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OBJECTIVES: To determine whether treatment targeting improving tissue per-
fusion while allowing lower than recommended blood pressure (targeted tissue 
perfusion [TTP]) improves outcome compared with mean arterial pressure (MAP)-
guided standard care (SC).

DESIGN: A randomized, parallel-group, open-label clinical trial with 30-day 
follow-up. Allocation was stratified according to trial site and presence of 
chronic arterial hypertension.

SETTING: Three European university hospital ICUs with enrollment from 2016 
to 2022.

PATIENTS: Two hundred nineteen patients with septic shock and blood lactate 
greater than 3 mmol/L allocated to TTP (n = 111) vs. SC (n = 108).

INTERVENTIONS: The TTP protocol comprised capillary refill time, periph-
eral skin temperature, arterial lactate concentrations, and MAP 50–65 mm Hg. 
The SC protocol comprised the hemodynamic targets of 2012 Surviving Sepsis 
Campaign.

MEASUREMENTS AND MAIN RESULTS: Ninety-seven (87.4%) in TTP and 
97 (89.8%) in SC group (total n = 194) were analyzed for the primary outcome. 
The median (interquartile range) of days alive in 30 days with normal lactate and 
without vasopressor/inotropic drugs (primary outcome) was 23 (10–27) in TTP 
group and 22 (1–27) in SC group (difference in medians, 0.59; 95% CI, –3 
to 4). Secondary outcomes (single components of the primary outcome, days 
alive without organ support and mortality, all at 30 d) and serious adverse reac-
tions were not significantly different between intervention groups. At day 30, 24 
patients (24.7%) in TTP group vs. 27 patients (27.8%) in SC group had died. 
MAP levels were lower in the TTP group vs. the SC group.

CONCLUSIONS: In ICU patients with septic shock and lactate greater than 3 
mmol/L, targeting tissue perfusion and allowing lower than recommended MAP 
did not increase the number of days alive with normal lactate and without vaso-
pressor/inotropic drugs at 30 days. No additional safety concerns with the TTP 
strategy were detected compared with SC.

KEYWORDS: critical illness; lactate; mortality; septic shock; tissue perfusion; 
vasopressor

In septic shock, hemodynamic treatment guidelines on fluids and vasopres-
sors have remained relatively unchanged (1, 2). Currently, mean arterial 
pressure (MAP) is the main target, accompanied by indicators of tissue 

perfusion, such as blood lactate (3, 4). These recommendations are largely DOI: 10.1097/CCM.0000000000006899
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based on uncertain evidence, with the exception of 
MAP (moderate quality evidence).

While a recent randomized clinical trial (RCT) 
using tissue perfusion-oriented treatment strategies 
rather than MAP alone did not find differences in out-
comes (5), a post hoc Bayesian analysis suggested high 
probability of benefit with a tissue perfusion-oriented 
treatment (6). Furthermore, lactate clearance as a sur-
rogate of shock resolution has been associated with less 
days with organ failure and decreased mortality (7, 8). 
Surviving Sepsis guidelines recognize the lack of sur-
vival benefit from higher MAP targets (2–4). There 
are only three RCTs on effects of MAP targets on out-
come in septic shock in ICU (9–11). Targeting MAP of 
60–65 mm Hg instead of 75–80 mm Hg was associated 
with reduced mortality in a subgroup of patients older 
than 75 years in a pilot trial (10). In the subsequent 
large trial comparing MAP target of 60–65 mm Hg 
with usual care in vasodilatory hypotension, targeting 
60–65 mm Hg did not result in reduction of mortality 
(11). Accordingly, the effect of MAP target on mor-
tality remains uncertain. Vasoconstrictors for achiev-
ing MAP targets in septic shock may worsen tissue 
perfusion. Whether allowing lower MAP while target-
ing clinical signs of tissue perfusion may be beneficial 
is not known.

In this multicenter, phase II RCT in septic shock 
patients, we compared the effect of aiming at improv-
ing tissue perfusion while accepting lower MAP 
(targeted tissue perfusion [TTP]-guided treatment 

strategy) with MAP-guided standard care (SC) on the 
number of days alive with normal lactate and without 
vasopressors or inotropes in 30 days.

