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INTRODUCTION

Aging is a risk factor for cardiovascular morbidity, as the prevalence of atherosclerosis,
myocardial infarction, and stroke increases with age[1]. Among all the physiological
alterations that occur during the lifespan of a human being, changes in cholesterol
metabolism are among the most important. Total cholesterol levels increase beginning
from age 18-19 in men and age 20-21 in women and reach their climax at 50-51 and 56-
57 years of age, respectively[2]. Although the concentration of endogenously
synthesized cholesterol exceeds the amount of exogenous dietary cholesterol in the
bloodstream, the inhibition of cholesterol absorption by ezetimibe reduces both low
density lipoprotein (LDL)-c levels and the occurrence of cardiovascular events[3-5].
The particular benefit of ezetimibe treatment in regard to hard cardiovascular
outcomes in patient populations over 75 years of age was only recently demonstrated
in large cardiovascular outcome trials, such as IMPROVE-IT[6] (secondary prevention)
and EWTOPIA 75[7] (primary prevention).

CHOLESTEROL METABOLISM

Cholesterol is one of the key components of the cell membrane and a precursor of
steroid hormones, bile acids and vitamin D. Plasma cholesterol levels are regulated by
three factors: Dietary absorption, endogenous biosynthesis in the liver and bile acids
that are reabsorbed in the small intestine. Endogenous cholesterol synthesis begins
with the 18-step formation of mevalonate through its conversion by HMG (3-hydroxy-
3-methyl-glutaryl-) CoA reductase, which is a target of statin therapy, and ends with
the 19-step synthesis of cholesterol from lanosterol. This cascade of reactions occurs in
all nucleated cells and is catalyzed by a diversity of enzymes. Late precursors of
cholesterol, such as squalene, cholestanol, desmosterol and lathosterol, are
traditionally used as cholesterol synthesis markers. Due to its structure, cholesterol
cannot be easily transported to tissues. Therefore, it is transported by lipoproteins,
which contain triglycerides and cholesterol in their cores and apolipoproteins on their
surface. Very low-density lipoprotein is synthesized in the liver and hydrolyzed to
LDL in two steps. LDL is the major transporter of cholesterol in the plasma.

In addition to be endogenously synthesized, cholesterol is absorbed from the diet. In
the small intestine, esterified cholesterol is converted to free cholesterol, which is
absorbed via transport and endocytosis by NPC1L1 (Niemann-Pick Cl-Like 1). In
enterocytes, chylomicrons are formed from cholesterol, phospholipids, and triacyl-
glycerol by apoprotein B48. Chylomicrons are transported via the lymphatic system to
the bloodstream, where they deliver fatty acids to peripheral tissues and are
eventually degraded by the liver. Moreover, nonesterified plant sterols and “excess
cholesterol” are excreted back into the small intestine via the ATP-binding cassette
transporter (ABCG5/G8) heterodimer. This results in large differences between
cholesterol and plant sterol concentrations in the bloodstream, with plasma cholesterol
levels being approximately 1000-fold higher than plant sterol levels.

PATHOPHYSIOLOGIC ASPECTS OF CHOLESTEROL METABOLISM IN
AGING

The increase in LDL-c levels with age can be explained by several factors: A decrease
in LDL receptor levels, an increase in the levels of apoB-100 in the liver and serum][8],
an increase in cholesterol absorption, and a decrease in bile acid synthesis[9].

Animal studies have demonstrated that the cholesterol absorption rate increases
with age[10,11]. According to Duan et al[11], cholesterol absorption in older mice
(measured by the plasma dual isotope ratio method) is higher than that in younger
mice, which is mechanistically explained by an increase in NPC1L1 mRNA expression
with aging. Interestingly, the expression of ABCG5/G8, a transporter that pumps
plant sterols back into the intestinal lumen and thus decreases plant sterol concen-
trations in the plasma, is negatively correlated with aging[11].

Another important age-related alteration is a reduction in CYP7A1 expression, an
enzyme involved in bile acid synthesis. This leads to a decrease in bile acid synthesis,
which in turn results in a lower cholesterol utilization rate[9].

Unfortunately, the number of human studies in this context is very limited. One
study reported a positive correlation between cholesterol synthesis marker levels and
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aging in a Northern Italian population. In that study, cholesterol absorption marker

levels were also elevated in elderly individuals but not in patients with gallstones[12]
(Figure 1).

