
he most commoncause of SAH is aneurysm rupture in cerebral blo-
od vessels.1 The annual incidence of SAH is reported to be 7.5 to 12.9
per 100.000. It accounts for 22-25% of cerebrovascular deaths.2 SAH
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The Relationship Between QT
Prolongation and Short Term Prognosis in
Patients with Subarachnoid Hemorrhage

Due to Aneursym Rupture

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Elec tro car di og rap hic (ECG) ab nor ma li ti es and rhythm di sor ders are fre qu -
ently ob ser ved in the acu te pha se of spon ta ne o us su ba rach no id he morr ha ge (SAH). The pat hoph -
ysi o logy of the se ab nor ma li ti es is con si de red to be re la ted with the im ba lan ce in au to no mic
car di o vas cu lar con trol. The re is no study yet sho wing the prog nos tic re le van ce of cor rec ted QT in-
ter val (QTc) pro lon ga ti on fol lo wing su ba rach no id he morr ha ge in the Tur kish population. MMaa  ttee  rrii  --
aall  aanndd  MMeett  hhooddss::  This ret ros pec ti ve study con sis ted of 33 SAH pa ti ents (7 ma le and 26 fe ma le) who
we re ope ra ted for ane urysm rup tu re in the De part ment of Ne u ro sur gery bet we en 2003 and 2005.
Early ECG al te ra ti ons of pa ti ents we re eva lu a ted by a car di o lo gist who was blinded for the prog-
no sis of pa ti ents. We exa mi ned the re la ti ons hip bet we en prog no sis and ECG fin dings. RRee  ssuullttss::  Of
the 33 SAH pa ti ents, tho se who di ed during hospitalization cons ti tu ted the mor tal gro up (n= 9), and
the remaining pa ti ents the as sur vi ved gro up (n= 24). Ba se li ne cha rac te ris tics of the 2 gro ups we re
si mi lar, ho we ver me an QTc va lu es of mor tal pa ti ents we re sig ni fi cantly hig her than in pa ti ents that
sur vi ved (p= 0.034). In cor re la ti on analy sis, we fo und that QTc in ter val was sig ni fi cantly cor re la -
ted with Glas gow out co me sca le (r= -0.39, p= 0.024). CCoonncc  lluu  ssii  oonn::  ECG sho uld  be eva lu a ted in terms
of QTc pro lon ga ti on in SAH pa ti ents as a cli ni cal prog nos tic fin ding.

KKeeyy  WWoorrddss::  Su ba rach no id he morr ha ge; mor ta lity; elec tro car di og raphy

ÖÖZZEETT  AAmmaaçç::  Spon tan su ba rak no id ka na ma (SAK)’ nın er ken dö ne min de elek tro kar di yog ra fik (EKG)
anor mal lik ler ve ri tim bo zuk luk la rı sık gö rül mek te dir. Bu bo zuk luk la rın pa to fiz yo lo ji sin de kar di -
yo vas kü ler sis te min oto no mik kon tro lün de den ge siz lik le rin rol oy na dı ğı dü şü nül mek te dir. Şim di -
ye ka dar Türk po pü las yo nun da su ba rak no id ka na ma yı ta ki ben dü zel til miş QT (QTc uza ma sı)
in ter va li nin prog nos tik et ki si ni gös te ren ça lış ma yok tur. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ret ros pek tif ça -
lış ma, 2003-2005 yıl la rı ara sın da be yin cer ra hi si kli ni ğin de anev riz ma rüp tü rü ne de niy le ope re edi -
len 33 SAK has ta sı nı kap sa mak ta dır (7 er kek, 26 ka dın). Has ta la rın er ken EKG de ği şik lik le ri,
has ta la rın prog no stik bil gi sin den ha be ri ol ma yan bir kar di yo log ta ra fın dan de ğer len di ril miş tir. Biz
bu ça lış ma da EKG bul gu la rı ile pron goz ara sın da ki iliş ki yi in ce le dik. BBuull  gguu  llaarr::  Top lam 33 has ta dan
has ta ne içi dö nem de ölen ler mor tal gru bu oluş tu ru ken (n= 9), di ğer has ta lar sağ ka lan gru bu oluş -
tur muş tur (n= 24). Bu iki gru bun ba zal özel lik le ri ben ze mek le be ra ber, ölen has ta la rın or ta la ma
QTc de ğer le ri sağ ka lan has ta lar dan an lam lı oran da da ha uzun idi (p= 0.034). Ko re las yon ana li zin -
de, QTc in ter va li ile Glas gow sonlanım ska la sı ara sın da an lam lı bir ko re las yon iz len di (r= -0.39, p=
0.024). SSoo  nnuuçç:: Kli nik ola rak prog nos tik bil gi ve re bi le ce ğin den, SAK has ta la rın da EKG, QTc uza ma -
sı yö nün den de ğer len di ril me li dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Su ba rak no id he mo ra ji; mor ta li te; elek tro kar di yog ra fi
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ca u se syste mic comp li ca ti ons inc lu ding car di o pul -
mo nary dysfunc ti on, ECG ab nor ma li ti es and pul-
mo nary ede ma; ho we ver the pat hoph ysi o logy of
the se comp li ca ti ons is con tro ver si al.3

