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a  b  s  t  r  a  c  t

Pulmonary  hypertension  (pH)  is  a frequent  and  severe  phenomenon  in  heartworm  disease (Dirofilaria
immitis).  There  is a lack  of  studies  assessing  the  evolution  of  the  proliferative  endarteritis  and  pH  caused
by  D.  immitis  after  the death  of the  parasites,  so  this  study  evaluated  the  influence  that  the  elimination
of  the worms  exerts  over the  pulmonary  pressure  and  therefore  evolution  of the  endarteritis,  through
the  evaluation  of  the  Right  Pulmonary  Artery  Distensibility  (RPAD)  Index  and  other  echocardiographic
measurements  in  2D  mode,  M-mode  and  Doppler  echocardiography  in  34  dogs  naturally  infected  by  D.
immitis on  day  0,  and  one  month  after  the last  adulticide  dose (day  120).  pH,  based  on  the  determina-
tion  of  the  RPAD  Index,  was  present  in  68%  of the dogs  (n  =  23)  on day  0 and  on day  120.  No  significant
differences  were observed  between  the RPAD  Index  between  the two  measurements,  and  only  signifi-
cant  differences  were  found  in pulmonary  deceleration  time,  ejection  time,  and  left  ventricular  internal
diameter  in telediastole  when  measurements  from  day  0 and  day 120 were  compared.  There  was  not  any
worsening  in  the  development  of  pH after  the  elimination  of  the parasites,  independently  of  the  parasite
burden.  During  the adulticide  treatment,  the  death  of  the worms  causes  thromboembolism  and  tends  to
worsen  the  vascular  damage  and  presence  of  pH  . It seems  that following  the  adulticide  protocol  recom-
mended  by  the  American  Heartworm  Society  with  the  previous  elimination  of Wolbachia  and  reduction
of  microfilariae  followed  by the  stepped  death  of  the  worms  did  not  cause  a significant  aggravation  of
the  pulmonary  damage  of the  treated  dogs.  Neither  is  present  any  significant  improvement  in  the  RPAD
Index  on  day  120;  probably,  more  time  is  needed  before  appreciating  some  positive  changes  after  the
elimination  of  the worms  and  Wolbachia  from  the  vasculature  and  further  studies  are  necessary.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

It has been previously demonstrated that heartworms (Diro-
filaria immitis) cause proliferative endarteritis of the pulmonary
arteries, one of the main pathogenic mechanisms of cardiopul-
monary dirofilariosis (McCall et al., 2008). This endarteritis reduces
the arterial lumen, the smaller arteries become obstructed because
of embolization, and the arteries lose elasticity. The reduced gauge
and compliance of the arteries chronically develops pulmonary
hypertension (pH) which, if not treated correctly, can produce right
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sided-congestive heart failure (McCall et al., 2008; Simón et al.,
2012). This series of events are especially true in active dogs inde-
pendently of the worm burden (Dillon et al., 1995). Other factors, as
proteins secreted by the parasites and endogenous molecules, may
contribute to the vascular endarteritis and therefore development
of pH (Uchide and Saida, 2005; Venco et al., 2014a; González-
Miguel et al., 2015).

In heartworm disease, endarteritis and pH are closely linked.
It has been postulated that the determination of pH and serolog-
ical factors could be extremely useful to determine the severity
of the endarteritis and thus the chronicity of the disease (Uchide
and Saida, 2005; Venco et al., 2014a; Venco et al., 2014b). Nowa-
days, the method of choice to diagnose pH in veterinary medicine
is based on transthoracic Doppler echocardiography, which pro-
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vides a noninvasive and readily available method for estimating
pulmonary arterial pressure (Kellihan and Stepien, 2010). However,
the diagnosis is often based on indirect and subjective parameters,
specifically when tricuspid regurgitation and/or pulmonary insuffi-
ciency are difficult to obtain. Recently, the Right Pulmonary Artery
Distensibility Index (RPAD Index) was validated as a valuable and
objective method to estimate the presence and severity of pH in
dogs infected by D. immitis (Venco et al., 2014b). The RPAD Index
is basically calculated as the difference in diameter of the right
pulmonary artery in systole and diastole as measured by M-mode.

Nevertheless no studies have been published assessing the evo-
lution of the endarteritis and pH after the death of the parasites, so
the objective of this study was to evaluate the influence that the
elimination of the worms exerts over the pulmonary pressure and
therefore evolution of the endarteritis, through the evaluation of
the RPAD Index and other echocardiographic measurements in 2D
mode, M-mode and Doppler echocardiography in dogs naturally
infected by D. immitis.

2. Materials and methods

34 client-owned dogs brought to the Veterinary Medicine Ser-
vice of the University of Las Palmas de Gran Canaria were included
in the study. The dogs lived in a hyper-endemic area of D. immitis
(Montoya-Alonso et al., 2011; Montoya-Alonso et al., 2016). Seven-
teen were male and 17 were female and the age ranged from 2 to 6
years; 18 were mixed-bred dogs and 16 were pure-bred dogs. Inclu-
sion in the study was based on a positive result for circulating D.
immitis antigens (Urano test Dirofilaria

®
, Urano Vet SL, Barcelona,

Spain). Dogs were further evaluated for the presence or absence
of microfilariae using a modified Knott test. Thoracic radiography
and echocardiography exams were carried out in all dogs at the
beginning and at the end of the study.

