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Abstract

Background—The aim of this study was to assess for distinct kidney function trajectories
following left ventricular assist device (LVVAD) placement. Cohort studies of LVAD recipients
demonstrate that kidney function tends to increase early after LVAD placement, followed

by decline and limited sustained improvement. Inter-individual differences in kidney function
response may be obscured.

Methods—We identified continuous flow LVVAD implantations in US adults (2016-17) from
INTERMACS (Interagency Registry for Mechanically Assisted Circulatory Support). Primary
outcomes were estimated glomerular filtration rate (eGFR) trajectories pre-implantation to ~12
months. Latent class mixed models were applied to primary and validation samples. Clinical
differences among trajectory groups were investigated.

Results—Among 4,615 LVAD implantations, five eGFR trajectory groups were identified.
The two largest groups (Groups 1 and 2) made up >80% of the cohort, and were similar to
group average trajectories previously reported, with early eGFR rise followed by decline and
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stabilization. Three novel trajectory groups were found: worsening followed by sustained low
kidney function (Group 3, 10.1%), sustained improvement (Group 4, 3.3%), and worsening
followed by variation (Group 5, 1.7%). These groups differed in baseline characteristics and
outcomes. Group 4 was younger and had more cardiogenic shock and pre-implantation dialysis;
Group 3 had higher rates of pre-existing chronic kidney disease, along with older age.

Conclusions—Novel eGFR trajectories were identified in a national cohort, possibly
representing distinct cardiorenal processes. Type 1 cardiorenal syndrome may have been
predominant in Group 4, and parenchymal kidney disease may have been predominant in Group 3.

Keywords

continuous-flow left ventricular assist device; advanced heart failure; trajectory; kidney function;
cardiorenal; latent class mixed models

Introduction

Methods
Cohort

Durable mechanical circulatory support with continuous-flow left ventricular assist devices
(LVADs) is used for advanced heart failure (HF) refractory to medical and device therapy.!
Kidney dysfunction is common and portends worse outcomes in LVAD recipients.2 LVADs
improve cardiac output and central venous pressure, macrocirculatory parameters that drive
kidney dysfunction in HF.3-5 Despite these improvements, LVADs have not been shown

to cause substantial sustained kidney function improvement in cohort studies.68 Group
average eGFR changes following LVAD implantation demonstrate early increase in eGFR,
peak ~1 month after implantation, followed by decline.6-8 Explanations for this lack of
sustained improvement have focused on possible detrimental effects on the kidney from
long-term LVAD support.>-11 However, clinical experience suggests that there are marked
inter-individual differences in kidney function response. Independent of kidney function,
eGFR can be affected by illness, diet, inflammation, and fluid status.1213 As such, patterns
of change may be more meaningful than static values.

Techniques enabling simultaneous unsupervised identification of trajectories and
classification of individuals into distinctive trajectory groups have enabled insights in other
complex longitudinal processes, including kidney transplantation and stroke.14-17 Latent
class mixed models are a contemporary method for identifying subgroups with similar mean
trajectory profiles while also implicitly handling missing data and irregular repeated variable
measurements,18:19

To study differences in effects of continuous flow LVAD implantation on kidney health/
function, we assessed for presence of distinctive eGFR trajectories in a national cohort and
investigated how trajectories related to pre-implantation factors and clinical outcomes.

Methods are summarized in Supplemental Figure S1. The INTERMACS (Interagency
Registry for Mechanically Assisted Circulatory Support) database from the National Heart,
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Lung and Blood Institute Biologic Specimen and Data Repository was used. This is a
registry for people =19 years who received a US Food and Drug Administration-approved
mechanical circulatory support device for advanced HF.2921 We included persons who
received primary implantations for advanced HF of isolated continuous flow durable
LVADs, 1/1/2016-12/31/2017. The cohort was divided into primary (75%) and internal
validation (25%) cohorts randomly to assess for consistency of results. This split was
chosen based on the need for adequate primary cohort size to achieve precise estimates of
baseline characteristics while allowing adequate validation cohort size so that the presence
of small groups would be potentially identifiable. Analysis of the de-identified database
was determined not to be human subjects research by the Baylor College of Medicine
Institutional Review Board.

