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Absitract

In many areas of oncology, dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) has proven to
be a clinically useful, non-invasive functional imaging
technique to quantify tumor vasculature and tumor
perfusion characteristics. Tumor angiogenesis is an
essential process for tumor growth, proliferation,
and metastasis. Malignant lesions demonstrate rapid
extravasation of contrast from the intravascular space
to the capillary bed due to leaky capillaries associated
with tumor neovascularity. DCE-MRI has the potential
to provide information regarding blood flow, areas of
hypoperfusion, and variations in endothelial permeability
and microvessel density to aid treatment selection, enable
frequent monitoring during treatment and assess response
to targeted therapy following treatment. This review will
discuss the current status of DCE-MRI in cancer imaging,
with a focus on its use in imaging prostate malignancies
as well as weaknesses that limit its widespread clinical
use. The latest techniques for quantification of DCE-MRI
parameters will be reviewed and compared.

Key words: Prostate cancer; Prostate magnetic resonance
imaging; Tumor angiogenesis; Dynamic contrast-en-
hanced magnetic resonance imaging; Ke = rate constant
between extracellular extravascular space and plasma
space; K™" = volume transfer constant

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

December 28, 2017 | Volume 9 | Issue 12 |



Core tip: Dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) of prostate cancer can characterize
tissue vascularity with important clinical application
including aid in the detection, localization and staging,
assessment of tumor aggressiveness, and assessment
of treatment response. The current lack of standardized
acquisition and analysis methods should be addressed to
encourage more wide spread use of DCE-MRI in prostate
cancer imaging.

Mazaheri Y, Akin O, Hricak H. Dynamic contrast-enhanced
magnetic resonance imaging of prostate cancer: A review of current
methods and applications. World J Radiol 2017; 9(12): 416-425
Available from: URL: http://www.wjgnet.com/1949-8470/full/v9/
112/416.htm DOI: http://dx.doi.org/10.4329/wjr.v9.i112.416

INTRODUCTION

This review describes dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) techniques for
aiding prostate cancer management. First, we review
methodologies for the acquisition and analysis of DCE-
MRI data, including a commonly used model for the
quantification of DCE-MRI data sets. Second, we discuss
several current and potential future clinical applications
of DCE-MRI and pharmacokinetic parametric maps in
prostate cancer imaging. These include: (1) Primary tumor
detection, localization, and staging; (2) risk assessment; (3)
treatment planning; (4) treatment response assessment;
and (5) detection of residual or locally recurrent cancer after
treatment. Finally, we present an overview of the challenges
of DCE-MRI in the management of prostate cancer and
future directions.

BASIC CONCEPTS

To characterize tumor vasculature, a number of para-
magnetic agents have been approved for routine clinical
use. The most commonly-used contrast agents are
gadolinium (Gd) chelates of low molecular weight. The
mechanism of most T: methods involves characterization
of the influxes and out-fluxes of the contrast agent
and of the extracellular extravascular volume fraction
within the tumor vasculature. In conventional contrast-
enhanced imaging, data are acquired before contrast
administration and again one or two times after contrast
administration. An intravenous line may be set up during
or prior to the exam to allow the injection of gadolinium
contrast [gadolinium-diethylenetriamine pentaacetic
acid (Gd-DTPA)] during a magnetic resonance (MR)
acquisition. For some patients, Gd-DTPA may be injected
into the arm by a nurse, just as is done for many routine
clinical MRI exams. Gd-DTPA is administered into the
right antecubital vein.

DCE-MRI is the acquisition of sequential images
during the passage of a contrast agent within a tissue
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of interest. DCE-MRI data are acquired rapidly during
imaging following IV injection of the contrast agent and
allow modeling of the passage of the contrast agent.
Numerous pharmacokinetic models have been proposed
for quantitative analysis of the observed signal intensity
changes following contrast agent administration and
for estimating pharmacokinetic parameters*). For
a comprehensive review of DCE-MRI tracer kinetic
models see™ as well as a recent article by Sourbron and

Buckley™.

IMAGING STRATEGIES: RAPID DYNAMIC
CONTRAST-ENHANCED IMAGING

In “dynamic” contrast-enhanced MR imaging, 3D Ti-
weighted fast spoiled gradient-echo MRI sequences are
obtained every 5-10 s before, during, and several minutes
after administration of contrast in a sequential or “dynamic”
fashion for a period of up to 10 min. Acquisition times of
greater than 15 s are generally not used due to difficulty
detecting early enhancement and capillary transit time
of < 5 s. Contrast agents create shorter relaxation times,
resulting in a brightening of Tz signal on images. Contrast
signal depends on both extravasation of contrast as well
as velocity of blood flow to the target area™®. There is
no consensus on the best method for acquiring DCE-MRI
data.

QUANTIFICATION OF DCE-MRI DATA

The assessment of signal enhancement after contrast
injection can be performed through a semi-quantitative
analysis of signal intensity changes over time. In this
approach parameters, including curve shape, maximum
signal intensity, wash-in (or upslope) and washout rates,
as well as the initial area under the signal intensity curve
or contrast medium concentration (IAUGC) curve, are
estimated. Alternatively, it is possible to use a quantitative
approach, which is based on pharmacokinetic modeling
of the contrast agent. Numerous pharmacokinetic models
have been proposed for quantitative analysis of signal
intensity changes and for estimating pharmacokinetic
parameterst?,

Semi-quantitative/model-free method

Data modeling impacts the accuracy of parameters
derived from DCE-MR images, which depends on both
temporal sampling and signal intensity from the injected
contrast agent. As an alternative to data modeling, data
can be compared in a semi-quantitative method by using
pixel-by-pixel analysis™®. From the corresponding signal
intensity-time curves, enhancement kinetic parameters,
semi-quantitative parameters are estimated. The typical
parameters estimated for the semi-quantitative or non-
model-based analysis include peak enhancement (PE),
time-to-peak (TTP), wash-in, washout, and IAUGC. PE
refers to the maximum signal intensity value between
contrast arrivals, hormalized by subtraction of the baseline

December 28,2017 | Volume 9 | Issue 12 |
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signal intensity. The quantity TTP is the corresponding
time when the peak-enhancement is observed. The
enhancement-slope and washout-slope allow for the
quantitative evaluation of the wash-in and wash-out
of the contrast agent and refer to the steepness of the
curve during wash-in and wash-out (until the end of the
acquisition), respectively. Semi-quantitative parameters
are readily calculated with post-processing software
available from the manufacturer of the MR unit and do not
require measurement of arterial input function or tissue T:
relaxation. One notable disadvantage of semi-quantitative
parameters is that they are estimated directly from the
signal intensity measurements (or concentration if in
addition T: maps are generated) without a physiological
or empirical model. Another disadvantage is that these
parameters are dependent on experimental factors such as
hardware, sequence parameters, and contrast dose, which
limit their comparability across different sites or different
acquisitions under different experimental conditions.

The semi-quantitative analyses provide parameters
of area under the curve, time to peak, maximum
enhancement, and slope of regions of interest. Advan-
tages of these analytical parameters are their ease
of acquisition, good visual image quality, and the fact
that they do not require additional information such as
tissue T: or measurement of the arterial input function.
However, variability in dosing, bolus time, sequence
parameters, tissue characteristics or other factors could
affect reproducibility, presenting problems when utilizing
these descriptive parameters. Models have been utilized to
quantify and standardize parameters of contrast agents.

Quantitative analysis of DCE-MRI

A number of methods have been presented in the
literature for the acquisition and analysis of DCE-
MRI data sets. In this section we will review the basic
principles of DCE-MRI analysis and introduce a few
widely used analysis methods.

Relationship between MR signal and contrast agent
concentration

In contrast-enhanced MRI, the relationship between
signal and contrast agent concentration is not linear.
To estimate contrast agent concentration, required for
quantification of DCE-MRI parameters, the relationship
between Ti, signal intensity, and contrast agent
concentration is applied. The signal intensity for a
spoiled gradient echo in steady-state is given by: S (a)
= Mo [(1-E1) sin (a)]/[1-E1 cos(a)] x eT¥™

[1].

Where E1 = ™™ | a is the flip angle, Mo is the
proton density, TR is the repetition time, TE is the echo
time, and T2 is the effective transversal relaxation time.
The change in relaxation rate per unit of contrast agent
concentration is given by, assuming that the tracer
concentration is to be linearly proportional to the change
in the relaxation rate under the assumption of a fast
exchange limit: C (t) = (1/R1) {[1/T1(t)] - [1/T:(0)1} [2].
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Where Ti(t) and Ti(t) are the relaxation times with
contrast agent at time t, and pre-enhancement, R: is
the relaxivity in (mM-s)” taken to equal 4.5 mmol/s at
1.5-Tesla field strength, and C (t) is the concentration of
the contrast agent.

Tofts model

Following the convention proposed by Tofts et al®!, a
simple one-compartmental model of the tumor is used
to predict the flow of the contrast agent into the EES as
a function of time (Figure 1): [d C: (£)]/dt = K™™ x {GC» (t)
=[G (O)/ve]} [8].

Where Cp (t) is the tracer concentration in blood
plasma Cp = Cv/(1-Hct), and the hematocrit (Hct) in
tumors is typically assumed to equal 0.25"". K™ (min)
is the volume transfer constant between the blood
plasma and the EES; Kep (min) is the rate constant
between the EES and the blood plasma and is given by:
Kep = (K™™/ve) where ve is the fractional volume of the
EES. Intuitively, K™ describes the diffusive transport
of the contrast agent across the capillary endothelium.
The solution to Eq.™, with the assumption that the
contribution to the concentration of the contrast agent
due to plasma is negligible, is given by the following
(referred to as the original Tofts model): GCp (t) = K™ [
o' Co(u) x exp {- [K™™ (t-u)]/ve} du [9].

Extended Tofts model (ETM)
In the case of tumors, the above-mentioned assumption
is not valid, and thus the two-compartment extension
of the Tofts model is required, where the tissue
concentration is the sum of the contribution due to the
plasma volume, vp, as well as the fractional volume of
the EES, Ve: Ct (t) = VpCp(t) + VeCe(t)
[10].

The extended Tofts model corresponds to two com-
partments with the assumption that the concentration
of the contrast agent is derived from the EES and
plasma, given by: Ci(t) = K™ o' Co (u) x exp {- [K™™
(t-u)]/ve} du + veCo(t) [11].

Additional considerations in quantitative DCE-MRI
A number of factors need to be taken into account in
the estimation of parameters from DCE-MRI.

Choice of arterial input function

Measurement of the patient-specific arterial input
function (AIF) or plasma concentration requires
localization of a large vessel that delivers blood to the
organ of interest. Alternatively a bi-exponential AIF,
Co(t), can be generated assuming a bi-exponent model
given by"® (Figure 2): Co(t) = D [a: exp(-mit) + a2
exp(-mazt)] [10].

Where D is the dose of the contrast agent (mmol/
kg of body weight). This is referred to as a model-
based AIF. The first term in this expression corresponds
to the equilibration of contrast agent between blood
and extracellular space (fast), while the second term
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Figure 1 Schematic diagram of the Tofts kinetic model with the commonly
used estimated parameters K™ and kep.

corresponds to the removal of contrast agent from the
plasma by the kidneys (slow). Substituting Eq.™*® into
Eq.™ and solving for Ci(t) in the tumor tissue we obtain:
Go(t) = D x K™ 3% -1 {[a1exp(-mit) + a2z exp(-Kept)]/kep-
mi} [11].
An alternative to calculating the bi-exponential AIF
is to derive the AIF in a select population and extend
it to future studies. This is referred to as a population
average AIF. One study compared prostate DCE-MRI
parameters obtained at 3 Tesla before biopsy using
three AIF estimates: Patient-specific or individual AIF,
population average AIF, and model-based AIF™'Y, The
study found patient-specific and population average
AIFs had the highest sensitivity in predicting the
biopsy results in prostate cancer, while the model-
based bi-exponential AIF had the highest specificity.
The areas under the ROC curves were not significantly
different between any of the AIFs. In another study™?,
investigators compared the effects of using population
based AIF or semi-automated or fully automated
image-based patient-specific AIF to calculate DCE-
MRI parameters in the prostate; they found that K™"™
estimates were more sensitive to the choice between
population vs patient-specific AIF as compared to kep.

T+ mapping
An estimate of the voxel contrast concentration in
DCE-MRI requires T: estimation in order to convert
signal intensity to T: values. T: relaxation times can be
estimated from T: maps acquired prior to the injection of
contrast. Typically, before contrast agent administration,
a series of spoiled gradient echo volumes at different flip
angles are acquired™®. The steady-state signal is given
by Eqg.[1], which can be rearranged to yield: S(a)/sin(a)
= E:1 [S(a)/tan(a)] + Mo x (1-E:1) x (%™
[12].

With a series of acquisitions at different flip angles,
a linear fit of S(a)/sin(a) vs S(a)/tan(a) will allow
estimation of Ti from a linear fit T = -TR/In(m), where
m is the slope between measurement points. At least
two flip angles are required to estimate T: maps.

DCE-MRI of prostate

Studies on the use of dynamic or conventional contrast-
enhanced MRI for prostate cancer have focused on
localization and staging, assessment of prostate cancer
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Figure 2 Model-based arterial input function. Shown is the model-based
arterial input function, based on the Parker function.

aggressiveness, and assessment of treatment response
(Figure 3). These studies suggest the many ways that
contrast-enhanced MRI could be used to augment the
value of a prostate MRI exam.

