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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Early Restrictive or Liberal Fluid Management
for Sepsis-Induced Hypotension

The National Heart, Lung, and Blood Institute Prevention and Early Treatment
of Acute Lung Injury Clinical Trials Network*

CLOVERS Clinical Trial
N Engl J Med. 2023 Jan 21.
* multicenter, open-label, randomized, superiority trial.
« Enroliment:201853H7H-202254H31H
« Setting: 60 study centers in America
 Analysis: intention-to-treat
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Figure S1. CONSORT flow diagram.

DET

12276 Patients were assessed for eligibility
{met inclusion criteria)

b

3303 Eligible patients were not enrolled/consented

900 Study team was unable to obtain informed consent
887 Patient or surrogate declined to provide consent
873 MD refusal

565 Surrogate unavailable

346 Not excluded but not enrolled

35 Attending did not have time to consider whether both
CLOVERS arms are consistent with good medical care for this

patient
25 had prior enrollment in this study

19 Patient or surrogate declined all study blood samples

4

1563* Underwent randomization

'

}

7408 Patients were excluded

2874 had more than 4 hours elapsed since inclusion
criteria met

1786 had already received more than 3L of fluid
(including pre-hospital volumes)

918 had hypotension suspected to be due to non-
sepsis cause (e.g., hemorrhagic shock)

747 had decision to withhold or withdraw life
sustaining treatment (except in patients committed to
full supportexcept CPR)

404 no longer met the hypotensioninclusion criterion
332 had immediate surgical intervention planned
such that study procedures could not be followed
328 had blood pressures at known or reported
baseline level

313 had severe volume depletion from an acute
condition other than sepsis

305 with pulmonary edema or signs of overt fluid
overload

225 had more than 24 hours elapsed since presentation
to the hospital

37 were pregnant

782 were assigned to the
Restrictive Fluid Group**

781 Were assigned to the
Liberal Fluid Group

782 N\ &lIPREREY 781N B RRERET
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Baseline

Table 1. Characteristics of the Patients at Baseline.*

Coexisting conditions — no./total no. (%)
Diabetes
Chronic heart failure

End-stage renal disease treated with hemo-
dialysis

SOFA scored:
Systolic blood pressure — mm Hg

Median time from meeting trial eligibility criteria
to randomization (IQR) — min

Location at randomization — no. (%)
Emergency department
ICU
Other

Median volume of fluid administered before
randomization (IQR) — ml

222/777 (28.6)
99/777 (12.7)
33/777 (4.2)

3.442.8
93.2+12.0
61 (26-116)

729 (93.2)
44 (5.6)
9(1.2)

2050 (1500-2457)

224/773 (29.0)
79/773 (10.2)
40/773 (5.2)

3.5:2.7
93.8+12.2
60 (25-117)

708 (90.7)
62 (7.9)
11 (1.4)
2050 (1371-2442)

Restrictive Fluid Group Liberal Fluid Group Total

Characteristic (N=782) (N=781) (N=1563)
Age —yr 59.1+16.0 59.9+15.9 59.5+15.9
Female sex — no. (%) 371 (47.4) 366 (46.9) 737 (47.2)
Race — no. (%)T

White 534 (68.3) 571 (73.1) 1105 (70.7)

Black 135 (17.3) 112 (14.3) 247 (15.8)

Asian 28 (3.6) 26 (3.3) 54 (3.5)

Other 10 (1.3) 6 (0.8) 16 (1.0)

Not reported 78 (10.0) 67 (8.6) 145 (9.3)
Hispanic or Latino ethnic group — no. (%)

Yes 118 (15.1) 108 (13.8) 226 (14.5)

No 628 (80.3) 646 (82.7) 1274 (81.5)

Not reported 36 (4.6) 27 (3.5) 63 (4.0)

446/1550 (28.8)
178/1550 (11.5)
73/1550 (4.7)

3.4£2.7
93.5+12.1
61 (26-116)

1437 (91.9)
106 (6.8)
20 (1.3)

2050 (1450-2450)

* Plus—minus values are means +SD. ICU denotes intensive care unit, and IQR interquartile range.

T Race and ethnic group were reported by the patients or their legal representative. More than one race may have been reported per patient.

“Other” race included Native American or Pacific Islander.

