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ABSTRACT:

Determination of factors related to perioperative mortality in cardiovascular
surgery

Objective: The mortality rate in cardiovascular surgery procedures varies with different centers
around the globe. Identification of risk factors for perioperative mortality and establishment of
protocols for this may increase survival in patients. In this study, we investigated the mortality rates
and corresponding risk factors in cardiovascular surgery.

Material and Methods: A retrospective cohort study was performed in the patients who were
admitted to the Cardiovascular Surgery Clinic and died in the perioperative period.

Results: A total of 4037 patients were admitted to the Cardiovascular Surgery Service between
January 1, 2013 and December 31, 2016, during four years. In patients treated in intensive care unit,
open heart surgery for 567 patients and peripheral vascular disease surgery for 525 patients were
planned. Thirty patients who had open heart surgery and 14 patients who had peripheral vascular
disease died in perioperative period at the intensive care unit. The general mortality rate in the
Cardiovascular Surgery Clinic during this 4-year period was found as 1.1%. The mortality rate of
open heart surgery was 5.1% whereas that of peripheral vascular surgery was 2.7%. Hypertension,
chronic kidney disease and diabetes mellitus were detected as the most common accompanying
systemic diseases. Ejection fraction (EF) was found as 48.4+13.7, Euroscore Additive as 10.0+4.2,
cross-clamp time as 125.1+51.9 minutes and cardiopulmonary bypass (CPB) duration as 192.0+81.1
minutes in patients who were lost during open heart surgeries. The APACHE Il scores of the patients
who were scheduled for peripheral vascular disease and were lost in the perioperative period were
detected as 26.1+8.5.

Conclusion: The mortality rate of open heart surgery in our clinic, when compared within the global
scale is between developed and emerging countries. Presence of preoperative systemic diseases in
cardiovascular surgery patients is significantly correlated with the mortality rate.
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OZET:

Kalp ve damar cerrahisinde perioperatif mortalite ile iliskili faktorlerin
belirlenmesi

Amag: Kalp ve damar cerrahisi prosedtirleri diinya tizerinde dedisik merkezlerde farkh mortalite oran-
lar1 gosterir. Perioperatif mortaliteye neden olan risk faktorlerinin belirlenmesi ve buna yodnelik pro-
tokollerin olusturulmasi hastalarda sagkalimi arttirabilir. Biz bu arastirmada kalp ve damar cerrahisi
mortalite oranlarini ve risk faktorlerini arastirmayi planladik.

Gerec ve Yontemler: Kalp ve Damar Cerrahisi Klinigi'ne yatan ve perioperatif dénemde 6len hastalar-
da retrospektif kohort calismasi yapildi.

Bulgular: Kalp ve Damar Cerrahi Servisi'ne 1 Ocak 2013 ile 31 Aralik 2016 tarihleri arasinda dort yil
sliresince toplam 4037 hasta yatirildi. Yogun bakim Unitesinde tedavi goéren hastalar igerisinde 567
hastaya aclk kalp cerrahisi ve 525 hastaya periferik damar hastaligi cerrahisi planlandi. Acik kalp
cerrahisi gegirenlerden 30 hasta, periferik damar hastaligi olanlardan 14 hasta perioperatif donemde
yogun bakim Unitesinde kaybedildi. Kalp ve Damar Cerrahisi Klinigi'nin dort yillik toplam mortalite
orani %1.1 olarak bulundu. Acik kalp cerrahisi gecgirenlerin mortalite orani %5.1 iken periferik damar
cerrahisinde %2.7 olarak bulundu. Hipertansiyon, kronik bobrek hastaligi, ve diyabetes mellitusun en
sik eslik eden sistemik hastaliklar oldugu tespit edildi. Acik kalp cerrahisi gecirip sonrasinda kaybedi-
len hastalarda ejeksiyon fraksiyonu (EF) %48.4+13.7, Euroscore Additive 10.0+4.2, kros klemp siresi
125.1£51.9 dakika ve kardiyopulmoner bypass (KPB) siiresi 192.0+81.1 dakika olarak bulundu. Periferik
damar hastaligi icin prosedir planlanan ve perioperatif donemde kaybedilen hastalarin APACHE Il
skorlarinin 26.1+8.5 oldugu tespit edildi.

