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Hematocrit (%)

Renal Transplant Recipients
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Vlahakos..Madias, American Journal of Kidney Disease, 1991



Hematocrit

0. 30 2 i 2
Basal Intermediate Final

Fig. 2. Changes in hematocrit associated with treatment by angioten-
sin-converting enzyme inhibitor (ACEI) or calcium antagonist (CA).
Intermediate study at about 1 year and final study at 2.5 years of
follow-up respectively. *P < 0.05 when compared to the pretreatment

values.




...we speculate that the hematocrit-lowering
effect of RAS inhibition could be used for
benefit in patients with erythrocytosis.

Vlahakos et al. American Journal of Kidney Disease 1991



POST-TRANSPLANT ERYTHROCYTOSIS

Persistently elevated HgB/Hct
following transplantation
Hct >51% (HgB > 17)

Occurs in 8-15% of renal transplant patients
Typically occurs 8-24 months after
transplantation.

G A



Effects of Enalapril on
Erythrocytosis after Renal
Transplantation

Robert S. Gaston, MD; Bruce A. Julian. MD:
Amold G. Diethelm. MD: and John J. Curtis, MD

Anrals of Imiernal Medicine, 1991;115:954-955,

Erythrocytosis afflicts 4% to 17% of renal allograft re-
cipients. It appears most often within the first year after
transplant, usually in patients with excelleni grafi func-
tion, and 15 associated with an increased risk for throm-
boembolic events (1). Although the pathophysiology is
poorly defined, it may relate to excess production of
erythropoietin by native kidneys (2). The standard ther-
proved optimal. A recent report of enalapril-associated
anemia in renal transplant recipients (3) led to a tnal of

this agent as therapy for posi-transplant erythrocyiosis.

Methods

Twelve renal allograft recipients (mean age, 39 * 3
years) with an hematocrit greater than 0.52 on hree
consecutive outpatient visils were given enalapnl. The
starting doses were 2.5 to 5 mg/d, and were increased
a8 necessary for blood pressure control. The elevated
hematocrit had first been noted 8 = | months {(range.

From the Umversity of Alsbama Mcdical Center, Birmingham. Ala-
bama. For corremt author addresses, wee end of 1ex,

(154 = 10 and 153 = |1 pgmol'L) did not change. One
patient, taking S mg/d. stopped énalapril on his own due
to “dizziness™ after 6 weeks (hypotension was nol doc-
umenied). A second recipient, whose hematocnt had
declined from 0.60 to 0.56 after 2 months, experienced
late rejection associated with (apering of cyclosporine.
A third patient, with diabetes mellitus, contracted cryp-
tococcosis (the hematocnt was 0.47 after § months).
There have been no sigmificant complications in the
other nine patients.

Afer enalapril therapy was imitiated, no patient re-
quired therapeutic phlebotomy. Two recipients who had
previously had deep vein thromboses were taking war-

Valyme

Packed Ceoll
tneacEssLEBEES

BERERERAREE

>

P 1 i b & § i ]
Months an Edalagiil

Figure 1. Hematocrit. The mean hematocnt {packed cell vol-
wine) is expressed as a percentage for 12 renal allograft recip-
ienis ireated with enalapnl. with length of follow-up in months.
Values before enalapril was begun (pre) represent the mean
hematocrit on three clinic visits immediately before therapy
was started. The dotied line marks a hemaiocni of 555,
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Heiﬁbdialysis_ Patients

1 T 1 ) L ) i T . T ] ] L} L 1
D2 & § 8. NI Leg R IR 2022 0 i 2 3 4 5 8okl .} 3 10
Time, months

[ ooy T TR Pat R TR WmA pe=u RS e g KRR 7T NS

. Captopril = ;Captopril

Hirakata (1984)



