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Abstract

Objective:  Evaluate  the incidence  of  hypotension  during  the  weaning  phase  of vasopressors.

Design: A  single-center,  open-label  randomized  clinical  trial  between  May  and  December  2022.

Setting: a  tertiary  care  academic  medical  center.

Patients:  91  adult  patients  over  18  years  of  age  with  septic  shock  (according  to  Sepsis-3).

Intervention:  Patients  were  divided  into  two  groups:  initial  reduction  of norepinephrine  or

initial reduction  of  vasopressin.

Main  variables  of interest:  The  primary  outcome  was  the  incidence  of  hypotension  within  the

first 24  h  after  reducing  vasopressors.  Additionally,  the  clinical  impact  of  this  hypotension  was

assessed  through  mortality,  length  of  hospital  stay,  duration  of  vasopressor  use,  incidence  of

arrhythmias,  and  prevalence  of  hemodialysis.

Results:  Out  of  a  total  of 91  patients,  78  were  included  in  the analysis:  39  in the  norepinephrine

group and 39  in  the  vasopressin  group.  Despite  a numerically  significant  difference  in  the  inci-

dence of  hypotension  between  the  groups  (norepinephrine  43.6%,  vasopressin  25.6%),  there

was no  statistical  difference  (p  =  0.153,  relative  risk  = 1.7,  95%  confidence  interval:  0.9---3.2).

In this sample,  vasopressin  withdrawal  was  predominantly  titrated.  There  were  no  differences

between  the  groups  in  terms  of  the  evaluated  clinical  outcomes.

DOI of original article: https://doi.org/10.1016/j.medin.2025.502147
Abbreviations: RCT, Randomized controlled trial; SOFA, Sequential Organ Failure Assessment; AIDS, acquired immunodeficiency syn-

drome; COPD, chronic obstructive pulmonary disease; PaO2/FiO2 ratio, arterial oxygen partial pressure/fraction of  inspired oxygen ratio.
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Conclusion:  No differences  were  detected  in the  incidence  of  hypotension  when  weaning  was

initiated with  norepinephrine  or  vasopressin,  although  it  was  non  significantly  higher  in nore-

pinephrine  group.  In  our  sample,  vasopressin  withdrawal  was  titrated,  which  differs  from  North

American  practice.  Brazilian  Clinical  Trials  Registry  (REBEC:  RBR-10smbw65).  ClinicalTrials.gov

platform  (NCT  05506319).

©  2025  Elsevier  España, S.L.U.  y  SEMICYUC.  All  rights  are  reserved,  including  those  for  text  and

data mining,  AI  training,  and  similar  technologies.
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Reducción  de noradrenalina  frente  a vasopresina  en  la fase  de  estabilización  del

shock  séptico:  ensayo  clínico  RENOVA

Resumen

Objetivo:  Evaluar  la  incidencia  de  hipotensión  en  la  fase  de retirada  de  vasopresores:  nora-

drenalina y  vasopresina.

Diseño:  Ensayo  clínico  unicéntrico,  abierto  y  aleatorizado.

Ámbito:  un Hospital  Universitario  de  tercer  nível.

Pacientes:  91  pacientes  mayores  de 18  años  con  shock  séptico  (según  Sepsis-3).

Intervención:  Los  pacientes  se  dividieron  en  dos  grupos:  reducción  inicial  de  noradrenalina  o

reducción inicial  de vasopresina.

Principales  variables  de interés:  La  incidencia  de hipotensión  en  las  primeras  24  horas  poste-

riores  a  la  reducción  de vasopresores.  El  impacto  clínico  de esta  hipotensión  a  través  de la

mortalidad, la  duración  de  la  estancia  hospitalaria,  el  tiempo  con  vasopresor,  la  incidencia  de

arritmias y  la  prevalencia  de  hemodiálisis.

Resultados:  De 91  pacientes,  78  fueron  incluidos  en  el  análisis:  39  en  el  grupo  noradrenalina

y 39  en  el grupo  vasopresina.  La  incidencia  de  hipotensión  fue mayor  en  el  grupo  que  inició

la retirada  de  noradrenalina  (43,6%  vs  25,6%),  aunque  no hubo  diferencias  estadísticamente

significativas (p  =  0,153,  RR =  1,7,  IC 95%:  0,9−3,2).  En  esta  muestra,  la  retirada  de vasopresina

se tituló  en  la  mayoría  de los  casos.  No hubo  diferencias  entre  los  grupos  en  cuanto  a  los

resultados clínicos  evaluados.

Conclusión:  No se detectaron  diferencias  en  la  incidencia  de hipotensión  cuando  el  destete  se

inició con  norepinefrina  o  vasopresina,  aunque  fue  no significativamente  mayor  en  el grupo  de

norepinefrina.  En  nuestra  muestra,  la  vasopresina  se  retiró  de forma  titulada,  lo  que  refleja  la

realidad nacional,  lo  que  difiere  de la  práctica  norteamericana.

Registro  Brasileño  de  Ensayos  Clínicos  (REBEC:  RBR-10smbw65).

