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The Effect of Midodrine Hydrochloride on
Chronic Hypotension in Patients with

Diabetes Mellitus Undergoing
Hemodialysis Therapy

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee: Chro nic hypo ten si on is a com mon comp li ca ti on of he mo di aly sis in pa ti ents
with di a be tes mel li tus. Mi dod ri ne hydroch lo ri de is an alp ha-1 ago nist that ef fec ti vely cor rects in-
tra di aly tic hypo ten si ve at tacks. However, the ef fect of mi dod ri ne on chro nic hypo ten si on is still un-
k nown in he mo di aly sis pa ti ents. In the pre sent study, we ai med to eva lu a te the ef fects of mi dod ri ne
tre at ment on chro nic hypo ten si on in pa ti ents with di a be tes mel li tus undergoing he mo di aly sis. MMaa--
ttee  rrii  aall  aanndd  MMeett  hhooddss: A to tal of 21 di a be tic pa ti ents un der go ing he mo di aly sis and had chro nic hy-
po ten si on (systo lic blo od pres su re <100 mmHg be fo re di aly sis) we re inc lu ded in the study.
Mi dod ri ne was given 5 mg p.o. twi ce a day and 5 mg be fo re every di aly sis ses si on to all pa ti ents.
Blo od pres su res (pre-he mo di aly sis systo lic, di as to lic and me an ar te ri al pres su re) we re me a su red.
In tra-di aly tic hypo ten si on at tacks, ort hos ta sis, diz zi ness, fa ti gu e, blur red vi si on, dull ness, and
he a dac he we re re cor ded. Da ta ob ta i ned be fo re mi dod ri ne the rapy we re com pa red to tho se col-
lec ted at the 3rd month of he mo di aly sis when the patients were under mi dod ri ne the rapy. RRee  ssuullttss::
Pre-di aly sis systo lic, di as to lic and me an ar te ri al blo od pres su res, ver ti go and synco pe at tacks we -
re sig ni fi cantly (p< 0.05) im pro ved by mi dod ri ne the rapy. No sig ni fi cant dif fe ren ce was se en in me -
an ul tra-fil tra ti on vo lu me per he mo di aly sis ses si on and num ber of in tra-di aly tic hypo ten si ve at tacks
ac cor ding to ba se li ne va lu es over the co ur se of study (p>0.05). CCoonncc  lluu  ssii  oonn::  Mi dod ri ne ap pe ars to be
an ef fec ti ve and sa fe tre at ment op ti on in  di a be tic he mo di aly sis pa ti ents with sympto ma tic chro nic
hypo ten si on, but it has no ef fect on in tra-di aly tic hypo ten si ve at tacks.

KKeeyy  WWoorrddss::  Di a be tes mel li tus; hypo ten si on; re nal di aly sis; Mi dod ri ne