METHODS

Trial Design

We performed a multicenter, investigator-initiated, 
randomized, open-label, parallel-group trial to com-
pare the effect of TTP with SC in 219 septic shock 
patients. The trial protocol was published (12) and 
approved by the ethics committees at each trial site 
and the European Medicines Agency (Targeted Tissue 
Perfusion Versus Macrocirculatory-Guided Standard 
Care in Patients With Septic Shock; 10192015). The 
procedures were followed in accordance with the eth-
ical standards of the responsible committees on human 
experimentation and with the Helsinki Declaration of 
1975 (further details in Electronic Supplementary 
Materials, https://links.lww.com/CCM/H815).

We screened the patients for inclusion and exclusion 
criteria. Due to the urgency of septic shock, the ethics 
committees provided a possibility of a deferred con-
sent policy, if the patient was unable to consent and the 
proxies were not available. In case the patient was un-
able to provide consent, we obtained a proxy consent 
from next of kin before randomization. In addition, in 
Switzerland and Denmark, before randomization an 
approval from an independent physician not involved 
with the care of the patient was mandatory. A deferred 
consent from the patient was obtained as soon as pos-
sible. If consent was withdrawn or withheld, we asked 
permission to use data for the primary outcome and/
or data collected until consent refusal or withdrawal. 
An independent data and safety monitoring board 
reviewed the outcomes during the study.

Patient Population

We screened ICU patients with septic shock between 
June 9, 2016, and May 8, 2022, at three hospitals (one 
in Switzerland, one in Finland, and one in Denmark). 
Eligible patients were 18–80 years old, had septic shock 
defined as: 1) infection (suspected or documented); 2) 
need of any dose of vasopressors (norepinephrine, ep-
inephrine, vasopressin) to achieve MAP greater than 
or equal to 65 mm Hg despite adequate fluid resuscita-
tion (a minimum of 20 mL crystalloids/kg actual body 

 
KEY POINTS

Question: Does targeting improving tissue per-
fusion while allowing lower than recommended 
blood pressure (targeted tissue perfusion [TTP]) 
hastens time to resolution of septic shock com-
pared with blood pressure-guided standard care 
(SC).

Findings: This randomized clinical trial did not find 
a statistically significant difference in days alive in 
30 days with normal lactate and without vaso-
pressor/inotropic drugs: 23 days (10–27 d) in TTP 
group vs. 22 days (1–27 d) in SC group.

Meaning: The TTP strategy was feasible without 
additional safety concerns as compared with SC.

https://links.lww.com/CCM/H815


Pettilä et al

26          www.ccmjournal.org	 January 2026 • Volume 54 • Number 1

weight within 2 hr to facilitate early recruitment); and 
3) an arterial lactate of greater than or equal to 3.0 
mmol/L with presumed hypoperfusion, as judged clin-
ically. We selected a lactate concentration threshold of 
greater than or equal to 3.0 mmol/L to exclude patients 
with transient, mild lactate elevations and to ensure 
the inclusion of septic shock patients with more severe 
illness. All inclusion criteria had to be fulfilled within 
4 hours of ICU admission and the patient random-
ized within 4 hours of fulfilling the inclusion criteria. 
Patients were excluded, if any other condition than 
sepsis was expected to affect their CNS, including post 
cardiac arrest, if they had myocardial ischemia, acute 
pulmonary embolism, severe liver, and/or chronic 
kidney disease or a terminal illness without consid-
ering full intensive care, were on extracorporeal mem-
brane oxygenation, or had another probable cause of 
hyperlactatemia (details in Electronic Supplementary 
Materials, https://links.lww.com/CCM/H815).

Randomization

We randomized patients within 4 hours fulfilling inclu-
sion criteria. Using a computer-based algorithm cre-
ated by an independent statistician to allow immediate 
allocation of patients in a 1:1 ratio to the intervention 
and control arms. Patients were stratified according to 
trial site and presence of chronic arterial hypertension, 
documented by specific medication in medical records 
and/or information from relatives. Varying block sizes, 
unknown to investigators, were used.

