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ARTICLE INFO ABSTRACT

Keywords: Among critically ill patients with acute kidney injury (AKI) requiring renal replacement therapy (RRT) whether
Vasopressor vasopressor use is associated with outcomes is unclear. We examined the association of vasopressor use following
Mortality

RRT initiation with in-hospital mortality in critically ill adults with AKI requiring different modalities of RRT.
This observational study was conducted using the Premier Inc. (PINC) Al Healthcare Database of patients (n =
20,882) in U.S. hospitals with AKI requiring continuous RRT (n = 7660) and intermittent hemodialysis ([IHD], n
= 13,222) with discharge from January 1, 2018, to June 30, 2021. Data on vasopressor use 3 days before and 3
days after RRT initiation were extracted. Exposure to vasopressors post-RRT initiation was significantly associ-
ated with risk-adjusted in-hospital mortality among patients treated with CRRT (risk-adjusted hazard ratio
[aHR], 1.69 95 %CI: 1.55-1.85) and IHD (aHR, 1.72, 95 %CI: 1.61-1.84). There was an incremental risk of death
associated with the number of vasopressors. Among CRRT patients, the risk of death were: 1 vasopressor (aHR,
1.50; 95 % CI: 1.36-1.65), 2 vasopressors (aHR, 1.94; 95 % CI: 1.76-2.14), and 3 vasopressors (aHR, 2.06; 95 %
CL: 1.72-2.46). Similarly, for IHD patients, the aHRs were: 1 vasopressor (aHR, 1.57; 95 % CI: 1.47-1.68), 2
vasopressors (aHR, 2.20; 95 % CI: 2.02-2.40), and 3 vasopressors (aHR, 2.32; 95 % CI: 1.82-2.96). In summary,
vasopressor use during the 3 days post-RRT initiation was independently and incrementally associated with
higher in-hospital mortality in patients receiving either CRRT or IHD as the first modality.

Renal replacement therapy
Continuous renal replacement therapy (CRRT)
Intermittent hemodialysis (IHD)

1. Introduction kidney, persistent AKI, and decreased likelihood of renal recovery [5].

HIRRT may also lead to multiorgan dysfunction, interfering with

Acute kidney injury (AKI) is a frequent complication among critically
ill patients in intensive care units (ICUs) and is associated with increased
morbidity and mortality [1]. While the provision of acute renal
replacement therapy (RRT) in patients with severe AKI can be life-
saving, acute RRT use is also frequently associated with a high risk of
hemodynamic instability [2,3]. This hemodynamic instability related to
RRT (HIRRT) occurs through different mechanisms, including relative
hypovolemia, rapid changes in extracellular osmolality, acid-base, and
electrolytes [4]. In addition, patient factors also contribute to HIRRT,
including sepsis, septic shock, systemic inflammation, myocardial
infarction, etc. HIRRT is associated with further ischemic injury to the

tissue perfusion and oxygen delivery, thereby increasing the risk of
death [4,6,7]. A standardized definition of hemodynamic instability
during acute RRT does not currently exist for critically ill patients [8].
Intravenous (IV) fluids and vasopressors are typically used to treat he-
modynamic instability [9]. However, the impact of vasopressor use after
RRT initiation on clinical outcomes is not fully known. This study aimed
to examine the association of vasopressor use in the early period
following RRT initiation with in-hospital mortality among critically ill
adult patients with AKI.
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2. Material and methods
2.1. Study participants

Adult critically ill patients with AKI requiring RRT in U.S. hospitals
providing continuous renal replacement therapy (CRRT) and intermit-
tent hemodialysis (IHD) with discharge from January 1, 2018, to June
30, 2021, were analyzed using the Premier Inc. (PINC) Al Healthcare
Database. This data source comprises inpatient and outpatient charge
data from the past >20 years, taken from more than 1000 U.S. facilities,
capturing about 20-25 % of U.S. hospital discharges. Similar inclusion
and exclusion criteria and data extraction as in a previous study were
used [10] (see method section of Supplement A). AKI was determined
using ICD-10 diagnosis codes and first ICU RRT was defined by ICD-10
procedure codes CRRT: 5A1D90Z [performance of urinary filtration,
continuous, >18 h per day] or IHD 5A1D70Z [performance of urinary
filtration, intermittent, <6 h per day]) during the index ICU visit. Pa-
tients with other dialysis modalities (i.e., prolonged intermittent renal
replacement therapy [PIRRT] and peritoneal dialysis) were excluded
due to the low use as the first RRT modality in the current dataset (see
method section of Supplement A). Only data from the first ICU admis-
sion for each patient were considered for analysis.

