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ABSTRACT 

Background. In patients with acute kidney injury ( AKI) , fluid balance management often relies on the prescription and 
achievement of fluid removal using intermittent renal replacement therapy ( IRRT) . This study aimed to describe 
characteristics associated with the failure to achieve target fluid removal ( FATFR) . 
Methods. This is a retrospective cohort study including IRRT sessions of conventional duration ( < 5 hours) performed for 
AKI in the intensive care unit ( ICU) from 2017 to 2022 at a tertiary academic center. FATFR-50% was defined as fluid 
removal of < 50% of the prescribed target. Characteristics of patients and sessions, as well as outcomes at 90 days were 
collected. The causes of FATFR were manually adjudicated. 
Results. A total of 291 patients and 1280 IRRT sessions in the ICU were included. FATFR-50% occurred in 7.3% of sessions 
and 19.2% of patients had at least one session with FATFR-50% during the first week of IRRT. Sessions with FATFR-50% 

were characterized by a higher occurrence of intradialytic hypotension ( 24.2% vs 60.2%, P < .001) and a higher planned 
fluid removal ( 6.19 vs 5.27 m/kg/h, P = .02) . Multiple episodes of FATFR-50% were associated with a positive cumulative 
fluid balance ( β 3876 ( CI 2053–5899) P < .001) . At 90-day follow-up, FATFR-50% during the first week after IRRT initiation 

was independently associated with fewer ICU- and hospital-free days, as well as with a higher risk of mortality ( odds 
ratio 2.01 CI 1.04–3.89, P = .04) . 
Conclusions. FATFR occurs in about one out of five critically ill patients within the first week of IRRT and is associated 
with adverse clinical outcomes. 

Keywords: acute kidney injury, fluid overload, intermittent hemodialysis, renal replacement therapy, ultrafiltration 
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KEY LEARNING POINTS 

What was known: 

• Intermittent renal replacement therapy ( IRRT) is used in critically ill patients with acute kidney injury ( AKI) for fluid balance 
control. However, the ability to achieved the desired ultrafiltration can be limited.

This study adds: 

• Failure to achieve target fluid removal ( FATFR) occurs in about one-fifth of sessions during the week after initiation of IRRT 
in the ICU. FATFR is attributed to patient- and technique-related factors. The occurrence of FATFR is associated with fluid 
accumulation and adverse outcomes including 90-day mortality.

Potential impact: 

• FATFR may represent an indicator that can be reliably measured and may be partially amendable to quality improvement 
efforts aiming to improve the care of critically ill patients with AKI.
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NTRODUCTION 

mong critically ill patients initiating renal replacement ther- 
py ( RRT) for acute kidney injury ( AKI) , fluid accumulation is as- 
ociated with higher mortality and a lower likelihood of kidney 
ecovery [1 –3 ]. Moreover, the duration of persistent fluid accu- 
ulation following the initiation of RRT has been linked to unfa- 
orable outcomes [2 ]. Fluid accumulation may represent a mod- 
fiable mediator of adverse outcomes due to the congestion of 
ital organs [2 , 4 –12 ]. Hence, proactively managing or promptly 
eversing fluid accumulation could prevent the development of 
omplications and improve patient outcomes. 

Intermittent RRT ( IRRT) is an essential modality to support 
ritically ill patients with AKI. While the use of continuous RRT 
 CRRT) may enable a more precise fluid balance control, it is be 
ore costly and may delay physical rehabilitation. Therefore,
ost ICUs rely on a combination of CRRT and IRRT, although 

RRT may be the sole modality available in some centers. Al- 
hough preventive measures may mitigate the risk of hemo- 
ynamic instability on IRRT [13 ], intradialytic hypotension and 
ther factors likely affect the achievement of fluid management 
oals. However, the frequency with which prescribed fluid re- 
oval is achieved with IRRT and its association with clinical out- 
omes has seldom been reported. 

In this work, we aimed to report the incidence of failure to 
chieve target fluid removal ( FATFR) and the clinical factors as- 
ociated with it including patient characteristics, acute illness 
everity, and factors related to RRT prescription or the delivery 
f fluid removal. Secondarily, we aimed to determine whether 
ATFR is associated with fluid accumulation during the first 
eek following IRRT initiation, and clinical outcomes including 
ortality and intensive care unit ( ICU) and hospital length of 
tay. Finally, we aimed to investigate the root causes of FATFR 
hrough the analysis of nursing notes. 