Intervention

The patients were treated using the targets of the allo-
cated group. The treatment was continued until lactate 
was less than 2 mmol/L and no vasoactive drugs were 
used. Briefly, the TTP targets were: capillary refill time 
less than 3 seconds, absence of skin mottling, arterial 
lactate less than 2 mmol/L, warm peripheral skin tem-
perature, urine output greater than or equal to 0.5 mL/
kg/hr, and MAP 50–65 mm Hg (as a safety limit). The 
targets were chosen to reflect clinical resolution of 
shock. If patients had chronic hypertension, the MAP 
target was 65–70 mm Hg. In case of oliguria, we rec-
ommended a 2-hour trial of MAP of 75–80 mm Hg. 
If increase in diuresis followed, the higher MAP target 
continued and was reevaluated after each 2 hours. The 
hemodynamic problems (e.g., hypovolemia, impaired 

contractility, etc.) were diagnosed by the treating cli-
nicians—as interventions decided to correct them—
similar to the previous RCTs on hemodynamic targets 
in septic shock (9–11). To assess hemodynamic prob-
lems, both echocardiography and pulmonary artery 
catheters were available and used at the discretion of 
the clinician in charge of the patient care.

Controls

The treatment using allocated targets was continued 
until lactate was less than 2 mmol/L and no vaso-
active drugs were used. In SC, the primary targets 
were MAP of 65–75 mm Hg (if chronic hyperten-
sion 75–80 mm Hg), adequate fluid therapy to restore 
clinical hypovolemia, using central venous pressure 
(CVP) level of 8–12 mm Hg as safety limit. The urine 
output target was the same as in TTP. In case of ol-
iguria, we recommended a 2-hour trial of MAP of 
85–90 mm Hg. If diuresis increased, the higher MAP 
target was continued and reevaluated after each 2 
hours. The hemodynamic problems occurring were 
diagnosed by the treating clinicians—as interven-
tions decided to correct them.

There was no specific treatment protocol in ei-
ther group, but only general treatment suggestions 
(Electronic Supplementary Materials, https://links.
lww.com/CCM/H815). When the clinicians detected a 
hemodynamic problem, they decided about the given 
intervention/s. In both treatment arms, the respec-
tive treatment was supposed to lead to achievement of 
the unmet target/s. The list of possible hemodynamic 
problems and the list of available treatments were the 
same for both groups.

Data Collection and Monitoring

We collected data on baseline characteristics, phys-
iologic variables, interventions, and days 30 and 90 
outcome data from medical records including ICU 
patient data management systems, and from National 
Registers, using eCRFs. Lactate was measured in both 
groups every 2 hours until one confirmed value less 
than 2 mmol/L without vasopressors and inotropes 
or until 72 hours, whichever came first. In a subset of 
patients, the perfusion of kidneys, liver, and spleen was 
evaluated by ultrasonography (peak systolic velocity, 
end-diastolic velocity, resistive index, pulsatility index) 
at two time points, within 24 hours of ICU admission 

https://links.lww.com/CCM/H815
https://links.lww.com/CCM/H815
https://links.lww.com/CCM/H815
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and 24 hours after the first measurement, respectively. 
For logistic reasons, evaluation was only possible dur-
ing weekdays. Ultrasonography was performed under 
the supervision of a certified radiologist following a 
standardized imaging protocol (13). Deaths up to day 
90 and new acute kidney injury (AKI) were recorded 
(details in Electronic Supplementary Materials, https://
links.lww.com/CCM/H815).

