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Short- and Long-Term Outcome of Chronic Dialyzed
Patients Admitted to the ICU and Assessment of
Prognosis Factors: Results of a 6-Year Cohort Study

Rémi Trusson, MD'; Vincent Brunot, MD?; Romaric Larcher, MD?3; Laura Platon, MD?;
Noémie Besnard, MD?; Olivier Moranne, MD, PhD*?; Saber Barbar, MD, PhD!;
Jean-Emmanuel Serre, MD® Kada Klouche, MD, PhD?*?

Ohjectives: Data about end-stage kidney disease patients admit-
ted to the ICU are scarce, dated, and mostly limited to short-term
survival. The aim of this study was to assess the short- and long-
term outcome and to determine the prognostic factors for end-
stage kidney disease patients admitted to the ICU.

Design: Prospective observational study.

Setting: Medical ICUs in two university hospitals.

Patients: Consecutive end-stage kidney disease patients admit-
ted in two ICUs between 2012 and 2017.

Intervention: None.

Measurements and Main Results: Renal replacement therapy vari-
ables, demographic, clinical, and biological data were collected.
The requirement of mechanical ventilation and vasopressive drugs
were also collected. In-ICU and one-year mortality were esti-
mated and all data were analyzed in order to identify predictive
factors of short and long-term mortality. A total of 140 patients
were included, representing 1.7% of total admissions over the
study period. Septic shock was the main reason for admission
mostly of pulmonary origin. Median Simplified Acute Physiology
Score Il and Sequential Organ Failure Assessment score were
at 63 and 6.7 respectively. In-ICU, hospital, and 1-year mortality
were 41.4%, 46.4%, and 63%, respectively. ICU mortality was
significantly higher as compared with ICU control group non-end-
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stage kidney disease (25% vs 41.4%; p = 0.005). By multivar-
iate analysis, the short-term outcome was significantly associated
with nonrenal Sequential Organ Failure Assessment score, and
with the requirement of mechanical ventilation or/and vasocon-
strictive agents during ICU stay. One-year mortality was associ-
ated with increased dialysis duration (> 3 yr) and phosphatemia
(> 2.5 mmol/L), with lower albuminemia (< 30g/L) and nonrenal
Sequential Organ Failure Assessment greater than 8.

Conclusions: End-stage kidney disease patients presented fre-
quently severe complications requiring critical care that induced
significant short- and long-term mortality. ICU and hospital mor-
tality depended mainly on the severity of the critical event re-
flected by Sequential Organ Failure Assessment score and the
need of mechanical ventilation and/or catecholamines. One-year
mortality was associated with both albuminemia and phosphate-
mia and with prior duration of chronic dialysis treatment, and with
organ failure at ICU admission. (Crit Care Med 2020; XX:00-00)
Key Words: chronic dialysis; chronic renal disease; end-stage
renal disease; intensive care unit; outcome; prognosis

he prevalence of end-stage kidney disease (ESKD) is
rising steadily worldwide (1-5). The majority of these
patients will undergo either chronic hemodialysis
or peritoneal dialysis (2). In France, the incidence of ESKD
patients requiring chronic dialysis is about 164 per million
population and is increasing of 1% per year (6, 7). Dialysis
patients are particularly susceptible to infections due to ure-
mia-related immune deficiency, older age, and comorbidities
including diabetes mellitus and arterial hypertension. They
have also a higher risk of adverse cardiac events including my-
ocardial ischemia and sudden cardiac death (8). Consequently,
dialysis patients frequently experience severe and life-threaten-
ing complications that require critical care (9—14).
ESKD patients are frequently admitted to the ICU much
more than the general population (10, 15-17). They bear a poor
prognosis with a substantial risk of morbidity and mortality