Determined by the ICD-10 procedure and diagnosis codes listed in
Supplementary Table Al, patients who had end-stage renal disease,
renal transplant, >1 dialysis-related procedure, or stage 5 chronic kid-
ney disease (CKD) in the 12 months before admission were excluded.
Patients without an AKI diagnosis (absence of ICD-10 diagnosis code for
AKI) and from hospitals without continuous data submission during the
study period were excluded as well. Inclusion criteria required that
patients be in a facility that offered both CRRT and IHD as RRT mo-
dalities and remain hospitalized at least 3 days following RRT initiation
to be able to characterize the vasopressor use after RRT initiation. In
addition, IV fluid data had to be present to include the patient in the
analysis.

2.2. Data collection and definitions

We extracted data on vasopressor and IV fluid use up to 3 days before
and 3 days after RRT initiation. As we focused on vasopressor and IV
fluid use while the patient was deemed critically ill, we truncated the
pre-RRT data one day before ICU admission and the post-RRT data at
ICU discharge. Specifically, we did not extract data from days following
ICU discharge, even if those days would have been within the 3-day
post-RRT initiation window, or from days more than one day before
ICU admission, even if those would have been within the 3-day pre-RRT
initiation window. A minimum of IV fluid data from one day pre- and
one-day post-RRT initiation was required for inclusion. IV fluids
included normal saline, lactated ringers, dextrose, dextrose + electro-
lytes, and balanced crystalloids. The use of mechanical ventilation and
extracorporeal membrane oxygenation (ECMO) were collected for up to
3 days before RRT initiation, the day of RRT initiation, and 3 days after
RRT initiation (see Supplementary Table A2 for ICD-10 Diagnosis Codes
for clinical conditions, procedures, and comorbidities). Medicare
Severity Diagnosis-related groups (MS-DRGs) were used to classify
medical and surgical patients, while all patient-refined DRGs (APR-
DRG) were used to classify the severity of illness. The APR-DRG accounts
for age, procedures, and clinical severity of the primary diagnosis and all
secondary diagnoses assigned during hospitalization, and is computed
for each patient at the time of hospital discharge and has been validated
in numerous studies [11-14]. The APR-DRG system categorizes a patient
based on their reason for admission and the severity of illness into 4
levels: minor, moderate, major, and extreme, with extreme signifying
the most critically ill patients.
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2.3. Outcome measures

The primary outcome measure was in-hospital mortality. For pa-
tients still hospitalized, survival assessment was truncated at 90 days
post-RRT initiation.

2.4. Statistical analysis

Multivariable Cox regression was used to examine the effects of post-
RRT vasopressor exposure within 3 days of RRT initiation on in-hospital
mortality, accounting for demographics (age, sex, and ethnicity),
comorbidities, presence or absence of COVID, sepsis, acuity of illness,
including APR-DRG, pre- and post-RRT IV fluid use and pre-RRT vaso-
pressor exposure, and ICU care processes including ECMO, mechanical
ventilation, MS-DRG category, and days in ICU before RRT initiation.
Characteristics and outcomes were compared using descriptive statis-
tics, with p-values from y2 and Wilcoxon rank-sum tests. To compile the
final model of in-hospital mortality as the dependent variable, the model
was checked for potential interaction effects, including RRT modality by
the number of vasopressors used post-RRT. RRT modality by the number
of vasopressors used post-RRT was statistically significant, and there-
fore, the final model was stratified by the first RRT modality (IHD or
CRRT). IV fluid use post-RRT and the number of vasopressors used post-
RRT were included in the model as covariates. The independent variable
analyzed was vasopressor use post-RRT initiation: Yes/No (see Supple-
mentary material for definition). The use of vasopressors post-RRT
initiation was further categorized according to the use of none, one,
two, or three or more vasopressors.

A secondary analysis was performed on the effect of several vaso-
pressor combinations on outcomes. To be included in the analysis, a
vasopressor combination had to be present in at least 0.5 % of the pa-
tients receiving more than one vasopressor post-RRT. This resulted in 7
vasopressor combinations, plus an “Other Combinations” category that
was an aggregate of any combinations that occurred in less than 0.5 % of
patients receiving multiple vasopressors post-RRT.