Localization and staging

Numerous studies have investigated the accuracy
of DCE-MRI in localization and staging of prostate
cancer using DCE-MRI (Figures 4 and 5). In a study
performed at 1.5 Tesla, the accuracy of DCE-MRI
in tumor localization was found to be significantly
higher than that of T2-weighted imaging (as well
as significantly higher than that of quantitative
spectroscopic imaging)™*. The same group reported
that accuracy in prostate cancer localization (again at
1.5 Tesla) was significantly higher with DCE-MRI and
3D MRSI than with T2-weighted imaging'***. Using a
3.0-Tesla system, Kim et a*® found that detection of
prostate cancer in the peripheral zone was better with
DCE-MRI than with T2-weighted imaging. Sensitivity,
specificity, and accuracy were 55%, 88% and 70%,
respectively, with T2-weighted MRI as compared to
73%, 77%, and 75%, respectively, with dynamic
contrast-enhanced imaging. In another study phased-
array coils were used for signal homogeneity to image
patients on a 1.5 T system before biopsy; based on
early and intense enhancement areas on T1-weighted
DCE images, sensitivity, specificity, and positive and
negative predictive values were 90%, 88%, 77% and
95%, respectively for the detection of foci greater than
0.5 cc vs 77%, 91%, 86% and 85% for the detection
of foci greater than 0.2 cc'”). Ocak et a*® found the
forward volume transfer constant (K™™), the reverse
reflux rate constant between extracellular space and
plasma (Kep), and the area under the gadolinium curve
(AUGC) to be significantly higher in cancer than in the
normal PZ. Engelbrecht et a''® identified relative peak
enhancement in the PZ and washout rate in the central
gland as DCE-MRI parameters useful for prostate cancer
detection and localization, but they did not find strong
correlations between dynamic parameters in prostate
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Figure 3 Example of enhancement kinetics pattern from two regions-of-interest. A: Transverse T2-weighted image. The green regions-of-interest (ROls)
corresponds to a benign PZ region. The red ROI corresponds to region with prostate cancer; B: Contrast curves of the two ROIls shown in A. The curves are
characteristic of the types of time-intensity curves obtained with dynamic contrast-enhanced MRI. The green ROI shows moderately slow and slight enhancement
wash-in pattern. This is characteristic for many benign, enhancing tissues, such as normal prostate tissue. The red ROI shows a rapid rise in signal intensity with
subsequent wash-out as is typical in tumors.
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Figure 4 Representative 3T data in 63-year-old patient with prostate cancer (presurgical prostate-specific antigen level, 3.4 ng/mL). A: Transverse T2-
weighted image. Pharmacokinetic parameter maps based on the semi-quantitative method and the Toft's kinetic model. Parametric maps for the semi-quantitative
parameters, including; B: Peak-enhancement; C: Enhancement slope; D: Wash-out slope; E: Time-to-peak; and F: Intensity curve or contrast medium concentration at
60 s. Using the Toft's kinetic model, the pharmacokinetic parameter maps for G K™™ and H ve are shown.
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Figure 5 Representative 3T data in a 54-year-old prostate cancer patient [presurgical prostate-specific antigen level, 4.7 ng/mL; biopsy Gleason score, 7
(3 + 4)]. Pharmacokinetic parameter maps based on the semi-quantitative method and the Toft's kinetic model. Parametric maps for the semi-quantitative parameters,
including B: Peak-enhancement; C: Enhancement slope; D: Wash-out slope; E: Time-to-peak; and F: Intensity curve or contrast medium concentration at 60 s. Using
the Toft's kinetic model, the pharmacokinetic parameter maps for G K™ and H ve are shown.

cancer regions and tumor stage, Gleason score, patient
age, tumor volume, or prostate-specific antigen. Alonzi
et al®™ provided a table summarizing the early literature
on prostate tumor localization.

With regard to staging of prostate cancer with
DCE-MRI, one study compared the performance of an
experienced reader to that of a less experienced reader™".
The investigators found that for the experienced reader,
the sensitivity, specificity, and accuracy of staging with
dynamic contrast-enhanced MR imaging were 69%,
97%, and 87%, respectively, and were not significantly
different from the corresponding values obtained with T2-
weighted imaging alone. However, for the less experienced
reader, the use of DCE-MRI parametric maps resulted in
a significant improvement in the area under the receiver
operating characteristic curve as compared to T2-weighted
imaging alone. Bloch et al** presented findings from
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1.5-Tesla high-spatial-resolution T2-weighted imaging and
DCE-MR imaging in 32 patients. When the T2-weighted
imaging and DCE-MR imaging data sets were combined,
the mean sensitivity, specificity, P value, and negative
predictive values for the assessment of extracapsular
extension (ECE) were 86%, 95%, 90%, and 93%,
respectively; the determination of ECE was significantly
better when the data sets were combined than when T2-
weighted imaging was used alone.

ROLE OF DCE-MRI IN THE PI-RADS
(PROSTATE IMAGING REPORTING AND

DATA SYSTEM) CLASSIFICATION

The European Society of Urogenital Radiology (ESUR)
has provided a set of guidelines for MR imaging of the
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prostate®®. These guidelines provide recommendations
for minimum standards of MR protocols as well outlining
a structured reporting scheme, referred to as PI-RADS
which are based on the BI-RADS classification for breast
imaging. The reporting provides scores ranging from
1 to 5. The PI-RADS classification of DCE-MRI uses
the time-resolved signal intensity curve to provide a
qualitative analysis of the shape of the signal intensity
curve. A score of 1 is assigned when the signal intensity
curve increases gradually (Type I curve). Score of 2
is assigned when there is progressive signal intensity
stabilization followed by a slight and late decrease in
signal intensity (Type II curve). Score of 3 is assigned
if the signal intensity curve demonstrates rapid washout
after reaching peak enhancement (Type I curve). Focal
lesions which enhance according to Type II or Il curves
are assigned an additional point. Asymmetric lesions or
unusually located lesions which enhance according to
Type 1I or Il curves receive an additional point™*,

Assessment of prostate cancer aggressiveness

The Gleason score, determined by histopathology,
characterizes prostate cancer aggressiveness based
on the microscopic appearance of the cancer tissue®.
Together with other parameters, the Gleason score
is used for prostate cancer staging, assessment of
the patient’s prognosis and treatment selection. Most
commonly, the Gleason score is determined by biopsy,
which is performed when an elevated serum prostate-
specific antigen (PSA) level and/or an abnormal digital
rectal examination (DRE) suggest that the patient may
have prostate cancer. The biopsy Gleason score and the
amount of cancer in each biopsy core are both important
predictors of prostate cancer aggressiveness and rate of
progression®®?”), However, biopsy underestimates the
Gleason score relative to the prostatectomy Gleason
score in as many as 50% of cases®”®.. Moreover, sextant
biopsy samples mostly the posterior peripheral zone
of the prostate, thereby potentially missing tumors in
anterior portions of the gland.

A review of prior studies to identify associations
between MRI perfusion parameters and Gleason score
suggests no such associations have been consistently
found™® !, An earlier study by Padhani et a/*** found
only a weak correlation between MRI tumor stage and
tumor vascular permeability. However, no correlation
was observed between enhancement patterns (i.e.,
both quantitive and semi-quantitive parameters) and
Gleason score or PSA levels. Another study used an
enhanced inversion-prepared dual-contrast gradient-
echo sequence at 1.5 Tesla to perform DCE-MRI com-
bined with dynamic susceptibility contrast (DSC) MR
imaging, which allows simultaneous calculation of the
parameters blood volume, blood flow, and interstitial
volume. Subsequently, the parameters were correlated
with histologic mean vessel density (MVD), mean vessel
area (MVA), and mean interstitial area (MIA), and it was
found that the measured quantities of blood volume
and interstitial volume did not reliably correlate with
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the histologic parameters®™. Chen et al®" performed

both semi-quantitative and quantitaive analysis of DCE-
MRI and correlated the parameters with Gleason score;
they found that only the washout gradient correlated
significantly with Gleason score. Another study using
quantitaive analysis of DCE-MRI was also unable to
identify any significant correlations with Gleason score
or vascular endothelial growth factor (VEGF) expression,
although kep was found to correlate moderately with
microvessel density®?. Recently, a study at 3 Tesla
found that both semi-quantitative and quantitative
parameters (mean and 75" percentile values of wash-
in, mean wash-out, and 75" percentile of K™"), differed
significantly between low-grade (Gleason grades 2 and
3 present) and high-grade prostate cancer (primary
Gleason grade of 4 and/or any 5 component) in the
peripheral zone™!. Two factors which were identified
as being important in acquisition of data for optimal
modeling were: (1) the use of high temporal resolution
imaging (temporal resolution = 3 s), which allowed the
investigators to more accurately probe the early phase
of enhancement; and (2) the use of patient-specific AIF
rather than population-based AIF.

ASSESSMENT OF TREATMENT
RESPONSE

Androgen deprivation therapy

VEGF also called vascular permeability factor, is a stimulus
of tumor neo-angiogenesis®*. It has been shown that
androgens induce the simulation of vascular endothelial
growth factor production in human prostate cancer™. A
study of 56 patients measured the effects of androgen
deprivation therapy (ADT) on prostatic morphology
and vascular permeability”®® and found a significant
reduction in tumor permeability surface area product in
the peripheral zone, central gland and tumor, as well as
changes in washout patterns™. The authors also reported
significant reductions in K™ in the peripheral zone and
central gland as well as a weak correlation between tumor
K™™ and tumor volume change.

Another study examined the effect of ADT on pro-
state tumor blood flow by comparing quantitative
parametric maps of the prostate for blood flow, blood
volume, and blood oxygenation [intrinsic relaxivity (R2*)],
measured using a DSC-MRI acquisition and analysis, and
K™ and ve, measured using a DCE-MRI acquisition and
analysis; values acquired before ADT was administered
were compared to those acquired after 1 mo and 3 mo
of therapy™. The study found significant decreases in
tumor blood volume and flow in the first month after
treatment, and significant increases in R2* of the prostate
tumor by three months; the study also found significant
reductions in tumor K™™ from baseline at both 1 and 3
mo. Another study looking at monitoring response with
both DCE and DWI found that DCE-MRI parameters (K™,
ve, Vp, IAUGC-90) measured in tumor after 3 mo of
therapy were significantly reduced as compared to those
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measured before treatment, whereas normal-appearing
peripheral zone tissue showed no significant change™®.

External-beam radiation therapy

When local recurrence is suspected after radiation
treatment, MRI may be used to identify a target for biopsy
and estimate the location and extent of the tumor. In an
early study by Rouviére et al* assessing the value of
DCE-MRI in patients with suspected recurrent prostate
cancer after external beam radiotherapy (EBRT), readers
interpreted contrast-enhanced images during the early
phases, when prostatic tissue showed some degree of
enhancement (the images were referred to as arterial
phase images). They found that as compared to T2-
weighted imaging, contrast-enhanced MRI localized
recurrent cancer after EBRT more accurately and with
less inter-observer variability. A later study found that in
the localization of recurrent prostate cancer by sextant in
patients with suspected relapse after EBRT, the sensitivity,
positive predictive value and negative predictive value
of DCE-MRI were significantly higher than those of T2-
weighted imaging™”. Although the investigators found
that DCE-MRI had excellent sensitivity, negative predictive
value (both of 100%), and good accuracy (82%) for
the detection of prostate cancer recurrence after EBRT,
the positive predictive value was not very high (46%),
even though it was higher than that of T2-weighted
imaging. Multi-parametric approaches have also been
investigated™*?. One recent study found multi-parametric
methods to be superior to T2-weighted imaging in the
detection of recurrent prostate cancer after image-guided
radiation therapy; however, there was no additional
benefit when DCE-MRI was added to combined T2-
weighed imaging and diffusion-weighted MRI (DW-MRI)"*2,

High-dose-rate brachytherapy

A recent article retrospectively evaluated the ability of
multiphase (specifically, 5-phase) dynamic contrast-
enhanced MRI obtained every 30 s (as well as DW-
MRI) to detect local recurrence after high-dose-rate
brachytherapy*®!. Whereas the sensitivity, specificity, and
accuracy of T2-weighted imaging were 27%, 99%, and
87%, respectively, those of DCE-MRI were 50%, 98%,
and 90%, respectively. The authors found that a multi-
parametric approach combining T2-weighted MRI, DW-
MRI and DCE-MRI achieved the highest sensitivity (77%)
with a slight reduction in specificity (92%) as compared
to DW-MRI.

High-intensity focused ultrasound

For the treatment of patients with localized prostate
cancer, a nonsurgical, noninvasive treatment referred
to as transrectal high-intensity focused ultrasound
(HIFU) can be considered™***!, DCE-MRI (combined
with T2-weighted imaging) can have a role in detecting
local cancer recurrences after HIFU. It can assist in
distinguishing residual or recurrent cancers within 2-5 d
after HIFU treatment™* which are typically hypervascular
from post-HIFU fibrosis which are often homogeneous and
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hypovascular™®”? and can guide post-HIFU biopsy towards
areas of recurrent cancer. One study found that although
Gadolinium-enhanced MRI can accurately determine the
extend of tissue damage following HIFU, it cannot predict

histological results™®!,

Surgery

A study by Casciani et al*® to determine the ability
of endorectal MRI (T1- and T2-weighted imaging)
combined with DCE-MRI to detect local recurrence after
radical prostatectomy found that all recurrences showed
signal enhancement after gadolinium administration.
In most cases of recurrence (22/24), tumors display
rapid and early signal enhancement. The study found a
significant improvement in the detection of recurrence
with combined MRI and DCE-MRI as compared to MRI
alone. Similarly, Sciarra et al®' found that the use of
DCE-MRI alone or in combination with spectroscopic
imaging was accurate for identifying local prostate
cancer recurrence in patients with biochemical pro-

gression after radical prostatectomy.

CHALLENGES AND FUTURE DIRECTIONS

Limitations in DCE-MRI specific to prostate cancer
include motion artifact, specifically from rectal and
colonic peristalsis. Further, hyperintense findings on
MRI may correlate not only with abnormal tumor tissue
but any changes in vascularity including BPH nodules,
post-biopsy changes, and prostatitis. At present, an
additional limitation of DCE-MRI of the prostate, which
also applies to the imaging of all other organ systems,
is the lack of standardization of sequences and analysis
parameters™. With the availability of a wide range
of imaging sequences on most MR units, a defining
objective of many studies today is to identify the role of

DCE-MRI as part of a multi-parametric examination”.

CONCLUSION

We have reviewed DCE-MRI acquisition and data analysis
methods for the detection and monitoring of cancer
in the prostate. Potential clinical applications of DCE-
MRI for prostate cancer include detection, localization
and staging, assessment of tumor aggressiveness, and
assessment of treatment response. Limitations include
lack of standardized acquisition and analysis methods
which can results in variability in the results. We expect
that with the standardization of these methods will
encourage more wide spread use of DCE-MRI in prostate

cancer imaging.
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Abstract

Acute pulmonary embolism (PE) is the third most
common cause of death in hospitalized patients. The
development of sophisticated diagnostic and therapeutic
modalities for PE, including endovascular therapy, affords
a certain level of complexity to the treatment of patients
with this important clinical entity. Furthermore, the
lack of level I evidence for the safety and effectiveness
of catheter directed therapy brings controversy to a
promising treatment approach. In this review paper, we
discuss the pathophysiology and clinical presentation
of PE, review the medical and surgical treatment of
the condition, and describe in detail the tools that are
available for the endovascular therapy of PE, including
mechanical thrombectomy, suction thrombectomy, and
fibrinolytic therapy. We also review the literature available
to date on these methods, and describe the function of
the Pulmonary Embolism Response Team.

