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To Study the Impact of Donor Nephrectomy on Blood Pressure as
Measured by Ambulatory Blood Pressure Monitoring and Renal Function

Abstract

Prospective living kidney donors need meticulous evaluation prior to kidney donation. Ambulatory
blood pressure monitoring (ABPM) is considered the reference standard for diagnosing hypertension.
With no prior study available in India in this context, we undertook this study to evaluate the
utility of ABPM in kidney donors and effect of donor nephrectomy on renal function. This was
a prospective observational study involving healthy prospective kidney donors between 18
and 70 years with normal office blood pressure measurements (OBPM). Detailed clinical and
biochemical parameters were recorded. OBPM and 24-hour ABPM was done preoperatively and
3 months following donor nephrectomy. There were 51 donors with a mean age of 46.1 + 11.3 years,
of which 40 (78.4%) were females. Preoperatively, three (5.8%) donors were hypertensive on ABPM
but normal on OBPM (P = 0.08). Three months post nephrectomy, hypertension was present in
seven (13.7%) donors by ABPM, while only two (3.9%) donors were diagnosed as hypertensive by
OBPM (P = 0.02). Median pre-nephrectomy proteinuria was 70 mg (10 mg—180 mg) with a mean
estimated glomerular filtration rate (¢GFR) using the Modification of Diet in Renal Disease (MDRD)
formula of 86.86 + 19.1 ml/min. Six donors developed >300 mg/day proteinuria, and 17 (33.3%) had
a 24-hour urinary protein excretion greater than 150 mg/day. Mean serum creatinine (0.79 + 0.11
vs 1.03 + 0.16 mg/dl) significantly increased post donation, more so in donors >55 years of
age (1.14 £ 0.25 mg/dl). Our study shows that in transplant donors, ABPM is better for diagnosing
hypertension, which otherwise remains masked in 10% of the donors on routine OBPM. Significance
of post-nephrectomy hypertension and increasing proteinuria needs further evaluation.

Keywords: Ambulatory blood pressure monitoring, kidney donation, post-donation proteinuria,
transplantation

Introduction methodologies. Predictors of a post-donation
renal dysfunction (eGFR <60 ml/min/m?)
include age >50 years, hypertension, and

proteinuria at the time of donation.

Renal transplantation (RT) is the preferred
treatment for end-stage renal disease (ESRD).
Though deceased donor transplant offers the
benefit of avoiding live donor nephrectomy, The long-term risk for hypertension
better ~ outcomes  with  living-related in  the  kidney = donor  remains
RT (LRRT) combined with shortage of  uncertain.*! Moreover, the risk of subclinical
deceased donors makes LRRT the common  hypertension which is higher in donors

and favored transplant option in India.l!
Though the benefits of LRRT are unequivocal,
the potential risks for the living donor have
been a subject of concern worldwide.

Live kidney donors are selected after
extensive work-up to ensure that they
are healthy and do not have additional
risk of long-term complications.’)’ Donor
follow-up studies have reported variable
outcomes with regard to post-donation renal
impairment, in part, due to inconsistent
end-points, assessment, and follow-up
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is often missed by routine blood pressure
measurement.’) Ambulatory blood pressure
monitoring (ABPM) is a significantly
better predictor of cardiovascular (CV) and
cerebrovascular events than office blood
pressure (BP) measurements and correlates
with end-organ damage including left
ventricular (LV) hypertrophy, proteinuria,
and impaired arterial dispensability and
compliance.l In addition, ABPM also can
diagnose white coat hypertension, white
coat effect, masked hypertension, night
dipper pattern, or night reverse pattern of
hypertension.[”
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Studies on the utility of ABPM in transplant donors
are lacking in India. The present study was designed to
determine the effects of donor nephrectomy on BP, as
measured by ABPM and renal function. The role of ABPM
in the diagnosis of hypertension in kidney donors in
comparison to office blood pressure measurement (OBPM)
measurement was also evaluated.

Methods

The present study is a prospective observational study
conducted in the Department of Nephrology of our institute.

Sample size: A total of 51 consecutive healthy living
kidney donors were included in the study.