2.4.1. Subgroup and sensitivity analyses

We examined pre-specified subgroups that included cardiac surgery
patients and septic shock patients. Further, a sensitivity analysis
excluding patients exposed to both CRRT and IHD during the study
period was performed, followed by an assessment of the model in pa-
tients who received IHD in centers not offering CRRT. For the sensitivity
analyses, only 0, 1, and 2+ vasopressor categories were considered
because the 3+ vasopressor group was small and not significantly
different from the 2+ group in the final model described above. More
information about each sensitivity analysis can be found in the Sensi-
tivity and subgroup analyses section of Supplement A. All analyses were
completed using R version 4.2.1 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Study cohort and baseline characteristics

A flowchart with the cohort selection is presented in Fig. 1. The final
cohort included 20,882 critically ill adult patients. Of the final cohort,
7660 were treated with CRRT (37 %) and 13,222 (63 %) with IHD as the
first RRT modality. The mean age (+SD) of the final cohort was 63 + 14
years, 62 % of patients were male, and 62 % were white, non-Hispanic
(Table 1). Among all patients, 16 % received vasopressors only pre-RRT,
21 % only post-RRT, 35 % both pre- and post-RRT, and 28 % did not
receive vasopressor pre- or post-RRT (Supplementary Table A5). In both
RRT cohorts, patients who used vasopressors post-RRT initiation had
more sepsis, septic shock, COVID-19, and greater use of mechanical
ventilation. Among the IHD cohort, patients who used vasopressors post-
IHD initiation had greater use of ECMO. In both RRT cohorts, a greater
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Qualifying Hospitalizations Exclusions

Adult (age > 18) inpatients with RRT * Renal transplant* (n = 17,214)
January 1, 2018 - June 30, 2021 * End stage renal disease* (n = 289,200)
(n=434,887 patients) 2+ dialysis-related procedures* (n = 5)

* No AKI diagnosis (n = 3,603)

*  From hospitals without continuous data submission
during the study period (n = 2,0006)

e Stage 5 CKD (n =5,818)

\ 4

A\ 4

* PIRRT as first modality (n = 2,523)
AKI Patients with Initial RRT in ICU « Initial RRT outside of ICU (n = 41,870)
(n=72,582) * More than 1 RRT modality on first RRT day (n=66)

* during index hospitalization or 365 days prior

\ 4

A 4

Patients with IV fluid data

Insufficient / Inaccurate IV fluid data

(n =45,198)

(n=27,384)

\ 4

A 4

In-Hospital 3+ Days Post-RRT

<3 Days of Data Post-RRT Initiation

(n =4,2806)

Initiation
(n =23,098)

\ 4

A\ 4

Patients in facilities offering CRRT

Facility did not offer CRRT
(n=2,232)

(n=20,886)

\ 4

\ 4

Missing data used in final model

(n=06)

Patients in final model
(n =20,880)
(7,660 CRRT; 13,222 IHD)

Fig. 1. Cohort selection flow chart. AKI: Acute Kidney Injury, CKD: Chronic Kidney Disease, CRRT: Continuous Renal Replacement Therapy, ICU: Intensive Care
Unit, IV: Intravenous, PIRRT: Prolonged Intermittent Renal Replacement Therapy, RRT: Renal Replacement Therapy.

fluid requirement post-RRT initiation was observed in patients who used
vasopressors post-RRT initiation. In the CRRT cohort, greater fluid re-
quirements before RRT in patients who used vasopressors post-RRT was
observed (Table 1).

Stratified by modality, 77 % of CRRT and 44 % of IHD patients
received vasopressors post-RRT initiation. Exposure to vasopressors pre-
vs. post-RRT dynamically changed in both the IHD and CRRT cohorts
(Fig. 2). Among patients with no vasopressors use pre-RRT, a larger
percentage of the CRRT patients compared to IHD patients received one
or more vasopressors post-RRT. In general, very few switches were seen
post-RRT initiation from no vasopressor use to the use of 2+ vasopres-
sors and vice versa (Supplementary Fig. A3).

3.2. Primary analysis: effect of vasopressor use on outcomes

Patients with post-RRT vasopressor use were found to have similar
in-hospital mortality rates as patients with both pre-RRT and post-RRT
vasopressor use (both 21 % survival). Patients with neither pre- nor
post-RRT vasopressor use had slightly lower, but not statistically
different, survival rate than those with only pre-RRT vasopressor use

(37 % and 44 % survival, respectively) (Fig. 3A). In adjusted models,
pre-RRT vasopressor use did not impact in-hospital mortality (p = 0.4).

