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Introduction: Calcium channel blockers (CCBs) are common antihypertensive agents among patients
receiving hemodialysis (HD). Despite this, the association of CCBs with intradialytic hypotension (IDH), an
important adverse outcome that is associated with cardiovascular morbidity and mortality, remains
largely unexplored.

Methods: Using kinetic modeling sessions data from the Hemodialysis (HEMO) Study, random effects
regression models were fit to assess the association of CCB use versus nonuse with IDH (defined as
systolic blood pressure [SBP] < 90 mm Hg if pre-HD SBP < 160 mm Hg or < 100 mm Hg if pre-HD
SBP =160 mm Hg). Models were adjusted for age, biological sex (distinguishing between males and fe-
males), race, randomized Kt/V and flux assignments, heart failure, ischemic heart disease, peripheral
vascular disease, diabetes mellitus, blood urea nitrogen, ultrafiltration rate, access type, pre-HD SBP, and
other antihypertensives.

Results: Data were available for 1838 patients and 64,538 sessions. At baseline, 49% of patients were
prescribed CCBs. The overall frequency of IDH was 14% with a mean decline from pre- to nadir-SBP of 33 +
15 mm Hg. CCB use was associated with lower adjusted risk of IDH, compared with no use (incidence rate
ratio [IRR]: 0.84; 95% confidence interval [Cl]: 0.78-0.89). The association was most pronounced for those
in the pre-HD SBP lowest quartile (IRR: 0.77; 95% CI: 0.70-0.85); compared with the highest quartile (IRR:
0.86; 95% Cl: 0.77-0.97; P-interaction < 0.001).

Conclusion: Among patients receiving HD, CCB use was associated with a lower risk of developing IDH,
independent of pre-HD SBP and other antihypertensives use. Mechanistic studies are needed to better
understand the effects of CCB and other antihypertensives on peridialytic blood pressure (BP) parameters
among patients receiving HD.
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espite advances in dialysis techniques and general
medical care, the mortality of patients with end-
stage kidney disease receiving maintenance HD re-
mains unacceptably high. Most patients still succumb
to cardiovascular disease, which accounts for about
40% of deaths and substantial morbidi‘cy.l
One of the main complications of maintenance HD is
IDH, which affects ~10% to 50% of HD sessions,
depending on the definition considered.” The
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consequences of IDH include end organ hypoperfusion,
with associated risks of cardiac arrhythmias, coronary
ischemia, cerebral ischemia, vascular access throm-
bosis, as well as a higher risk of death.”" The optimal
BP for patients receiving HD is not clear, and the
timing and optimal regimen for antihypertensive use
among these patients remains the source of much
debate.’

CCBs are one of the most commonly prescribed an-
tihypertensives among patients with HD (~45% of
adult patients), likely related to once-daily dosing,
minimal clearance by HD, and lack of effect of serum
potassium concentration.” *” In a previous observa-
tional study of United States patients, compared to no
use, CCBs were associated with a lower risk of all cause
and cardiovascular mortality,'” despite similar reported
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comorbidities between users and nonusers at baseline.
In a recent systematic review and meta-analysis,
dihydropyridine CCBs were noted to lower pre-
dialysis systolic and diastolic BP, compared with pla-
cebo or no treatment. A lower risk for IDH was
observed for CCB use compared to no use, although this
was nonsignificant, perhaps reflective of the limited
sample size.''

Based on the above reports, we explored the asso-
ciation of CCB use with IDH using the detailed session
level data from the HEMO study,'” hypothesizing that
CCB use (vs. no use) would be associated with lower
risk of IDH among patients receiving outpatient
maintenance HD.