Dogs underwent echocardiographic exam by using an ultra-
sound machine with spectral and color Doppler and multifrequency
probes (5.5–10 MHz) (Logic P5, General Electric, New York, USA).
The dogs were placed in right lateral recumbence with the trans-
ducer placed in the third intercostal space. Dogs were conscious and
under electrocardiographic monitoring during the whole test. For
each measurement, six continuous cardiac cycles were recorded.
All the echocardiographic records were carried out by the same
researcher.

Echocardiographic findings were evaluated to estimate the
worm burden (Venco et al., 2003), and a score from 1 to 4 was
assigned from low to high worm burden as follows: (1) No worms
visualized, (2) few worm echoes in the distal part of the right pul-
monary artery, (3) worm echoes occupying the right pulmonary
artery and extending to the main pulmonary artery, (4) worm
echoes occupying the whole right pulmonary artery and the main
pulmonary artery to the level of pulmonary valve.

The following parameters were determined by means of spectral
Doppler: pulmonary flow acceleration time (AT), pulmonary flow
ejection time (ET), AT/ET ratio, maximum velocity of the blood flow
through the pulmonary artery (PAVmax) and pulmonary decel-
eration time (DT). Presence or absence of tricuspid regurgitation
(TR) and pulmonary regurgitation (PR) as well as gradient between
chambers, were also assessed. By standard two-dimensional mode,
the following was determined: main pulmonary artery/aorta ratio
(PA/Ao ratio), left atrial (LAV) and right atrial (RAV) volumes, left
atrial (LAA) and right atrial (RAA) areas. By M-mode, the measured
parameters were: fractional shortening (FS), ejection fraction (EF),
right ventricular internal diameter in telediastole (RVIDD) and left
ventricular internal diameter in telediastole (LVIDD), RVIDD/LVIDD
ratio, right ventricle wall thickness (RVWT), left ventricle posterior
wall thickness (LVPWT), RVWT/LVPWT ratio, and tricuspid annular

plane systolic excursion (TAPSE). The RPAD Index was  determined
as described by Venco et al. (2014b).

The dogs received adulticide treatment following the Amer-
ican Heartworm Society recommended management protocol
(American Heartworm Society, 2014). Briefly, on day 0 the dog
is diagnosed and verified as heartworm positive, start with
monthly heartworm preventative based on ivermectin (6 �g/kg)
(Cardotek-30 Plus, Merial Laboratorios S.A., Barcelona, Spain) and
the administration of doxycycline (Ronaxan, Merial Laboratorios
S.A., Barcelona, Spain) (10 mg/kg BID) for 4 weeks. On day 60 the
dog is treated with the first intramuscular injection of melarsomine
(2.5 mg/kg) (Immiticide, Merial Laboratorios S.A., Barcelona, Spain),
followed on day 90 by a second injection, and a third injection on
day 91. On day 120 the dog is tested for presence of microfilariae
and discharged. Finally, the day 271, 6 months after completion, an
antigen test is done to confirm the adulticide efficacy.

Moderate exercise restriction was  recommended since the day
0 until day 60 and significant since day 60 until at least one month
after the last melarsomine injection. Echocardiographic measure-
ments were assess on day 0 (day of the diagnosis) and day 120 (day
of discharge). Measurements were assessed by the same technician
who on day 120 was blinded about the results from day 0.

The data were analyzed using the SPSS Base 19.0 software for
Windows. A Kolmogoroz-Smirnov test was  performed to verify
the normal distribution of the data. Continuous variables were
expressed as median ± standard deviation. Qualitative variables are
expressed as percentage. The non-parametric test of Wilcoxon was
used to determine the differences before and after treatment. The
Chi square test or Fisher’s exact test was used to assess the associa-
tion between categorical variables. In all cases, a p value < 0.05 was
determined as significant.

All the owners gave their consent to participate in this study.
The study was approved by the ethical committee of the Veterinary
Medicine Service of the University of Las Palmas de Gran Canaria
and was  carried out in accordance with the current European leg-
islation on animal protection.

3. Results

Based on the modified Knott test results on day 0, 17 dogs (50%)
showed microfilaremia and 17 (50%) were amicrofilariemic. On  day
120, only one dog showed microfilaremia.

According to the echocardiographic findings, at the beginning of
the study 25 dogs (74%) were considered as having a low burden of
heartworms (scores 1 or 2) while 9 (26%) were considered to have
a high burden (scores 3 or 4). On day 120, all dogs were classified
as score 1.

Absence or presence of pH, as well as the severity, was based
on the determination of the RPAD Index. According to Venco et al.
(2014b), pH was  present in 68% of the dogs (n = 23): 2 dogs pre-
sented severe pH (RPAD Index ≤22%), 13 dogs presented moderate
pH (RPAD Index 23–27%) and 8 presented mild pH (RPAD Index
28–35%). Normal pulmonary pressure was  present in 32% (n = 11)
of the studied dogs (RPAD Index ≥36%). On day 120, 23 dogs showed
pH (3 dogs presented severe pH, 5 dogs presented moderate pH and
15 presented mild pH), while 11 dogs showed normal pulmonary
pressure.

No significant differences were observed between the RPAD
Index on day 0 and RPAD Index on day 120, in both with high and
low parasite burden groups of dogs (Table 1). When the evolution
of the RPAD Index was  observed individually from day 0 to day 120,
6 dogs evolved from normotense to hypertense and 6 dogs evolved
from hypertense to normotense; 17 dogs with pH remained hyper-
tense on day 120, and 5 dogs which were normotense on day 0
remained normotense on day 120.
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