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Kardiyovasküler cerrahinin postoperatif mor-
bidite ve mortalite nedenlerinin önemli bir kıs-
mını, yaşanabilecek nörolojik komplikasyonlar 
tutmaktadır. Özellikle son yıllarda cerrahi yapıla-
bilecek hasta yaşının ileriye taşınması ve nörolo-
jik komplikasyonlar açısından daha kırılgan olan 
yaşlı nüfusun artması göz önüne alınacak olursa; 
bu durumun önemi her geçen gün daha da art-
maktadır. Nörolojik komplikasyonların önlen-
mesinde temel olarak iki strateji söz konusudur; 
1-Preoperatif risk faktörlerinin sağaltımı, 2-Pos-
toperatif gelişen komplikasyonlarla mücadele 
etme ve destek tedavisidir.

Kardiyovasküler cerrahi ile ilişkili periope-
ratif nörolojik komplikasyonlar temel olarak iki 
başlık altında incelenebilir;

1.	 1.Santral sinir sistemini ilgilendiren komp-
likasyonlar:
a.	 İskemik ve hemorajik inme
b.	Psikiyatrik ve kognitif bozukluklar
c.	 Epileptik nöbetler

2.	 Santral sinir sistemi dışındaki komplikas-
yonlar:

a.	 Pleksus hasarları; özellikle brakial plek-
sus

b.	Periferik sinir hasarları

İNME

İskemik İnme

İnme; serebral infarkt, intraserebral hemoraji ve 
subaraknoid kanamayı içeren, santral sinir siste-
minde vasküler bir nedene bağlı akut fokal hasar 
bırakan nörolojik tablodur (1). Son zamanlar-
da yapılan bazı çalışmalarda koroner arter bay-
pas cerrahisi (KABC) sonrası görülen inme hızı 
%1-5 olarak raporlanmıştır (2-6). Bucerius ve 
arkadaşlarının yaptığı 16.184 hastayı çalışmada; 
KABC’ye tek ya da ikili kapak cerrahisi eklendi-
ğinde inme riskinin belirgin şekilde arttığı görül-
müştür (8). Perioperatif inme iki başlık altında 
incelenir: Nörolojik hasarın ekstübasyon ve/veya 
anesteziden uyanma sırasında olduğu erken inme 
ve daha sık görülen şekliyle nörolojik defisitin 
extubasyon ve/veya anesteziden uyanma sonrası 
geliştiği geç inme (2,7,9). Geç inme en sık pos-
toperatif 2-3. günde görülür ve 1.haftadan sonra 
görülme sıklığı gittikçe azalır (3,7). Erken inme-
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olabilir. Ayakta çekilen göğüs radyografileri yük-
sek oranda yanlış negatif sonuç verirken spontan 
ventilasyon yapan hastada ispirasyon sonunda ya-
tar pozisyonda çekilen göğüs radyografleri tanıda 
daha çok daha çok yardımcıdır (80). Başka bir 
sağlık sorunu olmayan hastada tek taraflı frenik 
sinir nöropatisinin prognozu genellikle iyidir. Tek 
taraflı diyafragmatik tutulum ya hiç bulgu vermez 
veya aksesuar, abdominal ve interkostal kasların 
solunuma yardımı nedeniyle çok az bulgu verir. 
Tek taraflı frenik nöropatide en sık şikayet fizik-
sel aktivite ile dispne oluşması ve noktürnal or-
topnedir (80,82). Çoğu hastada 3-6 ayda iyileşme 
görülür. Postoperatif frenik nöropatiyi azaltmaya 
yönelik 1)perikardiyofrenik arterin bağlanma-
sından kaçınılacak şekilde internal mammarian 
arterin dikkatli diseksiyonu 2) perikardiyum üze-
rinde buzlu eriyiklerin uzun süreli birikmesinden 
kaçınma 3)internal mammarian arter diseksi-
yonu sırasında plevral boşluğa girişten sakınma 
(böylece plevral boşlukta buzlu eriyiklerin birik-
mesinin önlenmesi) 4) kronik akciğer hastalı-
ğı olan yüksek riskli hastalarda ılık kardiyopleji 
veya atan kalpte koroner greftleme yapılması gibi 
stratejiler yardımcı olabilir (80). Buzlu eriyiklerin 
kullanımının azaltılıp yerine köpük yalıtım kulla-
nılması gibi farklı cerrahi teknikler de frenik sinir 
hasarlarını azaltmada etkili olabilir (22,83). 