The primary outcome was eGFR trajectory from immediately before L\VVAD implantation to
~12 month, censoring for transplant, device removal, or death. The Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) serum creatinine equation was used to calculate
eGFR.22 The INTERMACS protocol collects creatinine measurements immediately before
implantation, then at 1 week, and then 1, 3, 6, and 12 months. To ensure inclusion of

1-year follow-up values, we included values obtained up to 14 months. We included persons
with as few as 1 creatinine measurement to enable maximal data usage. During periods

of kidney replacement therapy eGFR was imputed from a uniform distribution from 2-15
ml/min/1.73m2. This was done to reflect the known low level of kidney function (for which
further estimation was not possible) while avoiding numerous identical values. At low serum
creatinine levels eGFR is inaccurate and small changes may result in large eGFR changes
not reflective of changing kidney function.23 We minimized the impact of unstable eGFR
estimates by establishing a ceiling on eGFR without enforcing identical values, replacing
values =110 ml/min/1.73m?2 with random values from 110-125 ml/min/1.73mZ2. We assessed
how trajectory group membership related to death and heart transplantation.

Pre-implantation and implantation variables

Pre-implantation variables were collected based on the INTERMACS protocol.2! These
included demographics, treatment goals, comorbidities, labs, vital signs, and INTERMACS
Patient Profile (Table 1). The protocol limited collection of certain variables to specific
definitional categories: baseline CKD was based on center judgment, and pre-existing
diabetes was collected as center-adjudicated “severe diabetes”.24

Statistical analysis

Identifying latent eGFR class trajectories—We used latent class mixed models to
identify and model trajectories. Latent class mixed models extend linear mixed models to
handle non-normally distributed outcomes and non-observed population heterogeneity.1® An
assumption is made that the population is composed of a number of latent classes or groups,
each characterized by a mean trajectory profile.18:19 Based on prior group level averages for
eGFR following LVAD implantation,®25 we wanted to allow non-linear eGFR trajectories,
especially near time of implantation. Therefore, we chose a priori cubic splines with knots
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at 1, 3, and 6 months and class-specific regression parameters. We ran each model 10 times
using random initial values.19.26

Finding the optimal number of trajectory groups—\We evaluated latent class
numbers ranging from 2 to 9. We chose the optimal number by comparing Akaike’s and
Bayesian information criteria, discrimination (the ability to clearly group individuals into
different classes), and entropy (the extent trajectory classes differed), along with subjective
interpretability considerations (avoiding very small groups).127 Models were estimated
separately in primary and the internal validation samples and compared for similarity. The
model with the optimal number of trajectory groups was used to assign group membership
to individuals.

Assessing how baseline characteristics differed among trajectory groups
—TFor univariate assessment, we used the largest trajectory group as the reference,

and calculated standardized differences between each group and this reference.28 For
multivariable analysis, random forest classifier models were fitted to predict group
membership from baseline characteristics. The random forest approach allowed an
investigation of complex, non-linear relationships. It also allowed determination of variable
importance scores, so that variables could be ranked in terms of importance for trajectory
group membership. We used 74 baseline variables thought to be of relevance to kidney
health and with missingness <20% (Supplemental Table S1). Missing values were imputed
using random forest imputation.2? Regularized random forests was used to select variables
for the final model, and models were fitted on the primary sample (using stratified sampling
with replacement to ensure an equal number was selected from each trajectory class, given
class imbalances) and then were tested against the validation sample.30

In exploratory analyses we treated group membership as existing at time of implantation and
unchanging, and evaluated relationships with death and heart transplantation using Kaplan
Meier estimators and Cox proportional hazards models. Proportional hazards assumptions
were tested and we used a Cox model stratifying on a covariate for which the proportional
hazards assumption was violated. We plotted prevalences of dialysis utilization during
follow-up for each group, censoring at death, heart transplantation, or LVAD explantation.
Analyses were performed using R 4.0.2 (www.r-project.org) and the lcmm package.19

