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Introduction: Predicting the timing and occurrence of kidney replacement therapy (KRT), cardiovascular

events, and death among patients with advanced chronic kidney disease (CKD) is clinically useful and

relevant. We aimed to externally validate a recently developed CKD G4þ risk calculator for these outcomes

and to assess its potential clinical impact in guiding vascular access placement.

Methods: We included 1517 patients from the European Quality (EQUAL) study, a European multicentre

prospective cohort study of nephrology-referred advanced CKD patients aged $65 years. Model perfor-

mance was assessed based on discrimination and calibration. Potential clinical utility for timing of referral

for vascular access placement was studied with diagnostic measures and decision curve analysis (DCA).

Results: The model showed a good discrimination for KRT and “death after KRT,” with 2-year concor-

dance (C) statistics of 0.74 and 0.76, respectively. Discrimination for cardiovascular events (2-year C-sta-

tistic: 0.70) and overall death (2-year C-statistic: 0.61) was poorer. Calibration was fairly accurate. Decision

curves illustrated that using the model to guide vascular access referral would generally lead to less

unused arteriovenous fistulas (AVFs) than following estimated glomerular filtration rate (eGFR) thresholds.

Conclusion: This study shows moderate to good predictive performance of the model in an older cohort of

nephrology-referred patients with advanced CKD. Using the model to guide referral for vascular access

placement has potential in combating unnecessary vascular surgeries.

Kidney Int Rep (2022) 7, 2230–2241; https://doi.org/10.1016/j.ekir.2022.07.165

KEYWORDS: CKD; cardiovascular disease; death; external validation; kidney failure; prognostic model

ª 2022 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
Commentary on Page 2122
C
KD progression rates vary greatly between in-
dividuals, which complicates decision making
spondence: Chava L. Ramspek, Department of Clinical

miology, Leiden University Medical Center, Leiden, The

rlands. E-mail: c.l.ramspek@lumc.nl

bers of EQUAL study investigators are listed in the

dix.

ved 28 June 2022; accepted 18 July 2022; published online 2

t 2022
about disease management.1,2 In recent years, multiple
prognostic models have been developed in order to
provide individualized absolute risks for kidney fail-
ure.3 When using these prediction models in patients
with advanced CKD, it is important to consider that
many patients will never reach kidney failure due to
death from other causes (competing events). This is
particularly the case for older individuals with slow
progression or serious comorbidity.4 Unfortunately,
most existing prediction models fail to account for such
competing events, which in turn leads to an
Kidney International Reports (2022) 7, 2230–2241
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overestimation of the risk of kidney failure.5 Recently,
a promising CKD G4þ risk calculator was developed by
Grams et al.6 (from here on referred to as the Grams
model), which predicts the timing and occurrence of
not only kidney failure, but also cardiovascular events
and death in patients with advanced CKD. By pre-
dicting various adverse outcomes in a single model,
this tool accounts for competing events and therefore
has large potential to improve care for patients with
advanced CKD. To our knowledge, the Grams model
has only been externally validated for the outcome
KRT and death before dialysis and has yet to be vali-
dated for cardiovascular disease (CVD) and overall
death.4,7,8 Before use, external validation of prediction
models is crucial in order to determine the accuracy in
new patients.

The Grams model could be used in various clinical
scenarios, such as discussions on the best KRT mo-
dality going forward, if any), and the timely prep-
aration for KRT. A report from the Kidney Disease:
Improving Global Outcomes group suggested using
the Grams model for timely referral for vascular
access placement.1 Obtaining a working vascular
access in the form of an AVF (generally the preferred
access for starting hemodialysis (HD) can take up to
several months and timing is vital.9,10 AVF place-
ment that is too early is injudicious due to the po-
tential of an unnecessary surgery and the risk of
complications. Approximately 30% of patients who
receive an AVF will not initiate dialysis within a 2-
year period.11,12 On the other hand, late placement
can also be harmful, especially when starting dialysis
using a central venous catheter, because this is
associated with an increased risk of thoracic central
venous obstruction and sepsis.13 Timing of AVF
referral and placement is currently mainly deter-
mined by the physician’s expertise.9,14,15 The Euro-
pean Society for Vascular Surgery advise that a
permanent vascular access should be created 3 to 6
months before HD initiation. Nevertheless, predict-
ing the start of HD is not easy. Although more
directive guidelines exist, these are generally based
on eGFR and lack individualization.16,17 In their 2019
update, the Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative advised assessment for
vascular access for patients with a $50% risk of
KRT within 2 years or an eGFR of #15 ml/min
per 1.73 m2, but added that this advice is solely
based on expert opinion as empirical evidence is
lacking.18