Rekürren Larengeal Sinir Hasarı

Rekürren larengeal sinir hasarı diğer periferik 
sinir hasarlarına göre daha az sıklıkta görülür. 
Yetişkin kardiyak baypas cerrahisi sonrasında 
postoperatif vokal kord disfonksiyonu sıklığı 
%1,9-7.8 arasındadır (80,84,85). İnternal mama-
rian arter diseksiyonu sırasında plevraya girilme-
si ve çok miktarda buzlu eriyiğin plevral boşluğa 
kaçması sol rekürren larengeal sinirde hipoter-
mik nöropatiye neden olmaktadır (80,84,86). So-
lunum yetmezliği, etkin öksürememe ve eks-
tübasyon sonrası ses kısıklığı olan hastalarda 
rekürren larengeal sinir hasarından şüphelenil-
melidir (80,84). Vokal kord hasarı sıklıkla disfa-

jiye ve bu da aspirasyon pnömonisine yol açabilir 
(80). Çoğu hasta konservatif tedavi edilirken cid-
di vakalarda tekrar entübasyon ve trakeostomiye 
ihtiyaç duyulabilir (80,84).

İnterkostal Sinir Hasarı

İnterkostal torasik arterin çıkarılması sırasında 
anterior interkostal sinirlerin hasarı oluşabilir. 
Bu sinirin hasarı sternum ve göğüs duvarının sol 
anterolaterali üzerinde karıncalanma, hassasiyet, 
basit dokunma ile uyarılan ağrı veya sabit yanıcı 
ağrı şekinde klinik gösterir (22).

Safen Sinir Hasarı

İnternal mammarian arter ve radyal arter gibi 
diğer greftlerin kullanımının artmasına rağmen, 
uzun safen ven greftleri halen KABC’de yaygın 
bir şekilde kullanılmaktadır. Safen venine yakın 
seyrinden dolayı ven çıkarılması sırasında safen 
siniri hasarı riski vardır (80).

Sempatik Sinir Sistemi Hasarı (Horner 
Sendromu)

Servikal sempatik zincir brakial pleksus birin-
ci kostayı geçerken alt trunkusunun medialinde 
uzanır ve brakial pleksus hasarındaki yollarla 
zedelenerek pitozis, miyozis ve anhidrozis ile ka-
rakterize Horner Sendromu’na neden olabilir. 

KAYNAKLAR
1.	 Sacco RL, Kasner SE, Broderick JP, Caplan LR, 

Connors JJ, Culebras A, Elkind MS, George MG, 
Hamdan AD, Higashida RT, Hoh BL, Janis LS, 
Kase CS, Kleindorfer DO, Lee JM, Moseley ME, 
Peterson ED, Turan TN, Valderrama AL, Vinters 
HV; American Heart Association Stroke Coun-
cil, Council on Cardiovascular Surgery and An-
esthesia; Council on Cardiovascular Radiology 
and Intervention; Council on Cardiovascular 
and Stro- ke Nursing; Council on Epidemiology 
and Prevention;Council on Peripheral Vascular 
Disease; Council on Nutrition, Physical Activity 



Kardiyovasküler Cerrahi Sonrası Gelişen Nörolojik Komplikasyonlar

137

and Metabolism. An updated definition of stroke 
for the 21st century: a statement for healthcare 
professionals from the American Heart Associa-
tion/American Stroke Association. Stroke. 2013 
Jul;44(7):2064-89.

