Computed tomography parameters can be used as predictive
markers for the improvement of renal function in patients
with retroperitoneal fibrosis
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Abstract
Objective
To discover the relationship between computed tomography (CT) parameters of retroperitoneal soft tissue of untreated
retroperitoneal fibrosis patients and the variation of renal function after treatment.

Methods
Data were collected retrospectively from 42 patients with established diagnosis of retroperitoneal fibrosis, at the Department
of Rheumatology in Peking University First Hospital from May 2009 to April 2015. The demographic information, clinical
characteristics, laboratory data, treatment and general therapeutic response were collected. The CT parameters such as
radial lines, Hounsfield unit values, radiographic classification at baseline before the initiation of therapy were measured.
Then the correlations between baseline CT parameters and clinical data were analysed.

Results
The Hounsfield unit values of venous phase and delayed phase at baseline were negatively correlated with the change of
estimated glomerular filtration rate (AeGFR) at the 12" month after the initiation of medications. The baseline transverse
diameters of the retroperitoneal soft tissue were larger in the group of eGFR <60 ml/min/1.73 m* compared with the group
of eGFR =260 ml/min/1.73 m? at the 12" month, while the vertical diameters and maximum cross-section thickness were not.
The baseline transverse diameters were also significantly correlated with the duration of intubation.

Conclusion
The baseline Hounsfield unit values and baseline transverse diameters of soft tissue of untreated retroperitoneal fibrosis
patients may be used to predict the renal function after 12 months of therapy.
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Introduction

Retroperitoneal fibrosis (RPF) is an in-
flammatory syndrome characterised by
fibroinflammatory tissue in the retrop-
eritoneum. The aberrant tissue may sur-
round the infrarenal portion of the ab-
dominal aorta, inferior vena cava, iliac
vessels and ureter. Moreover, when the
ureters are entrapped and obstructed,
obstructive uropathy and subsequent
renal failure may occur (1-3). About
two-thirds of RPF are idiopathic retro-
peritoneal fibrosis (IRPF), the remain-
ing cases are secondary to other causes,
such as drugs, tumours and infections
(2, 4). RPF is a relatively uncommon
disorder and is predominantly found
in elderly men. In a study that lasted
for a period of 10 years in the Neth-
erlands, the authors found that the cal-
culated annual incidence of RPF was
1.3/100,000 inhabitants (5). The patho-
genesis of RPF is still unclear. His-
tologically, IRPF specimens showed
non-specific chronic inflammation (6)
characterised by capillary proliferation
and inflammatory cell infiltration in the
early stage, followed by a fibrotic pro-
cess in the later stage (2).

RPF is often accompanied by atypical
clinical manifestations such as abdom-
inal pain, back pain, fever, anorexia,
anaemia and weight loss. It is also as-
sociated with elevation of the erythro-
cyte sedimentation rate (ESR) and the
serum C-reactive protein (CRP) (7).
Most importantly, the ureteral obstruc-
tion usually results in renal insufficien-
cy or renal failure, which is manifested
as the decline of estimated glomerular
filtration rate (eGFR).

The therapeutic approaches to RPF
have evolved. In the past, the initial ap-
proach to RPF required ureteral decom-
pression by surgery or placing ureteric
stents in case of ureteral obstruction,
but it does not affect the underlying
pathologic process or the potential for
continued anatomic spread and system-
ic effects (7). Gradually, medical treat-
ment was tried. Glucocorticoids can
effectively inhibit the inflammation
and therefore have been widely used
in the treatment of RPF (8, 9). Immu-
nosuppressive agents, such as azathio-
prine, cyclophosphamide, leflunomide,
methotrexate, mycophenolate mofetil
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were also effective in the treatment of
RPF (10-13). Tamoxifen therapy has
been confirmed to be a safe and vi-
able option in the treatment of IRPF. It
brought resolution of symptoms, mass
regression and recurrence-free survival
(14). Glucocorticoid can be used alone
or together with tamoxifen or immuno-
suppressive agents.

CT has been widely used in the diag-
nosis and follow-up of RPF. It could
provide a comprehensive evaluation
of the morphology, location, and ex-
tent of retroperitoneal soft tissue. If
contrast-enhanced CT were conducted,
enhancement may be seen in the ear-
lier stage of RPF (2, 15). The size of
the soft tissue could be estimated by
measuring the diameters of vertical
and transverse lines. Hounsfield units
(HU) can represent the x-ray attenua-
tion in CT images. Attenuation values
expressed in HU are relative to the at-
tenuation of radiation in water. Positive
values represent tissues with attenu-
ation values higher than that of water
while negative values represent tissues
with lower attenuation values (16). To
our knowledge, there has been no study
that looks at the association between
CT images and the renal function so
far. Therefore, in this study we tried
to evaluate the value of CT parameters
in predicting the improvement of renal
function after therapy.