Inclusion criteria:

» Consenting prospective
transplant

e Age: 18 to 70 years

* Normotensive by OBPM

living donors for renal

Exclusion criteria:

» Donor with pre-existing hypertension
* Arrhythmia

* Any acute illness

A detailed history including any history of prior illness, past
history, as well as personal and drug history was taken, and
detailed general and systemic examination was done. All
biochemical parameters were recorded. Blood pressure was
measured by office and ABPM recordings as per the methods
outlined below in all subjects. Renal function was measured
by diethylenetriaminepentaacetic acid (DTPA) measured
glomerular filtration rate (mGFR) and estimated glomerular
filtration rate (eGFR), as derived from MDRD equation and
CG formula before donation and 3 months after nephrectomy.
Twenty-four hour urine protein was measured by Pyrogallon
red method before surgery and 3 months after nephrectomy.
Echocardiography =~ was  performed by cardiologist,
pre-nephrectomy and 3 months post-nephrectomy.

OBPM was measured with automatic oscillometric device
with an appropriate cuff size. Measurements of BP were
performed after 5-min rest in a sitting position. Three
measurements were performed over 10 min, and the average
value was recorded. Normal OBPM was diagnosed if the
mean of three blood pressure measurements in the clinic
was <140/90 mmHg. ABPM was performed using Space
labs 90207 device (Space Labs Medical, Washington, DC).
BP was measured every 20 min when awake (daytime)
and every 30 min during sleep (night time) on working
day. ABPM was considered adequate when a minimum of
16 awake and 8 sleep measurements were registered. All
patients were classified according to the ABPM recordings
as follows:®

Normal ABPM: Global arithmetic ~—mean  of
ABPM <130/85 mmHg in a patient not on antihypertensive
drugs with a “dipper circadian profile pressure.”
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Well-controlled hypertension: Global mean ABPM
of <130/85 mmHg in a patient on therapy.

Refractory hypertension: Poorly controlled
hypertension even with >3 antihypertensive drugs,

including a diuretic.

Dipper circadian profile pressure: Global mean for
nocturnal BP of >10% lower than the global mean of
diurnal BP.

Nondipper circadian profile pressure: Nocturnal BP
of <10% lower than the global mean of diurnal BP.

Reverse circadian profile pressure: Global mean of
nocturnal BP higher than the global mean of diurnal BP.

White coat hypertension: Mean of three measurements
in the clinic >140/90 mmHg in a patient with normal
ABPM (<135/85 mmHg).

White coat phenomenon: Mean of three measurements
in the clinic of >140/90 mmHg, but with “well-controlled
hypertension” by ABPM.

Masked hypertension: Mean of three measurements in
the clinic of <140/90 mmHg, but >130/80 mmHg by 24-h
ABPM.

Donors were followed up 3 months after donor
nephrectomy, and repeat measurements of clinical
and biochemical parameters, OBPM, ABPM, and

echocardiography were done. Data was analyzed by
Stata 11.2 (StataCorp. 2009. Stata Statistical Sofiware:
Release 11. College Station, TX: StataCorp LP.), and
appropriate statistical tests were done for assessment.
Agreement analysis was done to examine the agreement
between two different methods of measurement, and
Bland-Altman plot was plotted. P < 0.05 was taken as
statistically significant. Ethical clearance was obtained
from institutional ethics committee.

Results

The present study included 51 healthy donors with a mean
age of 46.1 + 11.3 years. There were 11 males with a mean
age of 47.2 = 15.7 years, and 40 females with a mean age
of 45.7 £ 9.9 years. Mean body mass index (BMI) was
23.25 + 3.53 kg/m? at the baseline and 23.95 + 3.21 kg/m?
at the follow-up.

Biochemical parameters and renal parameters

Compared to predonation status, serum creatinine,
potassium, uric acid, cholesterol, and fasting blood
glucose were significantly altered post kidney donation,
as seen in Table 1. Donors over 55 years of age had
significantly increased creatinine values post donation
(0.82 £ 0.11 mg/dl to 1.14 £ 0.25 mg/dl; P = 0.0002)). Two
male donors, over 60 years of age, developed significantly
high serum creatinine at follow-up, one from 0.95 to 1.4
and another from 1.0 to 1.6 mg%, respectively.
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The median 24-h urinary protein was 70 mg (10-180 mg)
at the baseline and 117 mg (20-665 mg) at the follow-up.
The difference was statistically significant (P < 0.0001). Six
donors developed >300 mg/day proteinuria 3 months after
nephrectomy. The mean mGFR was 93.06 £ 16.6 ml/min
per 1.73 m? before donation. Both MDRD and CG equations
underestimated GFR at the baseline when compared to
mGFR. The eGFR was below the cutoff for donation at