Patients with post-RRT vasopressor use had higher in-hospital mor-
tality (90-day survival: 21 %, 95 % CI: 19 %, 24 %) compared to patients
without post-RRT vasopressor use (90-day survival:39 %, 95 % CI: 34 %,
45 %; log-rank p < 0.001) (Fig. 3B). In both the CRRT and IHD cohort,
in-hospital mortality was higher when patients received vasopressors
post-RRT initiation. Among the IHD cohort, the length of stay in the ICU
was longer for patients receiving vasopressors post-RRT initiation
(Table 1). In the initial model, the adjusted hazard ratios (aHRs) for post-
RRT vasopressor use on in-hospital mortality were 1.69 (95 % CI: 1.55,
1.85) for the CRRT cohort and 1.72 (95 % CI: 1.61, 1.84) for the IHD
cohort (Supplementary Table A6).

3.3. Final model evaluation

After stratifying by RRT modality, the higher number of vasopressors
used post-RRT and the higher average daily IV fluid use post-RRT were
independently associated with increased risk of in-hospital mortality in
both the CRRT and IHD cohorts. Older age, being male, having COVID,
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Table 1
Patient characteristics by post-vasopressor use and renal replacement therapy
cohort.

Characteristics No. (%) No. (%)
CRRT-Cohort IHD-Cohort
Vasopressor use Vasopressor use
post CRRT post IHD
initiation initiation
Yes No p-value Yes No p-value
Total # of 5870  1.790 5827  7.395
Patients
% of Patients 77 % 23 % 44 % 56 %
Demographics
Age, years
(mean, std. 62 61 64 62
dev) 14) 15) <0.001 (14 (15) <0.001
3660 1114 3611 4539
Male (62) (62) 0.93 (62) (61) 0.49
Race / Ethnicity 0.002 <0.001
White, Non- 3627 1120 3472 4626
Hispanic (62) (63) (60) (63)
Black, Non- 893 313 920 1330
Hispanic (15) a7z ae) 18)
702 161 876 803
Hispanic 12) 9.0) (15) a1
Other / 648 196 559 636
Unknown (11 (11) (9.6) (8.6)
Clinical Characteristics
2559 688 3071 3733
MS-DRG (44) (38) <0.001  (53) (50) 0.011
T R
3970 806 3886 2855
Septic Shock (68) (45) <0.001  (67) 39) <0.001
1168 260 1246 706
COVID-19 (20) (15) <0.001 (21) (9.5) <0.001
APR-DRG
Severity of
Illness <0.001 <0.001
93 73 125 507
Major (1.6) 4.1) 21 (6.9)
5775 1714 5700 6872
Extreme (98) (96) (98) (93)
3359 1086 3522 4869
Hypertension (57) (61) 0.01 (60) (66) <0.001
2814 918 3100 4047
Diabetes (48) (51) 0.013 (53) (55) 0.081
Chronic Kidney 2692 902 2970 4229
Disease (46) (50) <0.001  (51) (57) <0.001
Charlson
Comorbidities
Index Category 0.02 <0.001
412 115 380 507
0 (7.0) 6.4 (6.5) (6.9)
1474 398 1364 1489
1-2 (25) (22) (23) (20)
1627 493 1570 1858
3-4 28) (28) 27) (25)
2357 784 2513 3541
5+ (40) (44) (43) (48)
344 87 70 32
ECMO (5.9) (4.9) 0.11 (1.2) 0.4 <0.001
Mechanical 5388 1462 5060 4999
Ventilation 92) (82) <0.001  (87) (68) <0.001
Facility Characteristics
3841 1293 3061 4015
Teaching Facility ~ (65) (72) <0.001  (53) (54) 0.044
Urban 5535 1693 5343 6813
Population 94 (95) 0.64 92) 92) 0.36
Bed Count <0.001 <0.001
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Table 1 (continued)

