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Abstract

Introduction: Chronic pulmonary hypertension (PH) can display acute elevations in
pulmonary arterial pressure (PAP) in the setting of hypoxemia, pulmonary embolism
(PE), and possibly sepsis.

Case Description: A 68-year-old man with chronic obstructive pulmonary disease, heart
failure, recent tobacco cessation, and recent 2-vessel coronary artery bypass grafting
(CABG) presented with one to two weeks of respiratory symptoms and syncope on the
day of admission. He was found to have a urinary tract infection and Escherichia coli
bacteremia. Transthoracic echocardiography found a systolic PAP of 100-105 mmHg,
increased from a mean PAP of 32 mmHg before CABG. PE was not seen on computed
tomography angiography (CTA). Ventilation-perfusion scan two days later found
evidence of subsegmental PE. PAP prior to discharge was 30-35 mmHg plus right atrial
pressure.

Conclusion: PAP can rise substantially in the acute or subacute setting, particularly
when multiple disease processes are involved, and decrease to (near) baseline with
proper therapy. Chronic PH may even be protective. In a complex clinical setting with
multiple possible etiologies for elevated PAP, clinicians should have a high suspicion for
PE despite a negative CTA.

Abbreviation List

ADHF acute decompensated heart failure

CABG coronary artery bypass grafting

COPD chronic obstructive pulmonary disease

CTA computed tomography angiography

CXR conventional chest radiograph

EF ejection fraction

HCAP healthcare-associated pneumonia

HFpEF heart failure with preserved ejection fraction
INR international normalized ratio

LV left ventricle
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PAP pulmonary arterial pressure
PCWP pulmonary capillary wedge pressure
PE pulmonary embolism

PH pulmonary hypertension

RA right atrium/atrial

RV right ventricle/ventricular

RHC right heart catheterization
Sa02 arterial oxygen saturation
TTE transthoracic echocardiography
UTI urinary tract infection

VTE venous thromboembolism

VQ ventilation-perfusion

Introduction

Pulmonary hypertension (PH) is classified into five groups (1). In the United States, the
incidence and prevalence of PH and each of its five groups are largely unclear. Group
2, due to left heart disease, has a prevalence as high as 83% by transthoracic
echocardiography (TTE) in patients with heart failure with preserved ejection fraction
(HFpEF) (2). For group 3, due to chronic lung disease, in a study measuring pulmonary
arterial pressure (PAP) by right heart catheterization (RHC), the prevalence of PH
among patients with chronic obstructive pulmonary disease (COPD) was 36% (3).
Changes in PAP in the setting of acute or subacute pulmonary embolism (PE) are
unknown. We present a patient found to have transient severely elevated PAP in the
setting of a negative computed tomography angiography (CTA) and positive ventilation-
perfusion (VQ) scan with distractors including HFpEF, COPD, and sepsis.

Case Presentation

A 68-year-old man with severe COPD on four liters per minute of supplemental oxygen,
a 50-pack-year smoking history with cessation two months before admission, HFpEF, 3-
vessel coronary artery disease, myocardial infarction involving the left circumflex artery,
recent 2-vessel coronary artery bypass grafting (CABG), recurrent urinary tract
infections (UTIs), chronic prostatitis, and prostatic calculi presented after a syncopal
episode. One day prior to admission, he experienced fevers to 40°C and shaking chills.
On the day of admission, the patient woke up struggling for breath and experienced
syncope while getting out of bed. He had been having altered mental status and one
week of productive cough with greenish sputum. He did not have any other respiratory,
urinary, and constitutional symptoms. He presented to an outside hospital, where he
was treated for presumed sepsis secondary to a UTI and started on an antibiotic. He
was transferred to our facility and admitted for a UTI and possible healthcare-associated
pneumonia (HCAP).

At presentation at our facility, vital signs included a temperature of 36.8°C, heart rate of
87 beats per minute, blood pressure of 124 mmHg / 69 mmHg, respiratory rate of 18
breaths per minute, and oxygen saturation of 96% on three-to-four liters per minute of
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supplemental oxygen. The physical examination was notable for expiratory wheezing
and trace lower extremity edema. White blood cell was 13.5 K/mm?, neutrophilia of
80.4%, troponin | of 0.048 ng/mL, N-terminal pro-brain natriuretic peptide of 2800
pg/mL, and urinalysis suggestive of UTI. An arterial blood gas was deemed
unnecessary for unchanged supplemental oxygen, normal mentation, and lack of
respiratory distress. Electrocardiography showed normal sinus rhythm, nonspecific ST
and T wave abnormalities, and previously identified signs of inferior-posterior infarction
without evidence of acute right heart strain. He did not receive chemoprophylaxis for
venous thromboembolism (VTE) because of possible surgical intervention.

Ten days before admission (Table 1), he made a long distance drive to see
Cardiothoracic Surgery for post-CABG follow-up.