The aim of this study is two fold. First, we aim to
externally validate the complete Grams model in a
Kidney International Reports (2022) 7, 2230–2241
nephrology-referred cohort of patients with advanced
CKD. Second, we aim to assess the potential clinical
impact of the Grams model for guiding timely KRT
preparation, including vascular access placement.
METHODS

Study Population

EQUAL study is an ongoing multicenter prospective
cohort study among European nephrology-referred
patients $65 years.19 Patients were included in Ger-
many, Italy, the Netherlands, Poland, Sweden, and the
UK from 2012 on, when their eGFR first dropped below
20 ml/min per 1.73 m2, and were followed for 4 to 8
years or up to kidney transplantation. Patients with
acute kidney injury or a history of KRT were excluded.
Some patients’ kidney function were higher than 20
ml/min per 1.73 m2 at study baseline, as eligibility
assessment took place earlier. For the current study, we
restricted inclusion to patients with an eGFR between
10 and 30 ml/min per 1.73 m2 at baseline, because this
was considered a clinically relevant population for KRT
prediction and conform to the Grams development
study. Clinical characteristics and laboratory values
were registered every 6 months. All patients gave
written informed consent to participate. Overlap be-
tween the EQUAL cohort and the European CKD
Prognosis Consortium (CKD-PC) cohort on which the
Grams model was developed is possible for the Swedish
patients included in EQUAL, but highly unlikely
because EQUAL inclusion started 3 years after the
formation of the CKD-PC cohort.

Outcomes

The Grams model predicts the risk of KRT initiation,
CVD event and death, within 2 and 4 years. These
outcomes are predicted in any possible sequence, for
instance the risk of experiencing CVD followed by KRT
initiation. For the main analysis of the current study,
the following combined outcomes were validated: any
KRT, any CVD event, death, and no event. In addition,
the outcome of death was split into “death without
KRT” and “death after initiation of KRT.” These out-
comes were considered most clinically relevant and
ensured enough events in our data for precise valida-
tion. It is important to note that the calculated risks for
combined outcomes no longer represent multinomial
probabilities because they are not mutually exclusive;
patients may experience various combinations of these
outcomes. In accordance with the original model, CVD
event was defined as a nonfatal stroke, heart failure,
myocardial infarction, or coronary revascularization.
2231
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Predictors

Predictors in the Grams model include age, sex, race,
history of CVD, current smoking status, systolic blood
pressure, diabetes mellitus, eGFR (using the CKD-EPI
equation), and urine albumin-to-creatinine ratio
(ACR). These predictors were measured at the first study
visit. If ACR was missing but protein-to-creatinine ratio
was measured, the latter was converted to ACR using
equations developed for this purpose.20

Clinical Impact Projection

For assessment of potential clinical utility, we assessed
whether decision rules based on a predicted risk or eGFR
can identify patients starting KRT within 1 year and,
therefore, be useful to ensure timely KRT preparation. A
DCA was employed, which illustrates the difference in
impact of various decision-rules and prediction models.
We assessed the potential clinical utility for the
following predefined referral thresholds: a predicted 2-
year KRT risk of 20%, 30%, 40% and 50% (based on
the Grams model), an eGFR<30,<20 or<15 ml/min per
1.73 m2, and the Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative suggested guideline of a 2-
year KRT risk >50% and/or an eGFR <15 ml/min per
1.73m2.16–18 Every patient was assessed at the first study
visit and we determined whether their predicted risk or
eGFR met the different KRT preparation thresholds.
More specifically, if patients reached the above
mentioned thresholds, we observed whether they initi-
ated KRT within 1 year; if so, the decision-rule was
“correct” and AVF referral was appropriate (a true pos-
itive). If the patient did not initiate KRT within 1 year,
due to slow progression, death or any other cause, the
KRT preparation and AVF placement advice was
considered unnecessary or “incorrect” at that time-point
(a false positive).16 By simplifying 2-year riskpredictions
into a decision rule (yes/no threshold), we could assess
whether these predictions can also be used to guide de-
cisions on KRT initiationwithin 1 year instead of 2 years.
Patients who initiate KRT sooner within the 2-year time-
frame generally also have a higher predicted risk of KRT
compared to patients who initiate later within that
window.

