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Introduction: Treatment of anemia in dialysis patients has been associated with increased risk of vascular

access thrombosis (VAT). Proactive IV irOn Therapy in hemodiALysis Patients (PIVOTAL) was a clinical trial

of proactive compared with reactive i.v. iron therapy in patients requiring hemodialysis. We analyzed the

trial data to determine whether randomized treatment arm, alongside other clinical and laboratory vari-

ables, independently associated with VAT.

Methods: In PIVOTAL, 2141 adult patients were randomized. The type of vascular access (arteriovenous

fistula [AVF], arteriovenous graft [AVG], or central venous catheter [CVC]) was recorded at baseline and

every month after randomization. The associations between clinical and laboratory data and first VAT were

evaluated in a multivariate analysis.

Results: A total of 480 (22.4%) participants experienced VAT in a median of 2.1 years of follow-up. In

multivariable analyses, treatment arm (proactive vs. reactive) was not an independent predictor of VAT

(hazard ratio [HR] 1.13, P ¼ 0.18). Diabetic kidney disease (HR 1.45, P < 0.001), AVG use (HR 2.29, P <
0.001), digoxin use (HR 2.48, P < 0.001), diuretic use (HR 1.25, P ¼ 0.02), female sex (HR 1.33, P ¼ 0.002),

and previous/current smoker (HR 1.47, P ¼ 0.004) were independently associated with a higher risk of VAT.

Angiotensin receptor blocker (ARB) use (HR 0.66, P ¼ 0.01) was independently associated with a lower risk

of VAT.

Conclusion: In PIVOTAL, VAT occurred in nearly 1 quarter of participants in a median of just >2 years. In

this post hoc analysis, randomization to proactive i.v. iron treatment arms did not increase the risk of VAT.
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VAT
is a common occurrence in patients

receiving hemodialysis.1 When this
problem occurs, patients are exposed to disruption to
their lives and hemodialysis provision, unscheduled
spondence: Peter C. Thomson, Glasgow Renal and Trans-

Unit, Queen Elizabeth University Hospital, 1345 Govan Road,

ow G51 4TF, UK. E-mail: peter.thomson@ggc.scot.nhs.uk

bers of PIVOTAL Investigators and Committees are listed in

pendix.

ved 4 February 2022; revised 8 April 2022; accepted 4 May

International Reports (2022) -, -–-
hospital care, intervention to either salvage or replace
the access, and have adverse morbidity and mortality.1

As most patients with advanced kidney failure may
expect to rely on hemodialysis for some if not most of
their time on kidney replacement therapy,2,3 the
impact of this problem is significant.4

Each of the main types of vascular access has
different risks, reasons, and consequences of throm-
bosis. AVF thrombosis rates are relatively low and
usually caused by vascular stenoses. When thrombosis
occurs, there is a high likelihood of irreversible access
failure.5 (CVC: including both tunneled and
1
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nontunneled) thrombosis rates are higher but the
immediacy of access provided by CVC replacement
partially offsets the impact of thrombosis.6 AVG
thrombosis occurs most frequently, but restoration of
access patency is more often successful than for AVFs.7

In addition to differences in the physical character-
istics of flow and the vessel wall among AVF, AVG, and
CVC access,8,9 blood rheology has been implicated in
VAT. Anemia is associated with increased risk of VAT;
greater erythropoietin-stimulating agent (ESA) expo-
sure is found in those with VAT; and when ESA doses
have been set to deliver higher levels of hematocrit, an
increase in VAT has been found. In the Normal He-
matocrit Trial, the incidence of thrombosis of the
vascular access sites was significantly higher in patients
randomized to the normal hematocrit group.10–12 The
extremes of iron deficiency and iron overload states have
been associated with prothrombotic risk.13,14

With these issues, VAT was a prespecified secondary
safety end point in the PIVOTAL.15,16 This presented the
opportunity to evaluate whether the direct or indirect
consequences of proactive and reactive i.v. iron dosing
strategies may associate with overall VAT risk. We
describe in detail the occurrence of VAT in patients
within 12 months of initiating regular hemodialysis, who
required treatment with an ESA by vascular access sub-
type, the variables associatedwith VAT, and compare the
2 randomized i.v. iron therapy arms on VAT.

