1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Nephrol. Author manuscript; available in PMC 2022 December 01.

-, HHS Public Access
«

Published in final edited form as:
J Nephrol. 2021 December ; 34(6): 2093-2097. doi:10.1007/s40620-021-01029-7.

Assessing Accuracy of Estimated Dry Weight in Dialysis
Patients Post Transplantation: The Kidney Knows Best

Michael J Germain?, Barbara A Greco?, Spencer HodginsP, Bikash Chapagain®, Ravi
Thadhanid, David Wojciechowski€, Kerry Crisallif, Brian H. Nathanson9, Yossi Chait"
aRenal and Transplant Associates of New England, PC, Springfield, MA 01107; and Baystate
Medical Center, Springfield, MA 01199, USA

bKidney Care and Transplant Service of New England, Springfield, MA 01104, USA
cMidState Nephrology Associates, 85 Church St, Middletown, CT 06457, USA
dMassachusetts General Brigham, Boston, MA 02199, USA

eUniversity of Texas Southwestern Medical Center, Dallas, TX 75390, USA
Massachusetts General Hospital, Boston, MA 02114, USA

90ptiStatim, LLC, Longmeadow, MA 01106, USA

hUniversity of Massachusetts, Amherst, MA 01106, USA

Abstract

Introduction: Estimated dry weight is used to guide fluid removal during outpatient
hemodialysis sessions. Errors in estimated dry weight can result in intradialytic hypotension and
interdialytic fluid overload. The goal of this study was to assess the accuracy of estimated dry
weight by comparing it to the two-week post-transplant weight in two cohorts of hemodialysis
patients.

Methods: This observational, multi-center, retrospective cohort study included maintenance
hemodialysis patients who underwent kidney transplantation at two medical centers in
Massachusetts. The relationship between estimated dry weight pre-transplant and weight at week
2 post-transplant in patients with good allograft function (serum creatinine < 1.5 mg/dL) was
analyzed. Estimated dry weight was considered accurate if it was within 2% of the week 2
post-transplant weight.

Results: Fifty seven patients with good allograft function were identified: mean age 54+14 years,
32 (58%) from deceased donors, 22 (38.6%) females. 38 were Caucasian (66.7%), 11 Hispanic
(19.3%), 3 black (5.3%), and 5 others (8.8%). 2-week mean post transplantation serum creatinine
was 1.2+0.2 mg/dL. Mean (SD) estimated dry weight was 71.4+15.9. Before transplantation, only
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14 (24.6%) patients were within £2% of the 2-week post-transplant weight; 23 (40.3%) were
above and 20 (35.1%) were below.

Conclusions: Our point of view, based on the assumption that the weight of patients with

good allograft function at 2 weeks post-transplant approaches their accurate dry weight, is that a
majority of maintenance hemodialysis patients (75.4%) are hypervolemic or hypovolemic prior to
renal transplantation. This highlights the importance of finding novel tools to achieve euvolemia in
patients undertaking dialysis. Timely feedback regarding achieved weight 2 weeks post-transplant
to treating nephrologists and dialysis centers may be a starting point for assessing accuracy of dry
weight.

Graphical Abstract
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Introduction

The single most important variable in fluid management during hemodialysis (HD) is

dry weight (DW), which is a patient’s ideal weight without any extra fluid in the

body (euvolemia). Estimates of DW (EDW) that are incorrect result in hypovolemia or
hypervolemia pre- and/or post-HD treatments and can result in increased risk of symptoms,
hospitalization, morbidity, and mortality [1].

There is lack of consensus about the definition and assessment of DW in HD patients [1,2].
However, a correct EDW should achieve a series of targeted HD outcomes: optimization

of systemic blood pressure (BP), avoidance of intradialytic hypotension, and prevention of
peripheral and pulmonary edema. Longer (6-8 hours) or more frequent HD treatments have
been shown to achieve better outcomes compared to standard thrice-weekly dialysis [3,4].
However, there is resistance on the part of patients to endure longer and/or more frequent
HD, as well as logistical and financial limitations. Therefore, there is a need for studies
concerned with achieving more accurate EDW for patients on a schedule of 3 to 4 hr dialysis
sessions thrice weekly [5].