Characteristics No. (%) No. (%)
CRRT-Cohort IHD-Cohort
Vasopressor use Vasopressor use
post CRRT post IHD
initiation initiation
Yes No p-value Yes No p-value
942 248 1544 1724
<300 (16) a4) 27) (23)
1616 437 1645 2174
300-499 (28) 24) (28) (29)
3309 1105 2624 3489
500+ (56) (62) (45) 47)
Outcomes
In-hospital 3307 599 2841 1711
mortality (56) (33) <0.001 (49) (23) <0.001
Length of Stay,
days (mean, 25 28 24 24
std. dev) a7 (18) <0.001  (16) (16) 0.13
ICU Length of
Stay, days
(mean, std. 19 20 17 15
dev) 13) (15) 0.86 12) 12) <0.001
Average Daily IV Fluid Use
Pre-RRT
Initiation®, 1750 1667 1517 1525
median ml (833; (750; (676; (667;
(IQR) 3333) 3163) 0.044 3000) 3000) 0.39
Post-RRT
Initiation”, 1883 1185 1250 833
median ml (964; (500; (583; (333;
(IQR) 3433) 2315) <0.001  2327) 1583) <0.001

Abbreviations: COVID-19: Coronavirus Disease 2019, CRRT: Continuous Renal
Replacement Therapy, ECMO: Extracorporeal Membrane Oxygenation, ICU:
Intensive Care Unit, IHD: Intermittent Hemodialysis, MS-DRG: Medicare
Severity Diagnosis Related Groups: APR-DRG, All Patient Refined Diagnosis
Related Group.

# Pre-RRT and Post-RRT: within 3 days before and after RRT initiation,
respectively.

having septic shock, receiving mechanical ventilation, being a MS-DRG
patient, and more days in the ICU before RRT initiation were associated
with an increased risk of mortality in both the CRRT and IHD cohorts.
Further, in the CRRT cohort only, ECMO was associated with an
increased mortality risk, and extreme APR-DRG severity in the IHD
cohort only (Table 2).

For the CRRT cohort, adjusted hazard ratios (aHR) for the number of
vasopressors used were 1.50 (95 % CI: 1.36, 1.65, p < 0.001), 1.94 (95 %
CI: 1.76, 2.14, p < 0.001), and 2.06 (95 % CIL: 1.72, 2.46, p < 0.001) for
1, 2 and 3+ vasopressors respectively (Table 2). For the IHD cohort, aHR
for the number of vasopressors used were 1.57 (95 % CI: 1.47, 1.68, p <
0.001), 2.20 (95 % CI: 2.02, 2.40, p < 0.001), and 2.32 (95 % CI: 1.82,
2.96, p < 0.001) for 1, 2 and 3+ vasopressors respectively (Table 2).

3.4. Secondary analysis: effect of vasopressor combination on outcomes

Of the population using 2+ vasopressors post-RRT initiation
included in the final model, 95 % received either norepinephrine +
vasopressin, norepinephrine + dopamine, or norepinephrine + vaso-
pressin + dopamine (Supplementary Table A3). Patient characteristics
for these and the other vasopressor combination used post-RRT are
provided in Supplementary Table A8. Differences were observed be-
tween the patients included in each of the categories, including the
presence of sepsis, septic shock, COVID-19, hypertension, comorbidities
and RRT modality.

Although not all statistically significant, all the analyzed vasopressor
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CRRT - Survived

CRRT - Expired
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IHD - Survived IHD - Expired

2+ Vasopressors

1 Vasopressor

Percent of Cohort

No Vasopressors

2+ Vasopressors

1 Vasopressor

No Vasopressors

Pre-RRT

Post-RRT

Fig. 2. Vasopressor use before and after renal replacement therapy initiation. Alluvial diagram assessing the transition of vasopressor use categories before and after
RRT initiation according to RRT modality and 90-day outcome. Pre-RRT and Post-RRT: within 3 days before and after RRT initiation, respectively.

combinations were associated with increased risk of mortality compared
to single vasopressor. Norepinephrine + vasopressin, the most used
vasopressor combination (Supplementary Table A3), showed a signifi-
cantly increased hazard ratio for both RRT cohorts (Supplementary
Table A9; CRRT: HR 1.32, 95 %CI [1.22-1.42], p < 0.001; IHD: HR 1.46,
95 %CI [1.34-1.59], P < 0.001).

3.5. Subgroup and sensitivity analyses

Similar results as observed for the entire cohort were observed in
subgroups of septic shock (Supplementary Table A11) and cardiac sur-
gery (Supplementary Table A12). Sensitivity analyses including IHD
patients from facilities that did not offer CRRT (Supplementary
Table A14), and a model excluding patients exposed to both RRT mo-
dalities (CRRT and IHD) during the study period (Supplementary
Table A15) were consistent with the primary results of the study.

