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ABSTRACT

BACKGROUND

Chronic kidney disease (CKD) is a worldwide public health problem both
in terms of the number of patients and the cost of treatment. Chronic
kidney disease seems to be the main driver of pulmonary embolism (PE) in
dialysis patients. The diagnosis of PE is difficult due to its non-specific
signs and symptoms, especially in many comorbidities with similar fea-
tures. Chronic kidney disease plays a role in both the incidence of venous
thromboembolism and the manifestations of pulmonary hypertension, re-
sulting in an increased risk of morbidity and mortality. Advances in the
management of patients with suspected PE have improved diagnostic
accuracy. An approach using several diagnostic tools with different char-
acteristics, such as D-dimer measurement, and imaging tests-predominantly
computed tomography pulmonary angiography (CTPA) - can help evalu-
ate the diagnosis.

CASE DESCRIPTION

Here we report the case of a 51-year-old woman with a history of chronic
kidney disease, who presented with sudden worsening of dyspnea. Fur-
ther examination showed signs of right heart failure with a high probability
of pulmonary hypertension on echocardiography. Based on the general
features it is difficult to distinguish between acute pulmonary embolism
and chronic pulmonary hypertension, both of which can be caused by the
underlying chronic kidney disease. Nevertheless, gold standard imaging
using CTPA confirmed the diagnosis of pulmonary embolism, with under-
lying pulmonary hypertension from chronic kidney disease.

CONCLUSIONS

The diagnosis of pulmonary embolism with comorbidities is challenging.
The availability of diagnostic modalities will confer different advantages
and particular accuracy to meet the challenges in diagnosis.
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INTRODUCTION

Chronic kidney disease (CKD) plays an
important role in the manifestation of either
pulmonary embolism or pulmonary hypertension,
which present with non-specific signs and
symptoms, making the diagnosis more difficult.!
The availability of diagnostic tools with particular
characteristics and accuracy can better meet
the challenges in diagnosis.

Chronic kidney disease has some of the
primary risk factors of pulmonary embolism
(PE).® Pulmonary embolism is an important
problem, and the third most frequent acute
cardiovascular disease worldwide, other than
myocardial infarction and stroke.® Recent
studies have shown that PE has prevalence rates
from 39-115 per 100,000 population and causes
<300,000 deaths per year in the US, ranking high
among the causes of cardiovascular mortality.®
Pulmonary embolism is frequent among
cardiovascular disease, but the diagnosis remains
ambiguous. Clinical suspicion is essential when
seeing a patient with cardiopulmonary
symptoms.® Acute PE is the result of a
complicated relationship between different
organs; therefore, the clinical symptoms are
diverse and non-specific. It is difficult to make
an immediate diagnosis, especially in many
comorbidities complicating the condition, as
described in this case of a patient with
pulmonary embolism with signs of pulmonary
hypertension (PH) and underlying chronic
kidney disease. Non-invasive imaging tests
enable the clinician to suspect and initiate further
workup for PE, with computed tomography
pulmonary angiography (CTPA) being the
principal tool.©® Unfortunately, the widespread
use of multidetector CTPA without selection of
patients has introduced new issues, such as
overdiagnosis and exposure to radiation.” An
effort to implement the robust validated
strategies in clinical practice could overcome
some of these problems.

Here we report the case of a woman with
acute pulmonary embolism who had pulmonary
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hypertension and dialysis-dependent chronic
kidney disease. The purpose of this case report
is to highlight the roles of different modalities
with different accuracy to help establish the
diagnosis.