Sonug: Klinigimizin agik kalp cerrahisi mortalite orani, gelismis Ulkeler ile gelismekte olan Ulkelerin
oranlari arasindadir. Kalp ve damar cerrahisi hastalarinda preoperatif sistemik hastaliklarin varhgi
mortalite oraniyla dogrudan iliskilidir.

Anahtar kelimeler: Kalp ve damar cerrahisi, yogun bakim, mortalite, risk faktorleri
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INTRODUCTION

Increasing experience of surgical and anesthesia
teams nowadays, evidence-based applications,
advances in the fields of medical technology and
pharmacology allows for a wide variety of procedures
in the field of cardiovascular surgery (CVS). However,
even in developed centers, perioperative mortality
rates in cardiovascular surgery patients are in the
range of 1.9-5.3% (1-6). Careful patient evaluation,
appropriate surgical approach and good team work
are necessary to reduce the perioperative mortality in
these patients. Cardiovascular procedures require a
specific approach and careful patient follow-up in
terms of both surgery and anesthesia.

Open heart surgery is mainly used to correct
pathologies arising from coronary artery disease and
heart valve diseases. In these patients, primary
diagnosis is usually accompanied by hypertension,
diabetes mellitus, chronic kidney disease and rhythm
disorders. Aortic and vascular disease operations
usually involve neurological, cardiac, and pulmonary
morbidity risks. These can lead to an increase in
mortality in patients (2,3,7,8).

The cardiovascular surgery clinic of our hospital
is a center for both open heart surgery and peripheral
vascular procedures. In this study, we aimed to
investigate the mortality rates and perioperative
characteristics of patients who had been treated at
CVS clinic for four years, admitted to the intensive
care, and lost during follow-up. Detection of mortality
and risk factors can lead to the development of safer
surgical and anesthesia techniques.

MATERIAL AND METHOD

A retrospective cohort study was performed in
patients who had admitted to the Cardiovascular
Surgery Clinic and died in the perioperative period.
The records of 44 patients who were lost in the
intensive care unit from January 1, 2013 to December
31, 2016 were reviewed, following ethical committee
approval at a tertiary hospital. The age, gender,
classification of American Society of Anesthesiologists
(ASA), body mass index (BMI), accompanying
diseases, primary diagnosis, Euroscore values,

ejection fraction (EF), preoperative hemoglobin
values, amount of blood product transfusion,
performed operation, the anesthesia method
performed, duration of operation who underwent
open heart surgery, duration of pump, duration of
cross clamping, whether or not perioperative
inotropic treatment was given, whether or not they
underwent revision surgery, duration of stay in
intensive care unit, major cause of mortality and risk
factors related to death were recorded in patients.

Statistical Analysis

All analyses were performed using SPSS (version
21.0) program. Categorical variables were expressed
in terms of number and percentage. Normality of the
distribution of numerical data was evaluated by
histogram analysis. Results were expressed as mean
+ standard deviation for normal distribution
parameters, and as median value and interquartile
range for parameters without normal distribution.

RESULTS

A total of 4037 patients were admitted to the
Cardiovascular Surgery Service between January 1,
2013 and December 31, 2016, for four years. Of
these patients, 1092 were treated at the CVS Intensive
Care Unit (ICU). According to the records of intensive
care unit, 567 open heart surgeries and 525
interventions for peripheric vascular disease were
aimed at the CVS Intensive Care Unit. Of these
patients who were treated at CVS Intensive Care Unit,
30 patients who underwent open heart surgery and
14 patients with peripheral vascular disease were
found to have died in ICU. The overall four-year
mortality rate of the CVS clinic was calculated as
1.1%. The mortality rate of patients admitted to ICU
was found to be 4%.

The total number of patients who underwent open
heart surgery in the CVS clinic was 567, while the
mortality rate was 5.1%. Of the total 44 patients lost
during follow-up in ICU, 14 were operated in
emergency conditions and 24 were in elective
conditions. One of the patients who died in ICU died
in the preoperative period without any surgery, and
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29 patients died in the ICU after open heart surgery
was performed. The characteristics and other
characteristics of patients who underwent open heart
surgery are shown in Table-1.

