OBSERVATIONAL STUDY

The Association Between Vasopressin and
Adverse Kidney Outcomes in Children and
Young Adults Requiring Vasopressors on
Continuous Renal Replacement Therapy

OBIJECTIVES: Continuous renal replacement therapy (CRRT) and shock are
both associated with high morbidity and mortality in the ICU. Adult data suggest
renoprotective effects of vasopressin vs. catecholamines (norepinephrine and ep-
inephrine). We aimed to determine whether vasopressin use during CRRT was
associated with improved kidney outcomes in children and young adults.

DESIGN: Secondary analysis of Worldwide Exploration of Renal Replacement
Outcomes Collaborative in Kidney Disease (WE-ROCK), a multicenter, retro-
spective cohort study.

SETTING: Neonatal, cardiac, PICUs at 34 centers internationally from January 1,
2015, to December 31, 2021.

PATIENTS/SUBIJECTS: Patients younger than 25 years receiving CRRT for
acute kidney injury and/or fluid overload and requiring vasopressors. Patients
receiving vasopressin were compared with patients receiving only norepineph-
rine/epinephrine. The impact of timing of vasopressin relative to CRRT start was
assessed by categorizing patients as: early (on or before day 0), intermediate
(days 1-2), and late (days 3-7).

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Of 1016 patients, 665 (65%)
required vasopressors in the first week of CRRT. Of 665, 248 (37%) received
vasopressin, 473 (71%) experienced Major Adverse Kidney Events at 90 days
(MAKE-90) (death, renal replacement therapy dependence, and/or > 125% in-
crease in serum creatinine from baseline 90 days from CRRT initiation), and
195 (29%) liberated from CRRT on the first attempt within 28 days. Receipt of
vasopressin was associated with higher odds of MAKE-90 (adjusted odds ratio
[aOR], 1.80; 95% CI, 1.20-2.71; p = 0.005) but not liberation success. In the
vasopressin group, intermediate/late initiation was associated with higher odds
of MAKE-90 (aOR, 2.67; 95% CI, 1.17-6.11; p = 0.02) compared with early
initiation.

CONCLUSIONS: Nearly two-thirds of children and young adults receiving CRRT
required vasopressors, including over one-third who received vasopressin. Receipt
of vasopressin was associated with more MAKE-90, although earlier initiation in
those who received it appears beneficial. Prospective studies are needed to un-
derstand the appropriate timing, dose, and subpopulation for use of vasopressin.

KEYWORDS: acute kidney injury; dialysis; vasoactives; vasopressor; Worldwide
Exploration of Renal Replacement Outcomes Collaborative in Kidney Disease

sociated with poor outcomes, particularly when continuous renal re-

3 cute kidney injury (AKI) is common in critically ill children and as-
placement therapy (CRRT) is prescribed (1-3). Children treated with
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Question: In children requiring vasopressors on
continuous renal replacement therapy (CRRT),
does vasopressin use, and timing of vasopressin
initiation, associate with CRRT liberation or kidney
outcomes?

Findings: Two-thirds of patients required vaso-
pressors, of whom 37% received vasopressin.
Patients who received vasopressin had worse
outcomes; however, early vasopressin initiation
(day O of CRRT or sooner) reduced odds of Major
Adverse Kidney Events at 90 days compared with
later initiation.

Meaning: The use of vasopressors including vas-
opressin is common in children requiring CRRT,
although it remains unclear when and in whom
vasopressin may be most beneficial. Prospective
studies are needed to understand the optimal tim-
ing, dose, and subpopulation for vasopressin use.

. J

CRRT suffer mortality rates up to 64% (4-7), and
survivors are at increased risk for ongoing dialysis de-
pendence and chronic kidney disease (8-10). Children
with shock requiring vasopressors experience equally
high rates of morbidity and mortality (11, 12).
Recently, the multinational Worldwide Exploration of
Renal Replacement Outcomes Collaborative in Kidney
Disease (WE-ROCK) demonstrated that critically ill
children receiving CRRT commonly require vasoactive
medications (7, 10, 13), although little is known about
outcomes in this vulnerable population (14-16). Given
the independently poor prognosis of pediatric AKI
requiring CRRT and shock requiring vasopressors, a
better understanding of patients with coincidence of
these problems is required to identify management
strategies that promote survival and kidney recovery.
Catecholaminergic agents (i.e., epinephrine and
norepinephrine) are typically the first-line vaso-
pressor therapy in the pediatric population (17, 18).
Through stimulation of adrenergic receptors, these
medications may have untoward effects, including
tachyarrhythmias, hyperglycemia, lactic acidosis,
increased catabolism, and myocardial oxygen con-
sumption, particularly when used at high doses (17,
19). Conversely, vasopressin—a common adjunctive
vasopressor—is a peptide hormone that augments
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blood pressure via its direct vasoconstrictor effects
mediated by V| receptor (20). While catecholamines
cause renal afferent arteriolar vasoconstriction
decreasing glomerular filtration rate (GFR), vaso-
pressin binds V _ receptors on efferent arterioles,
increasing GFR and producing a diuretic effect (21).
Taken together, it has been hypothesized that use of
vasopressin in patients with shock may improve out-
comes and mitigate AKI (18, 22). Several adult stud-
ies have demonstrated renoprotective effects with
vasopressin compared with catecholamines (23-25),
namely lower progression to severe AKI, CRRT re-
quirement, and mortality in patients requiring
vasopressors. Such data have not been reported in
children.

