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ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess the association between cystatin C-derived estimates of kidney function and mortality and

Cystatin C acute kidney injury (AKI) in sepsis.

i;‘“‘“ren pore syndrome Materials and methods: Post-hoc analysis of sepsis patients in the FINNAKI-cohort (n = 802). Primary outcome
ortality

was 90-day mortality. We measured plasma cystatin C and creatinine at intensive care unit (ICU) admission
and estimated glomerular filtration rates (eGFRcys, €GFRcrea) and shrunken pore syndrome (SPS; defined as
€GFRcys/€GFRrea ratio < 0.7). Associations were assessed using Cox- or logistic regression.
Results: Increased cystatin C and decreased eGFRs were associated with mortality in unadjusted analyses and in
analyses adjusted for illness severity and creatinine. Hazard ratios (HRs) in unadjusted analyses were 3.30 (95%
Cl; 2.12-5.13, p < 0.001) and 3.26 (95% CI; 2.12-5.02, p < 0.001) respectively. SPS was associated with mortality
in an unadjusted- (HR 1.78,95% CI; 1.33-2.37, p < 0.001) and in an adjusted analysis (HR 1.54,95% CI; 1.07-2.22,
p = 0.021). All cystatin C-derived measures were associated with mortality also after adjustment for AKI devel-
opment. Cystatin C was associated with AKI in unadjusted analyses but not in analyses adjusted for creatinine.
Conclusion: Cystatin C and derived measures of kidney function at ICU admission are associated with an increased
90-day mortality. Increased AKI incidence does not fully explain this association.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

sepsis
Acute kidney injury

1. Introduction

Sepsis is a life-threatening disease caused by a dysregulated host re-

sponse to infection [1]. Recent estimates suggest that 48 million cases of

- sepsis occur globally every year and mortality is estimated to be 20-25%
Abbreviations: ACE, Angiotensin Converting Enzyme; AKI, Acute Kidney Injury; ARB, [1‘2]' Pre-existing chronic kidney disease and development of acute kid-

Angiotensin Receptor Blocker; CAPA, Caucasian Asian and Pediatric Adult; CI, Confidence .. AKI iated with hieh tality 13-10
Interval; CNS, Central Nervous System; COPD, Chronic Obstructive Pulmonary Disease; ney injury ( ) are associated with an even higher mortality [3-10]

Crea, Creatinine; CRP, C Reactive Protein; Cys, Cystatin C; Da, Dalton; eGFR, Estimated suggesting that early assessment of kidney function in sepsis patients
Glomerular Filtration Rate; eGFRce,, Estimated Glomerular Filtration Rate based on may identify patients with increased risk of death.
creatinine; eGFR.ys, Estimated Glomerular Filtration Rate based on cystatin C; ICU, Cystatin C, a 13.4 kDa serine protease inhibitor, is produced by nu-

Intensive Care Unit; IQR, Interquartile Range; GFR, Glomerular Filtration Rate; HR, . . .. . . .
Hazard ratio; LM-rev, Lund Malmé-revised; MDRD, Modification in Diet in Renal cleated cells in the body and is eliminated by filtration in the glomeruli.

Disease; NSAID, Non-Steroidal Anti-Inflammatory Drug; OR, Odds Ratio; RRT, Renal ComparEd WI.th creatm%n.e, cystatin Cis le.ss mﬂuenFEd by Char.lges m
Replacement Therapy; SAPS, Simplified Acute Physiology Score; SPS, Shrunken Pore body composition, nutritional status, and inflammation and estimates
Syndrome; Q1, Quartile 1; Q2, Quartile 2; Q3, Quartile 3; Q4, Quartile 4. of glomerular filtration rate (GFR) based on plasma concentration of
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E-mail address: erik linne@med lu.se (E. Linné). mates [11-16]. Moreover, cystatin C is a much larger molecule than
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creatinine (113 Da) and may therefore reflect other aspects of glomeru-
lar filtration than creatinine does. Taken together this indicates that
cystatin C may be particularly valuable as a measure of renal function
and for risk stratification in the critically ill [17-27].

