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Background: Right heart catheterization (RHC), including a pulmonary artery wedge pressure (PAWP)
determination, is necessary to categorize the hemodynamic type of pulmonary hypertension (PH). The
potential hemodynamic implications of a pulmonary artery catheter (PAC) balloon inflation in PH have not
been formally tested.

Methods: We assessed the hemodynamic impact of the PAC balloon inflation during RHC by measuring
systolic, diastolic, and mean pulmonary artery pressure (mPAP) in all patients, and cardiac output (CO)
by thermodilution in a subgroup of patients. Hemodynamic measurements were obtained both with PAC
balloon deflated and fully inflated (1.5 mL of air), while the PAC was free floating in the pulmonary artery
before wedging. We calculated total pulmonary resistance (TPR).

Results: We included 210 patients, age 58+14 years, 134 (64%) women. Patients had no PH (n: 12, 6%),
PH group 1 (n: 68, 33%), 2 (n: 86, 41%), 3 (n: 11, 5%), 4 (n: 29, 14%), and 5 (n: 3, 1%). The mean =
standard deviation (SD) at end-expiration mPAP (balloon-up minus down) (n: 209) was -0.02+1.59 mmHg
(range, -5.0 to 4.0 mmHg; P=0.84), while the TPR (n: 62) was -0.27£1.2 Wood units (WU) (range, -4.8 to
2.2 WU; P=0.08); without significant variation based on the type of PH group or degree of pulmonary
vascular resistance (PVR). Interestingly, the change in mPAP at end-expiration with PAC balloon inflation
was higher in women (mean + SD: 0.31x1.43 mmHg) than men (mean = SD: -0.61+1.70 mmHg) (P<0.001).
Conclusions: Balloon inflation of the PAC in the main pulmonary artery had no significant impact on the
mPAP or TPR, even when only including patients with group 1 PH or selecting a subgroup with a higher
PVR.
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Introduction

Pulmonary artery hemodynamics are essential for the
diagnosis and hemodynamic classification of pulmonary
hypertension (PH) (1). PH is defined as a mean pulmonary
artery pressure (mPAP) >20 mmHg and can be further
characterized as precapillary [pulmonary artery wedge
pressure (PAWP) <15 mmHg with pulmonary vascular
resistance (PVR) >3 Wood units (WU)], post-capillary
PH (PAWP >15 mmHg and PVR <3 WU) and combined
pre- and post-capillary PH (PAWP >15 mmHg and PVR
>3 WU) (1). A reliable PAWP determination is essential
to this hemodynamic characterization (2); however, some
physicians are concerned that the pulmonary artery
catheter (PAC) balloon inflation in a pulmonary artery with
already high mPAP may acutely affect the right ventricular
(RV) afterload exposing patients to an increased risk of
cardiovascular complications. The diameter of a fully
inflated PAC balloon is 1.3 cm (area: 1.3 cm?), while the
main pulmonary artery diameter in healthy individual and
patient with PH is 2.5 cm (area: 4.9 cm’) and 3 cm (area:
7.1 cm’), respectively (2,3). Therefore, a PAC balloon
inflation represents reduction in effective vascular area of
27% in healthy and 18% in subjects with PH, with unclear
effects on pulmonary pressures. In fact, the potential
hemodynamic implications of PAC balloon inflation in PH
have not been formally tested. Therefore, we hypothesized
that short-term balloon inflation has a minimal effect on
pulmonary hemodynamics in most PH patients but may
have a more relevant impact in those with severe PH.
We present the following article in accordance with the
CONSORT for Harms reporting checklist (available at
https://cdt.amegroups.com/article/view/10.21037/cdt-21-
515/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The
institutional review board at Cleveland Clinic approved
this study (number: 19-460). Informed consent was waived
since the pressures presented are always recorded during
right heart catheterization (RHC). RHC was performed
under local anesthesia (lidocaine 1%) to establish the
diagnosis of PH or as hemodynamic evaluation during
PH follow-up. The procedure was performed by a single
operator (ART). In all patients, we advanced a 7.5-Fr PAC
(Biosensor International, Jalan Tukang, Singapore) to the
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right or left main pulmonary artery. Patients who needed
other PAC brands or sizes were excluded from the study.
Catheter position was confirmed by waveform analysis and
fluoroscopy imaging.

We recorded waveform tracings from three respiratory
cycles for all hemodynamic determinations, and pressures
were determined using calipers. We measured systolic,
diastolic, and mPAP both at end-expiration and across the
respiratory cycle. Cardiac output (CO) was measured by
the thermodilution method (the distal thermistor is located
before the PAC balloon, not affecting thermodilution
measurements when the balloon is inflated) (4). Total
pulmonary resistance (TPR) was calculated as mPAP/
CO hemodynamic determinations were obtained in the
pulmonary artery both with the balloon deflated and fully
inflated (1.5 mL of air) just before advancing the PAC
to a wedge position (Figure 1). Only TPR was compared
between the two conditions, since only PAP but not PAWP
(a value needed to calculated PVR) could be determined
when the PAC balloon was inflated but free floating in the
pulmonary artery. We also recorded the type of PH (1),
clinical, laboratory, echocardiographic, radiographic, and
functional data closest to the RHC.