Cohort characteristics

Out of 5,033 implantations, 4,615 CF-LVAD implantations met inclusion criteria.
Implantations were assigned to primary (75%; 3,461) and internal validation samples
(25%; 1,154). Baseline characteristics are in Table 1. Median number of serum creatinine
measurements was 5 (IQR 3-5); range was 1-6. During the 14 month follow-up, 577
(12.5%) individuals died and 620 (13.4%) received heart transplants.
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Trajectory groups

Identification of trajectory groups—A 5 trajectory group solution demonstrated the
best characteristics (Supplemental Table S2). This was near the minimum for the BIC,
maintained discrimination of 0.75 (values closer to one indicate higher posterior probability
of individuals belonging to the trajectory groups they were assigned to), entropy of 0.72
(values closer to one indicate greater differences between trajectories), and avoided very
small groups. The internal validation modeling characteristics are shown in Supplemental
Table S2 and were similar to the primary cohort.

Trajectory descriptions—The eGFR values for the 5 trajectory groups in the primary
sample and internal validation sample are presented in Figure 1. The two largest trajectory
groups (Groups 1 and 2) demonstrated early eGFR increase, peak between 1-2 months,
followed by decline and stabilization. These two groups comprised 84.7% of the primary
cohort (85.4% of the validation cohort). These two trajectory classes differed by pre-
implantation eGFR and degree of later decline. The next largest trajectory group (Group

3) demonstrated low pre-implantation eGFR with early decline and nadir between 1-2
months, followed by recovery to near pre-implantation values. Group 4 demonstrated early
increase in eGFR peaking just before 2 months, with sustained eGFR improvement from the
pre-implantation value. The smallest trajectory group (Group 5) demonstrated post-operative
eGFR decline followed by wide variation. Supplemental Figure S2 shows the proportion of
non-censored members of each trajectory group on dialysis during follow-up.

Baseline characteristics by trajectory group—Differences between trajectory groups
at baseline are shown in Figure 2, with the largest trajectory group (Group 1) as the
reference. Group 2 had higher heart rate, more ICDs, and markedly younger age and less
CKD than Group 1. Group 3, compared to 1, had more CKD and dialysis, and lower
hemoglobin. Group 4 had higher cardiogenic shock, dialysis, heart rate, and total bilirubin,
in addition to younger age and more recent cardiac disease onset. Group 5 had higher total
bilirubin, higher cardiogenic shock and heart rate, newer cardiac diagnosis, younger age,
lower hemoglobin, and lower serum albumin.

The random forests model predicting trajectory group membership using baseline

variables selected 54 of 74 candidate variables (Supplemental Table S1). This model
demonstrated accuracy=49.5%, kappa=0.26, and McNemar’s P-value<0.001. Age was the
most important variable in determining trajectory group membership, followed by platelet
count, hemoglobin, total bilirubin, and left ventricular end diastolic diameter (Supplemental
Figure S3). Partial dependence plots demonstrated that increasing age increased probability
of membership in Groups 1 and 3 (Supplemental Figure S4).

Heart transplantation and death by trajectory group—Survival differed between
trajectory groups (Figure 3A), with Groups 3 and 5 having the lowest 1-year survival: 61.8%
and 65.8% respectively. Heart transplantation over 1 year ranged from a low of 11.6% in
Group 3 to a high of 27.9% in Group 4 (Figure 3B). In adjusted Cox models comparing
Groups 2-5 with Group 1, Group 2 had lower risk of death with hazard ratio (HR) (95% CI)
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0.63 (0.48-0.83). Groups 3 and 5 had higher risks of death than Group 1, with HR (95% CI)
3.02 (2.46-3.70) and 2.83 (1.82-4.93) respectively (Supplemental Table S3).

Discussion

We have identified 5 distinct kidney function trajectories following LVAD implantation in

a cohort of adults, including 3 groups that differ markedly from overall group averages.