METHODS

Study Design and Population

The design and results of the HEMO study have been
reported.lz’” Briefly, the HEMO study was a 2-by-2
factorial design clinical trial that randomized 1846 pa-
tients receiving thrice weekly HD to higher versus
standard target Kt/V and higher versus lower mem-
brane flux. Patients were excluded from the study if
they had baseline serum albumin <2.6 g/dl, if they
were unable to achieve an equilibrated Kt/V = 1.3
within 4.5 hours in 2 of 3 consecutive HD sessions
targeting the higher dose goal, if their residual kidney
urea clearance was >1.5 ml/min per 35 1 of urea dis-
tribution volume, or they had end-stage morbid con-
ditions. Baseline exposure and outcome data were
available for 1838 individuals who were included in
the present analyses. During follow-up, these patients
contributed a total of 64,538 sessions.

Exposures and Outcomes

The primary exposure of interest was the usage of
CCBs. Medication data was collected by dedicated
study staff on specific case report forms every 6
months. Subcategories of CCBs were not recorded. The
primary outcome was the development of IDH, defined
as a nadir intra-HD SBP < 90 mm Hg if pre-HD SBP <
160 mm Hg or < 100 mm Hg if pre-HD SBP =160
mm Hg (Nadir 90/100), this definition has been associ-
ated with the risk of death in previous analyses from
HEMO.'" In sensitivity analyses, other IDH definitions
were considered, including Fall20 (pre-HD SBP — nadir
SBP =20 mm Hg), Fall30 (pre-HD SBP — nadir SBP =30
mm Hg), Fall20Nadir90 (pre-HD SBP — nadir SBP =20
mm Hg and nadir SBP <90 mm Hg), Fall30Nadir90 (pre-
HD SBP — nadir SBP =30 mm Hg and nadir SBP <90
mmHg), and Nadir90 (intra-HD SBP <90 mm Hg
regardless of pre-HD SBP); this definition is also asso-
ciated with an increased risk of death,' and HEMO
definition of IDH which was defined as fall in SBP
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Table 1. Baseline characteristics according to calcium channel
blocker use

Not taking CCB Taking CCB

Characteristics (n = 930) (n = 908) P-value
Age, yr 58 + 14 57 £ 15 0.05
Female, n (%) 518 (66%) 514 (67%) 0.69

Black, n (%)
Diabetes mellitus, n (%)

552 (59%)
400 (43%)

598 (66%) 0.004
420 (46%) 0.16

Ischemic heart disease, n (%) 384 (41%) 338 (37%) 0.07
Heart failure, n (%) 371 (40%) 358 (39%) 0.84
Peripheral vascular disease, n (%) 242 (26%) 228 (25%) 0.65
Pre-HD SBP, mm Hg 147 + 26 167 + 25 <0.001
Post-HD SBP, mm Hg 132 + 24 142 + 25 <0.001
Ulirafiliration rate, mi/kg/h 11.8 £55 127 £ 5.9 <0.001
Ulirafiltration volume, | 29+ 1.3 29+ 1.3 0.25
Post-HD weight, kg 70.4 £ 150 68.1 + 146 <0.001
Access 0.76

Graft 548 (568%) 544 (59%)

Fistula 317 (34%) 308 (34%)

Cathefer 65 (7%) 56 (6%)
Pre-HD BUN, mg/dI 57.1 +17.3 57.1 +£17.3 0.96
Hemodialysis vintage, yr 23[1.1,49] 23(.1,47) 0.84

Angiotensin converting enzyme, n (%)
Beta blockers, n (%)

203 (22%)
257 (28%)

257 (28%) 0.001
296 (33%) 0.02

Alpha-1 blockers, n (%) 42 (4.5%) 83 (9%) <0.001
Other hypertensives, n (%) 145 (16%) 194 (21%) 0.001
Nitrates, n (%) 152 (16%) 163 (18%) 0.36
Angiotensin Il receptor blockers, n (%) 8 (0.9 %) 17 2%) 0.06
Minoxidil, n (%) 15 2%) 17 2%) 0.67
Adrenergic blockers, n (%) 29 (3%) 32 (3%) 0.63

