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Electrocardiography is a useful tool when included in healthcare protocols and is increasingly utilized for monitoring wild
birds. However, the lack of reference data for many species is limiting the clinical value of this technique. In this study 26
Andean condors (Vultur gryphus) coming from rehabilitation and captive breeding programs were examined to determine
electrocardiographic references prior to being released. Standard bipolar (I, II, and III) and augmented unipolar limb (aVR,
aVL, and aVF) leads were recorded with birds under physical restraint. Five beats were analyzed on Lead II at 50mm/sec and
1 cm¼ 1mV to determine QRS complex morphology, cardiac rhythm, heart rate, P, PR, R, S, QRS, T, QT, and ST amplitude
and/or duration. P and T wave configuration was determined for all leads, andMean Electrical Axis (MEA) in the frontal plane
was determined using leads I and III. Cardiac rhythm corresponded to regular sinus rhythm in 42% of the birds, with a relevant
rate of sinus arrhythmia in 58%, and rS as the most common pattern (42%) for QRS complex in lead II. We found an influence
of age and heart rate but not of sex on several ECG waves and intervals. Relevant ECG findings for studied Andean condors
include a high rate of Ta, R', and U wave detection. Waves Ta and R' were considered non‐pathological, while the significance
of U waves remains unclear. Our results provide a useful reference to improve clinical interpretation of full
electrocardiographic examination in Andean condors. Zoo Biol. 32:381–386, 2013. © 2013 Wiley Periodicals Inc.
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INTRODUCTION

Electrocardiography (ECG) is a well‐established
method for cardiac function evaluation and monitoring in
human and avian patients [Pérez Riera et al., 2008; Hassan-
pour et al., 2010]. Widely used to diagnose cardiac
arrhythmias and conduction disturbances, it can also detect
chamber enlargement. The first reports on avian electrocar-
diography date back to the early twentieth century
[Buchanan, 1909; Kahn, 1915], but it was after the 1950s
that investigations focused on domestic species for commer-
cial purposes [Sturkie, 1949; McKenzie et al., 1971]. During
the 1990s, as companion birds medicine became more
popular, ECG started being applied clinically in companion
bird species, including psittacines, pigeons, and falconry
birds [Burtnick and Degernes, 1993; Cinar et al., 1996;
Martinez et al., 1997; Oglesbee et al., 2001; López Murcia
et al., 2005]. Electrocardiography is increasingly utilized in

wild birds, but the lack of reference data for many species is
probably limiting its clinical value and/or the interpretation of
data obtained through this technique.

Captive and free‐ranging wild birds are frequently
admitted to veterinary hospitals or rehabilitation centers for
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medical attention due to infectious or non‐infectious disease
(like trauma, electrocution or intoxications). Birds often
present with nonspecific clinical signs, some of which can be
related to primary and secondary cardiac disease [Talavera
et al., 2008]. In these cases, ECGmay detect not only primary
heart diseases but several subsequent abnormalities related to
infectious and noninfectious diseases [Espino et al., 2001].
West Nile virus can cause cardiac and pericardial lesions
[Eidson et al., 2001], and Staphylococcus sp. (secondary to
pododermatitis) can produce bacteremia and endocarditis
[Berners, 2002]. Using ECG, secondary heart compromise
has been documented in birds suffering a range of conditions,
including influenza [McKenzie and Will, 1972] Newcastle
disease [Mitchell and Brugh, 1982], thiamine deficiency
[Sturkie, 1952], and hyperkalemia [Andersen, 1975]. To the
authors’ knowledge an association between lead exposure
and secondary cardiovascular disease in birds has not been
described. However, considering this has been documented
in humans [Navas‐Ancien et al., 2007], lead exposed raptors
should be investigated for secondary cardiovascular disease.

Clinical application of electrocardiography has been
described in European [Edjtehadi et al., 1977; Espino
et al., 2001; Rodríguez et al., 2004; Talavera et al., 2008]
and American raptor species [Burtnick and Degernes, 1993;
Hassanpour et al., 2010]. In vultures, ECG has been reported
predominantly as an indirect tool to assess energy expenditure
[Prinzinger et al., 2002; Mandel et al., 2008] or heart rate
changes in response to selected stimuli [Smith and
Paselk, 1986].