Low Medium High Renin
Table 2. Predialysis tnh-:n.ll:n' d.'ll!.a of chmml: |'I'I::I'I1.I:H:|]Ilj'5L:E patients slr.ltrﬁn:l m:mﬂlng to pn:dm]ma renin bevels®

s L

PRA (ngml "h™") 0.37 + 0.1 2.4 = ()2 129 + 29 00001
Hematocnt (%) 30,1 =08 T 1.0 318 = 1.0 NS
BUN (mg/dl) 6= 4.4 7o = 4.7 RS * 5.5 NS
Albumin (g/dl) 3.9 = 000 4.1 =011 4.2 = (.06 NS
Cholesterol (mg/dl) 204 * 12 182 = 13 211 =11 N5
Triglycerides (mg/dl) 195 + 23 134 = 22 273 + 33 NS
Uric acid (mg/dl) 63+03 6.9 + 0.3 T3+05 NS
Glucose (mg/dl) 132 * 16 115 = 19 140 = 13 NS
Sodiam (mEg/L) 140 = 0.7 141 = Q.5 139 = 0.7 MS
Potassium (mEg/L) 52 0.1 48 =02 5102 NS
Calcium {mg/dl) 96016 Q7 =02 99 +017 NS
Phnsph:l:t {mgfdl) 47204 54 %04 49 +04 NS
I:pgul'm]]l IEH‘ = E'I]' 168 = 58 176 = 26 NS

‘PFI:A p]a.umn Feqnin activity: BLI'J"-I hl.n-:-tl urea nitrogen.

Vlahakos et al, J Am Soc Nephrol , 1997



1

Table |. Demographic and clinical characteristics of chronic hemodialysis patients stratified according to predialysis

renin levels® Low Medium ngh Renln
Characterisic s "o et P Value

Age 5354 44 44,7 * 6.7 EE.E * 16 NS
Gender {Male/Female) 65 T2 1271 NS
Body mass index (kg/m®) 23309 226+ 1.4 M6+ 12 NS
Blood pressure (mmHg)

systolic 1455 £ 4K 149.4 + 4.2 458 = 4 NS

diastolic T50=x 21 TEIX 19 a08x 1.2 by

mean 985 = 2.8 102 =21 034 =19 NS
Heart rate (beats/min) 45+ 1.6 “B06 £ 1 758 = 2.1 NS
History of

glomenulopathy 5 (43) T (7E) 13 (100) (L008

coronary artery disease 4 (36) 4 (44) B{61) NS

disbetes mellitus 2 (18) 2(22) 4 (30) NS

smoking 4 (36) 4 (44) 5 (38) NS
Medications

' ' 127) GlGh] A6
:mmﬁm 9 (82) 6 (66) 1 (7) n.m
rdialytic welght

gain (kgh 21T =018 1.71 = (L3 233022 NS
Follow-up period on

h:mu:hllrsls I!mn! 3-"3' :IEI- + 84 .'i'l:l-.'.l' t 4.2 JTlE+44 NS

* Mumbers in ]Jumlhm:ﬁ m:lm:nh: p:mnl.l.l:: uf:pnthmla rhEPO, r:-:::lmblunl rmrm m'ﬂlmp-:uum

Vlahakos et al, J Am Soc Nephrol , 1997



Erythropoietin

No. of Renin activity® activity*
Group Patients (mug ) (Y 39Fe)
Jontrol
Saline 14 0.37 £0.03, p < 0.001

Vormotensive subjects
Normal 1
Chronic pulmonary disease

15

—
- -

Anerythroeytogenic anemia 1
Hypertensive patients

Nonrenovascular, nonaccelerated b

Renovascular, nonaceelerated 11

Nonrennvascular, aceelerated {

Renovascular, nccelerated 8

J20%) 22 0.60::0.05
oo X 32 v.ou £ 0.16
156 15.48

323+ 93 0.76 £ 0.08

1,408 + 402, p < 0.025 1.532+0.21, p < 0.001

0,39 +0,22

- 0N~ -

028 + 154, p < 0.001

2301+ 396, p < 0.001  1.66 . 0.43, p <0.01

——

sAcuvities are given as means * standard errors. A p value refers to the significance of a
difference between the mean for the normal subjects and the mean for.a group of patients;
only p values less than 0.05 are cited,
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Vlahakos et al. Ahn Int Med 2001

Het (%)

bsl 25 50 75 100 3mo
Losartan Dosage (mg)



Study Group (enalapril 5 mg qd) Control Group
N=13 N=13
Baseline 1 year 2 years Baseline 1 year 2 years

126 124 124 113 120 122
80 78 78 75 71 76
64 60 57 60 60 59
106 106 97 106 106
285 pL 1 250 289 298

Plata et al., Lancet 2002;359:663-666
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ANEMIA PREDICTS MORTALITY IN SEVERE HEART FAILURE

