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ABSTRACT:  Electrocardiographic reference values were established on apparently healthy buz-
zards (Buteo buteo) in Lugo (Spain) from March 1997 to June 1999. All birds were anesthetized
with isofluorane and placed in dorsal recumbence. The standard and augmented unipolar limb
leads electrocardiograms were recorded in 65 buzzards. The wave forms were analyzed in lead
IT at 50 mm/sec and at 1 ecm = 1 mV to determine P, PR, QRS, T and QT durations and P, QRS
and T amplitudes. The polarity of each wave form was tabulated in all leads. The mean electrical
axis (MEA) for the frontal plane was calculated using leads IT and ITI. The mean heart rate was
325.2 + 52.9 beats/min. In lead 11, the P wave was positive, the dominant pattern of QRS complex
was QS and the T wave was always positive. The average value of the MEA was —99.2 + 7.7°.
Establishment of normal electrocardiogram (EKG) values will facilitate a better understanding
of EKG changes seen in many diseases of these birds.

Key words:  Arrhythmia, Buteo buteo, buzzard, cardiovascular disease, electrocardiogram, rap-

tor.

INTRODUCTION

The electrocardiogram (EKG) is de-
fined as a graphic record of sequential,
electrical depolarization-repolarization
patterns of the heart. Electrocardiogram
(EKG) of the bird is different from that in
humans and some other mammals because
the depolarization wave of the avian ven-
tricle moves from epicardium to endocar-
dium. Some diseases can affect the EKG
trace in birds and EKG changes have been
described in infectious and non-infectious
diseases. In birds with Escherichia coli in-
fection, Gross (1966) reported increases in
the amplitude of P, R, S and T waves. In-
creases in duration of PR, TP and RS in-
tervals and ventricular tachycardia were
described in turkeys with influenza virus
infection (Mckenzie and Will, 1972).
Chickens infected with Newcastle disease
virus showed ventricular arrhytmias, fusion
of T and P waves and increases in the du-
ration of the T wave (Mitchell and Bruhg,
1982). Thiamine deficiency produced si-
nus arrhytmias, ventricular premature con-
tractions, and decrease of the ST segment
in chickens (Sturkie, 1952a). In ducks, the
electrocardiographic alterations associated

with hyperkalemia included bradycardia
and tall T waves (Andersen, 1975). In re-
cent years, electrocardiography has been
used to investigate the sudden death syn-
drome and ascites in broilers (Odom et al.,
1992; Olkowski et al., 1997). Electrocar-
diography may be used also to monitor
heart rate and rhythm in an anesthetized
patient (Degernes et al., 1988). Because
the myocardium is very sensitive indicator
to hypoxia, the EKG can serve as a reliable
indicator of the oxygenation of the bird’s
myocardium.

Despite its clinical applicability, EKG
has received relatively little attention from
companion and wild bird practitioners.
This might be due to the scarcity of elec-
trocardiographic reference values in birds.
Apparently, these values have been estab-
lished only on a limited number of avian
species including the chicken (Sturkie,
1949), turkey (Mckenzie et al., 1971), rac-
ing pigeon (Lumeij and Stokhof, 1985),
African grey (Psittacus erithacus) and Am-
azon parrots (Amazona spp.) (Nap et al.,
1992), and the Pekin duck (Aix galericu-
lata) (Cinar et al., 1996). Only minor de-
tails about the EKG on raptors have been
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published (Edjtehadi et al., 1977; Burtnick
and Degernes, 1993) and these studies
were done with a limited number of ani-
mals due to the difficulty in obtaining large
numbers of birds. Therefore, it might be
useful to establish the more detailed phys-
iologic EKG pattern in buzzards (Buteo
buteo) to be used in the diagnosis of car-
diovascular diseases and to provide a
source for later studies.

MATERIALS AND METHODS

In this study, standard bipolar and augment-
ed unipolar leads were recorded over a 2-yr
period (March 1997 to June 1999) on 65 buz-
zards (Buteo buteo) in Lugo (Spain; 43°01'N,
7°35'W). All the birds were anesthetized due to
the poor quality of EKG tracing seen when un-
anesthetized restraint was used. They were
anesthetized with isofluorane (Isofluorane, Ab-
bot Laboratories Ltd., Queenborough, UK) de-
livered by a precision vaporizer (Isotec 3,
Ohmeda, BOC Health Care, UK). Anesthesia
was induced by giving 5% isofluorane and 1 L/
min oxygen for 1 min, then the isofluorane per-
centage was reduced to 2.5% for anesthetic
maintenance (Casares et al., 1999).

