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Abstract

Background: Patients aged over 50 years require four times more surgical interventions than younger groups. Many 
guidelines recommend the performance of preoperative electrocardiogram (ECG) in this population.

Objectives: To determine the value of preoperative ECG in patients aged over 50 years and classified as ASA I–II (surgical risk).

Methods: Patients older than 50 years, without comorbidities, who underwent surgical intervention and general anesthesia 
were included in the study. Patients were randomized to undergo ECG (group A, n=214) or not (group B, n=213) in the 
preoperative period. The following variables were analyzed: sex, age, ECG, chest x-ray and laboratory tests results, surgical 
risk, surgery duration, adverse events and in-hospital mortality. The level of significance was set at 5%.

Results: Adverse outcomes were reported in 23 (5.4%) patients, with a significant number of adverse events in male 
patients (OR=7.91 95%CI 3.3-18.90, p<0.001) and in those undergoing major surgeries (OR=30.02 95%CI 4.01-224.92, 
p<0.001). No differences were observed between patients who underwent ECG and those who did not (OR=1.59, 95%CI, 
0.67-3.75, p=0.289). No significant differences were found in the other variables. In multivariate logistic regression, 
male sex (OR = 6.49; 95%CI 2.42-17.42, p<0.001) and major surgery (OR=22.62; 95%CI 2.95-173.41, p=0.002) were 
independent predictors of adverse outcomes, whereas undergoing (or not) ECG (OR=1.09; IC95% 0.41-2.90, p=0.867) 
remained without statistical significance. 

Conclusion: Our findings suggest that preoperative ECG could not predict an increased risk of adverse outcomes in our 
study population during the hospital phase.

Keywords: Electrocardiography; Preoperative Care; General Surgery.

Today, it is recommended a preoperative electrocardiogram 
(ECG) for people older than 40 years, since studies on surgical 
populations have shown that electrocardiographic changes 
increase with age, and several of them may have clinical 
implications in the anesthetic management.6,7 

In this context, in most institutions, clinical and laboratory 
evaluation has been routinely performed to determine 
patients’ preoperative status aiming at reducing morbidity 
and mortality. One of the tests used for clinical evaluation is 
ECG. This test is particularly ordered for patients aged older 
than 40, regardless of their clinical condition, at a variable 
level of recommendation (depending on the guideline 
used), but always with a weak level of evidence because 
of the scarcity of studies with sufficient design, quality, and 
sample size to allow a stronger recommendation.8-12

The present study aims to assess, for the first time, using 
a prospective, randomized design, the need for a routine 
preoperative ECG in patients older than 50 years, without 
comorbidities, who had undergone non-cardiac surgery 
under general anesthesia.

Introduction 
The number of non-cardiac surgeries has been increasing, 

surpassing 300 million interventions per year.1,2 In developed 
countries, mortality rates have varied from 0.4 to 0.8% and 
complication rates from 3% to 16%, of which 40% seem to 
be related to the cardiovascular system.3,4 People over the 
age of 50 require four times more surgical interventions than 
younger groups and, with the increasing aging of the population, 
especially due to greater attention paid to chronic diseases, it 
is estimated that these procedures exponentially increase in 
the next years.5
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Methods
Between April 2020 and February 2022, 427 patients aged 

older than 50 years, without comorbidities, underwent non-
cardiac surgery under general anesthesia. All patients had normal 
physical examination in the preoperative evaluation. Those who 
met the inclusion criteria and accepted to participate in the 
study after signing the consent form were randomized in a 1:1 
proportion to undergo ECG or not.

Laboratory tests (complete blood count, glycemia, urea, 
creatinine and coagulogram) were performed in all patients, 
and all participants underwent posteroanterior chest X-ray and 
antineoplastic surgical procedure (under general anesthesia).

The following variables were analyzed – sex, age, ECG results 
(for those who underwent ECG), chest X-ray results, laboratory 
tests (complete blood count, glycemia, urea, creatinine and 
coagulogram). Data on preoperative surgical risk (American 
Society of Anesthesiology - ASA), duration of procedure, adverse 
events and in-hospital mortality were also analyzed. In-hospital 
mortality and morbidity rates of patients who underwent ECG 
(group A) were compared with those who underwent surgery 
without the ECG (group B). Group A patients were divided into 
two subgroups A1 (with normal ECG) and A2 (with abnormal 
ECG findings); these groups were compared with each other and 
with group B. The ECG was interpreted by senior cardiologist of 
the participating institution and was considered abnormal if there 
was abnormal (other than sinus) rhythm, presence of cardiac 
chamber overload, intraventricular or atrioventricular block, 
reversal of the T wave polarity in at least two contiguous leads, 
more than three atrial or ventricular premature beats, ventricular 
preexcitation or QTc>470ms. Chest x-ray was assessed by 
two radiologists at the radiology department; the presence of 

parenchyma infiltration, tuberculosis sequelae, pleural effusion, 
increased cardiac area or metastasis. Laboratory test values that 
were out of the normal range adopted by the central laboratory 
of the institution was considered abnormal. No patient was 
excluded from randomization due to any abnormal finding in 
the laboratory tests, chest x-ray or ECG. 