Statistical Analysis

Continuous baseline values are presented as means with
standard deviations when normally distributed, or as
medians with interquartile range. To describe the
observed occurrence of outcomes, we used cumulative
incidence functions and a stacked cumulative incidence
plot to account for censoring and competing events.
Missing data were assumed to be missing at random
and a 10-fold multiple imputation was performed using
the R-package (R core team 2021, version 3.5.3)
2232
“mice.”21 All predictors, outcomes and times to out-
comes, along with various other patient characteristics
were included in the imputation model and results
were pooled according to Rubin’s rules.22,23

For every patient, the predicted risks for each
outcome were calculated using the multinomial formulas
provided by Grams et al.6 (these multinomial formulas
are also provided in our Supplemental Material). Model
performance was assessed by discrimination and cali-
bration. The model performance differs per predicted
outcome and outcome grouping and was assessed sepa-
rately for the various combined outcomes and original
outcome trajectories. Discrimination determines how
well a model can discriminate between patients who will
have the outcome and those who will not and was
calculated using a time-to-event C-statistic.24 Harrel’s C-
statistic was modified to account for competing events
using the method proposed by Wolbers et al.25 Cali-
bration determines how well the absolute predicted risk
corresponds with the observed risk, overall and in pa-
tient subgroups.24 Observed risks were calculated using
cumulative incidence functions, to take competing
events and censoring into account. These cumulative
incidences are not the same as multinomial probabilities,
which would ideally have been used had follow-up
been complete.26 The calibration-in-the-large and cali-
bration plots, including a smoothed locally weighted
scatterplot smoothing line, were computed.27,28

DCA was used to evaluate the potential clinical
utility. This is a statistical method in which the rela-
tionship between harm-benefit ratios (also termed
threshold probabilities) and the net benefit is plotted to
ascertain the added value of different decision rules
over the entire range of theoretical harm-benefit ratios
(x-axis). The net benefit (y-axis) is calculated by sub-
tracting the proportion of all patients who are false
positive (unjustified AVF referral) from the proportion
who are true-positive (correct AVF referral), weighting
by each theoretical harm-benefit ratio.29,30 For a low
harm-benefit ratio, a false positive is given less weight
compared to a higher harm-benefit ratio. The harm-
benefit ratio is not set or calculated nor does the DCA
tell us what the “correct” harm-benefit ratio is; the
DCA plots the net benefit for all possible harm-benefit
ratio’s, starting at a scenario in which AVF referral and
placement is only ever beneficial (a harm-benefit ratio
which is almost zero) and ending at a scenario in which
an AVF referral is far more harmful than beneficial.
When comparing different referral guidelines, the
guideline with the highest net benefit on the y-axis
across the range of harm-benefit ratios would be
considered most beneficial. The DCA is most useful for
comparing net benefit of various decision threshold
over a wide range of harm-benefit ratios. A more
Kidney International Reports (2022) 7, 2230–2241



Table 1. Baseline characteristics, compared to the baseline
characteristic of the Grams development cohort