Totfal number of antihypertensives, n 1[0, 1] 1[0, 2] <0.001
Higher KtV assignment, n (%) 464 (50%) 451 (50%) 0.92
Higher flux assignment, n (%) 454 (49%) 463 (561%) 0.35

Serum Albumin, g/dl 39+03 39+04 0.39
Serum Phosphorous mg/d 57+19 58+ 1.9 0.26
Hematocrit, (%) 34 +4 SSEND) 0.25

BUN, blood urea nitrogen; CCB, calcium channel blocker; post-HD, posthemodialysis;
pre-HD, prehemodialysis; SBP, systolic blood pressure.

resulting in intervention of ultrafiltration reduction,
blood flow reduction, or saline administration.'” As a
secondary outcome, we considered the decline in SBP
from pre- to nadir-HD as a continuous variable.
Detailed BP data were abstracted from monthly kinetic
modeling sessions.

Study Data

Data for the HEMO Study were collected through a
variety of methods, including chart review, participant
interviews, and self-reported questionnaires. De-
mographic information such as age, sex, and self-
reported race were recorded at baseline. Comorbid-
ities (diabetes, peripheral vascular disease, and heart
failure) were recorded annually; HD treatment data
were recorded monthly; and general laboratory pa-
rameters were recorded every 6 months. Comorbidities
were graded using the Index of Co-existing disease
scale and were dichotomized for the present analyses."’
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Table 2. Association of calcium blocker use with alternative
definitions of intradialytic hypotension

A Lefranc Torres et al.: Calcium Blockers and Intradialytic Hypotension

Table 3. Association of CCB use (vs. nonuse) with intra dialytic
hypotension

IDH definition Not taking CCBs n/N (%) Taking CCB n/N (%) P-value
Nadir90/100 5589/34,703 (16%) 3228/29,835 (11%) <0.001
Fall20 23,601/34,703 (68%) 20,101/29,835 (67%) 0.09

Fall20Nadir90 4142/34,703 (12%) 2301/29,835 (8%) <0.001
Fall30 17,330/34,703 (50%) 14,961/29,835 (50%) 0.60

Fall30Nadir90 3582/34,703 (10%) 2169/29,835 (7%) <0.001
Nadir90 4824/34,703 (14%) 2454/29,835 (8%) <0.001
Nadir100 9294/34,703 (27%) 5134/29,835 (17%) <0.001
HEMO study 6499/34,845 (19%) 4958/29,952 (17%) <0.001

defined IDH

CCB, calcium channel blocker; IDH, intradialytic hypotension.

Statistical Analysis

Continuous variables were reported as mean (&= SD) for
normally distributed data, or median (25th—75th
percentile) for nonnormally distributed data, with
baseline (first kinetic modeling session) comparisons
made using t tests or Wilcoxon rank sum tests, as
appropriate. Categorical variables were examined by
frequency distribution, recorded as proportions, and
comparisons made using the > test. Unadjusted and
adjusted random effects Poisson regression models
were fit to examine the association of CCB use with IDH
to account for the repeated measures and noninde-
pendence of data. Model 1 adjusted for age, sex, and
race (Black vs. non-Black). Model 2 additionally
adjusted for randomized Kt/V assignment, randomized
flux assignment, heart failure, peripheral vascular dis-
ease, diabetes mellitus, access type (catheter, fistula, or
graft), predialysis blood urea nitrogen, ultrafiltration
rate, and pre-HD SBP. Model 3 further adjusted for the
baseline use of angiotensin converting enzyme in-
hibitors, beta-blockers, alpha-1 blockers, nitrates,
angiotensin II receptor blockers, minoxidil, adrenergic
blockers, and other antihypertensives. Model 3b
adjusted for the same variable as Model 2, with the
addition of the total count of antihypertensive medi-
cations. Analogous models using random effects linear
regression were used with the pre-HD, nadir intra-HD,
and post-HD systolic BP as the outcomes. In explor-
atory analyses, in an attempt to minimize potential
selection bias, we restricted the analyses to patients
who did not have any other antihypertensive medica-
tions prescribed.