Given these knowledge gaps, we sought to examine
if vasopressin use, and timing of vasopressin initiation
during CRRT, were associated with successful CRRT
liberation and Major Adverse Kidney Events at 90 days
(MAKE-90) in a large, international, contemporary co-
hort of critically ill children and young adults requir-
ing vasopressors while receiving CRRT for AKI and/
or fluid overload. We hypothesized that vasopressin
administration during CRRT would be associated
with increased odds of successful CRRT liberation and
lower odds of MAKE-90 and that these effects would
be greatest in those who received vasopressin earlier in
the CRRT course.

METHODS
Study Design and Patient Selection

We performed a planned secondary analysis of the
WE-ROCK international registry, a multicenter (26),
international (nine countries) retrospective study of
critically ill children and young adults 0-25 years
who received CRRT for AKI and/or fluid overload
from January 1, 2015, to December 31, 2021. Patients
with previous dialysis dependence, concurrent extra-
corporeal membrane oxygenation use, and those re-
ceiving CRRT for another indication were excluded.
Patients were included in our analysis if they received
vasopressor therapy with norepinephrine, epineph-
rine, and/or vasopressin at any time during the first
week of CRRT. Given our intention was to focus on
vasodilatory states, other vasoactive medications
(i.e., milrinone, dobutamine) were not collected or
analyzed. Given the WE-ROCK study design, daily
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data (including receipt of vasoactives) was not avail-
able beyond CRRT day 7; granular hemodynamic
data were also not collected as part of the original
study. Complete methodological details have been
previously published (27). Each center received local
Institutional Review Board approval for the study
with a waiver of informed consent (Supplementary
Appendix 1, http://links.lww.com/CCX/B401), and
the study was performed in accordance with the eth-
ical standards of the 1964 Declaration of Helsinki
and later amendments. This study is reported follow-
ing Strengthening the Reporting of Observational
Studies in Epidemiology reporting guidelines
(Supplementary Appendix 2, http://links.lww.com/
CCX/B401).

Subgroup Definitions

To assess for associations between vasopressin use
and outcomes, patients were first categorized into
one of two groups based on vasopressor exposure
during the first week of CRRT: 1) patients who re-
ceived vasopressin at any time (with or without nor-
epinephrine/epinephrine; “vasopressin group”) and
2) patients who did not receive any vasopressin (i.e.,
only received norepinephrine and/or epinephrine;
“no vasopressin group”). As vasopressin is not typ-
ically used as a first-line vasopressor (17, 28), we
did not evaluate patients who received vasopressin
alone as the numbers were small (n = 15). To assess
for associations between timing of vasopressin ini-
tiation and outcomes, the vasopressin group was
turther subcategorized into three groups: 1) early
initiation (CRRT day 0 or before CRRT), 2) inter-
mediate initiation (CRRT days 1-2), or 3) late ini-
tiation (CRRT days 3-7). Finally, to assess for an
association between vasopressin dose and outcomes,
the vasopressin group was dichotomized into “low-
dose” (£ 0.5 mU/kg/min) and “high-dose” (> 0.5
mU/kg/min) using the median dose received in the
first week of CRRT, extrapolated from an adult “low-
dose” threshold of 0.03 U/min (25, 29).

Quantification of Vasoactive Exposure

Vasopressor exposure was quantified in the 24 hours
before CRRT initiation and daily for the first 7 days
of CRRT using the Vasoactive-Inotropic Score (VIS),
as has been previously defined and validated (30).

Critical Care Explorations

Vasopressin exposure was also quantified by assess-
ing the fraction of total vasoactive load (by VIS)
contributed by vasopressin each day (Supplemental
Methods, http://links.lww.com/CCX/B401). Trend in
VIS was characterized by a daily percent change in VIS
for each day of CRRT (Supplemental Methods, http://
links.Iww.com/CCX/B401).

Other Definitions

The patients' severity of illness was quantified at ICU
admission using the Pediatric Risk of Mortality III
score (31, 32) and in the 24 hours before CRRT initia-
tion using the Pediatric Logistic Organ Dysfunction-2
(PELOD-2) score (31, 33). Patients were classified as
having sepsis if they were being treated for a known
or suspected infection and met at least two Systemic
Inflammatory Response Syndrome criteria at CRRT
initiation (34). Baseline serum creatinine (SCr) was
defined as the lowest SCr (mg/dL) within 90 days be-
fore admission; if unknown, a value was imputed using
body surface area and an estimated GFR of 100 mL/
min/1.73 m? as previously validated (26). Percent fluid
balance from ICU admission to CRRT initiation was
calculated using cumulative fluid input and output
methodology (Supplemental Methods, http://links.
lww.com/CCX/B401) (4, 35, 36).

