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) pressure curve determination (4). Data sets were first obtained at
Am J Physiol Heart Circ Physiol 286 H1441-H1447, 2004, - = A : b
First published December 18, 2003; 10.1152/ajpheart.00640.2003. baseline and after 10-min hypoxla (1nsp1red oxygen reduction for Pao2

of ~40 mmHg). After return to hyperoxia and 30-min stabilization, in
Right ventricular adaptation to pulmonary hypertension:

an 1nterspecies comparison A Baseline Hypoxia
*
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.g 3 oD CSSU'C elationships in dogs (C' cles), gqa s (triangles), and baseline and during hypoxia. At baseline, afterload increases from dogs to pigs,
pigs (squares) at baseline (filled symbols) and in hypO)Fla (open symbols). contractility increases proportionally, and coupling is optimal in all species. In
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The Veterinary Journal 251 (2019) 105347
Contents lists available at ScienceDirect
The Veterinary Journal
ELSEVIER journal homepage: www.elsevier.com/locate/tvjl
Pulmonary hypertension secondary to respiratory disease and/or L))
hypoxia in dogs: Clinical features, diagnostic testing and survival —

JA. Jaffey™, K. Wiggen?, S.B. Leach?, I. Masseau”, RE. Girens®, C.R. Reinero™"

Department of Veterinary Medicine and Surgery, Veterinary Health Center, Univrsity of Missour, 900 East Campus Drive, Columbia, MO, 65211, USA
" Department of Science Ciiniques, Faculté de Médecine Vétérinare, Université de Montréal, St-Hyacinthe, Canada.

Obstructive airway/lung disease Restrictive lung disease

Definitive n  Suspected Definitive  Suspected

(%) n (%) %) %)
Tracheal collapse 27 (57) 0(0) Pulmonary fibrosis 4 (8) 10 (21)
Pulmonary neoplasia 2(4) 0(0)
MSB collapse 24 (51) 0(0) ARRS 0(0) 4(8)
Uncharacterized parenchymal 0(0) 5(10)
disease
Bronchomalacia 18 (38) 0(0) Pneumocystis pneumonia 1(2) 0(0)

s . MBD, Mixed-breed dog; SCWT, Soft coated wheaten terrier; Wi
Bronchiectasis 9 (19) 0(0) : R s p 2
Rionchiolar disaass 4 (10) 0 (0) cocker spaniel; MSB, mainstem bronchial collapse; BOAS, brac
Emphysema 1(2) 0(0)

BOAS 1(2) 0(0)




Ninety-one percent (43/47) of dogs had at least one respiratory
clinical sign described by owners at the time of PH identification.
These included: cough 72.0% (31/43); increased respiratory effort
30.0% (13/44); tachypnea 21.0% (9/44), syncope 16.2% (7/43); acute

respiratory distress 7.0% (3/43); wheezing

7.0% (3/43); |cyanosis

7.0% (3/43); hemoptysis 2.3% (1/43); and exercise intolerance 2.3%
(1/43). Many dogs exhibited more than one respiratory sign.
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3. Pulmonary hypertension secondary to respiratory disease, hypoxia or both’
3a. Chronic obstructive airway disorders®

3a1. Tracheal or mainstem bronchial collapse®#%7*

3a2. Bronchomalacia”??

3b. Primary pulmonary parenchymal disease
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CT-Definable Subtypes of Chronic Obstructive
Pulmonary Disease: A Statement of the Fleischner
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ACVIM consensus statement guidelines for the diagnosis,
classification, treatment, and monitoring of pulmonary
hypertension in dogs

Carol Reinero' © | Lance C.Visser?© | HeidiB. Kellihan® | Isabelle Masseau® |
Elizabeth Rozanski®© | Cécile Clercx® | Kurt Williams” | Jonathan Abbott®® |
Michele Borgarelli’ | Brian A. Scansen®