Characteristics
EQUAL cohort
(N [ 1517) Missing %

CKD-PC development
cohort6

Age (yr) 76 (71–82) 0 72

Sex (% male) 66% 0 61%

Race (% black) 1.3% 0.1 9.3%

Country of residence 0 NR

United Kingdom 30.1%

Italy 23.2%

Sweden 18.2%

The Netherlands 15.4%

Germany 7.8%

Poland 5.3%

History of CVD 39.7% 0 45.1%

Diabetes mellitus 42.3% 1.0 46.2%

Hypertension 89.2% 3.7 NR

SBP (mmHg) 143 (22) 1.6 130

Current smoker 9.0% 19.7 NR

eGFR (ml/min/1.73 m2) 18 (4) 0 24

Median uACR (mg/g) 391 (57–1566) 40.3 85a

BMI (kg/m2) 28 (5) 7.3 NR

Primary kidney disease 16.7 NR

Hypertension 44.3%

Diabetes mellitus 24.1%

Glomerular disease 11.2%

Tubulo-interstitial disease 9.6%

Other 10.9%

ACR, albumin-to-creatinine ratio; BMI, body mass index; CKD-PC, chronic kidney dis-
ease prognosis consortium; CVD, cardiovascular disease; eGFR, estimated glomerular
filtration rate; NR, not reported; SBP, systolic blood pressure; uACR, urine albumin-to-
creatinine ratio.
aThe median of the overall CKD-PC cohort is calculated by taking the mean of all cohort-
specific medians and can therefore deviate from the true median.
For continuous variables the median or mean is reported with corresponding inter-
quartile range or standard deviation (depending on whether the variable was normally
distributed).
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in-depth explanation of the DCA is included in the
Supplemental Material (Decision curve analysis). The
sensitivity, specificity, positive predictive value and
negative predictive value were also calculated for each
decision rule.

Sensitivity Analyses

As a sensitivity analysis, model performance was
assessed for all 8 outcome sequences that the Grams
model predicts, namely KRT initiation only, KRT
initiation after CVD, CVD only, CVD after KRT initia-
tion, death only, death after KRT initiation, death after
CVD, and death after KRT initiation and CVD. To assess
discrimination of these outcomes, areas under the
receiver operating curve were computed and calibra-
tion was determined with absolute proportions. Time-
to-event and competing risks could not be consid-
ered, because the predicted outcomes of the Grams
model consist of a series of events and time-points and
not all outcomes are competing with each other. We
also compared potential clinical impact of the Grams
model to the 2-year kidney failure risk equation
(KFRE), an often used prediction model for KRT initi-
ation, using DCA.31–33

This study was performed according to the trans-
parent reporting of a multivariable prediction model
for individual prognosis or diagnosis guidelines (see
Supplementary Material for TRIPOD checklist).34 An-
alyses were performed in R version 3.5.3.

RESULTS

Baseline Characteristics

In total, 1517 patients from EQUAL had an eGFR be-
tween 10 ml/min per 1.73 m2 and 30 ml/min per
1.73 m2 and were included in the study. The baseline
characteristics of the EQUAL cohort used for validation
are depicted in Table 1, and are compared to the re-
ported characteristics of the development cohort of the
Grams model: the CKD-PC cohort.6 Compared to the
CKD-PC cohort, the median age of patients from the
EQUAL cohort was 4 years older. EQUAL included less
black patients than the CKD-PC cohort (1.3% vs.
9.3%). EQUAL patients had worse kidney function
compared to CKD-PC patients, shown by a lower eGFR
and higher ACR.

Follow-Up and Outcome Assessment

Patients included in the study were followed up for a
maximum of 6 years, with an average follow-up time of
2.3 years. Within 2 years, a total of 298 (19.6%) pa-
tients started KRT, 310 (20.4%) got a CVD event and
310 (20.4%) died (A patient could experience multiple
outcomes). Within 4 years, 426 (28.1%) patients initi-
ated KRT, 365 (24.1%) experienced a CVD event and
Kidney International Reports (2022) 7, 2230–2241
493 (32.5%) died (See Supplementary Figure S1 for a
flowchart and proportions of all outcomes). The
competing risks of experiencing a first event are shown
in Figure 1; the probability of not experiencing any
event was 50% within 2 years and 25% within 4 years.
Among the patients who died within 2 years, the large
majority died without starting KRT (80.0% and 72.6%
for 2 and 4 year horizons, respectively). Among the
patients receiving KRT within 4 years, 72.7% started
on HD, 23.5% on peritoneal dialysis and 3.8% received
a pre-emptive transplantation. Out of the 310 patients
starting HD, 45.4% started with a central venous
catheter and 53.2% with a graft or fistula, and 1.4%
with unknown vascular access type. These percentages
were similar for patients starting KRT within 2 years.
Predictive Performance