Plataforma  ClinicalTrials.gov  (NCT  05506319).
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Introduction

In a  syndromic  analysis,  among  the  causes  of  shock,  the
vasoplegic  profile  predominates,  and  within  this subgroup,
septic  etiology  is  the  most  common.  Sepsis  is  the leading
cause  of  death  among  critically  ill  patients1 and  is  the main
indication  for  the use  of vasopressors.  Regarding  the  patho-
physiology,  there  is  hyporesponsiveness  of  vascular  smooth
muscle  to  norepinephrine,  as  well  as  a  relative  deficiency
of vasopressin.2 Norepinephrine  is  the  first  choice  vasopres-
sor  in  septic  shock.3 However,  high  doses  of  catecholamines
are  associated  with  side  effects  such  as  tachyarrhythmias.4

Vasopressin  has  a  norepinephrine-sparing  effect.5 Though
there  is no conclusive  evidence,  it  is  speculated  that  there
is  also  nephroprotective  action.6,7 Currently,  vasopressin  is

the  second  option in septic  shock,  used in conjunction  with
norepinephrine.3

In  2012,  the phased  approach  to shock  management
was  developed  ---  resuscitation,  optimization,  stabiliza-
tion,  and  evacuation  --- along  with  a  growing  interest  in
deresuscitation.8---10 In  2010,  Bauer  et  al.11 published  the
first  study  focused  on vasopressor  weaning.  This  observa-
tional  and  retrospective  study  observed  a  higher  incidence
of  hypotension  among  those who  initiated  withdrawal  with
vasopressin.  However,  the  study  found  no  difference  in other
outcomes,  such  as  length  of hospitalization  or  mortality.
Later,  Kyeongman  et al.12 published  the first  clinical  trial
with  78  patients  in this area.  Contrary  to  findings  thus  far,
there  was  a higher  incidence  of  hypotension  among those
who  started  weaning  with  norepinephrine.
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Although  there  are guidelines  on  initiating  vasopres-
sors  during  the  resuscitation  phase,  little  is  known  about
how  to proceed  during  the weaning  phase.13 This  is  a
routine  decision  in daily  ICU  practice  but  lacks  robust  sci-
entific  foundation.  This  clinical  trial  assesses  the incidence
of  hypotension  during  vasopressor  weaning  and  its  asso-
ciated  clinical  impact,  comparing  primary  weaning  with
norepinephrine  versus  vasopressin.

Patients and  methods

This  is a  single-center,  open-label,  randomized  controlled
trial  (RCT).  Patients  from  the ICU  of  Hospital  Nossa  Sen-
hora  da  Conceição  (HNSC),  a  public  hospital  with  784  beds,
located  in  the  south  of Brazil  (Porto Alegre,  Rio  Grande  do
Sul)  were  included.  The  ICU  consists  of  59  beds,  serving  both
medical  and surgical  patients.  The  medical  team  comprises
67  intensivists.  The  nursing  staff  provides  care  at  a  ratio
of  one  nurse  for  every  five  beds. According  to  the  National
Health  Surveillance  Agency  (ANVISA),  there  must  be at  least
1  nurse  for  every  8  beds.  In our institution  we  also  have  the
licensed  practical  nurse:  1 for  every  2  beds.  Adults  over  18
years  of age  with  septic  shock  (according  to  The  Third  Inter-
national  Consensus  Definitions  for  Sepsis and  Septic  Shock:
Sepsis-314), admitted  to  the ICU  and  concurrently  using  nore-
pinephrine  and  vasopressin,  were included.  Interventions
prior  to  randomization,  such as  the time  of  initiation  of
vasopressin,  were  performed  by  the  assistant  team,  without
intervention  from  the  research  team.  Those  for  whom  the
reduction  of  norepinephrine  or  vasopressin  occurred  due  to
the  attending  team’s  decision  not to  add  therapies,  prioritiz-
ing  palliative  care,  were  excluded,  as  were cases  where,  in
addition  to  the reduction  of norepinephrine  or  vasopressin,
a  third  drug  with  a  predominantly  vasopressor  effect  was
added  prior  to  randomization.  The  association  of  inodilator
drugs----dobutamine  or  milrinone----did  not  result  in exclusion
from  the  study.  Patient  selection  was  done  by  convenience
sampling  between  May  and  December  2022.  Randomization
was  performed  using  sealed  opaque  envelopes,  in  a 1:1  ratio,
identified  by  numbers  and  selected  randomly.  The  study  was
approved  by  the  Scientific  Advisory  Committee  of the Grupo
Hospitalar  Conceição (GHC),  as  well  as by  the  institutional
Research  Ethics  Committee  (Ethical  Appreciation  Presen-
tation  Certificate  Platform:  57213022.0.0000.5530;  Opinion
Number:  5.415.614).  For  study  inclusion,  informed  consent
was  obtained  from  the patient  or  their  direct  representa-
tive.  Patients  were  divided  into  two  groups:  initial reduction
of  norepinephrine,  defined  as  the norepinephrine  group,  and
initial  reduction  of  vasopressin,  defined  as  the  vasopressin
group.  The  study  is  registered  in  the Brazilian  Clinical  Trials
Registry  (REBEC:  RBR-10smbw65)  and  also  on the Clinical-
Trials.gov  platform  (NCT  05506319).  Data  reporting  follows
the  CONSORT15 guidelines.