Table 1: Biochemical parameters before and after
medical donor nephrectomy

Parameter At baseline Follow up P
Mean Hb (g/dl) 12.43+1.55 12.45+1.26 0.849
Mean TLC (/cmm?) 7304+1642 7425+1551 0.4714
Platelets (/cmm?®) 200843+£61929 211705+72720 0.1275
Creatinine (mg/dl) 0.79+0.11 1.03+£0.16 0.0001
Sodium (mEq/dl) 138.6+2.9 138.9+3.2 0.5621
Potassium (mEq/dl) 4.15+0.40 4.26+0.38 0.019
Calcium (mg/dl) 9.38+0.38 9.50+0.43 0.1138
Phosphate (mg/dl) 3.65+0.68 3.66+0.55 0.878
Uric Acid (mg/dl) 4.77+1.08 5.45+1.25 0.0001
S. Protein (g/dl) 7.81+0.57 7.91+0.51 0.1609
S. Albumin (g/dl) 4.68+0.34 4.79+0.56 0.1312
BG_Fasting (mg/dl) 93.1+8.5 90.1£7.6 0.014
BG_PP (mg/dl) 114.749.5 115.2+11.2 0.817
Cholesterol (mg/dl) 179.8+38.2 196.4+47.3 0.0002
24 hrs UP (mg) 70 (10-180) 117 (20-665)  <0.0001
GFR (DTPA) 93.06+16.6 - NA
GFR (MDRD) 86.86+19.1 69.23+13.01 0.0001
GFR (CG) 82.92423.6 64.56+16.51 0.0001

CG: Cockcroft-Gault, DTPA: Diethylenetriaminepentaacetic acid,
GFR: Glomerular filtration rate, MDRD: Modification of Diet
in Renal Disease. GFR in ml/min/1.73 m?; BG: Blood glucose,
Hb: Hemoglobin, PP: Post prandial, TLC: Total Leukocyte Count

the baseline (70 ml/min per 1.73 m?) in five donors by
MDRD and in ten donors by CG/BSA equation. There
was statistically significant reduction in eGFR after
donation [Table 1].

Comparison between eGFR values at the baseline obtained
by MDRD and CG equations in comparison to mGFR
by DTPA wvalues by Bland-Altman analysis revealed
poor agreement between these methods [Figure 1]. The
comparison between eGFR from various equations to
mGFR by DTPA is tabulated below [Table 2].

Profile of donor blood pressure measurements

The profile of variation in BP between office and by ABPM
during predonation and 3 months after nephrectomy is
given in Table 3. The difference between the two readings
was not statistically significant.

Three normotensive donors
categorized as hypertensive on ABPM  before
nephrectomy. Seven donors developed hypertension
by ABPM while two donors were hypertensive by
OBPM at follow-up [Table 4]. Three donors, who were
hypertensive on ABPM pre-nephrectomy, remained
hypertensive on ABPM even after kidney donation. Both
the patients who were hypertensive on OBPM were
hypertensive on ABPM prenephrectomy. The difference
in detecting hypertension, using ABPM in comparison
to OBPM was statistically significant (P = 0.02). With
regard to pre-donation “dipper” status, 12 donors were
“non-dippers” and 13 were “non-dippers” 3 months after
kidney donation. Agreement analysis between ABPM
and OBPM revealed fair agreement between these
methods for the diagnosis of hypertension, as shown in
Table 5 and Figure 1.

by office BP were

Table 2: Comparison of different equations of GFR measurement with DTPA

Parameter Difference in Mean+SD 95% limit agreement Correlation of coefficient (P value) ICC (P value)
GFR (DTPA) Vs GFR (MDRD) 6.19£21.1 -35.1,47.5 0.30 (0.02) 0.467 (0.014)
GFR (DTPA) Vs GFR (CG) 10.1+19.1 —44.1, 64.37 0.08 (0.53) 0.155 (0.277)

CG: Cockcroft-Gault, DTPA: Diethylenetriaminepentaacetic acid, GFR: Glomerular filtration rate, ICC: Intra-class correlation coefficient,

MDRD: Modification of Diet in Renal Disease
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Figure 1: Agreement between systolic blood pressure (a) and diastolic blood pressure (b) between ambulatory blood pressure measurement (ABPM) and

office blood pressure measurement (OBPM)
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Echocardiographic evaluation of donors revealed decrease
in ejection fraction post donation (61.7 £ 1.9% vs
60.8 + 2.3%), though the absolute decrease was less.
Moreover, interventricular septal and posterior wall
thickness did not differ significantly after donation.

Discussion

Living kidney donation is practiced with the expectation
that the risk for short-term and long-term harm for the
donor is outweighed by the psychological benefits of
altruism and improved recipient health. Hypertension is a
significant risk factor for adverse outcomes, and whether
measurement of blood pressure by ABPM improves the
predictability of donor outcomes is an unanswered question
that needs well-conducted clinical studies.