METHODS
The design, baseline characteristics, and results of
PIVOTAL have been published.15,16 In brief, 2141
adults within 12 months of initiating regular hemodi-
alysis, who had a ferritin concentration <400 mg per
liter, transferrin saturation (TSAT) <30%, and treated
with an ESA, were enrolled. Existing iron therapy was
stopped, and participants were randomized 1:1 to
either high-dose i.v. iron administered proactively or
low-dose i.v. iron administered reactively, based on
monthly ferritin and TSAT levels. In the high-dose
group, 400 mg of iron sucrose was prescribed each
month unless ferritin was >700 mg per liter or TSAT
>40%. Patients in the low-dose iron group received
incremental doses between 0 mg and 400 mg of iron
sucrose per month, to maintain ferritin $200 mg per
liter and TSAT $20%. The trial protocol required the
use of an ESA in a dose sufficient to maintain hemo-
globin 100 to 120 g/l, but otherwise, patients were
managed according to usual care.

Baseline and Follow-Up Information Related to

Vascular Access

The PIVOTAL electronic case report form had a specific
question completed by local investigators about the
2

type of vascular access in use for hemodialysis which
was completed at baseline and monthly thereafter.

Clinical Outcomes

The primary outcome of PIVOTAL was the composite
of the time to first occurrence of myocardial infarction,
stroke, hospitalization for heart failure, or death from
any cause. Study end points were classified by an
Endpoint Adjudication Committee. VAT was a pre-
specified safety outcome, hence not adjudicated,
although incidence of VAT was reviewed by the In-
dependent Data Monitoring Committee.

Statistical Analysis

Baseline characteristics were summarized as means and
SDs, medians, and lower and upper quartiles or counts
and percentages as appropriate. The development of a
first VAT was analyzed in relation to variables
captured at baseline and in relation to variables
captured on a monthly basis throughout the trial (time-
varying covariates).

Baseline variables analyzed for an association with
VAT included the following: age, sex, ethnicity, pri-
mary kidney disease, body mass index, weight, systolic
blood pressure (BP), diastolic BP, heart rate, duration of
dialysis treatment, diabetes, previous diagnosis of hy-
pertension, atrial fibrillation, myocardial infarction,
peripheral vascular disease, heart failure, stroke,
smoking status, hemoglobin, ferritin, TSAT, platelet
count, standardized monthly ESA dose, C-reactive
protein (CRP), albumin, dialysis vascular access in use,
and randomized treatment arm. The following medi-
cations prescribed at baseline were also recorded and
available for analysis: angiotensin-converting enzyme
inhibitors, ARB, mineralocorticoid receptor antago-
nists, digoxin, calcium channel blockers, beta-blockers,
diuretics, anticoagulants, and antiplatelets. These were
all subject to univariate tests for association with VAT,
with comparisons made using c2 tests or 2-sample t
tests as appropriate.

Time-dependent covariates available for analysis
included the monthly measurements of hemoglobin,
ferritin, TSAT, platelet count, albumin, and vascular
access in use, including quarterly measurements of
CRP.

Cox proportional hazards models were constructed
to investigate predictors of VAT. Owing to the limited
number of end points relative to the potential number
of predictor variables, the analysis was undertaken in 3
steps.

