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5 ABSTRACT

A method of treating a blood pressure disorder comprises identifying a patient 
having a blood pressure disorder, and administering a treatment regime comprising 

5 two or more rounds of plasmapheresis to the patient, wherein the treatment regime 
lowers blood pressure in the patient.
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USE OF PLASMAPHERESIS TO TREAT BLOOD PRESSURE 
DISORDERS

FIELD OF THE INVENTION

The present invention relates generally to methods for treating blood pressure 
disorders by administering multiple rounds of plasmapheresis.

BACKGROUND

Plasmapheresis is a common medical procedure whereby plasma is separated 
from whole blood. The whole blood is comprised principally of cellular components, 
i.e., red blood cells, white blood cells and platelets. Plasma is comprised largely of 
water, as well as proteins and various other non-cellular compounds, both organic and 
inorganic. Continuous plasmapheresis is a process of continuously removing whole 
blood from a subject, separating plasma from the blood, and returning the plasma- 
depleted blood to the subject in a continuous extracorporeal circuit. The blood can be 
returned to the body with replacement fluids, such as fresh plasma and/or an albumin 
solution. Plasmapheresis is currently used to obtain plasma for various reasons, 
including transfusion, preparation of fresh-frozen plasma, subsequent fractionation to 
obtain specific proteins such as serum albumin, cell culture media, and disease 
therapies involving either the replacement of plasma or removal of specific disease
contributing factors from the plasma.

When treating patients with therapeutic plasmapheresis, a catheter is typically 
placed in a large vein, such as in the arm, and a second catheter is placed in another 
vein, such as a vein in the foot or hand. Blood then passes out of the body via the 
catheter and through a separator. Plasma is separated from the whole blood. The 
blood without plasma, the desired fluids, and optional replacement fluids can be 
returned to the body via the second catheter. For plasma donations, automated 
plasmapheresis equipment is often used where a single venipuncture is required, as 
the blood is removed and returned through the same site.

There are several different types of therapeutic plasmapheresis including: (i) 
plasma exchange in which plasma that is separated and discarded is replaced with 
fresh plasma or an albumin solution, (ii) double filtration plasmapheresis in which 
plasma is passed through a separator with a small pore size so as to selectively 
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remove large molecular weight proteins, or (Hi) plasma adsorption in which plasma 
flows into a plasma adsorption column wherein certain substances can be adsorbed 
and removed. Plasmapheresis used for plasma donations typically uses centrifugation 
(e.g., Haemonetics blood processing systems) or centrifugation with a simple filter 
(e.g, Fenwal blood processing systems).

Numerous factors, including cardiac output, peripheral resistance, blood vessel 
elasticity, and blood volume, can affect a person's blood pressure (BP). The volume of 
plasma removed during plasmapheresis (e.g., 690-880 mL) is consistent with minimal 
physiological changes due to hypovolemia. However, the effect of plasmapheresis on 
blood pressure has rarely been reported. A treatment regime in which periodic 
plasmapheresis can be used to treat blood pressure disorders would be desirable.

SUMMARY OF THE INVENTION

An embodiment of the present invention provides a method of treating a blood 
pressure disorder comprising: identifying a patient having a blood pressure disorder, 
and administering a treatment regime comprising two or more rounds of 
plasmapheresis to the patient, wherein the treatment regime lowers blood pressure in 
the patient. According to particular embodiments, the patient has been diagnosed with 
Stage 1 hypertension or Stage 2 hypertension before administering the treatment 
regime, more preferably Stage 2 hypertension.

According to particular embodiments, each subsequent round of plasmapheresis 
is conducted 5-9 days after the previous round. Preferably, the method comprises 
administering a sufficient number of rounds of plasmapheresis to cause the patient's 
systolic blood pressure to be reduced by at least 10 mmHg and the patient's diastolic 
blood pressure to be reduced by at least 5 mmHg (as measured from immediately 
before the treatment regime has begun to immediately after the treatment regime has 
ended).