METHODS OF CHOLESTEROL ABSORPTION MEASUREMENT

Methods to quantify cholesterol absorption were established as early as 1960[13,14].
Almost all of the early methods were based on isotope labeling of plasma and fecal
probes: Cholesterol balance, single-dose isotopic feeding, dual isotope plasma ratio,
continuous isotope feeding, and intestinal perfusion[13]. Another validated method
that does not require isotope feeding is the measurement of the ratio of plant sterol
levels (campesterol and sitosterol) and cholestanol levels (metabolite of cholesterol),
which is performed mainly via high-performance liquid chromatography. Plant sterol
concentrations have been shown in several studies to be markers of cholesterol
absorption[15].

INHIBITION OF CHOLESTEROL ABSORPTION IN ELDERLY INDIVIDUALS
Early studies

A landmark study addressing the importance of cholesterol metabolism in elderly
patients was the DEBATE-Study[16]. Strandberg and colleagues conducted a
prospective cohort study of home-dwelling elderly individuals to assess the prognostic
value of markers of cholesterol metabolism (absorption vs synthesis). They found that
low cholesterol absorption in individuals older than 75 years of age was associated
with fewer cardiovascular events and better survival. In that study, the levels of
markers of cholesterol synthesis were negatively associated with cardiovascular
outcomes[16]. Strandberg and colleagues speculated that lower cholesterol absorption
was associated with better prognosis since these individuals had a lower cholesterol
burden during their lifespan. On the other hand, the worse prognosis may have also
been due to increased plant sterol absorption. Similar results were reported by our

group in elderly patients with aortic stenosis and patients with diabetes mellitus[17,
18].

Statins

Statins inhibit 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase in the
liver, thus preventing the formation of mevalonate, which determines the rate of
endogenous cholesterol synthesis[19]. Statins reduce LDL-c levels by up to 60%
depending on the specific drug and dose (rosuvastatin is the most potent statin, as 40
mg of rosuvastatin reduces LDL-c levels by 55%)[20]. Although statins are the
cornerstone of lipid-lowering therapy, target goal attainment with statin monotherapy
is often unsatisfactory. In JUPITER (Justification for the Use of Statin in Prevention: An
Intervention Trial Evaluating Rosuvastatin), approximately 10% of the patients
showed no change in LDL-c levels, and over 40% had a LDL-c level reduction below
50%[21]. Several loci were identified by genome-wide association studies to be
responsible for “nonresponsiveness” to statin therapy[21,22]. On the other hand,
ezetimibe treatment is particularly effective in these patients since low endogenous
synthesis is associated with high cholesterol absorption[23,24].

The secondary analysis of ALLHAT-LTT demonstrated that statins (pravastatin)
conveyed no benefit in a primary prevention setting. Moreover, there was a nonsigni-
ficant trend toward increased all-cause mortality in the pravastatin group vs. the
placebo group. PROSPER (PROspective Study of Pravastatin in the Elderly at Risk)
evaluated hard cardiovascular outcomes in pravastatin- vs placebo-treated patients.
Pravastatin reduced primary endpoints (a composite of coronary death, nonfatal
myocardial infarction, and nonfatal stroke occurrence) after 3 years of follow-up. The
subgroup analysis in the study revealed that this effect was stronger among those with
established cardiovascular disease than among those without cardiovascular diseases,
implying that statins are less effective in a primary prevention setting. However, no
significant difference was observed in the interaction test between groups. Moreover,
in pravastatin-treated patients, the incidence of newly diagnosed cancer was 25%
higher than in the placebo group, although a meta-analysis did not show any
significant association with cancer[25].
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Figure 1 Alteration of cholesterol metabolism during lifetime. Dietary cholesterol is absorbed in the intestinal lumen via transport and endocytosis, which
is regulated by NPC1L1. NPC1L1 mRNA expression decreases with increasing age. On the other hand, about 50% of dietary cholesterol and about 95% of plant
sterols are pumped back into the intestinal lumen by ABCG5/8, which is upregulated in elderly individuals. Cholesterol is packed into the chylomicrons and
transported to the liver. Chylomicron remnants are taken up by the low density lipoprotein (LDL)-receptor in the liver. Moreover, endogenous cholesterol is
synthesized in the liver. Endogenously synthesized cholesterol is transported to peripheral tissues via LDL. The red arrow shows age-related up- or downregulation of
different genes/proteins in cholesterol metabolism. C: Cholesterol; PS: Plant sterols, CM: Chylomicrone; LDL: Low density lipoprotein; VLDL: Very low-density
lipoprotein; NPC1L1: Niemann-Pick C1-like 1; ABCG5/8-ATP: Binding cassette transporter G5/G8.
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Ezetimibe