ECG chan ges of re po la ri za ti on, inc lu ding ne g-
a ti ve T wa ve, QT pro lon ga ti on, ST ele va ti on or de-
p res si on fol lo wing SAH we re re por ted.4-7

Re po la ri za ti on chan ges are mo re com mon in he -
misp he ric le si ons com pa red to bra in stem le si ons.6

Alt ho ugh the re are so me re ports on the re la ti ons -
hip bet we en ECG chan ges and the mor ta lity of pa-
ti ents with SAH, the prog nos tic va lu e of the se
chan ges are still con tro ver si al.8 We ai med to analy -
ze the re la ti ons hip bet we en QT pro lon ga ti on and
short-term prog no sis of pa ti ents who we re ope ra -
ted for SAH du e to ane urysm rup tu re.

MA TE RI AL AND MET HODS

Thirty-se ven con se cu ti ve pa ti ents who we re ope -
ra ted for SAH du e to ane urysm rup tu re in our cli -
nic bet we en 2003 and 2005 con sis ted the study
po pu la ti on. The pa ti ents we re di ag no sed with ne -
u ro lo gi cal exa mi na ti on, lum bar punc tu re, cra ni al
com pu te ri zed to mog raphy (CT) and ce reb ral an gi -
og raphy. Fo ur ca ses we re exc lu ded from the study
du e to pre vi o us his tory of co ro nary ar tery di se a se,
di a be tes mel li tus, ne u ro lo gi cal di se a se ot her than
SAH, se ve re re nal di se a se, pre vi o us his tory of a
drug res pon sib le for QT pro lon ga ti on or mar ked
elec troly te dis tur ban ce 

Stan dard 12 le ad ECGs of 33 pa ti ents ob ta i -
ned wit hin the first 4 ho urs of the ir ad mis si on for
SAH we re eva lu a ted by a car di o lo gist who was
blinded for the na mes and prog no sis of the pa-
tients. QT in ter val was me a su red ma nu ally from
the be gin ning of the QRS comp lex to the end of
the T wa ve whe re it connected to the iso e lec tric
le vel and the lon gest QT in ter val in any of 12 le -
ads was re co ded. The con nec ti on of T and U wa -
ves was considered the end of the QT in ter val in
the exis ten ce of U wa ve. When the connection of
T and U wa ves was not cle ar, the con nec ti on of
the U wa ve with the iso e lec tric le vel was con si -
de red the end of the QT in ter val. The lon gest QT
in ter val was cor rec ted for the he art ra te in ac cor -

dan ce with the Ba zett For mu la: QTc = QT/ (√R-
R). Long QTc in ter vals of >450 msn for men and
>460 msn for wo men we re con si de red ab nor -
mal.9

Statistical Analysis

Analy sis we re per for med using SPSS soft wa re pac -
ka ge (ver si on 13.0 for Win dows, SPSS Inc., Chi ca -
go, Il li no is). Da ta were ex pres sed as num bers and
per cen ta ges for dis cre te va ri ab les, me ans ± SD for
con ti nu o us va ri ab les and me di an and in ter qu ar ti le
ran ge for ot her continuous va ri ab les. The chi-squ -
a re analy sis or the two-ta i led Fisc her’s exact test,
whe re ap prop ri a te, was used to as sess the sig ni fi -
can ce of dif fe ren ces bet we en dic ho ma to us va ri ab -
les. Con ti nu o us va ri ab les we re com pa red by
Stu dent’s t test, Mann-Whit ney U test or Krus kal-
Wal lis analy sis of va ri an ce test. Cor re la ti on analy-
sis was car ri ed out using Spe ar man’s rank
cor re la ti on test. Re sults with a p va lu e < 0.05 we re
con si de red sig ni fi cant.