The first step was to fit models that included only
those baseline variables that associated with VAT on
univariate testing, in addition to variables of interest
that included age, sex, BP (systolic BP, diastolic BP,
Kidney International Reports (2022) -, -–-



Table 1. Baseline characteristics and univariate analyses of those
who experienced a vascular access thrombotic event compared
with those who did not

Variable
Vascular access

thrombosis (n [ 480)
No vascular access

thrombosis (n [ 1661) P value

Age (yr) 63.1 (14.8) 62.7 (15.1) 0.64

Males, n (%) 289 (60.2) 1109 (66.8) 0.01

Ethnicity, n (%)

White 379 (79.0) 1319 (79.4) 0.62

Black 48 (10.0) 142 (8.6)

Asian 41 (8.5) 144 (8.7)

Other 12 (2.5) 56 (3.4)

Standardized monthly
ESA dose

36,988 (23,416) 37,246 (24,657) 0.84

BMI (kg/m2) 29.2 (7.0) 28.6 (6.9) 0.09

Weight (kg) 82.6 (21.0) 81.9 (20.9) 0.55

SBP (mm Hg) 145.9 (23.6) 144.4 (23.7) 0.21

DBP (mm Hg) 73.5 (14.2) 73.7 (14.9) 0.85

Duration of dialysis
treatment (mo)

5.1 (3.0–8.5) 4.8 (2.8–8.2) 0.24

Diabetes, n (%) 249 (51.9) 701 (42.2) <0.001

Hypertension, n (%) 368 (76.7) 1189 (71.6) 0.03

AF, n (%) 36 (7.5) 128 (7.7) 0.88

MI, n (%) 47 (9.8) 137 (8.3) 0.23

PVD, n (%) 45 (9.4) 142 (8.6) 0.57

Heart failure, n (%) 21 (4.4) 65 (3.9) 0.65

Stroke, n (%) 38 (7.9) 138 (8.3) 0.78

Vascular access, n (%)

Nontunneled dialysis
catheter

17 (3.5) 60 (3.6) 0.007

Tunneled dialysis catheter 177 (36.9) 623 (37.5)

Arteriovenous fistula 263 (54.8) 946 (57.0)

Arteriovenous graft 23 (4.8) 32 (1.9)

Primary cause of kidney
disease, n (%)

Hypertension 43 (9.0) 192 (11.6) 0.001

Diabetic nephropathy 201 (41.9) 511 (30.8)

Glomerular disease 71 (14.8) 323 (19.5)

Tubulointerstitial disease 45 (9.4) 156 (9.4)

Renovascular disease 33 (6.9) 114 (6.9)

Polycystic kidney disease 20 (4.2) 97 (5.8)

Other 27 (5.6) 102 (6.1)

Unknown 40 (8.3) 166 (10.0)

Smoking status, n (%)

Current 72 (15.0) 177 (10.7) 0.02

Former 124 (25.8) 421 (25.4)

Never 284 (59.2) 1063 (64.0)

Hemoglobin (g/l) 105.0 (14.3) 105.7 (13.6) 0.30

Ferritin (mg/l)a 223.5 (128.5–305.0) 214 (124.0–303.0) 0.97

TSAT (%)a 20.0 (16.0–24.0) 20 (16.0–24.0) 0.26

CRP (mg/l)a 6.0 (3.3–13.8) 6 (3.8–14.0) 0.43

Albumin (g/l) 35.6 (5.0) 35.8 (5.2) 0.55

ACE inhibitor, n (%) 89 (18.5) 278 (16.7) 0.36

Angiotensin receptor
blocker, n (%)

41 (8.5) 206 (12.4) 0.02

Diuretic, n (%) 235 (49.0) 692 (41.7) 0.004

Mineralocorticoid receptor
antagonist, n (%)

6 (1.3) 27 (1.6) 0.56

Digoxin, n (%) 14 (2.9) 23 (1.4) 0.02

Anticoagulant, n (%) 122 (25.4) 368 (22.2) 0.13

Antiplatelet, n (%) 232 (48.3) 740 (44.6) 0.14

(Continued)

Table 1. (Continued) Baseline characteristics and univariate
analyses of those who experienced a vascular access thrombotic
event compared with those who did not

Variable
Vascular access

thrombosis (n [ 480)
No vascular access

thrombosis (n [ 1661) P value

Vitamin D supplement,
n (%)

317 (66.0) 1079 (65.0) 0.66

Phosphate binder, n (%) 170 (35.4) 652 (39.3) 0.13

Proactive randomized
treatment, n (%)