Patients and methods

Forty-two treatment-naive patients
with a definite diagnosis of RPF from
the Department of Rheumatology of
Peking University First Hospital from
May 2009 to April, 2015 were enrolled
in the study. The diagnosis of RPF was
based on the typical clinical character-
istics and CT findings (3). Additional
inclusion criteria were as follows:

1. with available baseline CT before
the initiation of therapy;

2. with regular follow-up at least at the
6" and 12" month after therapy;

3. received immunosuppressive treat-
ment with initial dose of prednisone
1 mg/kg/day (40~60mg/day) for 3~4
weeks and then tapered at the speed of
10% dose per 10~14 days to a mainte-
nance dose of Smg per day.

Patients received immunosuppressive



drugs, for instance, azathioprine, leflu-
nomide, cyclophosphamide as well as
tamoxifen. Those RPF patients with
known underlying causes or a history
of malignancy were excluded. This
study was approved by Peking Univer-
sity First Hospital Ethics Committee.

Data collected

Demographic information including
age, sex, associated comorbidities such
as diabetes, hypertension, and hyperlip-
idaemia was recorded for each patient.
Clinical characteristics at baseline,
therapeutic drugs and response were
recorded. Laboratory data included
baseline haemoglobin (Hb), CRP, ESR,
creatinine, eGFR, and eGFR at the 6™
and 12" month of follow-up. The time
points of intubation and extubation of
Double J catheters were recorded.

The parameters of CT images were ana-
lysed and collected by a doctor expe-
rienced in imaging. Certain radial lines
were measured:

1. Vertical diameters, the vertical length
from the starting layer to the end layer
of soft tissue (Fig. 1a).

2) Transverse diameters, the left to right
diameter of the maximum cross-section
above the aorta iliac bifurcation (Fig.
1b).

3) Maximum cross-section thickness,
the distance between the maximum sec-
tion front edge and aorta antetheca above
the aorta iliac bifurcation (Fig. 1b).

In the case of contrast-enhanced CT, it
was done at baseline when the patient’s
renal function permitted, the HU values
of the soft tissue mass were recorded,
including scan phase, venous phase,
and delayed phase. The does of contrast
agent was 1.5ml per kilogram body
weight for each patients, at a flow rate
of 3.5mL/s. The venous phase and de-
layed phase were set to 45 and 60 sec-
onds post injection.

Patients were then classified according
to the extent of the soft tissue mass (10,
17): Class I: the infrarenal aorta and/or
iliac vessels were surrounded by soft
tissue (Fig. 2a). Class II: the infrarenal
vena cava were surrounded (Fig. 2b).
Class III: lateral extension of the soft
tissue with compression of one or both
ureters (Fig. 2c). Class IV: extension
of soft tissue to include the renal hilum
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Fig. 1la. Vertical dia-
meters of the soft-tissue,
the vertical length from
the starting layer to the
end layer of soft-tissue
(red arrow).

Fig. 1b. Transverse dia-
meters (red arrow) and
maximum  cross-section
thickness (green arrow) of
the soft-tissue.

with compression of the renal artery
and/or renal vein (Fig. 2d) (17).

These CT parameters were further ana-
lysed together with other clinical and
laboratory findings, both at baseline
and each follow-up visit.

Statistical analysis

Quantitative data were described as the
mean+SD or the median (interquartile
range). Differences between continuous
variables were analysed by the Mann-
Whitney or #-test. The correlation of
continuous variable were derived from
Pearson’s correlation coefficients. Chi-
square test was used in the correla-
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tion analysis of categorical data. A p-val-
ue of <0.05 was considered statistically
significant; all reported p-values were
2-sided. The statistical analyses were
performed with SPSS software v. 20.0.

Results

General characteristics and symptoms
Out of the 42 patients, 24 (57.1%) were
male and 18 (42.9%) were female. The
median age was 59 years old (range
36-78) at the diagnosis of RPF. The
frequent presenting symptoms were
abdominal pain (22 cases, 52.4%),
back pain (14 cases, 33.3%), lower
extremity oedema (6 cases, 14.3%),
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Fig. 2. CT scan of the abdomen with intravenous contrast. (a) Large arrow indicates aorta, small ar-
row indicates soft tissue surrounding aorta. (b) Aorta (large arrow) and soft tissue surrounding inferior
vena cava (small arrow). (¢) Aorta (large arrow) and soft tissue surrounding the ureter (small arrow).
(d) Aorta (large arrow) and soft tissue surrounding left renal vein (small arrow).

weight loss (5 cases, 11.9%), mild fe-
ver (4 cases, 9.5%). The duration of
these symptoms from occurrence to di-
agnosis of RPF ranged from 0.33 to 48
months. Among all the patients, 15 cas-
es (35.7%) had known hypertension, 7
cases (16.7%) had hyperlipidaemia,
and 5 cases (11.9%) had definite diabe-
tes. Ultrasound of urinary system dem-
onstrated that 34 patients (81.0%) had
hydronephrosis and 26 cases (61.9%)
had hydroureter on their first visit.