Table 1. Timeline of events surrounding the patient’s hospitalization. Computed
tomography angiography (CTA). Coronary artery bypass grafting (CABG). Conventional
chest radiographs (CXR). Ejection fraction (EF). International normalized ratio (INR).
Pulmonary arterial pressure (PAP). Pulmonary embolism (PE). Transthoracic
echocardiography (TTE). Urinary tract infection (UTI). Ventilation-perfusion (VQ).

Hospital Day Events

-38 Cardiac catheterization found 3-vessel coronary artery disease and right heart pressures to be 12 mmHg for the right atrium, 45/15
mmHy for the right ventricle, 45/25 mmHg with a mean of 32 mmHg for the pulmonary artery, and 15 mmHg for the pulmonary capillary
wedge pressure.

23 Admitted for CABG.
CABG performed.

-15 Discharged from the hospital following CABG.
INR was subtherapeutic at 1.8

=14 INR was therapeutic at 2.1

-10 Clinic appointment with Cardiothoracic Surgery.

TTE showed EF of 50-55%, right atrial pressure of 10-15 mmHg, and PAP of 70-80 mmHyg
INR was supratherapeutic at 4.4.

-4 INR was subtherapeutic at 1.4

0 Presented to an outside hospital; transferred and admitted to our facility.
Fosterior-anterior and lateral CR showed borderine cardiomediastinal silhouette no acute cardiopulmonary disease.

1 Mo notable events.

2 Mo notable events.

3 TTE showed EF of 40-45%, nght atrial pressure of <5 mmHg, and systolic PAP 100-105 mmHy.
CTA showed no pulmanary embolism.

4 Anterior-posterior CXR showed no acute cardiopulmonary disease.

=} FPulmonology was consulted.

TTE showed EF of 40-45%, unestimated right atrial pressure, and PAP of 30-35 mmHg plus right atnal pressure.
W0 gcan was high probability for PE.

Posterior-anterior and lateral CXR showed cardiomegaly.

Continuous heparin infusion intiated.

53 Lower extremity Doppler showed no superficial venous thrombosis or deep venous thrombosis

7 Enoxaparin and warfarin were initiated.
Fosterior-anterior and lateral CxR showed central pulmonary artery enlargement

g Discharged from the hospital.

222 W@ scan found improved perfusion defects and low prabability for PE.

He had an increased oxygen requirement from three-to-four to four-to-five liters per
minute, bilateral lower extremity edema, and supratherapeutic international normalized
ratio (INR) of 4.4 on warfarin for postoperative atrial fibrillation, that had since resolved.
TTE showed a normal sized left ventricle (LV), LV ejection fraction of 50-55%,
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inferolateral wall akinesis, basal inferior wall akinesis, mildly dilated right ventricle (RV),
mildly reduced RV systolic function, mildly dilated right atrium (RA), PAP of 70-80
mmHg, and right atrial pressure of 10-15 mmHg. The patient refused hospitalization.
Furosemide and metolazone were increased, and warfarin discontinued. His INR was
1.4 four days before admission.

Outpatient medications included amiodarone, simvastatin 10 mg, aspirin 81 mg,
metoprolol 25 mg three times a day, and furosemide 80-100 mg daily. Six weeks prior to
admission, RHC found RA pressure of 12 mmHg, RV pressure of 45/15 mmHg, PAP of
45/25 mmHg with a mean pressure of 32 mmHg, pulmonary capillary wedge pressure
(PCWP) of 15 mmHg, cardiac output of 7.98 L/min, cardiac index of 3.55 L/min/m?,
Sa02 97%, mixed venous saturation of 71%, pulmonary vascular resistance of 2.1
dynes-sec-cm™, and system vascular resistance of 782 dynes-sec-cm™.

At presentation, his respiratory symptoms were attributed to pneumonia and not acute
decompensated heart failure (ADHF) or COPD. Initial antibiotics for HCAP and UTI
coverage were cefepime and vancomycin. Conventional chest radiographs (CXRs)
(Figure 1) on hospital day 0 and the CTA a few days later were not suggestive of
pneumonia.

Figure 1. Conventional radiography of the chest showing no acute cardiopulmonary
findings but enlarged pulmonary arteries.

An influenza viral panel was negative. Outside blood cultures grew Escherichia coli,
while blood, urine, and sputum cultures from our facility were negative. CXRs over the
following week were unchanged.
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Because of the elevated PAP found prior to admission, Pulmonology was consulted for
pulmonary hypertension. TTE on hospital day 3 found a normal RV size, mildly reduced
RV systolic function, mildly dilated RA, systolic PAP of 100-105 mmHg, and RA
pressure of <5 mmHg. His Wells score for PE was 3.0 to 4.5, suggesting moderate risk
(4). The CTA did not identify a PE. In view of a high suspicion for PE, Pulmonology
reviewed the CTA with a chest radiologist, who noted that the images were of
suboptimal thickness. A VQ scan (Figure 2) was ordered on hospital day 5 and showed
multiple bilateral VQ defects consistent with a high probability for PE.