2.	 McDonagh DL, Berger M, Mathew JP, Graffagnino 
C, Milano CA, Newman MF. Neurological compli-
cations of cardiac surgery. Lancet Neurol. 2014 
May;13(5):490-502.

3.	 Tarakji KG, Sabik JF 3rd, Bhudia SK, Batizy LH, 
Blackstone EH.Temporal onset, risk factors, and 
outcomes associated with stroke after coronary 
artery baypas grafting. JAMA 2011; 305: 381-90.

4.	 Newman MF, Ferguson TB, White JA, et al, and 
the RED-CABG Steering Committee and In-
vestigators. Effect of adenosine regulating agent 
acadesine on morbidity and mortality associated 
with coronary artery baypas grafting: the RED-
CABG randomized controlled trial. JAMA 2012; 
308: 157-64.

5.	 Farkouh ME, Domanski M, Sleeper LA, et al, and 
the FREEDOM Trial Investigators. Strategies for 
multivessel revascularization in patients with dia-
betes. N Engl J Med 2012; 367: 2375-84.

6.	 Houlind K, Kjeldsen BJ, Madsen SN, et al, and the 
DOORS Study Group. On-pump versus off -pump 
coronary artery baypas surgery in elderly patients: 
results from the Danish on-pump versus off -pump 
randomization study. Circulation 2012; 125: 2431-39.

7.	 Hedberg M, Boivie P, Engstrom KG. Early and 
delayed stroke after coronary surgery analysis of 
risk factors and the impact on shortand long-term 
survival. Eur J Cardiothorac Surg 2011; 40: 379-87.

8.	 Bucerius J, Gummert JF, Borger MA, Walther T, 
Doll N, Onnasch JF, Metz S, Falk V, Mohr FW. 
Stroke after cardiac surgery: a risk factor analysis 
of 16,184 consecutive adult patients. Ann Thorac 
Surg. 2003 Feb;75(2):472-8.

9.	 Hogue CW Jr, Murphy SF, Schechtman KB, Dávi-
la-Román VG. Risk factors for early or delayed 
stroke after cardiac surgery. Circulation. 1999 Aug 
10;100(6):642-7.

10.	Fuller S, Nord AS, Gerdes M, Wernowsky G, Jarvik 
GP, Bernbaum J, Zackai E, Gaynor JW: Predictors 
of im- paired neurodevelopmental outcomes at 
one year of age after infant cardiac surgery. Eur J 
Cardiothorac Surg 11. 2009, 36:40-47.

11.	Grocott HP, White WD, Morris RW, Podgoreanu 
MV, Mathew JP, Nielsen DM, Schwinn DA, New-
man MF, Perioperative Genetics and Safety Out-

comes Study (PEGASUS) Investigate Team:Ge-
netic polymorphisms and the risk of stroke after 
cardiac surgery. Stroke 2005, 36:1854-1858.

12.	Mathew JP, Podgoreanu MV, Grocott HP, White 
WD, Morris RW, Stafford-Smith M, Mackensen 
GB, Rinder CS, Blumenthal JA, Schwinn DA et 
al.: Genetic variants in P-selectin and C-reactive 
protein influebce susceptibility to cognitive de-
cline after cardiac surgery. J Am Coll Cardiol 2007, 
49:1934-1942.

13.	Dabrowski W, Rzecki Z, Pilat J, Czajkowski M. 
Brain damage in cardiac surgery patients. Curr 
Opin Pharmacol. 2012 Apr;12(2):189-94.