262 (54.6) 831 (50.0) 0.08

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; BMI, body mass index; CRP,
C-reactive protein; DBP, diastolic blood pressure; ESA, erythropoietin-stimulating agent;
MI, myocardial infarction; PVD, peripheral vascular disease; SBP, systolic blood pres-
sure; TSAT, transferrin saturation.
aVariables where median and interquartile range are presented.
For categorical variables, number and percentage are reported. For continuous vari-
ables, mean and SD are reported.
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history of hypertension), the natural logarithm of CRP
protein, TSAT, ferritin, albumin, platelets, hemoglo-
bin, and randomized treatment arm.

The second step used the significant predictors from
step 1 in a model that also included baseline concomitant
medications. The third step used the significant baseline
predictors from step 2 in a model where hemoglobin,
platelet count, TSAT, ferritin, the natural logarithm of
CRP protein, albumin, and vascular access status (cath-
eter access—either nontunneled or tunneled, fistula or
graft) were incorporated as time-varying covariates.

Analyses were performed using SAS software,
version 9.4 (SAS Institute) and R version 3.6.0 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Of the 2141 patients randomized, 1209 (56.5%) were
using an AVF, 877 (41.0%) a CVC, and 55 (2.6%) an
AVG at baseline. Overall, 480 patients (22.4%) expe-
rienced at least one VAT during follow-up. The num-
ber of patients experiencing at least one episode of
VAT was 194 of 877 (22.1%) for those using CVC,
Furthermore, it is 263 of 1209 (21.8%) for AVF and 23
of 55 (41.8%) in those using AVG.

Univariate Analysis

The baseline characteristics of those who experienced
VAT, compared with those who did not, are summa-
rized in Table 1, with the results of univariate testing
for association with VAT detailed for each variable.
Baseline variables significantly associated with VAT on
univariate testing were female sex (P ¼ 0.01), diabetes
mellitus (P < 0.001), or hypertension (P ¼ 0.028) at
baseline, AVG as access for dialysis (P ¼ 0.01), primary
renal disease of diabetic nephropathy (P ¼ 0.001),
former or current smoker (P ¼ 0.02), use of diuretic at
baseline (P ¼ 0.004), and use of digoxin at baseline
(P ¼ 0.02), whereas fewer VAT were found in those
3



Numbers at risk:
Proactive:        1093                698                 445                  142
Reactive:         1048                673                 424                  161

Proactive

p=0.08

Figure 1. Cumulative incidence curves of vascular access throm-
bosis events within each of the randomized treatment arms of
proactive and reactive iron dosing.
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receiving an ARB at baseline (P ¼ 0.02). Baseline di-
agnoses of atrial fibrillation, myocardial infarction,
peripheral vascular disease, heart failure, and stroke
were not significantly associated with VAT on uni-
variate testing. Baseline hemoglobin, platelet count,
ferritin, and TSAT were not significantly associated
with VAT on univariate testing. The randomized
treatment arm allocation did not significantly associate
with outcome (Table 1) with 262 of 1093 (24.0%) events
in patients randomized to proactive high-dose iron and
218 of 1048 (20.8%) events in patients randomized to
reactive lower dose iron (P ¼ 0.08). A cumulative
incidence plot of events by randomized treatment arm
allocation is provided in Figure 1. When considering
the randomized treatment arm within baseline vascular
access subgroups, univariate testing had a significant
increase in VAT risk with proactive iron in the baseline
AVF group (147 of 611 [24.0%] vs. 116 of 598 [19.4%],
P ¼ 0.050), but not in the baseline CVC group (100 of
449 [22.2%] vs. 94 of 428 [22.0%], P ¼ 0.912), nor
baseline AVG group (15 of 33 [45.4%] vs. 8 of 22
[36.4%], P ¼ 0.503).

