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ABS TRACT Objective: QRS amplitude attenuation and prolonged 
QRS duration has been associated with increased mortality in vari-
ous clinical conditions including critical care patients and general 
population. Relative bradycardia has been found to be associated with 
lower mortality in patients with septic shock, but there are no studies 
in literature evaluating the electrocardiographic (ECG) changes and 
changes in heart rate (HR) just before death. Our aim of this study is 
to calculate the gradual changes in these parameters in the last hours 
of life from II derivation telemetry records. Material and Methods:  
We included 30 patients who died in intensive care unit irrespective 
of their diagnosis during admission and follow up. HR, QRS ampli-
tude and QRS duration were analysed from the telemetry recordings 
obtained from the last 10 hours of their life. Results: QRS duration 
prolongs and heart rate decreases during the last 10 hours of life and 
the changes in these parameters were more prominent in the last 
hours. QRS duration increased at rate of 5.43 ms per hour (p<0.001) 
and heart rate decreased at rate of 2.68/min each  hour (p<0.001). 
QRS amplitude attenuation were more subtle (decreased by 0.23 mV 
per hour, p=0.02) compared to QRS duration and heart rate. Conclu-
sion: During last 10 hours of life, there was widening of QRS com-
plex, attenuation of QRS voltage and decrease in heart rate. 
Automated softwares could present these findings in graphics and can 
be used as a prognostic indicators to recognize a dying patient. This 
information could be used in certain acute reversible critical condi-
tions such as fulminant myocarditis, anaphylactic shock, trauma pa-
tients as a sign of  poor prognosis or on decision making regarding 
end-of-life in irreversible illness such as terminal cancer patients.  
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ÖZET Amaç: QRS amplitüdünde azalma ve uzun QRS süresi, yoğun 
bakım hastaları ve genel popülasyon dahil olmak üzere çeşitli klinik 
koşullarda artan mortalite ile ilişkilendirilmiştir. Rölatif bradikardi sep-
tik şokta olan hastalarda düşük mortalite ile ilgili saptanmıştır fakat 
ölüm öncesi kalp hızı değişkenliği ile ilgili yapılmış çalışma bulunma-
maktadır. Bu çalışmadaki amacımız yaşamın son saatlerinde bu para-
metrelerdeki kademeli değişiklikleri II derivasyon telemetri 
kayıtlarından hesaplamaktır. Gereç ve Yöntemler: Yatış ve gözlem sı-
rasındaki tanılarına bakılmaksızın yoğun bakım ünitesinde ölen 30 
hasta çalışmaya alındı. Kalp hızı, QRS amplitüdü ve QRS süresi, ya-
şamlarının son 10 saatinden elde edilen telemetri kayıtlarından analiz 
edildi. Bulgular: Yaşamın son 10 saatinde QRS süresi artıyor ve kalp 
hızı azalıyor; bu değişiklikler son saatlerde daha belirgin hale geliyor. 
QRS süresi saatte 5,43 ms artıyor (p<0.001) ve kalp hızı saatte 2,68/dk 
kadar azalıyor (p<0.001). QRS amplitüdünde azalma QRS süresi ve 
kalp hızı değişikliklerine göre daha az belirgindi (saatte 0,23 mV 
azalma, p=0.02). Sonuç: Yaşamın son 10 saatinde hemodinamik bo-
zulmanın kardiyak elektrik sistemi üzerindeki etkisi, QRS komplek-
sinde genişleme, QRS voltajında zayıflama ve kalp hızında azalma 
olarak kendini gösterir. Bu bulgular bilgisayar yazılımları yardımıyla 
grafik olarak gösterebilir ve ölen hastayı tanımak için bir belirteç ola-
rak kullanılabilir. Bu bilgiler, fulminan miyokardit, anafilaktik şok, 
travma hastaları gibi bazı akut geri dönüşümlü kritik durumlarda hayat 
kurtarıcı bir alarm olarak veya terminal kanser hastaları gibi geri dö-
nüşümsüz hastalıklarda yaşam sonu ile ilgili karar vermede kullanıla-
bilir. 
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Although electrocardiogram (ECG) changes are 
of great diagnostic value and have been used to pre-
dict the outcome in various cardiac conditions and dif-
ferent non-cardiac diseases with cardiac involvement, 
there have been only few reports evaluating the prog-
nostic value of these parameters in critically ill pa-
tients.1-3 In a cohort of nearly 10,000 critically ill 
patients in Irish population, an abnormal ECG was a 
powerful predictor of in-hospital mortality. Only 4 of 
4,177 acutely ill patients with a normal ECG died 
within 24 hours. The other 55 patients who died within 
24 hours had ECG abnormalities during admission.4 
In a study of centenarian population Romhilt-Estes left 
ventricular hypertrophy (LVH) criteria scores ≥5 
points, low ECG QRS voltages (Sokolow-Lyon volt-
age <1.45 mV), and wide QRS complexes of ≥90 ms 
were predictive of 360 day mortality.5 Similarly in a 
recent study performed in large population of 1486 
critically ill intensive care unit patients, low QRS volt-
age (a combined lead I+II) was a major predictor of 
in-hospital mortality.6 Besides critically ill patients, 
low QRS voltage was also correlated with increased 
mortality during one year follow-up in patients with 
systolic heart failure and patients waiting for cardiac 
transplantation.7 Decrease in QRS amplitude is related 
with decrease in viable myocardium and decrease in 
cardiac function.6 Disease affecting conduction system 
such as bundle branch block, manifest as increase in 
QRS duration.8 A study performed in septic shock pa-
tients found that there was a mean decrease in QRS 
amplitude and prolongation in QRS duration compared 
to the controls. Also, these changes were reversible and 
returned to normal in patients who recovered from sep-
tic shock.9 Sepsis is very often associated with multi-
organ dysfunction, cardiomyopathy being one of them 
and 10% of all fatalities has been attributed to in-
tractable heart failure in a review.10 There is not any 
study showing the change in heart rate (HR) just before 
death. Our aim is to see the pattern how QRS ampli-
tude, QRS duration and HR changes in intensive care 
unit patients during the last 10 hours of life.  