2
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The invention may be further understood by reference to the figures in which:

Figure 1 illustrates the relationship between a change from baseline and 
baseline values for SBP (Fig. la) and DBP (Fig. lb) in accordance with an embodiment 
of the invention;

Figure 2 illustrates the effects of donations on changes from baseline SBP (Fig. 
2a) and DBP (Fig. 2b) by blood pressure category in accordance with an embodiment 
of the invention;

Figure 3 illustrates the goodness of fit between observed and predicted values 
for SBP (Fig. 3a), DBP (Fig. 3b), and heart rate using dynamic models in accordance 
with an embodiment of the invention; and

Figure 4 illustrates the effect of donation interval on predicted changes in SBP 
in baseline normotensive and Stage 2 hypertensive donors in accordance with an 
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The applicants have discovered that systolic and diastolic blood pressure may 
be decreased following multiple plasmapheresis procedures in patients with high 
baseline blood pressure levels. In particular, the applicants have observed that 
significant decreases in systolic and diastolic blood pressure occur in patients with 
blood pressure disorders following multiple rounds of plasmapheresis. These 
decreases were observed, for example, in patients with Stage 1 and Stage 2 
hypertension, with the most significant decreases occurring in patients with Stage 2 
hypertension.

As used herein, the term "blood pressure disorder" denotes a disorder in which 
the systolic and/or diastolic blood pressure are abnormal. Non-limiting examples of 
blood pressure disorders include primary (or "essential") hypertension, secondary 
hypertension, malignant hypertension, isolated systolic hypertension, white coat 
hypertension, resistant hypertension, pulmonary hypertension, etc.

Hypertension, also known as high blood pressure (BP), sometimes called 
arterial hypertension, is a medical condition in which the blood pressure in the arteries 
is elevated. Blood pressure is determined by two measurements, systolic and 
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diastolic, which depend on whether the heart muscle is contracting (systole) or relaxed 
between beats (diastole). Primary (or "essential") hypertension is the most common 
type of hypertension. Essential hypertension has no obvious or identifiable cause. 
Secondary hypertension is caused by an underlying condition, such as kidney 
problems, thyroid dysfunction, coarctation of the aorta, etc.

A patient may be determined to have normal blood pressure, prehypertension, 
Stage 1 hypertension, or Stage 2 hypertension in accordance with the criteria set forth 
in Table 1, which are adapted from The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure, U.S. Department of Health and Human Services, NIH Publication No. 04
5230, August 2004.

Table 1 Blood Pressure Categories

Category Criteria
SBP (mmHg) DBP 

(mmHg)
Normal < 120 and < 80
Prehypertension 120-139 or 80-89
Stage 1 Hypertension 140-159 or 90-99
Stage 2 Hypertension > 160 or > 100

An embodiment of the present invention provides a method of treating a blood 
pressure disorder comprising: identifying a patient having a blood pressure disorder, 
and administering a treatment regime comprising two or more rounds of 
plasmapheresis to said patient, wherein the treatment regime lowers blood pressure in 
said patient. A patient having a blood pressure disorder does not have normal blood 
pressure, and preferably does not have prehypertension. According to particular 
embodiments, the treatment regime lowers both systolic blood pressure and diastolic 
blood pressure in the patient. Before the treatment regime is administered, the 
patient has preferably been diagnosed with a blood pressure disorder, such as stage 1 
hypertension, stage 2 hypertension, secondary hypertension, malignant hypertension, 
isolated systolic hypertension, white coat hypertension, resistant hypertension, or 
pulmonary hypertension. According to particular embodiments, the patient has been 
diagnosed with Stage 1 hypertension or Stage 2 hypertension before administering the 
treatment regime, more preferably Stage 2 hypertension. According to particular 
embodiments, the patient does not have a cholesterol disorder. However, it should be
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noted that a cholesterol disorder is not necessarily a contraindication to administering 
a treatment regime comprising two or more rounds of plasmapheresis to a patient. 
According to particular embodiments, the patient may have a cholesterol disorder and 
a blood pressure disorder, and the patient is administered a treatment regime 
comprising two or more rounds of plasmapheresis, wherein the treatment regime 
lowers blood pressure in the patient.

According to particular embodiments, the treatment regime comprises 
administering three or more rounds of plasmapheresis, four or more rounds of 
plasmapheresis, five or more rounds of plasmapheresis, six or more rounds of 
plasmapheresis, seven or more rounds of plasmapheresis, eight or more rounds of 
plasmapheresis, nine or more rounds of plasmapheresis, or ten or more rounds of 
plasmapheresis to the patient.