Cystatin C has been shown to be more strongly linked to mortality
than creatinine in large general-population cohorts [28-30]. Recently,
a decreased ratio of cystatin C- to creatinine-derived GFR estimates
was shown to be associated with increased mortality in general-
population cohorts as well as in post-operative thoracic surgical
patients [23,31-33]. Because a larger decrease in cystatin C filtration
compared with creatinine filtration could theoretically be explained
by a decrease in glomerular pore size, the name shrunken pore
syndrome (SPS) was coined to describe this condition [23,34]. In
mixed cohorts of critically ill patients, plasma concentration of cystatin
C at intensive care unit (ICU) admission did not predict mortality in a
small single center study [35] whereas some studies have suggested
that cystatin C and estimates of GFR based on cystatin C are more
strongly associated with mortality than estimates of GFR based on
creatinine later in the course of ICU stay [36-38]. Whether cystatin
C-based estimates of GFR and SPS are associated with an increased
risk of death already at ICU admission in patients with sepsis is unclear.

2. Objectives

Based on the above, the primary objective of this study was to assess
the association between mortality and plasma concentration of cystatin
C, cystatin C-based estimates of GFR, and SPS at ICU admission in a co-
hort of sepsis patients. The secondary objective was to assess the associ-
ation between cystatin C and development of AKL

3. Methods and materials
3.1. Study population

This was a post-hoc analysis of the prospective observational
FINNAKI study which studied risk factors, incidence, and outcome of
AKl in a cohort of consecutively included patients enrolled at 17 Finnish
ICUs between 1 September 2011 and 1 February 2012 [6]. The study
protocol was approved by the Ethics Committee of the Department of
Surgery, Helsinki, and Uusimaa Hospital District, including a delayed
consent by either the patient or a proxy. The FINNAKI study included
elective admissions with an ICU stay >24 h along with all emergency
ICU admissions and has been described in detail previously [6]. Exclu-
sion criteria were age < 18 years, chronic dialysis treatment, impending
organ donation, non-Finnish nationals, patients who received interme-
diate care and patients who had received dialysis during a previous ICU
stay.

3.2. Inclusion criteria

Patients from the FINNAKI cohort with severe sepsis (either at
ICU admission or developed during study period) according to the
sepsis-2 criteria were included if a plasma sample at admission was
available [39].

3.3. Data and sample collection

Length of stay in the ICU, demographics, physiologic data, medical
history and severity scores were gathered from the Finnish Intensive
Care Consortium prospective database (Tieto Ltd., Helsinki, Finland).
AKI was defined and staged using the KDIGO criteria using daily creati-
nine and hourly urine output measurements. AKI status was followed
during the first five days [40] in the ICU. Pre-admission creatinine was
defined as the most recent value within a year prior to admission, ex-
cluding the week prior to admission to the ICU. If baseline serum creat-
inine was unavailable the modification in diet in renal disease (MDRD)
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Eq. [41] was used to estimate pre-admission creatinine for assessment
of AKI status assuming a glomerular filtration rate of 75 ml/min/1.73 m?.

3.4. Plasma analysis

The plasma samples used for measurement of cystatin C and creati-
nine in this study were collected within two hours of arrival in the ICU.
Cystatin C and creatinine plasma concentrations were measured using
Olink CARDIOVASCULAR II and Olink INFLAMMATION panels (Olink
Proteomics AB, Uppsala, Sweden). All samples were normalized, and
quality controlled according to the manufacturer's recommendations.
The Caucasian, Asian, Pediatric, and Adult (CAPA)-Eq. [42] was used
when estimating GFR from plasma concentration of cystatin C (eéGFRcys)
and the Lund-Malmé (LM)-rev-equation when estimating GFR from
plasma concentration of creatinine (eGFRe,) [43-45].

