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Abstract

Introduction. Every year, more than 1 million limb amputations are recorded worldwide, with the main 
causes being vascular diseases and injuries. Since the beginning of the large-scale war the number of 
amputees in Ukraine has rapidly increased. They require long-term rehabilitation and monitoring of vital 
functions.
Aim. To investigate the peculiarities of electrocardiogram (ECG) recording and analysis in military 
personnel with limb amputations during rehabilitation.
Materials and methods. The ECGs of 48 military personnel with various levels of limb amputations in 
inpatient rehabilitation were analyzed; 5 cases are presented.
Results. The ECGs of five military personnel with different levels of limb amputations were analyzed. 
When assessing the voltage of the ECG complexes and analyzing their waves, intervals and segments, 
changes in standard and augmented leads are noted. Differences in cardiac activity indicators were found 
with incorrect electrode placement, which can lead to erroneous ECG analysis due to improper recording 
technique during amputations. When assessing the shape, duration and amplitude of the ECG elements, 
an increase in the amplitude of the P wave and a decrease in the duration of the QRS complex were found, 
which can be regarded as gradual benign physiological changes at the initial stage after amputation. 
Myocardial repolarization parameters were analyzed, including the duration of the QT, QTc, Tr-e intervals, 
the Tr-e/QT, and Tr-e/QTc ratios, which should be considered as markers for predicting ventricular 
arrhythmias and cardiovascular mortality.
Conclusions. During rehabilitation and active use of the prosthesis, physical exertion increases, which 
requires monitoring of vital functions. The prosthetics process requires rehabilitation at all stages 
(pre‑prosthetic, interprosthetic, and prosthetic) both in inpatient and outpatient settings. Monitoring 
tolerance to physical exertion, which increases during rehabilitation, and the functions of vital organs 
is a  necessary diagnostic procedure. ECG is a  mandatory method of instrumental diagnostics at 
the rehabilitation stage, which requires its correct performance and analysis in patients with limb 
amputations depending on the level of amputation.
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INTRODUCTION

More than 1 million limb amputations occur 
worldwide each year, which equates to one amputation 
every 30 seconds. The most common causes of limb 
amputations are vascular disease (54%) and trauma 
(45%), as well as malignancies, complications of diabetes, 
or congenital anomalies. The number of amputations due 
to vascular disease increases due to population aging and 

chronic diseases. The prevalence of traumatic amputation 
has increased in recent decades from 370.25 million in 
1990 to 552.45 million in 2019 [1].

According to an analysis of wound statistics in 
recent military conflicts from 2007 to 2017, polytrauma 
was observed in 69.6%; the most common pattern of 
battlefield injuries is multiple shrapnel wounds involving 
multiple anatomical sites  [2]. Since the beginning of the 
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large-scale war, the number of amputees in Ukraine has 
increased by 50 thousand, and the number of serious 
injuries caused by the war has reached 200 thousand 
people, of whom 10% require amputation [3].

Rehabilitation care in Ukraine is regulated by 
rehabilitation routes, in particular for amputations 
(Order of the Ministry of Health of Ukraine No.  2083 
of 16.11.2022 [4]) and the requirements for rehabilitation 
services in inpatient and outpatient settings within the 
framework of the Medical Guarantees Program of the 
National Health Service of Ukraine (NHSU)  [5]. In 
addition to the necessary rehabilitation services, the 
NHSU provides a  list of diagnostic measures that must 
be performed in rehabilitation institutions, among which 
electrocardiography (ECG) is mandatory. ECG is a routine 
instrumental method of research but requires a  clear 
implementation of the methodology for its registration, 
and, in patients with limb amputations, the correct 
application of electrodes in case of limbs loss.

AIM

Study of the features of registration and analysis 
of ECG in military personnel with limb amputations to 
monitor the condition of the cardiovascular system (CVS), 
in particular during the rehabilitation stage.

MATERIALS AND METHODS

The study recorded ECGs of 48 servicemen 
(mean age 34.1±6.8 years) with various types of limb 
amputations in inpatient rehabilitation in State Institution 
«Territorial Medical Association of the Ministry of 
Internal Affairs of Ukraine in Odessa Region» and State 
Institution «Multi-profile Hospital of Veterans» of the 
Odessa Regional Council in the post-acute rehabilitation 
period at the stage of preparation for further prosthetics. 
No cardiovascular diseases (CVD) were noted in the 
history of the examined.