Baseline laboratory findings

At baseline, mean haemoglobin was
(126+15) g/, median CRP was 8.74
(3.64,53.43) mg/L, the median ESR was
35 (14, 49) mm/h. While the average
creatinine level was 121.0 (106.0,205.0)
umol/L, and eGFR was (51.89+24.08)
ml/min/1.73 m?.

Baseline imaging findings

CT findings consistent with RPF were
shown in all patients. The mean baseline
vertical diameters were (116+48) mm,
the mean baseline transverse diameters
were (37+14) mm, the mean baseline
maximum cross-section thickness were
(14+7) mm. Iohexol enhanced CT was
done in 24 of all patients since their

renal function was permitted. The HU
values were 45.83+11.46,65.23+15.56,
76.75+£17.16 in scan phase, venous
phase and delayed phase, respectively.
The radiographic classification of pa-
tients is summarised in Table I. Class
I+II+IIT were seen in the majority (17
cases, 40.5%) of our patients, followed
by class I+III (11 cases, 26.2%).

Treatment and general therapeutic
response

All the patients received immunosup-
pressive treatment. The treatment regi-
mens included corticosteroid alone (17
cases), corticosteroid plus azathioprine
100 mg/day (20 cases), corticosteroid
plus cyclophosphamide 100 mg/day (3
cases), corticosteroid plus leflunomide
10 mg/day (2 cases). Tamoxifen 10-
20 mg/day was extensively used in all
these patients. In the 31 patients receiv-
ing double-J stent replacement due to
acute renal failure secondary to ureter-
al obstruction, 6 patients had double-J
stent removed within 6 months and 12
patients had double-J stent removed
within 12 months. The average dura-
tion for intubation was 16 (range 2—72)
months. The symptoms disappeared at
the 6™ month visit in all patients. Both
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Table 1. Baseline radiographic classifica-
tion of 35 RPF patients.

Radiographic class n (%)

I 4 (9.5%)
I+1I 3 (7.1%)
I+ 11 11 (26.2%)
I+1V 1 (24%)
[+11+ 100 17 (40.5%)
I+ +1V 1 (2.4%)
I+ +1I+1V 5 (11.9%)

CRP and ESR levels were significantly
reduced at the 6™ and 12" month. Me-
dian CRP was 2.79 (1.44, 4.19) mg/L
and 1.31 (1.03, 4.00) mg/L, median
ESR was 7 (5, 14) mm/h and 6 (2, 10)
mm/h at the 6™ and 12" month, respec-
tively. Hydronephrosis was detectable
in 6 patients, confirmed by ultrasound
at the 6™ and 12" month visits.

The correlation between baseline

CT parameters and eGFR

We defined the AeGFR as the value
of eGFR at each follow-up visit mi-
nus baseline eGFR. The AeGFR were
(12.52+434.37) and (14.29+25.29) ml/
min/1.73 m? respectively at the 6™ and
12" month. Then the correlations be-
tween CT parameters and AeGFR
were analysed. The results showed
that, in those patients who underwent
contrast-enhanced CT, the HU value
of venous phase and delayed phase at
baseline were negatively correlated
with AeGFR (r =-0.659, p=0.014 and
r =-0.667, p=0.035, respectively) at the
12" month (Table II), however, it failed
to reach the statistical significance at the
6" month. There were no correlations
between radial lines and AeGFR at the
6" or 12" month. We further studied as-
sociations between baseline CT param-
eters and confirmed renal dysfunction
[eGFR <60 ml/min/1.73 m?] (18, 19).
At each follow-up point, patients were
stratified into two groups according to
eGFR <60 or =60 ml/min/1.73m? and
the CT parameters between two groups
were compared. Our data showed that
the baseline transverse diameters were
larger in the group of eGFR <60 ml/
min/1.73m? compared with the group
of eGFR =60 ml/min/1.73m? at the 12"
month (41.13£12.62 mm vs.31.57+£9.86
mm, p=0.030). All of the remaining di-
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Table II. The correlation between CT parameters and AeGFR during follow-up.

AeGFR at the 6" month.