ÖÖZZEETT  AAmmaaçç: Kro nik hi po tan si yon di ya bet li has ta lar da he mo di ya li zin sık gö rü len bir komp li kas -
yo nu dur. Mi dod rin hid rok lo rid di ya liz sı ra sın da ki hi po tan sif atak la rı et ki li şekil de dü zel ten al fa-1
ago nist bir ilaç tır. Fa kat he mo di ya liz has ta la rın da mi dod ri nin kro nik hi po tan si yon da ki et ki si ha len
bi lin me mek te dir. Bu ça lış ma da mi dod rin te da vi si nin he mo di ya liz te da vi si alan di ya bet has ta la rın -
da kro nik hi po tan si yo na et ki le ri ni de ğer len dir me yi amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr: Kro nik hi po -
tan si yo nu olup (di ya liz den ön ce sis to lik kan ba sın cı <100 mmHg) he mo di ya liz te da vi si alan top lam
21 di ya be tik has ta ça lış ma ya alın dı. Tüm has ta la ra gün de iki kez 5 mg ve her di ya liz se an sın dan ön -
ce 5 mg oral mi dod rin te da vi si ve ril di. Kan ba sınç la rı (he mo di ya liz den ön ce sis to lik, di as to lik ve or-
ta la ma ar ter ba sın cı) öl çül dü. Di ya liz sı ra sın da ki hi po tan si yon atak la rı, or tos taz, baş dön me si,
hal siz lik, bu la nık gör me, ser sem lik, sı kın tı ve baş ağ rı sı var sa kay de dil di. Mi dod rin te da vi sin den
ön ce el de edi len ve ri ler mi dod rin te da vi si sı ra sın da he mo di ya liz se ans la rı nın üçüncü ayın da top la -
nan ve ri ler le kar şı laş tı rıl dı. BBuull  gguu  llaarr::  Di ya liz ön ce si sis to lik, di as to lik ve or ta la ma ar ter ba sınç la rı,
ver ti go ve sen kop atak la rı mi dod rin te da vi si ile be lir gin ola rak dü zel di (p< 0.05). Ça lış ma bo yun ca
her he mo di ya liz se an sın da or ta la ma ul tra-fil tras yon hac min de ve di ya liz sı ra sın da ki hi po tan sif atak-
lar da baş lan gıç değer le ri ne gö re önem li fark sap tan ma dı (p>0.05). SSoo  nnuuçç::  Ça lış ma mı zın so nuç la -
rı na gö re mi dod rin te da vi si semp to ma tik kro nik hi po tan si yo nu olan di ya be tik he mo di ya liz
has ta la rın da et ki li ve gü ven li bir te da vi se çe ne ği ola rak gö rün mek te, fa kat di ya liz sı ra sın da ki hi-
po tan sif atak la rın te da vi sin de et ki li gö rün me mek te dir.
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hro nic hypo ten si on (CH), de fi ned by a
systo lic blo od pres su re < 100 mmHg in the
in ter-di aly tic pe ri od, af fects 5-10% of all

he mo di aly sis pa ti ents.1 El derly pa ti ents and tho se
with di a be tes, as well as tho se with au to no mic
nervous system dysfunction, are par ti cu larly af fec -
ted.2 He mody na mi cally, chro nic hypo ten si on is
cha rac te ri zed by pre ser ved car di ac in dex, he art ra -
te or stro ke vo lu me, but re du ced to tal pe rip he ral
vas cu lar re sis tan ce.3 Alt ho ugh its pat hoph ysi o logy
is not well de fi ned, a re du ced car di o vas cu lar res -
pon se to va sop res sor agents (such as no re pi nep hri -
ne and an gi o ten sin II) re la ted to down-re gu la ti on
of the ir re cep tors, as well as an in cre a sed pro duc ti -
on of va so di la tors (such as nit ric oxi de or ad re no -
me dul lin) are pos sibly in vol ved.4 Va ri o us signs and
symptoms as so ci a ted to HD hypo ten si on are numb-
ness of the ex tre mi ti es, diz zi ness, ge ne ral fa ti gu e,
epi gas tric dis com fort, fa in ting, swe a ting, yaw ning,
vo mi ting, in con ti nen ce and even occ lu si on of the
ar te ri o ve no us fis tu la.5

The re are two com mon types of HD-as so ci a -
ted hypo ten si on.6One typi cally oc curs du ring the
la ter sta ges of HD; the ot her is a chro nic, per sis -
tent form of hypo ten si on. The lat ter has be en es-
ti ma ted to affect ap pro xi ma tely 5-10% of the
di aly sis patients and be co mes even mo re pre va -
lent in long-term HD pa ti ents es pe ci ally in tho se
with di a be tes.7 Mo re re cently, mi dod ri ne, an oral
se lec ti ve alp ha-1 ad re ner gic ago nist, has be en suc-
cess fully used in the tre at ment of di aly sis hypo -
ten si on, es pe ci ally in com bi na ti on with co o ling
di aly sa te.8 Ho we ver, the re is li mi ted ex pe ri en ce
with the use of mi dod ri ne in HD pa ti ents with
chro nic hypo ten si on, even no ex pe ri en ce with di-
a be tic sub set of HD pa ti ents.1,5,9 For this re a son,
we tri ed to de mons tra te the ef fect of mi dod ri ne
tre at ment on di a be tic HD pa ti ents with chro nic
hypo ten si on.