EAlthough “chronic bronchitis” has been listed as a diagnosis in some canine reports, 2 this syndrome alone in the dog is unlikely to cause PH. The term
chronic obstructive pulmonary disease (COPD) used in humans encompasses underlying and overlapping conditions such as chronic bronchitis and
emphysema. Both cause airflow limitation and dyspnea in people. Canine chronic bronchitis by itself (ie, without concurrent bronchomalacia) does not
cause airflow limitation leading to increased expiratory respiratory effort and emphysema is very rare in dogs, thus the term COPD is inappropriate to use
in this species. Tracheal and mainstem bronchial collapse and bronchomalacia are common causes of obstructive airway disorders; however, referenced
studies proving they cause PH are somewhat limited by many reported dogs having comorbid conditions also known to cause PH.
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3. Pulmonary hypertension secondary to respiratory disease, hypoxia or both’

3a. Chronic obstructive airway disorders®

3a1. Tracheal or mainstem bronchial collapse®#%7*

3a2. Bronchomalacia”??

3b. Primary pulmonary parenchymal disease

3b1. Interstitial lung disease (reviewed in”*?%)

3b1a. Fibrotic lung disease828:4091.9296

3b1b. Cryptogenic organizing pneumonia/secondary organizing pneumonia®”

3b1c. Pulmonary alveolar proteinosis™®

3b1d. Unclassified interstitial lung disease (ILD)*1¢¢8591.59.100

3b1e. Eosinophilic pneumonia/eosinophilic bronchopneumopathy®47%101

3b2. Infectious pneumonia™ Pneumocystis® 19219 Enrlichia?1%%10%

3b3. Diffuse pulmonary neoplasia®>¢85:91.92.106

3c. Obstructive sleep apnea/sleep disordered breathing'07:108.d: 192,109
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Idiopathic Pulmonary Fibrosis
in West Highland White Terriers

Henna P. Heikkila-Laurila, ovm™*, Minna M. Rajamaéki, bvm, phD

KEYWORDS

® Dog e Interstitial lung disease ® Bronchoalveolar lavage ® Arterial blood gases
® HRCT e Biomarker

Vet Clin Small Anim 44 (2014) 129-142
http://dx.doi.org/10.1016/j.cvsm.2013.08.003 vetsmall.theclinics.com
0195-5616/14/$ — see front matter © 2014 Elsevier Inc. All rights reserved.
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J Vet Intern Med 2006;20:912-920

Doppler Echocardiographic Prediction of Pulmonary Hypertension in
West Highland White Terriers with Chronic Pulmonary Disease

Karsten E. Schober and Hanno Baade

Table 1. Patient characteristics.

Dogs WHWT Boxers WHWT Interstitial
Clinical Status Healthy Healthy Pulmonary Disease

Group Control (I) Control (IT) Normal PAP (IIIA) Unknown PAP (IIIB) PH (I11C)
N 41 32 7 18 20
Age (years) 6.0 (0.6-12.7) 2.3* (0.4-8.0) 9.8° (5.5-15.0) 10.2° (3.0-14.0) 11.0° (5.8-13.0)
Sex (female/male)* 12/29 18/14° 3/4° 9/9° 9/11°
BW (kg) 10.0 (6.5-11.5) 29.5" (22.0-36.1) 9.9 (5.5-12.0) 10.2 (2.0-15.0) 11.0 (6.7-12.6)
PR® 13 12 1 2 15
PR (m/s) 0.80 (0.24-1.15) 0.55 (0.41-1.12) 1.92 (n.d.) 1.42 (0.95-1.88) 2.41* (0.55-3.83)
TR® 14 10 6 0 20
TR (m/s) 1.84 (1.00-3.05) 2.73 (2.66-3.01) 2.97 (0.98-3.05) n.d. 3.95° (3.23-5.44)

Dia< EBFEFHPH
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Further characterization of computed tomographic and clinical
features for staging and prognosis of idiopathic pulmonary
fibrosis in West Highland white terriers

Florence Thierry* | lanHandel' | GawainHammond® | LesleyG.King?' |
Brendan M. Corcoran® | Tobias Schwarz!?
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TABLE 1 Criteria used for grading severity of computed tomographic lung patterns in sampled dogs

Grade

Grade O (normal)

Grade 1 (mild severity)
Grade 2 (moderate severity)

Grade 3 (marked severity)

Lung pattern
Normal lung

Ground glass pattern

S ok

H

L]

2

Lyh?