ATERIALS AND METHODS 

tudy design and population 

his single-center retrospective cohort study was conducted at 
he Centre Hospitalier de l’Université de Montréal ( CHUM) , a 
uaternary care academic center in Canada. Our cohort included 
dults who received at least one IRRT session in the ICU from 

anuary 2017 to May 2022 for AKI, as defined by the Kidney Dis- 
ase Improving Global Outcomes ( KDIGO) criteria [14 ]. Only ses- 
ions performed in the ICU were considered up to 90 days after 
RRT initiation. Patients who received any RRT outside the ICU 

n the preceding 90 days or for whom RRT was initiated for the 
rgent treatment of intoxication were excluded. The conduct of 
his study was approved by the ethics committee of the CHUM 

 2023–10 835) . 

escription of usual care 

he CHUM offers IRRT of conventional duration ( up to 4–5 hours) 
ut does not offer prolonged IRRT ( > 5 hours) outside of special 
ndications such as intoxications. IRRT modalities include stan- 
ard hemodialysis and online hemodiafiltration [15 ] using the 
ordiax 5008s machine ( Fresenius, Germany) equipped with a 
lood volume monitor that estimates relative blood volume dur- 
ng treatment. IRRT sessions are monitored by dialysis nurses 
ho can stop IRRT session, in agreement with the ICU physi- 
ians and the consulting nephrologist: for example, in cases 
f decrease in relative blood volume, hypotension episodes, or 
ther intolerances to the IRRT that are deemed unmanage- 
ble. Vital signs and notes are collected in a dialysis-specific 
lectronic medical record ( Renal Insight, Constellation Kidney 
roup) . 

ata collection 

atient electronic medical records were reviewed to collect de- 
ographic data, date of admission and discharge to hospital 
nd ICU, and relevant clinical information. Baseline health sta- 
us as defined by the Charlson Comorbidity Index [16 ] was as- 
essed from scanned hospitalization and outpatient clinic med- 
cal notes. Information about disease severity at IRRT initiation,
ncluding sequential organ failure assessment ( SOFA) score [17 ],
se of mechanical ventilation or vasopressors, 24 h urine out- 
ut before the initiation of IRRT, and patient outcomes, as well 
s characteristics of dialysis sessions, including prescribed and 
chieved net ultrafiltration ( UF) , machine parameters, and pa- 
ient vital signs during dialysis, and interventions such as med- 
cation given were extracted from scanned medical records, ICU 

harts, nursing notes, and the dialysis-specific medical record.
ischarged patients were followed at the hospital’s outpatient 
ephrology clinic for up to 90 days post-dialysis. Post-discharge 
edical notes were available in the electronic medical records 
nd were used for the assessment of outcomes in the post- 
ischarge period of the follow-up. 

utcome definitions 

he primary outcome was FATFR, which was defined, for each 
RT session, as the proportion of achieved over prescribed fluid 
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emoval volume inferior to 50% ( FATFR-50%) . An alternate defi- 
ition corresponding to 75% of target is also presented through-
ut the manuscript ( FATFR-75%) . When fluid removal was 
rescribed as an interval ( i.e. 2 to 3 l) , the lower bound was con-
idered as the prescribed fluid removal volume. We estimated 
he planned net ultrafiltration rate by dividing the prescribed 
uid removal ( liters) by admission body weight ( kilograms) , and 
y the planned session duration ( hours) . Patients were divided 
nto two groups based on the occurrence of one or more FATFR
pisodes during the first week after the initiation of IRRT. 

Secondary outcomes included average daily fluid balance for 
he 7 days after RRT initiation; intradialytic hypotension as de-
ned by the nadir systolic blood pressure of 90 mmHg with cor-
ective interventions such as the initiation/increase in dose of 
asopressor agent or fluids [18 ]; kidney recovery defined as a pe-
iod of ≥2 weeks during which any type of RRT was not provided
 with the kidney recovery date being the last date of IRRT preced-
ng this period) ; and vasopressor support, ICU, and hospital-free 
ays. The mean UF gap in the first week of IRRT was calculated as
he mean of the differences in ml between planned and achieved
F of all sessions performing in the ICU during this period. 

oot-cause analysis of FATFR 

urses’ notes associated with all sessions with FATFR were re-
iewed by two investigators ( R.J., M.G.) to adjudicate the root 
auses of FATFR based on the following pre-specified categories: 
ypotension, intolerance to fluid removal other than hypoten- 
ion ( i.e. new onset of arrhythmia or tachycardia, patient symp- 
oms, etc.) , technical factors leading to a shortening of the ses-
ion ( filter thrombosis, catheter dysfunction, etc.) , and decrease 
n relative blood volume. In case of uncertainty, a third investi-
ator ( W.B.S.) was consulted for adjudication. 

tatistical analysis 

he incidence of FATFR is presented as a percentage of all ses-
ions as well as the percentage of patients who had at least
ne FATFR episode during the first week after IRRT initiation.
o assess the association between sessions’ characteristics and 
ATFR, a generalized estimating equation ( GEE) method was 
sed to account for the presence of repeated sessions in the
ame patient. 