Statistical analysis

Continuous data are presented as mean + standard deviation
(SD) and categorical data are summarized as discrete values
and percentages [n (%)]. Paired Student’s 7-test was used to
compare continuous variables before and during PAC balloon
inflation. ANOVA and Chi-square were used to compare
continuous and categorical variables, respectively, across the
PH groups 1, 2 and 4. All P values are two-tailed and a value
of <0.05 was considered significant. The statistical analyses
were performed using the statistical package IBM SPSS,
version 22 (IBM; Armonk, New York, NY, USA).

Results

We included 210 unique patients between December 2019
and December 2020, age 58+14 years, 134 (64%) women.
Patients had no PH (n: 12, 6%), PH group 1 (n: 68, 33%), 2
(n: 86, 41%), 3 (n: 11, 5%), 4 (n: 29, 14%), and 5 (n: 3, 1%).
Group 1 PH included idiopathic (n: 32, 47%) and heritable
PAH (n: 7, 10%), as well as PAH associated with liver
disease (n: 4, 6%), connective tissue disease (n: 22, 32%)
and drug/toxin (n: 3, 4%). In the overall cohort, we noted
minimal variation in the mPAP either at end-expiration or
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Figure 1 Pulmonary artery catheterization. (A) The PAC is located in the right pulmonary artery with balloon deflated. (B) The PAC is in

the same location but with balloon inflated. PAC, pulmonary artery catheter.

Table 1 Hemodynamic determination with PAC balloon down and up

. R Balloon-down
Hemodynamic determinations

Balloon-up determinations, Pressure difference (up P (paired

determinations, mean + SD mean + SD minus down), mean + SD  t-test)
End-expiration PAP systolic (mmHg) 209 58.3+22.8 57.9+23.0 —-0.46+2.28 0.004
End-expiration PAP diastolic (mmHg) 209 32.1+10.7 32.3+10.7 0.20+1.85 0.13
End-expiration PAP mean (mmHg) 209 40.8+14.3 40.7+14.4 -0.02+1.59 0.84
Averaged PAP systolic (mmHg)* 208 53.8+21.4 53.8+21.6 0.03+1.79 0.79
Averaged PAP diastolic (mmHg)* 208 27.5+9.6 28.1+9.8 0.68+1.77 <0.001
Averaged PAP mean (mmHg)* 208 38.3+13.5 38.9+13.8 0.54+1.76 <0.001
CO (L/min)® 63 6.0+2.2 6.1+£2.1 0.17+0.9 0.15
TPR (WU)° 62 9.1+£5.0 8.8+4.9 -0.27+1.2 0.08

*, determinations averaged across the respiratory cycle; 8, CO and TPR are shown for those with determinations both with balloon up and
down. PAC, pulmonary artery catheter; SD, standard deviation; PAP, pulmonary artery pressure; CO, cardiac output; TPR, total pulmonary

resistance; WU, Wood units.

averaged across the respiratory cycle (ZTiable I). The mean
+ SD at end-expiration mPAP (balloon-up minus down)
(n: 209) was -0.02£1.59 mmHg (range, -5.0 to 4.0 mmHg;
P=0.84), while the TPR (n: 62) was -0.27+1.2 WU (range,
-4.8 to 2.2 WU P=0.08) (Table I). For PH group 1 patients,
the mean = SD difference in mPAP at end-expiration and
TPR were 0.24+1.79 mmHg (P=0.27) and -0.38£1.41 WU
(P=0.14), respectively. Interestingly, with balloon
inflation, the mPAP averaged across the respiratory cycle
was 0.54+1.76 mmHg (P<0.001) and 0.93+1.89 mmHg
(P<0.001) higher for the entire cohort and for the group of
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patients with PAH, respectively.

The changes in mPAP at end-expiration or TPR did not
vary significantly among PH groups (7able 2). With balloon
inflation the mPAP at end-expiration increased in women
(mean = SD: 0.31+1.43 mmHg), while it decreased in men
(mean + SD: -0.61+1.70 mmHg) (P<0.001; #-test). Besides
gender, no other factors shown in Tible 2 were associated
with the difference (balloon up minus down) in mPAP at
end-expiration or TPR. In addition, when patients with
PAH were divided in subgroups based on the median PVR,
i.e., PVR <6 and PVR >6 WU, we noted no significant
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Table 2 Clinical and hemodynamic determinations per PH group

Ennala et al. Effect of PAC balloon inflation on hemodynamics

] PH group 1 PH group 2 PH group 4 P value (ANOVA
Variables i
N Mean+SD/n[%] N Mean=SD/n[%] N Mean = SD/n[%] and Chi-square)