Mosaic ground glass pattern, focal reticular pattern, pulmonary consolidation, or bronchiectasis

Generalized reticular pattern, honeycombing, traction bronchiectasis, or nodular pattern
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SPONTANEOUSLY ARISING DISEASE

The Histopathology of Idiopathic Pulmonary
Fibrosis in West Highland White Terriers Shares
Features of Both Non-specific Interstitial
Pneumonia and Usual Interstitial Pneumonia
in Man

P. Syrja", H. P. Heikkila', L. Lilja-Maula', E. Krafft', C. Clercx’,
M. J. Day/, M. Rénty’, M. Myllarniemi’ and M. M. Rajamaki’
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Interstitial lung diseases in dogs and cats part I: The idiopathic m
interstitial pneumonias

[o]

Carol Rei

icine, University of Missouri, Columbia, MO 65211, USA

- | 1IPs I ILD of “Known” cause
Sporadic
fibrotic ILD
I

= |
Familial NSIP and LIP Inhalational Secondary causes

fibrotic ILD* . Drugs

» Radiation
AIP COP + Immune-mediated

ILD : ME4mEE [@L—/
[IPs : $FRERBE EMmA

UIP : BEBIRE Mm% (fibrotic ILD, IPF?)
NSIP : JEFERRE A

COP : 155 1taRE{bhm%

Other forms of ILD

PAM
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Contrasting Clinical Features of Idiopathic Interstitial Pneumonias

Features uip DIP RB-ILD | AIP NSIP cop
Mean age at onset (yr) | 60s 40s 40s 50s 50s 50s
Onset Insidious Insidious| Insidious| Acute Subacute, Acute or
insidious subacute
History of cigarette About two | Most Most Not Uncommon | About half
smoking thirds known
Mortality rate (mean 68% (5-6 yr) | 27% 0% 62% (1- | ®25% in 10yr| 10% in 5 yr
survival) (12yr) 2 mo)
Response to steroids Poor Good Good Poor Good Excellent
Complete recovery No Yes Yes Yes, Yes Yes (£70% of
possible rarely patients)
28

Pathologically Proved

Nonspecific Interstitial

Pneumonia: CT Pattern Analysis

as Compared with Usual Interstitial

Pneumonia CT Pattern’

Radiology: \'olume 272: Number 2—August 2014 = radiology.rsna.org -

Figure 1: UIP pattern in a 69-year-old man.
Transverse thin-section (1-mm) CT image through
the right lower lobe shows broad honeycombing in
a predominantly peripheral distribution. Pathologic
diagnosis of UIP was made.

Figure 4:  NSIP pattern in a 47-year-old woman.
Transverse thin-section (0.5-mm) CT image through
right lower lobe shows broad ground-glass opacity
and traction bronchiectasis. Subpleural area shows
sparing. Pathologic diagnosis of NSIP was made.

Figure 3:  UIP or NSIP pattern in a 73-year-old
man. Transverse thin-section (0.5-mm) CT image
through the right lower lobe shows ground-glass
opagcity, intralobular reticular opacity, and traction
bronchiectasis. Impression of CT findings was

o
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o
o

o
IS

o
N

Cumulative proportion surviving

o
o

0 50 100 150 200 250
Follow up time (months)
Figure 5:  Kaplan-Meier survival curves for patients with UIP pattern (n=17,
solid line), possible UIP pattern (n = 24, dotted line), UIP or NSIP pattern (n =
13, dashed ling), and NSIP pattern (7 = 56, dashed and dotted line).
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Long-Term Outcome and Use of 6-Minute Walk Test in West A
Highland White Terriers with Idiopathic Pulmonary Fibrosis

ORIGINAL RESEARCH
A syndrome of severe idiopathic pulmonary
L.I.O. Lilja-Maula, H.P. Laurila, P. Syrji, A.K. Lappalainen, E. Krafft, C. Clercx, and parenchymal disease with pulmonar'y hypertension
M.M. Rajamiki . .
in Pekingese