Key words: Pulmonary embolism; Thrombolysis; Endo-
vascular; Interventional radiology; Thrombectomy;
Fibrinolysis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endovascular treatment of pulmonary embolism
(PE) represents several methods of minimally invasive
therapy of this important clinical entity, including me-
chanical thrombectomy, suction thrombectomy, and
fibrinolytic therapy. With this paper, we hope to provide
a detailed review of these methods, which is critical to
understanding the tools that are available to the clinician
for the treatment of PE.
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INTRODUCTION

Acute pulmonary embolism (PE) is the third most
common cause of death in hospitalized patients™. The
development of sophisticated diagnostic and therapeutic
modalities for PE, including medical and surgical
treatment as well as newly developed endovascular
therapy, affords a certain level of complexity to the
treatment of patients with this important clinical entity.

Pathophysiology

PE, by definition, involves emboli to the pulmonary arterial
circulation, which can induce acute pulmonary arterial
hypertension, right heart strain, and in some patients,
right ventricular infarction'®. Angiographic studies have
demonstrated that pulmonary artery pressures increase
when the embolic load occludes more than 30%-50% of
the cross sectional area of the pulmonary arterial bed™.
Clot burden alone does not determine the degree of
pulmonary hypertension. The disruption of the alveolar
capillary membrane by thrombus results in disruption
of the diffusion of oxygen, with subsequent decreased
oxygen binding to hemoglobin. Both hypoxia and the
release of vasoconstrictors precipitate vasoconstriction
of the pulmonary circulation, which contributes to
the acute development of pulmonary hypertension'.
This pulmonary hypertension leads to right ventricular
dilatation and subsequent right ventricular failure.
Underlying cardiopulmonary disease influences the ability
of the right heart to adapt to increased pulmonary artery
pressure.

Clinical presentation

The majority of pulmonary emboli are clinically silent.
This is due to the dual blood supply of the lung through
the bronchial and pulmonary arteries, as well as the
fact that most emboli to the lung are small and resolve
before the manifestation of any physical signs and
symptoms. The dlinical presentation of PE depends upon
its severity, which tends to vary widely. Patients with
PE can range from being completely asymptomatic to
presenting with cardiovascular collapse™. According to
the Prospective Investigation of Pulmonary Embolism
Diagnosis II (PIOPED II ) study, the most commonly
occurring complaints in patients with PE were sudden
onset dyspnea, pleuritic chest pain, cough, orthopnea,
calf/thigh pain with associated swelling, erythema,
edema, tenderness and palpable cords, wheezing, and
hemoptysis'®. On physical exam, the most common
presenting signs were tachypnea and tachycardia.
Less commonly seen, but still significant, were rales,
decreased breath sounds, an accentuated pulmonic
component of the second heart sound, jugular venous
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distension, and fever. Patients with massive PE may
present with acute right ventricular failure leading to
increased jugular venous pressure, a right-sided third
heart sound, parasternal lift, cyanosis, hypotension, and
shock”"®,

Cardiovascular collapse is the product of a large
sized or saddle embolus, and therefore an uncommon
presenting sign, given that most pulmonary emboli are
small. It should still be noted, however, that in patients
with comorbid severe pulmonary hypertension who suffer
a small PE, entry into shock is still a strong possibility”..
Syncope is a less common but clinically significant initial
presenting sign of PE that occurs in approximately 10%
of patients'”. As PE causes a ventilation/perfusion (V/
Q) mismatch, patients present with hypoxemia that
results in hyperventilation, and ultimately hypocapnia,
which leads to respiratory alkalosis. These findings,
along with a widened alveolar-arterial oxygen gradient,
are the most common findings on arterial blood gas
analysis. Electrocardiographic abnormalities include
nonspecific ST segment or T wave changes!'”. On chest
radiography, parenchymal abnormality may be found™"®;
however, cardiomegaly is the most common radiographic
abnormality associated with acute PE™'". Myocardial
stretching, a marker of increased pulmonary pressures
can be detected in the serum via elevated troponin and
pro-BNP levels and are markers for increased risk of right
heart failure and potentially right ventricular infarct™?.

Of the 80% of patients with PE who are normotensive,
it is estimated that 27%-55% have echocardiographic
evidence of RV dysfunction!*'*. Normotensive patients
with RV dysfunction have an increased risk of death from
PE and recurrent PE™, The impact of RV dysfunction
on mortality has been demonstrated in two multi-center
registries. In the International Cooperative Pulmonary
Embolism registry of 2454 patients with PE in the
normotensive group with RV hypokinesis, the all-cause
mortality was doubled at 3 mo™®. In the Management
Strategy and Prognosis of Pulmonary Embolism Registry,
normotensive patients with RV dysfunction had an in-
hospital mortality of 7.1% and a rate of recurrent PE of
14%"°,

The current mainstays in the imaging diagnosis of
PE are computed tomographic pulmonary angiography
(CTPA) and echocardiography, which aid in determining
the significance of PE on right ventricular function.
Historically, the diagnosis was often made by ventilation/
perfusion nuclear medicine scans, which is still employed
for patients who cannot receive iodinated contrast
material. Catheter based pulmonary angiography,
the “gold standard” for the diagnosis of PE, has been
supplanted by CTPA and is now performed almost
exclusively only prior to a catheter based intervention.
Depending on the institution, patients with suspected
PE who present in shock or are severely ill may be first
evaluated with echocardiography in the emergency
room. Evidence of right ventricular dysfunction, such as
paradoxical septal bowing or an elevated right ventricle
to left ventricle ratio (RV/LV) may then be triaged rapidly
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Figure 1 Right/left ventricular ratio greater than 0.9, measured in the
basal portion of the ventricles at the level of the atrioventricular valve.

for CTPA or, if the diagnosis is sufficiently strong clinically
and the patient is unstable, straight for angiography and
intervention. In these patients, echocardiography may
also disclose the presence of free floating clot in the right
heart which, if available, may indicate surgical or large
bore catheter intervention. More commonly, patients
who are more stable will first be evaluated with CTPA.
This, along with troponin and pro-BNP assays, permits
assignment of patients to massive, submassive or low
risk categories of PE. In addition to demonstrating the
extent and distribution of PE, the CTPA can provide a
sufficient indication of RV dysfunction, in the absence
of echocardiography. Signs of RV dysfunction on CTPA
include an elevated RV/LV ratio (generally shown to be >
0.9), septal bowing and reflux of contrast into the hepatic
veins (Figure 1).

MEDICAL TREATMENT

The American Heart Association (AHA) divides PE into
three categories: Massive PE, submassive PE, and
low risk PE'*?), Massive PE is defined as acute PE with
sustained hypotension (systolic BP < 90 mmHg for at
least 15 min or requiring inotropic support), pulselessness,
or persistent profound bradycardia (heart rate < 40
beats per minute with signs or symptoms of shock).
Submassive PE presents with signs of right ventricular
dysfunction including right ventricular dilatation on chest
CTA (Figure 1), echocardiographic signs of right ventricular
(RV) dysfunction, and/or serum markers consistent with
myocardial stretching such as troponin and pro-BNP. Low
risk PE shows no signs of RV dysfunction or biomarker
evidence of strain™. Current treatment recommendations
are for full anticoagulation for all three categories of PE,
with thrombolysis for massive PE and to be considered
in submassive PE!?). Class III, Level B evidence
recommends against fibrinolysis for low risk PE!?,
Cathether embolectomy and fragmentation or surgical
embolectomy are alternatives for patients with massive
PE with a contraindication for fibrinolysis'*?. In general,
mechanical embolectomy should be reserved for main and

lobar pulmonary arterial branches!*?,
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Organization of pulmonary emboli begins with
adherence of clot to the vessel wall and the formation
of a thin lining of endothelial cells over its surface,
followed by ingrowth of cells from the intima media and
capillary buds into the thrombus*”. Serial imaging has
demonstrated that reduction in amount of thrombus is
10% after 24 h, 40% after 7 d, and 50% after 2 to 4
wk"®. Complete resolution is likely achieved in 70%-85%
of patients at 6 to 12 mo after initial PE diagnosis*®..
The resolution of thrombi appears to plateau after 3
mo of adequate treatment, and only small amounts of
improvement are seen after that time®”. This forms the
basis of recommendations for anticoagulation for 6 mo.

Unresolved thrombi can result in persistent perfusion
defects and subsequently lead to chronic thromboembolic
pulmonary hypertension (CTEPH). CTEPH following
3 mo of effective anticoagulatioin is defined by: (1)
invasively measured mean pulmonary artery pressure
> 25 mmHg with a pulmonary capillary wedge pressure
< 15 mmHg; and (2) at least one segmental perfusion
defect™®. Patients with PE can have residual symptoms of
reduced functional status, persistent thrombi, limitations
of cardiopulmonary function, and CTEPH. The incidence
of CTEPH is low, seen in 3.1% of patients at 1 year and
in 3.8% of patients at 2 years in a cohort of 223 patients
with confirmed PE, as reported by Pengo et af*?. Although
patients with CTEPH are a very small component of the
total PE population, they unfortunately have the most
functional impairment, and pulmonary endarterectomy
and PAH Group 1 therapies are often discussed in this
populationt*?.,

SURGICAL TREATMENT

Several surgical treatment options are available for the
management of PE. Historically, surgical pulmonary
embolectomy has been indicated in patients who are
hemodynamically unstable secondary to acute massive
PE. Candidates for surgical embolectomy have failed or
are not candidates for thrombolytic therapy. Surgical
pulmonary embolectomy is also recommended for
patients with persistent hemodynamic instability, or in
patients with RV dysfunction that persists despite the
use of fibrinolytic therapy'®.. There are reports in which
surgical embolectomy is shown to be superior in the long
term compared to thrombolysis in hemodynamically
comparable patients. In a 2006 study by Meneveau
et af*", 488 patients with PE underwent thrombolysis,
40 of whom did not respond to the therapy. Of these
40 patients failing thrombolytic therapy, 14 patients
were treated by rescue surgical embolectomy, and 26
were treated by repeat thrombolysis. Ultimately, rescue
surgical embolectomy led to a better in-hospital course
when compared with repeat thrombolysis in patients with
massive PE who did not respond to thrombolysis®®*, In
experienced centers, surgical embolectomy is considered
to be a safe procedure with low mortality, providing
improved postoperative right ventricular function and
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Figure 2 A pigtail catheter in the right pulmonary artery is rotated to fragment
and then disperse clot into the larger volume peripheral circulation.

Figure 3 An angioplasty balloon catheter in the right pulmonary artery
being used to fragment and disperse clot into the larger volume peripheral
circulation.

pulmonary pressure as well as improved long-term
outcome™. In a study of 37 consecutive cases, Edelman
et al” demonstrated that elimination of a large portion
of the clot burden could be life-saving. They concluded
that pulmonary embolectomy should be considered as
an initial treatment strategy in patients with massive or
submassive pulmonary embolus with a large burden of
proximal clot®,

CATHETER DIRECTED THERAPY

Catheter directed therapy of PE includes mechanical
thrombectomy/fragmentation, mechanical thrombectomy
plus thrombolytic therapy, and catheter delivered
thrombolytic therapy. The goal of catheter directed
therapy is to decrease afterload on the right ventricle while
reducing clot burden and long-term sequelae of CTEPH.
Displacement of centrally occlusive thrombus to a more
peripheral distribution in pulmonary arterial branches
may decrease afterload in the right ventricle but may not
address clot burden. We will not attempt to discuss all
devices but limit discussion to the devices most reported
for use in the pulmonary arteries. Given the large number
of existing devices, it is clear that an ideal device is not
currently available.
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Figure 4 Trerotola thrombolytic device (Permission to use image granted by
Teleflex Inc., Wayne, PA, United States).

Mechanical thrombectomy

Purely mechanical approaches to central pulmonary
emboli include clot fragmentation, fragmentation with
aspiration, and rheolytic thrombectomy™**”, Clot frag-
mentation has been achieved with procedures as simple
as rotation of a pigtail catheter within the thrombus
either manually or with mechanical assistance (Figure
2). Angioplasty balloons inflated within clot provide an
alternative approach to fragmentation (Figure 3). Other
mechanical devices such as the Trerotola Mechanical
Thrombectomy Device (Teleflex Inc., Wayne, PA, United
States) designed for use in thrombosed dialysis grafts
have been used in the pulmonary arteries with mixed
results (Figure 4).

There are several rheolytic thrombectomy devices,
which have been used off label in the pulmonary arteries.
The Amplatz thrombectomy device (Microvena, White
Bear Lake, MN) is a 6-French catheter that incorporates
a high-pressure air-driven high-speed impeller, creating
a vacuum vortex-pulling clot into the distal tip of the
catheter, fragmenting the thrombus, then expelling
particles, most of which measure 50 pm or less*?7,

The Angiojet catheter (Boston Scientific, Marlborough,
MA, United States) is one of the most frequently used
devices, which provides both clot fragmentation and
aspiration of clot fragments. Saline jets directed into
the clot at the distal end of the catheter result in clot
fragmentation. These jets may also be used to distribute
thrombolytic agents into the clot in the “power pulse
mode”. At the same time, aspiration of clot fragments is
achieved at catheter sideports from high velocity saline
looping back into a second lumen creating a Venturi
effect (Figure 5). These procedures displace obstructive
emboli from a central location into the larger volume
peripheral pulmonary arterial vasculature, resulting in
reduction of pulmonary artery pressure and afterload on
the right heart™. Frequently, mechanical approaches
are combined with infusion systems delivering low dose
thrombolytics into residual thrombus.

Suction thrombectomy
Suction thrombectomy was one of the earliest ap-
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Figure 5 Angiojet rheolytic thrombectomy device (Boston Scientific,
Marlborough, MA, United States). Distal Saline jets fragment clots and high
velocity saline loops into a second lumen, aspirating fragments of clot into the
sideports through the Venturi effect (Image provided courtesy of Boston Scientific.
2017 Boston Scientific Corporation o its affiliates. All rights reserved.
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Figure 6 Angiovac catheter (Angiodynamics, Inc., Latham, NY, United
States) and reperfusion circuit, in which aspirated clot is filtered from
aspirated blood, which is subsequently returned to the patient (permission
to use image granted by Angiodynamics, Inc.).

proaches to transcatheter treatment of pulmonary
emboli, introduced by Greenfield, using a 12-French
catheter with a cup on its distal end. Suction was
applied to the catheter hub with a large volume syringe.
A portion of thrombus was engaged in the cup and
removed along with trailing adherent thrombus through
a large diameter vascular sheath in either the femoral
or jugular veins.