Ezetimibe targets NPC1L1 in the small intestine, resulting in the inhibition of
cholesterol and plant sterol absorption. In humans, ezetimibe also inhibits hepatic
NPC1L1 to prevent reabsorption of cholesterol and plant sterols from the bile and
increases their excretion. Ezetimibe is metabolized to ezetimibe-glucuronide, which is
also a potent inhibitor of NPC1L1. The maximal concentration is reached 1-2 h after
oral administration, and it has a terminal half-life of 22 h[3]. Ezetimibe lowers LDL-c
levels by approximately 20%[3,4]. PRECISE-IVUS demonstrated that ezetimibe in
combination with atorvastatin resulted in greater coronary plaque regression than
atorvastatin monotherapy in patients with coronary artery disease[26]. The SHARP
trial demonstrated that the combination of statins and ezetimibe reduced LDL-c levels
and cardiovascular outcomes in patients with chronic kidney disease[27]. According to
the current ESC/EAS guidelines, ezetimibe is recommended as an adjuvant to statin
therapy when LDL-c goals cannot be achieved by statin monotherapy[28].

A post hoc analysis of the Scandinavian Simvastatin Survival Study (4S) suggested
that patients with high cholesterol absorption and low cholesterol synthesis did not
benefit from statins in terms of cardiovascular event reduction[29]. HIJ-Proper, on the
other hand, demonstrated that patients with high cholesterol absorption benefited
from the addition of ezetimibe in terms of cardiovascular event reduction, whereas
patients with low cholesterol absorption did not[30].

IMPROVE-IT secondary analysis — addition of ezetimibe to a statin in elderly patients

after acute coronary syndrome

IMPROVE-IT demonstrated for the first time that ezetimibe, a nonstatin drug, reduces
LDL-c levels and hard cardiovascular outcomes|[5]. In a recent secondary analysis, the
outcomes of IMPROVE-IT were analyzed according to age. Interestingly, in patients
older than 75 years of age, ezetimibe treatment was much more effective in reducing
cardiovascular events. In patients over 75 years of age, the number “needed to treat”
was 11, whereas it was 125 in patients younger than 75 years of age[6]. These findings
illustrate the preventive capacity of adding a cholesterol absorption inhibitor in elderly
individuals over 75 years of age[31].
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EWTOPIA 75 - ezetimibe in the primary prevention of cardiovascular disease in

elderly individuals

The EWTOPIA 75 study is a prospective, double-blind, placebo-controlled randomized
trial that was conducted in Japan and demonstrated the benefit of ezetimibe in elderly
patients without a history of coronary artery disease[7]. In this primary prevention
trial, ezetimibe reduced both LDL-C levels and hard cardiovascular outcomes. This
further adds to the notion that individuals over 75 years of age with elevated
cholesterol levels benefit in particular from ezetimibe treatment[32]. This is of
particular interest since all statin trials of primary prevention in patients over 75 years
of age failed to reduce cardiovascular events[25,33].

Possible role of plant sterols

In a recently published large-scale genetic analysis of over 1 million individuals with
and without cardiovascular diseases, Helgadottir and colleagues reported genetic
variants of ABCG5/G8 and NPC1L1 that increase plasma plant sterol levels, and
plasma cholesterol levels have a greater impact on cardiovascular risk than the levels
of other lipid genes that increase only serum cholesterol levels (LDL-c receptor, HMG-
CoA-reductase, apoB, efc.). Genes that increased non-HDL cholesterol levels by 1
mmol/L and also increased serum plant sterol levels increased cardiovascular risk 2.0-
fold. However, genes that increased serum non-HDL cholesterol levels by 1 mmol/L
but had no impact on serum plant sterol levels increased cardiovascular risk only 1.5-
fold[34]. These findings are important since they demonstrate that plant sterols “per
se” are atherogenic. On the basis of these findings, determination of the levels of
markers of cholesterol metabolism, such as campesterol, sitosterol and lathosterol,
should play a more important role in future cardiovascular risk stratification and a
more personalized and individualized treatment approach for hyperlipidemia[24,35].
As early as 2016, we suggested evaluating the ratio of cholesterol synthesis and
absorption in IMPROVE-IT[36]. This analysis is under way, as assured by the TIMI
Study group, and will provide important mechanistic insights[37].