 MATERIAL AND METHODS 
The study was performed by retrospective analysis of 
data stored in the telemetry recording system con-
nected to patients during their stay in intensive care 

unit. Thirty patients, irrespective of their diagnosis 
during admission and follow up, who died in inten-
sive care unit during January 1/2018-August 30/2018 
were included in the study. Just after exitus, patients’ 
telemetry recordings were analyzed, ECG prints were 
obtained on hourly basis starting from exitus time to 
10 hours retrospectively (Figure 1, 2). QRS voltage 
was measured in lead II from the lowest negative de-
flection (i.e. the Q wave) to the highest positive de-
flection (i.e.the R wave) regardless of the ECG 
baseline and noted in millivolt (mV) units. QRS du-
ration was measured from lead II starting from the 
first deflection of QRS at isoelectric line to the last 
deflection at isoelectric line and calculated in mil-
lisecond (ms) units. Duration between consecutive R 
wave (RR duration) was also calculated in lead II in 
ms units and HR was calculated by formula 
60000/RR duration in ms. Arterial blood pressure 
was also measured simultaneously. 

All data were entered in IBM SPSS Statistics 23, 
analyzed using Fitting Marginal Model and shown in 
graphs as Spaghetti Plots and Box Plots through time 
points. 

Ethical approval of the study was obtained from 
Mehmet Ali Aydinlar Acibadem University Ethics 
Committee (Reference no: ATADEK 2018-17/16) 
which conformed to the principles outlined in the 
declaration of Helsinki.11 

 RESuLTS 

Baseline characteristics of the patients are shown in 
Table 1. The patients included in the study had hy-
pertension in the ratio of 63.3%, diabetes mellitus in 
the ratio of 16.7%, coronary artery disease in the ratio 
of 33.3%, chronic obstructive pulmonary disease 
(COPD) in the ratio of 16.7% and malignancy in the 
ratio of 6% (Table 1). 

