
Pediatric Nephrology (2022) 37:189–197

ORIGINAL ARTICLE

Patient-centered outcomes in pediatric continuous kidney
replacement therapy: new morbidity and worsened functional status
in survivors

Mallory Smith1,2
& Cynthia Bell3 & Molly Wong Vega4 & Naile Tufan Pekkucuksen4

& Laura Loftis5 & Mona McPherson5
&

Jeanine Graf5 & Ayse Akcan Arikan4,5

Received: 27 December 2020 /Revised: 1 May 2021 /Accepted: 1 June 2021
# IPNA 2021

Abstract
Background Ongoing measures to improve pediatric continuous kidney replacement therapy (CKRT) have lowered mortality
rates, shifting the focus to survivor functional status. While septic acute kidney injury generates new morbidity in pediatric
critically ill patients, acquired morbidities and functional status of CKRT population are unknown. We predicted that CKRT
survivors are at risk for new morbidity and would have worse functional status at PICU discharge compared to baseline, and
aimed to describe associated factors.
Methods Retrospective cohort study over 24 months of CKRT patients surviving to PICU discharge in a quaternary children’s
hospital. Functional outcome was determined by Functional Status Scale (FSS).
Results FSS scores were higher at PICU and hospital discharge compared to baseline. Of 45 CKRT survivors, 31 (69%) had
worse FSS score at PICU discharge and 51% had new morbidity (≥3 increase in FSS); majority qualified as moderate to severe
disability (FSS ≥10). Four patients (9%) had new tracheostomy, 3 (7%) were ventilator dependent, and 10 (22%) were dialysis
dependent. Most (23/45, 51%) required outpatient rehabilitation. Cumulative days on sedation, controlled for illness severity,
were independently associated with worse FSS at PICU discharge (aOR 25.18 (3.73, 169.92)). In adjusted analyses, duration of
sedation was associated with new morbidity, while neurologic comorbidity, percent fluid overload at CKRT start, and nonrenal
comorbidity were associated with moderate to severe disability at PICU discharge when controlled for baseline FSS.
Conclusions CKRT survivors, with new morbidity and worse functional outcomes at PICU discharge, are a newly described
vulnerable population requiring targeted follow-up. Deliberate decrease of sedation exposure in patients with decreased clearance
due to organ dysfunction needs to be studied as a modifiable risk factor.
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Introduction

Continuous kidney replacement therapy (CKRT) is routinely
used in the pediatric intensive care unit (PICU) to support
critically ill children with acute kidney injury (AKI) [1], fluid
overload, and metabolic derangements. Traditionally, out-
come of pediatric CKRT has been reported as crude mortality,
ranging from 58% in the early 2000s to 38% recently, with
multiple organ dysfunction, greater percent fluid overload,
underlying primary disease process, and young age reported
as risk factors [2, 3]. Decreasing mortality rates and better
appreciation of lasting impact of PICU stay among survivors
have led to reporting outcomes based onmorbidity and quality
of life in the pediatric literature [4, 5]. Considering the trend
reported from more recent studies, it is reasonable to surmise
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that ongoing measures to improve the practice and use of
CKRT will likely continue to lower mortality rates. With the
decrease in mortality, survivor quality of life, new morbidity,
and functional status will become the focus for improvement
in patient outcomes. Although septic AKI has been shown to
generate newmorbidity in pediatric critically ill patients [6], to
date, the acquired morbidities and functional status of the pe-
diatric CKRT population remain unknown.

We predicted that survivors of CKRT are at risk for new
morbidity and would have worse functional status at PICU
discharge compared to their preadmission (baseline) state.
We aimed to describe factors associated with new morbidity,
moderate to severe disability, and new technology
dependence.

