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Double serum sampled glomerular filtration rate measurement

with technetium-99m diethylenetriamine-penta acetate for

evaluation of renal functions in patients with psoriasis vulgaris

Psoriazis vulgaris hastalarinda bébrek fonksiyonlarinin degerlendiriimesi icin
technetium 99m-dietilentriamin-penta asetat ile ¢ift serum érnekli glomertiler

filtrasyon hizi 6l¢dmd
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Abstract

Background and Design: Psoriasis is a common chronic inflammatory skin disease believed to affect renal functions. Glomerular filtration rate
(GFR) is the most important indicator used to assess renal functions. The present study aims to measure the renal function of psoriasis patients
via the technetium-99m diethylenetriamine pentaacetate (Tc-99m DTPA) method and compare the values obtained with those determined
through indirect measurement methods, such as the modification of diet in renal disease (MDRD) and chronic kidney disease epidemiology
collaboration (CKD-EPI), considering the effects of systemic treatments and comorbidities.

Materials and Methods: Eighty-seven patients diagnosed with chronic plaque-type psoriasis vulgaris were included in this study. The patients’
demographic characteristics, disease duration, psoriasis area and severity index score, drugs received for psoriasis treatment, comorbidities, and
drugs received for comorbidity treatment were noted. Estimated GFRs were also calculated using the MDRD and CKD-EPI formulas.

Results: Tc-99m DTPA values were affected only by age. As the patient age increased, a significant decrease in GFR measured with Tc-99m
DTPA (r=0.289, p<0.001) was observed.

Conclusion: Psoriasis, comorbidities, and nephrotoxic drugs used for treatment did not affect renal functions. GFR measurements were
affected only by age.

Keywords: CKD-EPI, MDRD, psoriasis, renal functions, Tc-99m DTPA GFR

0z
Amacg: Psoriazis yaygin, kronik ve enflamatuvar bir deri hastaligidir. Bircok calismada psoriazisin bébrek fonksiyonlarini etkiledigi bildirilmistir.

Glomerdler filtrasyon hizi (GFR) bdbrek fonksiyonlarinin degerlendiriimesinde kullanilan en 6nemli gostergedir. Bu calisma; psoriazise eslik
eden komorbitideler ve tedaviler gz 6nline alinarak, dermatoloji poliklinigine gelen psoriazis hastalarinin bébrek fonksiyonlarinin technetium-
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99m diethylenetriamine pentaacetate (Tc-99m DTPA) ile degerlendirmeyi ve bobrek hastaliklarinda diyet degisikligi denklemi (MDRD) ve kronik bobrek hastaligi
epidemiyolojisi is birligi denklemi (CKD-EPI) gibi indirekt &lctim yéntemleri ile karsilastirmayi amaclamaktadir.

Gereg ve Yontem: Calismaya kronik plak tip psoriazis vulgaris tanisi olan 87 hasta alindi. Hastalarin demografik ézellikleri, hastalik stresi, psoriazis alan siddeti indeksi
skoru, su ana kadar psoriazis icin kullanmis oldugu ilaglar, ek hastaliklar, ek hastaliklar icin kullanmakta oldugu ilaclar not edildi. Tahmini GFR, Tc-99m DTPA ile GFR

dlciimii yapilan hastalarda MDRD ve CKD-EPi formdilleri ile hesaplanmistir.

Bulgular: Tc-99m DTPA degeri sadece yastan etkilenmistir. Yas arttikca, Tc-99m DTPA ile 6lclilen GFR'de anlamli bir azalma gozlendi (r=0,289, p<0,001).
Sonug: Bu calismada, psoriazisin ve tedavi amach kullanilan nefrotoksik ilaclarin bébrek fonksiyonlarini etkilemedigini bulduk. GFR degeri sadece yastan etkilenmistir.
Anahtar Kelimeler: CKD-EPI, MDRD, psoriazis, bobrek fonksiyonlari, Tc-99m DTPA GFR