There was consistent increase in QRS duration 
and decrease in HR during the last 10 hours of life 
and the most prominent increase were seen in the last 
hours. QRS duration increased at rate of 5.43 ms per 
hour (p<0.001) and HR decreased at rate of 2.68/min 
each hour (p<0.001). QRS amplitude attenuated in 
almost all patients although the changes were more 
subtle (decreased by 0.23 mV per hour, p=0.02) 
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compared to QRS duration and HR. The findings of 
the study are shown by using spaghetti plots in  
Figure 3 and box plots through time points in Figure 
4. The results are interpreted in Figure 5, Figure 6 
and Figure 7. 

 DISCuSSION 
In our study there was consistent decrease in QRS 
voltage, heart rate and increase in QRS duration dur-
ing the last 10 hours of life. Although this study was 
conducted in small population of patients, the find-
ing was consistent in all patients without exception. 

The major cause of death in our patient popula-
tion can be listed as follows: Pneumonia, malignan-
cies, heart failure and cardiogenic shock, septic shock, 
cirrhosis, arrhythmia and intracranial bleeding. 

Patients in septic shock had both decrease in QRS 
amplitude and increase in QRS duration. This effect was 
thought to be due to decrease in sodium current and loss 
of excitability of cardiac tissue secondary to sepsis, as 
has been shown in animal models. These ECG changes 
were reversible in patients who recovered.9 

FIGURE 1, 2: ECG samples of two different patients during their last hours of life. In Figure 2 pacemaker ECG was presented to demonstrate changes in QRS voltage and 

QRS duration despite the same pacing site and same pacing voltage.

1

2

Age 73.8±13.2 

Gender (women/men) 17/13  

Hypertension 19 (63.3%) 

Diabetes mellitus 5 (16.7%) 

Coronary heart disease 10 (33.3%) 

COPD 5 (16.7%) 

Malignancy 1 (%6.0) 

TABLE 1:  Baseline characteristics of the patients.

COPD: Chronic obstructive pulmonary disease.
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In a large scale study of 12409 acute coronary 
syndrome patients, low QRS amplitude on admission 
ECG (<0.5 mV in all limb leads and <1.0 mV in all 
precordial leads) was an independent predictor of 
higher in-hospital mortality.12 Similarly, an associa-
tion between low QRS voltage and all cause mortal-
ity was found in a population of 6440 participants 
without any cardiovascular disease and mean age 
60.13 

A transient QRS attenuation has also been seen 
in takotsubo cardiomyopathy patients who returned 
to normal values once the cardiac function returned to 
normal and an increase in QRS amplitude specifically 
in aVR lead has been shown to be a good predictor of 
clinical improvement in decompensated heart fail-
ure.14,15 In a study conducted in heart failure patients, 
a decrease in QRS amplitude was associated with ad-
verse outcome and was a marker of disease severity.6 

FIGURE 3: Gradual changes in QRS amplitude, QRS duration and heart rate during last 10 hours of their life shown by Spaghetti Plots.

FIGURE 4: Gradual changes in QRS amplitude, QRS duration and heart rate during last 10 hours of their life shown Box Plots through time points.



In a prospective study of critically ill patients, low 
QRS voltage was also found in patients with anasarca 
type edema. A decrease in pacemaker spike has been 
noted during anasarca postulating that decrease in 
QRS sometimes might not be solely due to myocar-
dial origin. It might be due to hypervolemic state and 

edema in the extremities where electrodes are 
placed.16,17 Patients who died of cardiogenic shock 
and sepsis have increase in extracellular volume and 
decrease in myocardial function. Patients with liver 
failure, severe pulmonary infections and malignan-
cies have low albumin levels and interstitial and ex-
tracellular edema. Both of these mechanisms may 
have contributed to the decrease in QRS voltage.  