Methods

This was a retrospective cohort study of patients requiring
CKRT and surviving to discharge from the PICUs at Texas
Children’s Hospital in Houston, TX, from January 2014
through December 2015. Texas Children’s Hospital is a qua-
ternary center with a 32-bed PICU and a 36-bed cardiac in-
tensive care unit and has 1200 annual CKRT days on average.
Patients who received modified CKRT with ECMO and pa-
tients over the age of 21 years were excluded from this study.
The data were extracted from the electronic medical record by
a single reviewer and included demographic information,
CKRT indication and duration, comorbidities (adjudicated
by two investigators from the medical record based on a
priori agreement between authors, Supplemental Table 1), or-
gan function at admission and discharge, surgical procedures
performed, and medications administered. Information about
the patient’s ability to complete the activities of daily living
was collated from the physical and occupational therapists’
documentation. The number of days on sedation and neuro-
muscular blockade was calculated from the medication ad-
ministration records. Typical sedation regimen during the
study period in our institution was with opioid (fentanyl)
and benzodiazepine (midazolam) infusions with
dexmedetomidine infusion added as needed. Data on nutrition
was obtained from the institutional quality database for
CKRT, where nutrition status is assessed based on z-scores
for height and weight and classified as no, mild, moderate, or
severe malnutrition by a critical care nephrology dietitian
(MWV). The indication for CKRT was extracted from the
nephrology notes when available, and from the intensivists’
notes otherwise. Estimated glomerular filtration (eGFR) rate
was calculated using the modified Schwartz equation [7]. The
Institutional Review Board of Baylor College of Medicine
approved this study and waived requirement of informed
consent.

The functional outcomes were assigned based on informa-
tion from the chart at baseline (premorbid), ICU admission,
ICU discharge, and hospital discharge. The Functional Status
Scale (FSS) was used to describe the patient’s function at each
time point [8]. The primary outcome was change in FSS on
ICU discharge. The FSS tool has six domains: mental status,
sensory, communication, motor function, feeding, and respi-
ratory. Each domain ranges from normal (score of 1) to very
severe dysfunction (score of 5) and adds up to an overall score
of normal (score of 6) to very severe dysfunction (score of 30)
and can describe the functional outcomes in a reliable, rapid,
and well-defined way for a large range of ages [8]. We eval-
uated additional secondary outcomes: new morbidity, moder-
ate to severe disability, new technology dependence, and FSS
at hospital discharge. New morbidity was defined as an FSS
score increase from baseline greater than or equal to three
points. Moderate to severe disability was defined as an FSS
score equal to or greater than 10 [9, 10]. FSS was adjudicated
by three investigators in pairs at each time point (MS, NTP,
AAA). Interrater observer agreement was >95%.

Statistical analysis

Continuous variables were summarized as median (IQR) and
tested by rank sum test. Categorical variables were summa-
rized as counts (percentages) and compared using chi-square
or Fisher’s exact as appropriate. FSS was treated as a contin-
uous and ordinal variable. Change in FSS from baseline to
ICU discharge was analyzed as ordinal change as well as by
two binary definitions of ≥10 increase versus <10 increase and
worsened functional status (FSS ICU discharge > FSS base-
line) versus intact survival (FSS ICU discharge ≤ FSS base-
line). New morbidity was a categorical variable.

Generalized linear models (GLM)were used to analyzemul-
tivariable associations with outcomes (ordinal logistic model
used for FSS ordinal change and binomial logistic model used
for binary FSS outcomes). Regression models were fit in two
stages: (1) using backwards stepwise selection based on
Bayesian information criterion (BIC) minimization to deter-
mine most associated risk factors that occurred before or on
admission, then (2) adding all during admission variables and
using backwards stepwise selection based on BICminimization
to determine the most associated risk factors at all time points.
Due to sparse data, only factors with univariate associations p <
0.2 were investigated for inclusion in the multivariable model.
Continuous risk factors were binned into binary categories
based on median value and tested for model inclusion separate-
ly with lowest univariate BIC indicating better fit. FSS at base-
line was excluded due to tautological association with the bina-
ry outcome of worse FSS at ICU discharge. Conversely, FSS at
baseline was forced in the model to ensure control for FSS at
baseline in the model of binary outcome of FSS ≥10 at ICU
discharge. Associations were reported as odds ratios (95%
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confidence intervals) and predicted probabilities were comput-
ed at mean levels of covariates in eachmodel. All analyses were
completed with Stata SE 15.