The discrimination of the Grams model varied greatly
between predicted outcomes and the C-statistics ranged
from 0.59 to 0.76 (see Table 2). The best discrimination
was seen for predicting KRT (2-year C-statistic 0.74, 4-
year C-statistic 0.73) and “Death after KRT” (2-year C-
2233



Figure 1. Stacked cumulative incidence plot. The observed incidence of experiencing KRT, CVD or death as first event is shown. Censoring is
accounted for and all outcomes are competing events. After 4 years 74.9% of patients experienced a first event of which 28.8% experienced
KRT first, 25% CVD first and 21.1% died without experiencing another event. The number of patients remaining in the study at each time-point
are shown below the x-axis. CVD, cardiovascular disease; KRT, kidney replacement therapy.
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statistic 0.76, 4-year C-statistic 0.72). The discrimina-
tive power for predicting no event and overall death
was rather poor. The 2-year 4 variable KFRE showed a
similar C-statistic of 0.73 (95% confidence interval:
0.70–0.76) for predicting KRT. The scatterplots shown
in Figure 2 illustrate the model’s capability of
discriminating between patients who will start KRT
and those who will die without having started KRT.
Though there is some overlap, most patients who died
without KRT had a higher predicted risk of death than
those with KRT and vice versa. Overall, the calibration
of the model was fairly accurate (see Table 2 and
Figure 3). For high-risk patients, the model under-
predicted the risk of KRT. In general, the 4-year model
had better calibration than the 2-year model. The risk
of CVD, death, and “death without KRT” were partic-
ularly well calibrated in the 4-year model. The
discrimination and calibration for all outcome se-
quences predicted by the Grams model is shown in
Table 2. External validation, discrimination and calibration-in-the-large re
2-year model

Outcome C-statistic (95% CI)
Calibration-in-the-la
(predicted vs. obse

Any KRT 0.741 (0.710–0.772) 18.7% vs. 21.9%

Any CVD 0.703 (0.674–0.732) 19.9% vs. 22.3%

Any death 0.614 (0.582–0.645) 26.2% vs. 23.0%

Death without KRT 0.615 (0.579–0.650) 21.7% vs. 18.0%

Death after KRT 0.757 (0.692–0.822) 4.5% vs. 4.7%

No event 0.588 (0.567–0.609) 49.4% vs. 50.0%

CI, confidence interval; C-statistic, concordance statistic; CVD, cardiovascular disease event;

2234
Supplementary Table S1 and S2 and Supplementary
Figure S2. In general, the discriminative ability and
calibration of the 2-year and 4-year model ranged from
moderate to good for the specific outcomes (area under
the receiver operating characteristic curve -AUC- range
0.61–0.79), but due to few events these estimates are
rather uncertain.

Clinical Utility and Projected Impact

In Figure 4a and 4b are shown the net benefit of using
the Grams model to guide KRT preparations compared
to an eGFR referral guideline and compared to the KFRE
predictions. The decision curves should be read verti-
cally, meaning that for any given harm-benefit ratio (x-
axis) the guideline with the highest net benefit is most
beneficial to patients and will result in the most bene-
ficial ratio of justified and unnecessary referrals. If we
believe all referrals to be completely harmless, the harm-
benefit ratio is very small and the best strategy would
sults for the 2-year and 4-year Grams model
4-year model

rge
rved) C-statistic (95% CI)

Calibration-in-the-large
(predicted vs. observed)

0.727 (0.700–0.754) 28.9% vs. 37.8%

0.689 (0.661–0.717) 28.6% vs. 29.3%

0.615 (0.589–0.642) 46.8% vs. 48.3%

0.640 (0.611–0.670) 34.2% vs. 32.1%

0.723 (0.677–0.769) 12.6% vs. 15.5%

0.605 (0.581–0.630) 27.8% vs. 25.0%

KRT, kidney replacement therapy.