Surgical procedures were divided into two groups, of low 
risk and of moderate/high risk. In this study, a high/moderate-
risk surgery was defined as an intracavitary (cranial, chest, 
abdominal or pelvic) surgery and those procedures in which fluid 
replacement exceeded 30mL/Kg. 

Adverse outcome was any type of complication (clinical and/
or surgical) that prolonged the hospital length of stay predicted 
for each procedure, or death due to any cause. This was 
assessed both individually and combined (named as morbidity 
and mortality).

This study was approved by the ethics committee of the 
Instituto Brasileiro de Controle de Cancer (Brazilian Institute for 
Cancer Control) and by the ethics committees of participating 
institutions (CAAE 20728719.3.0000.0072)

Statistical analysis 
Qualitative characteristics were described as absolute and 

relative frequencies, by group (with or without ECG), and their 
associations were evaluated by chi-square test or by exact tests 
(Fisher’s exact test or the likelihood-ratio test). Quantitative 
features were described as summary measures (mean, standard 
deviation, median and interquartile range) and compared by 
unpaired Student’s t-test or Mann-Whitney test, according to 
normality of distribution assessed by Kolmogorov-Smirnov test.
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Morbidity and mortality were described according to each 
quantitative and qualitative feature using the same tests above 
mentioned.

The variables that showed statistical significance by Fisher exact 
test or the likelihood-ratio test, or by the Student’s t-test/Mann-
Whitney test regarding morbidity and mortality were included in the 
multivariate analysis by logistic regression. ECG was also included 
in the analysis to evaluate whether the test affected morbimortality.

The software SPSS for Windows, version 22.0, was used for 
statistical analysis, and the significance level was set at 5%.

Results
This study included 427 patients (83.6% women) aged over 

50 years, with solid tumors and no history of comorbidities, 

who underwent elective surgeries under general anesthesia. 
The ECG group patients (group A) were older, had more 
abnormal laboratory findings and longer operative time 
during surgery. The other variables did not show statistical 
significance (Table 1).

Adverse outcomes occurred in 23(5.4%) patients, including 
three deaths (0.7%). There was a significant number of adverse 
events in male patients and in those who underwent moderate/
high-risk interventions, with no difference in postoperative 
complications between patients with ECG and without ECG 
(Central Illustration). No statistically significant differences 
were found in age, abnormal chest x-ray or laboratory findings, 
surgical risk (ASA) and surgery duration (Table 2).

Multivariate logistic regression analysis showed that male sex 
and surgical risk (minor/major surgery) were predictors of adverse 

Table 1 – Analysis of patients undergoing surgery with or without preoperative electrocardiogram (ECG)

  ECG      

Variable Without With Total p

  n % n % n %  

Sex             0,199

Male 30 14.1 40 18.7 70 16.4  

Female 183 85.9 174 81.3 357 83.6  

Age (years) 57.37±6.16 58.71±7.51 427 100.0 0.044#

Surgical risk (major/minor surgery)             0.225

Low risk 123 57.7 110 51.9 233 54.8  

Moderate/high risk 90 42.3 102 48.1 192 45.2  

Chest x-ray             0.192

Normal 208 97.7 204 95.3 412 96.5  

Abnormal 5 2.3 10 4.7 15 3.5  

Laboratory             <0.001

Normal 213 100.0 199 93.0 412 96.5  

Abnormal 0 0.0 15 7.0 15 3.5  

Surgical risk (ASA)             0.372*

I 212 99.5 210 98.1 422 98.8  

II 1 0.5 4 1.9 5 1.2  

Time of surgery (hours) 2 (2 – 3) 2 (2 – 4) 427 100.0 0.042$

Mortality             >0.999*

No 212 99.5 212 99.1 424 99.3  

Yes 1 0.5 2 0.9 3 0.7  

Complications resolved           0.193

No 205 96.2 200 93.5 405 94.8  

Yes 8 3.8 14 6.5 22 5.2  

Morbimortality             0.289

No 204 95.8 200 93.5 404 94.6  

Yes 9 4.2 14 6.5 23 5.4  

Total 213 100 214 100 427 100  

Chi-square test; * Fisher’s exact test; # Student’s t-test; $ Mann-Whitney test (interquartile range)
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Table 2 – Analysis of postoperative outcomes in relation to the study variables 