AeGFR at the 12" month

HU values (n=24)
Scan phase
Venous phase
Delayed phase

Radial lines (n=42)

Vertical diameters

Transverse diameters

Maximum cross-section thickness

r=-0.304 r=-0.254
r=-0.390 r=-0.659*
r=-0.384 r=-0.667*
r=0.056 r=-0.014
r=-0.161 r=-0213
r=-0.207 r=-0.135

*»<0.05.

ameters were not different between the
two groups.

The correlation between CT
parameters and the duration of
intubation

Thirty-one patients underwent double-
J stent replacement due to acute renal
failure. Their baseline transverse di-
ameters of the retroperitoneal soft tis-
sue were significantly positively cor-
related with the duration of intubation
(r=0.405, p=0.026). When all CT pa-
rameters were stratified into two groups
according to median or mean value,
none of the CT parameters had an effect
on whether patients could have double-
J stent removed within 1 year.

Discussion

The symptoms of RPF are mainly re-
lated to entrapment and compression
of retroperitoneal structures. Due to the
lack of specific symptoms and labora-
tory tests, RPF is frequently diagnosed
after severe renal failure has occurred.
Thus it represents a challenge for cli-
nicians to early diagnosis and manage-
ment of RPF (2).

The key role of CT in the diagnosis
of RPF was emphasised in several re-
searches (2, 20-23). CT scanning priv-
ides a comprehensive evaluation of the
morphology, location as well as extent
of RPF. Furthermore, it can show the
involvement of adjacent organs and
vascular structures. Facts proved that
CT has become the mainstay of nonin-
vasive diagnosis of RPF (2). Neverthe-
less, since the value of CT to estimate
the renal function outcomes of RPF is
unclear, the purpose of our study was to
investigate the relationship between CT
parameters of retroperitoneal soft tissue

of untreated RPF patients and the vari-
ation of renal function after treatment.
The usefulness of CT parameters has
been widely investigated in other dis-
eases. For example, there was a dif-
ference in HU value between negative
and metastatic axillary lymph nodes
for patients with breast cancer, indicat-
ing that the HU measurement could be
used to evaluate lymph node metastasis
and then to decide preoperative stag-
ing (16). Moreover, the length and HU
value of kidney stones were independ-
ent predictors of successful shockwave
lithotripsy in children (24). However,
when it comes to RPF, no study has
assessed the values of CT parameters
in detail. Measuring the diameters and
HU value of soft tissue in CT images is
a simple and easy procedure.

In our cohort of RPF patients, their
baseline characteristics, including the
general features and laboratory data,
were almost in accordance with pre-
vious studies (21, 25). After investi-
gating the baseline imaging changes,
we found that the number of patients
in Class I+II+III and class I+ III (ac-
counting for 66.7%) was higher than
the remaining classes, suggesting that
infrarenal aorta and/or iliac vessels and
ureters were most frequently involved
in this study.

A further analysis of the HU values and
improvement of renal function showed
that HU values of both the venous and
delayed phase at baseline were nega-
tively correlated with AeGFR at the
12" month. It suggested that lower
baseline HU values of the venous
phase and delayed phase may mean
greater possibility of eGFR improve-
ment after one year of treatment. Stud-
ies showed that a rapid contrast agent
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clearance from the kidneys led to a
decreasing HU values, on the contrary,
a slow contrast agent clearance from
the kidneys resulted increased HU
values in the same place (26). There-
fore, lower HU values of venous phase
and delayed phase of retroperitoneal
soft tissue may account for relatively
rapid iohexol clearance from the kid-
neys, which means a better recovery of
eGFR after therapy.

Then we further stratified the patients
into two groups according to eGFR
levels at each follow-up time point in
order to discover whether there was any
difference in the baseline size of retro-
peritoneal soft tissue. The data demon-
strated that the patients with eGFR <60
ml/min/1.73 m? at the 12" month had
larger baseline transverse diameters
compared with the group of eGFR =60
ml/min/1.73 m?. It pointed out that larg-
er baseline transverse diameters may
point to difficulty of renal function re-
covery after one year of treatment.

We also found that baseline transverse
diameters were significantly corre-
lated with the duration of intubation,
which indicated that patients with
longer transverse diameters may need
a longer duration of intubation. Possi-
ble reasons for that can be interpreted
as follows: the greater the transverse
diameters, the more likely urinary sys-
tem involvement. On this occasion, the
requirements for intubation emerged.
Our data, for the first time, has shown
the correlation between the CT param-
eters and renal function of RPF, which
will contribute to clinical practice in
the future. We acknowledge some
limitations in this study. Firstly, the
nature of a retrospective study meant
that certain information was unavail-
able or incomplete. Secondly, the small
size based on the low incidence of RPF
limits the representativeness of the re-
sults. Hence, larger prospective studies
would provide more accurate and con-
vincing conclusions.
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