The two largest trajectory groups (1 and 2) had trajectories similar to group average results
previously described in several reports, with early rise in eGFR, peak at one month, and later
decline to near pre-implantation levels.”:8:2531 Qur analysis supports the importance of this
pattern. The relationship of Group 1 and Group 2 trajectories is similar to a pattern identified
in a prior study of 400 LVVAD recipients, which categorized patients by pre-implantation
outpatient eGFR values into CKD stages.® The trajectory of Group 1 in the present study

is very similar to the trajectory for persons with baseline CKD Stage 3A in the prior

study, and Group 2 is similar to the group categorized as Stage 1 or 2 in the prior study.®
The baseline characteristics of these groups corresponded as well, with older age the most
notable difference between those in the CKD Stage 3A or Group 1, compared with those in
the CKD Stage 1 or 2 or Group 2.

The distinct patterns in a minority of patients (Groups 3-5) with potential
pathophysiological importance, otherwise obscured by the dominant patterns, demonstrates
the power of the analytic techniques to discern heterogeneity. These 3 novel trajectory
groups may correspond to distinct pathophysiologic kidney health states. One trajectory
group (Group 4) may correspond to pre-LVVAD implantation type 1 cardiorenal syndrome
(acute HF causing acute, hemodynamically-mediated kidney dysfunction), another trajectory
group (Group 3) may demonstrate parenchymal kidney disease, and the smallest trajectory
group (Group 5) may represent severe post-implantation AKI followed by recovery

among survivors.32:33 Early and sustained improvement in eGFR is expected after

LVAD implantation based on a macrocirculatory model of cardiorenal interaction, where
improvement in cardiac output and central venous pressure yields sustained kidney function
improvement. This fits with the trajectory observed in Group 4, and examination of baseline
characteristics of this group further supports this. These were younger patients suffering
from severe cardiogenic shock with recent onset cardiac disease. Thus, this group may have
had isolated, severe cardiac dysfunction and healthy kidney parenchyma which responded
well to hemodynamic improvement. While this is the classic cardiorenal interaction, it is
striking that this group was so small. It included only about 1 in 30 LVVAD implantations,
suggesting that it is the exception rather than the norm and that non-macrocirculatory
cardiorenal interactions predominate in most LVAD recipients.34

Group 3 (early worsening followed by sustained low kidney function) included 1 in 10
implantations, with severe cardiogenic shock, temporary MCS, and high pre-operative
dialysis requirements. Many were classified as having CKD prior to implantation. Thus,
this group may reflect persons with chronic parenchymal kidney disease and severe pre-
operative decompensation with post-operative worsening kidney function due to lack of
renal functional reserve and sensitivity to stresses. Need for pre-implantation dialysis or
ultrafiltration is a known risk factor for adverse outcomes.?! Identification of persons likely
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to suffer from these poorer trajectories, and determining which management options are best
for them, is an important goal.

Group 5, with only about 1 in 70 individuals, had individuals similar at baseline to the
improvement group (Group 4) but with severe post-operative complications. This group may
be the most severely acutely ill, placing them at high risk for a complicated post-operative
course, with severe AKI followed by recovery (among those who survive). Development

of right ventricular dysfunction and resulting high renal venous pressures may have been

an important cause of the AKI in this group.1! This group, along with the persistently

low kidney function group (Group 3) had the lowest survival. Among those in Group 5

who survived, kidney outcomes were favorable, likely reflecting underlying healthy kidney
parenchyma.

Finally, we further examine the two largest groups (1 and 2), which make up over 8 in 10
LVAD recipients. The baseline differences between Group 1 and Group 2 are that Group

2 is substantially younger, with less CKD and less ischemic cardiomyopathy and higher
cardiogenic shock. This might indicate that Group 2 represents a group like the improvement
group (relatively cardiac-specific disease and less parenchymal kidney disease) although
with lower severity and acuity of cardiac decompensation and less pre-L\VAD implantation
kidney dysfunction. The Group 2 trajectory, compared to Group 1, seems to show a

more pronounced later decline, and this appears to persist over the 12 month follow-up.
Several possible explanations may warrant further investigation. One is changing creatinine
production, with increasing muscle mass and perhaps improved dietary intake with sustained
LVAD support increasing serum creatinine. Another explanation is that long-term LVAD
support has itself led to kidney damage. Potential mechanisms that have been proposed