According to particular embodiments, each subsequent round of plasmapheresis 
is conducted 3-14 days after the previous round. According to alternative 
embodiments, each subsequent round of plasmapheresis is conducted 5-9 days after 
the previous round. Each subsequent round of plasmapheresis is more preferably 
conducted 5-7 days after the previous round, most preferably 5 days after the previous 
round. For example, a first round occurring on day 1 would be followed by a second 
round on day 6, a third round on day 11, etc. It should be understood that an 
individual undergoing multiple rounds of plasmapheresis in accordance with the 
invention may have one or more interruptions in treatment, i.e., more than 14 days 
may lapse after a round of plasmapheresis and before a subsequent round begins 
(e.g., 20 days, 30 days, 40 days, or more). In this case, the individual may return to 
the treatment by receiving a round of plasmapheresis (following the lapse of more than 
14 days) and by receiving each subsequent round of plasmapheresis 3-14 days after 
the previous round. Thus, the invention contemplates that individuals who have had 
an interruption in treatment may return to the 3-14 day cycle and have the benefits of 
the treatment restored.

According to particular embodiments, the method comprises administering a 
sufficient number of rounds of plasmapheresis to cause the patient's systolic blood 
pressure to be reduced by at least 10 mmHg and the patient's diastolic blood pressure 
to be reduced by at least 5 mmHg (as measured from immediately before the 
treatment regime has begun to immediately after the treatment regime has ended). 
According to additional embodiments, the method comprises administering a sufficient 
number of rounds of plasmapheresis to cause the patient's systolic blood pressure to 
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5 be reduced by at least 12 mmHg and the patient's diastolic blood pressure to be 
reduced by at least 6 mmHg. According to additional embodiments, the method 
comprises administering a sufficient number of rounds of plasmapheresis to cause the 
patient's systolic blood pressure to be reduced by at least 14 mmHg and the patient's 

5 diastolic blood pressure to be reduced by at least 7 mmHg. According to additional 
embodiments, the method comprises administering a sufficient number of rounds of 
plasmapheresis to cause the patient's systolic blood pressure to be reduced by at least 
16 mmHg and the patient's diastolic blood pressure to be reduced by at least 8 mmHg. 
According to additional embodiments, the method comprises administering a sufficient 

10 number of rounds of plasmapheresis to cause the patient's systolic blood pressure to 
be reduced by at least 18 mmHg and the patient's diastolic blood pressure to be 
reduced by at least 9 mmHg.

According to particular embodiments, each round of plasmapheresis involves 
automated plasmapheresis using a single venipuncture. Any extracorporeal 

15 plasmapheresis device known in the art may be used in accordance with the present 
invention. For example, the device may include an entrance port for receiving the 
whole blood from a patient, means for separating plasma from the cellular components 
of the blood, and a means for returning the cellular components of the blood through 
the entrance port from where the blood cellular components exited the device, and an 

20 exit port from where the plasma exits the device. Preferably, the means for separating 
plasma from the cellular components of the blood are centrifugation means (i.e., a 
centrifuge). More preferably, the means for separating plasma from the cellular 
components of the blood are filtration means (i.e., a filter such as that used in double 
filtration plasmapheresis).

25 According to a particular embodiment, a method of treating a blood pressure
disorder comprises: identifying a patient having systolic blood pressure of at least 160 
mmHG and/or diastolic blood pressure of at least 100 mmHg (or identifying a patient 
having systolic blood pressure of at least 140 mmHg and/or diastolic blood pressure of 
at least 90 mmHg); and administering a treatment regime comprising five or more 

30 rounds of plasmapheresis to said patient, with each subsequent round of 
plasmapheresis conducted 3-14 days after the previous round (or 5-7 days after the 
previous round), wherein the treatment regime reduces the patient's systolic blood 
pressure by at least 10 mmHg and diastolic blood pressure by at least 5 mmHg, as 
measured from immediately before the treatment regime has begun to immediately 

35 after the treatment regime has ended.