More recent approaches involve aspiration of thro-
mbus into the lumen of an aspiration catheter of varying
diameters with discharge into an aspiration container.
The Angiovac system (Angiodynamics Inc., Latham,
NY) consists of a 22-French coil reinforced cannula with
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a balloon actuated expandable funnel-shaped distal
tip. The catheter is part of a veno-venous recirculation
system with aspirated thrombus and blood separated
and returned to the patient through a large central
venous return cannula (Figure 6). The system requires
a perfusionist to be present during the procedure and
the added time required to assemble this team.

An alternative large lumen suction device is the
FlowTriever system (Inari Medical, Irvine, CA, United
States), in which a large bore (20-French) sheath is
introduced for placement of suction catheter, which is
connected to a retraction aspirator; providing a vacuum
for clot aspiration. Blood admixed with clot does not
have a means to return to the circulation (Figure 7).
The advantage of the large bore catheters is the ability
to remove large volumes of thrombus rapidly; however,
their size and rigidity makes access to pulmonary artery
branches more difficult. In addition, stiffness increases
the possibility of injury to the heart or to the pulmonary
artery.

The Penumbra system (Penumbra Inc., Alameda, CA,
United States) is a suction aspiration system first used
in the endovascular treatment of stroke. The Penumbra
INDIGO CAT 8 system is a flexible 8-French aspiration
catheter, which is connected to a continuous suction
vacuum system. A wire separator in the catheter lumen
facilitates clot retrieval (Figure 8). As with the FlowTriever
device, the Penumbra lacks a means to return blood to
the patient and can lead to significant blood loss if not
embedded in clot. None of the suction systems is FDA
approved in the United States for the treatment of PE, and
their use is considered “off label”. The FlowTriever system
has received approval from the FDA for the FLARE IDE
clinical trial for patients with submassive pulmonary emboli
and is currently recruiting.

Fibrinolytic therapy

Fibrinolysis is most effective when the agent is delivered
directly into the thrombus. There are several catheter
systems available for delivery of fibrinolytic agents
directly into the thrombus. The Unifuse infusion system
(Angiodynamics, Latham, NY, United States) consists
of a multi-hole catheter with an end hole and side holes
distributed in variable lengths along the distal catheter.
Their distribution is defined by radiopaque markers. The
catheter is introduced over a standard guidewire. Following
desired placement in the dot, an occluding ball guide wire
is introduced to obstruct the end hole, thereby forcing
the infusate out the side holes. This catheter can be used
to simply infuse or pulse spray fibrinolytics by forcible
injection at the catheter hub (Figure 9).

Ultrasound assisted infusion of thrombolytics through
the Ekos system (Ekos Corp., Bothel, WA, United States)
utilizes an ultrasonic core to generate an acoustic field
dispersing the fibrinolytic agent into the clot. In addition,
this acoustic field is felt to disaggregate thrombus with
separation of fibrin crosslinks, accelerating clot lysis. The
system consists of a 5.4-French infusion catheter with
markers delineating the active area, an ultrasound core
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Figure 7 Flowtriever device (Inari Medical, Irvine, CA, United States) with
three braided nitinol disks to engage clot and pull it into the aspiration
guide catheter for evacuation by the retraction aspirator (Permission to
use image granted by Inari Medical).

transducer, and a control unit. The catheter has both a
drug delivery lumen and a central coolant channel (Figure
10).

REVIEW OF RESULTS

In spite of greater than 30 years of experience with
catheter directed therapy for acute PE, controversy still
exists as to its precise role. This is primarily related to
the lack of level I evidence of its safety and effectiveness.
Most evidence is based on small non-controlled cohort
studies with non-consecutive recruitment and varying
criteria for success (Table 1).

Any review of results of studies dealing with PE
treatment should begin with a brief explanation of the
Miller score, which is one of several scoring systems
that attempt to objectively quantify the magnitude
of PE (Figure 11). Described in 1975% and based on
pulmonary arteriography it is the sum of obstruction
and perfusion scores. The obstruction index divides
the lung into nine segments on the right and seven on
the left. Thrombus in any segment is given a score of
1. Thrombus proximal to segmental branches is given
a score of the number of branches peripheral to the
thrombus (i.e., right lower lobe pulmonary artery =
4, saddle embolus = 16). The perfusion index divides
each lung into upper, middle and lower zones scored
as no perfusion (3), severely reduced perfusion (2),
mildly reduced perfusion (1), and normal perfusion (0).
Therefore the worst Miller index combining obstruction
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Figure 8 Penumbra device. A: Penumbra Indigo CAT-8 (Penumbra, Inc.,
Alameda, CA, United States) in the right pulmonary artery. The guiding catheter
(arrowheads) is in the right main pulmonary artery and the aspiration catheter
(arrows) is in the right lower lobe pulmonary artery. The separator wire used
to promote aspiration is exiting the aspiration catheter; B: Small volume clot
aspirated with the Penumbra Indigo CAT-8 system.

and perfusion is 34.

Suction thrombectomy

The earliest reports were those describing suction
embolectomy with the Greenfield suction embolectomy
catheter. Greenfield reported 46 patients treated with
the 12-French suction catheter™, Of these patients, 33
had sustained massive pulmonary emboli, 4 submassive,
and 9 chronic. Mean pulmonary arterial pressure was
reduced from 32 to 24 mmHg in 31 patients, in whom
it was measured with clinical success in 36/46 patients.
After the adoption of prophylactic inferior vena cava
(IVC) filters following the procedure, the 30 d survival
increased from 50% in the first 10 patients to 70% in the
subsequent 36 patients. Because of the size and difficulty
of placement of the Greenfield suction embolectomy
catheter, the device fell out of favor.

Currently, two large bore aspiration catheters are
available. The Angiovac system, approved for use in
treating thrombi in the venous system, is being used
off-label in the pulmonary arteries. There have been
case reports and small series reporting the use of this
device with mixed results®®', A retrospective review of
five consecutive patients in whom the Angiovac was
used included four patients with massive PE and one
with submassive PEP?!. Technical success, defined as
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Figure 9 Multiholed infusion catheter. A: A multiholed infusion catheter with sideholes dispersing infusate within clot and infusion wire further distributing the
infusate while also occluding the endhole of the infusion catheter, forcing flow out of the sideholes of the catheter (Permission to use image granted by Angiodynamics,
Inc.); B: A multiholed infusion catheter with sideholes dispersing infusate within clot and infusion wire further distributing the infusate while also occluding the endhole
of the infusion catheter, forcing flow out the sideholes of the catheter (Permission to use image granted by Angiodynamics, Inc.).

Figure 10 Ekos system. A: Ekos system with multiholed infusion catheter (arrow), ultrasonic core transducer (arrowhead) and control unit (Permission to use image
granted by Ekos Corp., Bothel, WA, United States); B: Ekos catheters (arrows) with ultrasonic core transducers in place in the right and left pulmonary arteries.

successful removal of some thrombus combined with
reduction of the Miller score by greater than or equal
to 5 was achieved in two of the four patients with
massive PE. Four patients died at a mean of 7.3 d, all
having presented with massive PE. One death was
related to catheter perforation of the right ventricular
free wall. In another small series of three patients in
whom thrombectomy of the pulmonary arteries was
attempted, the procedure was unsuccessful in two of
the three patients. Lack of success was attributed to
size, stiffness and lack of maneuverability of the device.

There is even less information on the use of the
FlowTriever device in the pulmonary arteries. A single
case of success in a saddle embolus in the pulmonary
artery was recently reported™. It is uncertain if similar
problems with stiffness and lack of maneuverability are
encountered with this device. The FlowTriever FLARE trial
will help clarify these issues in a larger cohort of patients.
Unfortunately this trial excludes patients with massive PE
- a group of patients in whom suction embolectomy is
most appropriate.

The Penumbra device is another suction device
currently available in an 8-French system, providing the
flexibility for placement in segmental branches of the
pulmonary artery. However, luminal diameter limits the

Baishidenge ~ WIR | www.wjgnet.com

432

volume of clot aspirated. There is no evidence available
at the current time to support its use.

Mechanical thrombectomy

The Amplatz thrombectomy device has been used in the
pulmonary arteries and reported about in small series.
A report by Muller-Hulsbeck included 9 patients, out
of which, 5 were treated with additional tPAPY. Miller
index was reduced from 18 to 11. Of interest, the mean
pulmonary arterial pressure was reduced from 57 to 55
mmHg after mechanical thrombectomy. The addition
of fibrinolytic therapy achieved further reduction of
mean pulmonary arterial pressure to 39 mmHg, raising
question of the value of the mechanical component of
the procedure.

The Angiojet device is the most studied rheolytic
thrombectomy device. A study by Nassiri et a/*”
reviewed experience with 15 consecutive patients,
one with massive and 14 with submassive pulmonary
emboli. Adjunctive tPA was administered in 10 patients.
Completion angiography was used to assess success.
Significant clot resolution (> 75%) was observed in
9 patients, moderate (50%-75%) in 5 patients, and
minimal (< 50%) in 1 patient. All patients receiving
adjunctive tPA had significant or moderate clot resolution.
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Figure 11 Miller Score. Pulmonary arteriogram demonstrating left main
pulmonary artery embolus (obstruction score 7) and severely reduced perfusion
of the upper and middle zones of the left lung (perfusion index 2 + 2). There is
occlusion of the left lower lobe pulmonary and middle lobe pulmonary artery
(obstructive score 4 + 2) with perfusion severely reduced in the lower lobe
and mildly reduced in the middle lobe (perfusion index 2 + 1). This patients
combined Miller score is therefore 20.

There were no in-hospital deaths or recurrent pulmonary
emboli. Two patients had post procedural renal failure
and there was one case of cardiopulmonary arrest.

Chechi retrospectively reviewed 51 patients
presenting with massive (in 22 patients) or submassive
(in 29 patients) pulmonary emboli®®, Technical success
determined by angiography was achieved in 92%
of cases, with mean reduction of the Miller index by
51%. Adjunctive fibrinolytic therapy was performed in
21% of patients. The in-hospital mortality was 42% in
patients presenting with shock, 12% in patients with
hypotension, and 3.4% in patients with submassive
pulmonary emboli. Renal failure was reported in 24%
of patients, while bradycardia requiring transvenous
pacing was reported in 8%.

Systemic complications of renal insufficiency, bra-
dycardia, and asystole are frequently reported with the
Angiojet device. Both complications stem from red blood
cell destruction leading to the release of adenosine,
causing bradycardia and asystole. Some operators
limit activation of the device to five-second intervals,
separating the intervals to limit the amount of adenosine
in the circulation. Renal insufficiency is felt to result from
hemoglobinuria and resultant acute tubular necrosis.
Aggressive hydration and administration of bicarbonate
to raise urine pH to above 6.5 may diminish the tubular
toxicity of hemoglobin®”’,
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Fibrinolytic therapy

Patients with massive PE who have failed systemic
thrombolysis, have absolute contraindications to thro-
mbolysis, or cannot await the two hour time interval
for administration of systemic thrombolytics are clearly
candidates for either catheter directed therapy or surgical
thrombo-embolectomy. Unfortunately few centers are
equipped for urgent surgical thrombo-embolectomy and
few will achieve the survival outcomes of centers with
expertise in pulmonary thrombo-embolectomy.

A meta-analysis of catheter directed treatment of PE
by Tafur® included 24 studies, enrolling 700 patients,
of who 653 received endovascular treatment. Pooled
data estimated risk of death in non-ultrasound assisted
thrombolysis (USAT) studies at 9% and 4% in the USAT
group. In studies using risk stratification, the Miller
index decreased from 19.4 to 9.9 following intervention.
In studies including pulmonary artery pressures, mean
pressures were reduced from 57 to 36 mmHg. The
main safety outcome of major bleeding was 4% in the
USAT studies and 10% in the non-USAT group.

A review of data of a nationwide inpatient sample of
72230 patients with PE who were considered unstable
reported a case fatality rate of 47% in patients not
receiving thrombolytic therapy and 15% in patients
receiving thrombolytics. However 70% of these patients
were denied thrombolytics for various reasons™. Given
this data randomization of patients with massive PE and
contraindications to systemic thrombolysis to catheter
directed intervention vs no therapy raises both ethical
concerns and recruitment challenges and is unlikely to
occur.

Catheter directed therapy in massive PE

There is evidence supporting the use of catheter directed
therapy in patients with massive PE. A meta-analysis of
catheter directed therapy in 2009™” identified a subset
594 patients from 35 uncontrolled studies treated for
massive PE defined by hypotension. Clinical success
was determined by stabilization of hemodynamics,
resolution of hypoxia, and survival. Ninety six percent
of patients did not receive thrombolytics before catheter
directed therapy. Thirty three percent of patients
received mechanical thrombectomy alone, while
60%-67% received both mechanical thrombectomy
and pharmacologic thrombolysis. Mechanical technique
most often used was pigtail catheter fragmentation in
69% of patients; used alone in 53%. Clinical success
was achieved in 86.5% of patients. Clinical success was
higher in studies in which patients received catheter
directed thrombolytic therapy compared to those in which
thrombolytic was less frequently given. The pooled risk of
minor complications was 7.9% and major complication
2.4%. Of interest, five procedural related deaths were all
associated with use of the Angiojet device.