Alligator clip electrodes were attached to the
skin of each proximal cranial margin and each
medial thigh region of the patient in dorsal re-
cumbence (Fig. 1). Electrode gel was rubbed
into the skin in the area where the alligator clip
were attached to act as a conductive medium
agent and thereby decrease the resistance of
the skin. Electrocardigorams (EKGs) were re-
corded by a direct writing electrocardiograph
(Cardiotest, EK 53, Hellige, Germany). All the
EKGs were standardized at 1 ecm = 1 mV with
a paper speed of 50 mm/sec. Leads I, II, III,
aVR, aVL and aVF were recorded. Standard
EKG nomenclature was used (Tilley, 1985).
Measurements were taken in lead II. The mean
electrical axis (MEA) of ventricular depolariza-
tion in the frontal plane of individual birds was
calculated from the vectors of ventricular de-
polarization in leads III and II using Bailey’s
system as described by Sturkie (1986). The sta-
tistical analyses were performed by using de-
scriptive statistics with the computer program
SPSS 9.0 for Windows (SPSS, Inc., Chicago,
Ilinois, USA).

RESULTS

An example of the standard limb leads
taken sequentially is shown in Figures 2
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FIGURE 1.

Proper placing of alligator clip elec-
trodes in an anesthetized buzzard.

and 3. The configuration of the complexes
is presented in Table 1.

The heart rate of the birds studied
ranged from 200 to 440 beats/min with a
mean (£SD) of 325.2 * 52.9 beats/min.
There was a normal sinus rhythm in all the
buzzards. The P wave was 48.4% positive,
51.6% negative in lead III, always negative
in lead aVR and always positive in other
leads. The mean duration of the P wave
was 0.025 = 0.01 sec (0.02—0.04 sec), and
its average amplitude was 0.16 £ 0.05 mV
(0.10—0.30 mV). The mean duration of the
PR interval was 0.06 = 0.01 sec (0.04—0.10
sec).

In leads I, II, III and aVF, the dominant
pattern of wave forms of the QRS com-
plexes was QS whereas in leads aVR and
aVF the pattern was always R. The mean
duration of the QRS complex was 0.03 *
0.01 sec (0.02-0.04 sec) and its mean am-
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FIGURE 2. EKG from a normal anesthetized buzzard (bipolar leads).

FIGURE 3. EKG from a normal anesthetized buzzard (unipolar leads).
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TABLE 1. Configuration of the P wave, QRS complex and T wave in buzzards.
P wave QRS complex T wave

Leads Positive Negative QS rS R Positive Negative

I 100% 0% 82.3% 17.7% 0% 100% 0%

II 100% 0% 82% 18% 0% 100% 0%

11T 48.4% 51.6% 82.3% 17.7% 0% 100% 0%
aVR 0% 100% 0% 0% 100% 0% 100%
aVL 0% 100% 0% 0% 100% 0% 100%
aVF 100% 0% 80.6% 19.4% 0% 100% 0%

plitude was 0.45 *
mV) in lead II.

The T wave was almost always positive
in leads I, II, III and aVF and negative in
leads aVR and aVL. The mean duration of
the T wave was 0.05 = 0.01 sec (0.03-0.08
sec) and its mean amplitude was 0.25 *
0.11 mV (0.08-0.7 mV). The mean dura-
tion of the QT interval was 0.1 = 0.01 sec
(0.08-0.13 sec).

The average value of the MEA of the
heart was —99.2 = 7.7° (=70.9 to —111.4°)

0.23 mV (0.30-1.10

DISCUSSION

Recording an EKG in an awake raptor
can be a problematic procedure and it may
be a source of interferences. Anesthesia
resolves this problem and it may alter only
slightly the values of the EKG. In a com-
parative study between anaesthetized with
isofluorane and unanesthetized Amazon
and African grey parrots (Nap et al., 1992)
only the median heart rate and the QT in-
terval were significantly different.

In raptors anesthetized with isofluorane
the main arrhytmias occurred during the
period of induction or the period of re-
covery after long sessions of anesthesia
(Aguilar et al., 1995). In our study all the
birds had a normal sinus rhythm. An in-
complete atrioventricular dissociation was
described in a golden eagle (Aquila chry-
saetos) with shotgun injuries but this ar-
rhythmia could be due to either the an-
esthesia or to a trauma to the heart due to
the multiple soft-tissue injuries observed
in the bird (Burtnick and Degernes, 1993).