6



EXAMPLE

5

10

15

20

25

30

Embodiments of the present invention may be further understood by reference 
to the Example provided below.

A16-week study with healthy donors was conducted. From this study, the vital 
signs obtained prior to each donation were analyzed using statistical and dynamic 
analytical predictive models to determine if there were any prolonged effects of plasma 
donation on blood pressure.

- Study Design

Participants in the prospective, longitudinal cohort trial were 18-69 years old 
and were new donors or previous donors from 9 US donation centers who had not 
donated for at least 6 months. Donors met all industry standards for plasma donation, 
including all standard BP requirements for donor participation [3]. A diagnosis of 
hypertension was acceptable for donation as was the use of anti-hypertensive 
medications, except beta-blockers. Qualifying donors who elected to participate in the 
study signed a separate consent for study participation. Participants were asked to 
donate at least once weekly for 16 weeks, and 2 donations in any 7 day period were 
permitted per FDA guidelines.

- Vital Signs Measurements

Blood pressure was measured prior to donation using electronic vital signs 
measurement systems from Welch Allyn (Skaneateles Falls, NY) or IVAC (San Diego, 
CA). Machines were calibrated daily and are routinely inspected at 6-month intervals 
to insure accurate data collection.

Based on the time required for routine donor center procedures, donors were 
expected to have been at the site at least 15 minutes before BP measurements were 
obtained.

- Statistical Analysis

Participants were assigned to 1 of 4 baseline BP groups (normal, 
prehypertensive, Stage 1 hypertension, Stage 2 hypertension) according to the 
classification of the Joint National Committee on Prevention, Detection, Evaluation and 
Treatment of High Blood Pressure of the NHLBI [15].
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An exploratory graphical analysis was conducted by examining the relationships 
and calculating correlation coefficients between candidate explanatory variables 
baseline value, days since first observation, time since last donation, donation count, 
and an estimate of the rate of donations (cumulative number of donations divided by 
elapsed time since start) and the endpoints of interest: change in systolic blood 
pressure (SBP) and diastolic blood pressure (DBP). These results provide a univariate 
view of possibly inter-dependent effects, and statistical and dynamic models were later 
developed to further explore the results.

Statistical models were used to quantify the effect of donation after adjusting 
for the potential effect of baseline SBP and DBP values. The donor's baseline BP 
category was treated as a categorical variable and was included in the statistical 
models by default to remedy potential regression to the mean effects. The tested 
statistical models consisted of generalized additive models that tested linear and non
linear effects of donation counts in addition to testing the potential interactions 
between the various explanatory variables. The final statistical models for SBP and 
DBP had the following general equation:

Δ = Intercept + Baseline Cat + Donation Count + Interaction (Baseline 
Cat/Donation Count) where baseline category was a categorical variable and donation 
count was modeled using a flexible restrictive cubic spline. The restrictive cubic spline 
avoids assuming a linear relationship since it can take various forms according to the 
trends dictated by the data.

Finally, semi-mechanistic longitudinal mixed effects models (Dynamic indirect- 
response models) were tested. These flexible models assume that there is an 
endogenous homeostatic process involving a formation process as well as degradation 
processes which help in maintaining the stability of the modeled endpoints (SBP, DBP). 
The effects of explanatory variables (Donation and the patterns of donations across 
time) were then constructed using a compartment which allowed them to accumulate 
or wear down according the donation frequency and time between donations.

The accumulated donation effect was tested as a covariate on the parameter 
representing the formation or the degradation of the modeled physiological endpoint 
[16, 17]. The dynamic model also used the baseline values as a covariate in the 
model to adjust for a potential regression to the mean effect. The potential delay 
between the donation event and the BP change was also tested by including a delay 
compartment.
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The semi-mechanistic longitudinal mixed effects models (dynamic indirect-response 
models) employed to predict changes in SBP and DBP following plasma donation in a 
group of plasma donors is summarized using the following equations.