I Sequential Organ Failure Assessment (SOFA) scores range from 0 to 20, with higher scores indicating greater severity.

haracteristics
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Primary Outcome

Table 3. Outcomes.*

Outcome

Death before discharge home by day 90
— % of patientsi

No. of days free from organ-support
therapy at 28 days

No. of days free from ventilator use
at 28 days

No. of days free from renal-replace-
ment therapy at 28 days

No. of days free from vasopressor use
at 28 days9

No. of days out of the ICU from day 1
to day 28

No of days out of the hospital by day 28

New intubation with invasive mechani-
cal ventilation by 28 days — no. of
patients (%)

Initiation of renal-replacement therapy
by 28 days — no. of patients (%)

KDIGO score on day 3|

Change in SOFA score from baseline
to 72 hr

Death from any cause at any location
by day 90 — no. of patients (%)

ARDS onset between day 1 and day 7
— no. of patients (%)

New-onset atrial or ventricular arrhyth-
mia to day 28 — no. of patients (%)

Severe adverse event — no. of events**

Restrictive Fluid Group

No. of
Patients

782

778

773

737

778

778

778

701

738

585
619

768

757

779

782

(N=782)

Mean (95% Cl)
14.0 (11.6to 16.4)

24.0 (23.4 to 24.6)
23.4 (22.7 to 24.1)
24.1 (23.4 to 24.8)
22,0 (21.4 10 22.7)
22.8 (22.2 to 23.4)
16.2 (15.4 to 17.0)

77 (11.0)

24 (3.3)

0.35 (0.28 to 0.41)
-0.7 (-0.9to -0.4)

172 (22.4)
19 (2.5)
59 (7.6)

21

Liberal Fluid Group

No. of
Patients

781

778

771

738

778

778

778

687

738

604
634

773

758

778

781

(N=781)

Mean (95% Cl)
14.9 (124 to 17.4)

23.6 (23.0 0 24.3)
22.8 (22.0 to0 23.5)
23.9 (23.2 to 24.6)
21.6 (20.9 to 22.3)
22.7 (22.0 0 23.3)
15.4 (14.6 to 16.2)

87 (12.7)

24 (3.3)

0.34 (0.28 to 0.41)
-0.8 (-1.0t0 -0.5)

169 (21.9)
20 (2.6)
67 (8.6)

19

Difference
(95% CIyf

0.9 (4.4 t0 2.6)§
0.3 (05 to 1.2)
0.6 (0.4 to 1.6)
0.2 (-0.81t01.2)
0.4 (-0.5t0 1.3)
0.1 (-0.8 ta 1.0)
0.8 (-03t0 1.9)

-17(-5.1t0 1.7)
00 (-1.8t0 1.8)

0.0 (-0.1t0 0.1)
0.1 (-0.3 t0 0.4)

05 (-3.6 0 4.7)
—01 (-1.7to 1.5)
-10 (-3.7t0 1.7)

2 (-10to 14) 71

* Percentages and mean values were calculated from nonmissing records. The numbers of patients with data are shown. Confidence intervals
have not been adjusted for multiplicity and may not be used for hypothesis testing. ARDS denotes acute respiratory distress syndrome.
1 Differences are either means (for differences in numbers of days or events or in scores) or percentage points (for differences between

percents).

ES

The primary-outcome analysis included all deaths that occurred after randomization in any heath care facility before discharge home until

day 90 of the trial. Estimates were from Kaplan—Meier curves. There were 109 deaths and 5 patients with censored data in the restrictive
fluid group and 116 deaths and 4 patients with censored data in the liberal fluid group.

§ P=06L

The analysis excluded vasopressor use during the first 48 hours in order to account for treatment assignment and a washout period.

Kidney International Improving Global Outcomes (KDIGO) scores range from 1 to 3, with a score of 3 indicating the worst renal function.

*% All the adverse events are listed in Tables 514 and S15. Participants may have had more than one adverse event.