MATERIAL AND METHODS
Study sub jects we re 21 di a be tic pa ti ents who un-
der went ma in te nan ce he mo di aly sis tre at ment and
had systo lic blo od pres su res less than 100 mmHg at
pre-di aly tic and in ter-di aly tic pe ri ods for at le ast 6
months and furt her dec li ning blo od pres su res du r-

ing he mo di aly sis. No ne had evi den ce of car di ac di s-
e a se as do cu men ted by nor mal ec ho car di og raphy,
elec tro car di og ram, chest X-ray and ade qu a te car-
di ac out put es tab lis hed by ejec ti on frac ti on. The re
we re 7 ma les and 14 fe ma les with a me an age of
63.0 ± 15.8 (ran ge: 47-82) ye ars. Me an du ra ti on of
HD tre at ment was 76.8 ± 28.7 (ran ge: 36-126)
months. Di aly sa te flow was 500 mL/min du ring
HD, whe re as blo od flow was 300 mL/min and di -
aly sa te tem pe ra tu re was con ti nu o usly ma in ta i ned
at 36.5°C. HD was per for med using the sa me di aly -
zer (Synthe tic low flux FX mem bra ne, Fre se ni us).
The di aly sa te con ta i ned 140 mmol/L so di um, 1.25
mmol/L cal ci um and the duration of each HD ses-
si on was 4 ho urs. 

The se pa ti ents, af ter obtaining their writ ten
in for med con sent and et hi cal com mit te e ap pro val,
were given 5.0 mg mi dod ri ne twi ce a day for three
months to tre at chro nic hypo ten si on. On HD day,
5 mg mi dod ri ne was gi ven 30 mi nu tes be fo re HD.
Data ob ta i ned be fo re mi dod ri ne the rapy we re com-
pa red to tho se col lec ted at the 3rd month of HD ses-
si ons under mi dod ri ne the rapy. Ob jec ti ve
eva lu a ti on, inc lu ding systo lic and di as to lic blo od
pres su re, hypo ten si ve epi so des du ring HD (a drop
in systo lic blo od pres su re> 20 mmHg du ring HD)
and pul se ra te was per for med be fo re every he mo -
di aly sis ses si on. Me an ar te ri al pres su re was cal cu -
la ted as the sum of di as to lic pres su re and one third
of pul se pres su re. Blo od bi oc he mistry, he mog lo -
bin, cle a ran ce of di aly sis (Kt/V), we ight of pa ti ent
and amo unt of di aly tic flu id ul tra-fil tra ti on vo lu -
me we re analyzed, and va lu es be fo re and af ter
me di ca ti on we re com pa red. Sub jec ti ve symp-
toms, inc lu ding ort hos ta sis, diz zi ness, fa ti gu e,
blur red vi si on, dull ness and he a dac he we re eva l-
u a ted pri or to and every ot her day fol lo wing mi-
dod ri ne hydroch lo ri de ad mi nis tra ti on du ring
he mo di aly sis. The severity of symptoms was clas-
si fi ed in to fo ur ca te go ri es; se ve re (3 sco re), mo de -
ra te (2 sco re), mild (1 sco re), and no (0 sco re)
symptoms. Pa ti ents comp le ted a symptom qu es ti -
on na i re at each he mo di aly sis day, and the symp-
toms we re sco red ac cor dingly by the se ve rity of
sub jec ti ve symptoms. Pa ti ents re cor ded any si de ef-
fects du ring mi dod ri ne tre at ment.
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STA TIS TI CAL ANALY SIS

Sta tis ti cal analy ses we re per for med by SPSS sta tis -
ti cal soft wa re (10.0 ver si ons, SPSS, Cary, NC, USA).
All re sults are ex pres sed as me an ± SD (stan dard de-
vi a ti on). Con ti nu o us va ri ab les we re tes ted for nor-
ma lity using the Kol mo go rov-Smir nov test.
Pa ra met ric tests we re used in our study, be ca u se
the dis tri bu ti on of the va ri ab les was nor mal. Com-
pa ri son of pa ra me ters be fo re and af ter mi dod ri ne
tre at ment was per for med by using pa i red t-tests.
Ca te go ri cal va ri ab les we re eva lu a ted by using Mc-
Ne mar test. Dif fe ren ces we re con si de red as sta tis -
ti cally sig ni fi cant if p va lu es we re less  than 0.05.