Given the fatality rate that approaches 50%, as
reported for untreated patients with massive PE, and
subset analysis of catheter directed therapy in patients
with massive PE reporting mortality rates as low as
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Table 1 Comparison of pulmonary embolism treatment devices based on currently available evidence

Treatment method Type of device

No. of patients

Outcomes

Greenfield suction
embolectomy
catheter

Suction thrombectomy

Angiovac

Flowtriever

Flowtriever

Penumbra
Mechanical thrombectomy Amplatz
thrombectomy

device

Angiojet

Angiojet

Catheter directed fibrinolysis USAT

n =46
33 with massive PE
4 with submassive PE
9 with chronic PE
n= 5[34]
4 with massive PE
1 with submassive PE
n= 1[35]
FLARE trial - ongoing
None
n= 9[36]
(5 were treated with tPA)

n=15"
10 were treated with tPA

n =51
22 patients - massive PE
29 patients - submassive PE
n =59 (ULTIMA trial)
29 patients - UFH alone

Mean PAP reduction from 32 to 24 mmHg in
31 patients

Technical success in 2 of the 4 patients with
massive PE

Procedure successful
pending
None
Reduction of Miller index from 18 to 11
Mean PAP reduction from 57 to 55 mmHg
Addition of tPA achieved further mean PAP
reduction to 39 mmHg
9 patients - significant clot resolution
5 patients - moderate clot resolution
1 patient - minimal clot resolution
92% technical success
Mean reduction of Miller index by 51%

Greater mean decrease of RV/LV ratio in the
UFH + USAT group vs UFH alone (0.30 vs 0.03)

30 patients - unfractionated heparin + USAT

PE: Pulmonary embolism; USAT: Ultrasound-assisted thrombolysis; PAP: Pulmonary arterial pressure; RV/LV: Right ventricle to left ventricle ratio; UFH:

Unfractionated heparin.

15%, this therapy appears to be appropriate. Since
many if not most of these patients had received both
mechanical as well as pharmaco-mechanical treatment,
it is therefore difficult to predict the effectiveness of
mechanical thrombo-dispersion-thrombectomy alone.
Certainly the next generation of thrombectomy devices
will facilitate access to the main pulmonary arteries
and segmental branches, improving the efficacy of
mechanical thrombectomy. Currently, there is no data
supporting the addition of catheter directed therapy
to systemic therapy for patients who have responded
to systemic therapy in spite of its ability to further
decrease clot burden and the sequelae of CTEPH.

Catheter directed therapy in submassive PE

For patients with submassive PE, there is controversy
as to the role of both systemic or catheter directed
therapy. A meta-analysis of randomized controlled trials
comparing systemic thrombolytic therapy with heparin
alone in patients with PE showed a benefit only in
patients with massive PE*!l. In contrast, the MAPPET-3
trial™*? randomized 256 patients with sub-massive PE
into heparin plus tPA (118 patients) vs heparin plus
placebo (138 patients). The primary endpoint of in
hospital mortality or clinical deterioration requiring an
escalation of treatment was significantly higher in the
heparin plus placebo group primarily due to the need for
treatment escalation (26% vs 10%). Mortality in both
groups was low: 3.4% in the heparin plus tPA group
and 2.2% in the heparin plus placebo group. No fatal or
intracranial hemorrhage was observed.
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The PEITHO trial™' randomized 1006 patients with
submassive PE to systemic tenecteplase (30-50 mg)
as a single bolus or placebo with both groups receiving
intravenous heparin. The primary endpoints were death,
hemodynamic decompensation, confirmed recurrent PE
within 7 d, death within 30 d, and major adverse events
within 30 d. Death or hemodynamic decompensation
occurred in 2.6% of patients in the tenecteplase group
and in 5.6% in the placebo group (P = 0.02). Extracranial
bleeding occurred in 6.3% of the tenecteplase group
and in 1.2% of the placebo group (P < 0.001). Stroke
occurred in 2.4% of the tenecteplase group and in 0.2%
of the placebo group. At 30 d, the mortality was 2.4%
and 3.2% in the tenecteplase and placebo groups,
respectively. Thrombolytic therapy decreased the need
for escalation of care with no difference in mortality
but at the expense of increased bleeding complications
including hemorrhagic stroke.

The MOPETT trial*¥ randomized 121 patients with
moderate PE to receive a “safe dose” of systemic thro-
mbolytic (50 mg tPA) in 61 patients or anticoagulation
alone in 60 patients. The primary end point was
pulmonary hypertension and composite endpoints of
pulmonary hypertension and recurrent PE at 28 mo.
Secondary endpoints included total mortality, duration
of hospital stay, and bleeding during hospitalization.
Pulmonary hypertension and the composite endpoint of
pulmonary hypertension and recurrent PE occurred in
16% of the thrombolytic group and in 57% of the control
group (P < 0.001). Death and recurrent PE occurred in
1.6% and 10% of the tPA and control groups respectively.
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There was no major bleeding in either group. When
death or recurrent PE were assessed independently
there was no difference between the groups. There
have been numerous papers published on the delivery
of fibrinolytic agents through infusion catheters placed
directly into pulmonary artery thrombus. The most
compelling evidence for the effectiveness of catheter
directed treatment of PE comes from the ULTIMA trial*.
In this prospective randomized trial, USAT was compared
to heparin alone in patients with submassive PE. A dose of
10-20 mg recombinant tissue plasminogen activator (rtPA)
was infused over 15 h (approximately 0.75 to 1.5 mg/h)
in the USAT group. RV/LV ratio showed a mean decrease
at 24 h of 0.30 vs 0.03 in the heparin alone group (P <
0.001). At 90 d, there was one death from pancreatic
cancer in the heparin group. There was no major bleeding
and 4 episodes of minor bleeding: 3 in the USAT group,
1 in the heparin alone group (P = 0.61). Criticism of this
trial includes failure to randomize patients with perhaps
the greatest need for catheter directed therapy, the
elderly and those with cancer; a low recruitment rate; and
failure to follow patients to 6 mo when the heparin alone
group may have additionally benefited from physiologic
thrombolysis.

There is conflicting evidence as to whether ultrasound
assisted delivery of fibrinolytic agents is more effective than
infusion alone. In the PREFECT registry'*®, 101 consecutive
patients were enrolled at 7 sites. Twenty-eight patients
had massive PE (28%) and 73 had submassive PE (73%).
Patients with massive PE were treated with mechanical
thrombectomy or pharmaco-mechanical thrombectomy
with dinical success in 24/28 patients and 14% mortality.
Clinical success in the submassive group was 97% with
3% mortality. While the device choices for mechanical
thrombectomy are not mentioned in the study, the Angiojet
device was not used because of reported complications. In
a subgroup analysis, comparing USAT with CDT there was
no difference in post treatment pulmonary artery pressures,
average pressure change, thrombolytic dose, raising the
question of the added expense of USAT.

Looking at the evidence of systemic and catheter
directed therapy in patients with submassive PE, it
appears that patients receiving lytic therapy have
a decreased need for escalation of care compared
to those with heparin administration alone, a more
rapid resolution of afterload on the right heart, but no
significant survival advantage. However, there may be
greater improvement in pulmonary artery pressures
in the long term. The advantages of catheter directed
therapies over systemic administration are thrombolytic
delivery directly into the clot and the requirement of
a lower dose of thrombolytics, which may decrease
hemorrhagic complications. In light of the effectiveness
of thrombolytics alone, one questions the need for
mechanical thrombectomy in submassive PE, unless
there is a contraindication to thrombolysis.

Pulmonary embolism response teams

As treatment options for patients with PE have evolved,
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the concept of bringing together experts from different
disciplines in an urgent manner to create the best
treatment plan for patients presenting with PE has led
to the creation of Pulmonary Embolism Response Teams
(PERT)™. Similar multidisciplinary collaborations have
been employed to facilitate patients presenting with
stroke (the “Stroke Team”)® or cardiac events (the
“Heart Team”).

The manner in which clinicians are summoned to
make decisions about treatment varies considerably
from institution to institution. It may involve alerting the
members of the team through a beeper system that
a patient has presented, or it may involve protocols
which dictate how triage should be accomplished,
with the necessary members alerted as needed'*.
Members involved typically include pulmonary/critical
care, cardiology, vascular/cardiothoracic surgery and
interventional radiology or cardiology. Additional me-
mbers who may be involved include anesthesiologists,
perfusionists, diagnostic radiologists, and pharmacists.
Activation may involve several or all of the members
converging at the patient’s bedside. In some instances,
this may be done via videoconference with subsequent
in-person activation of the physicians relevant to the
particular patient’s situation”’,

An important function of the PERT process is data
collection and the refinement of treatment protocols. By
examining outcomes and correlating them with initial
data collected, such as high and low heart rates, blood
pressure, oxygen saturation, number of segments with
thrombus, RV/LV ratio, etc., triage of patients to different
treatment arms may be optimized. Ideally, patients may
subsequently be seen in follow up in a dedicated PERT
clinic. Long term follow up can then be introduced to
the PERT database. Centers with PERT programs have
the opportunity to share data with each other allowing
for more rapid determination of critical treatment
parameters. Collaboration regarding data sharing is
evolving through multicenter affiliations such as the PERT
Consortium®™",

In addition to streamlined treatment, another function
of the PERT process is data collection, which will lead
to the refinement of treatment protocols. Members of
the national PERT Consortium will have the opportunity
to share data advancing the understanding of PE and
its treatment. The success of a PERT program requires
extensive education of referring physicians, house staff,
nursing staff, ED and ICU staff, pharmacy, and the
community.

CONCLUSION

Currently, the precise role of catheter directed therapy
in the treatment of both massive and submassive
PE remains to be established through well-designed
prospective controlled trials. For patients with massive
PE in whom there is an absolute contraindication for
systemic thrombolysis, a failure of systemic thrombolysis
or no time for the 2 h of administration of systemic
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thrombolytic agents, mechanical thrombectomy provides
the primary alternative to surgical thrombectomy. With
respect to submassive PE, catheter directed therapy
decreases the need for treatment escalation, decreases
the time for clinical improvement, but does not increase
overall survival. An overall reduction in clot burden may
decrease the incidence of CETPH and improve quality of
life.
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Abstract

Lung transplantation has been a method for treating end
stage lung disease for decades. Despite improvements
in the preoperative assessment of recipients and donors
as well as improved surgical techniques, lung transplant
recipients are still at a high risk of developing post-
operative complications which tend to impact negatively
the patients’ outcome if not recognised early. The
recognised complications post lung transplantation
can be broadly categorised into acute and chronic
complications. Recognising the radiological features of
these complications has a significant positive impact on
patients’ survival post transplantation. This manuscript
provides a comprehensive review of the radiological
features of post lung transplantations complications over
a time continuum.

Key words: Lung transplantation; Post-surgical features of
lung transplantation; Complication of lung transplantation;
Imaging features; Early and late complications

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lung transplantation is a common method
of treating end stage lung disease. However, despite
advances in surgical techniques, complications are still
common and can occur years after lung transplantation.
Radiological imaging plays an essential role in char-
acterising many post-transplantation complications. It is
crucial for radiologists to identify early signs of common
complications on imaging to ensure that appropriate
treatments are instituted early.

Chia E, Babawale SN. Imaging features of intrathoracic com-
plications of lung transplantation: What the radiologists need to
know. World J Radiol 2017; 9(12): 438-447 Available from: URL:
http://www.wjgnet.com/1949-8470/full/v9/i12/438. htm DOI: http://
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INTRODUCTION

Lung transplantation is an accepted treatment mo-
dality for end stage lung disease with over 3614
transplantations performed worldwide between July
2013 and June 2014, In Australia alone, over 163 of
lung transplantations were performed in 2014%, During
the early 1960s when human lung transplantation was
explored, multiple attempts at the procedure often failed
rapidly due to rejection and issues with bronchial and
vessel anastomoses. However, over years, this measure
of treatment has achieved remarkable outcomes.

Given the inherent risks associated with lung trans-
plantation, patients are carefully selected for their
suitability for treatment. Improved outcomes have been
associated with advancing surgical techniques, appropriate
patient selection, cautious harvesting and preservation
of organs, and improved immunosuppressive therapy™.
Despite the pre-transplant strict selection criteria,
complications are still frequent.

Postoperative complications can be categorised
broadly into: Early complications; including but not
limited to reperfusion oedema and acute rejection; and
late complications including infections, anastomotic
complications and chronic graft rejection. Understanding
the timeline of post-operative complications is a key to
making accurate diagnosis for early intervention.

EARLY COMPLICATIONS

Early complications of lung transplantation generally
occur within few weeks post- operatively. These account
for the significant proportion of mortality in patients
who undergo lung transplantation.

Donor lung and recipient thorax mismatch
Donor lung and recipient thoracic cage mismatch is a
potential underlying cause of some of the early com-
plications of lung transplantation. Therefore, meticulous
attention to details in selecting appropriate donor lung
is a crucial initial step in obviating the likelihood of
complications relating to donor-recipient mismatch.
These complications include pleural effusion and pneu-
mothorax, which have been shown to develop especially
if the donor lung is too small for the recipient thorax.
These complications may, in certain cases require
interventions such as thoracocentesis and antibiotic
therapy. This contributes to a prolonged hospitalisation
and increased overall cost of lung transplantation.
However, deliberately mismatching the donor lung
and the recipient’s thorax may have some potential
benefits. Moderately oversized donor lung has been
shown to reduce the risk of early primary graft dys-
function™. However, in cases where the donor lung is too
large in size, atelectasis and impaired ventilation may
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Figure 1 Chest X-ray of a 64-year-old male 3 d post transplantation showing
reperfusion oedema. Bilateral airspace opacity predominantly in the mid to lower
zones with associated bilateral pleural effusions.

Figure 2 Chest X-ray 3 d post transplantation shows reperfusion oedema.
Bilateral airspace opacity in the mid to lower zones and sub-pleural consolidation
in the lower zone of the right lower lobe.

ensue™.

Ischaemia-reperfusion injury

Ischaemic-reperfusion injury, also known as primary
graft dysfunction is a frequent complication following
lung transplantation. It is one of the leading causes of
early post-transplant morbidity and mortality. It is a
severe acute lung injury syndrome that develops within
the first 48-72 h post lung transplantation®.

Reperfusion oedema has variable imaging features.
On chest X-ray, it may present with hazy peri-hilar air-
space opacity in milder cases, and dense peri-hilar
consolidations with air bronchograms in more severe
cases®™ (Figures 1 and 2).

High resolution computerised tomography (HRCT) will
demonstrate the above features in greater details, even
though these are not specific only to pulmonary oedema.
Perihilar ground-glass opacities, peribronchovascular
thickening and reticulations with predilection for the
middle and lower lobes are elegantly demonstrable on

HRCT#,

Acute rejection
Acute cellular rejection occurs generally within the first

December 28, 2017 | Volume 9 | Issue 12 |



Chia E et a/. Radiological features of lung transplantation complications

Figure 3 Computerised tomography images of the chest 4 wk post-transplantation showing acute rejection. Bilateral basal predominant consolidation, diffuse
ground glass opacity and atelectasis with large bilateral pleural effusions. A: Axial slice of CT chest image showing bilateral basal consolidations; B: Axial slice of CT
chest image illustrating extensive bilateral pleural effusions with pulmonary atelectasis. CT: Computerised tomography.