Six (21%) of the patients who had undergone
open heart surgery and died at ICU were detected
from the records to be ASA 11, 1 was ASA IIE (3%), 13
were (45%) ASAIlI, 2 were (7%) ASA IIIE, 1T was (3%)
ASA IV and 6 were (21%) ASA IVE. One (7%) of the
patients who had peripheral vascular disease and
died at ICU was detected to be ASA I, T was ASA IIE
(7%), 4 were ASAIIl (29%), 2 were ASA lIIE (14%), 1
was ASA IV (7%), 5 were ASA IVE'si (36%) (Table-1).

Coronary artery disease (35%), coronary artery
disease and concomitant mitral insufficiency,
ventricular aneurysm or ascendant aortic aneurysm
(29%), valve disease (21%), atrial myxoma (3%),
aortic pathologies (6%), cardiac gunshot injury (3%)
and digoxin toxicity (3%) were found as the most

common causes of death in patients who underwent
open heart surgery (Table-1).

Hypertension (58%) was the most common
comorbid disease in patients who were lost in ICU
after open heart surgery, while chronic renal disease
(43%) was the second most common and diabetes
mellitus (17%) was the third (Table-1). Concomitant
diseases were hypertension (64%), chronic kidney
disease (57%) and diabetes mellitus (57%) in patients
who were lost in ICU after intervention for peripheral
vascular disease (Table-3).

In patients who have undergone open heart
surgery and lost in ICU, EF was detected as
%48.4+13.7, Euroscore Additive as 10.0+4.2, cross
clamp time as 125.1+51.9 minutes and CPB time as
192.0+81.1 minutes (Table-2).

Beta blockers, calcium channel blockers,
angiotensin converting enzyme inhibitors,
angiotensin receptor blockers, diuretics, antiplatelet

Table-1: Characteristics of patients who were lost in ICU after open heart surgery.

Age (Years)
Gender
Male
Female
ASA*
I/1IE
I/1E
n/MEe
IV/IVE
BMI*
Primary diagnosis
Coronary artery disease
Coronary artery disease and mitral insufficiency
Coronary artery disease and ventricular aneurysm
Coronary artery disease and ascending aortic aneurysm
Mitral insufficiency, ventricular aneurysm
Atrial myxoma
Mitral insufficiency and tricuspid insufficiency

Mitral insufficiency, tricuspid insufficiency and ascending aortic aneurysm

Aortic insufficiency and ascending aortic aneurysm
Aortic dissection
Digoxin toxicity
Cardiac gunshot injury
Accompanying diseases
Hipertension
Chronic renal disease
COPD
Hyperlipidemia
Diabetes Mellitus
Atrial fibrillation

62.6£15.6

19 (66%)
10 (34%)

0/0
6 (21%) /1(3%)
13 (45%) / 2 (7%)
1(3%) / 6 (21%)
27.7+4.5

10 (35%)
4 (15%)
2 (71%)
2 (71%)
2 (T%)
1(3%)
1(3%)
3 (11%)
1(3%)
1(3%)
1(3%)
1(3%)

17 (58%)
12 (43%)
8 (28%)
7 (24%)
5 (17%)
5 (17%)

Note: The data in the table are expressed as number (%), mean+SD (parameters with normal distribution) or median value and interquartile range (parameters with no normal
distribution). *ASA: American Society of Anesthesiologists classification. 'BMI: Body mass index
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Table-2: Perioperative data of patients who were lost
in ICU after open heart surgery.

Ejection fraction (%) 48.4+13.7
Preoperative Hemoglobin (gr/dl) 12.3+2.1
Operation time (Minutes) 328.7+97.6
Cross clamp time (Minutes) 125.1£51.9
Pump time (Minutes) 192.0+81.1
Duration of stay in ICU (Giin) 6.5 (1.0-12.5)
Euroscore (%) 12.9 (7.0-32.6)
Euroscore additive 10.0+4.2
Transfused erythrocyte suspension (n) 7.0 (2.7-12.0)

10.0 (5.0-22.2)

Note: The data in the table are expressed as number (%), mean+SD (parameters with
normal distribution) or median value and interquartile range (parameters with no
normal distribution).

Transfused fresh frozen plasma (n)

agents and anticoagulant agents were given to the
patients who were planned to undergo surgery, when
needed. In addition, some medications were given
for other accompanying diseases.

All the patients who were lost were in the intensive
care unit. Because when these patients became
critical they were transferred to CVS intensive care

unit. Thus, no deaths were detected in the CVS
service (in-hospital).