Results

Of the 72 patients, 45 survived to hospital discharge; 42%
were female (Fig. 1, Supplemental Table 2). The reasons for
ICU admission were sepsis/septic shock in 27% (12/45), liver
failure in 20% (9/45), multiple organ failure in 18% (8/45),
metabolic coma due to suspected inborn error in 7% (3/45),
thrombocytopenia-associated microangiopathy in 7% (3/45),
shock (hemorrhagic, cardiac) in 7% (3/45), solid organ trans-
plant in 7% (3/45), cardiac arrest in 4% (2/45), and oncolog-
ical in 4% (2/45). PELOD score on ICU admission was 12
(IQR 10, 21) (Table 1); number of comorbidities was 2 (IQR
1, 4), 20% had no comorbidity, and 31% had four to seven
comorbidities (Supplementary Table 1). One patient (2%) had
a tracheostomy and six patients (13%) had gastrostomy tubes
on admission. Thirty-three patients (73%) had normal nutri-
tional status on admission, 11 (24%) had mild malnutrition,
and one (2%) had moderate malnutrition. Forty (89%) patients
required invasive mechanical ventilation; length of ventilation
was 8 days (IQR 3, 32). The highest oxygenation index (OI)
was 8.5 (IQR 3, 19.6). The median sedation duration was 8
days (IQR 2, 25) and neuromuscular blockade duration was
1 day (IQR 0, 5). Thirty-four patients (76%) had surgery in the
operating room under general anesthesia during their ICU
stay. Four patients (9%) required cardiopulmonary

resuscitation and 21 (47%) had new abnormal head imaging
during the ICU admission (Supplemental Table 2 and 3).

The indications for CKRT were AKI in 64% (29/45); AKI
and fluid overload in 9% (4/45); hyperammonemia, AKI, and
fluid overload in 7% (3/45); metabolic acidosis in 4% (2/45);
hyperammonemia and AKI in 2% (1/45); hyperammonemia
in 4% (2/45); fluid overload in 2% (1/45); acidosis and fluid
overload in 2% (1/45); acidosis, fluid overload, and
hyperkalemia in 2% (1/45); and hyperkalemia in 2% (1/45).
PELOD score at CKRT start was 31 (IQR 12, 32). CKRT
duration was 9 days (IQR 3, 18). Three patients (7%) required
repeat runs of CKRT, and 26 (58%) were transitioned to in-
termittent hemodialysis after CKRT cessation. Ten of the 45
survivors (22%) were dialysis dependent with an estimated
glomerular filtration rate (eGFR) < 15 ml/m2/min at ICU dis-
charge. Thirty-one patients (69%) had outpatient follow-up in
renal clinic after hospital discharge.

Four patients (9%) developed new chronic respiratory fail-
ure requiring a new tracheostomy; three of these were also
ventilator dependent at ICU discharge. Thirteen (29%) were
newly dependent on a gastrostomy tube for nutrition, 11
(24%) were dependent on a nasogastric tube, and 2 (4%) were
dependent on parenteral nutrition. Seventeen additional pa-
tients (38%) had dysfunctional swallowing requiring a change
in the thickness of feeds.

The majority of the patients required rehabilitation after
their ICU admission. Only eight (18%) were discharged home
without any therapy. Most of the survivors (23/45, 51%) re-
quired outpatient rehabilitation, while 14 (31%) were trans-
ferred to inpatient rehabilitation at hospital discharge.

Fig. 1 CONSORT diagram of cohort
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Change in FSS score at ICU and hospital discharge

Baseline FSS score was normal (6 (IQR 6, 9)); the majority of
the cohort (31/45 (69%)) had good baseline function (baseline
FSS score of 6–7). Overall functional status was worse at ICU
discharge compared to baseline (median 10 (IQR 8, 13)) (p <
0.0001 compared to baseline FSS) with the majority (31/45,
69%) having a worse FSS score at ICU discharge compared to
baseline. Eight patients (18%) had no change from baseline,
and six (13%) had an improved FSS score at ICU discharge.
Four of the six patients with improvement in FSS score had a
genetic comorbidity.

FSS score was 8 (IQR 6, 11) at hospital discharge (p = 0.02
compared to baseline FSS). Fifteen patients (33%) were
discharged with good function, 16 patients (34%) were
discharged with mildly abnormal function, 13 patients (29%)
had moderately abnormal function, and one survivor (2%) had
very severely abnormal function at discharge.