Figure 4 Acute rejection in a 50-year-old female 3 wk post-transplantation. CT scan of the chest shows bilateral diffuse ground glass opacity, linear atelectases,
bilateral pleural effusion and bilateral peribronchial thickening. A: Coronal slice of CT chest image showing bilateral ground glass opacities and linear atelectasis;
B: Axial slice of CT chest image highlighting bilateral pleural effusions; C: Axial slice of CT chest image highlighting peribronchial thickening. CT: Computerised
tomography.

findings on chest X-rays, therefore, does not exclude
the diagnosis of acute rejection, especially in the mild
form™®, Radiological findings, demonstrable on HRCT,
include lower lobe predominant peri-hilar ground glass
opacities, peri-bronchial cuffing, interlobular septal
thickening, and new or increasing pleural effusions®*"
(Figures 3 and 4). Notably, the absence of ground
glass opacities in HRCT within the first few weeks post
lung transplantation virtually excludes the diagnosis of
severe acute rejection'”’.

Pleural complications

The spectrums of acute pleural complications include

Figure 5 Chest X-ray shows increased lucency of the costophrenic minor air leaks, haemothorax, pneumothorax,
angles on both sides (deep sulcus sign) in keeping with bilateral supine chylothorax and pleural effusions. Air leaks may occur
pneumothoraces. . . . .
transiently following lung transplantation or persist for
quite a while. Pleural leaks (Figure 5) are considered
2 wk post-lung transplantation. This complication is a transient if spontaneous resolution occurs within 7 d
potential cause of significant morbidity. Acute cellular post-transplantation. Air leaks that are unresolved after
rejection is a cell-mediated immune response to human 7 d post-transplantation are dubbed persistent and may
leukocyte antigen (HLA) complex expressed in the signify more serious complications such as significant
donor lung. This immune response leads to perivascular bronchial dehiscence or airway ischaemia. This may
lymphocytic infiltrate® !, eventually lead to pneumomediastinum, persistent
Imaging findings in the mild acute rejection may be pneumothorax or subcutaneous emphysema'.
very subtle and, hence, trans-bronchial lung biopsy is Pleural effusion may persist for few months. At 3 mo,
the gold standard for diagnosis in this setting. Normal approximately 59% of patients may have some pleural
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Figure 6 Computerised tomography scan of the chest in a 63-year-old female performed 16 d post bilateral lung transplant showing a coronal slice and an
axial slice of a left pleural effusion and right haemothorax with clotted blood component (arrow). A: Coronal slice; B: Axial slice.

Figure 7 Computerised tomography scan images of a 37-year-old man performed 18 mo post-transplantation showing a coronal slice and an axial slice of

a stenosis of the right main stem bronchus (arrow). A: Coronal slice; B: Axial slice.

Figure 8 Computerised tomography scan of the chest showing a left main stem bronchial stenosis (arrow) in a 36-year-old male 2 mo post lung
transplantation. A: Coronal slice of CT chest image before insertion of bronchial stent; B: Coronal slice of CT chest image after insertion of bronchial stent. CT:

Computerised tomography.

effusions detectable on imaging study, especially on
computerised tomography (CT) scan. However, majority
of pleural effusion resolve completely by 12 mo (8%)"?.
Pleural thickening and calcification may manifest as a
long-term complication. Figure 6 illustrates some of the
more common pleural complications.

Bronchial anastomotic complications
Bronchial dehiscence, bronchial stenosis, bronchomalacia
and bronchopleural fistulas are some of the airway
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anastomotic complications that can occur. The most
frequent of these complications is bronchial stenosis.
There are two patterns of bronchial stenosis: Surgical site
anastomotic stenosis and segmental non-anastomotic
bronchial stenosis.

Bronchial stenosis is easily demonstrable in chest
X-ray. Bronchial stenosis may be severe enough
to cause the atelectasis of the affected lobe!'?. As
demonstrated in Figures 7 and 8, helical CT with
multiplanar reconstruction will demonstrate this and
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Figure 9 Computerised tomography scan of the chest in a 51-year-old female performed nearly 3 years post bilateral lung transplantation shows left
main bronchial dehiscence resulting in gas locules tracking from the left main stem bronchus to the mediastinum causing pneumomediastinum. A: Axial
slice of CT chest image showing gas leaks (arrow) from the left main stem bronchus; B: Axial slice of CT chest image showing multiple gas locules (arrow) causing

pneumomediastinum. CT: Computerised tomography.

Figure 10 Computerised tomography scan of the chest in a 31-year-old female 3 mo post bilateral lung transplantation showing peri-anastomotic left
pulmonary artery saccular aneurysm. A: Axial slice of CT chest image showing a left pulmonary artery saccular aneurysm (arrow); B: Axial slice of CT chest image
showing a left pulmonary artery saccular aneurysm (arrow). CT: Computerised tomography.

other associated features more elegantly and is said
to have an accuracy of 94% for detecting bronchial
stenosis!*.

Bronchial dehiscence results from ongoing mucosal
necrosis of the donor bronchus secondary to disruption
of the bronchial circulation”. Chest radiography is
unreliable for the diagnosis of bronchial dehiscence due
to the presence of peri-bronchial air that may obscure
the major airways.

CT scan is more sensitive and readily able to identify
the features of bronchial dehiscence including bronchial
wall defects, fixed or dynamic bronchial narrowing, and
peribronchial air around the anastomosis™*® ( Figure 9).

Bronchopleural fistula manifests as progressive
increase in the intrapleural air, new or progressing hydro-
pneumothorax and changes in the already present air-
fluid levels. In severe cases, tension pneumothorax
may occur with imaging demonstrating contralateral
mediastinal shift, flattening of the ipsilateral diaphragm,
ipsilateral widening of intercostal spaces and atelectasis
of the contralateral lung.

Vascular anastomotic complications
Complications involving the vasculature anastomotic
sites post lung transplantation are much less frequent
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compared to airway anastomotic complications. Vascular
complications include pulmonary artery stenosis, kinking
of the pulmonary artery and pulmonary vein thrombosis.
Peri-anastomotic pulmonary artery aneurysm is an
unusual complication (Figure 10).

Pulmonary artery stenosis can occur early or late
after lung transplantation and is generally a result of
incongruent lengths of the donor and recipient segments,
technical narrowing or twisting of the anastomosis'*..

CT angiogram is the acceptable imaging modality for
investigating these complications. Narrowing or occlusion
of the affected artery is readily demonstrable with CT
angiogram. Diminished opacification of the corresponding
pulmonary segment may indicate atelectasis or evolving
pulmonary infarction™,

Infections

Pulmonary infection after lung transplantation remains an
important complication that is associated with high rates
of morbidity and mortality. The incidence of infection
is far more frequent in the lung transplant recipients
than any other organ transplant recipients™. This is
due to the higher level of immunosuppression and loss
of local pulmonary host defences characterised by the
reduction in lymphatic drainage, and reduced mucociliary
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Figure 11 Computerised tomography scan of the chest 2 wk post-transplantation shows consolidation in the right upper lobe posteriorly with air
bronchogram in keeping with pneumonia. Associated right sided pneumothorax. A: Axial slice of CT chest showing right upper lobe consolidation (white arrow),
and right sided pneumothorax (blue arrows); B: Axial slice showing consolidation on the right upper lobe with air bronchogram (arrow). CT: Computerised tomography.

Figure 12 Chest computerised tomography scan of a 57-year-old male performed 2 years post-transplantation shows pseudomonas lung infection.
Geographic area of ground glass opacity with associated diffuse centrilobular ground glass opacities and bronchiolar thickening mainly in the basal segment of the
left upper lobe. A: Axial slice of CT chest image showing ground glass opacity (arrow); B: Axial slice of CT chest image highlighting diffuse centrilobar ground glass
opacities on the left; C: Axial slice of CT chest image showing bronchiolar wall thickening in the left upper lobe (arrow). CT: Computerised tomography.

clearance. to the increased rate of mortality and morbidity post lung

Bacterial pneumonia accounts for approximately 36% transplantation, whether single lung transplantation or
of pneumoniast® occurring post lung transplantation. bilateral. Chronic allograft rejection is described clinically as
Staphylococcus aureus, pseudomonas aeruginosa and bronchiolitis obliterans syndrome. Cryptogenic organising
Enterobacteriaceae are the most common bacterial pneumonia may also be seen. Patho-physiologically,
culprits. chronic rejection is typified by inflammatory and fibrotic

Radiographic manifestation of bacterial pneumonia  processes. Eosinophilic hyaline fibrosis of the small

(Figures 11 and 12) may be nonspecific with the airways leads to progressive concentric bronchiolar luminal
occurrence of patchy or confluent consolidation, ground- 71

i i A e narrowing and eventually bronchiolar occlusion™”.
glass opacity, septal thickening and pIeur?-:\I effusions o Plain radiograph is of limited diagnostic value in chronic
These features and the presence of tree-in-bud opacity

hest radi hi i ith th it graft rejection. Non-specific features in plain radiograph
or_1 C c _ra iograpn, in conjun '9” with | € _approp_rla > that can suggest chronic rejection include pulmonary
clinical picture, makes the radiographic diagnosis of

NP ) . . hyperinflation, decreased vascular markings, regional

pneumonia fairly obvious. Pleural effusion is nonspecific. - "
o o volume loss, subsegmental atelectasis, linear opacities and

It may be indicative of haemorrhage, rejection or em- ] 7
pyematl”! bronchiectasis .
' Chest CT is the imaging of choice for demonstrating the
features of small airway and interstitial lung parenchymal
LATE COMPLICATIONS changes that occur in chronic graft rejection (Figure 13).
Late complications post lung transplantation can occur ~ S°me of these features, which are readily demonstrable
anytime from months to years. It is vitally important to on chest CT, include bronchial wall thickening, interlobular
have a high index of suspicion in recognising the signs ~ Septal thickening, reticulo-nodular opacity, ground-
of late complications as these largely contribute to the glass opacity with mosaic attenuation, air trapping and
patients’ morbidity and mortality. peripherally predominant bronchiectasis™”***.

Chronic rejection Atypical infections
Chronic allograft rejection is one of the causes attributed Iatrogenic immunosuppression post lung transplantation
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Figure 13 Bronchiolitis/small airway disease. CT scan of the chest performed 8 years post-transplantation shows patchy multifocal air trapping with bronchiolar
thickening. A: Axial slice of CT chest image showing bronchiolar thickening; B: Axial slice of CT chest image showing multifocal areas of patchy air trapping. CT:
Computerised tomography.

Figure 14 Chest computerised tomography scan of a 30-year-old male performed 2 mo after lung transplantation shows fungal infection. Two partly solid
nodules in the right lung (one in the basal segment of the right upper lobe and the other in the right lower lobe. A: Axial slice of CT chest image showing right lower
lobe nodule (arrow); B: Coronal slice of CT chest image showing 2 nodules on the lower segment of the right upper lobe (blue arrow) and right lower lobe (white

arrow); C: Axial slice of CT chest image showing partially solid nodule (arrow). CT: Computerised tomography.

is an important predisposing factor for infection
with atypical organisms such as viruses, fungi and
mycobacterium.

Viruses, particularly cytomegalovirus (CMV), are
largely opportunistic infections and are a risk factor for
the development of transplant rejection. Lung transplant
recipients are particularly susceptible to CMV infection
and the rate of infection in these patients can be as
high as 50%". Other viral culprits include parainfluenza
virus, respiratory syncytia virus and adenovirus.

Features of viral chest infections are nonspecific. It
is usually patchy with no particular lobar predilection.
Nodular opacities, patchy consolidation, diffuse ground-
glass opacity and bronchiolar thickening can be seen in
viral chest infections. Adenoviral pneumonia imaging
findings typically are more extensive compared to those
caused by other viral infections™®.

Fungal infection post lung transplantation is less
frequent than bacterial and viral infections, however
they are associated with high mortality rates. Aspergillus
and Candida species are the most common causes of
fungal infections in lung transplant recipients (Figure
14). Colonisation of the airways by aspergillus species
is @ common occurrence in lung transplant recipients,
particularly those with underlying cystic fibrosis.
Colonisation with these organisms increase the risk of
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developing invasive aspergillosis which could be fatal and
may result in as high as 55% mortality in lung transplant
recipients if not aggressively treated”’.

Fungal chest infections have various chest CT features
including consolidation, lung nodules and cavitating
nodules or masses. Ground glass opacity surrounding a
lung nodule or mass (Figures 15 and 16) dubbed as a
halo sign is highly suggestive, although not specific, of
fungal infection in appropriate clinical settings”’.

Rate of tuberculosis infections usually vary by
geographic location. However, tuberculosis infection
has been shown to be significantly higher in transplant
recipients compared to the general population irrespective
of geographic location®". It presents commonly as
a reactivation of the latent infection in the transplant
recipients, but can also be acquired from unrecognised
infected donor lung. Pulmonary tuberculosis is commonly
seen radiologically as focal infiltrates or in a miliary
pattern'®?,

Thromboembolism

Thromboembolism (including pulmonary embolism and
deep vein thrombosis) is a common complication that
tends to occur within few months post-transplantation.
It is important to recognise this since up to 27% of lung
transplant recipients are prone to this complication™'. This
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Figure 15 Broncho-alveolar lavage proven aspergillosis. CT scan of the chest shows right lung apex sub-pleural nodule with surrounding ground glass
opacity and focal bronchiectasis. A: Coronal slice of CT chest showing right apical sub-pleural nodule (arrow); B: Coronal slice of CT chest showing surrounding
ground glass opacity and focal bronchiectasis (arrow) around a sub-pleural nodule. CT: Computerised tomography.

.

Figure 16 Computerised tomography scan of the chest performed 1 year post bilateral lung transplant shows pulmonary aspergillosis. An axial slice (A) and
sagittal slice (B) showing a middle lobe small solid nodule with relatively large peripheral halo of ground glass opacity known as a “halo sign” (arrow). Bronchoscopy

confirmed aspergillosis. A: Axial slice; B: Sagittal slice.

has been suggested to be due to the hypercoagulable
state caused by the inflammatory response to the donor
organ!*!l. Potential thrombogenic surfaces, such as the
pulmonary artery anastomotic site and central lines, also
act as sources of venous thromboembolisms!®*’,

Lung transplant recipients are more susceptible to
thromboembolic induced pulmonary infarcts due to a
deficient dual blood supply (bronchial and pulmonary
arterial supply) in the early post-operative period. Clues
suggesting pulmonary thromboembolism on chest
radiography include segmental oligaemia, pleural effusion,
dilated central pulmonary arteries and cardiomegaly!”.
Wedge shaped sub-pleural opacity representing lung
infarct is readily demonstrable on chest radiograph.

