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Abstract

Voriconazole use has been associated with osteoarticular pain and periostitis,
likely due to high fluoride content in the drug formulation. This phenomenon has
been described primarily with high dosage or prolonged course of voriconazole
therapy in immunocompromised and transplant patient populations. Patients
typically present with diffuse bony pains associated with elevated serum alkaline
phosphatase and plasma fluoride levels in conjunction with radiographic findings
suggestive of periostitis. We provide a comprehensive review of the literature to
highlight salient characteristics commonly associated with voriconazole-induced
periostitis.

Key Words: Voriconazole; Periostitis; Fluoride; Fluorosis; Alkaline phosphatase

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Voriconazole-induced periostitis is rare, and typically presents as bone pain
following months of voriconazole treatment. Fluoride, present in voriconazole,
deposits within the bony matrix causing bone pains and high serum alkaline
phosphatase (ALP) with or without elevated plasma fluoride level. Evidence of
periostitis is typically observed on skeletal imaging. Symptom relief occurs shortly
after discontinuation of voriconazole, and normalization of serum ALP occurs in the
following weeks to months. We herein discuss the pathophysiology and diagnosis of
voriconazole-induced periostitis, its prevalence in different patient populations, and
clinical outcomes.
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INTRODUCTION

A 19-year-old male presented with pain on his left foot that progressed to the right
foot, both hips, and shoulders over a month. He was unable to bear weight on his feet
due to excruciating pain. His past medical history was significant for hypertrophic
obstructive cardiomyopathy and subsequent orthotopic heart transplantation approx-
imately 1 year prior to presentation. The patient’s post-transplant period was
complicated by hypoxic respiratory failure due to invasive pulmonary aspergillosis,
diagnosed by diffuse pulmonary infiltrates on computed tomography (CT) chest,
elevated serum Aspergillus galactomannan enzyme immunoassay 4.8 (normal, < 0.5
optical density index), and growth of Aspergillus flavus from bronchoalveolar lavage
culture. Combination therapy with voriconazole and micafungin was initiated given
severity of the disease. Micafungin was discontinued once serum voriconazole trough
concentration reached target therapeutic level > 1 mg/L (normal, 1-5.5 mg/L). The
voriconazole dose was sequentially increased to 550 mg every 12 h which yielded
serum voriconazole therapeutic trough concentration of 1.6 mg/L. The patient had
received a total of approximately 11 mo of voriconazole prior to presentation with
diffuse osteoarticular pain and tenderness.

Physical examination revealed significant point tenderness on elbows, shoulders,
and ankles. Extensive dental fluorosis was noted in the patient’s teeth as well
(Figure 1). Significant laboratory findings included an elevated total serum alkaline
phosphatase (ALP) level of 423 IU/L (normal, 39-117 IU/L) with high fractionated
bone ALP of 308 IU/L (normal, 12-43 IU/L). Total bilirubin and transaminases were
within normal limits. A serum voriconazole trough level was therapeutic target at 2
mg/L. Plasma fluoride level was normal at 0.4 mg/L (normal, 0.2-3.2 mg/L). Serum
ionized calcium, vitamin D levels, and parathyroid hormone tests were all within
normal limits. Multiple myeloma screen was negative. Suspicion of voriconazole-
induced periostitis was entertained.

A skeletal survey was performed; it demonstrated thickening and elevation of
periosteum on clavicle, humeri, and femur, suggestive of periostitis (Figure 2). A
technetium-99m nuclear bone scan revealed diffuse abnormal radiotracer uptake over
bilateral feet, proximal femurs, proximal humeri, and clavicles (Figure 3). In totality,
these findings suggested a diagnosis of voriconazole-induced periostitis. The
antifungal therapy was discontinued. Patient reported improvement of foot pain one
week following the drug discontinuation. He was able to ambulate without assistance
and tolerate physical therapy two weeks after discontinuation of voriconazole. The
serum fluoride level became undetectable after voriconazole cessation for 3 wk.
Normalization of serum ALP was achieved approximately one month after discon-
tinuation of the drug. Fluoride deposits on the teeth, however, remained for a year
after voriconazole discontinuation. No other antifungal agent was substituted and
there has been no recurrence of invasive pulmonary aspergillosis to date.