Among the patients scheduled for surgery due to
peripheral vascular disease, the number of patients
who were admitted to ICU was 14 and their APACHE
Il scores were 26.1+£8.5. After intervention for
peripheral vascular disease, 9 patients were lost, 5
were lost without any intervention. The total number
of patients scheduled for peripheral vascular surgery
in the CVS clinic was 525, while the mortality rate
was2.7%. The characteristics and other characteristics
of patients who underwent intervention for peripheric
vascular disease are shown in Table-3.

CONCLUSION

Mortality rates in open heart surgery are related to
the level of development of countries and this rate is
lower in developed countries. In studies conducted
between 1997 and 2001 in the United States,

Table-3: Characteristics and perioperative data of patients who were planned to undergo surgery for peripheral

vascular disease and were lost in ICU.

Age (Years)
Gender
Male
Female
ASA
I/1E
I/1E
/e
IV/IVE
BMI
Planned surgery
Percutaneous endovascular intervention
Embolectomy
Femoropopliteal bypass
Abdominal aortic graft repair
Amputation
Accompanying diseases
Hipertension
Chronic renal disease
Diabetes Mellitus
Hyperlipidemia
COPD
Preoperative Hemoglobin (gr/dl)
Operation time (Minutes)
Duration of stay in ICU (Days)
Transfused erythrocyte suspension (n)
Transfused fresh frozen plasma (n)
APACHE Il score

65.5+10.3

9 (64%)
5 (36%)

0/0
1(7%) /1(7%)
4 (29%) / 2 (14%)
1(7%) / 5 (36%)
24.5+6.1

5 (35%)
4 (29%)
2 (14%)
2 (14%)
1(7%)

9 (64%)
8 (57%)
8 (57%)
7 (50%)
1(7%)
12.0£2.2
162.0£59.3
1(1-3)
0(0-2.2)
0 (0-0.75)
26.1+8.5

Note: The data in the table are expressed as number (%), mean+SD (parameters with normal distribution) or median value and interquartile range (parameters with no normal distribution).
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mortality rates for coronary artery bypass grafting
(CABQG) surgeries ranged between 1-5% (1-3). In
Brazil, which is one of the emerging countries, CABG
mortality rate between 2000 and 2003 was reported
to be 7% (9). The open heart surgery mortality rate of
our clinic was detected as 5.1%, which is between
the rates of developed and emerging countries.

Concomitant diseases in patients who underwent
open heart surgery are directly related to the mortality
rate (2,3,7,8). The ASA physical classification is a
method recommended by the American Society of
Anesthesiologists to assess patients’ pre-operative
health status. Patients with severe systemic diseases
that does not affect daily activities are classified as
ASA [ll, whereas ASA IV patients are those with
severe systemic diseases that are life-threatening and
affecting daily activities (10). In our study, it was
once again shown that ASA classification was a
predictor of life-threatening risks, and it was found
that 76% of patients who underwent open heart
surgery and died in ICU were ASA Ill and ASA IV
patients.

Euroscore is used to determine perioperative
mortality risk during cardiothoracic surgery. While
the mortality rate increases as Euroscore values
increase, the rate decreases as this value decreases
(11-13). A study conducted in 4497 patients who
underwent isolated CABG surgery reported that
Euroscore assessment was a good method to estimate
30-day mortality (4). In our patients who underwent
open heart surgery and died in ICU, the Euroscore
values (Percent value 12.9%, Additive value
10.0+4.2) were quite high.

Preoperative low EF in cardiac surgery is associated
with mortality. In a study evaluating left ventricular
EF of 7313 patients who underwent cardiac surgery,
low EF values were associated with high perioperative
mortality in patients undergoing mitral valve surgery
(14). In a prospective observational study with 8600
patients who underwent CABG, patients with EF
greater than 40% had mortality of less than 2%, 3.5-
4% in patients with 20-40% EF and 8% in patients
with less than 20% (15). In our study, mean EF values
were found as 48.4+13.7 in patients who died in the
perioperative period. We expected that EF values
would be lower in patients who died, but other

factors affecting mortality might have come to the
forefront.