Introduction

Psoriasis is a common chronic inflammatory skin disease with a
prevalence of 2%-3%. The disease is generally considered a systemic
inflammatory disorder associated with various comorbidities, such as
metabolic syndrome, cardiovascular disease, psychological/psychiatric
disorders, inflammatory intestinal disease, and insulin resistance'?.
Psoriasis causes a complex immunological reaction resulting in abnormal
keratinocyte differentiation®. The pathogenesis of comorbidity in
psoriasis patients is yet unknown, but common inflammatory pathways,
cellular mediators, genetic predisposition and common risk factors are
contributing factors?. Recent studies have revealed that psoriasis is a
risk factor for chronic kidney disease (CKD), including end-stage CKD,
independent from other risk factors such as diabetes, cardiovascular
disease, and hypertension. It is considered to be caused by several
conditions, including immune-mediated renal damage, drug-induced
renal damage, and chronic renal damage*’. However, in contrast to
these studies, other researchers have demonstrated no relationship
between psoriasis and renal abnormalities®™®.

Glomerular filtration rate (GFR) is the most important indicator used to
assess renal function. Insulin clearance is accepted as the gold standard
of GFR measurement, but it is inconvenient and expensive. These
limitations have motivated other dlinicians to use alternative methods
for measuring GFR instead''. The modification of diet in renal disease
(MDRD), chronic kidney disease epidemiology collaboration (CKD-EPI),
and Cockroft-Gault (C&G) methods measure GFR by calculating the
level of serum creatinine and are used throughout the world. However,
while these formulas are known to show low error and high accuracy
in patients with GFR <60 mL/min, they do not provide accurate
information of GFR in periods during which renal functions change
rapidly'>'3.

MDRD, KCD-EPI, and C&G are often employed to calculate GFR values
because they are easy to use, but double serum-sampled GFR with
technetium-99m diethylenetriamine pentaacetate (Tc-99m DTPA) is
still considered the gold standard throughout the world. Tc-99m DTPA
provides accurate results even in the case of reduced clearance levels,
such as 10 mL/min. Previous studies assessed psoriasis by examining
kidney involvement, blood creatine level, GFR measurements (MDRD,
C&G, CKD-EPI), and urinary albumin levels*’. However, these serum
parameters show remarkable changes only when the GFR decreases
by approximately 50%; in other words, changes to these parameters
are detected only after renal damage occurs. The present study aims
to measure the renal functions of psoriasis patients measured with
double serum-sampled Tc-99m DTPA and compare the results obtained
with those determined through indirect measurement methods, such
as MDRD and CKD-EPI, considering the effects of systemic treatments
and comorbidities.

Materials and Methods

Approval was obtained from the Clinical Trial Ethics Committee of the
Medical Faculty Hospital of Cumhuriyet University (approval number:
2017-01/25, date: 17.01.2017). Informed consent was obtained.
Eighty-seven patients diagnosed with chronic plaque-type psoriasis
vulgaris and receiving treatment at a dermatology outpatient clinic
were included in the study. The demographic characteristics, disease
duration, psoriasis area and severity index (PASI) score, nail psoriasis
severity index, drugs used for psoriasis treatment, comorbidities (e.g.,
hypertension, diabetes mellitus, and cardiovascular disease), and drugs
used for comorbidity treatment were noted. Patients under the age of
18 and those who were pregnant were excluded from the study. No
healthy volunteer group was included in this work. Physical (e.g., height,
weight, and body mass index) and biochemical (e.g., urea, creatinine,
albumin, sodium, potassium, chlorine, magnesium, bicarbonate,
and complete urine test) parameters used in routine follow-up were
recorded.

Psoriasis with a PASI score of <10 was assessed as mild while that
with a score of >10 was assessed as moderate-severe. The ages of
the patients were grouped as above and below 45 years on the basis
of the median value of the group. Disease duration was grouped as
0-10 years, 11-20 years, and >21 years. GFR <90 mL/min/1.73 m? was
considered decompensated, whereas GFR >90 mlL/min/1.73? was
considered normal.