14.	Hillis LD, Smith PK, Anderson JL, Bittl JA, Bridges 
CR, Byrne JG, Cigarroa JE, Disesa VJ, Hiratzka LF, 
Hut- ter AM Jr, Jessen ME, Keeley EC, Lahey SJ, 
Lange RA,London MJ, Mack MJ, Patel MR, Puskas 
JD, Sabik JF, O, Shahian DM, Trost JC, Winniford 
MD; American College of Cardiology Foundation; 
American Heart Association Task Force on Prac-
tice Guidelines; American Association for Thorac-
ic Surgery; Society of Cardiovascular Anesthesiol-
ogists; Society of Thoracic Surgeons. 2011 ACCF/
AHA Guideline for Coronary Artery Baypas Graft 
Surgery. A report of the American College of Car-
diology Foundation/American Heart Association 
Task Force on Practice Guidelines. Developed in 
collaboration with the American Association for 
Thoracic Surgery, Society of Cardiovascular Anes-
thesiologists, and Society of Thoracic Surgeons. J 
Am Coll Cardiol. 2011 Dec 6;58(24):e123-210.

15.	Shroyer AL, Grover FL, Hattler B, et al. On-pump 
versus off-pump coronary-artery baypas surgery. 
N Engi ) Med. 2009;361:1827-37.

16.	Nathoe HM, van Dijk D, The Octopus Study 
Group, et al. A comparison of on-pump and off-
pump coronary baypas surgery in low-risk pa-
tients. N Engl J Med. 2003;348:394-402.

17.	Moller CH, Perko MJ, Lund JT, et al. No major dif-
ferences in 30-day outcomes in high-risk patients 
ran- domized to off-pump versus on-pump coro-
nary baypas surgery: the best baypas surgery trial. 
Circulation. 2010;121:498 -504.

18.	Legare JF, Buth KJ, King S, et al. Coronary baypas 
surgery performed off pump does not result in 
lower in hospital morbidity than coronary artery 
baypas grafting performed on pump. Circulation. 
2004;109:887–92.

19.	Muneretto C, Bisleri G, Negri A, et al. Off-pump cor-
onary artery baypas surgery technique for total arte-



Klinikten Pratiğe Kardiyoloji

138

rial myocardial revascularization: a prospective ran-
domized study. Ann Thorac Surg. 2003;76: 778-82.

20.	Angelini GD, Taylor FC, Reeves BC, et al. Early 
and midterm outcome after off-pump and on-
pump surgery in Beating Heart Against Cardio-
plegic Arrest Studies (BHACAS 1 and 2): a pooled 
analysis of two randomised controlled trials. Lan-
cet. 2002;359: 1194–9.

21.	Leacche M, Balaguer JM, Byrne JG. Intraoperative 
grafts assessment.Semin Thorac Cardiovasc Surg. 
2009;21:207-12.

22.	McGarvey ML, Cheung AT, Stecker MM. Neu-
rologic complications of cardiac surgery. Section 
Editors; Aminoff MJ, Aldea GS. This topic last up-
dated: Oct 02,2013. http://www.uptodate.com

23.	Likosky DS, Marrin CA, Caplan LR, et al. Deter-
mination of etiologic mechanisms of strokes sec-
ondary to coronary artery baypas graft surgery. 
Stroke 2003; 34:2830.

24.	Barbut D. Grassineau D, Lis E, et al. Posterior dis-
tribution of infarcts in strokes related to cardiac 
operations. Ann Thorac Surg 1998; 65:1656.

25.	Goto T, Maekawa K. Cerebral dysfunction after 
coronary artery baypas surgery. J Anesth. 2014 
Apr;28(2):242-8.

26.	Blauth CI. Macroemboli and microemboli during 
cardiopulmonary baypas. Ann Thorac Surg 1995; 
59:1300.

27.	Blauth CI, Cosgrove DM, Webb BW, et al. Athero-
embolism from the ascending aorta: an emerging 
problem in cardiac surgery. J Thorac Cardiovasc 
Surg. 1992;103(6):1104-1112.

28.	Moody DM, Bell MA, Challa VR, Johnston WE, 
Prough DS. Brain microemboli during cardiac sur-
gery or aortography. Ann Neurol. 1990;28(4):477-486.