CONCLUSION

Evidence from animal studies and human trials indicates that cholesterol and plant
sterol absorption increase with age. Findings from large-scale prospective, randomized
trials on primary and secondary prevention demonstrate that patients over 75 years of
age benefit in particular from the addition of a cholesterol absorption inhibitor, such as
ezetimibe. Therefore, ezetimibe should be the lipid-lowering drug of choice in patients
75 years and older.
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Abstract

Chronic obstructive lung disease (COPD), predominantly emphysema, causes
several thoracic anatomical and hemodynamic changes which may cause changes
in various electrocardiographic parameters. A 12-lead electrocardiogram (ECG),
which is often a part of routine evaluation in most clinical settings, may serve as a
useful screening modality for diagnosis of COPD or emphysema. Our current
article aims to provide a comprehensive review of the electrocardiographic
changes encountered in COPD/emphysema utilizing published PubMed and
Medline literature database. Several important ECG changes are present in
COPD/emphysema and may serve as a good diagnostic tool. Verticalization of P-
vector, changes in QRS duration, pattern recognition of precordial R-wave
progression and axial shifts can be considered some of the most valuable markers
among other changes. In conclusion, 12-lead surface electrocardiogram can serve
as a valuable tool for the diagnosis of COPD and/or emphysema. An appropriate
knowledge of these ECG changes can not only help in the diagnosis but can also
immensely help in an appropriate clinical management of these patients.

Key Words: Emphysema; Chronic obstructive pulmonary disease; Electrocardiogram; P-
wave axis; Sensitivity; Specificity
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Core Tip: Chronic obstructive pulmonary disease (COPD) remains a major cause of
morbidity and mortality in the United States. With COPD, a timely diagnosis and
treatment are crucial to prevent increasing severity. COPD can cause electrocardio-
graphic changes due to factors including lung hyperinflation. These changes can be
present on the electrocardiograms of patients without COPD; however, specific
parameters not seen in those with COPD will be indicative of other diseases such as
congenital heart disease. The present review focuses on the use of 12-lead electrocar-
diogram with an emphasis on vertical frontal plane P-wave axis, combined with other
minor abnormalities, which can aid in the diagnosis of COPD.

Citation: Gupta P, Jain H, Gill M, Bharaj G, Khalid N, Chaudhry W, Chhabra L.
Electrocardiographic changes in Emphysema. World J Cardiol 2021; 13(10): 533-545

URL: https://www.wjgnet.com/1949-8462/full/v13/i10/533.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.110.533

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common respiratory condition
and is ranked among the top five causes of death in the United States[1]. It causes
significant obstructive airflow limitation and is associated with chronic oxygen
dependence, functional limitation, recurrent hospitalizations as well as increased
morbidity. Prompt diagnosis and treatment can prevent worsening of the disease and
offer morbidity and mortality benefit. As such, it is important for clinicians to
promptly recognize this condition even if the patient is getting evaluated for other
reasons.

COPD causes several thoracic anatomical and hemodynamic changes which may
produce changes in the different electrocardiographic parameters. Increased airway
obstruction, right ventricular afterload, diaphragmatic displacement due to hyperin-
flation, clockwise rotation of the right heart, and body mass index changes correlated
with clockwise rotation of the frontal QRS-vector are some of the underlying factors
which play a major role in the electrocardiographic changes observed in patients with
COPD[2]. A 12-lead electrocardiogram (ECG), which is often a part of routine
evaluation in many clinical settings, can yield useful diagnostic clues and may serve as
an initial screening modality as well as aid in further evaluation and management of
COPD or emphysema. However, some of the ECG changes observed in patients with
known COPD/emphysema may carry an independent prognostic value.

This comprehensive review aims at discussing characteristic electrocardiographic
findings in COPD, some of which may offer a high sensitivity and specificity as stand-
alone criteria in the diagnosis of COPD.