Outcomes

The primary outcomes were CRRT liberation success
and MAKE-90. Liberation success was defined as no
need for any renal replacement therapy (RRT) mo-
dality for greater than or equal to 72 hours after the
first attempt within 28 days of initiation. MAKE-90
was defined as a composite of any of the following at
90 days from CRRT initiation: 1) death, 2) RRT de-
pendence, or 3) persistent kidney dysfunction (> 125%
increase in SCr from baseline). Secondary outcomes
included CRRT duration, 28-day ventilator-free and
ICU-free days (28-days requiring invasive mechan-
ical ventilation or days in the ICU, respectively, with
patients who died within 28 d assigned “0”), in-
hospital mortality, and the percentage of CRRT days
requiring vasopressor support during the first week
using the following formula:

([# of Days Requiring Vasopressors in Days 0 — 7 of CRRT] /
[# of Days of CRRT in Days 0 — 7]) x 100

www.ccejournal.org 3
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Statistical Analysis

Data were summarized as frequencies (%) for cat-
egorical variables and median (interquartile range)
for continuous variables. Categorical variables were
compared using chi-square or Fisher exact tests and
continuous variables using Wilcoxon rank-sum or
Kruskal-Wallis tests, as appropriate. Comparisons
were first made between the no vasopressin group vs.
vasopressin group to assess for differences in dem-
ographics, clinical features, and outcomes. Logistic
mixed-effects regression modeling was used to assess
for the independent association between the receipt of
vasopressin and primary outcomes, after accounting
for a priori identified potential confounders including
severity of illness by PELOD-2, vasoactive burden by
VIS, the presence of preexisting comorbidities, and
urine output before CRRT initiation. The model also
included a site-specific random intercept to account
for clustering of patients within centers. Sensitivity
analyses were also performed in patients with sepsis
to assess for potential differences in this unique pop-
ulation and in only those who received CRRT more
proximate to ICU admission (i.e., < 2 d) to reduce pop-
ulation heterogeneity.

Subsequent comparisons focused on solely the vas-
opressin group. First, comparisons were made between
the early vasopressin, intermediate vasopressin, and

late vasopressin groups to assess differences in demo-
graphics, clinical features, and outcomes. A sensitivity
analysis was also performed examining only patients
who survived until day 7 of CRRT or successfully
liberated from CRRT before day 7 to control for the
potential impact of early mortality. Adjusting for the
same a priori identified confounders above, logistic
mixed-effects regression modeling was used to assess
for an independent association between timing of vas-
opressin initiation and outcomes. Finally, comparisons
were similarly made between those receiving low-dose
and high-dose vasopressin. A p value of 0.05 was con-
sidered statistically significant. All statistical analyses
were performed using R, Version 4.3.1 (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

Of 1016 patients, 351 were excluded because they did not
receive vasopressors during the first week of CRRT, leaving
665 patients (65%) (Fig. 1). Among these 665 patients, me-
dian age was 8.2 years (1.5-14.9 yr), the most common in-
dication for ICU admission was shock, infection, or major
trauma (n = 271, 41%) including 343 (52%) with sepsis,
and 547 (82%) had at least one comorbidity (Table 1). At
CRRT initiation, 526 (79%) were requiring vasopressors
and 635 (96%) were receiving invasive mechanical venti-
lation (Table 1). Liberation from CRRT was successful on

Entire WE-ROCK Cohort
N=1016 Sensitivity Analysis Groups
A Sepsis: N=343
( \ Admission to CRRT = 2 days: N=342
No Vasopressors during Vasoactives received ( \
CRRT during CRRT
N=351 (Excluded) N=665 No Vasopressin Group Vasopressin Group
Sepsis: N=197 Sepsis: N=146
{ \ Early CRRT: N=217 Early CRRT: N=125
No Vasopressin Group Vasopressin Group
N=417 N=248
Early VA Intermediate VA CRRT Day Late VA
CRRT Day 0 1-2 CRRT Day 3-7
N=168 N=49 N=31
Early VA Survivors Intermediate VA Survivors Late VA Survivors
N=110 N=28 N=23

Figure 1. Consolidated Standards of Reporting Trials flow diagram. CRRT = continuous renal replacement therapy, VA = vasopressin,
WE-ROCK = Worldwide Exploration of Renal Replacement Outcomes Collaborative in Kidney Disease.
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the first attempt within 28 days in 195 patients (29%) and
MAKE-90 occurred in 473 patients (71%), due to 90-day
mortality in 327 (49%), persistent kidney dysfunction in
102 (15%), and RRT dependence in 44 (7%) (Table 1).

Demographics, Clinical Features, and
Outcomes by Receipt of Vasopressin

Two hundred forty-eight patients (37%) received
vasopressin in the first week of CRRT (vasopressin
group). A summary of the demographics, clinical

TABLE 1.

characteristics, and outcomes of the cohort by receipt
of vasopressin are included in Table 1. Patients in the
vasopressin group more frequently had sepsis, had
higher pre-CRRT PELOD-2 score, more commonly
required vasopressors before CRRT with higher VIS at
CRRT start, and had greater %fluid balance at CRRT
initiation. On each day of CRRT (days 0-7), patients
in the vasopressin group had higher median VIS
compared with the no vasopressin group, although
the median %VIS accounted for by vasopressin was
less than 20% for each day (Supplemental Table 1,

Demographic, Clinical Characteristics, and Outcomes of Children Requiring Vasopressors
While Receiving Continuous Renal Replacement Therapy Who Received Vasopressin

Compared With Those Who Did Not

Variable

All (n = 665)

No Vasopressin
(n=417)

Vasopressin
(n =248)