Multivariate Analysis

In the first multivariable model, age, systolic BP, dia-
stolic BP, log CRP, TSAT, ferritin, albumin, platelets,
hemoglobin, and randomized treatment arm were
included alongside the significant univariates of sex,
history of hypertension, diabetes as a cause of kidney
failure, smoking status, and vascular access. In this
model, diabetes as a cause of kidney failure (HR 1.49,
P < 0.001), use of an AVG at baseline (HR 2.30, P <
0.001), female sex (HR 1.31, P < 0.004), and current
smoking (HR 1.47, P ¼ 0.004) were independent pre-
dictors of VAT (Table 2—model 1).
4

In the second multivariate model, significant vari-
ables from model 1 plus concomitant medications at
baseline were analyzed. In this model, diabetes as a
cause of kidney failure (HR 1.45, P < 0.001), AVG use
(HR 2.29, P < 0.001), female sex (HR 1.33, P < 0.002),
current smoking (HR 1.32, P ¼ 0.004), digoxin use at
baseline (HR 2.48, P < 0.001), and diuretic use at
baseline (HR 1.25, P < 0.001) were independent pre-
dictors of VAT. ARB use at baseline was associated
with a lower risk of VAT (HR 0.66, P ¼ 0.01)
(Table 2—model 2).

In the third multivariate model, significant variables
from model 2 were included alongside the time-varying
variables that were recorded each month in the trial,
specifically hemoglobin, TSAT, ferritin, log CRP, al-
bumin, platelet count, and dialysis access. In this
model, ARB use (HR 0.66, P ¼ 0.01), digoxin use (HR
2.58, P < 0.001), diuretic use (HR 1.27, P ¼ 0.01),
current smoking (HR 1.51, P ¼ 0.002), diabetes as a
cause of kidney failure (HR 1.44, P < 0.001), and fe-
male sex (HR 1.33, P ¼ 0.002) were found to have in-
dependent association with VAT. Of the time-varying
variables included in this model, only AVG use had
independence of association with VAT (HR 3.00, P <
0.001). Time-updated hemoglobin level (per 10 U),
TSAT (per 5 U), serum ferritin (per 50 U), serum al-
bumin, platelet count, and Loge CRP were not associ-
ated with risk of VAT (Table 3).

Tests of Interaction

Investigation for interaction between significant pre-
dictors of VAT and baseline vascular access type was
undertaken. It was not possible to fit interactions be-
tween access type and digoxin or ARB usage due to
relatively small numbers. There was no evidence of an
interaction with sex or diabetes. However, there was
evidence supporting an interaction between smoking
and catheter use at baseline (current smoker vs. never,
HR 2.1, P ¼ 0.0002). The overall test for an interaction
between smoking and access type however was not
significant (P ¼ 0.15). There was some evidence of an
interaction between diuretic with AVF use at baseline
(HR 1.50, P ¼ 0.001) but not with the other access
subgroups; the overall test of an interaction between
diuretic and access type at baseline was statistically
significant (P ¼ 0.033).

Analysis by Baseline Vascular Access Subgroup

In the AVF at baseline subgroup, univariate testing
found that those with a VAT were more likely to have
diabetes (51.7% vs. 40.8%, P ¼ 0.002), a history of
hypertension (81.0% vs. 73.7%, P ¼ 0.014), differing
primary kidney disease profiles (P ¼ 0.010), greater
diuretic use at baseline (57.0% vs. 43.2%, P < 0.001),
Kidney International Reports (2022) -, -–-



Table 2. Multivariate modeling of baseline variables for association with vascular access thrombosis
Variables HR (95% CI) P value HR (95% CI) P value