The association between cumulative fluid balance during the 
rst 7 days after IRRT initiation was assessed using GEEs with
ATFR as a binary factor. The association between FATFR and
0-day mortality was evaluated using multivariable logistic re- 
ression with adjustment for Charlson comorbidity score, SOFA 

core at IRRT initiation, and age. The association with ICU-free 
nd hospital-free days was evaluated using multivariable linear 
egression with the same adjustment variables. The adjustment 
ariables were chosen a priori based on clinical significance. 

As sensitivity analyses, we investigated whether the planned 
F rate was predictive of FATFR through receiving operating 
haracteristics analysis with the associated C -statistic as well as
 general additive model presented graphically as a spline ( four 
nots) . We produced additional models using the proportion of 
ession with FATFR during the first week after IRRT initiation
s the exposure variable. Finally, we excluded patients who died
uring the first week from the model to assess whether the asso-
iation with 90-day mortality remained consistent. P values < .05
ere considered significant. Statistical analysis was performed 

n R and SPSS. 
ESULTS 

ncidence of failure to achieve target fluid removal 

ur cohort comprised 291 patients who received 1280 sessions
f IRRT in the ICU ( Figure S1) . An episode of FATFR-75% or FATFR-
0% occurred in 208/1280 ( 16.3%) and 93/1280 ( 7.3%) of sessions,
espectively. Within the first week after IRRT initiation 94/291
 32.3%) patients had at least one session of FATFR-75%, and
6/291 ( 19.2%) of FATFR-50%. The proportions of repeated FATFR- 
5% and FATFR-50% within the first week were 20.2% and 10.7%,
espectively. 

emodialysis sessions characteristics 

ession-related characteristics in relationship with the occur- 
ence of FATFR are presented in Table 1 . Sessions with FATFR
ad a higher planned net ultrafiltration rate but a lower achieved
et UF rate at the end of the session and a lower actual mean UF.
hile the prescribed length of the session did not differ, the ac-

ual duration of sessions with FATFR was significantly shorter
han for sessions in which FATFR-50% did not occur, with a
reater proportion being of an actual duration of < 3 hours. 

Pre-dialysis systolic and diastolic arterial blood pressures 
ere lower before sessions during which FATFR-50% or FATFR-
5% occurred. Sessions with FATFR were more often complicated
y intradialytic hypotension or required intensification ( new ini- 
iation or escalation) of vasopressors. 

While sessions in which FATFR occurred had a higher median
lanned UF rate per body weight, the ability of the planned UF
ate to predict the occurrence of FATFR was low [FATFR-50%: C -
tatistic 0.55 ( CI:0.50; 0.60) , FAFTR-75%: C-statistic 0.60 ( CI:0.57–
.65) ]. While FATFR was more likely to occur at prescribed UF
ates > 10–13 ml/kg/h, there was no clear UFR threshold that
as associated with FATFR ( Fig. 1 ) . However, only 10.2% of ses-
ions had a prescribed UF rate of > 10 ml/kg/h ( Figure S2 of the
upplementary Material) . 

atient characteristics 

atients were assigned to two groups based on the occurrence
f at least one episode of FATFR in the ICU during the 7 days fol-
owing IRRT initiation. Patients’ characteristics are presented in
able 2 . The proportion of females was higher in the FATFR
roups. The proportion of patients receiving CRRT before IRRT
nitiation, the SOFA score, as well as Charlson’s comorbidity
core were not different. At the time of IRRT initiation, mechan-
cal ventilation was more common ( 50.5% vs 35.7%, P = .02) and
4 h urine output was lower in patients who experienced FATFR-
5% [median 112 ( IQR 10; 815) vs 360 ( IQR 58; 1353) ml P = .002]. 

atient outcomes 

n the week following IRRT initiation, patients with at least one
pisode of FATFR had a higher mean daily fluid balance as well
s a higher mean UF gap for the delivered RRT sessions. In terms
f cumulative fluid balance during the first week, the occurrence
f multiple episodes ( ≥2) of FATFR was associated with a more
ositive cumulative fluid balance as shown in Fig. 2 . 
Associations between FATFR and patients’ outcomes are pre-

ented in Table 3 . Mortality at 90 days was similar between pa-
ients with and without FATFR-75% ( 33.3% vs 25.2%, P = .28) ,
ut higher in patients with FATFR-50% ( 33.9% vs 18.7%, P = .01) .
fter multivariable adjustment, the occurrence of at least one

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae257#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae257#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae257#supplementary-data
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Table 1: Session-level characteristics associated with the failure to achieve at least 50% of target fluid removal ( FATFR-50%) . 