3.5. Outcomes

Primary outcome was 90-day mortality. Secondary outcomes were:
a) development of AKI between 12 h and 5 days after admission at the
ICY, and b) renal replacement therapy (RRT). Patients with AKI at ICU
admission, patients who developed AKI within 12 h of ICU admission
and patients with chronic kidney disease were excluded from analyses
with AKI as an outcome.

3.6. Statistical analyses

No power analysis was performed and the number of patients fulfill-
ing inclusion criteria in the FINNAKI cohort determined the sample size.
The association between cystatin C, eGFRys or SPS on one hand, and 90-
day mortality, development of AKI or need for RRT on the other hand,
was assessed using unadjusted and adjusted logistic regression analysis
or Cox regression analysis. The proportional hazard assumption was
assessed with graphical inspection and a test for independence between
residuals and time. In the analysis of SPS we assessed two previously es-
tablished thresholds to identify patients with SPS (éGFRcys/€GFRrea <
0.6 or < 0.7) [23,31,46]. In the first set of adjusted analyses, we
adjusted for age, sex, comorbidities and covariates reflecting illness
severity (chronic kidney disease, SAPS II score, mechanical ventilation
during ICU stay, septic shock, and urinary tract infection). Comorbidities
and covariates reflecting illness severity were introduced in the multi-
variable models if they had a p < 0.20 at univariate analyses for respec-
tive outome and were discarded by backward elimination. Covariates
left after backward elimination are detailed in legends and table foot-
notes for respective outcomes. In a second set of adjusted analyses, we
adjusted also for creatinine or eGFR e, to assess if the cystatin C derived
measures of renal function added information to creatinine-derived
measures of renal function. In a third adjusted analysis, we adjusted
SPS for eGFRys to assess if SPS added information to eGFRcys.
Statistical analyses were conducted using IBM SPSS 25.0 (SPSS, Chicago,
IL, USA) and Stata SE 16.1 (Stata Corp 2019). Data are presented as
median values with interquartile range [IQR] or as numbers with
percentage.