Demographics

Age, yr 8.2 (1.5-14.9) 7.0 (1.3-14.7) 9.6 (2.1-15.3) 0.14
Sex, female (%) 302 (45) 186 (45) 116 (47) 0.59
Admission weight, kg 24 (11-53) 22 (10-53) 30 (12-53) 0.14
Admission diagnosis, n (%) 0.15
Shock/infection/major trauma 271 (41) 158 (38) 113 (46)
Respiratory failure 150 (23) 96 (23) 54 (22)
Post-surgical/minor trauma 30 (4.5) 17 (4.1) 13 (5.2)
Primary cardiac 98 (15 63 (15) 35 (14)
Other 116 (17) 83 (20) 33 (13)
Comorbidities, n (%) 0.58
0 118 (18 74 (18) 44 (18)
1 328 (49 205 (49) 123 (50)
2 140 (21 93 (22) 47 (19)
>2 79 (12 45 (11) 34 (14)
Pediatric Risk of Mortality Il 15 (11-19) 14 (10-19) 16 (11-20) 0.11
Sepsis, n (%) 343 (52) 197 (47) 146 (59) 0.004
CRRT initiation data
Time from ICU admission to CRRT, d 2 (1-7) 2 (1-6) 2 (1-9) 0.24
Pediatric Logistic Organ Dysfunction -2 7 (4-9) 6 (3-9) 7 (4-10) 0.002
Receipt of vasopressors, n (%) 526 (79) 303 (73) 223 (90) < 0.001
Pre-CRRT Vasoactive-Inotropic Score 12 (3-30) 8 (0-23) 22 (10-39) < 0.001
Mechanical ventilation, n (%) 635 (96) 395 (95) 240 (97) 0.14
%Fluid balance from ICU admission 9 (3-21) 8 (3-18) 11 (5-26) 0.003
Urine output 24 hr prior, mL/kg/hr 0.51 (0.13-1.2) 0.52 (0.12-1.3) 0.45 (0.13-1.1) 0.39
Time to first negative fluid balance, d 1 (0-1) 1 (0-1) 1 (0-2) 0.158
(Continued)
Critical Care Explorations www.ccejournal.org 5
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TABLE 1. (Continued)

Demographic, Clinical Characteristics, and Outcomes of Children Requiring Vasopressors
While Receiving Continuous Renal Replacement Therapy Who Received Vasopressin
Compared With Those Who Did Not

No Vasopressin

Vasopressin

Variable All (n = 665) (n=417) (n =248)
Outcomes
28-d CRRT liberation status, n (%) < 0.001
Liberated 195 (29) 142 (34) 53 (21)
Liberation not attempted 306 (46) 172 (41) 134 (54)
Reinstituted 164 (25) 103 (25) 61 (25)
CRRT duration, d 7 (4-16) 7 (4-16) 7 (8-16) 0.27
%Days 1-7 of CRRT requiring vasopressors 75 (40-100) 63 (38-100) 100 (63-100) < 0.001
28-d ventilator-free days 0 (0-28) 6 (0-28) 0 (0-19) < 0.001
28-d ICU-free days 0 (0-3) 0 (0-6) 0 (0-0) < 0.001
In-hospital mortality, n (%) 330 (50) 185 (44) 145 (58) < 0.001
Major Adverse Kidney Events at 90 d, n (%) 473 (71) 276 (68) 197 (79) 0.001
90-d mortality 327 (49) 185 (44) 142 (57) 0.001
Persistent kidney dysfunction 102 (15) 3 (15) 39 (16) 0.83
Renal replacement therapy dependence 44 (7) 8 (7) 16 (6) 0.89

CRRT = continuous renal replacement therapy.

The vasopressin group consisted of all patients who received vasopressin and/or norepinephrine/epinephrine, whereas the no
vasopressin group consisted of patients receiving norepinephrine/epinephrine without vasopressin. Continuous variables are reported as
median (interquartile range). p values were obtained using Pearson y? test, Wilcoxon rank-sum test, or Fisher exact test, as appropriate.

63% [38-100%]; p <
0.001), had six fewer
Ealy ventilator-free  days
. 'L":;med'ate (p < 0.001), were less
likely to liberate suc-

cessfully form CRRT on
the first attempt (21%
vs. 34%, p < 0.001),
and had more MAKE-
90 (79% vs. 68%;
p = 0.001) driven by
higher mortality (57%
vs. 44%; p = 0.001)
(Table 1). On multi-
variable logistic regres-
sion analysis, receipt
of vasopressin was not
associated with liber-
ation success but was
associated with higher
odds of MAKE-90 (adjusted odds ratio [aOR], 1.80;
95% CI, 1.20-2.71; p = 0.005) (Table 2). Sensitivity
analyses performed only in patients with sepsis

1001

* Comparison p <0.05

501

Median % Change in VIS

CRRT Day

Figure 2. Median daily percent change in Vasoactive-Inotropic Score (VIS) by timing of vasopressin
initiation (early, intermediate, or late) in all patients receiving vasopressin (VA group). CRRT = continuous
renal replacement therapy.

http://links.lww.com/CCX/B401). The vasopressin
group required vasopressors on a higher percentage
of CRRT days in the first week (100% [63-100%] vs.
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TABLE 2.