CASE REPORT

A 51-year-old woman came to our hospital
with the chief complaint of sudden worsening
of shortness of breath with symptoms of right
heart failure. The patient had a history of
immobilization, uncontrolled hypertension, and
chronic kidney disease and was on hemodialysis.
On physical examination stable hemodynamics
and signs of right heart failure were found, while
laboratory examination showed anemia (Hb 9.8
g/dL) and lowered kidney function (serum urea
52 mg/dL and creatinine 5.28 mg/dL). The ECG
showed a normal sinus rhythm with no sign of'a
deep S wave in lead I, of a Q wave in lead III,
of an inverted T wave in lead III; or right
ventricular strain. Echocardiography revealed a
normal left ventricular (LV) function, a dilated
right ventricle (RV) with impaired function
(tricuspid annular plane systolic excursion/
TAPSE) of 16 mm, longitudinal strain -13.4%),
pericardial effusion, and also signs suggesting a
high probability of pulmonary hypertension
(Figure 1). We found no signs of PE, such as
McConnell’s sign and the 60/60 sign. We decided
to perform CT pulmonary angiography and found
a hypodense lesion within the lateral wall of the
main pulmonary artery, right main pulmonary
artery, and the superior and inferior right trunk,
with central filling defect (polo mint sign) due to
thrombus, and dilatation of the main pulmonary
artery (Figure. 2). After analyzing the resulting
CTPA and echocardiography signs suggesting
PH, we diagnosed this case as acute pulmonary
embolism with stable hemodynamics in a patient
with suspected pulmonary hypertension in
chronic kidney disease. The patient was treated
with parenteral anticoagulation for ten days,
overlapping with an oral anticoagulant, and the
patient was discharged in a stable condition and
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Figure. 1. Echocardiography parameters
Echocardiography parameters indicate reduced RV function and the probability of PH. (A) Free-wall strain of -
13.4%; (B) Moderate pericardial effusion; (C) Reduced TAPSE value of 16 mm; (D) Mean TR velocity of 2.98 m/
s; without signs of pulmonary embolism. RV=right ventricle; PH= pulmonary hypertension; TAPSE= tricuspid
annular plane systolic excursion; TR= tricuspid regurgitation

Figure. 2. MSCT of pulmonary embolism.

MSCT images showing (A) Hypodense lesion in the lateral wall of MPA, RPA; (B) Central filling defect (Polo
Mint Sign); (C) Dilatation of all cardiac chambers; (D) Dilatation of MPA and ratio of MPA to ascending aorta
diameter is >1. Abbreviations: MSCT= multi-slice computed tomography; MPA= main pulmonary artery; RPA=
right pulmonary artery
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showing improvement in symptoms. Further
evaluation on pulmonary hypertension is
mandatory to conclude the working diagnosis
according to the diagnostic algorithm stated in
the guidelines, but due to loss to follow-up there
are no further data regarding the outcomes or
further PH diagnosis. Written informed consent
was obtained from the patient for publication of
this case report.

DISCUSSION

Chronic kidney disease can increase the risk
of thromboembolism by affecting both pro-
coagulant and anticoagulant factors. Chronic
kidney disease has significant changes in all
important factors of coagulation, as determined
by Virchow's triad. Abnormalities in the
coagulation cascade and platelet function may
lead to the tendency of thrombosis or bleeding,
depending on the defect.?» One study showed
that the occurrence of pulmonary embolism in
patients with CKD is 7.6 times higher than in
patients with normal kidney function, and also has
a higher mortality.®

Acute pulmonary embolism is the most
serious clinical presentation of venous
thromboembolism (VTE). It is often clinically
silent or mimics the diagnostic features of other
conditions, resulting in under-diagnosis.©®
Prediction rules using the Wells score help
categorize patients with suspected PE into
different categories of pre-test probabilities and
decide if the diagnostic workup should be initiated.
The probability of this patient was likely
(intermediate) and needed further evaluation. D-
dimer has a high negative predictive value (NPV),
and low positive predictive value (PPV) and is
not useful for confirmation of PE. In our case,
we did not check the D-dimer due to the low
PPV of an in-hospital patient. The ECG features
in PE comprise a wide range of abnormalities;
10-25% of patients have a completely normal ECG,
such as in our case. The S1Q3T3 pattern
(McGinn-White sign) is a classic finding found
PE cases with a high specificity of 95%, but a
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low sensitivity of 5%. Multivariable analysis of
ECG characteristics using the TwiST score
describes right ventricular (RV) strain pattern due
to increased pressure and wall tension in the right
heart. Among these ECG characteristics, the most
common finding associated with pulmonary
embolismis an S wave in lead I, followed by a T
wave inversion (TWI) in leads V1-V3, and a
tachycardia of ed100 bpm. The higher the TwiST
score, the higher the specificity (97-100%), but
the lower the sensitivity (1-7%), with PPV 40-
100% and NPV 44-56%.° Echocardiography in
the diagnosis of acute PE is a favorable alternative,
since it is non-invasive, is standardized almost in
all cardiology centers, and can be performed at
the bedside. Right ventricular dysfunction and
pressure overload are a common feature in
pulmonary embolism, and can be detected by
echocardiography. In suspected acute PE,
echocardiographic signs are inadequate to rule
out PE and only an enlarged RV end-diastolic
diameter is 80% sensitive for acute PE. There
are also other highly specific signs, such as right
heart thrombus with 99% specificity, followed by
McConnell’s sign (RV mid free wall akinesia and
apical wall hypercontractility) with 97%
specificity, and paradoxical septal movement with
95% specificity.!? These specificities remain
high when performed by a non-cardiologist.
However, in our case, we only found a high
probability of PH but no specific
echocardiographic signs suggesting PE.
Although echocardiography produces potentially
valuable findings, acute PE cannot be
differentiated from other causes of RV failure.
Echocardiographic findings of RV pressure
overload are differentiated into acute and
chronic. Tricuspid annular plane systolic
excursion (TAPSE) is a widely recognized,
obtainable, and validated parameter of global RV
systolic function and also has prognostic value
for PE.® A right heart thrombus is found in 2-
4% of acute PE patients and increases the risk
of short-term mortality to 20% in acute PE.(?