The Andean Condor (V. gryphus) is the largest South
American scavenger [del Hoyo et al., 1994]. It is a sexually
dimorphic species, with males being up to 30% larger than
females [del Hoyo et al., 1994]. It inhabits the Andes
Mountains, and it is threatened mostly in the north of its
range, being considered as Near Threatened [Birdlife
International, 2012]. Condors spendmost of their time soaring
within thermal currents, reaching heights of 5,000m in
mountain regions, and feed mostly at ground level in open
grasslands [del Hoyo et al., 1994; Carrete et al., 2010; Shepard
et al., 2011]. Consequently, the cardiovascular system of the
condor is required toadjust cardiacoutputandbloodpressure in
response to extremes of altitude, pressure, and physical
activities, as a consequence of this landscape use. Previous
investigations have shown cardiovascular adaptive fitness for
certain bird species living in extreme environments or making
specially challenging migrations [e.g., Anser indicus, Hawkes
et al., 2011].

Cardiac abnormalities include degenerative vascular
pathologies like atherosclerosis that have been reported in the
Andean condor [Finlayson, 1965] and Egyptian Vulture
[Neophron percnopterus, Grünberg and Kaiser, 1965; Grün-
berg and Kaiser, 1966]. Andean condors are sensitive to lead
poisoning [Pattee et al., 2006] and detectable lead levels
had been reported for free‐ranging condors in Argentina
[Lambertucci et al., 2011]. Considering lead induces
changes in cardiac electrophysiology and neural conduction

[Navas‐Ancien et al., 2007], ECG abnormalities may be
presented in association to that environmental toxicosis.

The purpose of this study was to obtain electrocar-
diographic reference data in conscious releasable Andean
condors. This will improve the medical management of both
captive and free ranging populations of this threatened
species and forms a basis for further investigation of vulture
cardiology.

MATERIALS AND METHODS

We studied Andean condors coming from rehabilita-
tion and ex situ captive breeding programs between
April 2008 and November 2010. Sex and age were
determined according to external sexual dimorphism and
feather pattern [del Hoyo et al., 1994; Lambertucci, 2010].
We studied 26 condors: seven adult and six immature males,
and seven adult and six immature females. Birds came from
different locations across Argentina, and were temporarily
maintained at the Buenos Aires Zoo, Argentina.

Captive reared birds were examined between day 180
and 240 post‐hatching. Birds undergoing rehabilitation were
in care for an average of 2 months. The most frequent
presentations at admission were poor body condition,
dehydration, and trauma. Cardiac function was evaluated
using ECG in order to determine basic cardiovascular fitness
as part of a complete pre‐release assessment protocol
including hematology, biochemistry, bacteriology, and
radiology. Electrocardiograms were used only in those cases
when laboratory results supported the good body condition
verified during clinical examination.

Birds were fasted for 24 hr prior to examination, and
were captured by hand net. Condors were blindfolded using
cotton towels, weighed, and restrained manually in dorsal
recumbency. All cardiac tracings were obtained in a quiet
place between 10:00 and 13:00 hr using both a Cardiotécnica
301 single channel (Cardiotécnica SRL, Buenos Aires,
Argentina), and 3‐channel Fukuda (Turco‐Belerman Equip-
ment SRL, Buenos Aires, Argentina) electrocardiographs.
Alligator clip electrodes were attached to the propatagium of
the left and right wing, and to the inguinal skin fold of the left
and right legs. Application of 96% ethanol facilitated parting
of feathers and good clip‐to‐skin contact. Standard bipolar (I,
II, and III) and augmented unipolar limb (aVR, aVL, and
aVF) leads were recorded using 25 and 50mm/sec paper
speed and 1 cm¼ 1mV or 2 cm¼ 1mV. Configuration of P
and Twaves were determined for all leads. QRSmorphology,
cardiac rhythm, and waves measurements were manually
determined for five beats on lead II at 50mm/sec and
1 cm¼ 1mV, andmean electrical axis in the frontal planewas
determined using leads I and III [Tilley, 1992].

Potential influences of sex, age, and heart rate on ECG
measures were evaluated through generalized linear models
(GLM; Normal Distribution; when necessary we log‐trans-
formed the data). For this, we built a model including sex,
age, and heart rate as explanatory variables and the ECG
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parameters as the dependent variable. Statistical assumptions
of the model were met.

RESULTS

Physical restraint of conscious condors resulted in good
quality tracings for 25 and 50mm/sec and 1 cm¼ 1mV
amplitude (see Lead II in Fig. 1; see other leads in
Supplementary Material Fig. S1). Tracings at 2 cm¼ 1mV
resulted in magnified artifacts and were not used.