(10, 11, 18-23). Aggressive life support has been sometimes
considered questionable or even futile. Several studies aimed
to identify chronic renal disease (CRD) patients susceptible
to benefit from critical care by the research of mortality risk
factors. Indeed, an elevated phosphatemia and multiple organ
failure at admission were found to be associated with mor-
tality (9—11, 24, 25). Critical care severity scores were also cor-
related with the mortality but overestimated it probably due to
the taken into account of abnormal variables related to ESKD
(9, 10, 16, 26, 27). In these recent years, substantial advances
in management of both dialysis and critical care have been
realized and may significantly modify the prognosis of such
patients. These better provisions of care may be associated with
improved mortality rates. Previous investigations were mostly
performed and published more than 10 years ago (9, 10, 25).
Furthermore, they mainly investigate only in-ICU mortality
or short-term survival. This lack of recent comprehensive data
prompted us therefore to carry out a 6-year analysis of a large
cohort of CRD patients admitted to an ICU in order to study
epidemiology and the clinical features of severe complications
and to reassess the factors of prognosis and short- and long-
term mortality.

PATIENTS AND METHODS

This observational prospective study was performed in two
medical ICUs of university hospitals in Montpellier and Nimes,
France. The Institutional Review Board approved the study
and waived the need for informed consent. In both hospitals,
chronic dialyzed (CD) patients are followed by nephrologists
and admitted in Nephrology and Transplantation Department
for any complication. Whenever any of these patients present a
severe and life-threatening condition necessitating prolonged
mechanical ventilation (MV) or/and hemodynamic support,
they are transferred to ICUs and followed simultaneously with
the dialysis team. Our policy is that the decision to admit to
ICU and to intensively treat this population should be made
by both the intensivists and the nephrologists and according to
the patient and family wishes.

Study Population

All consecutive CD patients admitted to both ICUs from Jan-
uary 2012 to December 2017 were included in the study. A
patient was considered CD if he or she was undergoing he-
modialysis or peritoneal dialysis for at least 3 months. ESKD
patients admitted to the ICU after scheduled surgery without
postoperative complications, trauma or attempted suicide, or
with a Simplified Acute Physiology Score II (SAPS II) less than
15 were excluded. When a patient was admitted twice or more,
only the first ICU admission was considered.

During ICU stay, the choice of renal replacement therapy
(RRT) modality was depending on patient hemodynamic sta-
bility and was daily reevaluated. Patients with hemodynamic
instability or severe fluid overload were preferentially treated
with continuous venovenous hemodia/filtration (CVVHD/F)
or sustained low-efficiency daily dialysis filtration (SLEDD-f)
and with intermittent hemodialysis when they had or recovered

hemodynamic stability. Patients previously chronically treated
by peritoneal dialysis were also switched to hemodialysis/filtra-
tion during their ICU stay.

Data Collected

Demographic, clinical, and biological data were collected pro-
spectively and included age, sex, comorbidities, and Charlson
Comorbidity Index (28). The following variables were also
collected: primary renal disease, type and duration of dialysis,
vascular access, previous renal transplantation, mean albumin-
emia level in the last 3 months prior to the acute episode. The
type, medical or surgical, and reason of ICU admission were
noted. An admission was considered as surgical when a sur-
gery was performed 1 week before or after it; surgery was con-
sidered urgent if performed within 24 hours of its indication.
Time elapsed from hospital to ICU admission was recorded
and differentiated into direct ICU admission (0 d), less or
more than 7 days. Upon ICU admission, clinical and biological
variables including albuminemia, lactatemia, serum bicarbo-
nate, and phosphoremia, were monitored. The severity of the
disease was assessed 24 hours after admission using the SAPS
II (26) and the Sequential Organ Failure Assessment (SOFA)
scores excluding renal failure (29). During the ICU stay, the
need for and the duration of invasive MV, and the use of vaso-
active drugs were monitored. During ICU stay, we also assessed
the occurrence of complications including ventilator-acquired
pneumonia, catheter-related infection, and hemorrhagic or
thrombotic events.

Study Outcomes
ICU and hospital length of stays and outcome including ICU,
in-hospital, 90 days, and 1-year mortality were also recorded.
The survival state and date of death, if applicable, were col-
lected using computerized medical file records or by phone
contact with dialysis center medical referent of each patient.
Death by limitation of care, usually stopping RRT, was in-
formed. We compared survivors and nonsurvivors for all the
above variables in order to identify the predictive factors of
ICU and 1-year mortality.