Achievement of ≥50% of target fluid 
removal Achievement of ≥75% of target fluid removal 

Characteristics 
Success 

( N = 1187) 
Failure 
( N = 93) P value 

Success 
( N = 1072) 

Failure 
( N = 208) P value 

Net fluid removal 
Prescribed net UF ( l) 1.58 ± 1.05 1.69 ± 0.77 .19 1.52 ± 1.06 1.91 ± 0.83 < .001 
Planned mean UF rate ( ml/kg/h) 5.27 ± 3.70 6.19 ± 3.61 .02 5.1 ( 2.2; 7.7) 6.3 ( 4.1; 8.5) < .001 
Achieved net UF ( l) 1.53 ± 1.02 0.38 ± 0.38 < .001 1.55 ± 1.05 0.90 ± 0.68 < .001 
Achieved mean UF rate ( ml/kg/h) 5.00 ± 3.49 1.65 ± 183 < .001 5.05 ± 3.59 3.22 ± 2.49 < .001 
Gap between prescribed and achieved UF 0 ( 0; 0.10) 1.20 ( 0.90; 1.50) < .001 0 ( 0; 0) 0.93 ( 0.60; 1.21) < .001 
% of target achieved 100 ( 90; 100) 20 ( 0; 40) < .001 100% ( 100; 100) 50.0% ( 26.7%; 65.0%) < .001 

Vital signs at initiation and organ support before session 
Initial systolic BP ( mmHg) 134 ± 26 125 ± 23 < .001 134 ± 25 130 ± 25 .03 
Initial diastolic BP ( mmHg) 63 ± 13 60 ± 15 < .001 64 ± 13 61 ± 14 .01 
Mechanical ventilation 393 ( 33.1%) 33 ( 35.5%) .59 350/1067 ( 32.8%) 77/207 ( 37.2%) .23 
Vasopressor support ( any) 192 ( 16.2%) 22 ( 23.7%) .06 178/1067 ( 16.7%) 43/207 ( 20.8%) .006 

Intradialytic events 
Nadir systolic BP 106 ± 25 88 ± 24 < .001 106 ± 25 93 ± 24 < .001 
Nadir diastolic BP 50 ± 14 42 ± 13 < .001 51 ± 14 45 ± 12 < .001 
Intradialytic hypotension a 290 ( 24.4%) 56 ( 60.2%) < .001 240/1068 ( 22.5%) 106/207 ( 51.2%) .006 
Intensification of vasopressor support 281 ( 23.7%) 39 ( 41.9%) < .001 249/1072 ( 23.2%) 70/208 ( 33.7%) .005 

Sessions duration 
Prescribed duration of < 3 hours 54 ( 4.5%) 4 ( 4.3%) .91 51/1072 ( 4.8%) 7/208 ( 3.4%) .36 
Actual duration of < 3 hours 105 ( 8.8%) 31 ( 33.3%) < .001 98/1068 ( 9.2%) 46/207 ( 22.2%) < .001 
Prescribed duration of the session ( min) 240 ( 240; 240) 240 ( 240; 240) .65 240 ( 240; 240) 240 ( 240; 240) .91 
Actual duration of the session ( min) 241 ( 218; 247) 238 ( 150; 244) < .001 241 ( 217; 246) 240 ( 187; 247) < .001 

Data are presented in N ( %) , mean ± SD, or median ( IQR) . 
a Defined as a drop in systolic blood pressure below 90 mmHg with corrective intervention. 
Abbreviation: BP: blood pressure. 