Patients’  chart  number,  age,  and  gender, as  well  as
the  use  of  other  vasoactive  drugs besides  norepinephrine
and  vasopressin,  and  the  prescription  of  hydrocortisone,
were  recorded.  The  dose  of  norepinephrine  (in  mcg/kg/min)
and vasopressin  (in  U/min)  at the  time  of  the  first vaso-
pressor  reduction  was  documented.  The  norepinephrine
formulation  used  in the  institution  is hemitartrate  2 mg/mL,
in  a  4 ml  ampoule  (equivalent  to  4 mg of norepinephrine

base),  manufactured  by  Hypofarma,  Brazil.  The  available
vasopressin  formulation  is  synthetic  vasopressin  (8-arginine
vasopressin),  20  U/mL,  in  a 1  ml  ampoule,  marketed  under
the brand  name  Encrise  by  Biolab  Sanus  Farmacêutica,
Brazil.  These  companies  did not  participate  in  any  stage
of  the  study. The  presence  of  comorbidities  was  retrieved
from  medical  records.  The  use  of  mechanical  ventilation  and
hemodialysis  was  documented.  The  Sequential  Organ Fail-
ure  Assessment  (SOFA)  score  was  calculated  for  all  patients
at  the time  of  study  inclusion.  Pre-existing  left  ventricular
dysfunction,  defined  as  ejection  fraction  ≤  40%  and identi-
fied  through  an echocardiogram  performed  within  the  last  6
months,  was  recorded.

The  primary  outcome  was  defined  as  the  incidence  of
hypotension  within  the first  24  h  after  initiating  the  reduc-
tion  of  either  vasopressor  (norepinephrine  or  vasopressin),
defined as  a  decrease  in mean  arterial  pressure  below
65  mmHg,  leading  to  one  or  more  of the following  inter-
ventions:  administration  of  crystalloid  or  colloid  fluids,
increased  dosage  of  the remaining  vasopressor  drug,  or  rein-
statement  of  the reduced  vasopressor  drug.  The  design  of
the  primary  outcome  was  based  on  the original  study  by
Bauer  et al.11 This  outcome  was  assessed  through  patient
follow-up,  review  of medical  records  and  prescriptions.  The
titration  of  vasoactive  drugs  was  at the discretion  of  the
attending  team,  without  a weaning  protocol  or  interference
from  the  research  team.

Among  those randomized  for  initial  reduction  of  vaso-
pressin,  the  withdrawal  method  was  assessed:  abrupt versus
titrated,  without  influence  from  the research  team,  through
patient  follow-up  and  bedside  record  review.

The  following  secondary  outcomes  were  evaluated:

�  length  of  stay  in  the  intensive  care  unit,
�  28-day  mortality;
�  number  of  days  on  vasoactive  drug  use  after  the reduc-

tion  of  the first  drug  (norepinephrine  or  vasopressin),
during  a follow-up  period  of  up  to  7  days;

� incidence  of arrhythmias  with  hemodynamic  conse-
quences  within  the  first  24  h after  the  reduction  of  the
first  drug  (norepinephrine  or  vasopressin),  defined  as
hemodynamic  deterioration  requiring  electrical  or  chem-
ical  cardioversion;

�  prevalence  of  hemodialysis  within  the first  72  h  after
the  reduction  of the  first drug  (norepinephrine  or
vasopressin),  regardless  of  dialysis  modality,  excluding
patients  already  on  dialysis  prior  to the  current  hospital
admission.

For  the  assessment  of  these  outcomes,  patient  follow-up
and  review  of  medical  records  and  prescriptions  were con-
ducted.  The  sample  size  calculation  was  based  on  the only
randomized  clinical  trial  available  in the  literature  on  this
subject  so  far.  In this  study,  the  incidence  of  hypotension
was  higher  in  the  group  that  withdrew  norepinephrine  first
(68.4%  versus  22.5%,  p <  0.001).12 To  detect  the difference
in  the incidence  of hypotension  between  the  groups,  the
online  version  of  the PSS  Health  tool  was  used.16 Consid-
ering  a  power  of  80%,  significance  level of  5%,  hypotension
incidence  of  68%,12 and  estimated  relative  risk  of 0.5,  a total
sample  size  of  78  patients  was  determined,  divided  into  two
groups  of 39.
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Fig.  1  Patient  flowchart.

The  statistical  analysis  was  conducted  using the  SPSS  soft-
ware  (Statistical  Package  for the  Social  Sciences,  SPSS  Inc.,
Chicago,  IL,  USA),  with  normality  of variables  assessed  using
the  Shapiro-Wilk  test, using  a  significance  level  of  p < 0.05
to  indicate  statistical  significance.

Quantitative  variables  with  normal  distribution  were  pre-
sented  using  measures  of  central  tendency,  mean,  and
standard  deviation.  Those with  non-normal  distribution
were  described  using  the median  and  interquartile  range.

The  Student’s  t-test  was  used to  compare  the means
of independent  samples  with  normal distribution  for the
variables äge,̈ ẅeightänd S̈OFAẅith the  categorical  varia-
bles n̈orepinephrineänd v̈asopressin.̈ It  was  also  used for
the  variables n̈orepinephrine  dose,̈ v̈asopressin  doseänd

P̈aO2/FiO2  ratio,̈  with  the same  categories.
To  assess  the  association  between  the categorical  varia-

bles n̈orepinephrine,̈ v̈asopressinänd ḧypotension,̈ as  well  as
for  the  vasopressin  subgroup  (abrupt  suspension  versus  grad-
ual),  Fisher’s  Exact  Test  was  used.  Results  were  presented
with  relative  risk  and  a  95%  confidence  interval.  Per-protocol
analysis  was  conducted.