For the present analyses, data recorded less
frequently than monthly was carried forward to each
HD session until the next update was available. Rele-
vant cross product terms were included in Model 3 to
assess if the association of CCB with IDH differed ac-
cording to prespecified variables (sex, race, pre-HD
systolic BP, heart failure, randomized Kt/V assign-
ment, and randomized flux assignments). All analyses
were performed using Stata/MP, version 16 (StataCorp),
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Incidence rate ratio

Outcome Model (95% Cl) for CCB vs. none  P-value
Nadir90/100

Unadjusted 0.81 (0.76-0.86) <0.001

Model 1 0.81 (0.76-0.87) <0.001

Model 2 0.84 (0.78-0.89) <0.001

Model 3 0.85 (0.79-0.90) <0.001

Model 3b 0.84 (0.79-0.90) <0.001

Subgroup without other 0.76 (0.67-0.85) <0.001

antihypertensives (Model 2)

Cl, confidence interval; CCB, calcium channel blocker.

Model 1 was adjusted for age, sex, and race (Black vs. non Black).

Model 2 was additionally adjusted for randomized Kt/V assignment, randomized flux
assignment, heart failure, peripheral vascular disease, diabetes mellitus, access type
(catheter, fistula, or graft), predialysis blood urea nitrogen, ultrafiltration rate, and
predialysis systolic blood pressure.

Model 3 was additionally adjusted for baseline use of angiotensin converting enzyme
inhibitors, beta-blockers, alpha-1 blockers, nitrates, angiotensin Il receptor blockers,
minoxidil, adrenergic blockers, and other antihypertensives.

Model 3b was adjusted for the same variables as Model 2, as well as the count of
antihypertensive medications.

at a 2-sided alpha of 0.05, without correction for mul-
tiple hypothesis testing. Missing data was not imputed
(<1% for all model variables).

Ethics

The study was approved by the institutional review
board at each of 15 clinical centers associated with 72
participating dialysis units, and all patients gave
written informed consent. Data from the HEMO study
was obtained with the permission of the National
Institute of Diabetic and Digestive Kidney Diseases.
The full list of participating site and ethics committees
can be found at https://www.nejm.org/doi/full/10.1
056/NEJMo0a021583.

RESULTS

Baseline Characteristics

At baseline, the mean age of participants was 58 + 14
years, 63% were Black, and 49% were taking CCBs.
Patients taking CCBs were more likely to be Black, have
higher predialysis SBP and higher ultrafiltration rate,
and were more likely to be taking additional antihy-
pertensive agents, than those not taking CCBs (Table 1).

Association of CCB Use With IDH
The Nadir90/100 outcome occurred in 3228 of 29,835
(11%) sessions among those taking CCBs and in 5589 of
34,703 (16%) sessions among those not taking CCBs
(P < 0.001). The frequency of IDH using alternative
definitions according to CCB use is presented in
Table 2. With the exception of the Fall20 and Fall30
definitions, the frequency of IDH was lower among
those taking CCBs, compared with those who were not.
In patient-level unadjusted analyses, CCB use (vs.
nonuse) was associated with 19% lower risk of
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Figure 1. Adjusted association (Model 3) of calcium channel blocker use (vs. nonuse) with intradialytic hypotension according to categories of
predialysis systolic blood pressure. BP, blood pressure; CCB, calcium channel blocker; HD, hemodialysis; IRR, incidence rate ratio.

developing Nadir90/100 (IRR: 0.81; 95% CI: 0.76—0.86).
In fully adjusted models, this association attenuated
marginally, but remained significant (Model 3, IRR:
0.85; 95% CI: 0.79-0.90; Table 3). Similar patterns of
association were noted when the count of antihyper-
tensive medications was adjusted for (Model 3b,
Table 3) and in sensitivity analyses that considered
alternative  definitions of IDH (Supplementary
Table S1).