for this are endothelial damage, hemolysis, and progressive right ventricular dysfunction.
Another hypothesis invokes kidney hemodynamics to explain the eGFR declines observed
in Group 2, in addition to Groups 1 and 4. Kidney hyperfiltration occurs in advanced HF,
with reduced cardiac output driving increased filtration fraction in an effort to maintain GFR
and natriuresis.13:3% Increased perfusion following LVAD implantation may lead to a large
GFR increase, subsequently moderated by kidney adaptation with reduced filtration fraction
and GFR. Group 4, with a pronounced eGFR decline soon after the early peak, may be
demonstrating a rapid diminution in hyperfiltration by healthy kidney parenchyma, possibly
protective of kidney function.38

The most important baseline factor in predicting trajectory group membership was age,
with older individuals more likely to belong to Groups 1 and 3, and younger individuals
more likely to belong to Groups 2, 4, and 5. The importance of age could be driven by its
relationship to cardiac disease, with younger patients having more isolated heart disease and
older patients having more parenchymal kidney disease related to systemic processes (e.g.,
diabetes, atherosclerosis). The next two most important predictors of group membership
were hematologic factors: platelet count and hemoglobin concentration. Patients with
elevated platelet counts were more likely to be in the 2 trajectory groups with the highest
survival (Groups 2 and 4). Low platelet counts were observed in the two groups with poor
survival outcomes (Groups 3 and 5). Low hemoglobin was associated with membership in
Group 4, with substantial kidney function improvement. These hematologic factors may
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be driven by several important processes, including hemolysis, blood loss, disseminated
intravascular coagulation, and hemodilution.

The finding that kidney function trajectories were associated with baseline variables

known to be related to other post-implantation outcomes—age, severity of cardiac
decompensation, chronicity of heart and kidney disease—further supports the importance
of these factors.21:37:38 Additionally, the results show that while significant, sustained
improvement can be seen following LVAD placement, this occurs in a relatively small
group. Characteristics of those likely to recover kidney function were found—younger age,
shorter duration of heart and kidney disease, cardiogenic shock—but further work is needed
to enable prediction of kidney outcomes at the individual level. Ultimately, what is needed
is therapies and management strategies to enable more LVAD recipients to achieve sustained
kidney health, and this may depend in part on identifying those most at risk for adverse
kidney outcomes,11:39

A limitation of the study is the use of serum creatinine-based eGFR. Accuracy of eGFR
has not been assessed in LVAD recipients, and eGFR estimates provide inaccurate estimates
of measured GFR in HF.4041 Nevertheless, eGFR and creatinine, if judged in relation

to outcomes rather than as physiological measurements, have demonstrated important
associations with outcomes in the LVVAD setting and are widely used. Additionally,

the methods of this study, looking at longitudinal patterns in a biomarker score, may
further reduce the importance of eGFR accuracy, as the shape of trajectories—potentially
integrating changes in kidney function, body composition, and diet—rather than individual
values are the primary metrics. Serum cystatin C values are not available. Use of
trajectory groups as predictors in survival analyses is limited in that trajectories were

not necessarily independent of the censoring caused by these outcome events. We were
unable to differentiate device types in the database. We are unable to determine which
factors led to patients being transplant candidates versus destination therapy candidates.
Complications occurring after LVAD implantation that may have affected kidney function
are not incorporated in the present analysis and warrant further study. Different choices
for spline knot number and placement may have led to identification of different trajectory
groups.

In conclusion, distinct kidney function trajectory groups following LVAD implantation

have been identified in a national cohort, using an unsupervised algorithm, confirming the
previously identified dominant trajectory patterns, and revealing other, novel trajectories.
These findings demonstrate the usefulness of modern analytic techniques in investigating
inter-individual differences that may be obscured in conventional analyses of heterogeneous
cohorts. These trajectory groups differed in pre-implantation characteristics and may reflect
distinct kidney health/function pathophysiology. To improve outcomes in this setting, further
investigations into the heterogeneous causes and outcomes of kidney disease in LVAD
recipients are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. Estimated glomerular filtration rate (eGFR) plots for the 5 trajectory groups (primary

sample, n = 3,461)

