in ICUs with > 25 beds (interaction p = 0.081). University-affiliated centres had a WR of 1.21 (1.19–
1.23) compared with 0.84 (0.74–0.96) in non-university centres, although formal interaction was not
supported (p = 0.348).

Treatment-effect estimates also varied descriptively across LMIC countries, ranging from 1.90 (95% CI
1.39–2.59) in India and 1.28 (1.24–1.32) in Mexico to 1.15 (1.09–1.21) in Colombia and 0.85 (0.71–
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1.03) in Argentina; estimates for Ecuador were imprecise because of the small sample, and Brazil was
not displayed because of insufficient sample size (Supplementary Figure S3).

Regional treatment-effect estimates included a WR of 1.44 among patients enrolled in Latin American
HICs (Chile and Uruguay) and 1.12 among those enrolled in Latin American LMICs (Supplementary
Figure S4). Mortality also varied substantially according to institutional context within LMICs:
approximately 35% in public centres compared with 20–23% in private centres, the latter approaching
the overall HIC mortality of 24.6%.

DISCUSSION
In this post hoc analysis of ANDROMEDA-SHOCK-2, patients treated in LMIC centres were younger, had
higher lactate levels, a greater prevalence of abnormal CRT, and substantially higher vasopressin use
than those treated in HIC centres. Despite these differences, treatment-effect estimates for CRT-guided
personalised hemodynamic resuscitation on the hierarchical primary outcome were similar across
income groups, with WRs of 1.16 in LMICs and 1.18 in HICs and no evidence of treatment-effect
modification by country income level. Within LMICs, baseline lactate showed the strongest patient-level
exploratory signal of heterogeneity, with a WR of 1.57 among patients with lactate > 4 mmol/L versus
0.93 among those with lactate 2–4 mmol/L. Centre-level analyses further identified heterogeneity across
institutional characteristics, particularly hospital ownership and ICU size.

Patients enrolled in LMIC centres had a distinct baseline profile, with younger age, lower APACHE II and
slightly higher SOFA scores, higher lactate levels, more frequent abnormal CRT, and substantially greater
baseline vasopressin use. A similar age–severity pattern was reported in MOSAICS-II, where patients
from lower-income settings were younger and had lower overall illness severity than those from HICs. [4]
Differences in clinical presentation have also been described within LMICs; in an Argentine multicentre
cohort, patients treated in public hospitals were younger and had higher lactate, APACHE II, SOFA, and
more frequent septic shock. [9] Against this clinical heterogeneity, treatment-effect estimates for CRT-
PHR were similar across income groups, with WRs of 1.16 in LMICs and 1.18 in HICs and no evidence of
treatment-effect modification by country income level. Given the recognised heterogeneity of treatment
effects in septic shock, this consistency across income settings adds information beyond the average
treatment effect reported in the parent trial. [20, 21] In ANDROMEDA-SHOCK-2, the hierarchical benefit
was driven primarily by shorter duration of vital-organ support, without a significant reduction in
mortality. [12] A similar treatment-arm mortality pattern was observed within LMICs at 28 and 90 days.

Baseline lactate showed the strongest exploratory signal of treatment-effect heterogeneity within LMICs.
Patients with lactate > 4 mmol/L had a larger treatment-effect estimate (WR 1.57) than those with
lactate 2–4 mmol/L (WR 0.93), with a treatment-by-lactate interaction p = 0.002. Prior studies have
established lactate > 4 mmol/L as a marker of higher-risk septic shock and shown that lactate and
peripheral perfusion may diverge during early resuscitation. [22, 23] Our results raises the possibility that
baseline lactate may identify heterogeneity in response to CRT-PHR. Given the post hoc nature of the
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analysis and multiplicity of subgroup testing, this finding remains hypothesis-generating and requires
prospective validation. However, is an important consideration that critical care clinicians could make
next to the bedside, knowing that these group of patients may benefit the most when using CRT-PHR as
reanimation strategy.

Importantly, national income classification did not fully capture heterogeneity within LMIC settings.
Treatment-effect estimates were larger in public than private hospitals (WR 1.32 vs 0.96; interaction p = 
0.081) and differed across ICU-size categories, with the largest estimate observed in units with 16–25
beds (WR 1.34; interaction p = 0.081). University affiliation showed a similar numerical contrast, although
without statistical evidence of interaction. Estimates also varied across individual LMIC countries and
within Latin America, where HIC centres in Chile and Uruguay had a higher WR than Latin American LMIC
centres. Mortality showed a parallel institutional gradient, approaching 35% in public LMIC hospitals
compared with approximately 20–23% in private LMIC hospitals, the latter resembling mortality
observed in HICs. Centre-level analyses were post hoc and based on unevenly represented strata,
limiting inference on institutional effect modification.