4. Results
4.1. Patient characteristics

Patient characteristics and associations between the different out-
comes assessed are presented in Table 1. Pre-admission creatinine was
missing in 249 patients. A total of 233 (29%) of the patients were dead
at 90 days after admission to the ICU. Chronic kidney disease was pres-
ent in 49 patients at inclusion (6.1%). Within 12 h, 388 patients devel-
oped AKI (48%). A total of 176 (22%) patients developed AKI between
12 h and 5 days after admission at the ICU and 120 (15%) patients
needed RRT during the ICU stay. The number of patients with SPS was
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Table 1
Patient characteristics, hazard- and odds ratios in univariate analyses.
Mortality HR p AKI* OR p RRT OR p
(95% CI) (95% CI) (95% CI)
n = 802 n=>534 n = 802
Age (years) 65 1.04 <0.001 1.01 0.027 1.01 0.416
(54-75) (1.03-1.05) (1.00-1.03) (0.99-1.02)
Gender 288 1.07 0.634 1.23 0.290 1.33 0.155
(female) (35.9%) (0.82-1.40) (0.84-1.81) (0.90-1.98)
Weight (kg) 80 0.97 <0.001 1.01 0.008 1.00 0.739
(69-90) (0.98-0.99) (1.00-1.02) (0.99-1.01)
Baseline creatinine (umol/L) 76 1.00 0.114 1.01 0.036 1.01 <0.001
(61-92) (0.99-1.01) (1.00-1.02) (1.01-1.02)
Severity of disease
SAPS Il score 42 1.05 <0.001 1.03 <0.001 1.06 <0.001
(33-54) (1.04-1.05) (1.02-1.05) (1.04-1.07)
Vasopressor on day one 409 1.45 0.041 222 0.003 2.80 0.001
(51%) (1.02-2.08) (1.32-3.74) (1.51-5.19)
Mechanical ventilation during ICU stay 559 1.78 <0.001 1.63 0.022 2.14 0.002
69.7%) (1.29-2.45) (1.07-2.48) (1.31-3.48)
Septic shock 623 1.61 0.008 3.36 <0.001 4.10 <0.001
(77.7%) (1.13-2.30) (2.00-5.63) (2.03-8.26)
Comorbidities
Chronic kidney disease 49 1.83 0.007 - - 3.03 0.001
(6.1%) (1.18-2.84) (1.61-5.69)
Renal transplant 8 1.36 0.594 1.20 0.880 3.46 0.092
(1%) (0.44-4.26) (0.11-13.37) (0.82-14.66)
Diabetes 199 0.80 0.159 1.40 0.137 1.80 0.006
(24.8%) (0.58-1.09) (0.90-2.18) (1.19-2.73)
Hypertension 419 1.11 0.456 1.08 0.701 1.14 0.504
(52.2%) (0.85-1.44) (0.74-1.57) (0.77-1.69)
Systolic heart failure 82 1.80 0.002 1.01 0.981 0.51 0.103
(10.2%) (1.25-2.59) (0.54-1.87) (0.23-1.15)
COPD 92 1.04 0.867 0.58 0.093 0.44 0.041
(11.5%) (0.69-1.55) (0.31-1.10) (0.20-0.97)
Any malignancy 103 2.06 <0.001 1.17 0.583 1.24 0.444
(12.8%) (1.50-2.84) (0.67-2.04) (0.72-2.15)
Chronic liver failure 36 2.01 0.005 0.65 0.405 1.39 0.447
(4.49%) (1.24-3.25) (0.24-1.79) (0.59-3.25)
Laboratory results max 24 h pre-ICU admission
Leukocytes (10%/L) 123 0.99 0.850 1.01 0.652 0.99 0.797
(8.10-17.20) (0.98-1.02) (0.98-1.03) (0.97-1.03)
CRP (mg/L) 162.0 0.99 0.027 1.00 0.083 1.00 0.363
(65.35-272.5) (0.99-1.00) (1.00-1.00) (0.99-1.00)
Treatment 48 h pre-ICU
Immunosuppressive 61 1.29 0.273 0.92 0.816 1.13 0.733
(7.6%) (0.82-2.05) (0.45-1.89) (0.56-2.30)
ACE inhibitor/ARB 197 1.14 0.388 1.06 0.807 0.85 0.490
(24.6%) (0.85-1.54) (0.68-1.65) (0.52-1.36)
NSAID 110 0.78 0.243 0.79 0.430 1.33 0.298
(13.7%) (0.51-1.18) (0.45-1.41) (0.78-2.26)
Diuretic 316 1.58 0.001 1.22 0.317 1.23 0.316
(39.4%) (1.21-2.07) (0.83-1.80) (0.82-1.85)
Albumin 8 1.32 0.630 1.18 0.848 1.92 0.428
(0.1%) (0.42-4.13) (0.16-6.12) (0.28-8.45)
Hydroxyethyl starch 103 0.87 0.496 2.11 0.006 1.58 0.090
(12.8%) (0.58-1.30) (1.23-3.58) (0.91-2.63)
Radiocontrast 178 0.72 0.056 1.57 0.033 0.58 0.044
(22.2%) (0.51-1.01) (1.04-2.38) (0.34-0.99)
Source of infection
Pulmonary 417 1.08 0.566 0.79 0.222 0.37 <0.001
(52.0%) (0.83-1.40) (0.54-1.15) (0.25-0.56)
Abdominal 183 1.06 0.697 1.22 0.401 1.56 0.043
(22.8%) (0.78-1.45) (0.77-1.92) (1.01-2.40)
Urinary tract 48 0.74 0.343 2.38 0.020 1.99 0.048
(6.0%) (0.39-1.39) (1.15-4.95) (1.01-3.95)
Skin and soft tissue 67 0.52 0.034 1.18 0.636 1.27 0.481
(8.4%) (0.28-0.95) (0.60-2.29) (0.66-2.44)
CNS 25 0.51 0.178 0.55 0.295 0.23 0.152
(3.1%) (0.19-1.36) (0.18-1.67) (0.03-1.72)
Other™* 38 1.42 0.335 2.96 0.077 5.55 <0.001
(4.7%) (0.70-2.87) (0.89-9.83) (2.30-13.37)