For further analysis, ECGs of five servicemen with 
different levels of limb amputations were used. The study 
has a clinical case format (5 clinical cases): two patients 
with amputations of one upper limb at the level of the 
upper 1/3 of the shoulder; three patients with lower limb 
amputations, one of whom had an amputation at the level 
of the middle 1/3 of the lower leg, one with an amputation 
above the knee, and one with an amputation of both lower 
limbs above the middle of the thigh.

Study design: single-stage (transverse). Study 
feature: ECG was recorded twice (simultaneously, 
sequentially): with correct and incorrect electrode 
placement. Disposable electrodes and a  6‑channel 
electrocardiograph were used to record the ECG. With 
correct placement of the electrodes on the healthy limb, 
they were placed at the stump level (at  the height of 

the amputation) symmetrically at the same level as the 
electrode on the amputated limb on the inner surface of 
the limbs; with incorrect placement, the electrodes were 
placed on the healthy limb without taking into account 
the height of the amputation; ECG recording speed was 
50  mm/s and amplitude was 20  mm/mV to increase the 
sensitivity of measurements [6].

RESULTS

When one upper limb is amputated, the electrodes 
of the right  (R,  red) and left forearm (L, yellow) are 
placed symmetrically on the inner surface at the level 
of the stump. When both upper limbs are amputated, 
but at different levels, the electrodes are placed on 
the inner surface at the level of the shortest stump of 
the upper limb. When one lower limb is amputated, 
the electrodes from the leads from the lower limbs – 
the  right  leg  (N,  black) and the  left  leg  (F,  green) – are 
placed symmetrically at the level of the stump. When 
both lower limbs are amputated, the electrodes from the 
leads from the lower limbs are placed symmetrically on 
the shorter stump. Compliance with the specified method 
of applying electrodes when recording ECG is the key to 
preserving the Einthoven equilateral triangle (which is the 
basis of ECG electrophysiology) [7].

When analyzing the ECG of five patients with limb 
amputations, the following trends were found. When 
assessing the voltage of the complexes and analyzing the 
waves, intervals and segments of the ECG complexes, 
changes in the standard and amplified leads were 
particularly noticeable. It should be noted that significant 
differences were found in the indicators of cardiac activity 
with incorrect electrode placement (Table  1), which can 
lead to incorrect ECG analysis if the technique of its 
registration is incorrect in patients with amputations. 
When assessing the shape, duration and amplitude 
of the ECG elements, an increase in the amplitude of 
P  wave and a  decrease in the duration of QRS complex 
were found, which can be regarded as gradual benign 
physiological changes at the initial stage after amputation. 
However, an increase in the duration of P  wave can 
occur in pathological conditions such as heterogeneous 
and intermittent atrial conduction and can be a precursor 
of atrial arrhythmias, including atrial fibrillation. 
Myocardial repolarization parameters were analyzed, 
including duration of QT intervals, QTc, Tr-e, Tr-e/QT and 
Tr‑e/ QTc ratios, which should be considered as markers 
for predicting ventricular arrhythmias and cardiovascular 
mortality.

Thus, when analyzing the ECG in patients with 
amputations, special attention should be paid to the 
following parameters: analysis of standard and enhanced 
leads; characteristics of P wave and QRS complex; 
myocardial repolarization parameters (QT duration, QTc, 
Tr-e, Tr-e/QT and Tr-e/QTc ratios).
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Table 1
Features of ECG Analysis in Patients with Amputation Depending on Electrodes Location, Clinical Case of ECG 

of Military Man X, 32 Years Old
ECG parameters Correct electrode placement Incorrect electrode placement

Pd, ms
I lead (125,0)
II lead (102,0)
III lead (90,0)

I lead (77,5)
II lead (77,5)
III lead (77,5)

P+, mV
I lead (0,09)
II (0,14)
III (0,07)

I lead (0,08)
II (0,13)
III (0,07)

Pd, ms AVR (100.0)
AVF (125.0)

AVR (77.5)
AVF (77.5)

DISCUSSION

Patients with amputations require rehabilitation at all 
stages: pre-amputation, pre-prosthetic, inter-prosthetic and 
post-prosthetic, which is expensive and time-consuming, 
but extremely necessary in social terms. This laborious 
process in the case of military trauma is complicated by the 
consequences of polytrauma, multiple surgical interventions 
for it, the presence of post-traumatic stress disorder (PTSD), 
which requires control of the body’s vital functions, of which 
the cardiovascular function is the leading one due to the 
increasing physical loads during rehabilitation.