29.	Filsoufi F, Rahmanian PB, Castillo IG. Bronster D. 
Adams DH. Incidence,topography, predictors and 
long-term survival after stroke in patients under-
going coronary artery baypas grafting. Ann Thorac 
Surg. 2008 Mar;85(3):862-70.

30.	Mangano DT, and the Multicenter Study of Peri-
operative Ischemia Research Group. Aspirin and 
mortality from coronary baypas surgery. N Engl J 
Med 2002; 347: 1309-17.

31.	Kuhn EW, Liakopoulos OJ, Stange S, et al. Pre-
operative statin therapy in cardiac surgery: a me-
ta-analysis of 90.000 patients. Eur J Cardiothorac 
Surg 2013; 45: 17-26.

32.	Kotani Y, Shimazawa M, Yoshimura S, Iwama T, 
Hara H: The experimental and clinical pharmacol-

ogy of pro- pofol, an anesthetic agent with neu-
roprotective properties. CNS Neurosci Ther 2008, 
14:95-106.

33.	Pesic’ V, Milanovic’ D, Tanic’ N, Popic’ J, Kanazir S, 
Jevtovic’ - Todorovic V, Ruzdijic´ S: Potential me-
cha- nism of cell death in the developing rat brain 
induced by propofol anesthesia. Int J Dev Neurosci 
2009, 27:279- 54. 287.

34.	McGarvey ML, Cheung AT, Stecker MM. Preven-
tion of neurologic complications of cardiac sur-
gery. Section Editors; Aldea GS, Aminoff MJ, Mark 
JB. This topic last updated: Jun 18, 2013. http://
www.uptodate.com

35.	Svircevic V, Passier MM, Nierich AP, van Dijk D, 
Kalkman CJ, van der Heijden GJ. Epidural analge-
sia for car- diac surgery. Cochrane Database Syst 
Rev. 2013 Jun 6:6:CD006715.

36.	Ho KM, Tan JA. Benefi ts and risks of maintaining 
normothermia during cardiopulmonary baypas in 
adult cardiac surgery: a systematic review. Cardio-
vasc Ther 2011; 29: 260-79.

37.	Insler SR, Sessler DI. Perioperative thermoregu-
lation and temperature monitoring. Anesthesiol 
Clin 2006;24:823-837.

38.	Mills GH, Khan ZP, Moxham J, Desai J, Forsyth A, 
Ponte J. Effects of temperature on phrenic nerve 
and diaph- ragmatic function during cardiac sur-
gery. Br J Anaesth 1997;79:726-732.

39.	Boodhwani M, Rubens F, Wozny D, Rodriguez R, 
Nathan HJ. Eff ects of sustained mild hypothermia 
on neurocognitive function after coronary artery 
baypas surgery: a randomized, double-blind study. 
J Thorac Cardi- ovasc Surg 2007; 134: 1443-50.

40.	Grigore AM, Mathew J, Grocott HP, et al, and the 
Neurological Outcome Research Group, and the 
CARE Investigators of the Duke Heart Center. 
Cardiothoracic Anesthesia Research Endeavors. 
Prospective randomized trial of normothermic 
versus hypothermic cardiopulmonary baypas on 
cognitive function after coronary artery baypas 
graft surgery. Anesthesiology 2001; 95: 1110-19.

41.	Grigore AM, Murray CF, Ramakrishna H, Djaiani 
G. A core review of temperature regimens and 
neuroprotection during cardiopulmonary baypas: 
does rewarming rate matter? Anesth Analg 2009; 
109: 1741–51.

42.	van Harten AE, Scheeren TW, Absalom AR. A re-
view of postoperative cognitive dysfunction and neu-
roinflammation associated with cardiac surgery and 
anaesthesia. Anaesthesia. 2012 Mar;67(3):280-93.