In univariate analyses, significant risk factors for develop-
ing worse FSS at ICU discharge compared to baseline includ-
ed having a non-genetic morbidity (OR 46.51 (CI 2.49,
869.56)) and cumulative sedation duration of 9 days or more
(OR 12.68 (95% CI 1.45, 110.50)). Interestingly, PELOD at
ICU admission was not associated with worse FSS at ICU
discharge or hospital discharge. PELOD score was forced into
multivariable models to control for severity of illness. Despite
no independent association with FSS at ICU discharge, inclu-
sion of PELOD strengthened the association for independent
effect of cumulative duration of sedation and did not change
the point estimate associations between non-genetic morbidity
and surgery (Table 2). However, PELOD was independently
associated with FSS on hospital discharge, along with days of
sedation and non-pulmonary comorbidity (Table 3)

New morbidity and moderate to severe disability

Twenty-three of the 45 patients (51%) qualified as having a
new morbidity based on three or more points increase in their
FSS score. In multivariate analysis, duration of sedation (OR
24.50 (95% CI 3.01, 199.34)) was independently associated
with new morbidity at ICU discharge, while genetic comor-
bidity and having surgery in the OR were associated with
lower odds of new morbidity (Table 4).

The majority of the cohort had FSS ≥ 10 on ICU discharge
(26/45, 58%); therefore, they were classified as moderate or
severe disability (Fig. 2, Supplemental Table 4). Patients with
moderate to severe disability at ICU discharge were more
likely to have neurologic or GI/liver comorbidities and less
likely to have renal comorbidities. They had longer length of
ventilation, longer duration of CKRT, and longer exposure to
sedation and neuromuscular blockade. Their peak OI and per-
cent fluid overload were higher (Supplemental Table 4). On
multivariable analysis, when controlled for baseline FSS, the

presence of a neurologic comorbidity (OR 20.02 (95% CI
1.01, 383.75)) and percent fluid overload at CKRT start (OR
1.04 (1.0, 1.08)) were independently associated with moderate
to severe disability, while patients with renal comorbidity at
baseline were less likely to have moderate to severe disability
at ICU discharge (OR 0.03 (95% CI <0.01, 0.59)) (Table 4).

Discussion

We demonstrated that the majority of pediatric CKRT survi-
vors had higher FSS scores on ICU discharge compared to
baseline and over half developed new morbidity. Almost
60% of survivors were classified as having moderate to severe
disability at ICU discharge. Majority of the patients required
inpatient and outpatient rehabilitation. While FSS modestly
improved at hospital discharge, it was still higher than base-
line. Independent predictors of worse FSS at ICU discharge
were duration of sedation, while genetic comorbidity and sur-
gery during the admission were associated with lack of change
in FSS. Duration of sedation was also associated with new
morbidity, while neurological comorbidity and fluid overload
were independent predictors for moderate to severe disability.
Non-pulmonary comorbidity, longer sedation, and higher
PELOD score on ICU admission were associated with higher
FSS scores at hospital discharge.

In 2018, Pinto et al. described the long-term morbidity for
children under 18 years admitted to the PICU with any diag-
nosis 3 years post discharge [9]. At discharge, 5.2% of patients
were classified as having newmorbidity. The concerning find-
ing from this study is that, contrary to the general assumption
that survivor functionality would improve over time, at 6-
month and at 3-year follow-up, new disability rates increased
to 6.5% and 10.4%, respectively, demonstrating a sustained
increase in morbidity even 3 years after discharge.
Considering over half of our population developed new mor-
bidity at discharge, our findings are sobering. This fraction is
staggeringly high compared to recently reported post-
discharge morbidity in children with acute respiratory failure,
where 20% of the cohort developed functional decline at
PICU discharge [11].

Nonrenal outcomes have been explored only in septic AKI
in children. Fitzgerald et al. described mortality and new mor-
bidity in a pediatric population with severe sepsis and AKI
based on Pediatric Overall Performance Category (POPC)
score at admission compared to at discharge or 90 days after
study start date [6]. In this study, 37% of survivors with severe
sepsis and severe AKI developed new disability, and 24% had
moderate disability at discharge. Of note, only 60% patients in
that study required kidney replacement therapy, and the mor-
bidity for that subset was not delineated. Our population had a
higher rate of morbidity at discharge than children with severe
AKI and sepsis. Recently, Starr and colleagues demonstrated
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higher FSS scores at discharge in pediatric septic shock pa-
tients with AKI, and lower quality of life at 3 months after
discharge with poor physical performance in AKI survivors
[12]. Intriguingly, neurocognitive problems have been de-
scribed to persist in 2-year follow-up in patients who develop
AKI in the setting of severe malaria [13, 14]. Collectively,

these findings highlight the connection between kidney injury
and global poor outcomes in critical illness.