Kidney International Reports (2022) 7, 2230–2241



Figure 2. Scatterplot depicting predicted probabilities of KRT against predicted probabilities of death without KRT. Each patients actual
observed outcome (death first, KRT or neither) is illustrated by the color and shape of the point. The dotted 45� line indicates where the
predicted risks of KRT and death without KRT are equal: above this line patients had a higher predicted risk of KRT compared to death without
KRT. KRT, kidney replacement therapy.
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be to refer all patients for KRT preparations, including
AVF placement. The appropriate harm-benefit ratio will
differ for each patient and setting, because a patient’s
personal concerns and priorities play a part as well as
individual characteristics, which increase the risk of
complications surrounding different vascular access
forms.35,36 It is therefore more relevant to look at overall
superiority of a particular guideline or model, rather
than the specific harm-benefit ratios. From Figure 4 we
can see that use of the Grams prediction model to guide
referral is mostly superior to using the eGFR <15 and
results in fewer unnecessary referrals. In Supplementary
Figure S3, more eGFR referral thresholds are included in
the DCA curve, which clearly demonstrates that
eGFR <15 gives a higher net benefit compared to other
eGFR thresholds. For situations in which the harm-
benefit ratio is small (little harm is expected), a KRT
risk >20 % shows the best net benefit; for a medium
harm-benefit ratio a decision threshold of eGFR <15 ml/
min per 1.73 m2 is superior; and in a setting in which
the harm could be large, a KRT risk >40% has the
highest net benefit. Which of these decision rules
should be followed depends on the subjective estimate
of the risk-benefit ratio for each individual patient.
Using the KFRE instead of the Grams model gave very
similar net benefit values. The Kidney Foundation’s
Kidney Disease Outcomes Quality Initiative recom-
mended guideline of a 2-year KRT risk $ 50% and/or
eGFR #15 ml/min per 1.73 m2 was almost identical to
Kidney International Reports (2022) 7, 2230–2241
adhering to an eGFR #15 ml/min per 1.73 m2 guideline
(Supplementary Figure S3).

In addition to the net benefit, several impact mea-
sures such as the sensitivity and specificity were
calculated for the discussed guidelines and thresholds
(Table 3). Compared to using eGFR-based guidelines,
using risk thresholds would yield notably less referrals
and considerably fewer unnecessary referrals (false
positives). The combined guideline of 2-year KRT risk
>50% and eGFR <15 ml/min per 1.73 m2 would only
yield 4 more referrals compared to simply referring all
patients with an eGFR <15 ml/min per 1.73 m2 and
therefore has no added benefit over the simple eGFR
guideline in our cohort of older patients. The number
of false negatives is difficult to directly relate to clinical
practice, because these patients may still be referred in
time (according to the risk thresholds) at any subse-
quent doctor’s visit. Similarly, the negative effects of a
false positive may also be mitigated by delaying or
deferring KRT preparations at subsequent clinical
assessments.
DISCUSSION

In this study, we externally validated the Grams model
in a European, older cohort of nephrology-referred
patients with CKD stage 4. Model performance was
assessed for the risk of KRT, CVD, and death within 2
years and 4 years. The discriminative ability was
2235



Figure 4. Decision curves showing the clinical utility of the Grams model predictions, eGFR guidelines (a) and KFRE predictions (b) for KRT
preparation. KRT preparation (including vascular access referral) is considered appropriate if patients initiate KRT within 1 year. These graphs
should be read vertically; for any given harm-benefit ratio the guideline with the highest net benefit would result in the most beneficial ratio of
correct referrals and incorrect referrals (given the weight that is given to a false positive compared to a true positive based on the harm-benefit
ratio). For most harm-benefit ranges 2-year KRT risks predicted by the Grams prediction model have a higher net benefit than eGFR-based risks
(a), the net benefit of the Grams and KFRE predictions are very similar, though the Grams model seems to be slightly more beneficial (b). eGFR,
estimated glomerular filteration rate; KRT, kidney replacement therapy.

Figure 3. Calibration plots for each main outcome. The predicted probability is shown on the x-axis and the observed outcome rate (calculated
with cumulative incidence functions) is given on the y-axis. The dotted 45 degree line represents perfect agreement between predicted and
observed probability. The points represent a decile of the validation population (10%), ranked by predicted probability. CVD, cardiovascular
disease; KRT,kidney replacement therapy.