Kardiyovasküler Cerrahi Sonrası Gelişen Nörolojik Komplikasyonlar

139

43.	Caplan LR, Hennerici M. Impaired clearance of 
emboli (washout) is an important link between hy-
poperfusion, embolism, and ischemic stroke. Arch 
Neurol 1998; 55:1475.

44.	Gottesman RF, Hillis AE, Grega MA, et al. Early 
postoperative cognitive dysfunction and blood 
pressure during coronary artery baypas graft op-
eration. Arch Neurol 2007; 64:1111.

45.	Gold JP, Charlson ME, Williams-Russo P, et al. Im-
provement of outcomes after coronary artery bay-
pas. A randomized trial comparing intraoperative 
high versus low mean arterial pressure. J Thorac 
Cardiovasc Surg 70. 71. 1995; 110: 1302-11.

46.	Stern A, Tunick PA, Culliford AT, et al. Protruding 
aortic arch atheromas: risk of stroke during heart 
surgery with and without aortic arch endarterecto-
my. Am Heart J 1999; 138:746.

47.	Davila-Roman VG, Barzilai B, Wareing TH, et al. 
Intraoperative ultrasonographic evaluation of the 
ascending aorta in 100 consecutive patients under-
going cardiac surgery. Circulation 1991; 84:III47.

48.	Wareing TH, Davila-Roman VG, Barzilai B, et al. 
Management of the severely atherosclerotic as-
cending aorta during cardiac operations. A strat-
egy for detection and treatment. J Thorac Cardio-
vasc Surg 1992; 103:453.

49.	van den Berghe G, Wouters P, Weekers F, et al. In-
tensive insulin therapy in critically ill patients. N 
Engl J Med 2001; 345: 1359-67.

50.	Puskas F. Grocott HP, White WD, Mathew JP, 
Newman MFBar-Yosef S. Intraoperative hyperg-
lycemia and cognitive decline after CABG. Ann 
Thorac Surg 2007; 84: 1467-73.

51.	Jauch EC, Saver JL, Adams HP Jr, Bruno A, Con-
nors JJ, Demaerschalk BM, Khatri P, McMul-
lan PW Jr, Qureshi AI, Rosenfield K, Scott PA, 
Summers DR, Wang DZ, Wintermark M, Yonas 
H; American Heart Association Stroke Council; 
Council on Cardiovascular Nursing: Council on 
Peripheral Vascular Disease; Council on Clinical 
Cardiology. Guidelines for the early management 
of patients with acute ischemic stroke: a guideline 
for healthcare professionals from the American 
Heart Association/American Stroke Association. 
Stroke. 2013 Mar;44(3):870-947.

52.	Hemphill JC, Smith WS, Gress DR. Neurologic crit-
ical care, including hypoxic-ischemic encephalopa-
thy, and subarachnoid hemorrhage. Editors: Hauser 
SL, Josephson SA. Harrison’s Neurology in Clinical 
Medicine, 3rd Edition. Chapter28. 294-309.

53.	Jeon SB, Koh Y, Choi HA, Lee K. Critical care for 
patients with massive ischemic stroke. J Stroke. 
2014 Sep;16(3):146-60.

54.	Oliveira-Filho J, Koroshetz WJ. Initial assessment 
and management of acute stroke. Section Editor; 
Kasner SE. This topic last updated: May 21, 2014. 
http://www.uptodate.com

55.	Qureshi AI. Acute hypertensive response in pa-
tients with stroke: pathophysiology and manage-
ment. Circula- tion 2008; 118:176.

56.	Toole JE. Effects of change of head, limb and body 
position on cephalic circulation. N Engl J Med 
1968; 279:307.

57.	Caplan LR, Sergay S. Positional cerebral ischae-
mia. J Neurol Neurosurg Psychiatry 1976; 39:385.

58.	Berrouschot I. Barthel H, von Kummer R, 
Knapp WH, Hesse S, Schneider D. 99mTechne-
tium-ethyl-cysteinate- 98. dimer single-photon 
emission CT can predict fatal ischemic brain ede-
ma. Stroke. 1998;29:2556–2562.