Interestingly, in our cohort, there was a significant protec-
tive effect from having pre-existing kidney disease against
developing moderate to severe disability at discharge. We
did not compare the severity of illness for the eleven survivors

Table 1 Baseline characteristics
of the whole cohort, patients with
intact survival (ICU discharge
FSS same as admission or better),
and worse functional status (FSS
on ICU discharge higher than
baseline FSS)

Baseline characteristics All surviving
CKRT patients

n = 45

Intact
survival

n = 14

Higher FSS at
ICU discharge

n = 31

p-value

Female 19 (42%) 6 (32%) 18 (69%) 0.954

Age, years 4 (0.8–11) 4.5 (0.8–12) 4 (0.8–10) 0.720

Total number of comorbidities 2 (1, 4) 2.5 (1, 5) 2 (1, 4) 0.412

Genetic comorbidity 7 (16%) 5 (71%) 2 (29%) 0.023`

Tracheostomy on admission 1 (2%) 1 (100%) 0 0.331`

G-tube dependent on admission 6 (13%) 4 (67%) 2 (33%) 0.065`

Baseline FSS 6 (6, 9) 8.5 (6, 17) 6 (6, 6) 0.007

PELOD on ICU admission 12 (10, 31) 10.5 (0, 31) 22 (10, 31) 0.247

Cardiopulmonary Resuscitation 4 (9%) 1 (25%) 3 (75%) 1.000`

New seizure 4 (9%) 2 (50%) 2 (50%) 0.578`

Mechanical ventilation 40 (89%) 12 (30%) 28 (70%) 0.639`

Length of invasive mechanical
ventilation, days

8 (3, 32) 5 (1, 8) 11 (5, 34) 0.056

≥ 10 days 3 (14%) 19 (86%) 0.013

Highest OI 8.5 (3, 19.6) 5 (2.4, 23.4) 9.3 (3, 19.6) 0.515

Days on sedation 8 (2, 25) 3.5 (1, 8) 10 (0, 34) 0.127

≥ 9 days 3 (14%) 18 (86%) 0.023

Days on neuromuscular blockade 1 (0, 5) 0 (0, 3) 2 (0, 7) 0.097

≥ 1 day 5 (19%) 22 (81%) 0.025

Days on parenteral nutrition 8 (0, 17) 5 (0, 10) 8 (3, 25) 0.192

Days on CKRT 9 (3, 18) 5 (2, 8) 12 (6, 27) 0.020

Repeat CKRT 3 (7%) 0 3 (100%) 0.541`

PELOD at CKRT start 31 (12, 32) 26.5 (10, 40) 32 (12, 32) 0.630

% fluid overload at CKRT start 34.5 (11, 70) 26.5 (2.6, 49) 42.5 (18, 74) 0.124

Hemodialysis 26 (58%) 8 (31%) 18 (69%) 0.003

CKRT, continuous kidney replacement therapy;FSS, Functional Status Scale;GI, Gastrointestinal; ICU, intensive
care unit; OI, oxygenation index; OR, operating room

Table 2 Multivariable ordinal regression of factors associated with
change in FSS at ICU discharge (compared to FSS at baseline)

Risk factors for change in FSS score at ICU discharge compared to
baseline

Variable Adjusted odds ratio (95% CI) p-value

PELOD on ICU admission 0.99 (0.93, 1.04) 0.641

Genetic comorbidity 0.05 (<0.01, 0.63) 0.021

Days on sedation (≥ 9) 25.18 (3.73, 169.92) 0.001

Surgery in OR 0.11 (0.01, 0.87) 0.036

FSS, Functional Status Scale; OR, operating room

Table 3 Multivariable generalized linear models (GLM) for higher FSS
at hospital discharge compared to baseline