4. Discussion

This study aimed to examine the effect of vasopressor use post-RRT
initiation on in-hospital mortality. Key observations were that vaso-
pressor exposure during the 3 days post-RRT initiation was indepen-
dently associated, in a dose-response manner according to number of
vasopressors, with higher in-hospital mortality in patients receiving
either CRRT or IHD in the ICU as the first RRT modality. This association
was independent of the severity of illness, and the magnitude of risk was
greater in patients receiving multiple vasopressors and in those
receiving different vasopressor combinations. Moreover, the risk ap-
pears greater in those receiving IHD vs. CRRT as the initial modality.

The presence, duration, and severity of hypotension have been
identified as an independent risk factor for death and organ dysfunction
in critically ill patients with AKI [1,15]. In addition, it has been shown
that hypotension increases the risk of AKI progression [16], and the need
for vasopressors can impact renal recovery [17,18]. Achieving

hemodynamic stability and preserving renal perfusion is essential to
improving AKI outcomes. This can be achieved by increasing cardiac
output and renal blood flow through fluid resuscitation, inotropic drugs,
renal vasodilators, or systemic vasopressors [1]. Indeed, in a secondary
analysis of a randomized control trial, the use of Angiotensin II after RRT
initiation was associated with lower mortality and greater independence
from RRT [19].

Our study indicated that the adjusted mortality risk was greater in
patients requiring vasopressors during the first three days after RRT
initiation, independently from the use of vasopressors before RRT and IV
fluids during RRT, and was particularly more remarkable in those
receiving multiple vasopressors. A more precarious hemodynamic con-
dition can explain a greater magnitude of mortality risk in patients
receiving multiple vasopressors. Still, it can also be due to the insensi-
tivity of critically ill patients to vasopressors, resulting in persistent
hypotension and organ injury [1]. A retrospective study by Priyanka
et al. showed that patients with vasopressor-resistant hypotension,
defined as patients requiring greater than 0.2 pg/kg per minute of
norepinephrine equivalents for more than 6 continuous hours, had
increased risk-adjusted mortality [20]. In addition, although not a
common mechanism, vasopressors may be cleared by RRT. In particular,
when the venous port of a dialysis catheter lies within the same vein as
the venous catheter being used for vasopressor infusion, it is possible
that vasopressors are being cleared before they can exert systemic effects
[8]. Further research is needed to define the underlying cause of higher
mortality rates among patients receiving multiple vasopressors during
RRT, and to develop new strategies of non-invasive hemodynamic
monitoring and multi-modal pressor support.

Our study found a higher proportion of vasopressor use in patients
that received CRRT as the initial modality as compared to IHD, and
concordantly a larger percentage of 2+ vasopressor use in patients on
CRRT, which aligns with the current preference for CRRT therapies for
hemodynamically unstable patients [3,21]. However, for both modal-
ities, mortality rates increased with the number of vasopressors used
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Survival by Vasopressor Use Group
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Fig. 3. Patient survival by vasopressor use. The Kaplan-Meier figures plots for the probability of crude in-hospital patient survival over 90 days post-RRT initiation,
comparing patients by vasopressor use group (A) or by vasopressor use during the 3 days post-RRT initiation after consolidating the four vasopressor use groups into
two groups (B). The shading in the figures denotes a 95 % CI. Patients with post-RRT vasopressor use had lower 90-day survival (21 %, 95 % CI: 19 %, 24 %)
compared to patients without post-RRT vasopressor use (39 %, 95 % CI: 34 %, 45 %; (log-rank p < 0.001) (B). Patients with post-RRT vasopressor use were found to
have similar 90-day survival rates regardless of pre-RRT vasopressor use (both 21 % survival), and likewise, patients without RRT vasopressor use had similar
survival rates compared to patients with only pre-RRT vasopressor use (37 % and 44 % survival, respectively) (A).