LITERATURE RESEARCH/MATERIALS AND METHODS

We searched PubMed and Medline for published articles focusing on COPD,
emphysema, and electrocardiography. The search terms used in different combin-
ations, were “chronic obstructive lung disease and ECG changes”, “emphysema and
ECG changes”, “COPD and ECG changes”, “COPD and ECG”, “COPD and electrocar-
diogram”, “emphysema and electrocardiogram”, “emphysema and ECG”, “COPD and
electrocardiographic changes”, and “ emphysema and electrocardiographic changes”,
yielding us 177, 70, 175, 1154, 1098, 535, 549, 50 and 31 articles respectively indexed in
PubMed and Medline at the time of writing this publication. These articles were
further screened for subject relevancy and used if they were English-language full-text
papers. Both review articles and original papers were included. Finally, the data from
these articles used for writing of this review paper were those that were most relevant

and pertinent to our current subject of discussion.
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IMPORTANT ECG PARAMETERS

Emphysema produces a variety of electrocardiographic changes which are discussed
in details below. A summary of these changes is enclosed at the end of the manuscript
in a tabular format (Table 1).

Frontal plane P-wave axis

The changes in the frontal plane P wave axis are among one of the most important
changes produced in the standard 12-lead ECG by emphysema. In most normal adults,
the frontal P axis is considered to be within a very narrow range, +45° to +65°[2,3].
Studies from the 1940s and 1950s suggested that in patients with chronic lung disease,
the mean frontal P vector was shifted rightward or vertically[2,4]. A study of 50 cases
of chronic cor pulmonale found that all but 8 cases had a mean manifest frontal P axis
of 60° or more[4]. Spodick and colleagues[2] analyzed ECGs of 79 consecutive hospital
admissions for diffuse lung disease (predominantly emphysema) and found that the
mean manifest P axis was to the right of +70° in 83% of these cases. A vertical P wave
axis (> 60°) in the frontal plane especially in individuals over age 45 years has been
considered highly suggestive of emphysema by many studies since then[5-12].

As depicted in Figure1 and Figure2, a vertical P vector can be primarily
determined by two methods on a standard 12-lead electrocardiogram—P wave
amplitude in lead III greater than in lead I (bipolar lead set) and/or a predominantly
negative P wave in lead aVL (unipolar lead set)[2,13,14]. Out of these two criteria, the
bipolar lead set appears to be more sensitive. A recent study from our group reviewed
100 consecutive ECGs of patients with a known diagnosis of emphysema found the
bipolar lead set to be a more sensitive marker of vertical P-wave axis in emphysema
than the unipolar lead set (sensitivity 88% vs 66% respectively)[13]. This study
excluded patients younger than 45 years because a vertical P vector may be a normal
finding in these patients[13].

Several studies have investigated the sensitivity and specificity of P vector vertical-
ization as a criterion in screening for emphysema. A large study evaluated ECGs of
600 patients with vertical P avector and compared with age and sex matched control
cohort with P-vector of < 60° which demonstrated that the sensitivity and specificity of
vertical P-vector in diagnosing emphysema to be 94% and 87% respectively[5]. Other
studies have shown comparable results[12,14]. Another study showed that frontal P
axis > 80° was the single best criterion (among many other P and QRS criteria) for the
separation of patients with and without COPD[15]. When the vertical P axis (> 60°)
was combined with a QRS duration of <75 ms, the specificity increased to 100% at the
cost of significant decrease in sensitivity[7]. Similar findings of increased specificity
and decreased sensitivity have been noted when vertical P axis was used in
conjunction with one of the QRS criteria such as vertical QRS axis, low voltage in
Leads V6 and/or Vs, as well as R/S ratio in Leads V5 and/or V6 < 1[15].

In addition to carrying a high sensitivity for screening of emphysema, the degree of
P axis verticalization has also been found to strongly correlate with the severity of
emphysemal5,8,10]. In a study of 154 patients with chronic bronchitis, and with or
without emphysema, P axes > +75° correlated negatively with severity of lung disease
measured by forced expiratory volume/vital capacity (FEV1/VC%, r = -0.724, P <
0.05)[8]. Calatayud et al[10] showed that the frontal P axis negatively correlated (r = -
0.35, P < 0.01) with maximum voluntary ventilation (MVV) in a group of 173 patients
with COPD referred for pulmonary function testing. In some recent studies, a
significant positive correlation has been observed between the radiographic quanti-
fication of severity of emphysema and electrocardiographic P-vector verticalization in
patients with established clinical diagnosis of emphysemal5]. In a small retrospective
study of 26 patients with emphysema who underwent high resolution computed
tomography (CT) scans, the computed tomographic visual score of emphysema and
orientation of the P vector had a significant overall positive correlation (r = +0.68, P =
0.0001)[5]. This was particularly strong in patients with predominantly lower lobe
emphysema (r = +0.88, P = 0.000, FEV1, and orientation of P vector had almost linear
negative correlation in this subgroup (r = -0.92, P < 0.0001). Another study showed
significant positive correlations with radiographic percent emphysematous area
estimated by high-resolution CT and degree of P vector (r = +0.77, P < 0.0001), a
stronger correlation was again found in patients with predominantly lower lobe
emphysema.

