
https://helda.helsinki.fi

Postoperative Cardiac Ischemia Detection by Continuous

12-Lead Electrocardiographic Monitoring in Vascular Surgery

Patients : A Prospective, Observational Study

Ollila, Aino

2017-06

Ollila , A , Virolainen , J , Vanhatalo , J , Vikatmaa , P , Tikkanen , I , Venermo , M ,

Salmenpera , M , Pettila , V & Vikatmaa , L 2017 , ' Postoperative Cardiac Ischemia

Detection by Continuous 12-Lead Electrocardiographic Monitoring in Vascular Surgery

Patients : A Prospective, Observational Study ' , Journal of Cardiothoracic and Vascular

Anesthesia , vol. 31 , no. 3 , pp. 950-956 . https://doi.org/10.1053/j.jvca.2016.09.027

http://hdl.handle.net/10138/297843

https://doi.org/10.1053/j.jvca.2016.09.027

publishedVersion

Downloaded from Helda, University of Helsinki institutional repository.

This is an electronic reprint of the original article.

This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



H O S T E D  B Y
inki

land
d

Postoperative Cardiac Ischemia Detection by
Continuous 12-Lead Electrocardiographic
Monitoring in Vascular Surgery Patients:

A Prospective, Observational Study

Aino Ollila, MDn, Juha Virolainen, MD, PhD†,
Joonas Vanhatalo, MSc (Tech)‡, Pirkka Vikatmaa, MD, PhD§,

Ilkka Tikkanen, MD, PhD¶,� , Maarit Venermo, MD, PhD§,
Markku Salmenperä, MD, PhDn, Ville Pettilä, MD, PhDn,

Leena Vikatmaa, MD, PhDn,1

*Department of Anesthesiology, Intensive Care and Pain Medicine, University of Helsinki and Hels
University Hospital, Helsinki, Finland

†Heart and Lung Center, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
‡GE Healthcare, Helsinki, Finland

§Department of Vascular Surgery, University of Helsinki and Helsinki University Hospital, Helsinki, Fin
¶Department of Nephrology, University of Helsinki and Helsinki University Hospital, Helsinki, Finlan

� Minerva Foundation Institute for Medical Research, Helsinki, Finland
vestigated
oad and its
Objectives:Elderly patients undergoing vascular surgery are at major risk for perioperative cardiac complications. The authors in
continuous electrocardiographic Holter monitoring in a postoperative setting to determine the degree of postoperative ischemic l
possible associations with perioperative myocardial infarction.
Design: A prospective, observational study.
Setting: One university hospital.

www.sciencedirect.com/science/journal/10530770
www.jcvaonline.com
http://dx.doi.org/10.1053/j.jvca.2016.09.027
http://dx.doi.org/10.1053/j.jvca.2016.09.027
http://dx.doi.org/10.1053/j.jvca.2016.09.027
http://crossmark.crossref.org/dialog/?doi=10.1053/j.jvca.2016.09.027&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1053/j.jvca.2016.09.027&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1053/j.jvca.2016.09.027&domain=pdf
mailto:leena.vikatmaa@hus.fi
http://dx.doi.org/10.1053/j.jvca.2016.09.027








Table 1
Characteristics of All Patients (n ¼ 51) Stratified by the Presence or Absence
of Postoperative Ischemia

Postoperative
Ischemia

No Postoperative
Ischemia

n ¼ 17 n ¼ 34

Age 76 [72–79] 73 [69–77]
Sex (male) 8 (47.1) 21 (61.8)
Comorbidity
CAD 8 (47.1) 16 (47.1)
Heart failure 2 (11.8) 5 (14.7)
Kidney failure 1 (5.9) 6 (17.6)
ASO 16 (94.1) 29 (85.3)
Hypertension 15 (88.2) 31 (91.2)
Diabetes mellitus 6 (35.3) 12 (35.3)
COPD 1 (5.9) 6 (17.6)
Current malignancy 2 (11.8) 4 (11.8)

Prior
Acute MI 6 (35.3) 10 (29.4)
PCI/CABG 6 (35.3) 8 (23.5)
Stroke/TIA 5 (29.4) 7 (20.6)

ASA classification
II 0 1 (2.9)
III 11 (64.7) 14 (41.2)
IV-V 6 (35.3) 19 (55.9)

Preoperative medication
Beta-blocker 12 (70.6) 28 (82.4)
Statin 14 (82.4) 30 (88.2)
Nitroglycerin 3 (17.6) 4 (11.8)
ACEI/AR2B 12 (70.6) 25 (73.5)
CCB 6 (35.3) 16 (47.1)
Acetylsalicylic acid 17 (100) 25 (73.5)
Clopidogrel 5 (29.4) 8 (23.5)