Continuous variables are presented as median values (interquartile range) and qualitative variables are presented as number values (percentage). Odds ratios, 95% Confidence Interval (Cl)
and p-values are calculated using logistic regression. Hazard ratios (HRs) are calculated using cox regression. * Patients with AKI within 12 h after ICU admission were excluded in AKI
analysis ** Endocarditis, catheter, foreign body, unknown.
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79 (9.9%) when using a ratio of 0.6 as a cut offand 159 (20%) when using
0.7 as the cut-off. The flow of patients in the study is presented in Fig. 1.

4.2, 90-day mortality

A high plasma concentration of cystatin C, a decreased eGFR, and the
presence of SPS were associated with increased mortality in both the unad-
justed analyses and the analyses adjusted for age, sex, comorbidities and co-
variates reflecting illness severity (Fig. 2, Fig. 3, Supplement table 1). The
increased risk of 90-day mortality in the cystatin C and eGFR.,s models
remained after adjusting also for creatinine and eGFR,,, respectively.
Similarly, the increased risk of 90-day mortality in the SPS models remained
after adjusting for eGFR .. In contrast to cystatin C-derived measures of
renal function, creatinine and eGFR.., were not associated with an
increased risk of death in the adjusted analyses (Supplement table 1). The
association between SPS and 90-day mortality remained after adjusting
for eGFRs. Because corticosteroids are suggested to influence plasma
concentrations of cystatin C [47] and because corticosteroids are used in
the treatment of septic shock, we performed a sensitivity analysis in
which we also adjusted our models for treatment with corticosteroids.
Adjustment for treatment with corticosteroids did not influence our results
except for SPS with cut-off 0.6 (Supplement table 2).

To assess if the association between 90-day mortality and cystatin C,
eGFR.s and SPS was coupled to the development of AKI, we performed
a post hoc analysis in which we adjusted also for AKI within 5 days of
admission. Cystatin C, eGFR.ys and SPS were associated with 90-day
mortality also in this analysis (Supplement table 3).

4.3. AKI

A total of 534 patients were included in the analysis of AKI develop-
ment within 12 h to 5 days after admission to the ICU. A high plasma

FINNAKI patients
n=2901
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concentration of cystatin C and a low eGFR. (fourth and first
quartiles, respectively) were associated with AKI in the unadjusted
analysis and in analyses adjusted for age, sex, comorbidities and covar-
iates reflecting illness severity, but not in analyses adjusted also for cre-
atinine or eGFR e, (Supplement table 4). SPS was not associated with
AKl in any of the analyses.

4.4. RRT

A high plasma concentration of cystatin C and a low eGFR.ys were
both associated with RRT in the unadjusted analysis and in analyses ad-
justed for age, sex, comorbidities and covariates reflecting illness sever-
ity. No associations between cystatin C, eGFR.ys, and RRT were found in
analyses adjusted also for creatinine or eGFR e, (Supplement table 5).
SPS was not associated with an increased risk of RRT.

5. Discussion

We found that an increased plasma concentration of cystatin C, a de-
crease in a cystatin C-based estimate of GFR, and the presence of SPS in
sepsis patients at ICU admission are associated with increased 90-day
mortality in unadjusted and adjusted analyses. Cystatin C and a cystatin
C-based estimate of GFR at ICU admission were associated with devel-
opment of AKI and RRT in unadjusted analyses, but not in analyses ad-
justed for creatinine.