Multivariable Analyses Examining the Association Between A Priori Selected Demographic
and Clinical Variables and the Primary Outcomes of Successful Continuous Renal
Replacement Therapy Liberation and Development of Major Adverse Kidney Events at 90
Days in Children Requiring Vasopressors While Receiving Continuous Renal Replacement

Therapy

Adjusted OR Liberation

Adjusted OR Major Adverse

Variable

Entire cohort

Receipt of vasopressin, yes 0.59 (0.38-1.06)

Pre-CRRT UOP 1.14 (1.01-1.30)
Pre-CRRT PELOD-2 1.01 (0.95-1.08)
Pre-CRRT VIS 1.01 (1.00-1.02)

Comorbidities, yes 0.55 (0.31-0.96)
Vasopressin group only
Timing of vasopressin initiation
Early vasopressin

Intermediate/late vasopressin 1.36 (0.52-3.59)

Pre-CRRT UOP 1.46 (0.86-2.48)
Pre-CRRT PELOD-2 0.97 (0.88-1.07)
Pre-CRRT VIS 1.01 (0.99-1.03)

Comorbidities, yes 0.58 (0.21-1.58)

Success (95% CI)

Kidney Events at 90 d (95% CI) P

0.082 1.80 (1.20-2.71) 0.005
0.038 0.87 (0.78-0.97) 0.014
0.71 1.06 (1.01-1.12) 0.023
0.074 1.00 (0.99-1.00) 0.39
0.035 3.35 (2.16-5.21) 0.023
0.53 2.67 (1.17-6.11) 0.02
0.16 0.93 (0.62-1.39) 0.73
0.55 1.08 (1.00-1.15) 0.044
0.30 1.00 (0.99-1.01) 0.98
0.28 2.33 (1.08-5.04) 0.032

CRRT = continuous renal replacement therapy, OR = odds ratio, PELOD-2 = Pediatric Logistic Organ Dysfunction-2, UOP = urine

output, VIS = Vasoactive-Inotropic Score.

Multivariable logistic regression performed with above a priori selected variables using mixed-effects logistic regression to adjust for

center.

(n = 343) (Supplemental Table 2, http://links.lww.
com/CCX/B401) and in those who started CRRT less
than or equal to 2 days from ICU admission (n = 342)
(Supplemental Table 3, http://links.Ilww.com/CCX/
B401) demonstrated similar findings to the whole
cohort.

Association of Timing of Vasopressin Initiation
With Outcomes

In the vasopressin group (n = 248), a majority had early
vasopressin initiation (n = 168, 68%), whereas 49 (20%)
had intermediate vasopressin initiation, and 31 (12%) had
late vasopressin initiation (Table 3; and Supplemental
Fig. 1, http://links.lww.com/CCX/B401). Early vaso-
pressin patients initiated CRRT closest to ICU admission,
had the lowest urine output in the 24 hours before CRRT
initiation, were most likely to need vasoactives pre-CRRT,
and had the highest VIS at CRRT start, compared with

Critical Care Explorations

the intermediate and late vasopressin initiation groups
(Table 3). There were no differences in other demographic
variables or severity of illness markers between groups
(Table 3). Only the early vasopressin group consistently
reduced its vasoactive requirement each day based on daily
VIS %Change (Fig. 2; and Supplemental Table 4, http://
links.Iww.com/CCX/B401). Early vasopressin patients
were more likely to successfully liberate from CRRT (24%
vs. 16% vs. 16%; p = 0.022), had shorter CRRT duration
(6d[2-15d] vs. 7 d [4-18 d] vs. 9 d [5-16 d]; p = 0.045),
and less MAKE-90 (75% vs. 92% vs. 84%; p = 0.03) com-
pared with intermediate and late vasopressin patients
(Table 3). Similar findings were seen on a sensitivity anal-
ysis excluding patients who died during the first week of
CRRT (Supplemental Tables 5-7 and Supplemental Fig.
2, http://links.lww.com/CCX/B401). On multivariable lo-
gistic regression, intermediate or late vasopressin initia-
tion was associated with higher odds of MAKE-90 (aOR,
2.67; 95% ClI, 1.17-6.11; p = 0.02) compared with early

www.ccejournal.org 7
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vasopressin initiation (Table 2). Conversely, timing of vas-
opressin initiation was not associated with CRRT libera-
tion success (Table 2). Similar findings were seen in the
sensitivity analysis cohort (Supplemental Table 7, http://
links.lww.com/CCX/B401).

Association of Vasopressin Dose With
Outcomes

Two hundred forty-five of 248 patients in the vasopressin
group had dosing information available, with 99 (40%)

TABLE 3.

receiving low-dose vasopressin and 146 (60%) receiving
high-dose vasopressin (Table 4). Patients who received
high-dose vasopressin were younger and more likely to
have at least one comorbidity (Table 4). There were no
differences in pre-CRRT severity of illness or other CRRT
initiation data between groups (Table 4). Patients who re-
ceived high-dose vasopressin were more likely to never
have a CRRT liberation attempt by 28 days (63% vs. 41%;
p = 0.002) and required vasopressors for a higher per-
centage of CRRT days in the first week (100% [75-100%]
vs. 88% [61-100%]; p = 0.019). While there was no

Demographic, Clinical Characteristics, and Outcomes of Children Requiring Vasopressors
While Receiving Continuous Renal Replacement Therapy Based on Timing of Vasopressin

Administration

Early Vasopressin

Variable

(n=168)

Intermediate
Vasopressin (n = 49)

Late Vasopressin
(n=31)