The weight of the 20 birds weighted ranged from 7 to
12 kg with a mean (�SD) of 9.290� 0.158 kg. The heart rate
of those birds was highly variable (mean 162.7� 41.04 beats/
min; range 120–240 beats/min). Cardiac rhythm corre-
sponded to regular sinus rhythm in 42% (11/26) of the birds,
with a relevant rate of sinus arrhythmia in 58% (15/26). No
other rhythm alteration was detected, except for one
occasional sinus arrest. Polarity of P and T waves were
similar in most leads, with morphology tending to be positive
in leads I, II, III, and aVF, and negative in aVR (see Table 1);
configuration differed substantially in aVL with P waves
predominantly positive, and T waves either positive or
negative configuration in equal proportion (Table 1).

Amplitude and duration measures and reference
intervals including 95% CI are shown in Table 2. In Lead
II, we detected deflections that did not correspond to any of
the waves usually reported in wild birds. Interference and
occasional artifacts were discarded because those waves were
present in at least four of the five analyzed beats for each bird
(Fig. 1). The first atypical deflection characterized was a
slight depression registered at the beginning of the PR

interval, classified as a Ta wave, corresponding to a definite
auricular T wave (Fig. 1). It was present in 15/26 condors
(58%) for lead II (Table 3). The second was a positive
deflection classified as a U wave. Even though this wave is
not present for all species or individuals, it is described as a
positive deflection posterior to the T wave and previous to the
P wave. We found a positive U wave in 54% (14/26) of the
condors (Table 3). When present, it was always detectable in
lead II, and occasionally in other leads. The last wave
documented was a second positive deflection in the lead II
QRS complex, registered immediately after S. It was
classified as R' wave (Fig. 1) and was detected in 12/26
(46%) condors (Table 3).

Due to substantial variation, QRS morphology was
characterized only for lead II (Table 3). We did not register Q
waves. The most common configuration for lead II was rS
(42%; 11/26), followed by rSr' (31%; 8/26) and RSr' (23%; 6/
26). Only one specimen of the 26 condors (4%) showed an RS
configuration. The ST segment was present in all tracings,
being elevated over the baseline in 19/26 cases (73%),
isoelectric in two cases (8%) and negative in the remaining
five birds (19%). We did not detect any ST slurring.

The models considering the influence of sex, age, and
heart rate on the ECG showed that both age and heart rate
(HR) significantly influenced several ECG parameters’
duration and amplitude (Table 4). However, the sex did
not influence strongly any ECG parameter, except, margin-
ally, the P wave duration. Juvenile condors tended to have
shorter PR, QRS, and QT intervals, and smaller P waves
(voltage). Higher heart rate resulted in shorter P, PR, and ST
waves, but T wave amplitude increased with HR (Table 4).

Fig. 1. Atypical deflections documented in Andean condor electrocardiogram, Lead II, amplitude 1mv¼ 1 cm, 50mm/seg speed.

TABLE 1. P and T wave configuration for standard bipolar and augmented limb leads in ECG from conscious Andean condors
destined for release

Configuration DI DII DIII aVR aVL aVF

P wave Positive 100% (26/26) 100% (26/26) 77% (20/26) 04% (1/26) 58% (15/26) 100% (26/26)
Negative 0 0 19% (5/26) 96% (25/26) 23% (6/26) 0
Isobiphasic 0 0 04% (1/26) 0 19% (5/26) 0

T wave Positive 100% (26/26) 96% (25/26) 96% (25/26) 23% (6/26) 50% (13/26) 88% (23/26)
Negative 0 0 04% (1/26) 77% (20/26) 50% (13/26) 04% (1/26)
Isobiphasic 0 04% (1/26) 0 0 0 08% (2/26)
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Mean electrical axis in the frontal plane was always negative
and cranially directed. It ranged widely from �23° to �150°
with an average of �103°þ 26.36°.

DISCUSSION

We performed electrocardiograms on Andean condors
otherwise considered healthy and fit for release. These results
can be considered as references measures for condors in
short‐term captivity. Moreover, we provide the first report on

unexpected electrocardiographic findings like Ta, R', and U
waves possibly common in Andean condors.