Outcomes

The primary outcome was the number of days alive 
with normal arterial blood lactate (first value < 2 
mmol/L) and without inotropic agents or vasopres-
sors at 30 days. No extra penalty was given for death. A 
day alive within 30 days and without vasoactive drugs 
and with normal lactate was counted as 1 day (24 hr 
from 00.00 to 24.00). Secondary outcomes were: time 
to normalization of lactate, number of days alive with 
normal lactate, days without inotropic or vasopressor 
agents, days without renal replacement therapy (RRT), 
days without mechanical ventilation, days without 
any organ support, all at 30 days, number of patients 
with new AKI (Kidney Disease: Improving Global 
Outcomes classification [14]), number of patients 
who received RRT, amount of norepinephrine given 
until day 5 (until 96 hr), and numbers of adverse and 
serious adverse reactions. All-cause mortality at day 
90 was an exploratory outcome (details in Electronic 
Supplementary Materials, https://links.lww.com/
CCM/H815).

Statistical Analysis

This was considered a phase II trial and, therefore, 
not powered for mortality or any of the secondary 
outcomes. Details about sample size calculation are 
presented in the Electronic Supplementary Materials 
(https://links.lww.com/CCM/H815). The study inter-
vention and follow-up were stopped if the exclusion 
criteria were detected based on additional information 
after randomization. Thus, the analysis was based on a 
modified ITT principle.

We performed a Mann-Whitney U test for differ-
ences in continuous outcomes, and Fisher exact test 
for dichotomous variables as the primary analysis. 
We performed a subgroup analysis based on a past 
medical history of chronic arterial hypertension. A 
p value of less than 0.05 was considered statistically 

significant. No imputations were performed due to low 
number of missing data (< 2% for all variables; details 
in Electronic Supplementary Materials, https://links.
lww.com/CCM/H815). Treatment allocation was con-
cealed from the trial statistician, the data and safety 
monitoring committee, and from the authors before 
analysis of the primary outcome.

RESULTS

Patients

During the patient recruitment from June 9, 2016, to 
May 8, 2022 (last follow-up, August 20, 2022, database 
closure, January 4, 2024), 

Four thousand three hundred forty-three patients 
were assessed for septic shock, and 1298 had septic 
shock according to Sepsis-3 definition (3) (Fig. 1). We 
excluded 1079 of septic shock patients; the main exclu-
sion criterion was lactate less than 3 mmol/L, and 219 
(16.9% of 1298) septic shock patients were randomized. 
The recruitment was interrupted twice (2020, 2021) for 
a total of nine months due to COVID-19 pandemic. 
Nine patients were withdrawn due to delayed informa-
tion on exclusion criteria and 16 patients excluded due 
to consent refusal or withdrawal, leaving 194 patients 
(97 in each group for the final analysis; Fig. 1). Baseline 
patient characteristics, including concomitant treat-
ments in TTP and SC appeared similar (Table 1).

Trial Interventions

Treatment targets (Tables S1 and S3, https://links.
lww.com/CCM/H815), achievement of the targets 
during the first 72 hours, until primary outcome, 
ICU discharge or death (Tables S2 and S4 and 
Figs. S1–S9, https://links.lww.com/CCM/H815), 
and selected interventions (Table S5, https://links.
lww.com/CCM/H815) are presented in Electronic 
Supplementary Material (https://links.lww.com/
CCM/H815). In 5181 records in TTP, the targets 
were achieved between 31% (lactate) and 72% (pe-
ripheral temperature). In 5222 records in SC, the 
targets were achieved between 43% (MAP) and 51% 
(CVP and urine output). Hemodynamic problems 
and respective treatments during the first 72 hours 
or until reaching the primary outcome are presented 
in Tables S6 and S7 (https://links.lww.com/CCM/
H815).

https://links.lww.com/CCM/H815
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The MAP levels between 0 and 72 hours were lower 
in the TTP group vs. the SC group (p < 0.001; TTP: 
mean, 68.5 [sd, 11.4]; SC: mean, 74.8 [sd, 11.2]; mean 
difference [TTP vs. SC], –4.9 [95% CI, –7.0 to –2.9]; 
p < 0.001; Fig. 2), both among those with and those 
without previous hypertension (post hoc analysis; p 
< 0.001 for both comparisons; and Figs. S10 and S11, 
https://links.lww.com/CCM/H815). Achievement of 
MAP targets between 0 and 72 hours, separately for 
patients with and without prior hypertension, is pre-
sented in Table S8 (https://links.lww.com/CCM/
H815). We performed MAP trials because of oliguria 
in 59 patients in TTP group vs. 57 patients in SC group. 
Post hoc analyses found a significant time-group inter-
action in norepinephrine infusion rates (p < 0.001; and 
Fig. S12, https://links.lww.com/CCM/H815).