Association of CCB Use With IDH in Subgroups
There was no evidence for effect modification accord-
ing to sex, race, heart failure, randomized Kt/V arm, or
randomized flux arm (P-interaction > 0.25 for all). The
association of CCB use with IDH appeared to differ
according to quartiles of pre-HD systolic BP (P-
interaction < 0.001). Specifically, CCB use (vs. nonuse)
was associated with a 23% lower risk of Nadir90/100
among those in the lowest quartile of pre-HD systolic
BP, whereas CCB use (vs. nonuse) was associated with a
14% lower risk of Nadir90/100 among those in the
highest quartile of pre-HD systolic BP (Figure 1).
Similar to the analyses with pre-HD systolic BP,
there was some suggestion that the association of CCB
use (vs. nonuse) with IDH differed according to the
number of other antihypertensive medications used (P-
interaction = 0.16). In models restricted to patients
who did not have any other antihypertensive medica-
tions prescribed, the association of CCB use (vs. nonuse)
with a lower risk of IDH was accentuated (Model 2,

Kidney International Reports (2024) 9, 1758-1764

IRR: 0.76; 95% CI: 0.67-0.85). These findings were
consistent among the various definitions of IDH
considered (Table 3).

Association of CCB Use With Changes in SBP
During HD

The mean decline from pre- to nadir intradialytic SBP
was 33 &= 15 mm Hg, on a patient level basis. In fully
adjusted models, considering the intradialytic decline
in systolic BP as a continuous variable, patients using
CCBs had less SBP decline (—1.6; 95% CI: —2.1 to —1.2
mm Hg; P < 0.001), compared with those who were not
taking CCBs. Similar patterns of association were noted
in fully adjusted models for the nadir intradialytic SBP
and the post-HD SBP, which were 1.6 (95% CI: 1.2-2.1)
mm Hg and 1.9 (95% CI: 1.4-2.3) mm Hg higher
respectively, among those taking versus those not
taking CCBs in the fully adjusted analyses (Figure 2).

DISCUSSION

In this analysis of patients receiving maintenance HD,
those taking CCBs had a lower risk of developing IDH,
compared with those who were not, independent of
pre-HD SBP and other antihypertensive medication
use. The association was consistent across various
definitions of IDH but appeared to be more pronounced
among those with lower pre-HD systolic BP and those
who were not prescribed any other antihypertensive
medications.
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Figure 2. Association of calcium channel blocker use (vs. nonuse) with predialysis, nadir, and postdialysis systolic blood pressure. CCB,

calcium channel blocker; SBP, systolic blood pressure.

Model 1 was adjusted for age, sex, and race (Black vs. non-Black).

Model 2 was additionally adjusted for randomized Kt/V assignment, randomized flux assignment, heart failure, peripheral vascular disease,
diabetes mellitus, access type (catheter, fistula, or graft), predialysis blood urea nitrogen, ultrafiltration rate, and predialysis systolic blood

pressure.

Model 3 was additionally adjusted for baseline use of angiotensin converting enzyme inhibitors, beta-blockers, alpha-1 blockers, nitrates,
angiotensin |l receptor blockers, minoxidil, adrenergic blockers, and other antihypertensives.

Hypertension is highly prevalent among patients
receiving maintenance HD.' Although clearly a major
risk factor for cardiovascular disease among the non-
HD CKD population,'® observational data in the HD
population suggests the presence of a U-shaped asso-
ciation of pre-HD systolic BP with mortality,'” and the
limited trials to date have not defined an optimal BP
target or antihypertensive regimen.'”'” Indeed, some
have promoted the idea of permissive hypertension
among patients receiving maintenance HD, given the
associations of IDH with adverse outcomes, and there is
a lack of clarity in relation to the optimal timing of
antihypertensive use with respect to the HD session.’