The studied population was compared with a matched con-
trol group (by age, sex, SOFA and SAPS II scores, and main
ICU management) in term of ICU mortality.

Statistical Analysis

Qualitative data were described as numbers and percentages,
and quantitative data as means with sps, except for non-Gauss-
ian variables which were displayed as medians with 25th and
75th percentiles. ICU survival was defined as the time between
ICU admission and ICU discharge, and in-hospital survival
as the time between ICU admission and hospital discharge.
Patients were classified as survivors if they were discharged, re-
spectively, from the ICU and from the hospital. Because hos-
pital death and discharge are competing risks, survival was
analyzed using cumulative incidence estimates. One-year sur-
vival was defined 1 year starting from ICU admission. Data
of patients who died afterward were censored at 3 months, 6



months, and 1-year follow-up, respectively. One-year survival
was estimated using the Kaplan-Meier method. ICU mortality
of this population was compared to an ICU non-ESKD con-
trol group that was matched by age, sex, SOFA score, and ICU
management.

The analysis of ICU prognostic factors used a cause-specific
Cox model, in the context of competing risks. The analysis of
1-year survival prognostic factors also involved a standard Cox
regression. Factors associated with survival in the univariate
analysis (cutoff of p < 0.1) were included in the multivariate
analysis, and a step-by-step variable selection procedure was
performed. Hazard ratios were given with a 95% CI.

All tests were two-tailed with a statistical significance level
of 5%. All statistical analyses were performed using SPSS 18.0
software (IBM, Armonk, NY) and GraphPad Prismversion
5.00 (GraphPad Software, San Diego, CA).

RESULTS

Population

During the study period, 8,235 patients were admitted to ICUs.
One-hundred forty of these patients required chronic renal
dialysis and entered the study representing 1.7% of all ICU
admissions (Fig. S1, Supplemental Digital Content 1, http://
links.Iww.com/CCM/F524; legend, Supplemental Digital Con-
tent 6, http://links.Iww.com/CCM/F529). Also, the studied
population represented 1.4% of ESKD patients (140/1,802)
who had emergency hospital admission.

Demographic data, comorbidities, and characteristics of
chronic renal failure of the studied population are displayed
in Table 1. Ninety-four males and 46 females (sex ratio male/
female: 2.04) with median age at 70 years (62-76 yr) were
studied. More than 80% of the patients (113/140) were over
60 years old at admission. Most of the patients had comorbidi-
ties mainly cardiopathy (82/140, 58.6%), dyslipidemia (77/140,
55%), peripheral arterial disease (73/140, 52.1%), and diabetes
mellitus (62/140, 44.3%). Median Charlson Comorbidity
Index was 6 (4.5-7). CRD was more frequently hypertension-
induced nephropathy (34.3%), and diabetic nephropathy
(24.3%). Median time dialysis duration before admission was
2.5 years (0.7-6 yr), one of three of patients being dialyzed for
more than 5 years and one of three for less than 1 year. Patients
were treated mostly by hemodialysis (123/140, 88%), including
94 on arteriovenous fistula and 29 on tunneled twin central
venous catheter, and the remaining 17 patients by peritoneal
dialysis. Eighteen patients benefited previously from a kidney
transplant. Previous albuminemia was less than 35g/L in 78
patients (56%).

Reasons of admission were mostly medical (105/140, 75%).
Of note, surgery was performed urgently in 29 patients (21%).
Near half of the patients were admitted directly, whereas 35% of
them were hospitalized 7 days or less before ICU admission. Septic
shock was the most frequent cause of ICU admission (33%),
mainly of pulmonary origin. Other causes for admission included
mainly a cardiovascular event (myocardial infarction, mesenteric
ischemia, stroke: 42/140, 30%) and hemorrhagic shock (20/140,