RE SULTS
Of the pa ti ents inc lu ded in the study, 7 (20.58%)
we re ma le, and 26 (79.42%) we re fe ma le. Me an age
of the gro up was 54.5 (30-72) ye ars. The Glas gow
out co me sca le (GOS) is among the most com mon
used out co me sca les in ne u ro sur gery and the pa ti -
ents we re gra ded bet we en 1 and 5, whe re 1 ref lects
mor ta lity and 5 ref lects comp le te re co very.10 The
pa ti ents we re di vi ded in to 2 gro ups as mor tal pa ti -
ents (GOS 1) and non-mor tal ones (GOS 2, 3, 4, 5).
The cha rac te ris tics of the se gro ups were pre sen ted
in Tab le 1.

As shown in Fi gu re 1 the me an QTc va lu es of
mor tal pa ti ents we re sig ni fi cantly hig her than in
pa ti ents that sur vi ved (492 ± 61 msec and 439 ±
36 msec, res pec ti vely). In addition, the per cen ta -
ge of long QT was sig ni fi cantly hig her in mor tal
pa ti ents (Fi gu re 2).

In cor re la ti on analy sis, we fo und that QTc in-
ter val was sig ni fi cantly cor re la ted with GOS (r= -
0.39, p= 0.024) (Fi gu re 3).

No ne of the pa ti ents ex pe ri en ced se ri o us ven-
tri cu lar arrhy thmi a or arrhy thmic de ath du ring the
hos pi ta li za ti on pe ri od.
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DIS CUS SI ON

Car di ac ef fects of in trac ra ni al he morr ha ge, rhythm
and blo od pres su re chan ges we re first re por ted in
1903 by Cus hing.11 Byer et al exp la i ned the ECG
chan ges of SAH pa ti ents in 1947.11,12 Se ve ral stu di -
es sho wed the re la ti ons hip bet we en prog no sis of
SAH pa ti ents and ECG ab nor ma li ti es.2-8,13-17 Ma i u -
ri et al suggested that ST seg ment dep res si on, QT

in ter val pro lon ga ti on and pat ho lo gi cal Q wa ve to-
get her sho wed po or prog no sis.14 Cru isk hank et al
re por ted that pat ho lo gi cal Q and ST ele va ti ons we -
re both con si de red an in di ca tor of po or di ag no sis.5

Ho we ver, the in ci den ce of Q wa ve or ST ele va ti on
is very low in SAH pa ti ents and the ir sen si ti vity va -
lu es are low as well.8 In our study mor tal and non-
mor tal gro ups we re com pa red based on QTc
in ter val pro lon ga ti on and mor tal ca ses sho wed lon -
ger QT in ter vals (p= 0.034). 

Bra in stem pos ses ses a car di o vas cu lar re gu la -
tory system inf lu en cing both sympat he tic and pa -
rasy mpat he tic path ways and car di ac func ti ons.
Sup ra bul bar le si ons such as in trac ra ni al tu mors,
ce reb ral tra u ma, en cep ha li tis, in tra ce reb ral he m-
orr ha ge, ce reb ral in farct, and stro ke inc lu ding
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TABLE 1: Characteristics of 33 patients included 
in the study.

FI GU RE 1: Me di an QTc va lu es ac cor ding to in-hospital sur vi val out co me.
Bo xes co ver the in ter qu ar ti le ran ge (25th-75th per cen ti le) whe re the li ne bi-
sec ting the box de picts the me di an. The whis kers ex tend to the 5th and 95th
per cen ti les and circ les de pict in di vi du al va lu es.
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FIGURE 2: Percentage of patients with long QT interval according to survival
outcome.
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FIGURE 3: Scatter plots showing the correlation between QTc interval and
GOS.
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n= 24 n= 9