Economic studies conducted in the USA have 
shown that medical costs associated with the war for 
veterans of Iraq and Afghanistan are significantly higher 
than in previous conflicts, and will increase with aging 
and the development of chronic diseases  [8]. Cost-
effectiveness in reducing medical costs can be achieved 
by timely application of early interventions (trauma care, 
rehabilitation, early diagnosis of PTSD) and preventive 
programs, which will avoid the treatment of costly 
secondary and tertiary complications in the future. Similar 
economic calculations are also confirmed by studies 
conducted in the United Kingdom [9].

According to the Clinical Guidelines for Pre- and 
Postoperative Physical Therapy in Adults with Lower Limb 
Amputations, the physical therapist should understand 
the possible physiological effects and complications 
that accompany amputations  [10]. Amputations due to 
dysvascular causes and diabetes mellitus are common in 
older people with comorbidities, the leading and most 
threatening of which are CVD. It has been shown that 
in patients after traumatic lower limb amputation, the 
probability of myocardial infarction is approximately 
19.8‑42%, hypertension – 42.7‑80.3%, hyperlipidemia  – 
37.6%, coronary atherosclerosis – 12.4%, aortic aneurysm 
– 5.8%, which is much higher than in people without 
amputation  [11]. In addition, compared with distal 
amputation, with proximal amputation, the incidence of 
CVD is higher (63.1% vs. 76.6%), and, compared with 
unilateral amputation, bilateral lower limb amputation is 
associated with an additional increase in the incidence of 
CVD (11.8% vs. 17.5%) [11].

When analyzing the ECG in patients with limb 
amputations, we also considered the study of ECG 
parameters of football players with limb amputations [12]. 
In this study, the ECG of amputee football players 
and healthy football players, as well as people with 
a sedentary lifestyle, was compared. The authors showed 
that some ECG parameters, namely duration of QTc and 
QRS, amplitude of P  wave in players with amputated 
limbs differed from those who did not have amputations. 
A  slight increase in QTc interval and a  decrease in 
duration of QRS did not reach a pathological level and did 
not carry a risk of developing arrhythmias, and, according 
to the authors, reflected physiological adaptation; the 
parameters of ventricular repolarization Tp-e, Tp-e/
QT and Tp-e/QTc did not differ between the groups, 
which further confirms this conclusion, and an increase 
in the amplitude of P  wave also reflected physiological 
adaptation  [12]. ECG changes in limb amputations have 
physiological causes: an increase in the amplitude of 
P  wave is associated with a  narrowing of the volume of 
the space in the veins and the expulsion of excess blood 
to the heart, which leads to a moderate increase in cardiac 
output  [12]; a  decrease in the duration of QRS complex 
may be associated with an increase in peripheral vascular 
resistance  [11] as a  result of amputation and an increase 
in sympathetic tone, which causes cardiac tachycardia 
and subsequently an increase in myocardial contractile 
force. Lower limb amputation leads to an increase in 
peripheral vascular resistance, while changes in peripheral 
vascular impedance are closely associated with CVD [11]. 
Echocardiographic studies by the same authors found that 
left ventricular end-diastolic diameter and early diastole 
values in football players with limb amputations were 
lower and the thickness of the left ventricular posterior 
wall was higher than in healthy football players and 
sedentary individuals  [12]. These results confirm that 
patients with limb amputations exhibit changes in cardiac 
structure compared to healthy individuals.

Limb amputations are accompanied by a number of 
physiological changes and are prognostically threatening 
for the development of cardiac pathology. According to 
the results of long-term (over 30 years) observation of the 
health status of World War  II veterans, it was found that 
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with unilateral amputation, CVD pathology was 1.5 times 
more common, and with bilateral amputation – 3.5 times 
more common, than without amputation. A  study of the 
health status of veterans of the war in Afghanistan showed 
that traumatic amputation is associated with a decrease in 
coronary blood flow reserve and increased cardiovascular 
risk  [13]. It should be noted that in addition to traumatic 
amputation, the leading causes of amputations are lower 
limb vascular diseases, complications of diabetes mellitus, 
malignant neoplasms, which are already risk factors for 
the development of cardiac events [14].

For this reason, it can be expected that prolonged 
physical activity in patients with amputations may 
lead to various structural changes in the heart, which 
requires dynamic ECG monitoring, especially during the 
rehabilitation phase, and the correct implementation of 
the ECG recording procedure in amputations. Incorrect 
electrode placement techniques without taking into account 
the level of amputation, according to our observations, lead 
to incorrect interpretation of ECG results.