Baseline vasopressin use was nearly twice as frequent in LMICs as in HICs (59.4% vs 29.5%), despite
similar norepinephrine doses at randomisation (0.23 vs 0.20 µg/kg/min) and identical median pre-
randomisation fluid administration (1500 mL in both groups). This dissociation suggests that
vasopressin exposure at enrolment reflected differences in vasopressor escalation practice in addition
to underlying shock physiology. International data support substantial variability in vasopressin
prescription in septic patients. For instance, the PRESS survey showed wide variation in norepinephrine
dose and duration thresholds used to introduce vasopressin, while Latin American data from the LIVEN
network documented heterogeneity in resources and septic-shock management across regional ICUs.
[24, 25] Within LMICs, CRT-PHR was associated with a numerically larger treatment-effect estimate
among patients receiving vasopressin at baseline (WR 1.39 vs 1.12), although the treatment-by-
vasopressin interaction was not significant and the pattern differed in HICs. Baseline vasopressin use
may represent a marker of the prevailing hemodynamic treatment context, without evidence that it
independently modified the effect of CRT-PHR.

This analysis has several strengths and limitations. It leveraged a large multinational randomised trial,
preserved the original treatment allocation and intention-to-treat framework within income strata, and
included 652 patients from six middle-income countries, representing settings often underrepresented in
critical care trials. Country income group was not randomised and represents an ecological
classification that does not directly capture ICU resources, healthcare access, organisational
characteristics, or local resuscitation capacity. The additional centre-level analyses partly address this
limitation by demonstrating substantial heterogeneity within LMIC settings, although these comparisons
remain post hoc, are susceptible to unequal centre contribution and sparse strata, and should not be
interpreted causally. Multiple subgroup analyses without multiplicity adjustment further increase the
possibility of chance findings. Generalisability remains constrained by the parent trial eligibility criteria
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and absence of low-income countries; findings should therefore be interpreted within the middle-income
settings represented in ANDROMEDA-SHOCK-2.

In this post hoc analysis of ANDROMEDA-SHOCK-2, CRT-guided personalised haemodynamic
resuscitation produced similar overall treatment-effect estimates in LMICs and HICs despite marked
differences in baseline characteristics and resuscitation practice. Centre-level analyses showed that
LMIC settings were themselves heterogeneous, with treatment-effect estimates varying according to
hospital ownership, ICU size, and country, reinforcing the limitations of national income classification as
a proxy for local critical-care context. Baseline lactate > 4 mmol/L remained the strongest patient-level
exploratory signal of heterogeneity, whereas baseline vasopressin use did not significantly modify
treatment effect. For clinicians treating septic shock where resources are scarce, the message is clear:
the fingertip may reveal what the monitor cannot.
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Cumulative Incidence of 28-Day All-Cause Mortality According to Treatment Allocation, Stratified by
Country Income Level. Cumulative incidence curves (1 − Kaplan-Meier survival function) for the
intervention (CRT-guided personalised hemodynamic resuscitation) and control arms, shown separately
for low- and middle-income countries (LMIC, left panel) and high-income countries (HIC, right panel).
Numbers at risk are shown below each panel at 0, 7, 14, 21, and 28 days. Shaded areas represent 95%
confidence intervals. CRT, capillary refill time; HIC, high-income country; LMIC, low- and middle-income
country.

Figure 2

Win Ratio for the Hierarchical Composite Primary Outcome According to Country Income Level. Forest
plot showing the stratified win ratio (95% confidence interval) for the hierarchical composite endpoint in
the overall population, low- and middle-income countries (LMIC), and high-income countries (HIC). The
win ratio was stratified by median APACHE II score (cut-point: 19). The hierarchical composite
comprised: (1) 28-day all-cause mortality; (2) duration of vital organ support; (3) hospital length of stay
truncated at 28 days. A win ratio >1 favours the CRT-guided intervention. The interaction p-value was
derived from a likelihood ratio test of ordinal regression models with and without a treatment-by-income
interaction term (p=0.912). Diamond symbols represent point estimates; horizontal lines represent 95%
confidence intervals. Sample sizes (n) are shown to the left of each row. APACHE, Acute Physiology and
Chronic Health Evaluation; CI, confidence interval; CRT, capillary refill time.
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Figure 3

Secondary Outcomes According to Country Income Level. Forest plot showing adjusted effect
estimates for secondary outcomes in low- and middle-income countries (LMIC) and high-income
countries (HIC). Hazard ratios (HRs) for 28-day and 90-day all-cause mortality were derived from Cox
proportional hazards models adjusted for APACHE II score; HR < 1 favours the intervention. Proportional
odds ratios (pOR) for vital support–free days were derived from ordinal logistic regression adjusted for
APACHE II score; pOR >1 favours intervention. All models used the Efron method for ties. Horizontal
lines represent 95% confidence intervals on a log scale. CI, confidence interval; HIC, high-income country;
HR, hazard ratio; LMIC, low- and middle-income country; pOR, proportional odds ratio.
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Figure 4

Resuscitation Patterns at Baseline According to Country Income Level and Treatment Allocation. Bar
charts showing the prevalence of key resuscitation variables at the time of randomisation, stratified by
income group (LMIC vs HIC) and treatment arm (Control vs Intervention). P-values for LMIC vs HIC
comparisons (collapsing treatment arms): vasopressin p<0.001, dobutamine p=0.367, abnormal CRT
p<0.001. Within the LMIC subgroup, vasopressin use (p=0.024) and dobutamine use (p=0.021) were
significantly higher in the intervention arm. CRT, capillary refill time; HIC, high-income country; LMIC, low-
and middle-income country.
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