“Th sricle v publishe in th following Deve Press ourna
y Medcine:Researchand Reprts

1.00 4 N 5oy s el s b viewed
2 0.754
2 0501 fering from a respiratory crisis at the time of death. An
2 additional two dogs were euthanized due to the grave
% prognosis (mortality rate 77%). The recorded clinical signs
& 027 in the medical record at the time of the death were either
syncope or dyspnea. At the time of sampling completion,
0.00 |

T T T T T ‘ ‘ the median survival during the 3-year period was 60 days
0 10 20 30 40 50 60 (IQR 9-210 days).

Time (months) from onset of clinical signs

Fig 1. Kaplan—Meier survival curves for all-cause survival (dot-
ted line) and idiopathic pulmonary fibrosis (IPF)-specific survival
(solid line) of West Highland White Terriers (WHWTs) with IPF
from onset of ¢ al signs. Censored animals (for all-c:
vival WHWTs alive at study endpoint and for IPF-specific sur-
vival WHWTs alive and those who died of non-IPF-related
causes) are presented as circles.
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Japanese guideline for the treatment of idiopathic
pulmonary fibrosis

Respiratory Investigation
Volume 56, Issue 4, July 2018, Pages 268-291

5. Clinical Questions Q1-Q17

5.1. Clinical Question 1: Should patients with IPF be treated with
corticosteroid monotherapy?

We recommend strongly that patients with IPF in the chronic phase should not be
treated with corticosteroid monotherapy.
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Table 33 Recommendations for pulmonary

TS ST 2015 ESC/ERS Guidelines for the diagnosis
R daci Class [ Level] Ret and treatment of pulmonary hypertension

Echocardiography is recommended for
the non-invasive diagnostic assessment 403,
of suspected PH in patients with lung 405
disease

Referral to an expert centre is —
recommended in patients with

echocardiographic signs of severe PH 1 ‘
and/or severe right ventricular

dysfunction

The optimal treatment of the underlying

lung disease, including long-term O, o~ . ‘l ‘ N

therapy in patients with chronic 1 169 —

hypoxaemia, is recommended in ‘L & ? % , n ‘i
patients with PH due to lung diseases

Referral to PH expert center should be

considered for patients with signs of

severe PH/severe RV failure for = ﬂ ~
individual-based treatment d
RHC is not recommended for suspected

PH in patients with lung disease, unless
therapeutic consequences are to be
expected (e.g. lung transplantation, 169
alternative diagnoses such as PAH or
CTEPH, potential enrolment in a clinical

trial)
The use of drugs approved for PAH is

. . X 41—
not recommended in patients with PH 416

due to lung diseases
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Worsening of pulmonary gas exchange with nitric oxide inhalation
in chronic obstructive pulmonary disease

The Lancet: Feb 17.1996: 347.8999: ProOuest

Joan A Barbera, Nuria Roger, Josep Roca, Irene Rovira, Timothy W Higenbottam, Robert Rodriguez-Roisin
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Editor's Choice

ORIGINAL ARTICLE

Respirology (2015) 20, 805-812
doi: 10.1111/resp.12530

Multi-instituti | retrospective cohort study of patients with
severe pulmonary hypertension associated with "
respiratory diseases Cumulative
survival
NoBUHIRO TANABE, 2 HIROYUKI TANIGUCHI,? IcHizo TSUJINO,* FuMio SAKAMAKI,® Noriaki EMOTO,® 1 _0 -
HirosHI KIMURA,” Kel TAKAMURA,? MAsAYUKI HANAOKA,® MasAHARU NISHIMURA® AND
KoicHIRO TATSUMI' FOR THE JRS Lung Disease PH Study Group* )
0.8+
4 With PDE-5I
0.6+
0.4
Severe PH (mPAP >35 mmHg) - Without PDE-5I
Retrospective 0.2+
0.0 T T T T T T T T
0 1 2 3 4 5 6 7
Subjects n Years
with PDE-5I 45 34 23 16 8 4 4 4
without PDE-51 25 1 6 3 2 2
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@ ESC European Heart Journal (2022) 43, 3618-3731 ESC/ERS GUIDELINES
European Society https:/idoi.org/10.1093/eurheartjlehac237
of Cardiology
2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension
Developed by the task force for the diagnosis and treatment of
pulmonary hypertension of the European Society of Cardiology
(ESC) and the European Respiratory Society (ERS).
Recommendation Table 23B
GRADE
Recommendations Quality of Strength of Class® Level®
evidence recommendation
PDESis may be considered in patients with severe PH associated with ILD Very low Conditional b c
(individual decision-making in PH centres)
The use of PDESis in patients with ILD and non-severe PH is not recommended Very low Conditional c
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ACVIM consensus statement guidelines for the diagnosis,
classification, treatment, and monitoring of pulmonary
hypertension in dogs