Risk factors for higher FSS at hospital discharge (FSS hospital discharge
> FSS baseline)

Variable Adjusted odds ratio (95% CI) p-value

Pulmonary comorbidity 0.02 (<0.01, 0.39) 0.009

Days on sedation (≥ 9) 49.14 (4.60, 524.42) 0.001

PELOD on ICU admission 1.06 (1.00, 1.12) 0.049

FSS, Functional Status Scale; ICU, intensive care unit; PELOD, Pediatric
Logistic Organ Dysfunction score
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with pre-existing renal disease to the remainder of the cohort,
but good global outcomes have been demonstrated in children
receiving CKRT primarily for a renal indication in other co-
horts [15, 16]. Although not examined separately, there were
more patients who received intermittent HD after CKRT in the
worse FSS group compared to intact survival; whether this
reflects the adverse impact of delayed kidney recovery on
functional outcomes remains speculative and should be fur-
ther investigated. Having a genetic diagnosis also suggested to

be protective against developing new morbidity, and four of
the six patients who had an improvement in their FSS score
had a genetic comorbidity. We hypothesize that this finding
might be due to the presence of toxic metabolites affecting
patients’ central nervous system prior to treatment with
CKRT and benefit from purification therapy directed at the
underlying disorder, as inborn error of metabolism is an indi-
cation for CKRT in pediatrics [17]. Alternatively, FSS tool
might lack sensitivity to capture potentially subtle changes
that happen due to ceiling effect or parental preference to limit
invasive interventions in this population. We categorized in-
born errors of metabolism within the comorbidity category of
genetic diseases, and not as a category on their own. While
these patients frequently require extracorporeal therapy only
for blood purification and do not always develop AKI, there
were only three patients with inborn errors of metabolism in
our genetic comorbidity cohort, significantly limiting our abil-
ity to generate specific conclusions within our data set. Either
way, this observation likely is not generalizable to other PICU
survivor cohorts.

The number of days a patient received sedation significant-
ly correlated with the development of higher FSS and new
morbidity on univariate andmultivariable analyses controlling
for severity of illness. Sedation days positively correlated with
length of ventilation, days on parenteral nutrition, days on
CKRT, and days on neuromuscular blockade, which are all
therapies associated with a higher severity of illness.
Associations between opioid use and cognitive impairments
after pediatric critical illness have been described, but inter-
estingly, relationship between kidney impairment during
PICU stay and outcomes has not been explored [4, 5].
Similarly, association between severity of illness and

Table 4 Multivariable logistic regression of factors associated with new
morbidity at ICU discharge and multivariable generalized linear model
(GLM) of factors associated with moderate to severe disability (FSS ≥
10 at ICU discharge). Baseline FSS was forced into the models to control
for preexisting functional impairment

Risk factors for new morbidity

Variable Adjusted odds ratio (95% CI) p-value

Genetic comorbidity 0.02 (<0.01, 0.40) 0.010

Days on sedation (≥ 9) 24.50 (3.01, 199.34) 0.003

Surgery in OR 0.05 (<0.01, 0.56) 0.015

Percent fluid overload 1.03 (1.00, 1.06) 0.067

Risk factors for moderate to severe disability at ICU discharge

Adjusted odds ratio (95% CI) p-value

Baseline FSS > 6 0.63 (0.04, 10.02) 0.744

Neurologic comorbidity 20.02 (1.01, 383.75) 0.047

Renal comorbidity 0.03 (<0.01, 0.59) 0.021

Days on sedation 1.14 (0.99, 1.32) 0.067

Percent fluid overload 1.04 (1.0, 1.08) 0.040

FSS, Functional Status Scale; ICU, intensive care unit; OR, operating
room

Fig. 2 Sankey diagram of change in Functional Status Scale (FSS) at
baseline, on admission, at ICU discharge, and at hospital discharge.
Colored bars represent the categories of FSS while the horizontal ribbons