The Ta wave is associated with large atrial repolariza-
tion forces. It has been attributed to atrial hypertrophy in other
species, notably dogs [Tilley, 1992], but it is considered a
normal finding for racing pigeons [Lumeij and
Stokhof, 1985] and some gallinaceous birds [Boulianne
et al., 1992]. In parrots it is occasionally noted [Nap et al.,
1992] but it has never been reported for raptors. Given that
this is a common result for other avian species and that we did

TABLE 3. Selected waves incidence and QRS pattern for Lead II in Andean condors

Waves’ incidence QRS pattern

Ta r' U rS rSr RSr' RS

58% 46% 54% 42% 31% 23% 4%
(15/26) (12/26) (14/20) (11/26) (8/26) (6/26) (1/26)

TABLE 4. Influence of heart rate (HR), sex, and age of Andean condors in the ECG waves and intervals

Waves

HR

P‐value

Sex

P‐value

Age

P‐valueEstimate

Lower
CL
95%

Upper
CL
95% Estimate

Lower
CL
95%

Upper
CL
95% Estimate

Lower
CL
95%

Upper
CL
95%

P (seg) �0.002 �0.00284 �0.00023 0.022 0.050 �0.00287 0.10279 0.064 �0.041 �0.09144 0.00985 0.114
PR (seg) �0.003 �0.00542 �0.00125 0.002 �0.017 �0.10139 0.06658 0.685 �0.133 �0.21231 �0.05275 0.001
QRS (seg) <�0.001 �0.00116 0.00069 0.619 0.008 �0.02932 0.04537 0.674 �0.036 �0.07170 �0.00076 0.045
S (seg) <�0.001 �0.00131 0.00120 0.934 �0.025 �0.07552 0.02581 0.336 �0.026 �0.07448 0.02177 0.283
ST (seg) �0.003 �0.00494 �0.00109 0.002 �0.022 �0.09930 0.05487 0.572 �0.061 �0.13595 0.01360 0.109
QT (seg) �0.001 �0.00163 0.00005 0.067 �0.009 �0.04378 0.02576 0.611 �0.047 �0.08071 �0.01425 0.005
P (mv) <�0.001 �0.00298 0.00224 0.783 0.056 �0.06105 0.17306 0.348 �0.126 �0.23880 �0.01383 0.028
ST (mv) �0.006 �0.0154 0.00285 0.178 �1.398 �41.1734 38.37716 0.945 1.608 �38.1672 41.38338 0.937
T (mv) 0.007 0.00221 0.01269 0.005 0.118 �0.09482 0.33014 0.278 �0.196 �0.40001 0.00796 0.060

Significant differences (P� 0.05) are indicated by bold text; CL, confidence limits.

TABLE 2. Reference values for waves and intervals in conscious releasable Andean condors

Parameter Units Mean� SD Range Median Confidence interval (95%)

P Ms 46� 8 32–60 46 43–49.4
mV 0.162� 0.051 0.01–0.24 0.162 0.141–0.1826

R Ms 18� 35 10–22.5 18 17–19.7
mV 0.144� 0.094 0.05–0.48 0.144 0.106–0.1818

PR Ms 47.5� 15.4 30–88 48 41–53.8
QRS Ms 48.1� 4.9 40–60 48 46–50.1
S Ms 29.4� 3.9 22–40 29 28–30.9

mV 0.44� 0.21 0.14–0.82 0.437 0.352–0.5216
R' Ms 10.5� 2.8 6–16 10 9–12.3

mV 0.06� 0.04 0.03–0.17 0.064 0.040–0.885
ST Ms 50� 10 32–76 59 53–64.2

mV 0.033� 0.037 �0.02 to 0.1 0.033 0.018–0.048
T Ms 67� 9 48–76 67 63–70.3

mV 0.297� 0.189 0.05–0.77 0.297 0.018–0.048
QT Ms 173.6� 17.9 136–205 173 166–180.8
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not detect other electrocardiographic signs of right atrial
hypertrophy (in forms of tall P waves), we consider the Ta
wave might be normal in condors.

In lead II, 44% of the birds had a second positive
deflection after R, defined as r' wave. This has not been
reported in raptors or any other avian species. The clinical
significance of this wave in the avian electrocardiogram is
still unknown. It has only been documented previously in
humans [Mirvis and Goldberger, 2007] with both right
ventricular hypertrophy and intraventricular conduction
abnormalities (i.e., right bundle branch block, RBBB). The
r' wave can extend the QRS interval, widening the QRS and
can sometimes result in an rSR' pattern for precordial leadsV1
and V2. In these cases, r' waves are generally large and
prolonged. Although in humans RBBB is generally consid-
ered to be an alteration of intraventricular conduction, it is
commonly found in healthy individuals without clinical
significance [Mirvis and Goldberger, 2007]. We detected r'
waves in lead II with small amplitude and short duration,
sometimes even shorter and smaller than the first r wave. The
use of precordial leads V1–V6 has not been previously
reported in birds. Thus, as these leads were not included in
this study, r' presence in leads V1 and V2, as in humans, could
not be verified. We found neither prolonged QRS, nor other
signs of abnormal intraventricular conduction, and thus
cannot attribute pathology to rSr' patterns in Andean condors.