Demographics

www.ccejournal.org

Age, yr 9.9 (2.5-15.7) 6.6 (1.1-14.2) 10.9 (2.0-17.3) 0.31
Sex, female (%) 76 (45) 25 (51) 15 (48) 0.76
Admission weight, kg 31 (13-60) 20 (10-47) 38 (13-54) 0.14
Admission diagnosis, n (%) 0.043

Shock/infection/major trauma 87 (52) 18 (37) 8 (26)

Respiratory failure 30 (18) 14 (29) 10 (32)

Post-surgical/minor trauma 9 (5) 3 (6) 1 (3)

Primary cardiac 24 (14) 5 (10) 6 (20)

Other 18 (11) 9 (18) 6 (19)
Comorbidities, n (%) 0.15

0 33 (20) 7 (14) 4 (13)

1 88 (52) 25 (51) 10 (32)

2 27 (16) 9 (18) 11 (35)

>2 20 (12) 8 (16) 6 (19)
Pediatric Risk of Mortality IlI 16 (12-21) 15 (8-18) 13 (11-17) 0.06
Sepsis, n (%) 102 (61) 28 (57) 16 (52) 0.62

CRRT initiation data
Time from ICU admission to CRRT, d 2 (1-7) 4 (1-13) 5(2-11) 0.02
Pediatric Logistic Organ Dysfunction-2 8.0 (5.0-10.0) 7.0 (4.0-10.0) 5.0 (3-9.5) 0.20
Receipt of vasopressors, n (%) 160 (95) 37 (76) 26 (84) < 0.001
Pre-CRRT Vasoactive-Inotropic Score 30 (15-46) 10 (2-25) 6 (3-17) < 0.001
Mechanical ventilation, n (%) 162 (96) 47 (98) 31 (100) 0.85
%Fluid balance from ICU admission 11 (50-28) 11 (4-18) 13 (5-26) 0.71
Urine output 24 hr prior, mL/kg/hr 0.38 (0.10-0.98) 0.41 (0.16-0.99) 0.87 (0.41-1.4) 0.034
Time to first negative fluid balance, d 1 (0-2) 1 (0-2) 1 (0-1) 0.22
(Continued)
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TABLE 3. (Continued)

Demographic, Clinical Characteristics, and Outcomes of Children Requiring Vasopressors
While Receiving Continuous Renal Replacement Therapy Based on Timing of Vasopressin

Administration

Early Vasopressin

Intermediate
Vasopressin (n = 49)

Late Vasopressin
(n=31)

Variable (n=168)
Qutcomes
28-d CRRT liberation status, n (%)
Liberated 40 (24)
Liberation not attempted 80 (48)
Reinstituted 48 (29)
CRRT duration, d 6 (2—-15)
%Days 1-7 of CRRT requiring vasopressors 100 (63-100)
28-d ventilator-free days 0 (0-21)
28-d ICU-free days 0 (0,0)
In-hospital mortality, n (%) 92 (55)
Major Adverse Kidney Events at 90 d, n (%) 126 (75)
90-d mortality 88 (52)
Persistent kidney dysfunction 30 (18)
Renal replacement therapy dependence 8 (5)

0.022
8 (16) 5 (16)
36 (73) 18 (58)
5 (10) 8 (26)
7 (4-18) 9 (5-16) 0.045
100 (75-100) 83 (56-88) 0.02
0 (0-0) 0(0-12) 0.017
0 (0,0 0 (0,0) 0.025
34 (69) 19 (61) 0.18
45 (92) 26 (84) 0.030
35 (71) 19 (61) 0.053
4 (8) 5 (16) 0.26
6(12) 2 (6) 0.17

CRRT = continuous renal replacement therapy.

Early vasopressin group initiated vasopressin on day O of CRRT, intermediated vasopressin group initiated vasopressin on days 1-2 of
CRRT, and late vasopressin group initiated vasopressin on days 3=7 of CRRT. Continuous variables are reported as median (interquartile
range). p values were obtained using Pearson 2 test, Wilcoxon rank-sum test, or Fisher exact test, as appropriate.

difference in MAKE-90 between low-dose and high-dose
vasopressin groups, the high-dose vasopressin group had
higher 90-day mortality (67% vs. 43%; p < 0.001) but
lower RRT dependence at 90 days in survivors (3% vs.
11%; p = 0.02).

DISCUSSION

In this secondary analysis of the large, multinational,
multicenter WE-ROCK study of children and young
adults receiving CRRT for AKI and/or fluid overload,
we found that nearly two-thirds required vasopres-
sors in the first week of CRRT. One in three of these
patients received vasopressin, with most (67%) initiat-
ing vasopressin early (i.e., on day 0 of CRRT or before).
Patients who received vasopressin more commonly
had sepsis, were sicker by PELOD-2 and VIS at time
of CRRT initiation, and generally suffered worse out-
comes, including lower rates of CRRT liberation and
higher rates of MAKE-90, than those who received
only catecholamines (norepinephrine/epinephrine).
The associations between higher odds of MAKE-90