We found no differences in cumulative fluid balance 
and fluid administration volumes between the groups 
(Table S9, https://links.lww.com/CCM/H815). The 
lactate levels (p = 0.965; Fig. S13, https://links.lww.
com/CCM/H815) or numbers of patients with elevated 

lactate while on vasopressors during the first 72 hours 
(Fig. S14, https://links.lww.com/CCM/H815) did not 
differ between groups. Kidney perfusion data among 
a subset of patients is presented in Additional Results 
(Electronic Supplementary Materials, https://links.
lww.com/CCM/H815).

Primary Outcome

The median (interquartile range) number of days 
alive at 30 days with normal lactate and without va-
sopressor/inotropic drugs did not differ: 23 (10–27) 
in TTP group vs. 22 (1–27) in SC (difference in medi-
ans, 1; 95% CI, –3 to 4 d; Table 2). The distribution 
of number of days at 30 days with normal lactate and 
no vasopressors is shown (Fig. 3; and Fig. S15, https://
links.lww.com/CCM/H815).

Secondary Outcomes

No statistically significant differences were found 
between groups in any component of primary 

Figure 1. Trial flowchart. ECMO = extracorporeal membrane oxygenation, MAP = mean arterial pressure, SC = standard care, TTP = 
targeted tissue perfusion.
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outcome. At day 30, 24 of 97 (24.7%) in TTP group 
vs. 27 of 97 patients (27.8%) in SC group had died 
(Fig. S16, https://links.lww.com/CCM/H815). Other 
secondary outcomes did not differ between groups 
(Table 2).

Exploratory Outcomes

No statistically significant differences between groups 
were found in exploratory outcomes or adverse reac-
tions (Table S10, https://links.lww.com/CCM/H815). 

TABLE 1.
Patient and Treatment Characteristics at Baseline

Demographics, Diagnoses, Laboratory Values, and 
Baseline Treatment

Targeted Tissue Perfusion 
Group (n = 97)

Standard Care Group 
(n = 97)

Age, mean (sd), yr 62 (14) 62 (12)

Number of patients, n (%)

 � Men 45 (46) 36 (38)

 � Women 52 (54) 60 (62)

Body mass index, mean (sd), kg/m2 27 (7.8) 28 (6.2)

Concomitant disease, n (%)

 � Hypertension 37 (38) 41 (42)

 � Chronic heart failure 7 (7) 10 (10)

 � Previous myocardial infarction 4 (4) 8 (8)

 � Previous stroke 5 (5) 6 (6)

 � Chronic obstructive pulmonary disease 8 (8) 10 (10)

 � Diabetes 21 (22) 18 (19)

 � Hematological malignancy 3 (3) 2 (2)

 � Metastatic cancer 6 (6) 7 (7)

Suspected or proven site of infection, n (%)

 � Pulmonary 18 (19) 23 (24)

 � Abdominal 30 (31) 29 (30)

 � Urinary 1 (1) 2 (2)

 � Soft tissue 13 (13) 11 (11)

 � Other, including unknown 34 (35) 31 (32)

Baseline values, mean (sd)

 � Creatinine, µmol/L, n = 105a 81 (21) 81 (26)

 � Lactate, mmol/L 6.2 (3.2) 5.6 (2.8)

 � Hemoglobin, g/L 116 (20) 111 (26)

 � Mean arterial pressure 65 (9) 66 (10)

Treatment at randomization, n (%)

 � Mechanical ventilationa 59 (61) 71 (73)

 � Renal replacement therapya 21 (21.6) 23 (23.7)

 � Norepinephrine dose, μg/kg/min 0.2 (0.2) 0.2 (0.2)