The mean heart rate that we observed
was 325.2 *+ 52.9 beats/min. This is con-

sistent with values given by Edjtehadi et
al. (1977) that described a mean heart rate
of 356 * 38 beats/min in buzzards. Several
pathologic conditions that may induce bra-
dycardia include hypokalemia (Sturkie,
1952b), hyperkalemia (Andersen, 1975),
thiamine deficiency (Sturkie, 1952a), and
vitamin E deficiency (Sturkie, 1954). The
P wave morphology was found variable in
lead TII (48.4% positive, 51.6% negative)
which is a possible physiological variation
because no patient presented any appre-
ciable cardiac symptomatology. In a pre-
vious study on raptors, Burtnick and De-
gernes (1993) observed a negative P wave
on lead II in one red-tailed hawk (Buteo
jamaiciensis). These authors suggested
that the negative P wave was probably
linked to ketamine-xylacine anesthesia.
Also, they suggested that an atrial enlarge-
ment could be present or that this negative
P wave was a normal variation. Moreover,
Hill and Goldberg (1980) described seven
different physiology morphologies in P
waves in healthy domestic fowls.

The mean duration of the P wave was
0.025 * 0.01 sec which was smaller than
the value described by Edjtehadi et al.
(1977) at 0.036 *= 0.01 sec, who had uti-
lized only five animals in his study. An in-
crease in duration and amplitude of the P
wave is suggestive of biatrial enlargement
and it is common in gallinaceous birds af-
fected by influenza virus infection (Mitch-
ell and Bruhg, 1982). Five patients showed
overlapping of the P wave and the preced-
ing T wave and they were excluded from
our study because this PT form made ac-
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curate measurements impossible (Zeno-
ble, 1981). In a previous report fused T
and P deflections were seen in 88% of the
birds that developed ascites (Olkowski et
al., 1997). However, the role of this PT
fused pattern in the pathogenesis of ascites
and sudden death syndrome warrants
more detailed investigation.

The PR interval represents the period
between the beginning of atrial depolar-
ization and the beginning of ventricular
depolarization. We have not observed any
Ta wave in the PR segment. This Ta wave
was interpreted as a sign of right atrial hy-
pertrophy in the dog (Tilley, 1985) but in
birds it should be considered normal (Lu-
meij and Sthokof, 1985; Boulianne et al.,
1992). In agreement with Mckenzie et al.
(1971) and Cinar et al. (1996), we ob-
served a negative correlation between
heart rate and the PR interval. When the
heart rate increased, the PR interval de-
creased.

The QRS complex was always negative
in leads I, II, III and aVF. None of the
buzzards showed an R pattern in these
leads. Prominent R waves are suggestive
of right ventricular hypertrophy and R1-
R2-R3 pattern might be comparable to an
S1-S2-S3 pattern in dogs (Czarnecki and
Good, 1980). The mean values of duration
(0.03 sec) and amplitude (0.45 mV) of
QRS complexes were smaller than those
reported previously in buzzards (Edjtehadi
et al., 1977). An increased voltage in QRS
complexes may be indicative of heart mus-
cle hypertrophy. It also has been reported
that the QRS complex was increased in
birds that had developed ascites (Odom et
al., 1992).

In African grey and parrots, the QT in-
terval was significantly prolonged during
isofluorane anesthesia (Nap et al., 1992).
The QT interval’s duration in our study
was in agreement with the value reported
previously in awake buzzards (Edtjehadi et
al., 1977).

The T wave was positive in all leads ex-
cept in leads aVR and aVL. The mean du-
ration and amplitude of the T wave were
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0.05 = 0.01 sec and 0.25 = 0.11 mV re-
spectively. Elevated and peaked T waves
were identified as a sign of hyperkalemia
in ducks (Andersen, 1975). The same T
pattern can be recorded in shocked rap-
tors and after electrocution as a result of
hyperkalemia (Blanco, 1993).

We have calculated the MEA from the
vectors of ventricular depolarization in
leads II and III using Bailey’s hexaxial sys-
tem (Sturkie, 1986). The average value of
the electrical axis was —99.2 = 7.7° (=70.9
to —111.4°). Marked change to positive
values (0 to +120°) was described as a pa-
thognomonic sign for dilated cardiomyop-
athy in parrots (Miller, 1986), chickens and
turkeys (Hunsaker et al., 1971).

Most raptors require anesthesia at some
point in their diagnostic workup, and the
EKG can be easily incorporated at this
time since the time involved is brief. Be-
cause of the potential ability to determine
heart enlargement and the capacity to
identify arrhythmias and conduction dis-
turbances we highly recommend the rou-
tinely use of the EKG for the detection of
cardiac disease in raptors. These are the
first reference values for the EKG param-
eters in buzzards with a respectively large
number of birds. We suggest that the need
for more complete cardiac workups, in-
cluding the EKG in other raptors, is ap-
parent.
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