  Morbimortality        

Variable No Yes OR 95%CI p

  n % n %   Inferior Superior  

Sex               <0.001*

Male 57 81.4 13 18.6 7.91 3.31 18.90  

Female 347 97.2 10 2.8 1.00      

Age (years) 56 (52 – 62) 57 (55 – 60) 1.01 0.95 1.07 0.754

Surgical risk (major/minor 
surgery)               <0.001

Low risk 232 99.6 1 0.4 1.00      

Moderate/High risk 170 88.5 22 11.5 30.02 4.01 224.92  

Electrocardiogram               0.289

No 204 95.8 9 4.2 1.00      

Yes 200 93.5 14 6.5 1.59 0.67 3.75  

Chest x-ray               >0.999*

Normal 389 94.4 23 5.6 1.00      

Abnormal 15 100.0 0 0.0 &      

Laboratory               0.190*

Normal 391 94.9 21 5.1 1.00      

Abnormal 13 86.7 2 13.3 2.86 0.61 13.52  

Surgical risk               >0.999*

I 399 94.5 23 5.5 1.00      

II 5 100.0 0 0.0 &      

Time of surgery (hours) 2 (2 – 3) 2 (2 – 5) 1.30 1.01 1.67 0.193$

Total 404 94.6 23 5.4        

Chi-square test; * Fisher’s exact test; # Student’s t-test; $ Mann-Whitney test (interquartile range); CI: confidence interval; & estimation was not possible 

Table 3 – Predictors of morbidity and mortality in the study 
population: multivariate logistic regression analysis  

Variable OR
95%CI

p
Inferior Superior

Sex (male) 6.49 2.42 17.42 <0.001

Age (years) 1.00 0.93 1.07 0.943

Major surgery (Moderate/
high risk)

22.62 2.95 173.41 0.003

Abnormal laboratory 
findings 

1.39 0.22 8.88 0.726

Time of surgery 1.47 1.09 1.99 0.013

Electrocardiogram 
performed

1.09 0.41 2.90 0.867

CI: confidence interval

outcomes in the postoperative period in this population, whereas 
ECG did not show statistical significance (Table 3).

We also evaluated whether the presence of abnormal 
electrocardiographic findings would have an impact on 

postoperative morbimortality. In the comparison of patients 
with abnormal ECG findings with those with normal ECG and 
those that did not undergo ECG (group B), no differences 
were found regarding the occurrence of adverse events (Table 
4). In addition, no difference was observed between patients 
with abnormal ECG findings and those with normal ECG in 
group A (Table 5).

Male patients were older and submitted to higher risk surgery. 
With respect to the other variables studied, no differences were 
observed between men and women (Table 6). 

Discussion
Prognostic meaning of preoperative ECG has changed in the last 

decades. Since the end of the 70s, resting ECG has been widely 
used as a marker of cardiovascular risk in individuals undergoing 
elective surgery. Electrocardiographic changes, such as the presence 
of pathological Q waves and arrythmias are included in the 
Goldman risk score.13 These results were repeated, confirming the 
prognostic value of ECG in the preoperative period.14,15

Payne et al.16 evaluated 345 patients of a prospective cohort 
and concluded that ECG is a useful test to predict perioperative 
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Table 4 – Postoperative outcomes in patients with normal electrocardiogram (ECG) and abnormal ECG, as compared with patients without ECG 

  ECG      

Variable Normal Abnormal Without ECG Total p

  n % n % n % N %  

Mortality                 0.241

No 196 99.5 16 94.1 212 99.5 424 99.3  

Yes 1 0.5 1 5.9 1 0.5 3 0.7  

Morbidity                 0.300

No 185 93.9 15 88.2 205 96.2 405 94.8  

Yes 12 6.1 2 11.8 8 3.8 22 5.2  

Morbimortality                 0.402

No 185 93.9 15 88.2 204 95.8 404 94.6  

Yes 12 6.1 2 11.8 9 4.2 23 5.4  

Total 197 100 17 100 213 100 427 100  

Likelihood-ratio test

Table 5 – Comparison of postoperative adverse outcomes between 
patients with normal electrocardiogram (ECG) and patients with 
abnormal ECG 