The  Chi-square  test was  applied  to  determine  the pres-
ence  of  statistically  significant  association  between  the
categorical  variables n̈orepinephrineänd v̈asopressinẅith
the  variables m̈ortalitÿ, ärrhythmiasänd ḧemodialysis̈.

The non-parametric  variables n̈orepinephrineänd
v̈asopressinẅere  related  to  the  continuous  variables l̈ength
of  stay  in  the ICUänd d̈ays  free  of  vasoactive  drugsüsing
the  Mann-Whitney  U test  to  compare  these  independent
samples.

Results

Ninety-one  patients  were  screened.  In seven  cases,  a legal
representative  refused  to  include  the  patient  in the study.
In  four  cases,  the withdrawal  of  the vasopressor  was  linked
to  therapeutic  limitations.  There  were protocol  breaches
in  2  cases:  in the  first,  the randomization  group  was  not
respected;  in the second,  there  was  a  parallel  reduc-
tion  of  norepinephrine  and  vasopressin.  In the per-protocol
analysis,  78 patients  were  included:  39 patients  in the nore-
pinephrine  group  and  39  patients  in  the vasopressin  group
(Fig.  1).

The  most  frequent  focus  of  infection  was  respiratory.
The  average  dose  at inclusion  was  0.5 mcg/kg/min  of
norepinephrine  and  0.03  U/min  of  vasopressin.  In  the  nore-
pinephrine  group,  five  patients  used  dobutamine,  none  used
milrinone.  In the  vasopressin  group,  four  used dobutamine
and  only  one  used milrinone.  There  was  a homogeneous  dis-
tribution  of  patients,  as  inferred  by  the  SOFA  score  of  12  in
both  groups  (SOFA:  mean  12,  standard  deviation  ±  3, in both
groups).  The  cohort  profile  can  be found  in Table  1.

In  a per-protocol  analysis  of  78  patients,  the  inci-
dence  of  hypotension  in the  first  24 h  tended  to  be  higher
in  the group  that  began  weaning  with  norepinephrine
(norepinephrine:  43.6%,  vasopressin:  25.6%),  but  with  no
statistically  significant  difference  (p  = 0.153,  relative  risk
= 1.7, 95%  confidence  interval:  0.9---3.2)  (Table  2).  The
intention-to-treat  analysis  of 84  patients  does  not  alter  the
interpretation  of  the  results  (norepinephrine:  40.4%,  vaso-
pressin:  23.8%;  p =  0.16,  relative  risk  = 1.7, 95%  confidence
interval:  0.8---3.2).  In the norepinephrine  group,  among
those  who  experienced  hypotension,  in 71%  of cases,  the
instituted  management  was  an increased  dosage  of the
remaining  vasopressor  drug.  In 29%  of cases,  the  adminis-
tration  of  crystalloid  or  colloid  fluids  was  chosen.  In  the
vasopressin  group,  in  90%  of  cases,  the  management  was  an
increased  dosage  of the  remaining  vasopressor  drug.  In nei-
ther  group was  the reinstatement  of the reduced  vasopressor
drug  chosen  in any  hypotensive  events.

The  median  length  of  stay  in the  Intensive  Care  Unit
was  14  days in the vasopressin  group  (interquartile  range:
6---28) and  10  days  in the  norepinephrine  group  (interquar-
tile  range:  7---19),  with  no  statistical  difference  (p  = 0.267).
There  was  no  difference  in mortality  between  the groups.
There  was  no  statistically  significant  difference  in the time
free  of  vasoactive  drugs.  The  incidence  of  arrhythmias
with  hemodynamic  repercussions  was  20.5%  in the nore-
pinephrine  group  and  12.8%  in the vasopressin  group  (p  =
0.543).  In the  norepinephrine  group,  there  were  6  episodes
of  atrial  fibrillation,  one  of flutter,  and one  of  paroxys-
mal  supraventricular  tachycardia.  In  the vasopressin  group,
there  were  5 episodes  of atrial  fibrillation.  The  prevalence
of  hemodialysis  was  33.3%  in the norepinephrine  group  and
43.2%  in the  vasopressin  group  (p  =  0.514)  (Table  2).

In  a  post-hoc  analysis,  the method  of  vasopressin  with-
drawal  was  evaluated.  Among  the 39  patients  who  began
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Table  1  Population  characteristics.

Initial  reduction  of

norepinephrine  n  =  39

Initial  reduction  of

vasopressin  n  =  39

p

Age  (years;  mean  ± std

deviation)

60  ±  11  65  ±  14  0.15

Gender,  male  12  (31%)  22  (56%)  0.04

Weight  (kg;  mean  ±  std

deviation)

63  ±  15  66  ±  16  0.385

SOFA (mean  ± std

deviation)

12  ±  3  12  ±  3 0.542

SAPS 3  (mean  ±  std

deviation)