Labels: Neither: no vasopressor use within 3 days of RRT initiation and those who only received vasopressors on the day of RRT initiation, PRE Only: patients with
only pre-RRT initiation vasopressor use, POST Only: patients with only post-RRT initiation vasopressor use, PRE & POST: patients with both pre-and post-RRT
initiation vasopressor use. The four vasopressor use categories (only pre-RRT initiation, only post-RRT initiation, both pre-and post-RRT initiation, and neither) were
consolidated down into two categories: Vasopressor use post-RRT initiation Yes/No. The ‘vasopressor use post-RRT initiation group’ included the patients with only
post-RRT initiation and patients with both pre-and post-RRT initiation. The ‘no vasopressor use post-RRT initiation group’ included the patients with only pre-RRT
initiation, and patients with neither vasopressor use (no vasopressor use within 3 days of RRT initiation and those who only received vasopressors on the day of RRT

initiation). RRT: Renal Replacement Therapy.

during the three days following RRT initiation. Furthermore, we found
an interaction between modality and vasopressor-related outcomes, and
the IHD cohort was more greatly impacted by the use of multiple va-
sopressors following RRT initiation. Given the window of evaluation
was only 3 days post-RRT initiation, it is possible that some patients
initially on IHD transitioned to CRRT later in the ICU course due to
worsening hemodynamic status. Some advantages of CRRT over IHD
have been shown, including improved cardiovascular stability, easier
and greater fluid removal, better metabolic control, and removal of pro-
inflammatory substances, whereas more hypotensive episodes have
been observed with IHD as compared to CRRT in certain acutely ill
patients [5,21-23].

The secondary analysis

assessed vasopressor combinations.

Combination vasopressor therapy has been hypothesized to raise MAP
and treat vasodilatory shock more effectively than vasopressor mono-
therapy [20]. In our study, none of the vasopressor combinations proved
to attenuate the risk of mortality but it has to be mentioned that several
of these combinations were used in only a small number of patients.
Key strengths of this study are its large multicenter sample of diverse
AKI patients requiring RRT who survived the first 3 days post-RRT
initiation (n = 20,882) and the availability of relevant covariates
including the demographics, comorbidity and acute illness indicators for
adjustment in the models. Study limitations include the potential for
confounding by unmeasured variables. First, vasopressor administration
was limited to the initial 3 days post-initiation of RRT and does not
encompass the entire RRT treatment; furthermore, there are insufficient
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Table 2
Cox regression on patient survival by RRT modality.

CRRT (n = 7660) IHD (n = 13,222)

Hazard 95 % p-value  Hazard 95 % p-value
ratio CI ratio CI
Age in Years 1.02 1.01, <0.001 1.02 1.02, <0.001
1.02 1.02
Sex
Female - - - -
Male 1.07 1.00, 0.046 1.17 1.10, <0.001
1.14 1.25
White, Non- 1.00 0.94, >0.9 0.98 0.93, 0.600
Hispanic 1.07 1.04
MS-DRG
Category
Surgical - - - -
Medical 2.33 2.16, <0.001 2.34 2.19, <0.001
2.50 2.50
APR-DRG 1.01 0.77, >0.9 1.77 1.38, <0.001
Severity: 1.32 2.28
Extreme vs
Non Extreme
COVID 1.27 1.17, <0.001 1.57 1.46, <0.001
1.37 1.68
Septic Shock 1.09 1.02, 0.017 1.14 1.07, <0.001
1.18 1.22
ECMO 1.49 1.31, <0.001  1.32 0.98, 0.072
1.70 1.79
Mechanical 1.25 1.11, <0.001 1.62 1.48, <0.001
Ventilation 1.42 1.79
Days in ICU
before RRT
Initiation
0-1 days - - - -
2-3 days 1.03 0.92, 0.600 0.98 0.87, 0.800
1.15 1.11
4-7 days 1.28 1.14, <0.001 1.21 1.07, 0.002
1.45 1.37
8+ days 1.47 1.30, <0.001 1.38 1.22, <0.001
1.66 1.56
Number of
Vasopressors,
post-RRT
0 . - - -
1 1.50 1.36, <0.001 1.57 1.47, <0.001
1.65 1.68
2 1.94 1.76, <0.001  2.20 2.02, <0.001
2.14 2.40
3+ 2.06 1.72, <0.001  2.32 1.82, <0.001
2.46 2.96
Avg Total IV
Fluid Use,
post-RRT
Bottom tertile - - - -
Middle tertile 1.10 1.01, 0.038 1.15 1.07, <0.001
1.21 1.23
Top tertile 1.17 1.07, <0.001 1.13 1.04, 0.002
1.27 1.21

Abbreviations: COVID-19: Coronavirus Disease 2019, CRRT: Continuous Renal
Replacement Therapy, ECMO: Extracorporeal Membrane Oxygenation, ICU:
Intensive Care Unit, IHD: Intermittent Hemodialysis, MS-DRG: Medicare
Severity Diagnosis Related Groups, APR-DRG: All Patient Refined Diagnosis
Related Group.