There are some outcomes about blood and blood
products with long-term storages that they may cause
structural and functional changes in patients. In a
retrospective study with 6000 patients, prolonged
intubation time, renal insufficiency, sepsis and high
mortality were found to be associated with blood
products with longer storage times than 14 days (16).
In our study we also used stored erythrocyte
suspension and fresh frozen plasma in especially
patients who underwent open heart surgery. We
believe that the stored blood products has contributed
toour mortality rate.

Perioperative complication risk in peripheral
vascular surgery is high. Complications are greater in
the large diameter vessels and the operations over the
inguinal region, than in the small diameter vessels
and in the infrainguinal region. In a retrospective
cohort study of 3202 patients who underwent
peripheral vascular surgeries performed in Denmark
between 2005 and 2012, the overall complication
rate was 30%, the wound complication was 19%, the
surgical complications were 6%, and the general
complications were 10%. Advanced age, cardiac
and renal disease, high ASA score and general
anesthetics were found as the greatest risk factors in
the development of complications. Thirty-day
mortality was reported as 5% (17). In this study, the
authors suggested that cardiac and renal status should
be optimized before surgery, and local or regional
anesthesia should be performed if possible. Our
patients with peripheral vascular pathology are also
mostly elderly and their general condition is poor.
These patients are mostly with ASA scores Il and IV,
and their primary pathology is associated with many
systemic diseases. However, our mortality rate was
2.7%, which was lower than the study performed in
Denmark.

Percutaneous endovascular interventions are
frequently performed as peripheral vascular surgery
in our clinic. We prefer to use local anesthesia and
monitorized anesthesia care most frequently in these
surgeries. Regional anesthesia could not be
performed because clopidogrel and acetyl salicylic
acid could not be withdrawn due to cardiovascular
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problems in patients whom percutaneous
intervention couldn’t be performed, whereas
peripheral vascular grafting and femoropopliteal
bypass were performed. Regional anesthesia
techniques such as epidural and spinal anesthesia
may cause bleeding risks in these patients who are
using these antiplatelet agents (18,19). We preferred
laryngeal mask anesthesia where the risks of general
anesthesia are less visible in these patients.

The APACHE Il scoring system is an accepted
scoring system for determining the expected mortality

REFERENCES

1. Hannan EL, Racz MJ, Walford G, Jones RH, Ryan TJ, Bennett E,
et al. Long-term outcomes of coronary-artery bypass grafting
versus stent implantation. N Engl | Med 2005; 352: 2174-83.
[CrossRef]

2. Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL,
Batista I, et al. Hospital volume and surgical mortality in the
United States. N Engl | Med 2002; 346: 1128-37. [CrossRef]

3. Peterson ED, Coombs LP, DelLong ER, Haan CK, Ferguson, TB.
Procedural volume as a marker of quality for CABG surgery.
JAMA 2004; 291: 195-201. [CrossRef]

4. Nilsson J, Algotsson L, Hoglund P, Lihrs C, Brandt J. Early
mortality in coronary bypass surgery: the EuroSCORE versus The
Society of Thoracic Surgeons risk algorithm. Ann Thorac Surg
2004; 77: 1235-39. [CrossRef]

5. Nallamothu BK, Saint S, Ramsey SD, Hofer TP, Vijan S, Eagle KA.
The role of hospital volume in coronary artery bypass grafting: is
more always better? | Am Coll Cardiol 2001; 38: 1923-30.
[CrossRef]

6. Wu C, Hannan EL, Ryan TJ, Bennett E, Culliford AT, Gold JP, et
al. Is the impact of hospital and surgeon volumes on the
in-hospital mortality rate for coronary artery bypass graft surgery
limited to patients at high risk? Circulation 2004; 110: 784-9.
[CrossRef]

7. Nallamothu BK, Saint S, Hofer TP, Vijan S, Eagle KA, Bernstein
S). Impact of patient risk on the hospital volume-outcome
relationship in coronary artery bypass grafting. Arch Intern Med
2005; 165: 333-7. [CrossRef]

8. Cram P, Rosenthal GE, Vaughan-Sarrazin MS. Cardiac
revascularization in specialty and general hospitals. N Engl ] Med
2005; 352: 1454-62. [CrossRef]

9. Ribeiro AL, Gagliardi SP, Nogueira JL, Silveira LM, Colosimo EA,
Lopes do Nascimento CA. Mortality related to cardiac surgery in
Brazil, 2000-2003. ] Thorac Cardiovasc Surg 2006; 131: 907-9.
[CrossRef]

10. American Society of Anaesthesiologists. “New classification of
physical status”. Anesthesiology 1963; 24: 111-5.

rate in intensive care units (20). The APACHE Il scores
were found high among our patients with peripheral
vascular disease who were lost perioperatively in ICU.