Various technologies have been used in attempts to achieve euvolemia and determine dry
weight. Continuous monitoring of hematocrit as an indicator of relative blood volume
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(Crit-Line FMC Waltham, MA) has been used to evaluate change in blood volume due to
ultrafiltration and assessment of refilling as a way to establish DW [6]. Other approaches
including monitoring inferior vena cava (IVC) filling by ultrasound, use of bioimpedance
technology to assess fluid status, and ultrafiltration using sodium modeling with and without
biofeedback have been studied with mixed results [7-10].

In kidney transplant patients, serum creatinine (sCr) level of < 1.5 mg/dL is associated with
good allograft function, and we assumed that the kidney would be able to excrete a sodium
load and bring the patient close to euvolemia. On average, a person with a solitary kidney

is considered to have normal single kidney function at sCr of 1.5, also the approximately
average value achieved by living donors at one month after nephrectomy [11]. Although
imperfect, we felt a sCr of <1.5 on average reflects good function 2 weeks post-transplant,
given that these patients are on tacrolimus. Therefore, when this occurs soon following
transplantation — up to 2 weeks -- it is reasonable to consider that an accurate DW value lies
within a small range of the new body weight. We investigated the hypothesis that many HD
patients have incorrect EDW by comparing their pre-transplantation EDW with their weight
at week 2 post-transplantation when there is good allograft function.

We retrospectively collected demographic data for patients who underwent kidney
transplantation at Massachusetts General Hospital, Boston, MA during 2016-2017 and at
Baystate Medical Center, Springfield, MA during 2018-2020. In addition, we collected most
recent hemoglobin (Hgb), EDW, and patient weight from the last outpatient dialysis data
record prior to transplantation, and Cr, Hgb, and weight at two weeks post transplantation.
The institutional review boards at Baystate Medical Center and Massachusetts General
Hospital approved the respective studies including informed consent waivers.

Two assumptions were made: first that a Cr of < 1.5 mg/dL at week 2 post-transplantation
indicates good allograft function and second, that changes in the patient weight up to

week 2 are strongly associated with fluid volume changes brought about by the functioning
allograft. We defined the patient weight at week 2 post-transplant as the “true” dry weight
(TDW) or euvolemia. An EDW within a £2% range of TDW was considered a “sufficiently
accurate” estimate. This corresponds to +1.5 kg in a 75 kg patient. As a sensitivity analysis,
we also examined the data using 3% threshold.

Pre-transplant weights were obtained at the dialysis units using standard floor scales at
various times of the day corresponding to the start of the patients’ dialysis shifts. Most
post-transplant weights were obtained between 7:45 and 9:00 am using a standing scale at
the Transplant Clinics.

We analyzed the Pearson’s correlation between changes in patient weight and
hemoconcentration (as estimated by Hgb change) between weeks 1 and 2 post-
transplantation. P-values <0.05 were considered to be statistically significant. All analyses
were done using Stata/MP 15.1 for Windows (StataCorp LLC, College Station, TX).
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All patients were undergoing maintenance in-center HD at different New England centers.
57 patients with good allograft function were identified: mean£SD age 54+14 years, 32
(58%) from deceased donors, 22 (38.6%) females. 38 were Caucasian (66.7%), 11 Hispanic
(19.3%), 3 black (5.3%), and 5 others (8.8%). 24 (42.1%) were living donors. 2-week

mean post transplantation creatinine was 1.2+0.2 mg/dL. Mean+SD Hgb at weeks 1 and

2 post transplantation were, 10.0+£1.5 and 10.2+1.2 g/dL, respectively. Mean+SD of EDW,
Last weight before transplantation, and weight at weeks 1 and 2 post transplantation were
71.4+15.9, 72.5+16.1, 72.6£16.2, and 71.4+15.9 kg, respectably.

For the entire cohort, the mean weight before transplantation strongly correlated with mean
EDW, r=0.99 (p<0.001). The minimal difference between the means of EDW and TDW
(2-week post-transplant weight) does not accurately reflect the large individual differences
between EDW and TDW as shown in the histogram in Figure 1. The range of the differences
is considerable and the distribution of the range is symmetrical suggesting the error in

EDW was equally overestimating as underestimating TDW. Figure 2 shows a boxplot of
EDW accurately reflecting TDW vs. those with discordant values. 23 (40.3), 14 (24.6),

and 20 (35.1%) of patients had EDW above (hypovolemia), within (euvolemia), and below
(hypervolemia) the 2% range of TDW, respectively.