72  ±  11 72  ±  11 0.951

Comorbidities

Hypertension  20  (51%)  21  (53%)  >  0.999

Heart failure  3  (7%)  3 (7%)  >  0.999

Ischemic heart  disease  4 (10%)  8  (20%)  0.346

Diabetes  9 (23%)  13  (33%)  0.45

AIDS 4 (10%)  3  (7%)  >  0.999

Neoplasm 14  (35%)  16  (41%)  0.641

COPD 10  (25%)  3  (7%)  0.068

Chronic kidney  disease  3 (7%)  3  (7%)  >  0.999

Chronic dialysis  patient  0 (0%)  2  (5%)  0.494

Ejection  fraction  ≤ 40%  4 (10%)  6  (15%)  0.735

Vasoactive  drugs

Norepinephrine  dose

(mcg/kg/min;

mean  ±  std  deviation)

0,56  ± 0,33  0,52  ±  0,34  0.553

Vasopressin  dose (U/min;

mean  ±  std  deviation)

0.03  ± 0.009  0.03  ±  0.01  0.813

Maximum  dose  of

norepinephrine

(mcg/kg/min;  median,

p25 ---  p75)

0,7  (0,6  ---  0,8)  0,7  (0,6  ---  0,8)  0.818

Maximum  dose  of

vasopressin  (U/min;

median,  p25  ---  p75)

0.04  (0.03  ---  0.04)  0.04  (0.03  ---  0.04)  0.65

Dobutamine  5 (12%)  4  (10%)  >  0.999

Milrinone 0 (0%)  1  (2%)  >  0.999

Other therapies

Mechanical  ventilation  39  (100%)  35  (89%)  0.115

PaO2/FiO2  ratio

(mean  ±  std  deviation)

210  ± 94  245 ± 95  0.108

Hydrocortisone  33  (84%)  34  (87%)  >  0.999

Onset of  hemodialysis  15  (38%)  19  (48%)  0.493

Infectious  focus

Respiratory  23  (59%)  20  (51%)  0.649

Catheter  4  (10%)  4 (10%)  >  0.999

Abdominal  12  (30%)  12  (30%)  >  0.999

Genitourinary  0 (0%)  3  (7%)  0.24

Cutaneous  2 (5%)  4  (10%)  0.675

Central nervous  system  0 (0%)  1  (2%)  >  0.999

Undefined 1 (2%)  2  (5%)  >  0.999

SOFA: sequential organ failure assessment score; AIDS: acquired immunodeficiency syndrome; COPD: chronic obstructive pulmonar
disease; PaO2/FiO2 ratio: arterial oxygen partial pressure/fraction of  inspired oxygen ratio.
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Table  2  Outcomes.

Initial  reduction  of

norepinephrine

Initial  reduction  of

vasopressin

p

Hypotension  17/39  (43,6%)  10/39  (25,6%)  0.153· relative

risk(95%  confidence

interval):  1,7

(0,9−3,2)

ICU length  of  stay

(28-day  follow-up)

(median;  p25  ---

p75)

10;  7 ---  19  14;  6  --- 28  0.267*

Mortality  (28-day

follow-up)

25/39  (64,1%) 25/39  (64,1%) >  0.999+

Vasopressor-free

days  (7-day

follow-up)

(median;  p25  ---

p75)

2;  0  --- 3  0;  0 ---  4  0.354*

Arrhythmias  with

hemodynamic

compromise  (first

24  h)

8/39  (20,5%)  5/39  (12,8%)  0.543+

Prevalence  of

hemodialysis  (first

72  h)

13/39  (33,3%)  16/37  (43,2%)  0.514+

Abrupt  cessation

of vasopressin

Gradual  reduction

of  vasopressin

p

Hypotension  2/3 (66,7%)  8/36  (22,2%)  0.156· relative  risk

(95%  confidence

interval):  3  (1,1−8,2)

· Fisher’s exact test.
* Mann---Whitney U test.
+ Chi-square test.

the reduction  with  vasopressin,  only three  underwent  abrupt
weaning,  stopping  the infusion  without  dose  titration.  In
this  group,  a 66.7%  incidence  of  hypotension  was  observed
among  those  who  underwent  abrupt  vasopressin  withdrawal,
compared  with  22.2%  among  those  who  underwent  gradual
reduction  (p  = 0.156,  relative  risk:  3, 95%  confidence  inter-
val:  1.1---8.2)  (Table 2). No  adverse  events  (acute  coronary
syndrome,  cardiorespiratory  arrest,  mesenteric  ischemia,  or
digital  ischemia)  were  recorded  during  the 28-day  follow-up.

Discussion

In our  sample  of  septic  patients,  the option  for  primary
weaning  of  norepinephrine  or  vasopressin  was  not  associated
with  a  higher  incidence  of  hypotension.  In  this clinical  trial,
43.6%  of  patients  who  began weaning  from  vasopressors
with  norepinephrine  experienced  hypotension,  compared  to
25.6%  of patients  whose  weaning  began with  vasopressin.
The  lower  incidence  of  hypotension  in our  study  compared
to  the  study  that  underpinned  our  sample  size  calculation
resulted  in the absence  of  a statistically  significant  differ-
ence  in  the  primary  outcome  despite  an 18  percentage  point
difference.12

Our  result  aligns with  the only  clinical  trial  published
so  far. The  study  by  Kyeongman  et  al.,12 known  as  DOVSS,
established  a  protocol  for  titration  of  vasopressors  during
the  withdrawal  phase. We  opted  for  a  pragmatic  approach
where titration  of drugs  during  weaning  was  left  to  the
discretion  of the  attending  team  without  interference  of
the  research  team,  better  mimicking  bedside  practice.
The  institution  has no  protocol  for titration  of vasoactive
drugs.  Vasopressors  are usually  tapered  off  gradually  keep-
ing  MAP  > 65  mmHg.  Vasopressin  is  usually  not  withdrawn
abruptly.