In conclusion, our clinic’s open heart surgery
mortality rate is acceptable when compared with
other centers. Concomitant systemic diseases are the
most important risk factors that increase mortality.
Preoperative preparation should be done with
caution and possible complications should be
anticipated. The patients should be operated after
they are physiologically optimized.

11. Soyal T, Ozeren M, Kar M, Gokaslan G, Erdem H, Dolgun A, et
al. Koroner arter bypass reoperasyon adaylarinda mortalite ve
morbiditenin EuroSCORE ile retrospektif analizi. Tirk Gogtis
Kalp Damar Cer Derg 2004; 12: 241-5.

12. Alvarez M, Colmenero M, Martin P, Prades |, Moreno E,
Gonzélez-Molina M, et al. Does the EuroSCORE identify patients
at minimum risk of mortality from heart surgery? Rev Esp Cardiol
2003; 56: 682-6.

13. Berman M, Stamler A, Sahar G, Georghiou GP, Sharoni E,
Brauner R, et al. Validation of the 2000 Bernstein-Parsonnet
score versus the EuroSCORE as a prognostic tool in cardiac
surgery. Ann Thorac Surg 2006; 81: 537-40. [CrossRef]

14. Pieri M, Belletti A, Monaco F, Pisano A, Musu M, Dalessandro V,
etal. Outcome of cardiac surgery in patients with low preoperative
ejection fraction. BMC Anesthesiol 2016, 16: 97-107. [CrossRef]

15. Yau TM, Fedak PW, Weisel RD, Teng C, Ivanov J. Predictors of
operative risk for coronary bypass operations in patients with left
ventricular dysfunction. | Thorac Cardiovasc Surg 1999; 118:
1006-13. [CrossRef]

16. Koch CG, Li L, Sessler DI, Figueroa P, Hoeltge GA, Mihaljevic T,
et al. Duration of red-cell storage and complications after cardiac
surgery. N Engl ] Med 2008; 358: 1229-39. [CrossRef]

17. Kehlet M, Jensen LP, Schroeder TV. Risk Factors for Complications
after Peripheral Vascular Surgery in 3,202 Patient Procedures.
Ann Vasc Surg 2016; 36: 13-21. [CrossRef]

18. Osta WA, Akbary H, Fuleihan SF. Epidural analgesia in vascular
surgery patients actively taking clopidogrel. Br ] Anaesth 2010;
104: 429-32. [CrossRef]

19. Kotsovolis G, Komninos G, Kyrgidis A, Papadimitriou D.
Preoperative withdrawal of antiplatelet treatment in lower limb
vascular patients prior to surgical management under epidural or
spinal anaesthesia: an evidence based approach and systematic
review. Int Angiol 2010; 29: 475-81.

20. Knaus WA, Draper EA, Wagner DP. APACHE Il: a severity of
disease classification system. Crit Care Med 1985; 13: 818-29.
[CrossRef]

Sisli Etfal Hastanesi Tip Bulteni, Cilt: 51, Sayi: 2, 2017 / The Medical Bulletin of Sisli Etfal Hospital, Volume: 51, Number 2, 2017


https://doi.org/10.1056/NEJMoa040316
https://doi.org/10.1056/NEJMsa012337
https://doi.org/10.1001/jama.291.2.195
https://doi.org/10.1016/j.athoracsur.2003.08.034
https://doi.org/10.1016/S0735-1097(01)01647-3
https://doi.org/10.1161/01.CIR.0000138744.13516.B5
https://doi.org/10.1001/archinte.165.3.333
https://doi.org/10.1056/NEJMsa042325
https://doi.org/10.1016/j.jtcvs.2005.11.022
https://doi.org/10.1016/j.athoracsur.2005.08.017
https://doi.org/10.1186/s12871-016-0271-5
https://doi.org/10.1016/S0022-5223(99)70094-2
https://doi.org/10.1056/NEJMoa070403
https://doi.org/10.1016/j.avsg.2016.02.028
https://doi.org/10.1093/bja/aeq029
https://doi.org/10.1097/00003246-198510000-00009