TABLE 1. Demographic and Characteristics
of the Studied Population

Baseline Characteristics n=140

Age, yr, mean % sp 685+12.3
Sex ratio male/female 94/46:2.04
Comorbidities
Charlson Comorbidity Index, mean + sp 58+2.1
Ischemic heart disease and/or 82 (58.6)
congestive heart failure, n (%)
Ischemic heart disease, n (%) 44 (31.4)
Congestive heart failure, n (%) 61 (43.6)
Dyslipidemia, n (%) 77 (65)
Peripheral arterial disease, n (%) 73 (562.1)
Diabetes mellitus, n (%) 62 (44.3)
Chronic obstructive pulmonary disease, 23 (20)
n (%)
Cerebrovascular disease, n (%) 23 (16.4)
Hepatic cirrhosis child B or C, n (%) 3(2.6)
Chronic renal disease, n (%)
Hypertension-induced nephropathy 48 (34.3)
Diabetic nephropathy 34 (24.3)
Glomerulonephritis or systemic disease 27 (19.3)
Chronic interstitial nephritis 12 (8.6)
Polycystic kidney disease 5 (3.6)
Other disease or undetermined 14 (10)
Prior renal transplant, n (%) 18 (13)

Prior dialysis duration, yr, median 2.38 (0.74-6.07)

(interquartile range 25-75)

Less than 1 yr, n (%) 48 (34.3)
Between 1 and 3 yr, n (%) 25 (17.9)
Between 3 and 5 yr, n (%) 21 (15)
More than 5 yr, n (%) 44 (31.4)
Unknown or not available, n (%) 2(1.4)
Dialysis modality, n (%)
Hemodialysis 123 (88)
Arteriovenous fistula, vascular 94 (67.1)
prosthesis, or bridging
Tunneled central venous catheters 32 (22.9)
Peritoneal dialysis 17 (12)
Albuminemia < 35g/L 52 (66.5)

14.3%). These results are summarized in Table S1 (Supplemental
Digital Content 2, http://links.lww.com/CCM/F525). Twenty-six
patients (26/140, 18.6%) presented a cardio-circulatory arrest
prior to ICU admission.



At admission, high mean SAPS II (63+22) and nonrenal
SOFA scores (6.7 +3.8) underlined the severity of the patient
illnesses (Table 2). Mean phosphatemia and albuminemia were
1.65+0.86 mmol/L and 27.3£7.7g/L, respectively. Eighty-
eight patients (63%) had serum albumin of less than 30g/L
and 48 patients (34%) had a lactatemia greater than 4 mmol/L
(Table 2).

During the ICU stay, 100 patients (71.4%) received invasive
MV; 94 (67.1%) received vasoconstrictive agents for a median
duration of 2 days (0-4.5 d) and 2 days (0—4 d), respectively
(Table 2). In the first ICU days, RRT modality was CVVHD/F
or SLEDD-f and was changed to intermittend hemodialysis/fil-
tration when hemodynamic stability was obtained. Permanent
vascular access was never used. Vascular access consisted of a
double-lumen central venous dialysis catheter of 15.5F caliber
placed at right internal jugular or femoral vein for all patients
except for 20 of the 29 patients who had a tunneled twin jug-
ular venous catheter. Complications that occurred during ICU
stay are summarized in Table 2.

Median length stays was 4 days (2-8 d) in ICU and 10 days
(0-20 d) in hospital (Table 2). Fifty-eight patients died in ICU
(41.4%) and seven in the hospital which brings the mortality at
46.4%. In-hospital mortality was lower than that predicted by
SAPS 1II score (Fig. S2, Supplemental Digital Content 3, http://
links.Iww.com/CCM/F526; legend, Supplemental Digital
Content 6, http://links.lww.com/CCM/F529). A control group
of 140 ICU non-ESKD patients was matched by age, sex, SAPS
II and SOFA scores, and ICU management to our ESKD pop-
ulation. ICU mortality was significantly lower in the control
group (25% vs 41.4%; p = 0.005) (Table S2, Supplemental
Digital Content 4, http://links.lww.com/CCM/F527). Mortality
after 90 days and 1-year was at 50% and 62.9%, respectively.
Figure S3 (Supplemental Digital Content 5, http://links.lww.
com/CCM/F528; legend, Supplemental Digital Content 6,
http://links.lww.com/CCM/F529) represents the Kaplan-Meier
curve for 1-year survival after admission to the ICU.