The  results  of  these  clinical  trials  diverge  from  obser-
vational  studies,  which  indicate  a  higher  incidence  of
hypotension  with  primary  withdrawal  of  vasopressin.

The  population  of our  study  consisted  of patients  with
severe  shock,  requiring  high  doses  of  vasopressors  (aver-
age  dose  at  inclusion:  norepinephrine  0.5  mcg/kg/min;
vasopressin  0.03  U/min).  This  data  differs  from  other  obser-
vational  studies,  where  patients  required  lower  doses  of
vasopressors.17---19 Song  et  al.19 retrospectively  analyzed  961
septic  patients,  in the largest  cohort  available  to  date.  In
this  study, the  maximum  dose  of  norepinephrine  ranged  from
0.24  mcg/kg/min  to  0.28  mcg/kg/min.
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In our  study,  nearly  all  patients  underwent  gradual  with-
drawal  of  vasopressin,  in contrast  to  observational  studies
where  vasopressin  withdrawal  occurred  abruptly17---20;  while
in  other  studies,  the method  of  vasopressin  withdrawal  is  not
mentioned.11,21,22 Hammond  et  al.23 published  a study  based
on  a  questionnaire  conducted  in North  American  hospitals.
In  an  assessment  of  vasopressin  use  in patients  with  septic
shock,  it  was  observed  that  approximately  70%  of  physicians
wean  off  vasopressin  rather  abruptly,  without  dose  titration.
Nearly  all  observational  studies  on  vasopressor  weaning  have
been  conducted  in North  America.  The  practice  of abruptly
withdrawing  vasopressin,  as  opposed  to  gradual  withdrawal,
may  explain  the higher  incidence  of  hypotension  associated
with  vasopressin  withdrawal  in observational  studies,  a  con-
trasting  result  to  ours  and  the DOVSS  study.

Another  open  question  is  the impact  of  hypotension  on
clinically  relevant  outcomes.  Although  we  observed  a higher
prevalence  of  hemodialysis  among  those  who  initiated  wean-
ing  from  vasopressin,  which  could  raise  speculations  about
the  potential  nephroprotective  effect,  there  was  no  statis-
tically  significant  difference.  Despite  observing  a significant
difference  in the  incidence  of  hypotension,  the DOVSS  study
did  not  find  differences  in the duration  of  vasopressor  use,
length  of  stay,  or  mortality.  Similarly,  the  vast majority  of
observational  studies  did  not  identify  differences  in the  clin-
ical  outcomes  analyzed.  Our  evaluation  is  consistent  with
these  findings,  as  we  did  not  find  statistically  significant  dif-
ferences  in the  evaluated  clinical  outcomes.  Although  we
observed  a high  mortality  rate  (64%),  this  data  is  consistent
with  what  has  been  observed  in Brazil  and  other  developing
countries.  The  SPREAD  study  (Sepsis  Prevalence  Assessment
Database),  a cohort  conducted  by  the  Latin  American  Insti-
tute  of  Sepsis  (ILAS) in  227  Brazilian  ICUs,  demonstrated  a
mortality  rate  of  58.6%.24

As a  strength  of  our  study,  we  highlight  that  it is a  ran-
domized  clinical  trial  conducted  in a  clinical-surgical  ICU
with  critically  ill  patients,  a population  that  is  prevalent
worldwide,  particularly  in low-income  countries.

However,  our  study  has  limitations;  for  example,  the
sample  size  calculation  was  based on  the  incidence  of
hypotension  observed  in  the DOVSS  trial,  where  the  hypoten-
sion  incidence  in the norepinephrine  group  was  68.4%,  while
in  our  study,  it  was  46.3%  in this  group.  This  difference
compromised  the strength  of  our  study.  The  fact that it is
a single-center  study  is also  a  limitation.  Similarly,  conve-
nience  sampling  and  lack  of blinding  open  the possibility  of
potential  biases.

Conclusion

We  observed  no difference  between  the norepinephrine  and
vasopressin  groups  regarding  the  hypotension  outcome,  nor
in  the  clinical  outcomes  evaluated.  The  idea  conveyed  by
available  observational  studies  so  far,  that early  reduction
of  vasopressin  leads  to  a higher  risk  of  hypotension,  has
been  widely  accepted.  Jeon  Kyeongman,  through  the DOVSS
clinical  trial in 2018,  challenged  the  impression  of  previ-
ous  studies.  Our  work  is  consistent  with  the DOVSS  study
by  showing  a trend  towards  higher  incidence  of  hypoten-
sion  in  the  norepinephrine  group.  Future trials  with  larger
samples,  as  well  as  a  better  understanding  of  the clinical

significance  of  hypotension  during  vasopressor  weaning,  will
likely  provide  further  insight  into  this issue.

CRediT  authorship contribution statement

Cássio  Mallmann:  Study  design,  data  collection,  literature
search,  manuscript  preparation.

Thizá  Maria  Bianchi  Galiotto:  data  collection,  analysis,
manuscript  preparation.  Michele  Salibe  de Oliveira:  data
collection,  manuscript  preparation.

Rafael  Barberena  Moraes:  Study  design,  manuscript
review.

Declaration  of  competing interest

There  is no  conflict  of  interest.