59.	Czosnyka M. Increased intracranial pressure: 
what to do about it and when? Crit Care Med 
2013:41:688.

60.	Gillinov AM, Shah RV, Curtis WE, et al. Valve re-
placement in patients with endocarditis and acute 
neurologic deficit. Ann Thorac Surg 1996; 61:1125.

61.	Novy E, Sonneville R, Mazighi M, Klein IF, Mari-
otte E, Mourvillier B, Bouadma L, Wolff M. Neu-
rological complications of infective endocarditis: 
new breakthroughs in diagnosis and management. 
Med Mal Infect. 2013 Dec;43(11-12):443-50.

62.	Smith WS, English JD, Johnston SC. Cerebrovas-
cular Diseases. Editors: Hauser SL, Josephson SA. 
Harrison’s Neurology in Clinical Medicine, 3rd 
Edition. Chapter27. 156-293.

63.	Josephson SA, Miller BL. Confusion and Delir-
ium. Editors: Hauser SL, Josephson SA. Harri-
son’s Neurology in Clinical Medicine, 3rd Edition. 
Chapter-16. 125-131.

64.	Ellard L, Katznelson R, Wasowicz M, Ashworth A, 
Carroll I. Lindsay T. Djaiani G. Type of anesthesia 
and postoperative delirium after vascular surgery. J 
Cardiothorac Vasc Anesth. 2014 Jun;28(3):458-61.

65.	Koster S, Hensens AG, Schuurmans MJ, van der 
Palen J. Risk factors of delirium after cardiac sur-
gery: a syste- matic review. Eur J Cardiovasc Nurs. 
2011 Dec;10(4):197-204.

66.	Bucerius I, Gummert IR Borger MA.Walther T. 
Doll N. Falk V, et al. Predictors of delirium after 
cardiac surgery delirium: effect of beating-heart 



Klinikten Pratiğe Kardiyoloji

140

(off-pump) surgery. I Thorac Cardiovase Surg 
2004:127:57-64.

67.	Koster S, Hensens AG, Schuurmans M), van der 
Palen J. Prediction of delirium after cardiac sur-
gery and the use of a risk checklist. Eur J Cardio-
vase Nurs, 2013 Jun:12(3):284-92.

68.	Ramlawi B, Rudolph JL, Mieno S, Khabbaz K, 
Sodha NR, Boodhwani M, Levkoff SE, Marcanto-
nio ER, Sellke FW: Serologic markers of brain in-
jury and cognitive function after cardiopulmonary 
baypas. Ann Surg 2006, 244:593-601.

69.	Caputo M, Mokhtari A. Rogers CA, Panayitou N, 
Chen Q, Ghorbel MT, Angelini GD, Parry Al: The 
effects of normoxic versus hyperoxic cardiopulmo-
nary baypas on oxidative stress and inflammatory 
response in cyanotic pediatric patients undergoing 
open cardiac surgery; a randomized controlled tri-
al. I Thorac Cardiovase Surg 2009, 138:206-214.

70.	Gessler P, Schmitt B, Pretre R, Latal B: Inflamma-
tory response and neurodevelopmental outcome 
after open heart surgery in children. Pediatr Car-
diol 2009, 30:301-305.

71.	Selnes OA, Gottesman RE, Grega MA, Baumgartner 
WA, Zeger SL, McKhann GM. Cognitive and neu-
rologic outcomes after coronary-artery baypas 
surgery. N Engl J Med 2012; 366: 250-57.

72.	Newman MF, Kirchner JL, Phillips-Bute B, et al. 
Neurological Outcome Research Group and the 
Cardiotho- racic Anesthesiology Research En-
deavors Investigators. Longitudinal assessment 
of neurocognitive function after coronary-artery 
baypas surgery. New England Journal of Medicine 
2001; 344: 395-402.