Gupta score 1.63 [0.75-2.98] 1.93 [0.82-3.62]
Urgent/emergency surgery 4 (23.5) 10 (29.4)
Vasopressor load during the day of
surgery (mg)24

1.42 [0.30-1.88] 1.50 [0.69-2.65]

Nadir Hb during hospitalization (g/L) 87 [80–95] 93 [83–114]

NOTE. Data are expressed as n (%) or median [interquartile range].
Abbreviations: A2RB, angiotensin II receptor blocker; ACEI, angiotensin-
converting enzyme inhibitor; ASA, American Society of Anesthesiologists;
ASO, atherosclerotic disease; CABG, coronary artery bypass grafting; CAD,
coronary artery disease; CCB, calcium channel blocker; COPD, chronic
obstructive pulmonary disease; Hb, hemoglobin concentration; MI, myocardial
infarction; PCI, percutaneous coronary intervention; TIA, transient ischemic
attack.

Table 2
Postoperative Myocardial Ischemia Details of All Patients Stratified by the
Presence of PMI

All Patients PMI No PMI p Value

n ¼ 51 n ¼ 5 n ¼ 46
mean (SD) mean (SD) mean (SD)

Longest
ischemia
duration (min)

7.2 (20.4) 22.6 (27.4) 5.6 (19.1) 0.001

Cumulative
ischemia
duration (min)

42.9 (127.0) 224.0 (311.1) 23.3 (72.7) 0.001

Ischemic load
(mV�min)

913.2 (2,797.3) 4,475.6 (6,241.8) 526.0 (1,915.1) 0.001

Preoperative
TnT (ng/L)

32.7 (70.1) 112.2 (200.9) 24.0 (33.1) 0.002

Highest TnT
(ng/L)

54.9 (107.5) 244.2 (278.7) 34.4 (38.9) 0.16

Abbreviation: PMI, perioperative myocardial infarction; SD, standard devia-
tion; TnT, troponin T.

Fig 2. Ischemic time (min) in the leads. Monitoring time is divided into
12-hour units, and the ischemic time/lead is recorded for each unit.
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were reviewed in more detail. Combining cECG and body
position data suggested that these 6 alarms were due to
physical activity provoked by an ischemic episode.

Discussion

This study was designed to investigate the degree of
postoperative IL and its possible associations with PMI, using
the latest PMI definition and hs-TnT generation.18 Continuous
ambulatory ECG monitoring detected postoperative ischemic
episodes in one-third of the high-risk patients undergoing
peripheral arterial surgery. Of the 51 monitored patients, 5
(9.8%) experienced PMI. The cumulative IL detected using
cECG was strongly predictive of PMI. The combination of
axial leads and leads V4 and V5 yielded the best ischemia-
detecting sensitivity (97.2%). Lead V4 outweighed V5 in
ischemia detection.
In light of this and previous studies,8–10,25 it seems evident

that prolonged ST-depression–type postoperative ischemia
predisposes to PMI and an adverse postoperative outcome.
This study demonstrated that IL’s performance was good in
predicting PMI with an AUC (95% CI) of 0.87 (0.75-0.99) and
a positive LR (95% CI) of 3.83 (2.36-6.23). The sensitivity
was excellent, ensuring that prognostically significant ischemia
was not missed. However, an association between IL and a
rising/falling TnT level could not be found, suggesting that
transient, short-duration ischemic events are insufficient to
cause myocardial injury and cardiac enzyme release. Addi-
tional studies are needed to determine which preoperative and



Table 3
Ischemic Load, Longest Ischemic Event, and Cumulative Ischemia Duration in the Prediction of PMI in All Study Patients (n ¼ 51)

Sensitivity Specificity AUC (95% CI) Cutoff Value LRþ

Ischemic load (mV�min) 1.00 0.74 0.87 (0.75-0.99) 12.5 3.83 (2.36-6.23)
Longest ischemic event (min) 1.00 0.76 0.87 (0.76-0.98) 1.34 4.18 (2.50-7.00)
Cumulative ischemia duration (min) 1.00 0.74 0.88 (0.76-0.99) 1.25 3.83 (2.36-6.23)