Differential equation of donation effect:

~ „ . .. „ „ „ _., _--------—------- = Donatum event (Time) — Sate of Donation h//ect * f j.me

Differential equation of donation effect delay:

« (Donation,*̂ Donation^^,)

Differential equation of the Homeostatic Process (SBP or DBP):

di

E^^henrecStatiC where baseline value of

Donation Effect on the Homeostatic Process when delay is incorporated:

(1 — 1{«ιαχ» I Donation]] saccdelsy /(IZCl4Se+ I Donation 1 jQrcdefoy}

where

is the maximum possible donation effect that can be modeled as a function of 
the baseline value.

is the value of the that results in a half maximum effect.

Donatjon.acc4ifey takes jnto account all the donation history of the donor up to the 
time where the modeled variable value is measured.

When donation is affecting the generation of the homeostatic process the differential 
equation of the homeostatic process (SBP or DBP) becomes:

Donstivn
■< ■· I1 — /

:&a 4- Donation 
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where Endo is the endogenous process, te:, is the zero order rate of input and tews is 
the first order rate of output.

The graphical analysis of relationship and correlations as well as the general 
linear models were performed using R, version 2.15.3 (2013; R Foundation for 
Statistical Computing, Vienna, Austria). The package rms was used to fit the models 
and conduct the statistical tests. Dynamic models were fitted using the Phoenix™ 
NLME version 1.3 with the Lindstrom-Bates first-order conditional estimation method 
(FOCE-L-B).

- Results

Overall, 666 donors were studied (407 males and 259 females). Two donors 
with data for only 1 donation were included in the analysis as part of the baseline 
(intercept fit) calculation. Baseline BP was normal in 29.8% of donors while 44.9% 
presented with prehypertension (Table 2). Baseline levels consistent with Stage 1 and 
Stage 2 hypertension were observed in 22.1% and 3.5% of donors, respectively.

Table 2 Baseline Blood Pressure Categories

Category* Criteria n (%)
SBP (mmHg) DBP 

(mmHg)
Normal < 120 and < 80 197 (29.8)
Prehypertension 120-139 or 80-89 299 (44.9)
Stage 1 Hypertension 140-159 or 90-99 147 (22.1)
Stage 2 Hypertension > 160 or > 100 23 (3.5)
* Seventh Report of the Joint National Committee on Prevention, Detection,

Evaluation, and Treatment of High Blood Pressure

- Exploratory Analysis

A plot of change in SBP vs baseline SBP suggested that donors with higher 
baseline SBP showed greater SBP decreases (Figure la). A moderate negative 
correlation (correlation coefficient -0.44) was calculated, suggesting that donors with 
higher baseline SBP had a greater change from baseline following donation (Table 3). 
Similarly, change in DBP had a moderate negative correlation with baseline DBP 
(Figure lb, Table 3). The relationships between change from baseline SBP and DBP 
and donation counts were weakly negative, with correlation coefficients of -0.15 and - 
0.098 for SBP and DBP, respectively.

10



Table 3 Correlation between Change from Baseline and Possible Explanatory 
Variables for SBP and DBP

Correlation Coefficient*
SBP (mmHg) DBP (mmHg)

Baseline Value (mmHg) -0.44 -0.47
Days Since First Donation (days) -0.10 -0.05
Time Since Last Donation (days) 0.048 0.04
Cumulative donation counts -0.15 -0.098
Rate of Donation** -0.01 -0.059
* Pearson correlation coefficient
** Cumulative number of donation divided by elapsed time since start in 
days
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- Statistical Model

For SBP, baseline BP category and donation count were both statistically 
significant with an interaction term (p<0.0001 for all the model terms: donation 
counts, BP category and their interaction). The model-predicted effect of SBP is 
presented by BP group in Figure 2a. Almost no effect was predicted for donors with 
normal BP, with mean change ranging from +0.37 to +3.21 mmHg; a similar 
magnitude of change (mean -0.30 to -5.75 mmHg) was predicted in the group with 
baseline measurements in the prehypertensive range. More pronounced changes were 
predicted in donors with baseline measurements in the Stage 1 and Stage 2 ranges, 
with changes increasing as the number of donations increased. Donors with baseline 
measurements in the Stage 2 hypertension range showed marked predicted decreases 
in SBP during the first 2-5 donations which were maintained for the duration of the 
study (mean change -4.00 to -21.65 mmHg), with similar but more modest changes (
3.01 to -14.87 mmHg) predicted for those with baseline measurements in the Stage 1 
hypertension range.