RE SULTS
Du ring the three months of mi dod ri ne the rapy,
we ights of the pa ti ents and the amo unt of di aly tic
flu id re mo val re ma i ned unc han ged (p> 0.05). Pre-
di aly sis systo lic (p= 0.011), di as to lic (p= 0.008) and
me an ar te ri al blo od pres su res (p= 0.014) in cre a sed;
ver ti go (p= 0.04) and synco pe at tacks (p= 0.035)
we re sig ni fi cantly im pro ved by mi dod ri ne the rapy
(Tab le 1). Du ring HD, num ber of hypo ten si ve at-
tacks be fo re and af ter mi dod ri ne the rapy we re 62

and 59, res pec ti vely (p= 0.06). No chan ge was se en
in the amo unt of sa li ne in fu si on ne e ded in hypo -
ten si ve at tacks af ter mi dod ri ne tre at ment (p= 0.29)
(Tab le 1). The im pro ve ments of sub jec ti ve symp-
toms are shown in (Tab le 2). No sig ni fi cant chan -
ge was fo und in we ight of pa ti ents, amo unt of
di aly tic flu id re mo val, blo od bi oc he mistry, Kt/V or
he mog lo bin be fo re and af ter mi dod ri ne tre at ment
(Tab le 1) Si de ef fects af ter mi dod ri ne such as scalp
ting ling, he a dac he and we ak ness we re mild and
well-to le ra ted by pa ti ents.

DIS CUS SI ON
Approximately 5-10% of pa ti ents un der go ing he-
mo di aly sis ha ve dif fi culty of ma in ta i ning a nor mal
blo od pres su re, and they are chro ni cally hypo -
ten si ve bet we en di aly sis sessions. In a na ti o nal
samp le con sis ting of 4500 di aly sis pa ti ents, it was
fo und that the pre sen ce of a low pre di aly sis systo -
lic blo od pres su re (less than 100 mmHg) was sig ni -
fi cantly re la ted to in cre a sed mor ta lity ra te (re la ti ve
risk of 1.86).10 When com pa red to yo un ger HD pa-
ti ents, par ti cu larly in the presence of di a be tes mel-
li tus, left ven tric le hyper trophy and se ve re
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Before After P value

Systolic blood pressure (mmHg) 94.3 ± 6.6 104.0 ± 19.6 0.011

Diastolic blood pressure (mmHg) 61.2 ± 4.2 65.9 ± 10.1 0.008

Mean arterial blood pressure (mmHg) 68.3 ± 6.5 76.0 ±7.4 0.014

Pulse rate (bpm) 76 ± 6 78 ± 5 0.19

Body weight (kg) 69 ± 3 68 ± 3 0.38

Fluid removal (mL) 2800 ± 120 2900 ±100 0.30

Fluid infused (mL) 300 ± 50 320 ± 40 0.29

Kt//V 1.40 ± 0.1 1.38 ± 0.1 0.45

rHuEPO (IU/session) 2020 ± 250 1980 ± 220 0.42

Heparin dose (IU/session) 2600 ±160 2580 ± 200 0.24

Hemoglobin (g/dL) 10.7 ± 0.8 10.9 ± 0.7 0.26

Creatinine (mg/dL) 9.4 ± 1.1 9.6 ± 1.2 0.31

Albumin (g/dL) 3.9 ± 0.2 4.0 ± 0.1 0.26

Total calcium (mg/dL) 9.8 ± 0.1 9.9 ± 0.1 0.49

Inorganic phosphate (mg/dL) 5.4 ± 0.4 5.3 ± 0.3 0.30

I-PTH (pg/mL) 228 ± 28 216 ± 36 0.25

Hypotensive attacks (number) 62 59 0.06

Necessity of saline infusion (number) 6  5 0.29

TABLE 1: Comparison of demographic, clinical and laboratory parameters before and after midodrine treatment.