1 P=0.75.
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Table S9. DSMB Futility Assessment at Second Interim Analysis

Eficaty s Eutlllty - Futility - Biiicacy s
: . | Lower p-value overhs Vpperp: Upper p-value
Effective = Information bound value value bound Observed
Stage | Sample | Proportion ay boundary boundary al Action
5 favoring : : favoring p-value
Size (%) S favoring favoring : .
restrictive S : : liberal fluid
fluid ero restrictive | liberal fluid e
WEEouP | fyid group group E0Up
834 35.96 0.0004182 : ; 0.99958 0.20951 | Continue
1540 66.39 0.00466 0.27104 0.72896 0.99534 0.21857 | Continue
2320 100.0 0.02362 0.02362 0.97638 0.97638
Table S10: Mortality Estimate at 2™ Interim
Liberal Fluid | Restrictive
Variable Group Fluid Group | Difference Overall P-value
Mortality Estimates | 0.150+0.013 ' 0.136+0.012 |-.014+0.018 | 0.143£0.009 ‘ 0.437

Mortality Estimate + StdErr
p value is calculated from Wald test

The DSMB unanimously recommended that the CLOVERS study stop.

The decision was based on the result that the primary and secondary outcomes did not show
any significant difference between the liberal and restrictive arms. The likelihood of showing a
significant difference even if a total of 2,320 patients were enrolled is exceedingly small.
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Table 2. Therapies Administered during the Trial Intervention Period.*
Restrictive Fluid Group Liberal Fluid Group Difference
Therapies (N=782) (N=781) (95% ClI)f
Median volume of IV fluid administered (IQR) — ml}
Over 6-hr period 500 (130 to 1097) 2300 (2000 to 3000) ~1800 (-1889 to -1711)
Over 24-hr period 1267 (555 to 2279) 3400 (2500 to 4495) -2134 (-2318 to -1949)
Vasopressor administration during first 24-hr period 460/780 (59.0) 290/779 (37.2) 21.7 (16.9 to 26.6)
— no./total no. (%)
Time from randomization to first vasopressor among 1.8+3.4 3.2+4.7 -1.4 (-2.0 to -0.8)
patients who had vasopressors administered — hrf
Duration of vasopressor use during first 24-hr period 9.6+10.0 5.4+8.6 42 (3.3t05.2)
among patients who received vasopressor therapy
— hrq§

* Plus—minus values are means +SD. Confidence intervals have not been adjusted for multiplicity and may not be used for hypothesis testing.

1 Differences are medians (for differences in volume), means (for differences in time), or percentage points (for differences between percents).

1 Estimates of the volume of intravenous (IV) fluid administered were computed on the basis of quantile regression with the use of the proc
quantreg statement. The volume of fluid administered over a 6-hour period was assessed in 1550 patients (in 771 in the restrictive fluid
group and 779 in the liberal fluid group), and the volume administered over a 24-hour period was assessed in 1555 patients (in 776 and
779, respectively).

§ Data on the time from randomization to first receipt of vasopressor therapy were available for 743 patients (for 458 in the restrictive fluid
group and 285 in the liberal fluid group).

9 The duration of vasopressor use was assessed in 1542 patients (in 774 in the restrictive fluid group and 768 in the liberal fluid group).
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Subgroup

Overall
Age
=65 yr
>65 yr
Sex
Male
Female
Race
White
Black
Other, multiple, or not reported
Hispanic or Latino ethnic group
Yes
No
Location at time of randomization
Emergency department
ICU or hospital ward
Chronic heart failure
No
Yes
End-stage renal disease
No
Yes

Baseline systolic blood pressure <90 mm Hg
or receipt of vasopressor

No
Yes

History of hypertension
No
Yes

Total SOFA score
Qorl
2
3-5
6-16

Primary source of infection
Prneumonia

Other or unknown

No. of
Patients

1563

968
595

826
737

1103
246
202

226
1274

1437
119

1372
178

1477
73

856
707

843
707

461
238
528
336

422
1141

Restrictive Fluid  Liberal Fluid

Group Group Difference in Mortality (95% Cl)
percent percentage points

14.0 149 - -0.9 (-4.4 to 2.6)
99 9.0 - 0.9 (-2.8 to 4.6)
213 23.8 —e— -2.6 (-9.3t042)

I
162 16.0 0.2 (-4.8 t0 5.2)
116 13.7 - -21 (-6.9t0 2.7)
13.8 137 - 0.1(-4.0t04.1)
16.4 23.4 —a -7.0 (-17.0t0 3.1)
13.1 12.8 — 0.3 (-9.0 to 9.6)
111 103 —— 0.8 (-7.3 t0 8.9)
14.6 15.7 - -1.1 (-5.1t0 2.8)
13.2 14.7 = -15 (-5.1t0 2.1)
25.5 16.4 — 9.1 (-5.8 to 24.0)