Model 1a

Age (per 5 yr) 1.00 (0.96–1.03) 0.83

Sex (male/female) 0.74 (0.61–0.89) 0.002 0.76 (0.63–0.92) 0.004

SBP (per 10 mm Hg) 0.98 (0.94–1.03) 0.46

DBP (per 5 mm Hg) 1.01 (0.97–1.05) 0.57

Loge (CRP) (per 1 U) 1.01 (0.92–1.10) 0.85

TSAT (per 5 U) 1.07 (0.99–1.16) 0.11

Ferritin (per 20 U) 0.99 (0.97–1.01) 0.34

Albumin (per 10 U) 0.99 (0.82–1.20) 0.92

Platelets (per 10 U) 0.99 (0.98–1.01) 0.38

Hemoglobin (per 10 U) 0.94 (0.88–1.01) 0.09

Hypertension (yes/no) 1.15 (0.93–1.43) 0.20

Diabetes as cause of kidney failure (yes/no) 1.50 (1.24–1.81) <0.001 1.49 (1.24–1.78) <0.001

Smoking

Current (referent) 1.00

Former 0.80 (0.60–1.08) 0.15 0.77 (0.58–1.03) 0.079

Never 0.70 (0.54–0.91) 0.008 0.68 (0.53–0.88) 0.004

Vascular access

Catheter (referent) 1.00

Fistula 0.95 (0.79–1.15) 0.60 0.96 (0.80–1.15) 0.65

Graft 2.30 (1.49–3.56) <0.001 2.30 (1.49–3.54) <0.001

Treatment arm (proactive/reactive) 1.13 (0.94–1.36) 0.18

Model 2b

Gender (male/female) 0.74 (0.62–0.89) 0.0018 0.75 (0.62–0.90) 0.002

Diabetes as cause of kidney failure (yes/no) 1.44 (1.19–1.74) 0.00015 1.45 (1.21–1.75) <0.001

Smoking

Current (referent) 1.00 1.00

Former 0.76 (0.57–1.02) 0.067 0.76 (0.57–1.02) 0.07

Never 0.68 (0.53–0.89) 0.0041 0.68 (0.53–0.88) 0.004

Vascular access

Catheter (referent) 1.00 1.00

Fistula 0.95 (0.78–1.14) 0.56 0.94 (0.78–1.14) 0.55

Graft 2.37 (1.53–3.67) 0.00011 2.29 (1.49–3.54) <0.001

Baseline meds (yes/no)

ACE inhibitor 1.04 (0.83–1.32) 0.71

Angiotensin receptor blocker 0.66 (0.48–0.92) 0.013 0.66 (0.48–0.91) 0.01

MRA 0.62 (0.27–1.40) 0.25

Digoxin 2.35 (1.36–4.04) 0.0021 2.48 (1.45–4.23) <0.001

Calcium channel blocker 1.01 (0.84–1.21) 0.91

Beta blocker 1.13 (0.94–1.35) 0.20

Diuretic 1.24 (1.03–1.50) 0.022 1.25 (1.04–1.50) 0.018

Anticoagulant 1.13 (0.92–1.40) 0.24

Antiplatelet 1.01 (0.84–1.21) 0.92

ACE, angiotensin-converting enzyme; CRP, C-reactive protein; DBP, diastolic blood pressure; HR, hazard ratio; MRA, mineralocorticoid receptor antagonist; SBP, systolic blood pressure;
TSAT, transferrin saturation; VAT, vascular access thrombosis.
aTesting of baseline variables excluding medications with refitting of the model including only significant predictors.
bTesting of baseline medication use and variables independently associated with VAT in model 1, with refitting of the model with significant predictors.
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less ARB use at baseline (7.6% vs. 13.5%, P ¼ 0.009),
and more likely to be randomized to the proactive i.v.
iron treatment arm of the study (55.9% vs. 49.0%, P ¼
0.05). A multivariable model was constructed using all
significant variables from the previous models, with
the randomized treatment group (proactive/reactive).
In this model, the randomized treatment group did not
reach significance (HR 1.22, P ¼ 0.11).

In the CVC at baseline subgroup, those with VAT
were more likely to be male (56.7% vs. 65.3%, P ¼
0.028), had smoking exposure previously or at the time
Kidney International Reports (2022) -, -–-
of study entry (P ¼ 0.003), and have differing primary
kidney disease profiles (P ¼ 0.003).