rHuEPO, recombinant human erythropoietin; Kt/V, dialyser clearance x time/volume; I-PTH, intact parathyroid hormone.



con ges ti ve he art fa i lu re, the el derly ha ve im pa i red
car di o pul mo nary/pres sor re cep tor ref lex func ti -
on.11-13 Furt her mo re, chro ni cally hypo ten si ve in di -
vi du als un der go ing HD the rapy ex hi bi ted a
sig ni fi cant down-re gu la ti on in alp ha and be ta ad re -
ner gic re cep tors, sug ges ting an ina bi lity to pro du -
ce an ade qu a te sympat he tic res pon se.14 In ad di ti on,
di a be tic he mo di aly sis pa ti ents may al so ha ve au to -
no mic dysfunc ti on in which hypo ten si on may re-
sult from a com bi na ti on of cen tral and pe rip he ral
car di o vas cu lar sympat he tic de ner va ti on. This ref -
lects va so cons tric ti on fa i lu re in splanc hnic and pe-
rip he ral vas cu lar beds.15 Therefore, du e to the se
mul tip le risk fac tors, di a be tic he mo di aly sis pa ti ents
are sus cep ti ble to chro nic hypo ten si on mo re than
ot her he mo di aly sis pa ti ents. 

Alt ho ugh it has been shown that mi dod ri ne,
an oral se lec ti ve alp ha-1 ad re ner gic ago nist, ef fec -
ti vely pre vents hypo ten si on du ring HD in so me re-
cent stu di es,2,3,8,16-18 only two stu di es ha ve be en
re por ted which des cri be its ef fects on HD pa ti ents
with chro nic hypo ten si on.5,9 This disagreement
may be re la ted to cha rac te ris tics of the pa ti ent po -
pu la ti on, study de sign and the do se of mi dod ri ne
given. Fang and Hu ang re por ted the ir ex pe ri en ce
with mi dod ri ne in  the tre at ment of chro nic hypo -
ten si on in pa ti ents on ma in te nan ce HD.5 Pa ti ents
we re gi ven 5 mg mi dod ri ne (twi ce da ily) on HD
days and 2.5 mg (twi ce da ily) on non-di aly sis days.
The re was a sig ni fi cant in cre a se in both pre-and
post-HD blo od pres su res. In the se cond study, Lin
and Wang con fir med that in HD pa ti ents with
chro nic hypo ten si on had mo de ra te to se ve re au to -
no mic dysfunc ti on, mi dod ri ne sig ni fi cantly im pro -
ved au to no mic func ti on, es pe ci ally sympat he tic
func ti on.5 In ad di ti on to im pro ve ment in au to no -
mic dysfunc ti on, mi dod ri ne al so ca u sed an in cre a -

se in systo lic, di as to lic and me an ar te ri al blo od
pres su res du ring HD and in ter-di aly sis pe ri od.9

It was se en that the re was no sub set of di a be -
tic pa ti ents in the se stu di es.5.9 The ma in pur po se
of the pre sent study was to eva lu a te the ef fects of
mi dod ri ne tre at ment in pa ti ents with di a be tes
mel li tus and chro nic hypo ten si on un der go ing ha -
e mo di aly sis the rapy. Ac cor dingly, this is the first
study on the ef fec ti ve ness of mi dod ri ne in di a be tic
pa ti ents with chro nic hypo ten si on. Our study sho -
wed that mi dod ri ne sig ni fi cantly in cre a sed systo -
lic, di as to lic and me an ar te ri al blo od pres su res
be fo re he mo di aly sis. Our re sults are con sis tent
with aforementioned stu di es. 5.9 In ad di ti on to ob-
jec ti ve pa ra me ters (systo lic, di as to lic and me an ar-
te ri al pres su re, etc.), the sub jec ti ve symptoms
(ort hos ta sis, diz zi ness, fa ti gu e, blur red vi si on, dull-
ness sen sa ti on and he a dac he) we re im pro ved by
mi dod ri ne tre at ment. With the se sub jec ti ve im pro -
ve ments, the pa ti ents felt bet ter by im pro ve ment
of their qu a lity of li fe. 