 � Use of inotropic agentsa 45 (46.4) 42 (43.3)

Fluid volume given—the last 2 hr, mL, mean (sd) 1100 (1033) 1129 (1061)

Simplified Acute Physiology Score II score, mean (sd) 57 (17) 55 (17)

Sequential Organ Failure Assessment score, mean (sd) 8.9 (2.5) 8.6 (2.4)

aDuring the preceding 24 hr.

https://links.lww.com/CCM/H815
https://links.lww.com/CCM/H815
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In addition to deaths and worsening of organ dysfunc-
tion, at least one serious adverse reaction was reported 
in nine patients (5%; six in TTP vs. three in the SC).

DISCUSSION

Hemodynamic support is a main component of treat-
ment of septic shock patients. We compared a strategy 
aiming at improving tissue perfusion while allowing 
lower than currently recommended MAP with standard 
MAP-guided care. The use of TTP did not significantly 
increase the number of days alive without vasopressors 
and with normal blood lactate as compared with SC. 
Hemodynamic problems, interventions, and time pat-
terns of achieved targets were similar in both groups, 
as were the proportion of adverse events, demonstrat-
ing the feasibility of TTP without additional safety 
concerns.

Treatment of the SC was in broad agreement with 
international guidelines (1, 2, 4). The patient popula-
tion fulfilled the Sepsis-3 septic shock definition (3, 4) 
representing the most severely ill septic shock patients 
with plausibly the highest likelihood of showing a dif-
ference between the trial arms (15). The achieved MAP 
levels were significantly lower in the TTP vs. SC the 
group. The observed 24–30% mortality rates at days 
30 and 90 were slightly lower than those previously re-
ported (5, 9, 11).

Hemodynamic target 
recommendations for 
septic shock treatment are 
largely based on low-to-
moderate quality evidence 
(1, 2, 4). Targeting MAP of 
80–85 mm Hg vs. 65–70 mm 
Hg did not result in survival 
benefit but reduced the 
need for RRT in patients 
with chronic hypertension 
(9). The observed MAP 
levels were substantially 
higher than targeted (9). 
A pilot study (OVATION) 
(10) comparing MAP target 
of 60–65 mm Hg to MAP 
target of 75–80 mm Hg 
found lower mortality in 
patients older than 75 years 

old in the lower MAP target group. The subsequent large 
65-trial of patients with vasodilatory shock older than 
65 years old, compared MAP target of 60–65 mm Hg 
with usual care (11). The MAP in usual care group was 
substantially higher than in the 60–65 mm Hg group 
(11) Lower MAP target resulted in no significant dif-
ference in 90-day mortality. In contrast to SEPSISPAM 
study (9), no increase in use of RRT was observed 
in patients with hypertension and lower MAP target 
(11). A pooled individual-patient data meta-analysis 
(16) of the SEPSISPAM (9) and OVATION (10) stud-
ies and a systematic review and meta-analysis (17) of 
SEPSISPAM (9), OVATION (10), and 65-trial (11) on 
MAP targets in septic shock all suggest harm associ-
ated with higher exposure to vasopressors and lack of 
benefits from MAP targets exceeding 65 mm Hg. A 
recent systematic review and meta-analysis of studies 
in diverse critically ill patient groups suggested lower 
mortality associated with lower MAP targets (18).

Peripheral perfusion-guided treatment with 65 mm 
Hg as the MAP target was applied for 8 hours in 
the ANDROMEDA-SHOCK trial (5). In a post hoc 
Bayesian analysis, the posterior probabilities of benefit 
on mortality using the peripheral perfusion–targeted 
resuscitation exceeded 90% in several scenarios (6). 
Peripheral perfusion-targeted therapy also resulted 
in a higher probability of a lower Sequential Organ 
Failure Assessment score at 72 hours (6).