GFR measurement

Estimated GFRs were also calculated using the MDRD and CKD-EPI
formulas. During these calculations, all of the patients were considered
to be of Caucasian race.

Tc-99m DTPA GFR

Plasma clearance of Tc-99m labeled DTPA was measured to assess
GFR by using two blood samples and the slope-intercept method. Tc-
99m DTPA was prepared from fresh pertechnetate and a DTPA kit
(Pentacis®, CIS Bio International, France). The Tc-99m DTPA labeling
efficiency was >98%. After intravenous administration of DTPA
(37 MBq), blood samples (5 mL) were collected at 2 and 4 h into
heparinized syringes. The plasma was separated, and radioactivity was
assayed in a well-type gamma counter (Berthold, Germany). Absolute
GFRs were then obtained using the following equation.

Clearance (Tc-99m DTPA)=D x In (P1/P2)/T2-T1 x exp (T1 In P2){(T2 In
P1)/T2-T1.

Where D=injected dose (counts/min), P1=plasma activity at T1 (counts/
min/mL), and P2=plasma activity at T2 (counts/min/mL).

The values obtained were normalized to the body surface area and
corrected via the Brochner-Mortensen method.

nw.turkderm.org.tr
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MDRD calculation:

GFR=175 x [(serum creatinine-1.154) x [(age-0.203) x (0.742 if the
person is female)].

CKD-EPI calculation:

GFR=141 x min (Scr/x, 1) a x maximum (Scr/x, 1)-1.209 x 0.993 age
x 1.018 (if the person is female) where Scr=serum creatinine (mg/dL),
k=0.7 for females and 0.9 for males, and a=-0.329 for females and
-0.411 for males).

Statistical Analysis

Logistic regression was used to analyze the factors affecting Tc-
99m DTPA GFR. Gender, age, disease duration, PASI score (<10,
mild psoriasis; >10 moderate-severe psoriasis), nail involvement,
administered drugs, and presence of comorbidities were used as
independent parameters for logistic regression. Bland-Altman analysis
was used to compare whether the results of Tc-99m DTPA GFR, MDRD,
and CKD-EPI could substitute for each other. A p-value of <0.05 was
accepted as statistically significant.

Results

Eighty-seven psoriasis patients (44 males, 43 females) were included
in the study. The average age of the patients was 45.8+13.9 for males
and 40.6x15.1 for females. According to the PASI scores obtained,
60 (68.9%) of the patients had mild psoriasis while 27 (31%) had
moderate-severe psoriasis. Twenty-seven (31%) of the patients did
not have a comorbidity, while 60 (68.9%) had a comorbidity. Sixteen
(18.3%) patients used topical treatment, whereas 71 (81.5%) used
systemic (e.g., methotrexate, cyclosporine, acitretin, and/or biological
agent) drugs. Among the patients included in our study, 16 (18.3%)
actively used only topical treatments, 25 (28.7%) used methotrexate,
1 (1.1%) used cyclosporine, 5 (5.7%) used acitretin, and 22 (25.2%)
used biological agents. A total of 14 (16%) patients had not received
prior treatment for psoriasis. The number of patients who had used
methotrexate at least once for psoriasis treatment was 37 (69.8%),
while the number of patients who had used cyclosporine at least once
was 8 (15%). The drug use options of the patients were divided into
two groups of topical and systemic drugs for statistical analysis.
Independent variables that were significant in all tables were marked
(Table 1), and the analysis was repeated by removing meaningless
variables from the model. The results are given in the Table 2. According
to the results of logistic regression analysis, only age affected GFR
values measured with Tc:99m DTPA. Specifically, as the patient age
increased, GFR measured with Tc-99m DTPA statistically significantly
decreased (r=0.289, p<0.00; Table 2).