The mean age of our donors is similar to other studies
from our subcontinent. The female preponderance (80%)

Table 3: Blood Pressure profile before and after medical
donor nephrectomy

Parameter At baseline  Follow up P

Clinic SBP 127.4+10.4  128.7£9.6  0.2113
Clinic DBP 79.7£7.7 81.245.5 0.0847
ABPM-Global SBP 119.8+12.4  120.6+11.1  0.5135
ABPM-Global DBP 73.9£7.9 74.6£6.8 0.4557
ABPM-Awake SBP 124.6+13.4  124.7£11.8 0.989%4
ABPM-Awake DBP 78.0£9.2 77.3+7.9 0.5054
ABPM-Asleep SBP 109.8+£12.2  109.5+14.4 0.8727
ABPM-Asleep DBP 64.8+7.1 63.9+8.1 0.5303

Prevalence of patients with blood pressure in Hypertensive range
Office BP 0 2 0.15
ABPM 3 7 0.02

ABPM: Ambulatory blood pressure measurement, SBP: Systolic
blood pressure, DBP: Diastolic blood pressure

Table 4: Blood pressure profile of donors with

hypertension
Patient S. No Pre-Nephrectomy Post Nephrectomy
BP (mmHg) BP (mmHg)

ABPM OBPM ABPM OBPM
1 142/86 130/80 148/92 140/90
2 140/86 126/80 144/86 130/80
3 130/80 126/76 138/86 130/76
4 124/78 124/74 136/86 126/74
5 136/88 128/80 146/90 140/90
6 130/82 128/78 138/86 130/78
7 130/80 130/76 140/86 132/76

ABPM: Ambulatory Blood Pressure Measurement, BP: Blood
pressure, OBPM: Office Blood Pressure Measurement

of donors is due to the social status prevalent in our
country. Donor nephrectomy results in a sudden loss of
approximately 50% of nephron mass with an immediate
decrease in GFR; however, the remaining contralateral
healthy kidney has the ability to recover a significant
percentage of lost function within a relatively short
period of time.”’ Our study showed that there was a
statistically significant increase in blood urea and serum
creatinine 3 months after nephrectomy. Two male donors
over 60 years of age developed significantly high serum
creatinine values at follow-up. This signifies that the total
recovery of renal function does not occur by 3 months and
may take longer in those with detrimental factors such as
old age.

Bieniasz et al. reported that the mean serum creatinine
concentration was higher at 3 months after nephrectomy
than preoperatively (P < 0.005).!% The mean creatinine
clearance according to CG formula and MDRD decreased
after donation by 30% (P < 0.05). In a Polish study by
Rowinski et al., the mean serum creatinine increased from
0.8 to 1.25 mg/dl and >2 mg/dl in two patients.'!) The
eGFR (MDRD) had significantly decreased from 95 to
65 ml/min (P < 0.05) corresponding to a 31% decrease
in GFR. Our results are in concordance with the results
of above two studies, although they followed donors for a
longer duration. Although elderly donors (>55 years) had
a greater fall in eGFR post-donation compared to younger
donors, the difference was not statistically significant in our
study. The age-associated decrement in eGFR is probably
responsible for the inadequate compensatory response seen
in these patients. Prior studies have not shown a significant
difference with regard to decline in GFR among older or
younger donors.!'>!3]

In the present study, eGFR by MDRD and CG formulae
had a poor correlation with mGFR in healthy donors.
These formulae were computed in a different population
and cannot be extrapolated to Indian donors. The study
by Tent et al. evaluating the utility of the three equations,
namely, MDRD, CKD-EPI, and CG in comparison with
DTPA concluded that these three equations are less reliable
tools for evaluation of living kidney donors.!'*! It is clear
from our study that we cannot substitute DTPA mGFR with
either MDRD or CG GFR for donor screening purposes,
eGFR should be interpreted with great caution, and when in
doubt, measured GFR (by DTPA) should be performed to
prevent unjustified rejection of prospective kidney donors.