On con trary to pre vi o us stu di es, ho we ver, in
our study it was se en that mi dod ri ne was we akly
ef fec ti ve in re du cing the num ber of in tra-di aly tic
hypo ten si ve at tacks in di a be tic pa ti ents (p= 0.06).
Des pi te in suf fi ci ent da ta in the li te ra tu re, one sho -
uld spe cu la te that ade qu a te res pon se co uld not be
ac hi e ved be ca u se of in cre a sed hypo ten si on in ci -
den ce du e to di a be tic ne u ro pathy in pa ti ents with
di a be tes.15,19 Com bi na ti on of mi dod ri ne with cold
di aly sa te, using di aly sa te with high cal ci um and
so di um pro fi le we re fo und ef fec ti ve in the pre vi -
o us stu di es.18-22 Combining al ter na ti ve met hods
used in the tre at ment of hypo ten si ve at tacks with
mi dod ri ne may be mo re ef fec ti ve than using mi-
dod ri ne alo ne. Furt her stu di es are ne e ded to es-
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Before (N) After (N) Improvement (%) p

Orthostasis 18 12 71 0.025

Dizziness 16 11 68 0.03

Fatigue 16  10   63 0.035

Blurred vision 18 10 55 0.045

Dullness sensation 17 9 52 0.04

Headache 12 9 75 0.02

TABLE 2: Total subjective symptom scores after midodrine treatment.



tab lish ef fi ci ency of this ap pro ach in this sub set
of pa ti ents with di a be tes. 

Pre su mably, re mo val of flu id du ring di aly sis
cre a tes an ad di ti o nal hypo ten si ve ef fect; the reby,
re du ces ef fi ci ency of mi dod ri ne.23-25 Ma jor fac tors
inc lu ding tem pe ra tu re, so di um and cal ci um le vel
of di aly sa te, which co uld af fect hypo ten si on we re
kept cons tant in our study. The we ight of pa ti ents
and amo unt of di aly tic flu id re mo val re ma i ned un-
c han ged; he mog lo bin and blo od bi oc he mistry, in-
c lu ding al bu min, cal ci um and po tas si um, we re not
af fec ted du ring mi dod ri ne the rapy. This sug ges ts
that the se fac tors had no con tri bu ti on to the blo od
pres su re.

When si de ef fects of mi dod ri ne we re con si -
de red, the re we re only mi nor si de ef fects af ter
mi dod ri ne such as scalp ting ling, he a dac he, and

we ak ness. The se we re well-to le ra ted in the co ur se
of mi dod ri ne tre at ment. The re we re no chan ges in
bi oc he mi cal and he ma to lo gic pa ra me ters af ter mi-
dod ri ne the rapy. The se sa fety re sults are con sis tent
with the pre vi o us stu di es23-26 and sug gest the sa fety
of mi dod ri ne ad mi nis tra ti on in di a be tic he mo di -
aly sis pa ti ents.

In conc lu si on, au to no mic im pa ir ment and re-
du ced pe rip he ral re sis tan ce can con tri bu te to chro -
nic hypo ten si on in HD pa ti ents and to fre qu ent
hypo ten si ve epi so des du ring HD. Chro nic hypo -
ten si on can be ame li o ra ted, at le ast in part, by ad-
mi nis tra ti on of mi dod ri ne, which mo du la tes
au to no mic func ti on and has di rect ef fects on pe-
rip he ral ves sels. Mi dod ri ne may be a the ra pe u tic
option for di a be tic HD pa ti ents with chro nic hy-
po ten si on and hypo ten si ve symptoms.
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