Figure 1: Estimated probability of FATFR in relationship with planned net ultrafiltration rate ( Generalized additive model with four knots) . ( A) Failure to achieve 50% 

of target fluid removal ( FATFR-50%) . ( B) Failure to achieve 75% of target fluid removal ( FATFR-75%) . 
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pisode of FATFR-50% in the first week after IRRT initiation, as 
ell as the ratio of sessions within the first week complicated 
y FATFR-50%, were associated with mortality ( aOR 2.01 CI:1.04; 
.89, P = .04 and aOR 3.26 CI:1.16; 9.13 P = .03) . The association 
etween FATFR-50% and day 90 mortality remained consistent 
hen excluding patients who died during the first week ( aOR 
.15 CI:1.02; 4.52 P = .04) . Patients with an episode of FATFR-50% 

r FATFR-75% had a lower number of ICU-free and hospital-free 
ays. After multivariable adjustment, FATFR-50% and FATFR- 
5% were associated with lower ICU-free and hospital-free days 
 Table 3 ) . As additional sensitivity analysis, we constructed an 
dditional model including the difference in weight between ICU 

dmission and IRRT initiation as well as the mean daily fluid 
alance available during the week before IRRT initiation, which 
howed similar results. 

nderlying causes of FATFR 

e categorized the reasons documented by nurses during 
91/208 ( 92%) dialysis sessions with FATFR-75% and 92/93 ( 98.9%) 
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Table 2: Patient-level characteristics associated with the failure to achieve FATFR-50%. 

Achievement of ≥50% of target fluid removal in 
all sessions during the first 7 days 

Achievement of ≥75% of target fluid 
removal in all sessions during the first 7 

days 

Characteristics 
Success 
( N = 235) Failure ( N = 56) P value 

Success 
( N = 197) 

Failure 
( N = 94) P value 

Demographic characteristics 
Age ( years) 63 ( 53; 71) 67 ( 58; 72) .18 62 ( 50; 72) 66 ( 57; 72) .12 
BMI ( kg/m2 ) 28.5 ± 7.0 28.8 ± 7.0 .86 28.6 ± 7.1 28.7 ± 6.8 .89 
Female sex 68 ( 28.9%) 25 ( 44.6%) .02 54 ( 27.4%) 39 ( 41.5%) .02 

Medical history 
Baseline eGFR 65 ( 33; 95) 85 ( 30; 100) .26 65 ( 33; 95) 70 ( 33; 98) .63 
Chronic hypertension 151 ( 64.3%) 41 ( 73.2%) .20 122 ( 61.9%) 70 ( 74.5%) .03 
Coronary artery disease 68 ( 28.9%) 17 ( 30.4%) .83 56 ( 28.7%) 29 ( 31.2%) .67 
Diabetes 109 ( 46.4%) 27 ( 48.2%) .81 88 ( 44.7%) 48 ( 51.1%) .31 
Heart failure 52 ( 22.1%) 12 ( 21.4%) .91 47 ( 24.0%) 17 ( 18.3%) .28 
Peripheral artery disease 33 ( 14.0%) 11 ( 19.6%) .29 28 ( 14.3%) 16 ( 17.4%) .49 
COPD 37 ( 15.7%) 13 ( 23.2%) .18 30 ( 15.3%) 20 ( 21.7%) .18 
Liver disease 58 ( 24.7%) 16 ( 28.6%) .55 51 ( 26.3%) 23 ( 24.7%) .79 
Charlson’s comorbidity score 4.9 ± 2.8 4.9 ± 2.6 .82 4.9 ± 2.8 4.9 ± 2.6 .82 

Index admission 
Surgical ( vs. medical) 71 ( 30.2%) 25 ( 44.6%) .04 59 ( 30.0%) 37 ( 39.4%) .11 
Admission diagnostic category 
Cardiovascular 82 ( 34.9%) 21 ( 37.5%) .76 70 ( 35.6%) 33 ( 35.1%) .94 
GI/liver 47 ( 20.0%) 14 ( 25.0%) .41 40 ( 20.3%) 21 ( 22.3%) .69 
Respiratory 51 ( 21.7%) 15 ( 26.8%) .48 37 ( 18.8%) 29 ( 30.9%) .02 
Neurological 2 ( 0.9%) 1 ( 1.8%) 1 .00 2 ( 1.0%) 1 ( 1.1%) 1 .00 
Urological 12 ( 5.1%) 1 ( 1.8%) .33 12 ( 6.1%) 1 ( 1.1%) .17 
Other 41 ( 17.4%) 4 ( 7.1%) .06 36 ( 18.3%) 9 ( 9.6%%) .08 
Use of CRRT before IRRT initiation 145 ( 61.7%) 39 ( 69.6%) .27 119 ( 60.4%) 94 ( 69.1%) .15 