Similar results were predicted for DBP (Figure 2b). Almost no change was 
predicted in donors with normal baseline BP (mean change -0.54 to +0.35 mmHg). 
The greatest predicted change in DBP (mean change 2.13 to -16.73 mmHg) was in 
donors with baseline Stage 2 pressures. As with SBP, BP category and donation count 
were both statistically significant (p < 0.0001) with a significant interaction (p < 
0.0001) observed between BP category and donation count.
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- Dynamic Model

Since the statistical model did not consider the possible effect of time between 
donations in a mechanistic way, a dynamic model was constructed to test these 
effects. As shown by comparison of observed and predicted values, the dynamic 
model resulted in an acceptable quality of fit for SBP and DBP (Figure 3). The effect of 
donations on mean predicted individual changes in SBP and DBP is summarized in 
Table 4. Minimal decreases in SBP and DBP were predicted for donors with baseline 
normal BP while marked decreases in SBP (-19.5 mmHg) and DBP (-9.05 mmHg) were 
predicted for donors with baseline BP in the Stage 2 hypertension range.

Table 4 Effect of Plasma Donations on Mean Predicted Change in SBP and 
DBP by Baseline BP Category, Dynamic Model

Baseline BP Category Mean Predicted Change
SBP (mmHg) DBP (mmHg)

Normal -3.34 -2.62
Prehypertension -6.46 -4.36
Stage 1 Hypertension -11.7 -6.51
Stage 2 Hypertension -19.5 -9.05

The predicted effect of donation interval in donors with normotensive and Stage 
2 hypertensive baseline readings is presented in Figure 4. Using a 5-day donation 
interval, baseline SBP in Stage 2 hypertensive donors decreased markedly following 
the first 2 donations with SBP 16-17 mmHg below baseline modeled for all subsequent 
donations and a recovery of approximately 4-5 mmHg predicted between donations. 
With a 14 day donation interval, the dynamic model predicted a maximum SBP drop of 
11-12 mmHg and a full recovery to baseline levels. In contrast, SBP modeling of 
donors with normotensive baseline measurements showed a maximum drop of 3-4 
mmHg following plasmapheresis with a recovery to baseline levels within 5-6 days post 
donation. Modeling of DBP predicted a drop of approximately 5 mmHg following 2 
donations and for all subsequent donations which recovered to within 1-2 mmHg of 
baseline levels in the 5 day interval. With 7 and 14 day donation intervals, similar 
drops in DBP with a full recovery to baseline levels within 7 days were predicted.

The results of the study suggest that BP levels can be affected following 
plasmapheresis in some donor groups. Although almost no change was observed in 
donors with normal baseline SBP or DBP, a decrease in BP was observed after the first 
2-5 donations in donors with baseline BP in the Stage 2 hypertension range. Similarly,
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smaller decreases in SBP and DBP were observed in those donors with baseline Stage 1 
hypertension. The significant interaction observed between baseline BP category and 
donation count suggests that the higher the baseline BP category, the greater the donation 
effect.

5 The BP changes predicted by the statistical and dynamic models were similar.
Although the statistical model did not examine the effect of time between donations, the 
dynamic model predicted a return to baseline levels between donations for a donation 
interval of 14 days. However, with 5 or 7 day donation interval, SBP and, to a lesser 
extent, DBP was markedly reduced with only partial recovery predicted between donations.

10 The BP changes appear to be highly dependent on the donor's baseline BP category
and, while the possibility of some regression to the mean effect cannot be completely 
excluded, the use of baseline BP category in the model by default was intended to 
minimize this possibility.

This study suggests that plasma donation is well tolerated and lowers both SBP and 
15 DBP in donors with baseline blood pressure within the ranges for Stage 1 and Stage 2 

hypertension. These decreases in BP appeared to persist with a frequent donation 
schedule (e.g., about 5 days).

Although the present invention has been described in connection with specific 
embodiments, it should be understood that the invention as claimed should not be unduly 

>0 limited to such specific embodiments. Indeed, various modifications and variations of the 
described compositions and methods of the invention will be apparent to those of ordinary 
skill in the art and are intended to be within the scope of the appended claims.

