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Abstract
Background Interstitial pneumonia is a lung disease characterized by pulmonary interstitial in�ammation
and progressive pulmonary �brosis. There are many causes of it, which lead to different types with
different prognosis. Moreover, the mixture of different classi�cations will make the diagnosis di�cult for
radiologists, and it will also make treatment di�cult for clinicians. Therefore, patients and clinicians
urgently need new imaging methods to solve this problem. Currently, the most common types of
interstitial pneumonia are usual interstitial pneumonia (UIP) and non-speci�c interstitial pneumonia
(NSIP).The purpose of this article is to introduce the value of MRI dynamic enhancement quantitative
parameters in the identi�cation of UIP and NSIP.

Methods All patients with interstitial pneumonia whose images on HRCT were consistent with UIP and
patients with NSIP were further examined by dynamic enhanced MRI. Follow-up was continued. Patients
with UIP con�rmed by pathology or ineffective after treatment and with imaging characteristics
consistent with UIP were classi�ed as UIP group (n=9). In addition, NSIP was con�rmed pathologically, or
the treatment was effective and the imaging characteristics were consistent with NSIP, which was
classi�ed as another group (n=18). All patients underwent high-resolution CT plain scan and MRI plain
scan + dynamic enhancement scan. Different types of interstitial pneumonia were compared to obtain
the dynamic enhancement quantitative parameter values at the pathological site or the most severe level
was selected for the region of interest after clinical diagnosis. (Region of interest, ROI) delineate the
obtained quantitative parameter values, and then compare the quantitative parameter values of MRI
dynamic enhancement in each group.

Results The differences in dynamic enhancement quantitative parameters between the UIP and NSIP
groups were statistically signi�cant. Correspondingly, the pseudo-colour images formed by the lesions in
these two groups were different. ktrans and iAUC values were lower in the UIP group than in the NSIP
group, with p-values of 0.000 and 0.043 respectively; Kep and Ve values were not statistically different
between the two groups. On the pseudo-colour map, the lesions in UIP were mainly blue - colourless, while
the NSIP lesions were mainly light yellow - light blue.

Conclusions The quantitative parameters of MRI dynamic enhancement examinations are considered to
be valuable in identifying UIP and NSIP.

Background
Interstitial pneumonia (IP) is a lung disease characterized by in�ammation of the interstitial lung and
progressive pulmonary �brosis. It has a wide range of etiologies and its different subtypes have different
prognoses. Currently, high resolution CT (HRCT) is used to differentiate between usual and nonspeci�c
interstitial pneumonia, and the medications used for patients with interstitial pneumonia vary by
pathological staging[1].



Page 3/13

In nonspeci�c interstitial pneumonia, the use of HRCT for identi�cation appears to be ineffective, so
pathological biopsy is usually required for further examination, but it has been reported that pathological
biopsy can lead to a series of complications and reduce the survival rate of patients[2].

This study evaluates the diagnostic value of dynamic contrast-enhanced MR imaging(DCE-MRI)
quantitative parameters for UIP and NSIP and provide a guiding direction for clinical treatment.

Data And Methods
1.1 General information

Patients with interstitial pneumonia who were attended the hospital of Guilin Medical College between
March 2019 and January 2020 were enrolled. Patients recruited include those who require a frozen lung
biopsy during the course of treatment and those who are diagnosed with interstitial pneumonia at the end
of the treatment process. Both types of patients require HRCT and DCE-MRI lung scan, but patients
undergoing frozen lung biopsy need to complete the examination before performing the biopsy.

Patients who are recruited and complete the above examinations are followed up with HRCT lung scan,
and the results of each case are evaluated and recorded as effective or ineffective based on the results of
the HRCT lung scan. Cases were then divided into UIP or NSIP groups by imaging appearances and
pathological and clinical diagnoses.

During this period, a total of 27 patients with interstitial pneumonia were prospectively recruited, including
9 patients (4 males and 5 females) in the UIP group, aged 45-71 years, with a median age of 58 years; 18
patients (8 males and 10 females) in the NSIP group, aged 35-73 years, with a median age of 57 years.
Informed consent was obtained from all the patients and the study had been approved by the ethics
committee of our institution.

Patient selection criteria: all patients with interstitial pneumonia.

Exclusion criteria for patients: 1. No pathological results and no clinical diagnosis type. 2. Pathologically
and clinically diagnosed non-UIP and non-NSIP patients.

1.2 CT scan protocol

A GE light VCT 64-row, GE Optima600 128-row, or GE Revolution 256-row CT scanner was used, and CT
scan was performed in all cases.There were no special requirements before the examination, and the
scan was performed from the apical part of both lungs to a line 2 cm below the parallel line of the
diaphragmatic angle of both ribs.