References

1. Hotchkiss RS, Karl IE. The pathophysiology and treat-
ment of sepsis. N  Engl J  Med. 2003;348(2):138---50,
http://dx.doi.org/10.1056/NEJMra021333. PMID: 12519925.

2. Landry DW, Oliver JA. The pathogenesis of  vasodila-
tory shock. N  Engl J Med. 2001;345(8):588---95,
http://dx.doi.org/10.1056/NEJMra002709. PMID: 11529214.

3. Evans L,  Rhodes A, Alhazzani W, Antonelli M, Cooper-
smith CM, French C, et  al. Surviving sepsis campaign:
international guidelines for management of  sepsis and sep-
tic shock 2021. Intensive Care Med. 2021;47(11):1181---247,
http://dx.doi.org/10.1007/s00134-021-06506-y. Epub 2021 Oct
2. PMID: 34599691; PMCID: PMC8486643.

4. Schmittinger CA, Torgersen C, Luckner G,  Schröder DC,
Lorenz I, Dünser MW.  Adverse cardiac events during
catecholamine vasopressor therapy: a prospective obser-
vational study. Intensive Care Med. 2012;38(6):950---8,
http://dx.doi.org/10.1007/s00134-012-2531-2. Epub 2012 Apr
12.  PMID: 22527060.

5. Russell JA, Walley KR, Singer J,  Gordon AC, Hébert PC,
Cooper DJ, et al. Vasopressin versus norepinephrine infusion in
patients with septic shock. N Engl J  Med. 2008;358(9):877---87,
http://dx.doi.org/10.1056/NEJMoa067373. PMID: 18305265.

6. Gordon AC, Mason AJ, Thirunavukkarasu N, Perkins GD, Cecconi
M,  Cepkova M,  et  al. Effect of  early vasopressin vs nore-
pinephrine on  kidney failure in patients with septic shock: the
VANISH randomized clinical trial. JAMA. 2016;316(5):509---18,
http://dx.doi.org/10.1001/jama.2016.10485. PMID: 27483065.

7. Nedel WL, Rech TH, Ribeiro RA, Pellegrini JAS, Moraes
RB.  Renal outcomes of vasopressin and its analogs in dis-
tributive shock: a systematic review and meta-analysis
of randomized trials. Crit Care Med. 2019;47(1):e44---51,
http://dx.doi.org/10.1097/CCM.0000000000003471. PMID:
30303842.

8. Cordemans C, De Laet I, Van Regenmortel N,  Schoonheydt K, Dits
H, Huber W, et al. Fluid management in critically ill  patients:
the role of extravascular lung water, abdominal hypertension,
capillary leak, and fluid balance. Ann Intensive Care. 2012;2
Suppl 1 Diagnosis and management of  intra-abdominal hyper-
ten:S1, http://dx.doi.org/10.1186/2110-5820-2-S1-S1. PMID:
22873410; PMCID: PMC3390304.

9. Vincent JL, De Backer D. Circulatory shock. N  Engl
J Med. 2013;369(18):1726---34, http://dx.doi.org/
10.1056/NEJMra1208943. PMID: 24171518.

10. Hoste EA, Maitland K,  Brudney CS, Mehta R, Vincent JL,
Yates D, et al. Four phases of intravenous fluid ther-
apy: a conceptual model. Br J  Anaesth. 2014;113(5):740---7,

7

dx.doi.org/10.1056/NEJMra021333
dx.doi.org/10.1056/NEJMra002709
dx.doi.org/10.1007/s00134-021-06506-y
dx.doi.org/10.1007/s00134-012-2531-2
dx.doi.org/10.1056/NEJMoa067373
dx.doi.org/10.1001/jama.2016.10485
dx.doi.org/10.1097/CCM.0000000000003471
dx.doi.org/10.1186/2110-5820-2-S1-S1
dx.doi.org/10.1056/NEJMra1208943
dx.doi.org/10.1056/NEJMra1208943


C.  Mallmann,  T.M.B.  Galiotto,  M.S.  de Oliveira  et al.

http://dx.doi.org/10.1093/bja/aeu300. Epub 2014 Sep 9.
PMID: 25204700; PMCID: PMC6863743.

11. Bauer SR, Aloi JJ, Ahrens CL, Yeh JY, Culver DA,
Reddy AJ. Discontinuation of vasopressin before nore-
pinephrine increases the incidence of hypotension in
patients recovering from septic shock: a retrospec-
tive cohort study. J  Crit Care. 2010;25(2):362.e7---11,
http://dx.doi.org/10.1016/j.jcrc.2009.10.005. PMID:
19926252.

12. Jeon K, Song JU, Chung CR, Yang JH, Suh  GY. Incidence
of hypotension according to the discontinuation order of
vasopressors in the management of septic shock: a prospec-
tive randomized trial (DOVSS). Crit Care. 2018;22(1):131,
http://dx.doi.org/10.1186/s13054-018-2034-9. PMID:
29784057; PMCID: PMC5961479.

13. Ferrer Ricard, Castro Pedro, Lorencio Carol, Monclou Josman,
Marcos-Neira Pilar, Ochagavía Ana, et al.  Diez aspec-
tos clave sobre el uso de la vasopresina en el paciente
crítico. Medicina Intensiva. 2024, http://dx.doi.org/
10.1016/j.medin.2024.07.008. ISSN 0210-5691.