Definitions of specific embodiments of the invention as claimed herein follow. 
According to a first embodiment of the invention, there is provided a method of 

25 treating a primary hypertension comprising:
identifying a patient having primary hypertension, wherein the patient has a blood 

pressure disorder and the patient lacks a cholesterol disorder;
identifying that the patient has primary hypertension;
administering a treatment regime comprising two or more rounds of

30 plasmapheresis, wherein the two or more rounds comprise a first round of plasmapheresis 
and one or more subsequent rounds of plasmapheresis, and each subsequent round of 
plasmapheresis is conducted 5-7 days after the immediately preceding round of the two or 
more rounds;

administering the first round of plasmapheresis to the patient;
35 administering a second round of plasmapheresis to the patient 5-7 days after the

first round,
wherein the second round is a subsequent round of plasmapheresis that
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immediately

precedes the first round; and
lowering the blood pressure of the patient to thereby treat primary hypertension.

According to a second embodiment of the invention, there is provided a method of
5 treating primary hypertension in a human patient, comprising:

identifying a patient having primary hypertension;
identifying that the patient has stage 1 hypertension;
administering to the patient two or more rounds of plasmapheresis; and
lowering the blood pressure of the patient to thereby treat primary hypertension, 

10 wherein:
each round of plasmapheresis is automated plasmapheresis using a single 

venipuncture,
wherein the blood of the patient is removed and returned through the same site;
stage 1 hypertension is defined as (1) either a systolic blood pressure of at least 

15 140 mmHg or a diastolic blood pressure of at least 90 mmHg, and (2) a systolic blood
pressure less than 160 mmHg and a diastolic blood pressure less than 100 mmHg; and

the patient has primary hypertension.
According to a third embodiment of the invention, there is provided a method of 

treating primary hypertension in a human patient, comprising:
>0 identifying a patient having a systolic blood pressure of at least 140 mmHg or a

diastolic blood pressure of at least 90 mmHg;
identifying that the patient has primary hypertension;
administering to the patient two or more rounds of plasmapheresis; and
lowering the blood pressure of the patient to thereby treat primary hypertension, 

>5 wherein:
each round of plasmapheresis is automated plasmapheresis using a single 

venipuncture,
wherein the blood of the patient is removed and returned through the same site; 
the patient lacks a cholesterol disorder; and

30 the patient lacks a disease or condition that impairs kidney function.
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1. A method of treating a primary hypertension comprising:
identifying a patient having primary hypertension, wherein the patient has a blood 

pressure disorder and the patient lacks a cholesterol disorder;
identifying that the patient has primary hypertension;
administering a treatment regime comprising two or more rounds of 

plasmapheresis, wherein the two or more rounds comprise a first round of plasmapheresis 
and one or more subsequent rounds of plasmapheresis, and each subsequent round of 
plasmapheresis is conducted 5-7 days after the immediately preceding round of the two or 
more rounds;

administering the first round of plasmapheresis to the patient;
administering a second round of plasmapheresis to the patient 5-7 days after the 

first round,
wherein the second round is a subsequent round of plasmapheresis that 

immediately
precedes the first round; and

lowering the blood pressure of the patient to thereby treat primary hypertension.

2. The method of claim 1, further comprising identifying that the patient has been 
diagnosed with Stage 1 hypertension or Stage 2 hypertension.

3. The method of claim 1, wherein the patient has a systolic blood pressure and a diastolic 
blood pressure, further comprising lowering both the systolic blood pressure and diastolic 
blood pressure.

4. The method of claim 1, further comprising administering a third round of 
plasmapheresis to the patient after administering the second round of plasmapheresis, 
wherein the treatment regimen comprises administering three or more rounds of 
plasmapheresis to the patient and the third round is a subsequent round.

5. The method of claim 4, further comprising:
administering a fourth round of plasmapheresis to the patient after administering 

the third round of plasmapheresis; and
administering a fifth round of plasmapheresis to the patient after administering the 

fourth round,
wherein the treatment regime comprises administering five or more rounds of 

plasmapheresis to the patient, and the fourth round and the fifth round are subsequent

15
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6. The method of claim 1, wherein each round of plasmapheresis comprises automated 
plasmapheresis using a single venipuncture.