Scanning conditions: 128KV, auto milliamp, noise index 8, layer thickness and layer spacing of 5mm,
using the chest algorithm to split the thin reorganization, reorganization of the layer distance and layer
spacing are 1.25mm.
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1.3 MRI scan protocol

1.Intravenous catheters were inserted in right elbow.

2.Equipment and scanning sequences:

SIEMENS Verio 3.0 T, 8-channel phased-array abdominal coil. Breath-hold training is performed before the
examination to avoid motion artifacts that limit observation. Depending on the patient's respiratory
condition, the scan time of the sequence is adjusted accordingly.

After routine scan completed, DCE-MRI of the lung was acquired with reference to the sequence provided
by Siemens using the T1 VIBE technique with TE=1.66, TR=5.08, matrix=72×192, FOV=380×380mm, and
layer thickness of 3.6mm. Two sequences were �rst scan with inversion angles of 5°and 15°under
autonomic breathing, and then 35 consecutive scans were made with the sequence of inversion angle
15°, each set of 9.3 seconds, for a total of 5 minutes and 26 seconds. At the start of the 3rd scan, a
dynamic bolus of gadoterate meglumine (Gd-DOTA) was administered at 0.2 mmol/kg body weight via
by power injector at 2 mL/s followed by a 20 mL saline fush.

1.4 Image Analysis

Two associate-senior or higher physicians made a double-blind assessment of the HRCT images of all
patients selected for the study, and the consistency was P<0.05.

1.5 DCE-MRI pseudo-color map and region of interest selection

The images were processed using Tissue 4D post-processing software in a syngo workstation provided
by Siemens. For patients with pathologically con�rmed diagnosis, the ROI(region of interest) was
selected on the dynamic enhancement maps in the corresponding area and avoid proximity to the pleural,
while for clinically con�rmed patients, the ROI was selected on the most obvious level of the patient's
lung lesion again avoiding as close to the pleural area as possible.

1.6 Statistical analysis

The SPSS 25.0 statistical software was used to perform independent t-tests for the dynamic
enhancement quantitative parameters in the UIP and NSIP groups, and statistical signifcance was set at
p<0.05.

Results
All patients successfully completed HRCT and DCE-MRI with clear images. there were statistically
signi�cant differences in the values of Ktrans and iAUC between UIP and NSIP patients, and the Ktrans and
iAUC values of UIP patients were lower than those of NSIP (P<0.05) (see Table 1). On dynamic



Page 5/13

enhancement pseudocolor images, the ROI of UIP lesions mainly showed blue-no color Fig.1-4 , whereas
the ROI of NSIP-type lesions showed mainly light yellow-light blue color Fig.5-8

Table 1 Comparison of quantitative parameters of UIP type and NSIP type and independent sample t-test
P values

Groups Ktrans Kep Ve iAUC

UIP 0.0939±0.0272 0.9485±0.9359 0.4657±0.4936 16.0709±7.0965

NSIP 0.1671±0.0507 1.1792±1.0074 0.2694±0.0976 21.5583±0.0633

P value 0.000 0.561 0.244 0.043

HRCT map and MRI dynamic enhancement ROI delineation and pseudo color map of UIP type patients

58-year-old female with UIP. patient with UIP showed mainly linear strengthening or patchy slightly
strengthening with low Ktrans, iAUC values and mainly blue color on pseudo color map, ROI was selected
at the maximum level while pseudo color map selection included lesion, healthy lung and muscle.

HRCT map and MRI dynamic enhancement ROI delineation and pseudo color map of NSIP type patients 

A 53-year-old female with NSIP. the ROI was selected at the largest level of the lesion, while the pseudo-
color map was selected to include the lesion, healthy lung and muscle. the NSIP patient showed mainly
patchy enhancement with high Ktrans and iAUC values relative to the UIP values and mainly blue-yellow
color on the pseudo-color map.

Discussion
Interstitial pneumonia of different tissue types, mainly re�ected in differences in histological types, has a
different prognosis. And imaging assumes an irreplaceable task in determining pneumonia as an
in�ammatory or �brotic predominant lesion [3, 4].

Patients with IP are often treated with large amounts of glucocorticoids, but this approach is not
universally effective, and there are unpredictable complications if anti�brotic drugs are started
immediately without identifying the type of lesion[5].Therefore, the use of non-invasive imaging methods
for the early diagnosis of lung lesions in IP patients can assist physicians in selecting the right clinical
treatment plan while reducing the risk of physical injury to the patient.

DCE-MRI is a functional imaging technique in which MRI is performed uninterruptedly after rapid injection
of contrast agent into the patient. The contrast agent enters the extravascular space from the vascular
lumen through passive diffusion, changing the signal intensity of the tissue by altering the relaxation rate
of water protons, and subsequently obtaining more visual quantitative parameters and pseudo-color
images by circling the area of interest.The imaging is able to quantify the blood volume, blood �ow, and
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vascular permeability of the lesion in the area of interest. By dynamically observing the enhancement
map of the lesion area and the quantitative parameters, the blood �ow and microvascular condition of
the lesion can be assessed more accurately and dynamically.