In the AVG at baseline subgroup, those with a
subsequent vascular access thrombotic event had a
higher baseline serum ferritin (312 mg/l vs. 237mg/l,
P ¼ 0.034) and CRP (8.0 vs. 5.0, P ¼ 0.035).
DISCUSSION
This post hoc analysis of the PIVOTAL trial found that
female sex, diabetic etiology, smoking, use of an AVG,
5



Table 3. Multivariate analysis of time-dependent variables and risk
association with vascular access thrombosis, adjusting for baseline
predictors previously found to be significant
Variables HR (95% CI) P value

Baseline variables

Angiotensin receptor blocker (yes/no) 0.66 (0.48, 0.92) 0.01

Digoxin (yes/no) 2.58 (1.50,4.41) <0.001

Diuretic (yes/no) 1.27 (1.06–1.53) 0.01

Smoking

Current (referent) 1.00

Former 0.76 (0.57–1.02) 0.06

Never 0.66 (0.51–0.86) 0.002

Diabetes as cause of kidney failure (yes/no) 1.44 (1.20–1.74) <0.001

Gender (male/female) 0.75 (0.62–0.90) 0.002

Time-varying variables

Hemoglobin (per 10 U) 0.96 (0.89–1.03) 0.25

TSAT (per 5 U) 0.99 (0.94–1.04) 0.60

Ferritin (per 50 U) 1.00 (0.98–1.01) 0.73

Loge (CRP) 0.97 (0.91–1.04) 0.45

Albumin (per 10 U) 1.15 (0.96–1.38) 0.13

Platelets (per 10 U) 1.00 (0.98–1.01) 0.50

Vascular access Catheter (referent)

Fistula 0.95 (0.77–1.19) 0.72

Graft 3.00 (2.10–4.28) <0.001

CRP, C-reactive protein; HR, hazard ratio; TSAT, transferrin saturation.
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and prescription of digoxin or a diuretic at baseline
were independent predictors of VAT. Use of an ARB
was associated independently with lower risk of VAT.
When considering factors related to anemia, the base-
line and time-dependent analyses suggested no inde-
pendent association with VAT for hemoglobin,
platelets, ferritin, or TSAT level. Within the confines of
this study design, there was no evidence to suggest
that the randomized treatment arm associated with
VAT, and although patients with AVFs at baseline who
were randomized to the proactive dosing schedule
experienced significantly more VAT on univariate
testing, this association was not found on multivariate
testing.

The PIVOTAL trial was conducted in patients who
had started regular hemodialysis within the previous
12 months. Activity to establish arteriovenous access is
especially heightened during this period, for whom
there remains a high rate of primary failure through
access thrombosis.17 These findings have clinical rele-
vance for patients during this period, and this work
provides a degree of reassurance that i.v. iron dosing
and associated measures of anemia did not seem to
incur an increased risk of VAT on multivariate testing.

Of the risk associates identified in this study, bio-
logical plausibility may be found behind the role of
diabetes, exposure to diuretic, and digoxin use as a
surrogate for low cardiac output states, when consid-
ering thrombosis in a dialysis circuit reliant on blood
flow at a consistent level of sufficient arterial pressure,
6

such as that revealed with AVG and AVF. These
findings are consistent with the existing literature.18 In
this analysis, however, it is notable that several tradi-
tional risk factors for cardiovascular thrombosis, such
as age, coronary artery disease, peripheral vascular
disease, and obesity did not have any association with
VAT.19,20 One explanation may relate to the PIVOTAL
cohort starting the trial after having commenced he-
modialysis, and by definition having functional dial-
ysis access. Therefore, many in the PIVOTAL trial will
have cleared the initial hurdle of primary vascular ac-
cess failure before randomization. The phase of primary
and or secondary assisted patency failure may largely
have been avoided in this trial, where traditional
vascular risk factors for thrombosis may be expected to
predominate.

The finding of reduced risk of VAT in patients
taking an ARB is curious and has not been found in the
literature to date. This finding was not found in those
taking angiotensin-converting enzyme inhibitors at
baseline in this study and would merit further
consideration in future studies.