Prognostic Analysis of the 140 CKD Patients
Admitted to the ICU
The univariate analysis of the data between ICU survivors
and nonsurvivors is shown in Table 3. Among severity scores
at ICU admission, nonrenal SOFA score greater than 8 was
significantly associated with the mortality. Among biological
variables studied upon ICU admission, the following were
also significantly predictive of mortality: albuminemia less
than 30g/L, serum lactate greater than 4 mmol/L, phosphate-
mia greater than 2.5 mmol/L, serum bicarbonate less than 15
mmol/L. At ICU admission and during ICU course, the need
for MV, for catecholamine, worsens significantly the prognosis.
By multivariate analysis, nonrenal SOFA score greater than 8,
the need of invasive MV, and vasoconstrictive agents were the
only variables independently related to the mortality (Table 3).
By univariate analysis, dialysis duration prior to admission
greater than 3 years was significantly associated with 1-year
mortality in addition to factors previously identified for ICU
mortality (Table 4). However, multivariate analysis retained

TABLE 2. Clinical and Biological Variables
at ICU Admission, Organs Support and
Complications During ICU Stay, and
Outcomes

Variables n=140

ICU admission

SAPS 113, mean % sb 63122

SAPS Il2, median (IOR 25-75) 61 (45.5-81.25)

Ventilatory support, n (%) 100 (71.4)

Vasopressor drugs, n (%) 90 (64.3)

SOFA® excluding renal failure, 6.7+3.8
mean £ sD

SOFA® excluding renal failure, 7 (3.75—-10)
median (IOR 25-75)

Albuminemia < 30g/L, n (%) 88 (62.9)

Albuminemia (g/L), mean % sp 273+77

Albuminemia® (g/L), median 275 (22-32.75)

(IOR 25-75)

Phosphatemia < 1.2 mmol/L, n (%) 32 (28.8)

Phosphatemia > 2.5 mmol/L, n (%) 15 (13.5)

Phosphatemia (mmol/L), median 1.65 (1.156-2)
(IOR 25-75)

Lactate = 4 mmol/L, n (%) 48 (34.3)

ICU management
Ventilatory support, n (%)/duration,d 100 (71.4)/2 (0-4.5)

(I0R 25-75)
Vasopressor drugs, n (%)/duration,d 94 (67.1)/2 (0-4)
(IGR 25-75)
Blood transfusion, n (%) 24 (20.9)
Complications during ICU stay, n (%)
Ventilator-acquired pneumonia 10 (7.1)
Catheter-related infection 7 (5)
Candidemia 1(0)
Severe hemorrhage 12 (8.6)
Outcomes
ICU length of stay, median (IOR 4 (2-8)
25-75)
In-ICU mortality, n (%) 58 (41.4)
Limitation of care, n (%) 42 (30)

Hospital length of stay, median 10 (3.75-20.75)

(IOR 25-75)

In-hospital mortality, n (%) 65 (46.4)
Death at D90, n (%) 70 (50)
Death at 1 yr, n (%) 88 (62.9)

IQR = interquartile range, SAPS Il = Simplified Acute Physiology Score,
SOFA = Sequential Organ Failure Assessment.

2SAPS II, SOFA, and albuminemia were parametrically distributed.



TABLE 3. Predictive Factors of ICU Mortality of 140 Chronic Renal Dialysis Patients

Admitted to the ICU

Variables

Univariate analysis
Age > 60 yr
Male vs female
Prior dialysis duration > 3 yr
Charlson Comorbidity Index > 7
Albuminemia < 30g/L
Normal serum phosphorus
Phosphatemia < 1.2 mmol/L
Phosphatemia > 2.5 mmol/L
Serum lactate > 4 mmol/L
Serum bicarbonate < 15 mmol/L
Ventilatory support
Norepinephrine > 0.1 pg/kg/min
Nonrenal SOFA score > 8
Readmission in ICU within 30 d after discharge
Multivariate analysis
Ventilatory support
Norepinephrine > 0.1 pg/kg/min
Nonrenal SOFA score > 8