CT pulmonary angiogram is the gold standard for
diagnosing pulmonary embolism. Filling defects with
segmental partial or total occlusion in the central or
segmental branches of the pulmonary arteries are the
most reliable direct signs of thromboembolism!"*.
Indirect features include consolidation in specific vascular
territories, mosaic perfusion, atelectasis and pleural
effusions’*%, Ventilation perfusion scans is a viable
alternative in patients who have contraindications to CT
pulmonary angiogram.
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Transplant related lymphoproliferative disorder

A diverse number of lymphoproliferative diseases may
develop post lung transplantation. These are collectively
termed post-transplantation lymphoproliferative disorders
(PTLD) and occur in approximately 5% of lung transplant
recipients". Patho-physiologically, transplant recipients
are predisposed to Epstein-Barr virus (EBV) which
induces B-cell proliferative responses leading to PTLD,
usually within a year after transplantation.

CT features of PTLD are variable, and may be seen
as a single or multiple pulmonary nodules or masses
with or without mediastinal, hilar and extra-thoracic
adenopathy'®’.

Primary lung carcinoma
Primary lung carcinomas occurring in the lung allograft are
rare’®®, This is attributable in part to the comprehensive
screening process prior to transplantation aiming at
excluding donors with underlying parenchymal lung
disease and those with significant smoking history. The
risk of developing primary pulmonary carcinoma in
transplant recipients is therefore the same as the general
population.

Nevertheless, in cases where primary lung allograft
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carcinomas arise, tumours tend to be more aggressive™.,

This is likely due to immunosuppression, and can be
challenging radiologically to distinguish from an infectious
process.

Recurrence of primary disease

Despite lung transplantation being the only available
therapy for end-stage lung disease, a number of diseases
have been reported to recur in the lung allograft.
Sarcoidosis has been demonstrated to have a high
recurrence rate™”’. Lymphangioleiomyomatosis and diffuse
panbronchiolitis and pulmonary alveolar proteinosis have
also been reported to recur post lung transplantation.
Radiological findings of these diseases, however, have
slight morphological differences at recurrence compared
with pre-transplantation™”.

CONCLUSION

Lung transplantation is essentially the only viable
option for treating end stage lung disease. Despite
this advanced procedure, it poses a diverse list of
complications that are associated with morbidity and
mortality for transplant recipients. Although radiological
manifestations of post-lung transplant complications may
be non-specific, understanding the main features of post-
transplant complications over a time continuum is the
key to improving patients’ survival. By recognising these
radiological features, early treatment can be instituted.
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Abstract
Hypoperfusion injury related to blood pressure decrease in
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acute hypertensive intracerebral hemorrhage continues to
be a controversial topic. Aggressive treatment is provided
with the intent to stop the ongoing bleeding. However, there
may be additional factors, including autoregulation and
increased intracranial pressure, that may limit this approach.
We present here a case of acute hypertensive intracerebral
hemorrhage, in which aggressive blood pressure mana-
gement to levels within the normal range led to global
cerebral ischemia within multiple border zones. Global
cerebral ischemia may be of concern in the management
of hypertensive hemorrhage in the presence of premorbid
poorly controlled blood pressure and increased intracranial
pressure.

Key words: Intracranial hemorrhage; Neurocritial care;
Stroke management; Perihematoma ischemia

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The current case report highlights the risk of
aggressive management of acute hypertension in the
setting of intracerebral hemorrhage causing global cerebral
hypoperfusion, despite maintenance of cerebral perfusion
pressure above the lower threshold of autoregulation. The
authors suggest the use of accurate method to measure
cerebral oxygenation, such as brain-tissue oxygen moni-
toring, which could help individualize aggressive blood
pressure control in patients with acute hypertensive intra-
cerebral hemorrhage.
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INTRODUCTION

Up to one-third of spontaneous intracerebral hemorrhages
(ICHs) expand, typically, within the first 6 h after the
ictus. This expansion contributes to clinical deterioration
and worse outcome™™. Persistent high blood pressure
may promote recurrent early bleeding'®. Despite several
reports that supported aggressive blood pressure control,
reducing the risk of bleeding and improving the outcome,
recent randomized larger trials have failed to prove it
The safety of this approach has been questioned, mainly
based on the concemn that the perihematoma region may
already be ischemic, due to local tissue pressure and
have impaired autoregulation. But it may also be because
autoregulation may be globally impaired after the ictus, or
autoregulation may be retained but shifted substantially
toward higher perfusion pressures. Based on these
concemns, aggressive blood pressure reduction might lead
to local or global ischemia.

There is evidence suggesting that autoregulation
is retained locally in the perihematoma region. Blood
flow decreases in areas adjacent to the hematoma;
although, there is an accompanying decrease in meta-
bolism without evidence of ischemia'®. Cerebral
autoregulation has been shown to be preserved in
small- and medium-sized hematomas; however, it is
variably shifted to higher levels in patients with chronic
hypertension*"*?, Determining whether blood pressure
management prevents hematoma growth after ICH and
how blood pressure reduction can be safely performed
are key research priorities™.

We present herein a case of spontaneous ICH, for
which aggressive treatment of hypertension did not
lead to infarction around the hematoma but globally in
multiple border zone areas.

CASE REPORT

A 52-year-old black woman suddenly developed slurred
speech and mild right hemiparesis. Medical history
included poorly controlled chronic hypertension, and
no known history of atrial fibrillation. In the emergency
department, the initial blood pressure reading was
264/218 mmHg. The patient had right hemiparesis
and dysarthria, and it was also noted that she was
confused. After an episode of emesis she became
lethargic, requiring emergent endotracheal intubation.
A computerized tomography (CT) scan of the head
showed a left thalamic hemorrhage (volume 36 mL, A x
B x C/2) with intraventricular extension and developing
hydrocephalus. Treatment to control blood pressure
included intravenous labetalol boluses and nitroprusside
infusion. External ventricular drainage was placed to
manage hydrocephalus, and intracranial pressure and
cerebral perfusion pressure were then monitored (Figure
1).

The patient underwent CT angiography of the
head on arrival, which revealed no vessel occlusion.
In addition, further work-up including continuous
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Figure 1 Diagram showing the evolution of systolic blood pressure, mean
arterial blood pressure, cerebral perfusion pressure and intracranial pressure
within the first 12 h. BP: Blood pressure; MAP: Mean arterial blood pressure; CPP:
Cerebral perfusion pressure; ICP: Intracranial pressure.

cardiac monitoring in telemetry unit in the intensive
care unit (ICU) for several days, electrocardiogram
and echocardiogram did not reveal any cardioembolic
etiology, except for left ventricular hypertrophy. For the
following days, the patient remained comatose, although
examination was limited due to sedation. A follow-up CT
of the head at 96 h post-admission showed a cerebellar
hypodensity. Magnetic resonance imaging (MRI) of the
brain showed areas of restricted diffusion consistent
with acute ischemia in multiple internal border zone
areas of bilateral cerebral and cerebellar hemispheres
(Figure 2). No significant stenosis was found in the
magnetic angiography of the neck or brain. Cerebral
perfusion pressure was above 70 mmHg, except for two
measurements (68 mmHg on day 2 and 62 mmHg on
day 4). On day 2, intraventricular thrombolytics were
administered and the ventriculostomy was clamped. On
day 4, blood pressure was 110/55 (the lowest recorded)
and the nitroprusside drip was reduced with rapid
improvement. The patient survived, but was aphasic and
right hemiparetic at the time of discharge to a nursing
home.

DISCUSSION

Two features in this case are to be discussed. First,
global cerebral ischemia after aggressive blood pressure
reduction seemed more a concern than the presence
of ischemia around the hematoma; and, second, global
ischemia developed despite maintenance of cerebral
perfusion pressure above the lower threshold of auto-
regulation in normals.

The fact that the region around the hematoma
was spared, with a mean arterial pressure reduction
of about 50%, goes along with recent work by Powers
et a' and Zazulia et a**. Although ischemia around
the hematoma was initially thought to be present
and to contribute to secondary brain injury based on
experimental animal models'*'”], nowadays it is
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Figure 2 Brain magnetic resonance imaging with diffusion weighted imaging (A), apparent diffusion coefficient (B) and FLAIR sequences (C) showing
multiple areas of infarction in the internal border zone areas of bilateral cerebral and cerebellar hemispheres. There is no evidence of perihematoma

infarction. MRI: Magnetic resonance imaging.

more controversial and it is becoming more evident
about its absence, based on human studies. Using
MRI, no markers of ischemia were associated with
the perihematomal region in acute ICH"®**!, Positron
emission tomography (PET) studies also reported
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perihematomal cerebral blood flow reductions, without
evidence of ischemia!®!. Reduced perihematomal
cerebral blood flow was associated with a decreased
metabolic rate of oxygen and oxygen extraction fraction,
suggesting that flow changes represent hypoactive
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rather than ischemic tissue™.

On the basis of evidence derived from laboratory and
clinical studies, three phases have been identified!”..
The hibernation phase, an acute period of concomitant
hypoperfusion and hypometabolism, predominantly
involves the perihematoma region and occurs during
the first 2 d. The reperfusion phase is observed between
days 2 and 14, with a heterogeneous pattern of cerebral
blood flow, consisting of areas of relatively normal flow,
persistent hypoperfusion and hyperperfusion. And, the
normalization phase is observed thereafter, with normal
cerebral blood flow reestablished in all viable regions.
In this case, hypometabolism in the area around the
hematoma might have prevented the tissue from in-
farction.

The reduction of about 50% in the mean arterial
pressure may seem unsafe; although, once the intra-
cranial pressure was monitored, the cerebral perfusion
pressure (CPP) could be calculated, and in fact it was
kept above the lower range for normals. Nevertheless,
strong evidence-based guidelines for the management
of blood pressure in patients with spontaneous ICH
with systolic blood pressure more than 220 mm Hg are
not clearly established. The writing group of the stroke
council for the American Heart Association encourages
in their guidelines, aggressive treatment of high blood
pressure to prevent ongoing bleeding with the caveat
that aggressive treatment may decrease cerebral
perfusion and worsen brain damage, especially®® >,
Based on these two rationales, the recommendation is
for patients presenting with a systolic blood pressure
between 150 and 220 mmHg, acute lowering of systolic
blood pressure to 140 mmHg is safe (Class 1 ; Level of
Evidence A); however, if the systolic blood pressure at
presentation is above 220 mmHg, the recommendation
of aggressive reduction is less clear (Class 1 b; Level
of Evidence C). Intracranial pressure monitoring is also
considered in patients with significant intraventricular
hemorrhage or hydrocephalus, with a reasonable goal
CPP between 50-70 mmHg (Class 1I b; Level of Evidence
Q).

Cerebral autoregulation maintains cerebral blood
flow by modifying the cerebrovascular resistance when
cerebral perfusion pressure fluctuates, keeping cere-
bral blood flow constant in normal subjects at a CPP
between 50-70 mmHg™*, In chronic hypertension,
cerebral autoregulation is shifted to higher levels and
the degree correlates with the severity of hypertension.
Thickening in the vascular wall increases the resistance,
providing tissue protection if CPP is high; however, the
ability to dilate when CPP lowers is lessened™?®!, While
perfusion pressure is calculable at bedside, quantitative
tissue flow cannot be measured without employing a
method such PET or a more invasive one using brain-
tissue oxygen monitors™®’). Recently, it has been shown
in traumatic brain injury that up to one-third of patients
may demonstrate low brain tissue oxygen despite
adequate CPP*%*?,

The patient presented herein developed multiple

JBaishideng® W]R I WWW.ngnet.COm

451

cerebral border zone infarcts after aggressive but
carefully monitored treatment of blood pressure with
labetalol and nitroprusside. Several modern imaging
studies suggest that an internal watershed infarction is
primarily caused by hypoperfusion as seen in our patient;
this should not be confused with cortical watershed
infarct, which is primarily caused by microembolism™*>%.

We hypothesize that the lower limit of autoregulation
was shifted to higher levels secondary to chronic un-
treated hypertension. What is an adequate cerebral
perfusion pressure in a normal subject was not so in her
case, resulting in insufficient cerebral blood flow and
ischemia. Alternatively, decreased cerebral perfusion
pressure could have occurred during treatment of
hypertension prior to intracranial pressure monitoring
(Figure 2).

In conclusion, aggressive management of acute
hypertension in ICH is controversial. Global but not
perihematoma hypoperfusion may be of more concern
in this approach, since cerebral autoregulation in chronic
hypertensive patients is variably shifted to higher levels.
An accurate method to measure cerebral oxygenation,
such as brain-tissue oxygen monitoring, could help
individualize aggressive blood pressure control in pa-
tients with acute hypertensive ICH.

ARTICLE HIGHLIGHTS

Case characteristics

This case illustrates diffuse border zone infarcts caused by rapid and
dramatic reduction in blood pressure in a patient presenting with intracerebral
hemorrhage and chronic uncontrolled hypertension.

Clinical diagnosis
Stroke, sudden onset of slurred speech, right-sided hemiparesis, dysarthria,
lethargy, blood pressure of 264/218.

Differential diagnosis
Ischemic stroke, hemorrhagic stroke, transient ischemic attack, hypoglycemia,
Todd's paralysis, intracerebral aneurysm rupture.

Laboratory diagnosis
No laboratory test was diagnostic; the patient, however, presented with very
elevated blood pressure levels, and normal blood sugar levels.

Imaging diagnosis

Non-contrast computed tomography (CT) scan of the head showed left thalamic
hemorrhage with intraventricular extension and developing hydrocephalus.
Follow-up non-contrast CT scan of the head at 96 h showed a cerebellar
hypodensity. Electrocardiogram revealed normal sinus rhythm. Echocardiogram
did not reveal any cardioembolic etiology, except for left ventricular hypertrophy.
Magnetic resonance imaging of the brain showed areas of restricted diffusion
consistent with acute ischemia in multiple internal border zone areas of
bilateral cerebral and cerebellar hemispheres; the location in the border zone
areas makes embolic etiology of the ischemia unlikely. Magnetic resonance
angiography of the brain and neck revealed no significant stenosis that could
have contributed to the cerebral ischemia.