This study is the first record of a positive Uwave, which
was present in approximately half (55%)of the condors.This is
the only waveform in the electrocardiogram whose genesis
remains controversial. Four major theories have been
postulated in humans [Pérez Riera et al., 2008; Schimpf
et al., 2008]: (1) repolarization of the intraventricular
conducting system or Purkinje fibers system; (2) delayed
repolarization of the papillary muscles; (3) after potentials
caused by mechanoelectrical hypothesis‐mechanoelectrical
feedback; and (4) the prolonged repolarization of the mid‐
myocardiumcells (“M‐cells”). Inhumans, anegativeUwave in
someprecordial leads ishighlyspecific for thepresenceofheart
disease and is often associated with other ECG abnormalities
[Pérez Riera et al., 2008]. Even though the clinical significance
of, U waves is well recognized for humans [Kishida
et al., 1982], it has been reported as a normal finding for
some avian species, including quails [Szabuniewicz and
McCrady, 1974]. Previous reports indicate that many birds
tend to show easily detectable U waves, with the amplitude
comparable to humans [Lepeschkin et al., 1957]. The presence
of this wave was not related to other detectable ECG
abnormalities in studied condors, and its significance is
unclear. Therefore, further studies are encouraged to determine
if this is a normal or a pathologicalfinding forAndean condors.

The use of proper physical restraint by trained
personnel allowed obtaining good quality ECG tracings.
Besides the effort to reduce stressors during the birds
manipulation, individual susceptibility to handling stress may
have resulted in a differential increase of heart rate, increasing
variability of measures, and influencing some other ECG

deflections. Anesthetizing the birds may have facilitated
lower stress levels, but we decided to work with conscious
condors because previous reports indicate that data obtained
from animals undergoing sedation or anesthesia should
not be extrapolated to conscious animals [Miller, 1986;
Tilley, 1992; Lumeij and Ritchie, 1999]. Moreover,
electrocardiographic alterations have been associated with
anesthesia in raptors [Aguilar et al., 1995]. In addition, it is
not always possible to anesthetize wild birds during field
work, due to logistical limitations, large numbers of
individuals captured, or the absence of qualified personnel.
Extrapolating data obtained under general anesthesia may not
be valid for conscious free‐ranging birds.

There exist differences in the morphology and behavior
between the different condors sexes and ages, and hence in the
conservationof this species [delHoyoet al., 1994;Lambertucci
et al., 2012].We did not found clear influence of the sex in any
of the ECG waves studied, although the sample size might be
influencing our results. However, our results suggest that age
and heart rate should be considered when interpreting
electrocardiographic data. Excluding the positive relationship
between heart rate and T wave amplitude, the negative
association between heart rate and many ECG deflections
agrees with previous findings for raptors [Espino et al., 2001;
Talavera et al., 2008]. TheMEA range in condors was closely
related to the Griffon Vultures [Gyps fluvus, Talavera
et al., 2008], but mean values were quite different, probably
due to different sample size. Talavera et al. [2008] reported a
negative correlation between HR and body weight for
anesthetizedvultures.ForAndeancondors,wedidnot evaluate
possibly correlation between body weight and heart rate, nor
the influence of BW on ECG results. This was because of
incomplete body weight data, and the potential variability due
to manual restraint could confound such interpretation.

CONCLUSIONS

Here we present the first reference database of ECG
values for Vultur gryphus, contributing to a better under-
standing of its cardiovascular physiology, and widening the
possibilities to use electrocardiography as a diagnostic tool for
both clinical investigation and conservation purposes.
Considering the lack of information about Andean condor
cardiology, together with the finding of unusual waves in this
species, further investigations are encouraged to determine if
any other particularities are present in this species’ cardiovas-
cular system. Future applications of our results include not
only diagnosing primary heart disease in Andean condors, but
detecting secondary electrocardiographic changes related to
metabolic disorders, or infectious and non‐infectious diseases.
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