Age, years 53 ± 12 60 ± 10 0.11

Female sex 17 (71) 9 (100) 0.15

Hypertension 12 (50) 4 (44) 0.78

Diabetes mellitus 4 (17) 2 (22) 0.71

Systolic blood pressure, mmHg 152 ± 38 141 ± 28 0.44

Diastolic blood pressure, mmHg 85 ± 20 78 ± 14 0.30

Pulse rate (/min) 84 ± 13 81 ± 10 0.83

Serum creatinine, mg/dL 1.0 ± 0.2 0.98 ± 0.1 0.25

Potassium, meq/L 4.5 ± 0.7 4.2 ± 0.6 0.39

Calcium, mg/dl 9.5 ± 0.6 9.6 ± 0.8 0.59

WFNS 1.8 ± 1.1 2.3 ± 1.3 0.31

Fisher 2.8 ± 1.1 2.7 ± 0.7 0.80

Hunt 1.7 ± 1.0 2.2 ± 1.1 0.24



SAH ca u se chan ges in he art ra te and ECG. Ho we -
ver, the se car di ac chan ges may be physi o lo gi cal
and the un derl ying mec ha nism ca u sing the se
chan ges is not cle ar. Sup ra ten to ri al struc tu res are
al so known to be as so ci a ted with car di o vas cu lar
re gu la ti on.6 Pos sib le mec ha nisms may be pre su -
med to exp la in the un derl ying mec ha nism of ECG
ab nor ma li ti es, such as elec troly te im ba lan ce, the
ef fect of ane urysm rup tu re on hypot ha la mic func-
ti ons and myo car di al in jury re la ted to in ten si ve
ca tec ho la mi ne sec re ti on.16 So me re se arc hes sup-
por ted the da ta that hypo ka le mi a and fe ma le gen-
der were in de pen dent risk fac tors for se ve re QTc
pro lon ga ti on in pa ti ents with SAH.13 The pa ti ents
with elec troly te ab nor ma li ti es we re exc lu ded
from our study so that our study da ta would not
sup port the mec ha nism of hypo ka le mi a. On the
ot her hand, all mor tal ca ses we re female and QTc
in ter vals of wo men we re mo re pro lon ged than the
intervals of others in our study. In fact, pro lon ged
QTc in ter val was ob ser ved in all mor tal ca ses of
our se ri es.

Za roff et al de mons tra ted myo car di al dysfunc -
ti on in dogs af ter SAH and the ef fects of ca tec ho -
la mi ne on he art by eva lu a ting car di ac an gi og raphy
and car di ac blo od flow but this study was cri ti ci -
zed for not eva lu a ting in trac ra ni al pres su re.17 As
ani mal stu di es sug ges ted that an ti ad re ner gic drugs
in hi bi ted car di ac in jury af ter SAH, si mi lar stu di es
we re con duc ted in hu mans.15 Moreover, so me stu -
di es sug ges ted that in cre a sed in trac ra ni al pres su re
was of im por tan ce in car di o pul mo nary dysfunc ti -
on.18 A num ber of au topsy se ri es abo ut SAH re ve -
a led pe tec hi al su ben do car di al he morr ha ge and
eo si nop hi lic trans ver se bands in myo car di al cell
cytop lasm on his to lo gi cal exa mi na ti on.19 Prop ra -
no lol, an ad re ner gic bloc ker, when gi ven alo ne or
with phen to la min, was shown to dec re a se mor ta -
lity and pro vi de bet ter prog no sis in SAH pa ti ents

com pa red to pla ce bo.20 Alt ho ugh the use of si mi lar
drugs in SAH is still con tro ver si al, so me ot her stu -
di es re por ted that an tihy per ten si ve the rapy af fec -
ted the prog no sis un fa vo rably in SAH pa ti ents.21

Tung et al demonstrated a re la ti ons hip bet we en
po or out co me and hig her car di ac tro po nin I le vels
in SAH pa ti ents.22 They po in ted out the re la ti on
bet we en the se ve rity of SAH and the deg re e of
myo car di al necrosis. In te res tingly they fo und that
fe ma le sex was an in de pen dent pre dic tor of high
car di ac tro po nin I le vels. They pro po sed furt her
stu di es on this sub ject. Sakr et al stu di ed the re la -
ti ons hip bet we en ECG chan ges and prog no sis of
SAH pa ti ents.7 They fo und that ST dep res si on
strongly correlated with hig her APAC HE II sco -
res and hig her gra des of Hunt-Hess clas si fi ca ti on,
but they did not find any re la ti ons hip bet we en
mor ta lity and ST dep res si on. Ho we ver, changes
that are more common li ke QT in ter val pro lon ga -
ti on and U wa ves were not  con si de red in this
study. 

The clo se re la ti ons hip bet we en car di ac comp -
li ca ti ons and po or prog no sis en for ce the ne ed for
furt her stu di es.2 Con se qu ently, cardiac injury
should be considered in SAH pa ti ents and it can be
de tec ted in ro u ti ne pre o pe ra ti ve ECG. In this
study, the ca ses with pro lon ged QTc in ter val had a
high mor ta lity ra te. Re gard less of de fi ni ti ve exp la -
na ti on of the pos sib le pat hoph ysi o lo gi cal mec ha -
nisms un derl ying this con di ti on, our study sup ports
the da ta that ECG fin dings may ha ve so me va lu e in
pre dic ting the prog no sis of a SAH pa ti ent.
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