Carol Reinero* © | Lance C.Visser?© | HeidiB. Kellihan® | lIsabelle Masseau® |
Elizabeth Rozanski®© | Cécile Clercx® | Kurt Williams” | Jonathan Abbott® ® |
Michele Borgarelli’ | Brian A. Scansen'®

7.3.3 | Group 3 PH secondary to respiratory
disease, hypoxia, or both

may be benefit?

In people, for the same reasons noted for group 2 PH, the use of PH-
specific treatments for group 3 PH are not routinely recommended.?**
In contrast, in dogs with group 3 PH, there may be benefit to addi-
tional PH-specific treatment during or after treatment for underlying
pulmonary disease. In a recent study of dogs with diverse causes of
group 3 PH, administration of PDESi was the only independent pre-
dictor of survival in a multivariable analysis.”*

T20. A PDESi is recommended in group 3 dogs, 0425284205210

e Consensus in 7/7 members of the panel and 5/5 advisory reviewers
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Recevc 22 June 2019 | Accepted: 25 November 2019 L)
DOF 10111/3im 15675 st
Journal of Veterinary Internal Medicine ACQ},IM 60 1
STANDARD ARTICLE — T
Clinical features and outcome in 25 dogs with respiratory- *
associated pulmonary hypertension treated with sildenafil
Lynelle R. Johnson | Joshua A. Stern \
40 4
TABLE 2 Distribution and combinations of suspected respiratory g
causes of pulmonary hypertension in 22 dogs of this study 2
—
Number of 8
affected dogs
- ) a 20
Interstitial lung disease 8
Interstitial lung disease + BOAS 1
Interstitial lung disease + tracheobronchomalacia 1
Tracheobronchomalacia 4
Tracheobronchomalacia + BOAS + inflammation 1 8 \
L b
Tracheobronchomalacia + BOAS 1 Pre-sildenafil Post-sildenafil
Tracheobronchomalacia + inflammation 1
P Q FIGURE 1  Quality of life (QOL) scores out of a maximum of
0 N . . .
racheobronchomalacia + infection 85 points before and after 1 month of treatment with sildenafil
Infection 1 (n = 15). Although 4 dogs demonstrated a worsening in QOL as
BOAS + infection 1 indicated by an increased score, overall values were significantly
BOAS 1 lower posttreatment, *P = .002
Inflammation (eosinophilic) 1
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(O] 31— ESC/ERS GUIDELINES
E;"{“V:ﬂ"‘s"('ﬂlv httpsJ/idoiorg/10.1093/eurheartj/ehac237
ey

2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension

Developed by the task force for the diagnosis and treatment of
pulmonary hypertension of the European Society of Cardiology
(ESC) and the European Respiratory Society (ERS).