OR (95% CI) p

1.12 (0.567-2.22) 0.74
1.03 (0.6-1.8) 0.92
1.59 (0.93-2.73) 0.09
1.09 (0.54-2.19) 0.8
2.292 (1.14-4.39) 0.02
Reference

0.7 (0.32-1.49) 0.35
2.04 (0.98-4.25) 0.06
2.22 (1.14-4.32) 0.02
3.05 (1.78-5.25) <0.001
897 (2.8-28.71) <0.001
4.07 (2.06-8.06) <0.001
4.89 (2.81-8.52) <0.001
0.43 (0.06-3.13) 0.41
5.03 (1.48-17.03) 0.009
2.17 (1.02-4.74) 0.049
2.22 (1.13-4.4) 0.02

OR = odds ratio, SOFA = Sequential Organ Failure Assessment.
Univariate and multivariate analysis.

only dialysis duration, nonrenal SOFA score greater than 8,
ICU admission albuminemia less than 30g/L, and phosphate-
mia greater than 2.5 mmol/L as related risk factors of mortality
(Table 4). Kaplan-Meier survival curves at 1 year according to
previous duration of dialysis, nonrenal SOFA score, phospha-
temia, and albuminemia at admission are shown in Figure 1.

DISCUSSION

The aim of this study was to reassess the epidemiology, the
clinical features, and the outcome of critically ill CD patients.
First, we observed that 1.7% of all patients admitted to the ICU
over the examined 6-year period were receiving either chronic
hemodialysis or peritoneal dialysis. We found that the mor-
tality rate for this population was 41% in the ICU, and 46%
when discharged from the hospital. More than two of three of
the patients (52/76) discharged from the hospital survived 1
year later. Our results showed also that an increased scoring
of organs dysfunction (SOFA > 8), the need for either MV or
catecholamines were the main indicators of ICU mortality. A
previous dialysis duration greater than 3 years, “an ICU admis-
sion” albuminemia less than 30 g/L, and phosphoremia greater
than 2.5 mmol/L were predictive of long-term mortality at
1-vear in addition to SOFA score.

During the last decade, the incidence of chronic kidney di-
sease has significantly increased mainly due to the aging pop-
ulation (1). Consequently, a large proportion of older ESKD
patients which present several comorbidities are risky to severe
organ dysfunction and admission to the ICU. Studies about
critically ill ESKD patients reported an ICU mortality vary-
ing from 9% to 44% (9, 10, 15, 16, 24, 25, 30-33). In 2013,
Arulkumaran et al (34) published a systematic review of these
studies. He analyzed 16 studies, all performed before 2010,
that included a total of 6,591 critically ill ESKD patients: two
were prospective case-control studies, four were prospective
cohort studies, and the remaining 10 were retrospective co-
hort studies. Mean patient ages were between 44 and 66 years
(34), whereas that of our population was higher at 70 years
(62-76 yr). Also, our patients, a 2012-2017 cohort, would have
benefited from recent improvement of life expectancy of end-
stage renal diseases and from recent advances in life-sustaining
therapies (35-37). Our first objective was therefore to compare
preexisting data with the more recent data of our cohort in
terms of requirement of ICU care, mortality, and risk factors
of short- and long-term mortality.

Critically ill CRD patients were comparable to those of CRD
population: similar mean age. and comorbidities (5). Among



TABLE 4. Predictive Factors of 1-Year Mortality of 140 Chronic Renal Dialysis Patients