CONCLUSIONS

Patients with limb amputations require 
dynamic monitoring and long-term, almost lifelong, 
rehabilitation. The aging process and the peculiarities 
of the cardiovascular system in patients after limb 
amputations lead to an increased risk of developing 
a number of pathological conditions, including myocardial 
infarction, hypertension, hyperlipidemia and coronary 
atherosclerosis,  etc. In wartime, amputations are often 
accompanied by multiple trauma, which requires 
monitoring of the function of vital organs.

Limb amputations in military conditions affect mainly 
active young people, causing significant socio-economic 
consequences due to loss of working ability, socialization 
and quality of life. The prosthetics process requires the 
provision of rehabilitation care at all stages (pre-prosthetic, 
inter-prosthetic, prosthetic) both in inpatient and outpatient 
settings. During rehabilitation and active use of the 
prosthesis, physical exertion increases, which requires 
monitoring of tolerance to physical loads and the function 
of vital organs, in particular the cardiovascular system. 
ECG is a  mandatory method of instrumental diagnostics 
at the rehabilitation stage, which requires its correct 
performance and analysis in patients with limb amputations 
depending on the level of amputation.

Prospects for further research. The results of this 
study are aimed at improving the quality of healthcare in 
the field of rehabilitation care and functional diagnostics, 
integration and coordination of medical care. At the same 
time, the study has certain limitations that should be 
taken into account when interpreting the findings (limited 
sample size, lack of long-term observations). Further 

research should focus on collecting and analyzing a larger 
number of ECG studies and long-term observations. Such 
scientific steps can provide an evidence base for analyzing 
a significant amount of data at the population level.
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Резюме

ОСОБЛИВОСТІ ЕЛЕКТРОКАРДІОГРАФІЇ ПРИ АМПУТАЦІЯХ КІНЦІВОК НА ЕТАПІ РЕАБІЛІТАЦІЇ
Костянтин Д. Бабов1, Ірина К. Бабова2, Світлана П. Онищак2, В’ячеслав С. Рожков1

1Державне неприбуткове підприємство «Український науково-дослідний інститут реабілітації та курортології 
Міністерства охорони здоров’я України», м. Одеса, Україна
2Державна установа «Територіальне медичне об’єднання МВС України по Одеській області», м. Одеса, Україна

Вступ. Щорічно у  світі фіксується понад 1 мільйон ампутацій кінцівок, основними причинами яких є 
захворювання судин і  травми. З  початку широкомасштабної війни кількість ампутантів в  Україні стрімко 
збільшується. Вони потребують тривалої реабілітації та контролю стану вітальних функцій.
Мета. Дослідити особливості реєстрації та аналізу електрокардіограми  (ЕКГ) у  військових з  ампутаціями 
кінцівок на етапі реабілітації.
Матеріали та методи. Проаналізовано ЕКГ 48 військових з  різними рівнями ампутацій кінцівок в  умовах 
стаціонарної реабілітації; надано 5 кейсів.
Результати. Проаналізовано ЕКГ п’яти військових з  різними рівнями ампутацій кінцівок. При проведенні 
оцінки вольтажу комплексів та аналізу зубців, інтервалів та сегментів комплексів ЕКГ звертають на себе 
увагу зміни у стандартних та посилених відведеннях. Виявлено відмінності в показниках серцевої активності 
при неправильному накладанні електродів, що може призвести до невірного аналізу ЕКГ за умов невірної 
техніки її реєстрації при ампутаціях. При оцінці форми, тривалості та амплітуди елементів ЕКГ було виявлено 
збільшення амплітуди зубця  P, зниження тривалості комплексу QRS, що може бути розцінено як поступові 
доброякісні фізіологічні зміни на початковому етапі після ампутації. Були проаналізовані параметри 
реполяризації міокарда, включаючи тривалість інтервалів QT, QTc, Тр-е, співвідношення Тр-е/QT і  Тр-е/QTc, 
які слід враховувати як маркери для прогнозування шлуночкових аритмій і серцево-судинної смертності.
Висновки. В  процесі реабілітації та активного користування протезом зростають фізичні навантаження, 
що потребує контролю життєво важливих функцій. Процес протезування потребує надання реабілітаційної 
допомоги на всіх етапах (передпротезний, міжпротезний, протезування) як в  стаціонарних, так 
і  в  амбулаторних умовах. Контроль толерантності до фізичних навантажень, які збільшуються під час 
реабілітації, та функції вітальних органів є необхідною діагностичною процедурою. ЕКГ є обов’язковим 
методом інструментальної діагностики на етапі реабілітації, що потребує її правильного виконання та 
аналізу у пацієнтів з ампутаціями кінцівок залежно від рівня ампутації.
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