Characteristics at the time of IRRT initiation 
Sepsis 84 ( 35.7%) 20 ( 35.7%) 1 .00 65 ( 33.3%) 39 ( 41.5%) .16 
Cardiogenic shock 66 ( 28.1%) 14 ( 25.0%) .64 55 ( 28.2%) 25 ( 26.6%) .81 
Mechanical ventilation 89 ( 37.9%) 26 ( 46.4%) .24 69 ( 35.7%) 46 ( 50.5%) .02 
Vasopressor support 81 ( 34.5%) 18 ( 32.1%) .74 69 ( 36.5%) 30 ( 33.3%) .60 
Urine output in the prior 24 h ( ml) 250 ( 36; 1137) 135 ( 5; 1100) .12 360 ( 58; 1353) 112 ( 10; 815) .002 
SOFA score 5.6 ± 3.6 5.7 ± 3.7 .76 5.6 ± 3.6 5.7 ± 3.7 .76 
Pre-IRRT mean daily fluid balance ( ml) a −31 ± 1184 −164 ± 1039 .46 −14 ± 1169 −150 ± 1125 .38 

Outcomes after IRRT initiation 
Mean daily fluid balance ( ml) b −74 ± 967 157 ± 813 .03 -122 ± 1007 159 ± 764 0 .02 
Mean UF gap per session ( ml) 0 ( 0; 67) 600 ( 325; 1150) < .001 0 ( 0; 0) 483 ( 261; 981) < 0 .001 
ICU-free days through 90 days ( days) 80 ( 52; 87) 67 ( 0; 80) < .001 82 ( 52; 88) 69 ( 29; 80) < 0 .001 
Hospital-free days through 90 days ( days) 59 ( 0; 73) 17 ( 0; 61) .002 60 ( 0; 74) 30 ( 0; 64) 0 .001 
Death at 90 days 44 ( 18.7%) 19 ( 33.9%) .01 39 ( 19.8%) 24 ( 25.5%) 0 .27 
Kidney recovery at 90 days in survivors 139 ( 72.8%) 37 ( 78.4%) .48 113 ( 71.5%) 70 ( 78.6%) 0 .27 

Data are presented in N ( %) , mean ± SD, or median ( IQR) . 
a Calculated from available data during the week before IRRT initiation. 
b Calculated from available data during the week after IRRT initiation. 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate based on the CKD-EPI formula. 
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ialysis sessions with FATFR-50% to explain why the target fluid
emoval was not reached. As shown in Fig. 3 , the most com-
on reason was hypotension. In a significant proportion of 
uch cases, the nadir blood pressure during the session did not
each our definition of hypotension ( < 90 mmHg) but the de- 
rease in arterial pressure was judged severe enough for the
urse to stop/reduce fluid removal ( FATFR-75% 24.8%, FATFR- 
0% 47.2%) . In addition, other issues related to the tolerability
f the patient to fluid removal were noted in about a quarter
f sessions. These included perceived discomfort, nausea, dysp- 
ea, sinus tachycardia, arrhythmia, and severe events such as 
ardiorespiratory arrest ( three patients) . In an important pro- 
ortion of sessions, a decrease in relative blood volume was
eported as a reason to reduce the UF rate. Of note, concur-
ent hypotension did not occur in a substantial proportion of
hese sessions ( FATFR-75% 45.5%, FATFR 17.2%) . Finally, technical 
ifficulties such as filter thrombosis and catheter dysfunction
ere mentioned as contributing factors to the non-achievement 
f the target fluid removal in a substantial proportion of ses-
ions. In half of these cases, the technical problem was the only
eason noted by the nurse to explain FATFR ( FATFR-75% 50%,
ATFR-75% 50%) . 
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Figure 2: Cumulative fluid balance during the week following IRRT initiation in the ICU in 292 patients. The occurrence of failure to achieve ( A) 50% or ( B) 75% of 
fluid removal target ( FATFR) in ≥2 sessions during the first week was associated with a greater cumulative fluid balance ( FATFR-50%: β = 3976 CI:2053; 5899 P < .001, 
FATFR-75%: β = 1636 CI: 413; 2860, P = .009) . 

Table 3: Adjusted associations between FATFR during the week after IRRT initiation and 90-day outcomes. 

Model 1 Model 2 

90-day mortality 
≥1 episode of FATFR-50% OR: 2.01 CI: 1.04; 3.89 P = .04 OR: 2.13 CI: 1.08; 4.18 P = .03 
Proportion of sessions with FATFR-50% OR: 3.26 CI: 1.16; 9.13 P = .03 OR: 3.40 CI: 1.19; 9.65 P = .02 
≥1 episode of FATFR-75% OR: 1.29 CI: 0.71; 2.35 P = .40 OR: 1.30 CI: 0.71; 2.38 P = .39 
Proportion of sessions with FATFR-75% OR: 1.67 CI: 0.71; 3.94 P = .25 OR: 1.64 CI: 0.69; 3.91 P = .27 