I
13.3 143 - -1.0 (-4.7 to 2.7)
183 217 — -1.4 (-15.3t08.5)
13.4 133 - 0.1 (-3.4 to 3.6)
273 475 -20.2 (-41.9to 1.5)
8.7 9.1 - 0.4 (-4.210 3.4)
204 22.0 — -1.6 (-7.7 to 4.4)

I

I
12.5 11.1 - 15 (-2.9t05.9)
15.7 196 —— -3.8 (-9.5 to 1.8)
42 2.7 - 15 (-1.8 to 4.9)
52 9.8 —-— -4.6 (-11.3t0 2.0)
16.1 15.4 —a— 0.6 (-5.6 to 6.9)
301 344 —— -4.2 (-14.2t05.8)
217 196 —e— 2.2 (-5.6 to 9.9)
11.0 133 - -2.2 (-6.0t0 1.6)

) T 1
-50 0 50
Restrictive Fluid Liberal Fluid
Strategy Better Strategy Better

Figure 2. Subgroup Analysis for the Primary Outcome.
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Baseline Characteristics

Table 1. Characteristics of the Patients at Baseline.*

Restrictive Fluid Group Liberal Fluid Group Total

Characteristic (N=782) (N=781) (N=1563)
Age —yr 59.1+16.0 59.9+15.9 59.5+15.9
Female sex — no. (%) 371 (47.4) 366 (46.9) 737 (47.2)
Race — no. (%) T

White 534 (68.3) 571 (73.1) 1105 (70.7)

Black 135 (17.3) 112 (14.3) 247 (15.8)

Asian 28 (3.6) 26 (3.3) 54 (3.5)

Other 10 (1.3) 6 (0.8) 16 (1.0)

Not reported 78 (10.0) 67 (8.6) 145 (9.3)
Hispanic or Latino ethnic group — no. (%)

Yes 118 (15.1) 108 (13.8) 226 (14.5)

No 628 (80.3) 646 (82.7) 1274 (81.5)

Not reported 36 (4.6) 27 (3.5) 63 (4.0)
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Baseline Characteristics

Coexisting conditions — no./total no. (%)

Diabetes 222/777 (28.6) 224773 (29.0) 446/1550 (28.8)
Chronic heart failure 99/777 (12.7) 79/773 (10.2) 178/1550 (11.5)
End-stage renal disease treated with hemo- 33/777 (4.2) 40/773 (5.2) 73/1550 (4.7)
dialysis
SOFA scorei: 3.4+2.8 3.5+2.7 3.4x2.7
Systolic blood pressure — mm Hg 93.2+12.0 93.8+12.2 93.5+12.1
Median time from meeting trial eligibility criteria 61 (26-116) 60 (25-117) 61 (26-116)

to randomization (IQR) — min

Location at randomization — no. (%)

Emergency department 729 (93.2) 708 (90.7) 1437 (91.9)

ICU 44 (5.6) 62 (7.9) 106 (6.8)

Other 9(1.2) 11 (1.4) 20 (1.3)
Median volume of fluid administered before 2050 (1500-2457) 2050 (1371-2442) 2050 (1450-2450)

randomization (IQR) — ml

* Plus—minus values are means +SD. ICU denotes intensive care unit, and IQR interquartile range.

T Race and ethnic group were reported by the patients or their legal representative. More than one race may have been reported per patient.
“Other” race included Native American or Pacific Islander.

I Sequential Organ Failure Assessment (SOFA) scores range from 0 to 20, with higher scores indicating greater severity.
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Baseline Characteristics

Table S1. Additional baseline characteristics

Characteristic*§ Flul&R:e%;twe Fl(u;}dzL;lgri:r)al Overall (N=1563)
Most common Primary sources of
infection -- no. (%) §§
Pneumonia 217 (27.7) 205 (26.2) 422 (27.0)
Urinary tract infection 148 (18.9) 172 (22.0) 320 (20.5)
Skin or soft-tissue infection 97 (12.4) 82 (10.5) 179 (11.5)
Intra-abdominal infection 74 (9.5) 72(9.2) 146 (9.3)
Other source 76 (9.7) 71(9.1) 147 (9.4)
Unknown source 170 (21.7) 179 (22.9) 349 (22.3)
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