Patient weight changes between weeks 1 and 2 post-transplantation were negatively
correlated with hemoconcentration (Hgb changes) in the same period, r=—0.51 (p<0.001).
This suggests that post transplantation patient weight changes were mostly due to changes in
fluid volume.

Discussion

Our study suggests that a considerable number of HD patients who undertake renal
transplantation have an EDW that is clinically different from the weight reached 2 weeks
post-transplant, the assumed DW. The prescribed EDW can be incorrect for a number

of reasons. Shorter treatment periods preferred by some patients, autonomic dysfunction
leading to hypotension, antihypertensive medications, and the fact that “clinical”” assessment
of DW is flawed can result in EDW being incorrect.

Arguably, many dialysis patients are chronically volume overloaded which contributes to
the high incidence of hypertension and may be a factor in the nearly universal incidence of
left-ventricular hypertrophy [12]. Only 24.6% of our study group had EDW within a £2%
range of TDW (£1.5 kg in a 75 kg patient), while 35.1% of patients were likely chronically
hypovolemic (EDW<TDW), and a significant number (40.3%) were likely chronically
hypervolemic pre-transplant (EDW>TDW). An EDW lower than the TDW may contribute
to the most common symptom of dialysis, which is post-dialysis fatigue [13]. Notably, even
if we expand the target range of DW to +3% about week 2 weight (£2.25 kg in a 75 kg
patient), only 45.6% of the patients have EDW level within the TDW range.

In a study from Mexico of 193 dialysis patients who undertook kidney transplantation, 76
were more than 2 kg above EDW at 1-week post transplantation with serum creatinine
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of <1.5 mg/dl [14]. In a recent study of 50 HD patients from India using bioimpedance
spectroscopy, 30% of patients were categorized as euvolemic, 38% hypovolemic and 32%
hypervolemic [9]. Another study of 52 hemodialysis patients who undertook bioimpedance
spectroscopy found that 25% were hypervolemic, 23% were hypovolemic and the remainder
euvolemic.

Establishing an estimated EDW with a simple algorithm, as in the DRIP study [15], resulted
in improved BP control and reduced fluid overload and hospitalizations, but at the expense
of increased intra-dialytic symptoms and hypotension. Application of relative blood volume
monitoring in the assessment of EDW has had mixed results [16]. In contrast, a single study
showed the feasibility of EDW adjustment guided by measurement of the absolute blood
volume to reduce intradialytic morbid events [17].

Recently, impedance cardiography technology was validated in a HD setting to provide
continuous cardiac parameters and peripheral vascular resistance coupled with total

body water assessment [18]. A contemporary study used impedance cardiography to
assess individual hemodynamic responses to intradialytic hypotension [19]. Observed
hemodynamic responses to ultrafiltration included inadequate vasoconstriction and
depressed cardiac response. Hemodynamic monitoring together with assessment of
hydration status show promise as ways to individualize DW assessment to decrease intra-
dialytic symptoms and hypotension, and achieve an accurate EDW.

While our study has many strengths including the novelty of its design, it also has
limitations. First, the assumption that the weight 2 weeks post-transplant reflects the
accurate TDW may be incorrect. Patients may lose or gain weight post transplantation
related to peri-operative fluid management, oral intake, gain or loss in non-fluid body
weight, and diuretic usage. Steroids, often used pre-operatively may affect appetite, protein
catabolic rate and influence sodium excretion. However, the both sites have a steroid-free
protocol. Weights were obtained pre- and post-transplantation using different scales and at
different times of the day, which would affect the absolute values of the weights, and could
influence EDW. Immunosuppression medications may increase fluid retention leading to
hemodilution and this was not adjusted for in our analysis.

In conclusion, our results suggest that EDW is often inaccurate in maintenance HD patients
undertaking kidney transplantation when compared to the weight achieved with good
allograft function two weeks post-transplant. It is imperative that new assessment methods
for accurate estimation of DW be developed that could improve cardiovascular outcomes in
HD patients. As an initial step, we suggest that dialysis centers and treating nephrologists
be informed of the 2-week post-transplant weight of kidney transplant recipients with good
graft function.

Supplementary Material
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Figure 2.

Boxplot of dry weight estimates superimposed over +2% relative range of TDW. Colored
dots represent actual data points (cyan — above range, green — within range, red — below
range).
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