ICU-free days through day 90 
≥1 episode of FATFR-50% β: −11.3 CI: −21.2; −1.45 P = .03 β: −11.6 CI: −21.4; −1.7 P = .02 
Proportion of sessions with FATFR-50% β: −18.7 CI: −34.7; −2.7 P = .02 β: −19.0 CI: −34.9; −3.08 P = .02 
≥1 episode of FATFR-75% β: −8.7 CI: −17.0; −0.3 P = .04 β: −8.9 CI: −17.2; −0.5 P = .04 
Proportion of sessions with FATFR-75% β: −12.6 CI: −25.3; 0.2 P = .05 β: −12.4 CI: −25.1; 0.3 P = .06 

Hospital-free days through day 90 
≥1 episode of FATFR-50% β: −14.1 CI: −23.4; −4.9, P = .003 β: −14.7 CI: −23.9; −5.5 p = 0.002 
Proportion of sessions with FATFR-50% β: −16.0 CI: −31.2; −0.9 P = .04 β: −16.3 CI: −31.4; −1.3 P = .03 
≥1 episode of FATFR-75% β: −14.1 CI: −21.9; −6.4 P < .01 β: −14.3 CI: −22.0; −6.6 P < .001 
Proportion of sessions with FATFR-75% β: −15.8 CI: −27.8; −3.8 P = .01 β: −15.9 CI: −27.5; −3.7 P = .01 

Associations of 90-mortality are assessed using multivariable logistic regression and presented as OR. Associations of ICU/hospital-free days are assessed using 
multivariable linear regression and presented as linear regression coefficients ( β) . In model 1, all analyses are adjusted for the following: age, Charlson’s comorbidity 
score, and SOFA score at IRRT initiation. In model 2, difference in weight between admission and IRRT initiation, mean daily fluid balance in the week before were 

added as adjustment variables to model 1. 
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ISCUSSION 

n this work, we report the common occurrence of FATFR in a 
ohort of ICU patients undergoing IRRT. We have highlighted 
atient- and session-related factors associated with FATFR, as 
ell as the associations with fluid management parameters 
nd relevant clinical outcomes. FATFR occurring during the first 
eek after IRRT initiation is associated with greater fluid accu- 
ulation, fewer ICU and hospital-free days, and a higher risk of 
0-day mortality ( FATFR-50% only) . 

The ability to achieve target fluid removal is affected by the 
olerance of the patient to the planned fluid removal rate during 
he duration of the session, as well as the occurrence of tech- 
ical or organizational factors that could lead to shortening the 
uration of the session. We observed that hypotension during 
he IRRT session was much more common in sessions where 
t  
ATFR occurred and the most common contributing factor cited 
y nursing staff. Of note, the decision to resume fluid removal 
fter a hypotensive episode is based on the judgment of the clin-
cal team and may influence the magnitude of the gap between 
rescribed and achieved fluid removal. We also observed that 
urses frequently reported that the decrease in relative blood 
olume is a factor that contributed to the reduction of the fluid
emoval rate. Relative blood volume monitoring is a technology 
ntegrated into the hemodialysis machine used by the nursing 
taff to anticipate hypotensive episodes and potentially prevent 
hem by stopping or reducing the rate of fluid removal. While the 
vidence for the use of this technology is mixed in outpatient 
ialysis [19 , 20 ], relative blood volume was shown to be a poor
redictor of intradialytic hypotension in critically ill patients [21 ,
2 ]. The use of this technology can therefore result in FATFR, al-
hough it is unclear whether this practice prevents hypotension.
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Figure 3: Underlying causes of FATFR according to nursing documentation. Note: multiple factors can be present in each session. 
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We observed that the planned mean fluid removal rate was
igher in sessions with FATFR. Patients with important daily 
uid intake and oliguria may be more at risk for FATFR during
RRT sessions since they inherently have greater ultrafiltration 
 UF) requirements to avoid fluid accumulation. While a slightly 
igher median planned net UF rate normalized for body weight
as observed in the session in which FATFR occurred, we did not
bserve a threshold at which FATFR becomes very likely. Never- 
heless, although the prescription of high UF rate was rare in
his cohort, we observed that the risk of FATFR tended to in-
rease > 10–13 ml/kg/h. This threshold has been associated with
orse outcomes in outpatient maintenance hemodialysis ses- 
ions [23 ]. Acutely ill patients may be even more sensitive to such
F rates supporting the current practice of prescribing conser- 
ative fluid removal rates in most patients. 