data regarding dosing and titration details. In a previous retrospective
study by Ramesh et al. [24], a time-dependent Cox proportional hazards
model was employed, which adjusted for vasopressor doses and fluid
balance, SOFA score, lactate and other markers of severity of illness, to
investigate whether the use of a specific vasopressor was associated with
increased mortality or adverse outcomes in patients with AKI receiving
CRRT. Increasing doses of norepinephrine per 0.02 pg/min/kg and
vasopressin per 0.02 unit/min during CRRT were associated with in-
hospital mortality. Whereas our study lacked data regarding dosing
and titration details, this study provided a detailed analysis of dosing
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and titration throughout CRRT, and provided evidence supporting the
increased mortality risk associated with vasopressor use during CRRT
after adjusting for clinical variables, fluid management, and de-
mographic factors. Second, to compile the final model of in-hospital
mortality as the dependent variable, the model was checked for poten-
tial interaction effects, including RRT modality by the number of vaso-
pressors used following RRT inititiation. Patients were assigned
according to the number of different vasopressors they received in the
study period post-RRT initiation, meaning that patients receiving one
vasopressor type for one day while being on another one for 2 days, as
well as patients who received two types of vasopressors for 3 days,
would both be classified as receiving 2 vasopressors. This method of
classification could have led to some non-uniformity within the
subgroups.

As expected, the CRRT cohort represented a larger percentage of
patients requiring 2+ vasopressors post-RRT initiation and had higher
mortality rates. This suggests that the CRRT cohort may have included
patients with higher severity of illness than the IHD cohort. Therefore,
and based on the significant statistical interaction between initial RRT
modality (CRRT or IHD) and post-RRT vasopressor exposure for in-
hospital mortality, the results of this study are presented stratified by
initial RRT modality. Importantly, results were consistent when CRRT
and THD patients were analyzed separately and after several sensitivity
analyses of specific subgroups such as patients with septic shock and
cardiac surgery. In addition, there might have been some other biases.
Only patients that remained hospitalized at least 3 days following RRT
initiation were included. This inclusion criterium was set to allow for
characterization of vasopressor use after RRT initiation, but this also
resulted in exclusion of a small but key group of acute RRT patients, who
died in the first 48-72 h of RRT initiation. Furthermore, the included
patients were classified based on their initial RRT modality used, and
crossover between modalities was not analyzed. Since there was a sig-
nificant interaction between modality and the number of vasopressors
used, the cross over between modalities might be relevant. In addition, it
has been shown that patients who develop hemodynamic instability
after transition from CRRT to IHD have a higher mortality than patients
who do not transition to IHD [9]. However, since crossover typically
occurs after 48 h of CRRT or at least 1 session of HD, the exposure period
(post-RRT vasopressor use) of only 3 days limited the crossover
probability.

While our analysis showed an apparent higher magnitude of risk of
mortality associated with vasopressor use for IHD patients compared to
those undergoing CRRT, even though CRRT patients generally had a
higher severity of illness, it is important to interpret these findings
cautiously due to the study limitations and observational design.
Nevertheless, these results favor the need for further research on better
approaches to vasopressor management during RRT, which could help
develop better risk assessment tools and guide clinicians in choosing the
most appropriate RRT modality for critically ill patients.

5. Conclusions

In conclusion, vasopressor use during the three days post-RRT
initiation was independently and incrementally (according to higher
number of vasopressors) associated with higher in-hospital mortality in
patients first receiving either CRRT or IHD in the ICU.

Glossary

aHR Adjusted Hazard Ratio

AKI Acute Kidney Injury

CKD Chronic Kidney Disease

CRRT Continuous Renal Replacement Therapy

APR-DRG All Patient-Refined Diagnosis-Related Group

ECMO  Extracorporeal Membrane Oxygenation

HIRRT Hemodynamic Instability Related to Renal Replacement
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Therapy
ICU Intensive Care Unit
IHD Intermittent Hemodialysis

v Intravenous

MS-DRG Medicare Severity Diagnosis-Related Group

PINC Premier Inc

PIRRT  Prolonged Intermittent Renal Replacement Therapy
RRT Renal Replacement Therapy

SLED Sustained Low-Efficiency Dialysis
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