CLINICAL RESEARCH CL Ramspek et al.: Predicting CKD Outcomes, External Validation Study
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Table 3. Diagnostic properties for various guidelines that may be used to refer patients for AVF formation. A referral is seen as appropriate (true
positive) if KRT is initiated within 1 year

Guidelines
Total

referrals
True

positives
False

positives
True

negatives
False

negatives
Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

eGFR <30 (refer all) 1517 151 1366 0 0 100% (97–100) 0% (0–0) 10% (9–12) -

eGFR <25 1429 150 1279 87 1 99% (96–100) 6% (5–8) 11% (9–12) 99% (93–100)

eGFR <20 1123 146 977 389 5 97% (92–99) 29% (26–31) 13% (11–15) 99% (97–100)

eGFR <15 424 103 321 1045 48 68% (60–75) 77% (74–79) 24% (20–29) 96% (94–97)

2-yr KRT risk >20% 588 121 467 899 30 80% (73–86) 66% (63–68) 21% (17–24) 97% (95–98)

2-yr KRT risk >30% 304 83 221 1145 68 55% (47–63) 84% (82–86) 27% (22–33) 94% (93–96)

2-yr KRT risk >40% 128 52 76 1290 99 34% (27–43) 94% (93–96) 41% (32–50) 93% (91–94)

2-yr KRT risk >50% 46 21 25 1341 130 14% (9–21) 98% (97–99) 46% (31–61) 91% (90–93)

2-yr KRT risk >50% or eGFR<15 428 103 325 1041 48 68% (60–75) 76% (74–78) 24% (20–29) 96% (94–97)

CI, confidence interval; eGFR, estimated glomerular filtration rate in ml/min/1.73m2; KRT, kidney replacement therapy; NPV, negative predictive value; PPV, positive predictive value.
Total referrals are the number of patients that would be referred for AVF formation according to each guideline.
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reasonably good for predicting KRT but poorer for the
outcomes CVD and death. Overall, the calibration was
accurate, especially for the 4 year model. The potential
clinical utility for decision making regarding KRT
preparation (in particular vascular access placement)
was investigated and compared to existing eGFR
guidelines. Using the model to guide KRT preparation
may be more effective than following the currently
recommended eGFR thresholds. Depending on a pa-
tient’s and their nephrologist’s preferences and cir-
cumstances, preparation could be considered at a
predicted KRT risk of more than 20%, more than 40%
or an eGFR <15.

Considering results from previous studies, the pre-
diction of death is generally less accurate than pre-
dicting KRT initiation.37 In previous French validation
studies, the Grams model was externally validated in a
cohort of advanced CKD patients aged 75 years and
older for the outcomes KRT and “death without
KRT.”7,8 These studies reported a C-statistic of 0.64 and
0.65 for KRT and a C-statistic of 0.68 and 0.70 for
“death without KRT” for the 2-year and 4-year models,
respectively. Our DCA showed that, for most patients,
using individualized risk thresholds has a higher po-
tential clinical utility than using eGFR thresholds,
though the eGFR <15 guideline also showed good
performance. Particularly in older populations it is
important not to solely rely on eGFR, because pro-
gression of kidney disease is often slow. Previous
literature has also shown that relying on eGFR-based
guidelines in older patients would lead to a high pro-
portion of unnecessary vascular access referrals.38,39