Plasma concentration of cystatin C is less influenced than creatinine
by muscle mass, nutrition and other non-renal factors that are common
in sepsis and is suggested to provide a better estimate of GFR [11,32,48].
Given that pre-existing renal disease is a risk factor for AKI, we hypoth-
esized that cystatin C would be more strongly associated with increased
risk of AKI. However, no association between AKI and cystatin C was de-
tected in our analysis when adjusted for creatinine. Our findings align

Patients with no available plasma

Patients with sepsis at admission
with plasma available for analysis
n=808

A 4

and/or other diagnosis
n=2093

»  Missing patient data (sex/age)

Patients with available plasma
n=802

n=6

Fig. 1. Flow chart of participants. Out of 2901 patients 802 were included and their plasma analysed. Of these patients, 176 developed Acute Kidney Injury (AKI) between 12 h and 5 days

after admission at the Intensive Care Unit (ICU), while 388 patients did not develop AKI.
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Fig. 2. Kaplan-Meyer curves for quartiles of plasma concentration of cystatin C (A), quartiles of eGFR.ys (B), and SPS defined as a ratio of eGFR.ys/€GFRce, < 0.6 (C) or < 0.7 (D).

with most studies in smaller mixed cohorts of critically ill patients and
add to an increasing body of data suggesting that measurement of
cystatin C does not offer a robust improvement in risk stratification
over creatinine with regard to risk of AKI [49,50].

As mentioned in the introduction, compared with creatinine, plasma
concentrations of cystatin C and cystatin C-based estimates of GFR in
large general-population cohorts are more strongly associated with
long-term mortality [28-30]. Our results suggest that cystatin C and es-
timates of glomerular filtration rate based on cystatin C at admission are
associated with mortality also in sepsis patients. The result differs from
a previous study in which an association between cystatin C at admis-
sion and mortality was not detected in a cohort of mixed critically ill pa-
tients [35]. The most likely reason for the difference in results is the
comparatively lower power in the previous study but we cannot ex-
clude other factors, such as the differences in case mix or analytical
methodology, may have contributed. The results do, however, align
with other larger studies showing an association between cystatin C
later in course of the ICU stay and mortality [36-38]. The finding that

the association remains in analyses adjusted for age, sex, comorbidities,
covariates reflecting illness severity and creatinine or creatinine-based
estimates of GFR is in agreement with previous studies and suggests
that plasma concentration of cystatin C provides additional information
to that obtained through measurement of creatinine concerning risk of
death [28,36,51].

Depending on the definition of SPS and the studied population, the
incidence seems to be 0.2-8.2% in studies comprising both healthy
and sick populations [23,32,34]. Our results suggest it might be even
more common in sepsis with an incidence ranging from 10 to 20% de-
pending on the cut-off used to identify the syndrome. SPS is associated
with increased risk of long-term mortality (1-5 years) in cohorts of
healthy seniors, in mixed medical cohorts and cardiac surgery cohorts
[31,32,46,52]. Our results suggest that SPS is associated also with
shorter-term mortality in sepsis patients admitted to the ICU. Interest-
ingly, the finding that the increase in risk of death is similar in analyses
adjusted for age, sex, comorbidities and illness severity indicate that
presence of SPS represents a baseline risk that is unaffected by acute
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Fig. 3. Grouped bar plots showing unadjusted and adjusted hazard ratios (HRs) with confidence intervals of plasma cystatin C quartiles Q2 to Q4 (where Q1 is reference) (A), eGFRcys
quartiles Q1 to Q3 (where Q4 is reference) (B) and small pore syndrome (SPS) with cut-off 0.6 and 0.7 (C). P-values are for the respective model. * Adjusted for age, sex, comorbidities
and covariates reflecting illness severity (chronic kidney disease, SAPS II score, mechanical ventilation during ICU stay, septic shock, and urinary tract infection). **: same as *, but the
cystatin C/eGFR.ys models are also adjusted for creatinine/eGFR ., respectively. SPS model adjusted for eGFRcre,. *** same as ** but SPS model is also adjusted for eGFRys.

illness. This contrasts with the risk increase associated with increased
plasma concentration of cystatin C and decreased cystatin C-based esti-
mates of GFR, which decreased in the adjusted analyses. These observa-
tions align with the hypothesis that SPS identifies a subset of patients
with a decrease in cystatin C-estimated GFR with a particularly high
risk of death.