Admitted to the ICU

Variables

Univariate analysis

Age > 60 yr

Male vs female

Prior dialysis duration > 3 yr

Charlson Comorbidity Index > 7

Albuminemia <30g/L

Normal serum phosphorus
Phosphatemia < 1.2 mmol/L
Phosphatemia > 2.5 mmol/L

Serum lactate > 4 mmol/L

Serum bicarbonate < 15 mmol/L

Ventilatory support

Norepinephrine > 0.1 pg/kg/min

Nonrenal SOFA score > 8

Readmission in ICU within 30 d after discharge

Multivariate analysis

Prior dialysis duration > 3 yr

Albuminemia < 30g/L

Phosphatemia > 2.5 mmol/L

Nonrenal SOFA score > 8

OR (95% CI) p

1.07 (0.63-1.82) 0.79
1.02 (0.65-1.59) 0.94
2.09 (1.27-3.44) 0.004
1.03 (0.59-1.80) 0.92
2.33(1.4-391) 0.001
Reference
0.55 (0.31-1.95) 0.03
2.97 (1.23-4.15) 0.008
2.18(1.42-3.34) <0.001
1.94 (1.20-3.14) 0.007
2.06 (1.56-4.53) <0.001
2.86 (1.78-4.6) <0.001
3.64 (2.3-5.45) <0.001
0.96 (0.3-3.03) 094
1.57 (1.08-2.48) 0.048
2.05 (1.2-3.51) 0.01
2.21(1.17-4.15) 0.02
2.8 (1.76-4.45) 0.001

OR = odds ratio, SOFA = Sequential Organ Failure Assessment.
Univariate and multivariate analysis.

all ICU admissions, they accounted for 1.7%, a lower rate as
compared to that previously reported (9). ICU admission rates
as high as 8.6% have been reported (9) but with less severity
as reflected by lower mean SAPS II (43 vs 63). Nonetheless,
reasons of admission complied with those reported in the lit-
erature (34), sepsis mainly of pulmonary origin being the most
often observed. The occurrence of sepsis may be facilitated by
the specific underlying state of dysimmunity (38-40). ICU
mortality rate in this population was at 41.4%, higher than the
observed overall mortality in our units (18-20%). This rate
was also higher than that previously reported (20, 34). Again,
our patients were more severe and experienced mostly severe
multiple organ failure (9). Chapman et al (32) found, in ESKD
patients with multiple organ failure, a similar ICU mortality
rate at 44%. Although this mortality rate was correlated with
SAPS 1I score, it was overestimated (9). We corroborated pre-
vious findings suggesting that SAPS II would not be a reliable
severity score in ESKD patients (34, 41).

Long-term mortality was 50% at 3 months and 63% at 1
year after admission. Long-term outcome was worse than
that of ESKD patients who did not experienced a severe ill-
ness requiring ICU admission. Indeed, 1-year life expectancy

after RRT initiation is about 90% and 78% and 5-year life ex-
pectancy about 77% and 37% in patients older and younger
than 65 years, respectively (7). Also, long-term outcome was
obviously worse than that of ICU general population, but it
would be better than that of others risky patients including
acute renal failure treated by RRT or cirrhotic patients
(11, 42—45). However, it should be underlined that more than
two of three of discharged patients from the hospital survived
at 1 year, which is a relatively favorable outcome. Furthermore,
11 of 26 patients who were admitted after a cardiac arrest were
discharged from the hospital and eight of them were still alive
1 year later. Studies reporting survival at 1 year and beyond
are limited (15, 30-32). Reported mortality rates varied from
35% to 60% with a trend for an increased mortality rate within
the first 1-6 months after discharge and a relatively stable
mortality thereafter, as we observed. Nonetheless, our results
demonstrated meaningful short- and long-term survival and
should therefore prompt intensivists not to consider ICU ad-
mission to be futile and not to avoid intensive therapy in criti-
cally ill CRD patients.

Our major concern in this study was the identification of
predictive factors of both short- and long-term mortality. We
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Figure 1. Kaplan-Meier survival curves at one year. One-yr survival of chronic renal disease patients after ICU admission according to: (A) Sequential
Organ Failure Assessment (SOFA) score; (B) prior dialysis duration; (C) albuminemia (Alb); and (D) phosphatemia (Ph).