  ECG  

Variable Normal Abnormal p

  n % n %  

Mortality         0.153

No 196 99.5 16 94.1  

Yes 1 0.5 1 5.9  

Morbidity         0.307

No 185 93.9 15 88.2  

Yes 12 6.1 2 11.8  

Morbimortality         0.307

No 185 93.9 15 88.2  

Yes 12 6.1 2 11.8  

Total 197 100.0 17 100.0  

Likelihood-ratio test

cardiovascular events. Other studies17-19 showed that abnormal 
ECG in the preoperative period could predict cardiovascular 
complications especially in the presence of prolonged QT interval. 
However, these favorable results were later questioned by other 
authors,6,20,21 and such controversy still remains today. Many of 
these questions could have been answered if there were robust 
evidence from prospective, randomized trials with patients 
undergoing elective surgery and general anesthesia.

The main finding of our study was that patients without 
comorbidities, even those aged over 50 years (mean age of 58 
years) undergoing surgical intervention and general anesthesia 

may not benefit from preoperative ECG. We did not observe 
differences in the percentage of adverse events between group 
A (with ECG) and group B (without ECG). There was a trend 
for higher morbidity and mortality in group A, which may be 
explained by the fact that these patients were older, had more 
abnormal laboratory findings and having been undergone 
longer surgeries.

Some studies corroborate our findings. Richardson et al.,21 
evaluating retrospectively a cohort of 152,479 patients, concluded 
that preoperative ECG is not valuable to predict postoperative 
infarction or cardiovascular mortality. Similarly, Liu et al.,6 in a study 
with 513 patients, observed that electrocardiographic abnormalities 
could not predict cardiovascular complications in the elderly 
population and hence ECG was not useful in these patients. In 
addition, van Klein et al.,20 in an observational study, evaluated the 
use of ECG in 2967 patients older than 50 years and found that 
although the presence of intraventricular block is correlated with 
the risk of postoperative infarction and death, it did not improve 
prediction beyond risk factors identified on patient history, thereby 
questioning the need for a preoperative ECG.

In our study, male sex and moderate/high-risk surgery were 
independent predictors of adverse postoperative outcomes 
during hospitalization. A significantly higher prevalence of 
complications in major surgeries is easily understandable, since 
adverse events not only result from factors inherent to the 
patient, but also are strongly correlated with the complexity of 
surgeries. The explanation of the role of male sex as a risk factor 
for adverse events, however, is more difficult. We believe that the 
fact that male patients were older and that they had undergone 
more extensive surgeries may, in part, explain these results. 
Also, there was no difference in sex distribution between group 
A and group B. We also did not observe higher prevalence of 
electrocardiographic abnormalities among men than women. 

In this study, we also evaluated the role of electrocardiographic 
changes in the postoperative outcome and did not find any 
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Table 6 – Characteristics of patients by sex 

  Sex  

Variables Male Female p

  n % n %  

ECG         0.104#

Normal 34 48.6 163 45.7  

Abnormal 6 8.6 11 3.1  

Without ECG 30 42.9 183 51.3  

Surgical risk (minor/major surgery)         <0.001

Low risk 24 34.8 209 58.7  

Moderate/high risk 45 65.2 147 41.3  

Time of surgery (h) 2 (1 – 3) 3 (2 – 3) 0.067&

Chest x-ray          

Normal 69 98.6 343 96.1 0.483*

Abnormal 1 1.4 14 3.9  

Laboratory         0.081*

Normal 65 92.9 347 97.2  

Abnormal 5 7.1 10 2.8  

Surgical risk (ASA)         0.593*

I 69 98.6 353 98.9  

II 1 1.4 4 1.1  

Age (years) 60.9±8.7 57.5±6.3 0.002$

Total 70 100.0 357 100.0  

Chi-square test; * Fisher’s exact test; # Likelihood-ratio test; $Student’s t-test; & Mann-Whitney test (interquartile range); ASA: American Society of 
Anesthesiology

statistically significant difference. This is in accordance with results 
of previous studies.6,21

To our knowledge, this is the first prospective and randomized 
study to evaluate the role of preoperative ECG in adverse 
postoperative outcomes in the hospital phase in individuals older 
than 50 years who underwent surgical intervention under general 
anesthesia. Our results may have immediate practical implications 
by helping some medical societies in positioning themselves about 
guidelines recommendations for indicating preoperative ECG 
based on patients’ age only.  