MDRD and CKD-EPI values were also measured in the patient group.
The correlations among the three measurement methods were
statistically assessed by using Bland-Altman analysis. Tc:99m DTPA
GFR and MDRD could not substitute for each other after it was
determined that the model was not significant as a result of the type
2 regression. While previous researchers believed that Tc-99m DTPA
GFR, CKD-EPI and MDRD-CKD-EPI measurements may substitute for
each other, the R? values obtained in both models was low (Table 3).
These results reveal that CKD-EPI and MDRD measurements in the
patient group do not directly reflect Tc-99m DTPA GFR measurement
results (Figure 1).

turkderm.org.tr

Table 1. nGFR’s logistic regression variables in the

equation table

Independent ;

variables B S.E. Wald | df | Sig. Exp (B)
Gender 0.142 | 0.760 | 0.035 |1 |0.852 |1.153
Age 5341 |1.698 |9.895 |1 |0.002 |208.660
SIS 0.045 | 0.040 | 1249 |1 |0.264 |0.956
duration

PASI 1.844 |1.053 [3.067 |1 |0.080 |6.323
hal 0.068 | 0.051 |1.804 |1 |0.179 |0.934
involvement

Administered | 5 503 | 0,033 | 0.011 |1 |0.918 | 1.003

drugs
Comorbidities -0.131 [ 0.964 | 0.019 1 0.892 | 0.877
Constant -0.100 | 0.031 | 10.089 | 1 0.001 | 0.905

MDRD's logistic regression variables in the equation table

Gender 0.045 | 0.650 | 0.005 |1 |0.945 |0.956
Age 2958 |1.294 | 5226 |1 |0.022 | 19.264
SR 0.018 | 0.030 |0339 |1 |0560 |1.018
duration

PAS| 0327 | 0771 |0.180 |1 |0671 |1.387
DYl 0.055 | 0.043 | 1663 |1 |0.197 | 0946
involvement

Administered
drugs

Comorbidities 0.495 | 0.827 | 0.358 |1 0.549 | 1.640
-0.059 | 0.025 | 5.521 1 0.019 | 0.943

0.005 | 0.027 | 0.035 |1 0.852 | 1.005

Constant

CKD-EPI’s logistic regression variables in the equation table

Gender 0356 | 0799 |0.199 |1 |0.656 | 0.700
Age 0.020 | 0.029 | 0.477 |1 |0.490 |0.980
B 0.004 |0.034 |0.012 |1 |0912 | 1.004
duration

PAS| 0.640 | 0988 | 0420 |1 |0517 |1.897
bt 0.013 | 0.054 | 0.059 |1 |0.808 |0.987
involvement

Administered

0.016 | 0.035 | 0.218 1 0.641 1.016
drugs

Comorbidities -0.463 | 0.949 | 0.238 |1 0.626 | 0.630
Constant 2.811 | 1.538 [3.338 |1 0.038 | 16.618

nGFR: Glomerular filtration rate, PASI: Psoriasis area and severity
index, MDRD: Modification of diet in renal disease, CKD-EPI: Chronic
kidney disease epidemiology collaboration

Discussion

The aim of the present study is to compare double serum-sampled Tc-
99m DTPA, MDRD, and CKD-EPI values to assess the effect of psoriasis,
its comorbidities, and nephrotoxic drugs used for treatment on renal
function. The results indicated that CKD-EPl and MDRD measurements
cannot directly reflect Tc99m DTPA GFR measurements. Thus, the
latter may be a more accurate method for assessing renal functions

compared with the former.
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Table 2. Results of age-related logistic regression analysis

-value
Dependent variable Independent variable Cox & snell R2 | Nagelkerke R2 | B P -
Coefficient Model
Fixed -0.103 <0.001
Tc-99m DTPA 0.289 0.392 <0.001
Age 5.104 <0.001
Fixed -0.048 0.008
MDRD 0.094 0.128 0.043
Age 2.637 0.022
CKD-EPI Fixed 0 0 1.589 = =
Tc-99m DTPA: Technetium-99m diethylenetriamine pentaacetate, MDRD: Modification of diet in renal disease, CKD-EPI: Chronic kidney disease epidemiology collaboration