The mechanisms responsible for verticalization of P vector in emphysema have long
been debated. P axis in restrictive lung disease tends to be more horizontal than in
obstructive lung disease[6,9]. A series of consecutive patients with pure restrictive and
pure obstructive lung disease demonstrated that diaphragmatic levels were
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Table 1 Common electrocardiographic changes commonly related to chronic obstructive pulmonary disease/emphysema

Vertical P-wave

P-wave axis > 60°

P-pulmonale

Right ventricular hypertrophy

Sokolow-Lyon: Right ventricular hypertrophy
Clockwise rotation
Low voltage limb leads

Low voltage precordial leads

P-amplitude in II, II or aVF 2 2.5 mm
P-amplitude in V1 2 1.5 mm

Rin V1 2>27 mm

R/SinV1>1

VAT in V1 > 35 ms

Rin V1 +Sin V5or V6 >10.5 mm
R/Sratioin V5<1

QRS (R+S) <5 mm in I, II, aVF, III (all)

QRS <10 mV in V1-V6 (all)

5152S3 pattern Dominant S in I, II, IIT (all)1
QS complex Lead III

Rightward QRS-axis deviation: >90°

Short QRS duration <75 ms

Elevated resting heart rate (especially during exacerbation)

HR > 80 beats/min
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Figure 1 Electrocardiogram showing vertical P wave axis suggested by P wave amplitude in lead Il greater than P wave in lead | and a
negative P wave in lead aVL. Adapted from Bajaj et al[13].

significantly higher in patients with restrictive disease compared with obstructive
disease (in the same series, P axes in obstructive disease were predominantly vertical
and those in restrictive disease were predominantly horizontal or intermediate)[16]. It
was hypothesized that opposite effects on diaphragm level by obstructive disease (low
diaphragm) and by restrictive disease (high diaphragm) could explain the axis
differences, because the right atrium is attached via the inferior vena cava and adjacent
pericardium to the right leaf of the diaphragm. Other hypotheses attribute P vector
verticalization to the presence of right atrial and right ventricular hypertrophy (RVH)
from cor pulmonale.

Hypertension and left ventricular hypertrophy (LVH) represent some clinical
scenarios in which a vertical P vector may be observed without the presence of
emphysema[2,12]. Conversely, some patients with hypertension and LVH may have
leftward P axes in the setting of emphysema[2,12]. Although it could be inferred that
LVH may reduce the sensitivity of vertical P axis when used for detection of
emphysema, this was refuted in a recent retrospective study[17]. It did not find any
statistically significant difference in the mean P vector between emphysema patients
with and without echocardiographic evidence of LVH, and concluded that the
presence of LVH may not significantly alter the sensitivity of P wave verticalization
when used as a sole criterion for the diagnosis of emphysema.
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Figure 2 Depiction of vertical P axis in Hexaxial reference system.

Jaishideng®

It has been noted that many patients with congenital heart disease (CHD) that
causes right atrial enlargement, right ventricular enlargement, and right bundle
branch block, a vertical P axis may be commonly noted in the absence of emphysema
[11]. While most patients with emphysema tend to have posteriorly and superiorly
displaced QRS vectors, those with CHD and RVH have anteriorly, rightward, and
slightly inferiorly displaced late QRS vectors[11]. The presence of low voltage of QRS
(< 0.7mV in limb leads and V6) and posterior and superior displacement of the mean
QRS axis can help differentiate cases of emphysema and CHD with vertical P axis.