CCBs are one of the most commonly prescribed
antihypertensive medications among patients receiving
maintenance HD, with estimated use in about 45% of
patients in the United States in 2020." Previous obser-
vational data from Kestenbaum et al.'’ reported a lower
risk of all cause and cardiovascular mortality with CCB
use (vs. nonuse), with some suggestion that the asso-
ciated risk reductions were more apparent among those
with a history of cardiovascular disease. Data from a
modest sized trial in 2008 (N = 251) reported a

1762

nonsignificant lower risk of all-cause mortality among
hypertensive patients on HD for those randomized to
amlodipine, compared with placebo (hazard ratio: 0.65;
95% CI: 0.34-1.23); though the trial under recruited
and was underpowered. Despite lowering pre-HD
systolic BP by 10 mm Hg more than placebo, no dif-
ference in terms of hypotensive episodes was noted;
hypotension was defined as an event of reduction in BP
associated with clinical symptoms during the HD
treatment.”” Subsequent data from a meta-analysis was
less convincing, with low certainty evidence suggest-
ing that dihydropyridine CCBs may reduce pre-HD
systolic BP compared with placebo or no treatment.
Although a nonsignificant lower risk of IDH was noted
for CCB use versus placebo or no treatment (relative
risk: 0.54; 95% CI: 0.25-1.15); this was also deemed as
low certainty evidence, coming from only 2 studies
with a total of 287 patients."’

In our present analyses, we observed a lower risk of
IDH for those receiving CCBs versus nonuse, with
supportive findings in sensitivity analyses examining
differences in nadir and post-HD systolic BP. Several
hypotheses have been proposed by which CCBs may be

Kidney International Reports (2024) 9, 1758-1764
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advantageous among patients receiving maintenance
HD. One potential mechanism relates to improved
coronary blood flow, with a double blind cross over
trial of patients on HD with known coronary artery
disease (N = 196) reporting that diltiazem reduced the
frequency and duration of symptomatic ischemic epi-
sodes, as assessed by 48-hour Holter monitoring,
compared with placebo.”’ Aslam et al** examined the
effects of amlodipine and valsartan on oxidative stress
and plasma methylarginines in a crossover trial of 23
patients with hypertension receiving maintenance HD,
and found that both medications reduced asymmetric
dimethylarginine (a nitric oxide inhibitor).22 Another
study of 20 hypertensive patients reported less varia-
tion in systolic BP for CCB versus ARBs, with higher
post-HD systolic BP for CCB (116 vs. 110 mm Hg).”’
This potential reduction in BP variability with CCBs
may partially explain why we observed a lower risk of
threshold-based definitions of IDH for those with lower
pre-HD systolic BP and among those not prescribed
other antihypertensive medications in the present an-
alyses. Nevertheless, confirmatory studies and mecha-
nistic studies are needed to better understand the
underlying pathophysiology.

There are several strengths to our study, including
the availability of HD session-level BP data from a large
and well-executed randomized trial, as well as repeated
collections of medication and comorbid data. However,
there are several limitations that are also important to
consider. These include a lack of detail on the subtype of
CCBs and other antihypertensive medications, medica-
tions that augment BP, adherence, dialyzability, and the
timing in relation to the HD session; and the fact that
medication regimens were only updated every 6 months
during the trial. The potential for residual confounding
also remains (despite the use of multivariable adjusted
models) because data related to the dialysate prescrip-
tion, temperature, and other potential confounders were
not available. Concerns also exist with respect to
generalizability beyond that of the included patients and
to contemporary HD populations, although the CCBs in
use today are similar to those at the time of the HEMO
study and it is unlikely that the pathophysiology of BP
responses has changed in the interim.

In summary, our findings demonstrate that the use of
CCBs is associated with a lower risk of developing IDH
among patients receiving maintenance thrice-weekly
HD. Given the associated risks of IDH and the lack of
consensus on BP targets for patients on HD, CCBs may
represent a reasonable therapeutic choice to balance the
optimization of pre-HD BP control with minimizing the
risk of IDH. Further interventional trials and mecha-
nistic studies are urgently needed to test these hypoth-
eses in this high risk patient population.
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