73.	Evered L, Scott DA, Silbert B, Maruff P. Postoper-
ative cognitive dysfunction is independent of type 
of surgery and anesthetic. Anesthesia and Analge-
sia 2011; 112: 1179-85.

74.	Funder KS, Steinmetz J. Rasmussen LS. Cognitive 
dysfunction after cardiovascular surgery. Minerva 
Anestesi- ol. 2009 May:75(5):329-32.

75.	Rudolph JL, Schreiber KA, Culley DJ. McGlinchey 
RE, Crosby G. Levisky S. Marcantonio ER. Meas-
urement of post-operative cognitive dysfunction 
after cardiac surgery: a systemic review. Acta An-
aesthesiol Scand. 2010:54:663-77.

76.	Goto T, Baba T, Matsuyama K, Honma K, Ura M, 
Koshiji T. Aortic atherosclerosis and postoperative 
neurolo- gical dysfunction in elderly coronary sur-

gical patients. Ann Thorac Surg. 2003; 75:1912–8.
77.	Grigore AM, Grocott HP, Mathew JP, Phillips-Bute 

B, Stanley TO, Butler A, Landolfo KP, Reves JG, 
Blumenthal JA, Newman MF, Neurologic Out-
come Research Group of the Duke Heart Center. 
The rewarming rate and increased peak temper-
ature alter neurocognitive outcome after cardiac 
surgery. Anesth Analg. 2002;94:4–10.

78.	Hunter GR, Young GB. Seizures after cardi-
ac surgery. J Cardiothorac Vasc Anesth. 2011 
Apr;25(2):299-305.

79.	Szaflarski JP, Rackley AY, Kleindorfer DO, Khoury 
J, Woo D, Miller R, Alwell K, Broderick JP, Kisse-
la BM. Incidence of seizures in the acute phase of 
stroke: a population-based study. Epilepsia. 2008 
Jun;49(6):974-81.

80.	Grocott HP, Clark JA, Homi HM, Sharma A. 
“Other” neurologic complications after cardiac 
surgery. Semin Cardiothorac Vasc Anesth. 2004 
Sep;8(3):213-26.

81.	Welch MB, Brummett CM, Welch TD, Tremper 
KK, Shanks AM, Guglani P, Mashour GA.Peri-
operative peripheral nerve injuries: a retrospec-
tive study of 380,680 cases during a 10-year pe-
riod at a single institution. Anesthesiology. 2009 
Sep;111(3):490-7.

82.	Dimopoulou I, Daganou M, Dafni U, Karakatsani 
A, Khoury M, Geroulanos S, Jordanoglou J. Phren-
ic nerve dysfunction after cardiac operations: Elec-
trophysiologic evaluation of risk factors. Chest. 
1998 Jan;113(1):8-14.

83.	Laub GW, Muralidharan S, Chen C, Perritt A, Ad-
kins M, Pollock S, Bailey B, McGrath LB. Phren-
ic nerve injury. A prospective study. Chest. 1991 
Aug;100(2):376-9.

84.	Shafei H, el-Kholy A, Azmy S, et al: Vocal cord 
dysfunction after cardiac surgery: An overlooked 
complication. Eur J Cardiothorac Surg. 1997 
11:564-566.

85.	Kawahito S, Kitahata H, Kimura H, et al: Recurrent 
laryngeal nerve palsy after cardiovascular surgery: 
Rela- tionship to the placement of a transesopha-
geal echocardiographic probe. J Cardiothorac Vasc 
Anesth. 1999 13:528-531.

86.	Tewari P, Aggarwal SK: Combined left-sided re-
current laryngeal and phrenic nerve palsy after 
coronary artery operation. Ann Thorac Surg. 1996 
61:1721-1722; discussion 1722-1723.