B. eGFR plots for the 5 trajectory groups (internal validation sample, n = 1,154)

Notes: Bold lines represent class-specific mean predicted trajectories for each group. Dashed
lines are 95% confidence intervals for the predicted trajectories, computed by a Monte

Carlo approximation of the posterior distribution of the predicted values.1® Thin lines are
individual serum creatinine trajectories.
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Figure 2. Standar dized differencesin baseline characteristics (Group 1isthereference). Primary
sampleisrepresented by orange dots; internal validation sample by blue dots.
*Blue asterisks highlight that standardized differences are not available for dialysis and

ultrafiltration for the internal validation sample because there were no patients with these
treatments in the Group 1 in the internal validation sample.
Notes: Variables are ordered by standardized mean difference in the primary cohort. Group
4 vs 1 validation group age difference (represented by an arrow) was beyond the left border,
with standardized difference —1.33. In the validation group, no one in group 1 received
dialysis or ultrafiltration, so validation group estimates are not available.
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Abbreviations: ICD, implantable cardioverter defibrillator; Hgb, hemoglobin; T, total; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; MCS, mechanical circulatory
support; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump;
SBP, systolic blood pressure; DBP, diastolic blood pressure; CPB, cardiopulmonary bypass;
BSA, body surface area; BMI, body mass index; CKD, chronic kidney disease

J Heart Lung Transplant. Author manuscript; available in PMC 2023 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Walther et al.

A. Survival

c 9
6 © ¢
= L\
= 2
o~ N | @
L =
B P-values |
2 vs 1: <0.001 ..
©_|  3vs1:<0.001 » & ]
= 4vs 1:0.20
Svs 1: <0.001
|
o T T T T T T T
0 2 4 6 8 10 12
Months post LVAD implantation
Number at risk
1(2138 1787 1546 1279 1071 875 685
2[ 1780 1554 1349 1104 895 721 556
3/ 468 345 277 214 174 134 108
4150 142 122 105 80 67 52
< ‘79 ]59 I50 4|11 ?1 25 1|9
0 2 4 6 8 10 12

Months post LVAD implantation

Page 16

B. Heart transplantation
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Figure 3. Outcomes by trajectory group over 1 year following. Survival curve for death, and
cumulative distribution function for heart transplantation. Overall p-value from log-rank test:
<0.001 for survival; 0.011 for heart transplantation.

Notes: Pairwise comparison log rank test corrected for multiple comparisons using method

of Benjamini and Hochberg?3
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Table 1.

Page 17

Characteristics for 4,615 persons who underwent isolated, primary, continuous flow LVAD implantation in
2016 and 2017 in the US, from the INTERMACS database, by kidney function trajectory group.