How can we explain our finding that cystatin C, a cystatin C-based
estimate of GFR, and SPS are more strongly associated with an increased
risk of death than is creatinine? Although creatinine and cystatin C
based estimates of GFR commonly agree, the stronger association be-
tween cystatin C-based estimates of GFR and mortality could be related
to the observation that cystatin C based estimates of GFR are less influ-
enced by non-renal confounders and hence offer a better estimate of
true GFR [11,20,21]. However, the recent finding that a decrease in
cystatin C-based estimates of GFR is associated with increased mortality
also in patients with normal GFR, as measured using iohexol, suggests
that additional mechanisms are at play [46]. Cystatin C is about 2 orders

of magnitude larger than both creatinine and tracers used to measure
GFR, such as iohexol and Cr-EDTA. This means that cystatin C may detect
a decreased filtration of larger molecules earlier than creatinine can. Be-
cause glomerular filtration is suggested to be of importance for clear-
ance of proteins up to about 30 kDa, and because a large fraction of
signalling and regulatory proteins have molecular masses from 5 to 30
kDa, such a change in kidney function may be of pathophysiological im-
portance. This hypothesis is supported by a study demonstrating an in-
creased plasma concentration of molecules below 40 kDa in the
presence of SPS [23,53]. A pathophysiological explanation for the obser-
vation that cystatin C-based and creatinine-based estimates of GFR di-
verge in some patients and move together in some patients can thus
be offered. A disease process that primarily affects the pore size in the
filtration barrier and/or the thickness of the glomerular basement mem-
brane would lead to a decrease in cystatin C-based estimates of GFR
whereas creatinine-based estimates of GFR would be largely conserved.
Recent data showing a correlation between increased thickness of the



E. Linné, A. Elfstrom, A. Akesson et al.

glomerular basement membrane measured using electron microscopy
and a decreased eGFR.ys/€GFR e -Tatio provides support for the latter
mechanism [54]. In contrast, a disease process that primarily causes
loss of function of whole nephrons would be expected to result in sim-
ilar decreases in cystatin C-based and creatinine-based estimates of GFR.

Given that AKI in critical illness has been associated with increased
mortality, we tested the hypothesis that the association between mor-
tality and cystatin C, cystatin C-based estimates of GFR, and SPS was me-
diated through development of AKI. Our findings that the cystatin C-
based estimates of renal function were associated with similar risk of
mortality also in analyses adjusted for development of AKI, and that
cystatin C and creatinine offer similar discrimination with regard to de-
velopment of AKI, does not support such a hypothesis.

5.1. Clinical implications

The clinical implications of the association between cystatin C and
derived measures of renal function as risk factors for mortality in sepsis
is uncertain at this point. Studies in other cohorts suggest that the in-
creased mortality can be attributed to cardiovascular disease [53] but
until the pathophysiological mechanisms are better understood poten-
tial interventions for high-risk patients are elusive.

5.2. Strengths and limitations

Strengths of this study include a relatively large sample size and the
prospective multicentre design. Important limitations of the study in-
clude the exploratory post-hoc analyses which inherently may have in-
troduced bias. Moreover, our findings in critically ill septic patients may
not be generalizable in other critically ill patients. Finally, the relatively
short follow-up period of 90 days may compromise the interpretations
of the study findings.

6. Conclusion

We conclude that increased plasma concentration of cystatin C, a de-
crease in a cystatin C-based estimate of GFR, and the presence of SPS in
sepsis patients at ICU admission are associated with increased 90-day
mortality. Our results suggest that the increased risk is independent of
age, sex, comorbidities, covariates reflecting illness severity, baseline
creatinine, and development of AKL
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