Treatment

Blood pressure control with intravenous labetalol boluses and nitroprusside
infusion. For the management of hydrocephalus and monitoring of intracranial
and cerebral perfusion pressures, external ventricular drain was placed.
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Intraventricular thrombolytics were given to prevent clot formation in the
ventricles and facilitate the cerebrospinal fluid drainage.

Related reports

There are several randomized controlled trials that have focused on blood
pressure control in the setting of intracerebral hemorrhage; however, strong
evidence-based guidelines for the management of blood pressure in patients
with spontaneous intracerebral hemorrhage and systolic blood pressure more
than 220 mmHg are not clearly established.

Term explanation

Hematoma expansion: An increase in size of the initial intracerebral
hemorrhage that occurs in up to one-third of the patients, usually within the first
24 h. Borderline or watershed infarctions: Those that occur in areas shared
by two vascular territories; those areas are more susceptible to perfusion
reduction as it happens with blood pressure reduction and/or shifted cerebral
autoregulation. Cerebral autoregulation: A physiological mechanism that
maintains cerebral blood flow at different blood pressure levels. In patients with
chronic hypertension, the curve shifts to the right (“right shifted”); autoregulation
is used for higher blood pressure levels, and it is more protective to elevated
blood pressure but fails to react in case of lower blood pressure levels.

Experiences and lessons

Caution should be advised when blood pressure reduction is considered in
patients with intracerebral hemorrhage, especially if arriving with very elevated
blood pressure and known to have untreated chronic hypertension. In addition,
the presence of concomitant increased intracranial pressure due to the mass
effect and/or hydrocephalus after intraventricular extension increases the
intracranial pressure and thus decreases the cerebral perfusion pressure.
Cerebral autoregulation shifts to the right in patients with chronic untreated
hypertension and a reduction in blood pressure may not be tolerated leading
to ischemia; therefore, such intervention in certain cases may be unsafe, as
described in the article.
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Abstract

We present a case of tubercular arthritis who under-
went humerous unnecessary investigations what is
known as “victims of modern imaging technology” or
VOMLIT. Today there is an exponential rise in the volume
of the medical imaging, part of which is contributed
by unnecessary and unjustified indications. We discuss
about the untoward effects of the uninhibited and
careless use of modern imaging modalities and possible
ways to avoid. Skeletal manifestation of the tuberculosis
is still common in the endemic countries like India.
Although the final diagnosis of the skeletal tuberculosis
like tubercular arthritis is made by bacteriological and
histological studies, few demographic, clinical and
radiological features might help making early diagnosis.

Key words: Radiology; Modern imaging; Patient care;
Healthcare costs; Tubercular arthritis; Diagnostic imaging
overuse

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The primary objective is to highlight the pos-
sible consequences of the irrational use of imaging
investigations. In this case report, we want to explain
about an anxious patient undergoing some myriad
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investigations for an uncommon presentation of common
presentations. It is important to optimally use available
resources with improved communication with referring
physicians and increasing the awareness regarding the
utility and indications for various imaging.

Mahajan A, Santhoshkumar GV, Kawthalkar AS, Vaish R,
Sable N, Arya S, Desai S. Case of victims of modern imaging
technology: Increased information noise concealing the diagnosis.
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www.wjgnet.com/1949-8470/full/v9/i12/454 htm DOI: http://
dx.doi.org/10.4329/wjr.v9.i12.454

INTRODUCTION

With modern medical imaging boom and exponential
rise of its volume as well as with increasing accuracy
from these imaging, it is small wonder that the
examples of victims of modern imaging technology or
VOMIT are on the rise!?, While radiology and imaging
are influencing patient management and treatment
decisions like never before, unscrupulous and careless
use of newer imaging techniques is detrimental to the
patient’s as well as hospital’s resources and, contributes
significantly to patient’s anxiety if a grave diagnosis is
mistakenly made.

Skeletal tuberculosis is uncommon in third world
countries with Appendicular joint affectation being
uncommon than spinal tuberculosis®®. The few cases
of distal small joint affectations are all prior to 1980™.
Two cases of tubercular arthritis mimicking neoplasm
have been reported™. However, there is no case
reported of carcinomatous arthropathy of the first
metacarpophalangeal joint™®. As an example of VOMIT
in the modern era, we wish to highlight a rare case of
tubercular arthritis of the first metacarpophalangeal
joint masquerading as skeletal metastasis, which
demonstrates the ill-effects of unwarranted excessive
medical imaging.

CASE REPORT

A 40-year-old male presented with pain and swelling of
the left thumb in the past 1 mo along with vague bone
and joint pains and associated swelling in the neck.
Clinical evaluation for the midline neck swelling revealed
an indeterminate heteroechoic 15 mm thyroid lesion on
sonography (Figure 1). His routine blood investigations
and serum biochemistry were normal. The radiograph
of his left thumb revealed destruction of the left first
metacarpophalangeal joint. A Tc-99m pertechnate
thyroid scan showed focal low-grade uptake in the
thyroid in the same location. Assuming this thyroid
lesion as a primary carcinoma and the thumb lesion as
metastatic, the patient was advised a fluoride-18 bone
scan for the multiple vague bone and joint pains that
showed a focus of intense tracer uptake at the left first

Baishidenge ~ WIR | www.wjgnet.com

Mahajan A et a/. Victims of modern imaging technology

Figure 1 High resolution ultrasonography of the neck reveals a well-defined
heteroechoic lesion in the right lobe of thyroid gland which appeared
indeterminate on imaging (TIRADS 4B).

metacarpophalangeal joint accompanied by varying
degrees of uptake at multiple sites in the appendicular
and axial skeleton. The patient was thus referred to our
tertiary cancer institute for further management.

Our Head and Neck Surgical Oncology OPD advised
sonography-guided thyroid FNAC that was reported
as benign colloid goiter (Bethesda category I1). The
CT-guided biopsy of hand lesion (Figure 2) reported
necrotic tissue with calcification and reparative changes,
along with few lymphoid cells and, suggested evaluation
for any parathyroid pathology. On sonography, the
parathyroids were normal and he had normal levels of
rheumatoid factor, serum uric acid, and parathormone
levels. ESR was marginally elevated (42 mm/h).

An FDG positron emission tomography- computed
tomography (PET-CT) was performed to confirm/rule
out malignancy, which revealed a lytic destructive lesion
of the first metacarpophalangeal joint with a soft tissue
component, having a maximum standardized uptake
value (SUV) of 17.2. No uptake was noted elsewhere
in the appendicular or axial skeleton. The lung images
showed diffuse ground glass opacities with multiple
subcentimeter sized soft tissue density nodules, fibrotic
changes and calcified granulomas in both the lungs
(Figure 3). Considering the patient’'s demographic and
clinical background these were most likely suggestive of
active pulmonary tuberculosis.

MR of the affected hand suggested by our orthopedic
surgeons revealed altered marrow signal intensity
involving the left first MCP joint with associated articular
cortical destruction, synovitis, active enhancing pannus
formation and rim-enhancing soft tissue component
(abscesses) (Figure 4). A review of the previous radio-
graph showed joint destruction and peri-articular
osteopenia (Figure 5). Malignancy being ruled out, the
differentials narrowed down to an infective or traumatic
arthropathy. Correlating the radiographic, PET-CT
and MR findings, a provisional diagnosis of tubercular
arthritis secondary to active pulmonary tuberculosis was
made.

A pathology review of the CT guided biopsy sample
was asked with real time polymerase chain reaction
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Figure 2 Axial computed tomography of the hand. The patient is positioned in prone position. A: Axial CT scan image in soft tissue window; B: Axial CT scan
image in bone window is showing Trucut biopsy needle taking tissue sample from the soft tissue component surrounding the area of lytic destructive lesion at the first

metacarpo-phalangeal joint. CT: Computed tomography.

Figure 3 Computed tomography thorax images of the positron emission tomography-computed tomography scan. A: Coronal CT scan image of the thorax
in lung window; B: Axial CT scan image of the thorax in lung window at upper thorax. These images show ground glass opacities (red arrow) with multiple soft tissue
density nodules (green arrow), fibrotic changes and calcified granulomas in both the lungs. Features are suggestive of active tuberculosis. CT: Computed tomography.

(RT-PCR). This test revealed evidence of mycobacterium
tuberculosis within the biopsy sample, thus establishing
the diagnosis of tubercular arthritis of the left first
metacarpophalangeal joint.

At the end of all these diagnostic investigations
which included radiological, biochemical and histological
tests, patient spent a significant amount of money and
time. He also paid for travel expenses and registration
and consultation charges in various hospitals. Added to
this he must have underwent metal turmoil of anxiety
and frustration. Not only these were costing him, there
was waste of resources and time of hospitals/country
which might have be used for patient in need.

DISCUSSION

It's been a while that the concept of VOMIT was put
forth to prevent patients from needless diagnostic costs
and mental anguish after being put through a battery of
expensive and misdirected imaging tests™. Still cases
such as these are routinely found in clinical practice; the
primary reason is our inability to discern pertinent data
from the flood of information provided by myriad new
imaging studies.
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In this century and in endemic countries like India,
primary bone tuberculosis not as common; spine and
large joint affectations are seen, but those of small joints
infrequent™*. The mean age of presentation is 20 to 40
years and presenting with pain and swelling of affected
joint; mostly metacarpal of the little finger”’. Radiologically,
the key to diagnosis is the Phemister’s triad that includes
juxta-articular osteopenia, subarticular erosions and
joint space narrowing, with or without soft tissue
component”. Key magnetic resonance imaging (MRI)
features include synovitis, joint effusion, subarticular
erosions, active and chronic pannus, abscesses, hypo-
intense synovium and bone chips™.

The final diagnosis of tuberculous arthritis is based
on bacteriology and histological studies. The differential
diagnosis of tuberculous arthritis includes gout, sar-
coidosis, osteomyelitis and tumors™. Inflammatory and
infective lesions may show high grade FDG uptake, and
every lesion which demonstrates high SUV should not
be labeled as a malignancy"®. Metastatic arthropathy is
a rare occurrence with only a handful of cases reported
in the literature™®. For joint disease in patients with
a known primary, other etiologies should always be
considered first in the differential diagnosis.
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Figure 4 Plain and contrast enhanced magnetic resonance imaging images of proximal hand. A: Coronal T1W. Hypointense soft-tissue is noted surrounding
the first MCP joint with hypointense marrow changes; B: Coronal STIR. Irregular hyperintensities are seen surrounding the first MCP joint along with hyperintensity
within the peri-articular bone marrow; C: Sagittal T2W. Mild joint effusion is seen with hypertrophied T2 hypointense synovium and pannus formation; D-F: Axial and
sagittal post-contrast Fat Sat T1W. Arrows indicate peripherally enhancing abscesses adjacent to the first MCP joint. Also noted in the vicinity is enhancing proliferative

pannus. MCP: Metacarpophalangeal.

Figure 5 Radiograph of left thumb shows destruction of left first meta-
carpophalangeal joint with juxta-articular osteopenia and foci of calcification.
In view of this appearance gout was also considered in the differential. However
in view of normal serum uric acid levels, infective arthropathy was the most likely
diagnosis.

To conclude, radiologists should improve commu-
nication with referring physicians and increase their
awareness regarding the utility and indications for various
imaging tests!". Radiologists should also themselves act
as true imaging gatekeepers, preventing unnecessary
overuse of imaging and striving to overcome commo-
ditization of imaging modalities™™’.

While making of provisional diagnosis, a radiologist
should think of common disease over uncommon dis-
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eases. With high prevalence of common disease, a
radiologist making a diagnosis of common disease,
statistically will be correct in most of the cases. But it
should be kept in mind that not to miss a grave or medico
legally important condition even it might be uncommon.

It is always worth to follow protocol in certain con-
ditions, which are made for standardization, stream-
lining the workflow, increase the accuracy as well better
communication among clinicians and radiologist. A good
example for a well-accepted protocol is Breast Imaging
Reporting and Data System (BIRADS). At times a
radiologist giving a BIRADS category of 3, he might be
more than 98% accurate in diagnosis (BIRADS category
3 translates to “probably benign”. The likelihood of
malignancy is 0%-2%). To address this small portion
of likelihood of malignancy, it is advised to have a short
interval follow up, rather than further investigations to
confirm the benignity.

A referring clinician needs to know what imaging
study is suitable to ascertain a particular condition. An
open and free discussion with the radiologist regarding
patient disease condition, availability of imaging
resources, benefits and limitation of diagnostic modality
should be encouraged.

There is a need for setting objective benchmarks for
missed diagnoses in the field of radiology. There must
be greater knowledge sharing, targeted instruction and
team-working among various clinical fields.
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ARTICLE HIGHLIGHTS

Case characteristics

A case of tubercular arthritis who underwent a number of investigations in
suspicion of malignancy, each one adding to the confusion rather than helping
in arriving diagnosis.

Clinical diagnosis
Infective arthritis of hand.

Differential diagnosis
Rheumatoid arthritis; Septic arthritis; Primary or secondary malignancy.

Laboratory diagnosis
Demonstration of Mycobacterium tuberculosis on culture of bone tissue/positive
Ziehl-Neelsen staining/rapid PCR DNA detection.

Imaging diagnosis
Radiography: Juxta-articular osteopenia, subarticular erosions and joint space
narrowing, with or without soft tissue component. MRI: Synovitis, joint effusion,
subarticular erosions, active and chronic pannus, abscesses, hypo-intense
synovium and bone chips.

Pathological diagnosis
Features favoring tubercular infection as granulomas with caseous necrosis in
synovial tissue and bone.

Treatment
Skeletal tuberculosis including arthritis are treated with 9-12 mo of anti-
tubercular drug regimen.

Related reports

Several cases of tubercular involvement of small joints of hand are reported in
literature. In most of the cases, septic and rheumatoid arthritis were considered
as differential diagnosis. Two cases of tubercular arthritis mimicking neoplasm
have been reported.

Term explanation
VOMIT: Victims of modern imaging technology; Phemister’s triad: Juxta-articular
osteopenia, subarticular erosions and joint space narrowing.

Experiences and lessons
Following standardized guidelines reduces the errors in diagnostic and
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treatment workflow. While making of provisional diagnosis, a radiologist should
think of common disease over uncommon diseases. A free and open discussion
among clinicians, radiologists and pathologists should be encouraged.
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