represent number of patients moving from one category to the next at the
different time points
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cognitive impairment has not been widely reported, but this
might be due to inability to truly capture chronic disease bur-
den and actual severity of illness with current scoring systems.
In pediatric acute respiratory failure, exposure to certain clas-
ses of sedatives and opioids, such asmethadone and clonidine,
has been associatedwith functional decline and impaired qual-
ity of life post discharge [11]. Kidney dysfunction and treat-
ment with extracorporeal therapies fundamentally impact
pharmacokinetics of many therapeutics, changing the volume
of distribution and clearance [18–20]. It is plausible to propose
that children who have abnormal kidney function and there-
fore require CKRT would be at higher risk of accumulation of
sedative agents and their active metabolites. We were not able
to assess cumulative dose and number of sedative agents used
in our patients. It would be interesting to see if our results can
be replicated in other PICUs with alternative sedation proto-
cols. Our findings add yet another dimension to post intensive
care syndrome in pediatrics, raising the question of stratifica-
tion of patients not only according to primary diagnostic cat-
egories but also according to pattern of organ failure during
PICU stay to explore outcome associations and devise inter-
ventional approaches in post-PICU follow-up.

Our study had limitations. Retrospective approach prevents
establishing casuality between clinical characteristics and
worse functional outcome. We were limited in covariates that
could be included in our statistical models due to sample size.
We chose to focus on functional status of survivors at ICU
discharge, as we wanted to capture the patients after the ICU
stay while still in the hospital to explore this potential window
of opportunity for intervention. We did not have long-term
follow-up data on our patients and cannot evaluate their tra-
jectory post hospital discharge. Further studies could leverage
planned medical follow-up as opportunities to assess FSS for
longitudinal changes. As a single-center study, our findings
might have limited external validity, although our cohort is
similar to other CKRT populations from resource-replete set-
tings [3, 21, 22]. While days on sedation were associated with
all outcomes, the estimates were often imprecise (indicated by
wide CI) due to our sample size; thus, actual magnitude of
effects should be interpreted with caution.Wewere not able to
precisely measure exposure to sedation as cumulative dosing
data was not available to the investigators. In addition, as
would be expected, there is high correlation between days
on sedation and days on CKRT, days on neuromuscular
blockade, and length of ventilation. Due to this known corre-
lation between risk factors (and to limited sample size thus
limited number of predictors we can allow in the model), we
used the two-stage model fitting technique to first determine
which predictors were more correlated and then only included
those with low p-values and BIC in the final model—this
resulted in restricting to only the most associated predictors
included in the model and removing multiple predictors that
measure similar risks (such as length of ventilation and days

on sedation). With the growing recognition of ICU-related
morbidity, including deconditioning and prolonged immobi-
lization, on adverse outcomes, it would be crucial to explore
whether different approaches to sedation management have
differential impact on functional status of patients. Although
we only documented new abnormal head imaging findings
relying on radiology reports, we were not able to ascertain
the exact indication for imaging and we did not have data on
longitudinal imaging results. We did not assess evolution of
extra-renal organ failure between ICU admission and CKRT
start. Pattern of evolution of organ dysfunction, prior to CKRT
start as well as during and after, might provide additional
prognostic implications.

Similar to survivors of the neonatal intensive care units
who are followed in a multidisciplinary clinic focusing on
their neurodevelopment, some institutions have follow-up
clinics for PICU survivors with congenital heart disease or
traumatic brain injury [23]. As we continue to discover the
impact critical illness has on pediatric survivors, it may be-
come apparent that these follow-up clinics are necessary in
other discrete populations, such as the CKRT population,
whose longitudinal follow-up has largely had a nephrocentric
focus until now. Risk factors for adverse outcomes, if con-
firmed in multicentral studies, constitute both potential inter-
ventional targets during hospitalization and also stratification
tools for facilitating cohorting for optimal follow-up. Patients
with highest risk might benefit from targeted follow-up in
multidisciplinary clinics that incorporate developmental pedi-
atrics with nephrology and other subspecialty follow-up [24].

Conclusions

CKRT survivors develop worse functional outcomes and new
morbidity at PICU discharge and have higher FSS scores at
hospital discharge. This is a newly described vulnerable pop-
ulation requiring global developmental follow-up. Deliberate
decrease of sedation exposure in patients with decreased clear-
ance due to organ dysfunction needs to be studied as a mod-
ifiable risk factor. Given the high proportion of survivors qual-
ifying for moderate to severe disability, inpatient modifiable
risk factors as well as outpatient follow-up need further study
to allocate proper resources and improve outcomes.
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