Limitations of the study include the relatively small number of 
patients in face of the multitude of surgical interventions; second, 
this was a single-center study, which may make extrapolation of 
results to other institutions with different infrastructure and staff 
difficult; third, we studied a single population with underlying 
diagnosis of cancer and without a high prevalence of comorbidities; 
and finally, a long-term follow-up of these patients after discharge 
was not performed, which may be the scope of future research.

Conclusion 
The findings of the present study suggest that in patients 

older than 50 years, without comorbidities, undergoing surgical 

intervention and general anesthesia, preoperative ECG does 
not add value in predicting postoperative complications in the 
hospital phase, suggesting the necessity for a deep analysis on 
the real need for ordering this test in a routine basis, considering 
patients’ age only.

Author Contributions
Conception and design of the research: Ramos L, Moises 

VA; Acquisition of data: Coutinho AC, Rebelato J, Ramos 
MV, Elly E, Amoedo P, Viel G; Analysis and interpretation of 
the data: Ramos L; Statistical analysis: Ramos L, Amoedo P; 
Writing of the manuscript: Ramos L, Elly E; Critical revision 
of the manuscript for important intellectual content: Ramos 
L, Amoedo P, Viel G, Moises VA.

Potential conflict of interest 
No potential conflict of interest relevant to this article was 

reported. 

Sources of funding 
There were no external funding sources for this study. 

6



Arq Bras Cardiol. 2024; 121(01):e20230098

Original Article

Ramos et al.
The Value of Preoperative ECG

Study association 
This article is part of the thesis of Post-doctoral submitted by 

Lafayete Ramos, from Instituto Brasileiro de Controle do Câncer.

Ethics approval and consent to participate 
This study was approved by the Ethics Committee 

of the Instituto Brasileiro de Controle do Câncer under 

the protocol number CAAE 20728719.3.0000.0072 / 
20728719.3.3001.5505. All the procedures in this study 
were in accordance with the 1975 Helsinki Declaration, 
updated in 2013. Informed consent was obtained from all 
participants included in the study.

1.	 Weiser TG, Haynes AB, Molina G, Lipsitz SR, Esquivel MM, Uribe-Leitz T, et 
al. Size and Distribution of the Global Volume of Surgery in 2012. Bull World 
Health Organ. 2016;94(3):201-9. doi: 10.2471/BLT.15.159293.

2.	 Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR, Berry WR, 
et al. An Estimation of the Global Volume of Surgery: a Modelling Strategy Based 
on Available Data. Lancet. 2008;372(9633):139-44. doi: 10.1016/S0140-
6736(08)60878-8.

3.	 Kable AK, Gibberd RW, Spigelman AD. Adverse Events in Surgical Patients 
in Australia. Int J Qual Health Care. 2002;14(4):269-76. doi: 10.1093/
intqhc/14.4.269.

4.	 Devereaux PJ, Biccard BM, Sigamani A, Xavier D, Chan MTV, Srinathan SK, et al. 
Association of Postoperative High-Sensitivity Troponin Levels with Myocardial 
Injury and 30-Day Mortality Among Patients Undergoing Noncardiac Surgery. 
JAMA. 2017;317(16):1642-51. doi: 10.1001/jama.2017.4360.

5.	 Mangano DT. Perioperative Medicine: NHLBI Working Group Deliberations 
and Recommendations. J Cardiothorac Vasc Anesth. 2004;18(1):1-6. doi: 
10.1053/j.jvca.2003.10.002.

6.	 Liu LL, Dzankic S, Leung JM. Preoperative Electrocardiogram Abnormalities do 
not Predict Postoperative Cardiac Complications in Geriatric Surgical Patients. 
J Am Geriatr Soc. 2002;50(7):1186-91. doi: 10.1046/j.1532-5415.2002.t01-
1-50303.x.

7.	 Gold BS, Young ML, Kinman JL, Kitz DS, Berlin J, Schwartz JS. The Utility of 
Preoperative Electrocardiograms in the Ambulatory Surgical Patient. Arch Intern 
Med. 1992;152(2):301-5.

8.	 Fleisher LA, Fleischmann KE, Auerbach AD, Barnason SA, Beckman JA, Bozkurt 
B, et al. 2014 ACC/AHA Guideline on Perioperative Cardiovascular Evaluation 
and Management of Patients Undergoing Noncardiac Surgery: a Report of the 
American College of Cardiology/American Heart Association Task Force on 
practice guidelines. J Am Coll Cardiol. 2014;64(22):e77-137. doi: 10.1016/j.
jacc.2014.07.944.