Proteinuria is present in approximately 20% of donors
after kidney donation, which has been seen in long-term

Table 5: Comparison between ABPM Vs Clinic BP (OBPM) for baseline BP

Correlation of coefficient (P value) ICC (P value)

Parameter Difference in Mean+SD 95% limit agreement
SBP 7.64+10.9 (0.00) -13.9,29.2
DBP 5.8+8.3 (0.00) -10.4,21.9

0.54 (0.00)
0.43 (0.0012)

0.701 (.001)
0.611 (0.001)

DBP: Diastolic blood pressure, SBP: Systolic Blood pressure
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studies. This occurs due to a combination of hyperfiltration
damage and coexisting comorbidities. In the study
involving 70 living kidney donors from Cleveland Clinic,
there were 13 (19%) patient who had a 24-h urinary
protein excretion greater than 0.15 g/day.'™” We found
that there were 17 (33%) subjects, who had a 24-h
urinary protein excretion greater than 0.15 g/day, more
so with donors in the older age group (>55 years). The
post-donation proteinuria was significantly higher in
elderly donors, 160 (73-665) mg/dl when compared to
younger donors, 108 mg/dl (20-360) (P = 0.04)). However,
Kasiske et al. found that neither urine total protein nor
urine albumin was affected by donation at 6 months of
follow-up, and Bieniasz et al. observed microalbuminuria
in only two patients (5.4%) and no cases of proteinuria
were observed.'“!® Data from the Swiss Organ Living
Donor Health registry concluded that hypertension is
the main driver for microalbuminuria post-donation.!'”!
Whether the values would have been different in our study
had microalbuminuria been assessed needs confirmation.
Nevertheless, the increase in proteinuria among
donors, especially elderly donors, as early as 3 months
post-donation is a signal for clinicians to monitor
proteinuria more robustly in this group.

Currently, kidney donors are evaluated by office
BP measurements. The prevalence of hypertension
post-donation varies widely from 9 to 48% in different
studies.'!Y] ABPM has been shown to be more closely
related with markers of cardiovascular disease.l*] However,
data on ABPM in kidney donors is lacking. By performing
ABPM in our study, we could identify three donors
who would otherwise be classified as normal by OBPM
pre-donation. Moreover, seven donors were hypertensive
by ABPM post-donation as against two by OBPM. In
the study by Ozdemir et al. involving 126 donors, of the
89 patients who were normotensive, six were detected to be
hypertensive by ABPM. In the 37 patients with borderline
BPs, 24 had hypertension diagnosed by ABPM.!

On the basis of the limited studies conducted to date,
kidney donors may have a 5 mm Hg increase in BP
within 5 to 10 years post-donation over that anticipated
with normal aging. In the Swiss Organ Living Donor
Health registry, the risk of hypertension increased by 3.64
(95% confidence interval, 3.52-3.76) after 1 year of kidney
donation."”! In our study we have shown that the increase
starts as early as 3 months post-donation. The increase in
OBPM post-donation, though not statistically significant,
indicates a worrisome increasing trend. In addition, only those
subjects who had hypertension by ABPM pre-nephrectomy
developed hypertension (by OBPM) at 3 months
post-nephrectomy. Siebels et al. using ABPM reported that
7% of the elderly donors (>60 years) were hypertensive and
required therapy.?"! Prasad et al. studied the change in BP by
ABPM pre-donation and 6 months post-donation, and found
that the difference in BP was not statistically significant.?”
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In the study on 148 living donors by Textor et al., awake
ABPM did not change significantly between pre-donation
and 6 months post-donation.”® The opposite is also true
that those with “white-coat” hypertension can be cleared for
surgery with normal values in ABPM, as shown in the study
by Ommen et al., wherein 62% of the 63 donors evaluated
had “white-coat” hypertension and were subsequently
cleared for kidney donation after ABPM.4 This would help
us to avoid loss of donors from the already reduced donor
pool. Ten year follow-up of 28 donors revealed similar BP
profile in the study by Yalin et al.**

Considering that in a small cohort of 51 donors, ABPM
could show a significant difference in diagnosing
hypertension, the utility of ABPM in the routine monitoring
of donors needs to be established as the care of donors
is of utmost importance. It needs to be noted that only
those donors with hypertension by ABPM developed early
hypertension (by OBPM) post-donation. Hence, they are
at an increased risk for adverse outcomes, necessitating
frequent follow-up visits and detailed evaluation.

The strength of our study lies in the detailed evaluation
of voluntary kidney donors, pre and post-donation with
thorough assessment of BP by both OBPM and ABPM.
However, the results are underpowered due to the small
population size. Moreover, the duration of follow-up has to
be increased to ensure that the hard cardiovascular outcomes
can be assessed with certainty. The results, however, being
the first in the Indian population needs to be kept in mind
while evaluating donors in the Indian subcontinent.

In conclusion, our study shows that the use of ABPM
helps to identify donors with “masked” hypertension. The
presence of proteinuria and renal dysfunction in a subset of
donors as early as 3 months needs further evaluation.
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