GRADE
Recommendations Quality of Strength of Class® Level®
evidence recommendation
PDESis may be considered in patients with severe PH associated with ILD Very low Conditional b c
(individual decision-making in PH centres)
The use of PDESis in patients with ILD and non-severe PH is not recommended Very low Conditional - c
Inhaled treprostinil may be considered in patients with PH associated with ILD73* b B

The use of ambrisentan is not recommended in patients with PH associated with IPF7*0

P1S1

The use of riociguat is not recommended in patients with PH associated with Il

The use of PAH medication is not recommended in patients with lung disease and non-severe PH®
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The NEW ENGLAND JOURNAL of MEDICINE

N ENGL J MED 384;4 NEJM.ORG JANUARY 28, 2021

“ ORIGINAL ARTICLE ||

Inhaled Treprostinil in Pulmonary Hypertension

Due to Interstitial Lung Disease
o Observed *x MMRM o MCMC

Aaron Waxman, M.D., Ph.D., Ricardo Restrepo-Jaramillo, M.D.,

Thenappan Thenappan, M.D., Ashwin Ravichandran, M.D., Peter Engel, M.D.,
Abubakr Bajwa, M.D., Roblee Allen, M.D., Jeremy Feldman, M.D., 30 125 Inhale.d 121
Rahul Argula, M.D., Peter Smith, Pharm.D., Kristan Rollins, Pharm.D., treprostinil
Chungin Deng, M.D., Ph.D., Leigh Peterson, Ph.D., Heidi Bell, M.D., 25
Victor Tapson, M.D., and Steven D. Nathan, M.D. —_
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Figure 2. Mean Change from Baseline in Peak 6-Minute Walk Distance
through Week 16.
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Respiratory Investgation 62 (202

Contents liss available at ScienceDirect
Respiratory Investigation

journal homepage: wiww.elsevier.comlocate/resiny

Efficacy, safety, and pharmacokinetics of inhaled treprostinil in Japanese
patients with pulmonary hypertension associated with interstitial

lung disease

Seiichiro Sakao ', Yasuhiro Kondoh ", Hideyuki Kinoshita *, Osamu Nishiyama *, Takeshi Ogo*,

Nobuhiro Tanabe', Shun Minatsuki ¥, Kazuhiko Nakayama ", Yu Taniguchi', Kenta Takahashi’,
Masahiro Takatsu , Takashi Ogura

Table 2
Hemodynamic parameters (n = 20).

Baseline Week 16 Change from baseline to Week
16
Pre- Post-inhalation Post-inhalation
inhalati
inhalation 15 min 30 min Best Best
Mean + SD Mean + SD Mean + Mean + Mean =+ Mean =+ SD (95% CI)
SD SD SD
PVRI (Wood units-m?) 9.7 +£5.0 9.3 £5.9 6.0 £3.3 6.0 £29 5.6 £3.2 —4.1 +3.7 (-5.8t0 —2.4)
PVR (Wood units) 59+31 5.6 +£ 3.6 3.7 £22 3.7 £2.0 3.5+21 —2.4+23(-3.5t0 —-1.3)
mPAP (mmHg) 33.3+7.1 33.7+£9.9 26.7 + 6.7 26.3+72 25.7 £ 6.7 —7.6 £7.2(-11.0 to —4.2)
CO" (L/min) 4.4+0.8 43+09 4.8 £1.0 4.8 £1.0 49+1.0 0.6 + 0.8 (0.2 to 0.9)
Cardiac index (L/min/ 2.6 £0.5 2.6 £0.5 29+ 0.6 29+ 0.6 3.0 £ 0.6 0.3 £ 0.5 (0.1 to 0.5)
m?)
SVR (Wood units) 23.1+6.8 235+7.1 20.1 +£6.2 20.4 +6.2 19.7 £ 6.3 —3.4+4.0(-5.3t0 —1.6)
SVRI (Wood units-m?) 38.3+£10.8 38.9 +£11.1 33.2+ 8.6 33.5+8.5 32.4 + 8.6 —5.9 +6.5(-9.0 to —2.9)
PAWP (mmHg) 9.1+3.3 10.6 + 3.6 10.2 £ 4.5 9.7 £ 4.0 9.4+ 4.0 0.4+32(-1.1t01.9)
mRAP (mmHg) 4.4+ 34 4.6 +3.3 3.3+29 3.4 £3.5 27 +25 —-1.7 £ 2.6 (—2.9 to —-0.5)
SvO; (%) 68.4 + 6.2 68.1 +£7.8 67.7 £ 6.6 66.9 + 5.8 68.0 £ 6.5 —-0.4 +£4.4(-25t01.7)
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