9.	 Kristensen SD, Knuuti J. New ESC/ESA Guidelines on Non-Cardiac Surgery: 
Cardiovascular Assessment and Management. Eur Heart J. 2014;35(35):2344-5. 
doi: 10.1093/eurheartj/ehu285.

10.	 Duceppe E, Parlow J, MacDonald P, Lyons K, McMullen M, Srinathan S, et al. 
Canadian Cardiovascular Society Guidelines on Perioperative Cardiac Risk 
Assessment and Management for Patients Who Undergo Noncardiac Surgery. 
Can J Cardiol. 2017;33(1):17-32. doi: 10.1016/j.cjca.2016.09.008.

11.	 Gualandro DM, Yu PC, Caramelli B, Marques AC, Calderaro D, Fornari LS, et 
al. 3rd Guideline for Perioperative Cardiovascular Evaluation of the Brazilian 
Society of Cardiology. Arq Bras Cardiol. 2017;109(3 Supl 1):1-104. doi: 
10.5935/abc.20170140.

12.	 Kyo S, Imanaka K, Masuda M, Miyata T, Morita K, Morota T, et al. Guidelines 
for Perioperative Cardiovascular Evaluation and Management for 
Noncardiac Surgery (JCS 2014) - Digest Version. Circ J. 2017;81(2):245-67. 
doi: 10.1253/circj.CJ-66-0135.

13.	 Goldman L, Caldera DL, Nussbaum SR, Southwick FS, Krogstad D, 
Murray B, et al. Multifactorial Index of Cardiac Risk in Noncardiac 
Surgical Procedures. N Engl J Med. 1977;297(16):845-50. doi: 10.1056/
NEJM197710202971601.

14.	 Detsky AS, Abrams HB, Forbath N, Scott JG, Hilliard JR. Cardiac Assessment 
for Patients Undergoing Noncardiac Surgery. A multifactorial Clinical 
Risk Index. Arch Intern Med. 1986;146(11):2131-4. doi: 10.1001/
archinte.1986.00360230047007.

15.	 Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, 
Cook EF, et al. Derivation and Prospective Validation of a Simple Index 
for Prediction of Cardiac Risk of Major Noncardiac Surgery. Circulation. 
1999;100(10):1043-9. doi: 10.1161/01.cir.100.10.1043.

16.	 Payne CJ, Payne AR, Gibson SC, Jardine AG, Berry C, Kingsmore DB. Is There 
Still a Role for Preoperative 12-Lead Electrocardiography? World J Surg. 
2011;35(12):2611-6. doi: 10.1007/s00268-011-1289-y.

17.	 Biteker M, Duman D, Dayan A, Can MM, Tekkeşin AI. Inappropriate Use of 
Digoxin in Elderly Patients Presenting to an Outpatient Cardiology Clinic of 
a Tertiary Hospital in Turkey. Turk Kardiyol Dern Ars. 2011;39(5):365-70. 
doi: 10.5543/tkda.2011.01530.

18.	 Noordzij PG, Boersma E, Bax JJ, Feringa HH, Schreiner F, Schouten O, et 
al. Prognostic value of routine preoperative electrocardiography in patients 
undergoing noncardiac surgery. Am J Cardiol. 2006;97(7):1103-6. doi: 
10.1016/j.amjcard.2005.10.058.

19.	 Souza FS, Pedro JR, Vieira JE, Segurado AV, Botelho MP, Mathias LA. The 
Validity of the Electrocardiogram Accomplishment in the Elderly Surgical 
Patient Preoperative Evaluation. Rev Bras Anestesiol. 2005;55(1):59-71. 
doi: 10.1590/s0034-70942005000100007.

20.	 van Klei WA, Bryson GL, Yang H, Kalkman CJ, Wells GA, Beattie WS. The 
Value of Routine Preoperative Electrocardiography in Predicting Myocardial 
Infarction After Noncardiac Surgery. Ann Surg. 2007;246(2):165-70. doi: 
10.1097/01.sla.0000261737.62514.63.

21.	 Richardson KM, Shen ST, Gupta DK, Wells QS, Ehrenfeld JM, Wanderer 
JP. Prognostic Significance and Clinical Utility of Intraventricular 
Conduction Delays on the Preoperative Electrocardiogram. Am J Cardiol. 
2018;121(8):997-1003. doi: 10.1016/j.amjcard.2018.01.009.

References

This is an open-access article distributed under the terms of the Creative Commons Attribution License

7