Table 3. Comparison of different measurement
methods via a type 2 regression model

Type 2 regression Fixed B R? p
GFR-MDRD -0.905 0.011 0.012 | 0.938
GFR-CKD-EPI -44,425 0.400 0.104 | 0.001
MDRD-CKD-EPI -36,057 0.317 0.257 | <0.001
GFR: Glomerular filtration rate, MDRD: Modification of diet in renal
disease, CKD-EPI: Chronic kidney disease epidemiology collaboration

°
°

Diff,(Tc-99m DTPA GFR, CKDEPI)
H
°

Figure 1. Comparison of different measurement methods via Bland-
Altman analysis

GFR: Glomerular filtration rate, Tc-99m DTPA: Technetium-99m
diethylenetriamine pentaacetate, MDRD: Modification of diet in renal
disease, CKD-EPI: Chronic kidney disease epidemiology collaboration

The present study also indicated that psoriasis duration, its
comorbidities, nephrotoxic drugs used for treatment, PASI scores,
and nail involvement do not affect renal dysfunctions based on this
measurement method.

While the mechanisms through which psoriasis causes renal damage
remain unclear, some researchers have proposed metabolic and
cardiovascular comorbidities or the use of nephrotoxic drugs as
contributing factors*”'%. Most previous studies reported that renal
dysfunction has developed are retrospective and have used MDRD,
C&G and CKD-EPI for renal assessment. When the English literature
was reviewed, no study assessing renal functions with Tc:99m DTPA in
psoriasis patients was found. In the present study, GFR was assessed
with Tc99m DTPA, and no correlation between psoriasis duration,
severity of psoriasis, comorbidity, or use of nephrotoxic drugs and renal
dysfunction was found.

Serum creatinine level, age, gender, and ethnicity are used to assess renal
functions with MDRD and CKD-EPI. However, because muscle produces
creatinine, muscle mass may affect these values; the coefficients used
for different ethnic communities may also affect GFR''. Previous

studies indicated that these measurements have a limited role in
assessments of renal function, especially in patients with (GFR >60
mL/min/1.73 m?)>'>16_DRD, C&G, and CKD-EPI are frequently used to
calculate GFR because they are convenient in daily practice; however,
double serum-sampled GFR with Tc-99m DTPA is used as the reference
method throughout the world. Thus, measurement of GFR with Tc-
99m DTPA appears to be a more appropriate method to assess renal
function and serum creatinine level. Tc99m DTPA provides accurate
results even under reduced clearance levels, such as 10 mL/min.
Unfortunately, because the test is time consuming and inconvenient,
its use is limited'®.

Although the presence of microalbuminuria in 24-hour urine, which is
a symptom of subclinical glomerular dysfunction in psoriasis patients,
was noted, no abnormality was determined in the microalbuminuria
or albumin/creatinine levels determined in spot urine in the present
study®'®. Some studies have suggested that the level of albumin/
creatinine in spot urine is a reliable method; however, this may be
accepted as a limitation of the present study?°2'.

Patients receiving topical and systemic drugs were included in the study,
and no renal dysfunction was determined in these groups. This finding
may be attributed to the nature of the drugs to suppress inflammation,
which exerts a nephroprotective effect. The decrease in GFR with
increasing age in psoriasis patients may be associated with age-related
glomerulus and glomerular capillary vessel loss, non-functionality of the
vascular auto-regulatory system, and tubular fragility?'*.

Study Limitations

A limitation of the present study is that it did not include a healthy
volunteer group.

Conclusion

Psoriasis, its comorbidities, and nephrotoxic drugs used for treatment
did not affect renal functions. GFR measurement with Tc:99m DTPA
is more reliable than indirect measurement methods for detecting
suspected renal dysfunction in psoriasis patients.
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