Prolongation of QRS duration has been associ-
ated with increased mortality in various studies. QRS 
duration, T wave inversion and QRS/T angle have 
been shown to be associated with sudden cardiac 
death and death from all causes in general popula-
tion.18 Delayed intrinsicoid deflection (DID) which 
results in prolongation of QRS duration has been as-
sociated with increased sudden cardiac arrest (SCA) 
independent of echocardiographic LVH, electrocar-
diographic LVH and reduced left ventricular ejection 
fraction (LVEF) in an ongoing prospective, popula-
tion-based Oregon Sudden Unexpected Death Study 
(Oregon SUDS).19 Increased QRS duration has been 
associated with poor in-hospital outcome and severe 
complications such as circulatory failure, ventricular 
tachycardia or fibrillation, ventilation requirement in 
Takotsubo cardiomyopathy and higher hospital mor-
tality risk in fulminant myocarditis patients. Wide 
QRS implies mild or early stage progressive my-
ocardial damage in myocarditis and takotsubo.20,21 PR 
interval elongation and widened QRS complex has 
been shown to be independent risk factors for devel-
oping fulminant myocarditis in an adult patient with 
viral myocarditis.22 In a patient population with cor-
rected Tetralogy of Fallot (TOF), a longer QRS du-
ration was associated with increased risk of 
developing malignant ventricular arrhythmia.23 In-
tensive care patients in their last hours usually have 
haemodynamic collapse which results in myocardial 
depression, myocarditis, myocardial damage and im-
pairment in normal conducting system of heart. All of 
these factors may have contributed to the widening 
of QRS as mentioned earlier. 

Relative bradycardia was associated with lower 
21 day mortality in critically ill patients with septic 
shock compared to never bradycardia (21% vs 34%) 
in a study.24 But till date, there is not any study to re-
veal the correlation between bradycardia and higher 
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FIGURE 5: Decrease in heart rate per hour.

FIGURE 6: Decrease in QRS amplitude per hour.

FIGURE 7: Increase in QRS duration per hour.
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mortality in critically ill patients. Also, no study has 
been performed to show the changes in HR during 
the last hours of life. Our study shows that during last 
hours, along with the decrease in QRS amplitude and 
an increase in QRS duration, the HR decreases grad-
ually before it comes to an ultimate stop. 

The least prominent change was found in QRS 
amplitude. This could be explained by the change in 
position of leads during 10 hours. Usually the motor-
ization leads were placed in the same anatomical 
landmarks. The change in lead position could change 
the amplitude of QRS but the duration and rate are 
not subject to change due to change in lead position. 

Many measures of mortality have been proposed 
and are being used to predict the mortality of criti-
cally ill patients. QRS amplitude, QRS duration and 
HR can be easily calculated by automated machines 
and could be illustrated in graphics. We are collect-
ing data from larger number of patients. If these find-
ings will be consistent, then programs could be 
integrated in modern monitors to show the changes 
in QRS amplitude, QRS duration and HR in graphics. 
This could alert the physician that the mortality is 
high. 

Limitations 

This study was performed in a small number of pa-
tients and should be confirmed by large scale stud-
ies. Also, the changes in these parameters earlier than 
10 hours before death has not been studied and 
whether it is consistent with our findings is not 
known. When the patients are in the last hours, they 
usually enter to an irreversible state and it is difficult 
to avoid mortality. The ECG changes might be very 
subtle and not apparent in the time period when there 
is still chance to reverse the clinical condition and 
prevent mortality. The changes earlier than last 10 
hours should also be studied for this answer. Al-
though we use standard position for the placement of 
telemetry leads, there might be subtle change in po-
sition during 10 hours. Although this subtle change in 
position has no effect in heart rate and QRS duration, 
amplitude might differ. 

 CONCLuSION 

Calculation of QRS amplitude, QRS duration and HR 
from telemetry recordings is very practical. We found 
that during the last 10 hours of life the overall impact 
of the hemodynamic deterioration on cardiac electri-
cal system is manifested as widening of QRS com-
plex, attenuation of QRS voltage and decrease in HR. 
Automated softwares could be developed to present 
these findings in graphics and can be used as a prog-
nosticator to recognize dying patient. This could have 
a profound influence on patients’ and families’ deci-
sion regarding end-of-life in irreversible illness such 
as terminal cancer patients. On the other hand, these 
finding could be a life saving alarm in certain acute 
reversible critical conditions such as fulminant my-
ocarditis, anaphylactic shock, travma patients. 
Whether these findings will be different in those who 
respond to cardiopulmonary resuscitation and is a 
subject for further investigation. 
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