(PRAISE)
JACC 2003;41.:1933
[ | |
1.0 1 =g ~
Quintiles matocnt
— 37.0-40.6
[I[ == 40.7-43.0
0.8 - [V = 431-46.0
— 2460
0.6 -
0.4 - B
T I | I
0 1 2 3

Years



v, for analyses of new anemia at one year, we
luals to have complete data at one year; this
exclusion of 1,075 patients. Consequently,
ncluded 4,174 patients (analyses of new
justment for data at one year), 5,249 patients
ew anemia with adjustment for data at
, or 6,436 individuals (analyses of prevalent
ia and all survival analyses) (Fig. 1). The
teristics of those included in our main anal-
‘ed that there were no significant differences

Enalapril and the odds of developing new anemia at one
year. At one year after ranaommatlon, T 0% ol those

randomized to enalapril had developed new anemia, com-

: [ are - I -

_ : hose assigned to placebo (unadjusted odds
rat' b confidence interval [CI] 1.20 to 1.82).
In a logi el (Table 2) with adjustment for confound-
ers, enalapril continued to be associated with new anemia at
one year (adjusted OR 1.56, 95% CI 1.26 to 1.93). A
potential confounder of this analysis was that individuals
randomized to enalapril had greater changes in creatinine

SOLVD DATABASE S Placebo
ol ISHANIETAL.JACC,2005 _ _  _ ° i v 177 P
E%{{/E\
e e H-E"“‘-—. l
R e e e A i VR W e R A |
E S S e, i e
£ N o i i anEIT
5 o e
42 _'"“"*""‘_"!""_‘_‘““"“““““‘"“"“““"“'“"“"'.:i:.' """"""""""""""""""""""
N = 56436 N = 1468 N=1217 M = 3806 M =615
M= 1839 N = 5044 N = 1053 N =764 MN=2165
5 T ek S TR A R T e e R T i e v B e e A
I I I I I I ] ] ] ] I | I
o 4 8 12 16 20 24 28 32 36 40 44 48

Time (months) after randomization



Table 5: The difference in Hb level between patients on ACEls and patients who are not is significant.

ACEIl users 95% Confidence Non ACEI users 95% Confidence
Interval Interval
A A
Mean ( 122 .69 ) 116.87 - 128.52 ( 139.23 ) 135.51 - 142 94
Standard Deviation 17.96 14.00
Standard Error of 2.88 1.85
Mean
Number of patients 39 57

The two-tailed P value is less than 0.0001, t=5.06, df=94

K. GUIRGUIS , ST VINCENT'S HOSPITAL, AUSTRALIA




development of anaemia among patients with CHF.

Table 2: Multinomial logistic regression shows the relative risk (RR) of various risk factors for the

RR Std Err. Z Pvalue | 95% Confidence Interval
ACEI 17.38 20.00 2.48 0.013 1.82-165.9
Aspirin 2.65 1.97 1.32 0.187 0.62-11.33
Renal impairment | 2.16 1.57 1.06 0.288 0.52-8.95
65 yearsormore | 0.96 0.77 -0.05 0.959 0.20-4.66
Gender 0.78 0.55 -0.35 0.727 0.20-3.13

K. GUIRGUIS, ST VINCENT'S HOSPITAL, AUSTRALIA
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QJM. 2015, 108(11):879-84.

RENIN-ANGIOTENSIN SYSTEM INHIBITORS LINKED TO ANEMIA: A SYSTEMATIC REVIEW
AND META-ANALYSIS.

CHEUNGPASITPORN ET AL.

Seven studies (2 cohort and 5 cross-sectional studies) with 29,061 patients
were included

The pooled RR of anemia in patients receiving ACEls was 1.56
1.40-1.73, 1(2) = 17%).

The pooled RR of anemia in patients receiving ARBs was 1.60 (
1.27-2.00, I(2) = 39%).

CONCLUSIONS:

Our meta-analysis demonstrates an association between anemia and the
use of RAS inhibitors. Hematological parameters should be monitored in

patients treated with RAS inhibitors


https://www.ncbi.nlm.nih.gov/pubmed/25697787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheungpasitporn%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25697787
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EXPERIMENTAL OBSERVATIONS

Increased hematocrits were reported in the 1C-2K
Goldblatt model of renin-dependent hypertension.