Computed tomography pulmonary
angiography is the best modality for showing the
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pulmonary vascularization in patients with
suspected PE. The diagnosis of PE using CTPA
has an outstanding accuracy, with a sensitivity
of 83% and a specificity of 96%.% Several
studies showed that CTPA is a reliable imaging
test for excluding PE. Findings for positive CT
results include a partial filling defect or central
filling defect within the vessel surrounded by
contrast material known as the “polo mint sign”
on images acquired perpendicular to the long axis
and the “railway track sign” on the longitudinal
axis of the vessel.'» Computed tomography
pulmonary angiography also provides substantial
information on vascularity, cardiac anatomy, and
the anatomy or abnormality of adjacent
structures. Furthermore, CTPA can provide
clues to the etiology of PH and other diagnostic
information. PH signs in CTPA include dilatation
of the main pulmonary artery (MPA) (>33 mm),
an MPA to ascending aorta diameter ratio of
>1.1, RV enlargement or hypertrophy, an RV to
LV diameter ratio of >1, and bending of the
ventricular septum toward the LV. The CTPA
when used in the diagnosis of chronic PH based
on PA diameter has an average accuracy, with
a sensitivity of 47-87% and specificity of 41-
100%.19

Pulmonary hypertension with unclear and/
or multifactorial mechanisms or group 5 PH, is a
form of the disease with poorly understood
mechanisms, the etiologies of which include
pulmonary vasoconstriction,
compression, intrinsic occlusion, high-output
cardiac failure, and left heart failure.¥ One of
the disorders that can cause group 5 PH is chronic
renal failure. The mechanism of pulmonary
hypertension in kidney disease is mostly venous
in origin due to left ventricular dysfunction caused
by chronic volume overload and pulmonary
venous hypertension. Comorbid conditions in
CKD may contribute to and/or exacerbate
pulmonary hypertension. Hypertension and
diabetes mellitus are two dominant causes of
CKD that can increase pulmonary pressure, and
trigger LV diastolic dysfunction. In one study, PH
in CKD was found in 81% of hemodialysis
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patients and in 71% of non-dialysis patients.!¥
The mechanism is multifactorial; such as anemia
and arterio-venous fistula (AVF), both of which
can cause a high output state. AVF has profound
hemodynamic effects that lead to decreased
systemic vascular resistance, increased venous
return, and a significant increase in cardiac output.
Because the pressure is directly related to flow
and resistance, these adaptations eventually will
lead to PH."> Therefore, an increase in
pulmonary flow may lead to increased pressure
and eventually to pulmonary hypertension.(!

CONCLUSIONS

The risk of either pulmonary embolism or
pulmonary hypertension is increased in kidney
disease, and several mechanisms certainly play
an important role in either manifestation. In
general, imaging modalities provide useful
information, with varying sensitivity and
specificity, which helps to identify the problem
and either rule in or rule out the diagnosis.
Therefore, the diagnosis of either condition is very
challenging, and multiple team evaluation is
necessary to provide the best management
possible.
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