Figure 2. Mean arterial pressure (median [interquartile range (IQR)]) from randomization (0 hr) to 
72 hr (targeted tissue perfusion [TTP], standard care [SC]-mean arterial pressure [MAP]-guided;  
p < 0.001 [time]; p < 0.001 [group]; and p = 0.051 [time-group interaction]).
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We allowed substantially lower MAP in the TTP 
group than any of the previous studies and both the 
TTP group and the SC group had lower MAP values 
during vasopressor treatment than intervention and 
control groups in the previous trials (9–11). Based on 
systematic reviews and meta-analyses (17, 19), lower 
than previously recommended MAP targets in shock 
have recently been suggested (20). The major dif-
ference between our trial and the previous ones was 
assessing markers of tissue perfusion as targets to-
gether with allowing lower MAP if tissue perfusion 
was considered adequate. We cannot determine which 
of the indicators in TTP was most relevant; this should 
be addressed in future studies. We cannot exclude the 

possibility that indicators of tissue perfusion were also 
used in the SC. If this was the case, then the main dif-
ference in hemodynamic targets between the groups 
was MAP. We allowed MAP target modification for 
patients with chronic hypertension and 2-hour test of 
higher MAP if oliguria was present. Such modifica-
tions of MAP targets made the treatment more com-
plicated. The separation of MAP between patients with 
and without chronic hypertension and the frequent 
use of temporary increases in MAP during oliguria 
show that the treatment was feasible. We suggest that 
the high percentages of patients with chronic hyper-
tension in both groups and their requirement of high 
doses of norepinephrine may have contributed to 

TABLE 2.
Primary Composite Outcomes and Secondary Outcomes

Outcomes

Targeted Tissue 
Perfusion Group 

(n = 97)

Standard 
Care Group 

(n = 97)

Difference in 
Medians/Proportions 

(95% CI) p

Primary outcome

 � Days alive in 30 d with normal lactate and 
without vasopressor or inotropic agents, d, 
median (IQR)

23 (10–27) 22 (1–27) 0.59 (–3 to 4) 0.418

Secondary outcomes

 � Days alive in 30 d, median (IQR) 30 (30–30) 30 (16–30) 1.12 (0.59–2.12)b 0.740a

 � Deaths at day 30, count (%) 24 (24.7) 27 (27.8) –3.1 (–16.5 to 10.3) 0.745

 � Time to normal lactate, d, median (IQR) 2 (0–6) 2 (0–5) 0.15 (–2 to 2) 0.917

 � Days alive with normal lactate in 30 d, median 
(IQR)

25 (15–29) 25 (8–29) 0.37 (–2 to 4) 0.597

 � Time to no vasopressor or inotropic agents, d, 
median (IQR)

3 (1–5) 3 (2–6) –0.46 (–2 to 0) 0.211

 � Time to normal lactate and no vasopressor or 
inotropic agents, median (IQR)

4 (2–9) 5 (2–8) –0.44 (–2 to 1) 0.553

 � Days alive in 30 d without vasopressor or  
inotropic agents, median (IQR)

26 (13–28) 24 (3–27) 1.03 (–2 to 3) 0.239

 � Days alive without RRT in 30 d, median (IQR) 30 (15–30) 30 (14–30) –0.23 (–6 to 5) 0.920

 � Days alive without MV in 30 d, median (IQR) 25 (11–28) 24 (4–28) 0.37 (–3 to 3) 0.626

 � Days alive without any organ support (RRT, MV) 
in 30 d, median (IQR)

24 (8–28) 24 (4–28) 0.06 (–4 to 4) 0.959

 � AKI, n (%) 78 (80) 69 (71) 9.3 (–3.7 to 22.2)c 0.180

 � AKI with RRT, n (%) 35 (36) 31 (32) 4.1 (–10.2 to 18.5)c 0.650

 � Total amount of norepinephrine given in 96 hr, 
µg/kg, n (%)

766 (819) 947 (1061) 12.2 (–293 to 295) 0.340

AKI = acute kidney injury, IQR = interquartile range, MV = mechanical ventilation, RRT = renal replacement therapy.
aAdjusted by site and hypertension.
bCompeting risk analysis, difference as hazard ratio adjusted by site and hypertension.
cDifference in risk (95% CI).
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apparently similar cumulative norepinephrine doses 
in both groups.