GOLDBLATT HYPERTENSION

Experimental Models

2 kidneys - 1 clipped

BP Renin Volume

1 kidney - 1 clipped

High High  Normal
HEI’T}" Gﬂldblaﬂ or decreased

(1891-1977)

BP Renin Volume

High Normal High

i.e. inappropriately
decreased
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TRANSGENIC MICE .
,_‘_-,’” “'\* l«:x\

Development of hypertension is accompanied by
persistently increased hematocrits in transgenic
mice that carried both

the human renin and angiotensinogen genes.

Both blood pressure and hematocrit remained
normal when the 2 transgenes were introduced
into the AT1- receptor null background, an
observation that highlights the pivotal role of the

AT1 receptor.
Kato et al. FASEB 2005



Fig 3. Systolic blood pressure and hematocrit values in Agt(-/-) mice after chronic
administration of Ang ll, with or without oral administration of losartan.
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Fig. 1.—Effects of Angiotensin 1I injection on erythropoiesis in rabbits.
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GOULD ET AL, 1973
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Fig. 2. Eryvthropoietin (EPO) plasma levels in healthy volunteers fol-
lowing a six-hour placebo or Ang II infusion without and with pretreat-
ment with valsartan, an AT, R blocker. symbols are: () placebo; (E3])
Ang 1D (BE) Ang 11 + wvalsartan: *F = 0.01 vs. placebo. Data are
represented as mean = SEM.L






Kidney International, Vol 63 (2003), pp. 1187-1194

PERSPECTIVES IN RENAL MEDICINE

Posttransplant erythrocytosis

DEMETRIOS V. VLAHAKOS, KATERINA P. MARATHIAS, BASIL AGROYANNIS,
and Nicoraos E. MADIAS

.|

1000 -
.
3 .
S 100 | e S
: | -\-H-\""-. -\"\-\._\_LH |
i';]-j T T
o 1[] R —— i I e i
E. }- _"-\. CI‘:l o =
3 S
_E' 1 | -\--H'H.\_\_-\-
W

25 35 45

Hematocrit, %

Fig. 2. Relationship of mean plasma ervthropoietin levels and hemato-
crit determinations in published series on posttransplant ervthrocytosis
(PTE) (Table 1). The dashed lines represent the 95% confidence limits
for nonuremic individuals [1]. The erythropoietin/hematocrit relation-
ship in untreated patients with PTE (closed circles within the owval
perigram) is shifted to the right due to inappropriately sustained eryth-
ropoietin secretion despite erythrocytosis (a form of “tertiary hyperery-
thopoietinemia™). After treatment with an angiotensin-converting en-
zyme (ACE) inhibitor or an angiotensin II AT1 receptor antagonist,
the erythropoietin/hematocrit relationship returns within the normal
limits {open circles).
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Vlahakos et al. Am J Med , 1999
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Figure 3. Angiotensin II (ang II) augments number of BFU-Es. Pre-
incubation of early hematopoictic progenitors with angiotensin [1-
augmented proliferation of carly erythroid precursors in the presence
of maximal stimulatory concentration of ervthropoietin (3 1U/ml).

MRUG ET AL, JCI, 1997
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Viahakos et al. AJKD 2010
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2YMIMNEPAZMATA

To evepyommoinuévo 2PA kai e1dikotepa n Ayyelotaoivn |l
aucavel TNV EpuBpoTToinon Kal JECW augnong TNG EKKPIONG
TNG £PUBPOTTOINTIVNG KAl WG AUENTIKOG TTAPAYWYV OTIC AWPEG
HOPPEC TWV EPUBPWV AINOCPAIPIWY HECW UTTOOOXEWV AT 1.

H atrevepyotroinon Tou ye aMEA n caprtavn ytropei va
TTPOKOAECEI D000-EEPTWUEVN MEIWON TOU AIJATOKEITA /KAl
avalyia, TTou eOAvel oTo vadip EVTOC TPINAVOU Kal gival
QVTIOTPETITA ME TNV OIOKOTTI TOU PAPUAKOU.

H avaoTtoAn Tou 2PA pmopel va xpnoipomoinoei yix 010p0waon 1ne
TTOAUEPUOPAIPIGG HETG TNV METAKUOOXEUON VEPPOU, 0 kGOEVEIC
ue XA Kol o€ O1B100VTEC 0E PEYXAG UWOUETPC.
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