14. Singer M, Deutschman CS,  Seymour CW,  Shankar-Hari
M, Annane D, Bauer M,  et  al. The third interna-
tional consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA. 2016;315(8):801---10, http://dx.doi.org/
10.1001/jama.2016.0287. PMID: 26903338; PMCID:
PMC4968574.

15. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT
2010 statement: updated guidelines for reporting par-
allel group randomised trials. BMJ. 2010;340:c332,
http://dx.doi.org/10.1136/bmj.c332. PMID: 20332509;
PMCID: PMC2844940.

16. BORGES, Rogério Boff et  al. Power and Sample Size for
Health Researchers: uma ferramenta para cálculo de tamanho
amostral e poder do teste voltado a pesquisadores da área
da saúde. Clinical & Biomedical Research, [S.l.], v. 40, n. 4,
apr. 2021. ISSN 2357-9730. Available at: https://seer.ufrgs.br/
hcpa/article/view/109542. Date accessed: 28 jan. 2022.

17. Sacha GL, Lam SW, Duggal A, Torbic H, Reddy AJ, Bauer
SR. Hypotension risk based on  vasoactive agent dis-
continuation order in patients in the recovery phase
of septic shock. Pharmacotherapy. 2018;38(3):319---26,
http://dx.doi.org/10.1002/phar.2082. Epub 2018 Feb 8.  PMID:

29328496.
18.  Musallam N,  Altshuler D, Merchan C, Zakhary B,

Aberle C, Papadopoulos J. Evaluating vasopressor
discontinuation strategies in patients with septic
shock on  concomitant norepinephrine and vaso-
pressin infusions. Ann Pharmacother. 2018;52(8):733---9,
http://dx.doi.org/10.1177/1060028018765187. Epub 2018 Mar
21. PMID: 29560736.

19. Song X, Liu X, Evans KD, Frank RD, Barreto EF, Dong Y, et al. The
order of vasopressor discontinuation and incidence of  hypoten-
sion: a retrospective cohort analysis. Sci Rep. 2021;11(1):16680,
http://dx.doi.org/10.1038/s41598-021-96322-7. PMID:
34404892; PMCID: PMC8371115.

20. Bissell BD, Magee C, Moran P, Bastin MLT, Flannery AH.
Hemodynamic instability secondary to vasopressin withdrawal
in septic shock. J Intensive Care Med. 2019;34(9):761---5,
http://dx.doi.org/10.1177/0885066617716396. Epub 2017 Jul
28.  PMID: 28750598.

21. Hammond DA, McCain K, Painter JT, Clem OA, Cullen
J, Brotherton AL, et al. Discontinuation of  vasopressin
before norepinephrine in the recovery phase of sep-
tic shock. J Intensive Care Med. 2019;34(10):805---10,
http://dx.doi.org/10.1177/0885066617714209. Epub 2017 Jun
15. PMID: 28618919.

22. Bredhold BE, Winters SD, Callison JC Jr, Heidel RE,
Allen LM, Hamilton LA. Impact of  the sequence of nore-
pinephrine and vasopressin discontinuation in patients recov-
ering from septic shock. Hosp Pharm. 2020;55(1):26---31,
http://dx.doi.org/10.1177/0018578718817469. Epub 2018 Dec
5. PMID: 31983763; PMCID: PMC6961152.

23.  Hammond DA, Rech MA, Daley MJ, Devlin JW, Hodge
EK, Kooda KJ, et al. Perceptions regarding vasopressin
use and practices in septic shock, and cost contain-
ment strategies. J  Am Coll Clin Pharm. 2019;2(3):257---67,
http://dx.doi.org/10.1002/jac5.1079. Epub 2019 Jan  24. PMID:
38213315; PMCID: PMC10783535.

24. Machado FR,  Cavalcanti AB, Bozza FA, Ferreira EM,
Angotti Carrara FS, Sousa JL,  et  al. The epidemiology
of sepsis in Brazilian intensive care units (the Sepsis
PREvalence Assessment Database, SPREAD): an observa-
tional study. Lancet Infect Dis [Internet]. 2017;17:1180---9,
http://dx.doi.org/10.1016/S1473-3099(17)30322-5.

8

dx.doi.org/10.1093/bja/aeu300
dx.doi.org/10.1016/j.jcrc.2009.10.005
dx.doi.org/10.1186/s13054-018-2034-9
dx.doi.org/10.1016/j.medin.2024.07.008
dx.doi.org/10.1016/j.medin.2024.07.008
dx.doi.org/10.1001/jama.2016.0287
dx.doi.org/10.1001/jama.2016.0287
dx.doi.org/10.1136/bmj.c332
https://seer.ufrgs.br/hcpa/article/view/109542
https://seer.ufrgs.br/hcpa/article/view/109542
dx.doi.org/10.1002/phar.2082
dx.doi.org/10.1177/1060028018765187
dx.doi.org/10.1038/s41598-021-96322-7
dx.doi.org/10.1177/0885066617716396
dx.doi.org/10.1177/0885066617714209
dx.doi.org/10.1177/0018578718817469
dx.doi.org/10.1002/jac5.1079
dx.doi.org/10.1016/S1473-3099(17)30322-5

	Reduction of norepinephrine versus vasopressin in the stabilization phase of septic shock: RENOVA clinical trial
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	References