When considering the risk of VAT between
different types of vascular access, this is inherently
limited by the degree of crossover from one access type
to another that occurs as part of routine care within
hemodialysis populations. This was partially mitigated
in our analysis of vascular access subtype as a time-
varying covariate where the monthly prevalent
vascular access data were included in the analysis.
When regarded as such, AVG access remained a sig-
nificant independent associate with increased risk of
VAT at baseline and as a time-varying covariate when
compared with AVFs and CVCs—a finding that is in
keeping with the published literature.11

When considering iron exposure and risk of VAT
within the individual subgroups of AVF, AVG and CVC
the most striking finding occurred in the AVF group
where a significant univariate association was found
with proactive i.v. iron prescription and increased risk
of VAT. When we analyzed this further by multivar-
iate analysis, using the variables independently asso-
ciated with VAT in our final model, proactive i.v. iron
dosing no longer reached our threshold for statistical
significance. This finding adds to the literature
exploring the issue of anemia management and poten-
tial impact on VAT in hemodialysis patients. Data from
other randomized controlled trials have suggested that
higher VAT rates may be exhibited when higher he-
matocrit or hemoglobin levels are targeted.12,21 Both
these studies deployed ESAs to achieve the desired
target, although in the normal as compared with low
hematocrit study a greater exposure to i.v. iron was
also found in the normal hematocrit group. In
Kidney International Reports (2022) -, -–-
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PIVOTAL, the weekly ESA dose was the same in those
who experienced VAT as compared with those who did
not. It also seems that the randomized i.v. iron strategy
did not clearly associate with VAT risk. Nonetheless,
the question of whether proactive i.v. iron dosing may
increase the risk of VAT in the subgroup of patients
using AVFs may not have been answered definitively
given the inherent limitations of undertaking sub-
analysis and the potential for only partial mitigation for
the crossover between the differing vascular access
types. Any concerns about the possibility of increased
VAT with proactive iron prescribing in this subgroup
should be tempered by the proven benefit on cardio-
vascular events found with proactive i.v. iron dosing
revealed by PIVOTAL.

Relatively few patients with kidney failure avoid
regular hemodialysis and its inherent requirement for
vascular access. Much published research on vascular
access complications focuses on risk of infection22—it
should be noted in PIVOTAL that there was no effect
between iron treatment group and VA infec-
tion.15,16,23 In PIVOTAL, VAT was regarded as an
adverse event for spontaneous reporting during the
trial. The threshold for defining such an event lay
with the local investigator. We expect that all clini-
cally significant vascular access thromboses were
captured within the trial; however, it is possible that
we did not account for partially or near-complete
occlusive access thrombotic episodes that were
addressed locally, for instance, by use of anticoagu-
lants, thrombolytics, or reconfiguration of the he-
modialysis prescription. Nonetheless, in PIVOTAL,
22% of trial participants were reported as having
experienced at least 1 episode of VAT. The clinical
implications of these events differ between the access
types. What is common to this problem though is
that across the hemodialysis population, VAT does
seem to incur morbidity, hospitalization, and cost.
Indeed, gaining a better understanding of the causes
of VAT, prevention and treatment of VAT have been
highlighted in the recent KDOQI vascular access
guidelines.24

This study has provided an insight into clinically
significant VAT events through the lens of a ran-
domized controlled trial and has not revealed any
clear independent association between the main lab-
oratory indices that inform on renal anemia man-
agement. It has not revealed any clear independent
association between proactive or reactive iron dosing
strategies and VAT events, although the question of
whether proactive i.v. iron dosing in those using
AVFs is associated with VAT may not have been
definitively resolved. Through this analysis, some
areas have been identified, which would merit
Kidney International Reports (2022) -, -–-
scrutiny when undertaking clinical studies of hemo-
dialysis vascular access in the future, and only
through continuing to explore this issue may
methods of preventing VAT across all the vascular
access types be developed.
7
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