7. The method of claim 3, further comprising lowering the systolic blood pressure by at 
least 10 mmHg and lowering the diastolic blood pressure by at least 5 mmHg.

8. The method of claim 3, further comprising lowering the systolic blood pressure by at 
least 16 mmHg and lowering the diastolic blood pressure by at least 8 mmHg.

9. The method of claim 1, further comprising:
identifying that the patient has either a systolic blood pressure of at least 140 

mmHg or a diastolic blood pressure of at least 90 mmHg; and
identifying that the patient has a systolic blood pressure less than 160 mmHg and a 

diastolic blood pressure less than 100 mmHg.

10. The method of claim 1, wherein each round of plasmapheresis comprises automated 
plasmapheresis using a single venipuncture, wherein the blood of the patient is removed 
and returned through the same site.

11. A method of treating primary hypertension in a human patient, comprising:
identifying a patient having primary hypertension;
identifying that the patient has stage 1 hypertension;
administering to the patient two or more rounds of plasmapheresis; and
lowering the blood pressure of the patient to thereby treat primary hypertension, 

wherein:
each round of plasmapheresis is automated plasmapheresis using a single 

venipuncture,
wherein the blood of the patient is removed and returned through the same site;
stage 1 hypertension is defined as (1) either a systolic blood pressure of at least 

140 mmHg or a diastolic blood pressure of at least 90 mmHg, and (2) a systolic blood 
pressure less than 160 mmHg and a diastolic blood pressure less than 100 mmHg; and

the patient has primary hypertension.

12. The method of claim 11, wherein the patient has a systolic blood pressure, further 
comprising lowering the systolic blood pressure of the patient to less than 140 mmHg.
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13. The method of claim 11, wherein each round of plasmapheresis is administered 5 to 9 
days after the prior round.

14. The method of claim 11, wherein the patient lacks a cholesterol disorder.

15. The method of claim 11, wherein the patient lacks a disease or condition that impairs 
kidney function.

16. The method of claim 11, further comprising lowering the systolic blood pressure of the 
patient to less than 140 mmHg, wherein:

each round of plasmapheresis is administered 5 to 9 days after the prior round; and 
the patient lacks a disease or condition that impairs kidney function.

17. A method of treating primary hypertension in a human patient, comprising:
identifying a patient having a systolic blood pressure of at least 140 mmHg or a 

diastolic blood pressure of at least 90 mmHg;
identifying that the patient has primary hypertension;
administering to the patient two or more rounds of plasmapheresis; and 
lowering the blood pressure of the patient to thereby treat primary hypertension, 

wherein:
each round of plasmapheresis is automated plasmapheresis using a single 

venipuncture,
wherein the blood of the patient is removed and returned through the same site;
the patient lacks a cholesterol disorder; and
the patient lacks a disease or condition that impairs kidney function.

18. The method of claim 17, further comprising lowering the systolic blood pressure of the 
patient to less than 140 mmHg.

19. The method of claim 17, wherein each round of plasmapheresis is administered 5 to 9 
days after the prior round.

20. The method of claim 17, further comprising identifying that the patient has both (1) 
either a systolic blood pressure of at least 140 mmHg or a diastolic blood pressure of at 
least 90 mmHg, and (2) a systolic blood pressure less than 160 mmHg and a diastolic 
blood pressure less than 100 mmHg.

Date:
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Figure 1 Relationship between Change from Baseline and Baseline Values for SBP 
and DBP

a

Systolic Blood Pressure

Baseline (mmHg)

b

Diestolio Blood Pressure

Baseline (mmHg)
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Figure 2 Effects of Donations on Changes from Baseline SBP and DBP by Blood 
Pressure Category

a SBP

b DBP
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a.

Figure 3 Goodness of Fit Between Observed and Predicted Values for SBP, DBP, 
and Heart Rate using Dynamic Models

DV: Observed Systolic Blood Pressure or Diastolic Blood Pressure; IPRED= Individual 
prediction of Systolic Blood Pressure or Diastolic Blood Pressure
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Figure 4 Effect of Donation Interval on Predicted Changes in SBP in Baseline 
Normotensive and Stage 2 Hypertensive Donors
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