Many sessions in which FATFR occurred had lower duration 
han the most commonly prescribed duration ranging from 3 
o 4 hours. We found that shorter sessions were often curtailed
rom the initial prescription due to technical problems such as
lter thrombosis in the latter portion of the dialysis session,
hich could be the sole cause of FATFR. As expected, nurses re-
orted technical problems leading to a shortening of the session
n about one-third of the sessions in which FATFR occurred. Fil-
er thrombosis is a common occurrence in the ICU since anti-
oagulation is often withheld due to perceived risk of bleeding.
uality improvement programs have shown it is possible to op-
imize the filter life span in critically ill patients on CRRT [24 ].
imilar efforts to prevent thrombosis in IRRT could also poten-
ially reduce the incidence of FATFR. 

Patients with at least one episode of FATFR in the first week
f IRRT had a lower number of ICU- and hospital-free days,
nd a higher mortality rate when the more severe threshold of
ATFR-50% was considered. It is conceivable that the intolerance 
o fluid removal following the initiation of IRRT identifies pa-
ients who may be at higher risk of short-term mortality. Con-
ersely, it is possible that greater fluid accumulation conferred 
y episodes of FATFR could have contributed to a protracted ICU
ourse. However, other factors may explain this observation. For 
xample, patients with higher urine output at IRRT initiation 
ere less likely to experience FATFR since they have lower UF
equirements but are also more likely to recover kidney func-
ion, which may explain why these patients might have had a
horter ICU/hospital stay. Of note, FATFR-75% was not associated
ith higher mortality rate. Although an insufficient sample size
ould have played a role, it is also plausible that FATFR-75% had
ess severe illness than patients with FATFR-50%, since they were
ble to tolerate a larger proportion of the prescribed UF. This is
upported by the fewer occurrence of intradialytic hypotension
nd need for vasopressor intensification as shown in Table 3 . 

Our study has several strengths. First, while Neyra et al. [25 ]
ave shown that fluid management parameters, such as fluid
verload at CRRT initiation and discrepancies in prescribed vs.
chieved fluid removal, are factors associated with increased
ortality in patients with AKI on CRRT, this is the first study to

ocus on FATFR in patients with AKI receiving specifically IRRT.
econd, the study included all patients who initiated IRRT in the
iven observation period reducing the concern for selection bias.
hird, the collection of clinical and demographic data, encom-
assing patient characteristics, illness severity, IRRT treatment 
pecifics, and clinical outcomes, allowed a comprehensive de-
cription of the factors impacting fluid management. Finally, we
lso manually reviewed nurses’ notes to accurately adjudicate
he causes of FATFR, thereby enabling us to provide greater in-
ights about the potential contributors, including technical fac-
ors, that could be amendable to improvement. 

Our study has also limitations. First, even though the number
f RRT sessions was substantial, the sample size was relatively
mall, which may have reduced our ability to detect an associa-
ion with other relevant patient outcomes. Furthermore, despite
djustment for the severity of illness and comorbidities, there
s a high likelihood that FATFR is not the cause of adverse clin-
cal outcomes but is reflective of unmeasured confounding fac-
ors. It is also worth mentioning that sometimes FATFR may have
een an appropriate outcome in cases where targets of fluid re-
oval were inappropriately ambitious. Owing to the retrospec-

ive nature of this study, we could not collect information regard-
ng the decision-making process involved in the prescription of
he fluid removal target and other elements such as the decision
o resume fluid removal after a hypotensive episode. Nonethe-
ess, FATFR could be postulated as a relevant key performance
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ndicator of IRRT in acutely ill patients. Second, the fluid removal 
rescription is representative of usual care at a single center and 
ay not be generalizable to centers that provide prolonged IRRT 
r other differences in practice patterns such as later transition 
rom CRRT. Most importantly, high UF rates ( > 10 ml/kg/h) were 
arely prescribed, which precludes the description of character- 
stics associated with FATFR in the context of rapid fluid removal.
hird, readmissions, dialysis and death that could have occurred 
n other hospitals after discharge were not assessed. This could 
ead to an undervaluation of those outcomes in both the failure 
 FATFR) and the success ( No-FATFR) groups. However, such cases 
re most likely randomly distributed among the two groups and 
ould therefore not lead to an overestimation of the observe as- 
ociation between FATFR and the outcomes involved. 

ONCLUSION 

e propose that FATFR could be a feasible and clinically relevant 
ndicator to consider in patients receiving IRRT in the ICU. Strate- 
ies to minimize the occurrence of FATFR include careful UF pre- 
cription that considers the likelihood of tolerance by a specific 
atient, strategies to avoid hypotension, and the minimization 
f the rate of filter thrombosis should be further studied. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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