Frontal plane P wave amplitude
In addition to changes in the P wave axis, a more vertical position of the heart from
diaphragmatic depression in obstructive lung disease can be associated with increased
amplitude of P waves in inferior leads (II, III, aVF)[9]. This mechanism has been
substantiated by scientific data. “P-pulmonale” is much more common in obstructive
lung disease and in fact, it has not been noted at all in cases of restrictive lung disease
in some studies[17]. A study of patients with chronic lung disease[18] and P-
pulmonale on ECGs who underwent right heart catheterization showed no significant
increase in right atrial or pulmonary artery pressures among these patients. In
contrast, none of the patients with atrial septal defect or pulmonary hypertension had
P-pulmonale on ECG. Given that all the patients with P-pulmonale had low cardio-
thoracic ratio on chest radiograph and a considerably depressed diaphragm, the
authors concluded that a more vertical position of the heart (particularly right atrium)
was the major factor responsible for generation of P-pulmonale in patients with
chronic lung disease[18]. Although P-pulmonale is an important finding in the chronic
lung disease, it should be noted that there are some important differential diagnoses
which should be entertained in cases of P-pulmonale. P-pulmonale may be observed in
congenital heart disorders such as tricuspid atresia, rarely some electrolyte
derangements and even in left sided cardiac dysfunction probably due to concomitant
right atrial strain produced by underlying type-2 or mixed form of pulmonary
hypertension[19,20]. It is also plausible that many of these patients in prior studies
who had reported P-pulmonale in left heart failure may have previously undocu-
mented co-existing chronic lung disease. It is also to be remembered that P-pulmonale
is not necessarily a sign of right atrial enlargement in emphysema, but may be even
likely the result of underlying pulmonary hyperinflation, right atrial hypoxia, and
transient atrial strain or mechanical load directly resulting from the bronchospasm.

Spodick in his pioneer series of 79 consecutive hospital admissions for diffuse lung
disease (almost all had emphysema) noted that classical P-pulmonale and “Gothic” P
wave occurred only in cases with frontal P axis of +70° or greater[2]. A classic P-
pulmonale refers to P wave amplitude > 2.5 mm in the inferior leads (II, III, aVF),
while a “Gothic” P wave[2,4] refers to definite single peaking of P wave of normal
amplitude in leads I, IIl and aVF. A schematic illustration is demonstrated in Figure 3.
Although the presence of P-pulmonale and “Gothic” P waves is characteristic of
obstructive disease, this finding is much less sensitive as compared to vertical P axis
and is found in a little over half of the cases[2,10].

In some studies[9,10], increasing P amplitudes in inferior leads have been associated
with decreasing FEV1%[9] and with MVV[11]. Thus, higher P amplitudes in inferior
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Figure 3 A schematic illustration of “P-pulmonale” (A), “Gothic” P waves (B) and normal “Cupola” P wave (rounded in contour).
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leads may be a marker of decreasing lung function in emphysema, although these
inverse correlations were weaker than those with increasing P wave axes.

P wave changes in precordial leads

Initial increased P-wave amplitude in lead V1 may be a sign of right atrial abnormality
associated with emphysema. An increased P-terminal force in V1 (V1PTF) is usually a
sign of left atrial enlargement[21-23], however an increased VIPTF was also frequently
found in patients with cor pulmonale (Figure 4)[24]. Thus, increased VIPTF should be
interpreted with caution in patients with known emphysema. A former retrospective
study showed that V1PTF correlated with vertical P vectors in patients with
emphysema and may be a function of downward right atrial displacement in this
population rather than left atrial enlargement[25].

Spodick et al[2] noted that 51% cases of diffuse lung disease had biphasic (+/-) P
waves in at least V1 and V2 and in some cases as far as V4, 78% of these were
associated with vertical P axis of +70° or more. In another series of patients with
fibrosing lung disease and COPD, P wave changes in lead V1 were not significantly
different between the two groups[9].

Although P-wave indices constitute an important diagnostic criterion in patients
with emphysema, the application of such criteria is limited in those patients with
emphysema who have atrial arrhythmias including atrial fibrillation. In those patients,
other criteria such as QRS voltage, QRS axis and QRS duration changes may be used to
supplement the diagnosis of chronic lung disease.

Abnormalities of the PR segment

When compared to normal individuals, increased PR depression in leads II and III has
been noted in patients with cor pulmonale in some older studies[4]. It was attributed
to abnormal atrial repolarization because these tracings were similar to experimental
tracings when atrial muscle was injured. Most such cases also exhibited P waves of
high voltage, presumably due to atrial hypertrophy. One study reported strong
negative correlation of PR depression of 0.5 mm or more (referred to as Ta waves) with
FEV1/VC% in a series comprising of 154 patients with chronic bronchitis[8]. PR
interval has been reported to be normal in patients with COPDI[4,10].

However, in severe cases where COPD is coupled with pulmonary hypertension,
the PR int