Abbreviations: AUC, area under receiver operating characteristics curve; LRþ , positive likelihood ratio; PMI, perioperative myocardial infarction.
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postoperative factors increase the IL and cause perioperative
ischemia to develop into PMI and how this could be
prevented.13,26–28 This study showed that the postoperative
heart rate level was significantly higher in patients with
postoperative ischemia compared with those without ischemia.
Furthermore, an increase in heart rate preceded the ischemic
events. These findings suggested that timely postoperative
heart rate control in high-risk patients may protect from
myocardial ischemia. In a previous Holter study by Raby et
al,13 26 ischemic postoperative vascular surgery patients were
assigned randomly to receive either esmolol or placebo to
reach a predefined individual ischemic threshold. Their results
suggested that the treatment group experienced fewer ischemic
episodes, which also were of a shorter duration. The study,
however, was flawed because of the use of alternative β-
blocker therapy in the control group.
The ischemia-detecting sensitivity increases as more leads

are used in monitoring. The 12-lead system, however, is too
complex for routine perioperative monitoring of elderly
patients at ordinary wards. When the number of leads is
reduced, the choice of the precordial leads has important
implications on detecting perioperative myocardial ischemia.
In this study, lead V4 was the most sensitive in detecting
postoperative ischemia, both at the beginning of and at peak
ischemia. This study demonstrated that V4 was superior to V5,
which traditionally has been used most commonly in 3-lead
ECG systems (at the beginning of ischemia [51.4% v 24.7%]
and at peak ischemia [45.7% v 17.4%]; see Table 4). The best
ischemia-detecting sensitivity was acquired with the combina-
tion of the axial leads and leads V4 and V5 (97.2%). These
findings further supported the observation that lead V4 rather
than V5 is the most appropriate precordial lead for the
detection of postoperative ischemia. These results also
Table 4
Sensitivity of cECG Leads and Lead Combinations in the Detection of
Postoperative Ischemia

Lead At the Beginning of Ischemia (%) p Value

V4 51.4
II 39.4 II v V4 0.096
aVF 33.8 aVF v V4 o0.001
V5 24.7 V5 v V4 o0.001

At Peak Ischemia (%)
45.7V4
25.2II II v V4 o0.001

V5 17.4 V5 v V4 o0.001

Abbreviation: cECG, continuous electrocardiogram.
emphasized the need for a re-evaluation of the optimal 3-
lead ECG combination.7

Myocardial ischemia leading to an infarction can evolve
after an atherosclerotic coronary plaque rupture and following
a coronary thrombosis (type I) or because of a decreased
coronary blood flow (type II). The majority of PMIs are type
II,29,30 although in an angiography study by Gualandro et al,31

45% of PMI patients experienced a plaque rupture. In the
study presented here, all detected postoperative ischemic
episodes were of ST-depression type, indicating that perio-
perative physiologic factors such as tachycardia, stress, hypo-
tension, and anemia may have caused stable multivessel
coronary artery disease to become unstable. Stress-induced
ST-depression–type ischemia usually affects a large portion of
subendocardium.32 This explains the incongruence among the
ECG leads with ST-segment depression during ischemia. Only
leads V1, V2, aVL, and aVR did not demonstrate any ischemia
in this study.
The 12-lead Holter device used in this study was not

optimal for postoperative ischemia monitoring in a surgical
ward. To be better-suited for large-scale use in a low-acuity
setting, the device should be lighter, smaller, and easier to
assemble and disassemble. The number of leads should be
reduced to the minimal number that offers adequate sensitivity
and specificity in detecting myocardial ischemia. These
features would enable efficient mobilization of postoperative
patients. In clinical use, the batteries should hold their charge
for the entire monitoring period, which in recent studies has
been 72 hours.33 The data also should be available on a timely
basis, and an alarm should be triggered by prognostically
significant ischemia. The Holter technology allows for mobi-
lization and is an established method for diagnosis of
arrhythmias and ischemia, but the information is available
only after the monitoring period. An integrated motion sensor
would improve accuracy in ST-segment analysis because
changes in body position are the most common cause of
false-positive ST-segment monitor alarms.34 The motion
sensor algorithm used for this study, however, needs more
validation.
This study had some important limitations. First, the study

was designed to investigate the accuracy and usability of a
Holter device in postoperative continuous ischemia monitor-
ing. A 33% incidence of postoperative myocardial ischemia
and a good prediction of PMI using IL were observed, but
because of the small cohort size, this study was statistically
underpowered to build a model that would adequately support
a cumulative IL trigger for an automated ischemia alarm.



A. Ollila et al. / Journal of Cardiothoracic and Vascular Anesthesia 31 (2017) 950–956956
Second, in this study, the cECG monitoring was initiated after
surgery. Therefore, it was possible that preoperative and
intraoperative ischemia periods were not included in the
cumulative parameters. However, it has been shown that
postoperative cardiac ischemia is more common than is
preoperative or intraoperative ischemia, and it is associated
mostly with postoperative cardiac complications.15

In conclusion, one-third of the high-risk vascular surgery
patients experienced postoperative cardiac ischemia, and PMI
was a common complication in these patients. Cumulative IL
detected by continuous postoperative Holter monitoring was a
strong predictor of PMI. The best ischemia-detecting sensitiv-
ity was reached by a combination of axial leads and leads V4
and V5. V4 outweighed V5 in the detection of ischemia. New
solutions are needed for continuous ambulatory ischemia
monitoring in the postoperative surgical ward.
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