Critical Care Explorations

and receipt of vasopressin persisted on multivariable
regressions, a finding that requires further exploration.
However, when only those receiving vasopressin were
examined, early administration (i.e., on day 0 of CRRT
or before) appeared to be associated with improved
outcomes, including higher rates of successful CRRT
liberation, shorter CRRT duration, and lower odds
of MAKE-90. Finally, while receipt of high-dose vas-
opressin (> 0.5 mU/kg/min) was generally associated
with worse outcomes, those who received high-dose
vasopressin and survived had lower RRT dependence
at 90 days, a finding warranting further exploration.
In this study, children and young adults requiring
CRRT and concomitant vasopressor medication had
worse outcomes if they received vasopressin, a re-
sult that is contradictory to our original hypothesis
and the adult literature (23-25). The reasons for this
discrepancy are unclear, although it is possible that
uncaptured differences in illness severity and pa-
tient heterogeneity played a significant role. This hy-
pothesis is supported by a pre- and post-Vasopressin
and Septic Shock Trial (VASST) propensity-matched

www.ccejournal.org 9



Hasson et al

retrospective study in adults (37). In this study,
patients receiving vasopressin vs. norepinephrine in
the pre-VASST period were sicker (i.e., higher illness
severity scores, more organ dysfunction, higher nor-
epinephrine burden) but did have higher mortality
even after matching for illness severity. However, these
differences were not seen in the post-trial period after
the same matching technique was applied, presumably
secondary to a more thoughtful and targeted approach
to vasopressin use informed by VASST that was not
captured by the dataset (37). Furthermore, Bhatraju

TABLE 4.

et al (38) demonstrated in a post hoc analysis of
VASST that only one specific subphentoype of sepsis-
associated AKI, characterized by better renal
function, lower rates of sepsis, and lower vasopressor
burden, had improved outcomes with receipt of vas-
opressin, while no benefit was seen in the remaining
apparently sicker patients. These data are relevant
given that our vasopressin group had higher rates of
sepsis and greater vasoactive burden at time of CRRT
initiation than the no vasopressin group, although
a sensitivity analysis examining only sepsis patients

Demographic, Clinical Characteristics, and Outcomes of Children Requiring Vasopressors
While Receiving Continuous Renal Replacement Therapy Based on Median Dose of

Vasopressin Received

Low-Dose Vasopressin

(Median Dose < 0.5 mU/kg/
min) (n = 99)

Variable

Demographics

High-Dose Vasopressin
(> 0.5 mU/kg/min)
(n =146)

Age, yr 11.1 (4.0-15.9) 6.8 (1.4-14.9) 0.042
Sex, female (%) 46 (46) 68 (47) 0.99
Admission weight, kg 35 (16-54) 22 (11-53) 0.033
Admission diagnosis, n (%) 0.39

Shock/infection/major trauma 44 (44) 67 (46)

Respiratory failure 21 (21) 32 (22)

Post-surgical/minor trauma 3 (3) 10 (7)

Primary cardiac 15 (15) 20 (14)

Other 16 (16) 17 (12)
Comorbidities, n (%) 0.042

0 22 (22) 21 (14)

1 38 (38) 83 (57)

2 23 (23) 24 (16)

>9 16 (16) 18 (12)
Pediatric Risk of Mortality 11l 16 (11-20) 16 (11-20) 0.40
Sepsis, n (%) 57 (58) 87 (60) 0.75

CRRT initiation data
Time from ICU admission to CRRT, d 2 (1-8) 3 (1-9) 0.12
Pediatric Logistic Organ Dysfunction-2 7 (6-10) 7 (4-10) 0.50
Receipt of vasopressors, n (%) 91 (92) 129 (88) 0.37
Pre-CRRT Vasoactive-Inotropic Score 20 (10-33) 25 (10-42) 0.21
Mechanical ventilation, n (%) 94 (95) 143 (99) 0.12
Urine output 24 hr prior, mL/kg/hr 0.51 (0.16—-1.06) 0.40 (0.11-1.07) 0.65
Time to first negative fluid balance, d 1 (0-2) 1 (0-1) 0.25
(Continued)
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TABLE 4. (Continued)

Demographic, Clinical Characteristics, and Outcomes of Children Requiring Vasopressors
While Receiving Continuous Renal Replacement Therapy Based on Median Dose of

Vasopressin Received

Low-Dose Vasopressin
(Median Dose < 0.5 mU/kg/

High-Dose Vasopressin
(> 0.5 mU/kg/min)

Variable WX GEXL)) (n =146)
Outcomes
28-d CRRT liberation status, n (%) 0.002
Liberated 23 (23) 28 (19)
Liberation not attempted 41 (41) 92 (63)
Reinstituted 35 (35) 26 (18)
CRRT duration, d 10 (4-17) 7 (2-13) 0.09
%Days 1-7 of CRRT requiring vasopressors 88 (61-100) 100 (75-100) 0.019
28-d ventilator-free days 0 (0-27) 0 (0-7) 0.002
28-d ICU-free days 0 (0-1) 0 (0-0) 0.09
In-hospital mortality, n (%) 46 (46) 98 (67) 0.001
Major Adverse Kidney Events at 90 d, n (%) 74 (75) 122 (84) 0.091
90-d mortality 43 (43) 98 (67) < 0.001
Persistent kidney dysfunction 20 (20) 19 (13) 0.13
Renal replacement therapy dependence 11 (11) 5 (3) 0.02

CRRT = continuous renal replacement therapy.