N 68 86 29
Age (years) 68 55.8+14.9 86 58.5+12.8 29 55.9+14.5 0.42
Female gender 68 51 [75] 86 52 [61] 29 13 [63] 0.01
BMI (kg/m?) 68 30.0+8.1 86 34.5+9.3 29 33.0+9.0 0.009
FiO, (%) 68 27.3+11.6 86 24.1+12.4 29 23.4+5.3 0.14
6MWD (m) 55  312.7+£1443 46  328.9+104.4 28  400.5+116.9 0.01
NT-proBNP (pg/mL) 54  3,339+10,017 50 2,087+6,134 26 1,853+8,317 0.67
RV function* 65 71 28 <0.001

Normal 18 [28] 53 [75] 17 [61]

Mild 12 [19] 13[18] 5[18]

Moderate 17 [26] 5[7] 414]

Severe 18 [28] 0[0] 2 [7]
TAPSE (cm) 50 2.0+0.5 53 2.2+0.6 25 1.9+0.4 0.01
PA diameter (mm)» 40 32.1+7.3 56 30.3+5.3 19 31.6+3.5 0.33
PA/Ao diameter” 40 1.1+0.3 56 0.9+0.2 19 1.1£0.2 0.002
Hemodynamic determinations

BP systolic (mmHg) 68 129.5+25.1 86 150.9+25.1 29 143.2+21.3 <0.001

BP diastolic (mmHg) 68 72.9+13.3 86 77.7+10.0 29 79.4+11.1 0.01

HR (bpm) 68 73.7+13.8 86 74.9+13.7 29 76.4+14.4 0.67

mPAP end-expiration (mmHg) balloon down 68 50.6+13.1 86 34.9+11.3 29 39.1+11.9 <0.001

mPAP end-expiration (mmHg) balloon up 68 50.9+12.9 86 34.7+11.5 29 39.1+12.2 <0.001

Difference in mPAP end-expiration (mmHg) 68 0.24+1.79 86 —-0.18+1.51 29 —-0.08+1.50 0.28

[balloon up minus down]

TPR (WU) balloon down' 31 11.3+5.8 16 6.6+2.9 9 8.1£2.0 0.006

TPR (WU) balloon up' 31 10.9+5.7 16 6.5+3.1 9 7.6£2.0 0.008

Difference in TPR (WU) [balloon up minus down] 31 -0.38+1.41 16 -0.07+0.81 9 -0.49+1.17 0.64

CO thermodilution (L/min) balloon down 68 5.0+1.7 86 6.8+2.6 29 5.9+1.5 <0.001

PVR (WU) balloon down 68 7.3+5.2 86 1.9+1.3 29 3.6+1.9 <0.001

*, by echocardiogram using TAPSE and overall subjective contractility assessment; /A, by computed tomography of the chest; ', TPR
only reported for subjects who also had TPR measured with balloon up. Clinical, echocardiographic, and functional determinations
were obtained from evaluations performed within a month of the RHC. PH, pulmonary hypertension; SD, standard deviation; BMI, body
mass index; FiO,, fraction of inspired oxygen; 6MWD, 6-minute walk distance; NT-proBNP, N terminal-pro-brain natriuretic peptide; RV,
right ventricular; TAPSE, tricuspid annular plane systolic excursion; PA, pulmonary artery; Ao, aorta; BP, blood pressure; HR, heart rate;
mPAP, mean pulmonary artery pressure; TPR, total pulmonary resistance; WU, Wood units; CO, cardiac output; PVR, pulmonary vascular

resistance; RHC, right heart catheterization.
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difference in the change between balloon up minus down,
both in the end-expiration mPAP [PVR <6 WU: 0.43+
1.9 mmHg (n=36) vs. PVR 26 WU: 0.03+1.7 mmHg (n=32);
P=0.37], and TPR [PVR <6 WU: -0.06+1.1 WU (n=18) vs.
PVR >6 WU: -0.83£1.7 WU (n=13); P=0.14].

Discussion

In this cohort of predominantly PH patients, we noted that
total balloon inflation of the PAC in the main pulmonary
artery had no significant impact on the mPAP or TPR,
even when only including patients with group 1 PH or
selecting a subgroup with a higher PVR. Besides higher
increases in mPAP with PAC balloon inflation in women,
no other study variable (including those that track with PH
severity) predicted a higher increase in mPAP or TPR with
balloon inflation. Limitations of our study include (I) CO
and therefore TPR with balloon up was measured in about
a third of patients since this was a variable not initially
included in our study protocol, and (II) we cannot exclude
temporal variation in the hemodynamic measurements (5).
The data presented supports that short-term PAC
balloon inflation for PAWP determination has minimal
hemodynamic implications in patients with PH and appears
safe, even in patients with PAH.
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