As suggested in the editorial (21) accompanying 
the 65-trial (11), a paradigm change may be needed to 
avoid unnecessarily high MAP and exposure to vaso-
pressors. We suggest that lower than currently rec-
ommended MAP levels should be evaluated in larger 
clinical trials. Safety measures to protect tissue per-
fusion, such as those used as targets in this study, are 
likely necessary. We propose to use somewhat broader 
MAP targets due to the spontaneous variability of 
MAP and to define how to adapt vasopressor dose 
when outside the target.

Our trial has several strengths. First, we recruited 
patients with septic shock early. Delays in starting the 
treatment may worsen outcome (22). Second, the clear 
separation of the observed MAP in study groups in-
cluding modified MAP targets in the subgroups (hy-
pertension, oliguria) confirm the feasibility of the TTP 
approach. Third, interventions done to achieve the tar-
gets allowed evaluation of protocol compliance.

There are also important limitations to our trial. 
First, the 6-year trial duration, including interruptions 
due to COVID-19 pandemic was long. Treatment con-
cepts or patient populations may have changed dur-
ing the trial. This was the case, for instance, for the 
Surviving Sepsis Campaign Guidelines with respect 

to administration of hy-
drocortisone. Nevertheless, 
more than 50% of the 
patients received glucocor-
ticoids, indicating that new 
guidelines were followed, 
at least to a certain extent. 
Similarly, capillary refill 
time has been introduced 
in later versions of the 
Surviving Sepsis Campaign 
Guidelines, and it may have 
influenced clinical deci-
sion making among later 
patients in the SC group. 
Second, only three sites 
participated, mainly due to 
lack of clinical equipoise to 
lower than recommended 
MAP targets and com-
plexity of the trial design. 

Third, the deferred consent to facilitate early trial in-
clusion resulted in some early dropouts. Fourth, we 
only included 17% of all septic shock patients, mainly 
because of excluding patients with lactate less than 3 
mmol/L, those not in early shock, and, to avoid poten-
tial harm, those with chronic kidney disease. The in-
clusion of selected rather than broader patient groups 
in this phase II trial reduces the generalizability of the 
results. Fifth, since reaching the TTP targets were only 
documented for the TTP group, and the clinicians’ be-
havior in how they assessed the patients outside the 
study protocol was not documented, we cannot ex-
clude the possibility that the main difference in the 
hemodynamic therapy between the groups was MAP. 
Even if this were the case, our results suggest that 
lower than currently recommended MAP levels with 
concomitant systematic assessment of peripheral tis-
sue perfusion can be applied without obvious increase 
in adverse events. Our results do not allow evaluation 
of the importance of specific tissue perfusion variables 
or their combinations. Sixth, some comorbidities (e.g., 
diabetes-related microangiopathy and peripheral vas-
cular disease) may impact tissue perfusion and its 
indicators. We suggest that randomization and the sim-
ilarity of baseline characteristics of the study groups 
makes major differences in such confounders unlikely. 
Seventh, lack of blinding may influence the duration 

Figure 3. Stacked bar plots of the primary outcome, number of days with normal lactate, and no 
vasopressors in 30 d as horizontally stacked proportions in each treatment group; red represents 
worse outcome, blue represents better outcome (interpretation, e.g., in the standard care group 
60% of the patients had at least 20 d alive without vasopressors and with normal lactate).
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of vasoactive drug administration. Finally, the primary 
outcome of this trial has not been externally validated.

CONCLUSIONS

In critically ill patients with septic shock and lactate 
greater than 3 mmol/L, targeting tissue perfusion 
while allowing low MAP levels did not increase the 
number of days alive with normal lactate and without 
vasopressors or inotropes at 30 days. No additional 
safety concerns with the TTP strategy were detected 
compared with SC. Therefore, our findings justify fur-
ther larger randomized trials in septic shock allowing 
lower than currently recommended MAP levels with 
close monitoring of safety measures and adequate tis-
sue perfusion.
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