Three of 248 patients who received vasopressin excluded from this analysis due to missing dose data (n = 245). Continuous variables
are reported as median (interquartile range). p values were obtained using Pearson 2 test, Wilcoxon rank-sum test, or Fisher exact test,

as appropriate.

demonstrated similar findings to the entire cohort.
Last, it remains possible that vasopressin only has ben-
efit before CRRT, as its potential renoprotective effects
were all demonstrated in cohorts where vasopressin
was started before CRRT initiation (23, 25). Regardless
of the reason, our data combined with small prospec-
tive pediatric studies of vasopressin showing nonsig-
nificant yet divergent mortality outcomes (39, 40),
highlight the need for further, rigorous study in more
homogenous populations to identify the patient pop-
ulation (if any) in whom use of vasopressin improves
outcomes.

In patients receiving vasopressin, our data sug-
gest that earlier initiation is associated with improved
outcomes, consistent with previous adult literature
(23-25). In this cohort, intermediate/late vasopressin
initiation was independently associated with higher
odds of MAKE-90, even though patients with early
vasopressin initiation appeared sicker at time of CRRT
start. The benefit of early vasopressin has been high-
lighted in adult studies, as only these patients have

Critical Care Explorations

had lower progression to severe AKI, less need for
CRRT, and lower mortality compared with those re-
ceiving norepinephrine (23, 25). More recently, a study
of adults with septic shock who received vasopressin
showed that survivors were started on vasopressin at
a lower lactate concentration, lower norepinephrine-
equivalent dose, and at an earlier time point in sepsis
(41). There are multiple purported reasons for the
benefit seen with early vasopressin administration.
Vasopressin is a hormone with relative deficiency in
shock states, so exogenous administration may simply
restore levels necessary for adequate vascular tone
(20). Low vasopressin levels are associated with coro-
nary, cerebral, and pulmonary vasodilation, leading to
blood redirection to critical organs affected in shock
states, but potentially decreasing renal perfusion (20).
As catecholamines further reduce renal blood flow via
afferent arteriolar vasoconstriction, an indirect benefit
of vasopressin may come from its ability to decrease
catecholamine burden (42); indeed, in this study, we
did see that early vasopressin patients were the only
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ones to consistently reduce their vasoactive require-
ment (which was largely driven by catecholamines)
each day of CRRT and also noted that receipt of high-
dose vasopressin (which may have been catecholamine
sparing) was associated with lower RRT dependence
at 90 days. Ultimately, while not definitive, these data
provide some preliminary evidence to suggest that if
vasopressin is to be used in children and young adults
receiving CRRT, introducing it early in the CRRT
course may be most beneficial. Conversely, although
some literature does suggest higher doses of vaso-
pressin may improve hemodynamics (29), these data
are less robust and further work is needed to assess
for potential dose-dependent effects of vasopressin on
outcomes.

Taken together, these data are hypothesis generat-
ing and highlight the need for future studies investigat-
ing the timing and ideal patient population for use of
vasopressin in children receiving CRRT and requiring
vasopressors. Specifically, future studies are needed to
investigate the role of early vasopressin when catechol-
amine levels are still relatively low (41). Importantly,
predictive enrichment (i.e., identifying the specific
AKI subphenotype) may define a cohort most likely to
benefit from vasopressin treatment (43), and existing
prognostic enrichment tools for AKI and/or CRRT
such as the Renal Angina Index could identify patients
appropriate for enrollment before CRRT initiation
(5, 44, 45). As noted above, pediatric studies are also
needed to evaluate the effects of duration and dosing
of vasopressin on outcomes, incorporating strategies
that have been successful in adult populations (23-25).

This study has several strengths. It is the first large,
multicenter, international study examining the dem-
ographics, clinical characteristics, and outcomes of
critically ill children and young adults requiring vaso-
pressors while receiving CRRT and the association be-
tween receipt of vasopressin and outcomes. The main
limitations of our study come from its retrospective na-
ture and the heterogeneity of the population that was
unable to be accounted for. While we attempted to con-
trol for the latter through several sensitivity analyses
whose results ultimately were consistent with the en-
tire cohort, this heterogeneity likely contributed to the
unexpected results demonstrated. Furthermore, both
groups could have received catecholamines, and thus
it is possible the adverse effects of epinephrine/norep-
inephrine offset any beneficial effects of vasopressin

12 www.ccejournal.org

in those patients. We were unable to control for when
and in what context vasopressin was used, nor do we
have granular hemodynamic data to categorize the
etiology of vasopressor requirement, which will need
to be addressed in future studies. We only evaluated
patients with severe AKI who were already requir-
ing CRRT, which may be a time point beyond which
vasopressin is helpful with regard to renoprotection.
Finally, we only looked at vasopressin, norepinephrine,
and epinephrine as an attempt to focus on vasodilatory
states; however, nearly 15% of our patients had a pri-
mary cardiac diagnosis and given the coincidence of
myocardial dysfunction in pediatric septic shock (46),
it is possible that inadvertent inclusion of those with
cardiogenic shock biased the results.

CONCLUSIONS

In a large, international, multicenter study of children
and young adults requiring CRRT for AKI and/or fluid
overload, nearly two-thirds required vasopressors in
the first week of CRRT, with one in three receiving
vasopressin. Receipt of vasopressin appears to be in-
dependently associated with higher rates of MAKE-90;
however, earlier initiation in those receiving vaso-
pressin appears beneficial. Future studies are needed
to better understand the ideal subpopulation for use,
dose, and timing of vasopressin initiation in these
patients.
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