The quantitative parameters are obtained by complex calculations based on DCE-MRI. The quantitative
parameters Ktrans, Kep, Ve, and iAUC represent the transfer rate constant, the rate constant, the EES
volume fraction, and the initial area under the time-concentration curve, respectively.

They represent the following meanings: Ktrans: the amount of contrast agent entering the extravascular
extracellular space from the vessel per unit time, which is an absolute parameter of the perfusion rate and
is also in�uenced by the tissue permeability. Kep: the contrast dose returning from the extravascular
extracellular space to the vessel. Ve: the percentage of the extravascular extracellular space volume to the
whole volume of the area of interest. iAUC: re�ects the combined change of the above three indicators
and is one of the semi-quantitative parameters.These parameters are based on the "Toft" model [6] and
are divided into two zones based on the distribution of the contrast agent, the �rst zone being the central
zone, which consists mainly of intravascular extracellular volume fraction (blood plasma), and the
peripheral zone, which consists of extravascular extracellular volume fraction. The �ow of contrast agent
in this model is bidirectional, �rst �owing from the vascular lumen to the extracellular space outside the
vessel, and after a period of time, contrast agent elutes back into the vasculature from the extracellular
space outside the vessel. This continuous variation is well described by DCE-MRI, and the quantitative
parameters are calculated by substituting the continuous image signal intensity variation into the model.
On the dynamic enhancement pseudo-color map, red represents high perfusion, yellow represents slightly
high perfusion, and blue represents low perfusion. So the closer the color to red, indicates the more
adequate the blood supply, and the closer to blue, the poorer the blood supply.

There have been studies using DCE-MRI in the pancreas and breast [7, 8], but DCE-MRI is rarely used in
interstitial pneumonia.

A total of 27 cases were enrolled in this study, including 10 cases in the UIP group and 17 cases in the
NSIP group. In this study, we found that the Ktrans, iAUC values of UIP patients were lower than those of
NSIP patients.The cause of this phenomenon is the abnormal accumulation of �broblasts and
in�ammatory cells occurring in the lungs of UIP patients, replacing the normal interstitial structures of the
lungs and causing damage to the alveolar epithelium, which is a stress point for pulmonary �brosis,
leading to damage to the interstitial capillaries and eventually causing irreversible distortion of the
alveolar structures [9].Irreversible distortion of the alveolar structure hinders the "drainage" of the contrast
agent from the lesion and is accompanied by di�culty in retreating or entering the contrast agent.
Eventually, the lung tissue forming the honeycombed lung has lost its blood supply or receives limited
blood supply, so the Ktrans, iAUC values are reduced, and the ROI of the UIP lesion is mainly blue-
apochromatic on the corresponding dynamic enhancement pseudocolor image.
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In contrast, NSIP-type lesions are mainly characterized by in�ltration of in�ammatory cells, widening of
extravascular spaces and increased neovascularization [10], so the contrast agent enters the lesion
without obstruction and elutes out of the lesion more rapidly, so the Ktrans and iAUC values are
correspondingly higher, and then the color is mainly light yellow-light blue on the dynamic enhancement
pseudo-color map. Moreover, Boesen et al used DCE-MRI and found that infectious osteoarthropathy
leads to more neovascularization and increased perfusion in the lesion, which is also approximately the
same as the results of the present study [11].

In conclusion, we found that quantitative parameters and dynamic enhancement pseudo-color maps
have diagnostic signi�cance in assessing IP, among which Ktrans and iAUC values of quantitative
parameters have discriminatory signi�cance in identifying UIP and NSIP, with Ktrans value as the greatest
diagnostic e�cacy. However, the sample size of this study is still small, and it is necessary to further
expand the sample size to accurately identify the quantitative parameters of UIP and NSIP.

Abbreviations
UIP usual interstitial pneumonia

NSIP non-speci�c interstitial pneumonia

DCE-MRI dynamic contrast-enhanced MR imaging
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Figure 1

HRCT map



Page 10/13

Figure 2

MRI dynamic enhancement ROI delineation and pseudo color map of UIP type patients

Figure 3
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58-year-old female with UIP.

Figure 4

Patient with UIP showed mainly linear strengthening or patchy slightly strengthening with low Ktrans,
iAUC values and mainly blue color on pseudo color map

Figure 5
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HRCT map

Figure 6

MRI dynamic enhancement ROI delineation and pseudo color map of NSIP type patients
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Figure 7

A 53-year-old female with NSIP. the ROI was selected at the largest level of the lesion, while the pseudo-
color map was selected to include the lesion, healthy lung and muscle.

Figure 8

The NSIP patient showed mainly patchy enhancement with high Ktrans and iAUC values relative to the
UIP values and mainly blue-yellow color on the pseudo-color map.