found that age and Charlson Comorbidity Index were not asso-
ciated with ICU and hospital mortality. Charlson Comorbidity
Index has been validated as a prognostic factor in elderly pa-
tient, incident patients on peritoneal dialysis and in oncology
patients but not in chronic hemodialysis (46—49). By contrast,
an admission lactatemia over 4 mmol/L and an increased
phosphatemia were associated with ICU mortality (9, 45), but
this association was weak since it was not confirmed by multi-
variate analysis. Multivariate analysis retained only SOFA score
and the requirement of MV or/and vasopressor drugs as pre-
dictive factors of ICU mortality as demonstrated by other stud-
ies (9-11, 25, 50). It strongly suggests that short-term mortality
depends mainly on the number and severity of the acute organ
failures associated to chronic renal failure (9, 16, 26, 51). It is
noteworthy that SAPS II predicted mortality was greater than
the actual mortality. By contrast, variables of nonrenal organ
failure, namely nonrenal SOFA score, seems more useful. Data
of SOFA score validity remains, however, conflicting with an
area under the curve varying from 0.66 to 0.92 (33, 52) and
require further validation. Yet, a significant number of patients
died shortly after ICU discharge and within 90 days alerting
physicians that ESKD patients may have a decreased physio-
logic reserve and are more susceptible to relapse from their
original critical illness.

A dialysis duration over 3 years, an ICU admission albu-
minemia less than 30g/L and phosphatemia greater than
2.5 mmol/L, and a nonrenal SOFA greater than 8 at admis-
sion predicted a worse long-term outcome at 1 year, whereas

requirement of MV or/and catecholamines during ICU stay
did not. Hyperphosphatemia may be an indicator of inade-
quate renal replacement (including medical therapy) and a risk
factor for cardiovascular disease (9). Hypoalbuminemia is pre-
dictor of death in ESKD patients, yet its cause is multifactorial
including malnutrition and an inflammatory state either acute
or chronic (53, 54). It may also reflect the acute illness. Our
results suggest that chronic treatment of ESKD may influence
1-year mortality by duration and quality of RRT as reflected
by the level of phosphatemia and “probably” by patient’s nu-
tritional status (24). A score that take into account duration
and quality of chronic dialysis, previous nutritional status and
severity of organ involvement at ICU admission would best
predict long-term outcome of critically ill ESKD patients and
would help intensivists and nephrologists to best manage such
a complication in accordance with family and patient wishes
(55-59). It is noteworthy that, in our cohort, about 40 patients
died as a result of a limitation or discontinuation of active
therapies.

This study has several strengths. It was the most recent study
on CRD patients admitted to the ICU. Additionally, consec-
utive inclusion of unselected critically ill ESKD patients may
limit selection bias. Last, we were able to evaluate the long-
term outcome. This study has also several limitations. This ob-
servational study was conducted in two ICUs in close contact
with their Nephrology and Transplantation departments that
may be not the case elsewhere. Furthermore, criteria for re-
ferral to ICU and ICU admission policies may vary. Indeed,



patients that have not been admitted because of futile aggres-
sive care were not included in our analysis. Consequently,
our results should not be generalized to all ICUs. RRT related
variables including fluid removal, pre- and intradialytic vari-
ables and hemodynamics, prior biological variables like anemia
were not collected but they may alter outcome and should be
further evaluated. Our follow-up lasted 1 year but it was dem-
onstrated that critical illness would impact long-term mor-
tality only the first 2 years and particularly the first 6 months.
We must acknowledge that the occurrence of nonsevere event
the year after hospital discharge has not been recorded; poten-
tial ICU readmission has been however collected. Last, we did
not investigate the quality of life and associated morbidity after
ICU discharge.

CONCLUSIONS

In summary, severe complications in ESKD patients are far
from negligible, representing about 2% of all ICU admissions.
They are mostly septic of pulmonary origin. Factors predictive
of ICU and hospital mortality depend mainly on the severity
of the critical event as reflected by nonrenal SOFA score and
the need of MV and/or catecholamines. Long-term outcome is
associated both with nutritional status and prior chronic dial-
ysis treatment and with the number of organ failure at ICU ad-
mission. In order to improve the likelihood of survival in this
population, further research is however still needed regarding
critical care management and prediction of mortality. Also,
there is a need for additional investigation to evaluate the im-
pact of critical illness on readmissions, further risk of critical
illness, quality of life, measures of frailty and functional status.
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