CHARACTERISTICS 1 2 3 4 5 P-value
(n=2138) (n=1780) (n=468) (n=150) (n=79)
Demographics
Age (years) 63 (56-69) 53 (41-61) 62 (54-69) 54 (42-63) 55 (42-64)  <0.001
Female 21.6% 19.9% 23.9% 24.0% 21.5% 0.31
Race
Black 23.1% 27.4% 25.6% 30.0% 32.9% 0.008
White 67.0% 59.8% 63.9% 56.7% 54.4% <0.001
Asian 1.7% 2.0% 1.7% 0.7% 2.5% 0.73
Other and unknown 4.6% 5.5% 5.1% 8.0% 5.1% 0.36
Hispanic ethnicity 6.6% 8.3% 7.3% 14.0% 7.6% 0.055
Vital signs
BMI (kg/m?) 28.4 (24.7- 26.5 (23.0- 28.6 (24.5- 26.8 (22.5— 27.9 (23.4-  <0.001
33.0) 31.6) 34.2) 31.8) 32.1)
BSA (m?) 2.1(1.9-2.3) 2.0 (1.8-2.2) 21(1.9-23) 20(1.8-2.2) 21(1.8-22) <0.001
Peri-implantation factors
Device strategy <0.001
Bridge to transplant 23.3% 24.8% 24.1% 24.0% 19.0%
Possible bridge to transplant 21.5% 31.1% 22.0% 31.3% 33.0%
Destination therapy 54.7% 43.4% 53.2% 44.7% 45.6%
INTERMACS profile <0.001
Critical cardiogenic shock (1) 13.4% 18.3% 27.7% 33.3% 36.7%
Progressive decline (2) 33.7% 34.0% 35.8% 35.3% 32.9%
Stable, inotrope dependence (3) 39.0% 36.6% 28.3% 25.3% 22.8%
Resting symptoms or lesser 13.9% 11.2% 8.2% 6.0% 7.6%
severity (4-7)
I nterventions within 48 hours
prior toimplantation
1V inotrope 83.6% 84.6% 89.1% 92.0% 87.3% 0.017
Dialysis 0.1% 0.0% 50.0% 7.3% 3.8% <0.001
ECMO 2.2% 3.5% 5.6% 6.0% 11.4% <0.001
IABP 15.5% 16.9% 20.3% 16.7% 19.0% 0.145
Implantation surgery
Cardiopulmonary bypass time (min) 84 (63-114) 80 (61-108) 90 (64-126) 83 (64-125) 96 (65-137)  <0.001
Surgery Time (min) 269 (213-351) 255 (204-320) 288 (219 270 (214- 278 (227-  <0.001
383) 363) 332)
Aortic cross-clamp used 17.7% 16.4% 21.8% 16.7% 16.5% 0.37
Centrifugal VAD 34.5% 39.2% 42.7% 42.0% 48.1% <0.001

Cardiac history and presentation
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CHARACTERISTICS 1 2 3 4 5 P-value
(n=2138) (n=1780) (n=468) (n=150) (n=79)

Cardiac disease first diagnosed within 1 69(3.2) 116 ( 6.5) 28(6.0) 15 (10.0) 9(11.4) <0.001

month prior

Pulmonary hypertension 443 (20.7) 322 (18.1) 88 (18.8) 23 (15.3) 15 (19.0) 0.20

Comorbidities

Documented chronic kidney disease 593 (27.7) 152 (8.5) 193 (41.2) 33 (22.0) 16 (20.3) <0.001

Diabetes, “severe” classification by 11.6% 7.1% 11.1% 11.3% 6.3% <0.001

INTERMACS

Lab results

BUN (mg/dl) 28 (21-38) 19 (14-25) 37 (27-54) 32 (20-43) 24 (17-40) <0.001

Creatinine, serum (mg/dl) 1.5 (1.2-1.7) 1.0 (0.8-1.1) 19(15-25) 16(1.3-1.9) 1.1(0.9-1.4) <0.001

Total bilirubin (mg/dl) 0.9 (0.6-1.4) 0.9 (0.6-1.6) 1.1(0.7-1.8) 14(0.7-2.1) 1.3(0.7-2.0) <0.001

Hemoglobin (g/dI) 11.1(9.6-12.5) 11.4(9.8-12.9) 10.0 (8.7- 10.1 (8.7- 10.0 (8.7- <0.001

11.5) 12.0) 12.0)
Albumin, serum (g/dl) 3.5(3.1-3.8) 3.5(3.0-3.8) 3.3(2.8-3.7) 3.3(29-37) 33(2.7-36) <0.001

Notes: Median and interquartile range are given for continuous variables. Percentages are given for categorical variables. The primary and internal

validation cohorts are combined for this table.

Abbreviations: INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; BMI, body mass index; BSA, body surface
area; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; VAD, ventricular assist device; BUN, blood urea nitrogen

J Heart Lung Transplant. Author manuscript; available in PMC 2023 October 01.



	Abstract
	Introduction
	Methods
	Cohort
	Outcome
	Pre-implantation and implantation variables
	Statistical analysis
	Identifying latent eGFR class trajectories
	Finding the optimal number of trajectory groups
	Assessing how baseline characteristics differed among trajectory groups


	Results
	Cohort characteristics
	Trajectory groups
	Identification of trajectory groups
	Trajectory descriptions
	Baseline characteristics by trajectory group
	Heart transplantation and death by trajectory group


	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.