Perfusion

POSTERIOR RPO RT LAT RAQ

ANTERIOR LPO LT LAT LAO

Ventilation

Figure 2. Ventilation-perfusion scan on hospital day 5 showing multiple bilateral
ventilation-perfusion defects. The study was consistent with a high probability for
pulmonary embolism.
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Ultrasound Doppler studies of the lower extremities on hospital day 6 were normal.
Repeat TTE on hospital day 5 found a normal sized LV, LV EF of 45-50%, basal inferior
wall akinesis, inferolateral wall akinesis, mildly dilated RV, mildly reduced RV systolic
function, normal RA size, and PAP of 30-35 mmHg plus RA pressure. The patient was
discharged on anticoagulation and antibiotics.

Discussion

We describe a patient who developed transiently elevated PAP in the setting of sepsis
secondary to UTI and E. coli bacteremia, acute or subacute PE, HFpEF, and COPD. At
baseline, he likely had PH from COPD and HFpEF out of proportion to PCWP. The
increased PAP to 70-80 mmHg 1.5 weeks prior to admission was thought to be due to
the hypervolemia observed by outpatient Cardiothoracic Surgery. Recent CABG, long-
distance travel, and infection predisposed him to VTE. PE may have caused the
dyspnea and syncope experienced on the day of admission. The negative CTA and
systolic PAP of 100-105 mmHg on TTE on hospital day 3 may have reflected movement
of PE downstream to the subsegmental or smaller arteries and thus inability to be seen
on CTA, especially given the suboptimal thickness of the images. Volume status and
vascular changes in the setting of recent hypervolemia, possibly due to HF or PH, and
concurrent infection may have contributed to this elevated PAP. In light of the
presentation of unexplained dyspnea and syncope, Wells score of 3.0 to 4.5, and
elevated PAP, suspicion for PE was high. The high pretest probability of PE precipitated
obtaining a VQ scan on hospital day 5. The scan supported the presence of bilateral
PE, likely in the subsegmental or smaller arteries. PAP of 30-35 mmHg on subsequent
TTE suggested resolution of PE.

CTA is the most common study to diagnose acute PE. A number of early studies found
CTA to be at least as equivalent in sensitivity and specificity to VQ scan (5-10). Studies
using data from the Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) Il found the sensitivity and specificity of CTA to be 83% and 96%,
respectively, and of VQ scan to be 77.4%. and 97.7%, respectively (11, 12). However,
CTA miss up to 20% to 36% of PE in subsegmental and smaller arteries (13-15). A
meta-analysis of Wells criteria found sensitivity and specificity of 0.84 and 0.58,
respectively, for a cutoff score of less than 2 and 0.60 and 0.80, respectively, for a cutoff
score of 4 or less (16).

The degree to which HFpEF, COPD exacerbation, acute or subacute PE, and sepsis
affect PAP has had limited investigation. In patients with ADHF, Aronson et al. (17)
found PH in 42.6% and pulmonary arterial systolic pressures as high as 70 to 80
mmHg. Sibbald et al. (18) found that 57% of septic patients developed PH and had
increases in mean PAP (27 £ 7 mmHg in septic patients found to have PH versus 15 *
3 mmHg in septic patients found not to have PH, p < 0.01). In patients with chronic
bronchitis who went into acute respiratory failure, Abraham et al. (19) found transient
increases in mean PAP of approximately 15-20 mmHg (mean PAP 52.2 mmHg at
admission and 36.5 mmHg prior to discharge).
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The mechanism of PH can be mechanistically complex or intuitively simple. PH involves
changes in nitric oxide, endothelin, thromboxane, and prostacyclin pathways, among
other possible cellular and biological pathways of pulmonary endothelial dysfunction
(20-25). Proinflammatory signals such as during infection affect these pathways (26).
Other mechanisms include vascular congestion in HF, physical obstruction from PE,
and vasoconstriction in hypoxemia leading to elevated PAP and subsequent PH (27-
31). In our patient, there was likely a combination of several mechanisms contributing to
his elevated PAP and PH.

Our patient may have been able to tolerate such an acute rise in pulmonary
hypertension because of the effects of chronic pulmonary hypertension, although the
pathophysiologic mechanisms have not been fully elucidated. Vonk-Noordegraaf et al.
(32) described adaptive and maladaptive remodeling in pulmonary hypertension. In
adaptive remodeling, the RV size is normal to moderately dilated; the RV mass/volume
ratio is higher than normal, as seen in concentric remodeling; and the RVEF is normal
to mildly decreased. For our patient, multiple TTE suggested adaptive remodeling,
although our cardiologists did not comment on concentric remodeling.

We present the case of a patient with multiple comorbidities including HFpEF and
COPD that likely caused the baseline PH seen on previous RHC and the subsequent
development of severely increased PAP in the setting of sepsis and acute or subacute
PE. His underlying chronic PH may have been protective given that he did not develop
acute right HF from the sudden increase in PAP, and survived. The transient elevation
in PAP in our patient reiterates that many disease processes can affect PAP, whether
directly or indirectly, through simple or complex mechanisms. A CTA to evaluate
possible PE should be verified to have the proper technique. A high suspicion for PE in
the setting of acute PH despite a negative CTA warrants further investigation.
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