This study has a number of strengths. To our
knowledge, this is the first study to externally validate
the Grams model’s predictive performance for all out-
comes. We accounted for censoring and competing
risks in the external validation. Another strength is the
use of data from a current, international European
cohort, which allows generalization of our results to
Kidney International Reports (2022) 7, 2230–2241
various European countries. Moreover, we examined
the potential clinical utility of using the model for
decision making regarding KRT preparation, which is
an important and often overlooked step toward
implementation.29,40 We explored the utility of multi-
ple decision rules over a range of harm-benefit ratios.
Our results should be seen in the light of a number of
limitations. First, KRT only included patients who
initiated dialysis or were transplanted (conforms to the
definition used by Grams et al.6). For prospective use of
the model, it would be more informative to also include
patients who opted for conservative care in the
outcome definition. Second, for the DCA and standard
diagnostic measures (such as sensitivity and speci-
ficity), censoring due to loss to follow-up was not
considered. Because these analyses looked at a shorter
time frame, this censoring was less of an issue, but
nevertheless present. Furthermore, there was a
considerable amount of missing baseline values for
ACR. Some patients may delay dialysis start to allow
time for vascular access maturation, this may have
influenced the outcomes of our decision analysis as
well. Finally, the clinical utility analysis is only a first
step toward assessing the impact of such a model. The
DCA only assesses optimal test diagnostic characteris-
tics related to false positives. A change in practice from
using eGFR guidelines to prognostic model probabili-
ties would have broader clinical and potentially eco-
nomic effects. The harm-benefit ratios are subjective
and it is unrealistic to determine the appropriate harm-
benefit ratio for individual patients in practice. We
were only able to compare the clinical utility of risk
thresholds to simple eGFR-based guidelines. These are
not an accurate representation of current practice,
where decisions are often based on more factors than
eGFR, such as the rate of renal function decline and the
physician’s experience. Furthermore, the prediction
model and decision rules were applied at baseline
contrary to clinical practice, where the nephrologist is
2237
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likely to consider whether KRT preparation is appro-
priate at each follow-up consultation.

This study may have a number of clinical implica-
tions. Using a prediction model of KRT risk (such as the
Grams model or KFRE) may provide clinicians with an
extra tool to improve the timing of KRT preparations,
including AVF placement. A 2-year predicted risk
threshold of 20% or 40% seemed most beneficial,
depending on the expected potential harms and bene-
fits. Using prediction models for this timing may result
in fewer patients unnecessarily undergoing vascular
access surgery and may result in more patients initi-
ating dialysis on their preferred vascular access type.
Currently, a large proportion of patients undergoing
pre-emptive vascular access placement will not start
dialysis within a year and especially many older pa-
tients will never use their vascular access.41,42 A study
by Lee et al.11 showed that in a cohort of patients aged
70 years and older, 33% of patients that received an
AVF did not initiate KRT within 2 years. The Kidney
Foundation’s Kidney Disease Outcomes Quality Initia-
tive recommended guideline of 2-year KRT risk >50%
or eGFR <15 ml/min per 1.73 m2 did not have added
value compared to only using the eGFR guideline
of <15 ml/min per 1.73 m2 in our cohort, which per-
formed well. Although the predicted risks could never
replace health care professionals, they can aid in deci-
sion making by providing objective risk estimates.43

Moreover, they are easy to calculate using the exist-
ing webtool (http://ckdpcrisk.org/lowgfrevents/). One
could also argue that in older patients it may be
beneficial to start dialysis with another vascular access
type such as an arteriovenous graft or a central cath-
eter. This would greatly decrease the number of un-
used AVFs but requires a careful consideration of all
involved risks and there is currently an randomized
controlled trial running to determine the best vascular
access strategy in elderly HD patients.44

Future studies may focus on recalibrating the Grams
model to predict outcomes within a shorter time frame
of 3, 6, 9 or 12 months, because this might be more
informative and intuitive to use for decisions regarding
KRT preparation. Predicting maturation time of an AVF
may further improve this timing. In addition, it would
be valuable to externally validate the Grams model in
other populations such as younger and non-European
patients as well. To simulate practice more closely, it
is important to validate such models at every subse-
quent doctor visit for which a dynamic model may be
more fitting. Finally, a clinical impact trial, in which
physicians or patients are randomized to the use of a
prediction model to augment decision-making will give
the most insight into the clinical impact of these models
and allow for a comprehensive comparison with
2238
current practice, in which many factors besides eGFR
are taken into account.

In conclusion, this study provided a first external
validation of the complete Grams model. The clinical
utility of this model for the timing of vascular access
placement was generally superior to existing eGFR
guidelines and has potential in combating unnecessary
vascular surgeries.
Kidney International Reports (2022) 7, 2230–2241
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