BACKGROUND

Voriconazole is a triazole antifungal and is considered the treatment of choice for
invasive aspergillosis[1]. It is also recommended for preemptive treatment or universal
antifungal prophylaxis in patients with solid organ and hematopoietic stem cell
transplant (HSCT)[1,2]. Although voriconazole is generally well tolerated, common
adverse effects include visual and auditory hallucinations, peripheral neuropathy,
hepatotoxicity (elevation of hepatic transaminase levels), phototoxicity, cutaneous
cancers, cardiac arrhythmias from prolonged QTc interval, alopecia, nail changes,
hyponatremia, and hyperkalemia[3,4]. Uncommon side-effect of drug-induced
periostitis due to prolonged voriconazole therapy has been described in various case
reports[3].
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Figure 1 Whitish specks and discoloration, evidence of dental fluorosis, noted on the patient’s teeth.

Figure 2 X-ray of bones showed evidence of skeletal fluorosis. A: Periosteal elevation (arrows) on the left clavicle and proximal left humerus; B: Fluffy
periostitis (arrows) on the right humerus; and C: Periosteal reaction (arrows) on the proximal left femur.
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We performed a comprehensive literature search in PubMed®, PubMed Central®,

a7 noou

and Google Scholar®, using the words “fluconazole”, “itraconazole”, “voriconazole”,
“posaconazole”, “isavuconazole”, in combination with “bone pain”, and “periostitis”.
The search retrieved all articles identifying association of periostitis with voriconazole.
We did not find articles of periostitis from other triazoles. We obtained and reviewed

the full texts of all articles and collected data for analysis.

DISCUSSION

A total of 89 cases of voriconazole-induced periostitis were reviewed (Table 1),
including 2 pediatric patients, one 14-year-old lung transplant patient and one 3-mo-
old stem cell transplant recipient[5-53]. Cases were published in the format of case
reports (limited 1 case in an article, 19 articles)[7,9,10,16,19,22,25,27,30,32,34,37,38,40,
42,43,45,47,51], case series (> 1 case in an article, 9 articles)[5,8,11,15,18,23,35,39,48],
image section (12 articles)[12,13,17,21,28,31,33,36,46,49,50,53], photo quiz (1 article)
[20], conference abstracts (5 articles)[6,14,24,26,29], letter to the editor (2 articles)[41,
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Table 1 List of published cases of voriconazole-induced periostitis
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Total daily Voriconazole .
i Resolution of
dose, mg Duration  trough (1-5.5
— Bone ALP  Plasma symptoms
(number of  of therapy, mg/L, normal . Indication of Serum ALP . . . . .
Total Immunocompromised . isoenzyme, fluoride level, Imaging Sites of bony following
Ref. cases) at mo range) at the voriconazole therapy (normal range . q
cases . state (number of cases) (normal (normal performed involvement voriconazole
time of (number of time of (number of cases) UIL) . .
. . . . range U/L)  range) discontinuation
diagnosis of  cases) diagnosis of
e e e (number of cases)
periostitis periostitis
[5]1 5 400 (5) 15;16;26;6; N/A;N/A;N/A; Lung transplant (5) Antifungal prophylaxis 726 (31-103); 263 (12-84); N/A;N/A; X-ray, bone  Tibiae, fibulae, femurs, Within 2 wk (1);
21 N/A; N/A (5) 531; 404; 212; 300; N/ A; N/A; N/A; scan ulnae, radii, shoulders, Within 3 d (1);
111 N/A; N/A N/A scapulae, sacroiliac Within 1 wk (1); N/A
joints, ischia, humeri,  (2)
clavicles, manubrium,
ribs, ankles
[e] 1 N/A 1 N/A Allogeneic stem cell Antifungal prophylaxis  Elevated N/A N/A X-ray, MRI ~ Radius, metatarsals, Within 2 mo
transplant fibulae, tibiae,
calcaneus
71 1 400 31 N/A Lung transplant Antifungal prophylaxis 433 (40-125) 188 (20/71) N/A X-ray, CT hand phalanges, ribs ~ Within 1 mo
scan, bone
scan
[8] 5 200 (1); N/A 30(1); N/JA N/A Lung transplant (5) Antifungal prophylaxis N/A N/A N/A X-ray, CT hand phalanges, N/A (5)
4) 4) (3); N/A (2) scan, bone  clavicles, humerus,
scan scapula, ribs, femur,
knee, pubic rami,
sacral iliac joint
o] 1 N/A N/A N/A Lung transplant N/A N/A N/A N/A X-ray Multiple phalanges, Itraconazole
ulnar shaft replacement
[10] 1 1200 6 0.77 Acute myelogenous Disseminated Fusarium 525 (45-277) 351 (4-110) 243 (1-4 X-ray, bone  Hands, forearms, Improvement within
Leukemia infection umol/L) scan humeri, femurs, 1wk, complete
pelvis, knee, feet resolution within 3
wk
[11] 6 400 (5); NA (1) 6;7;53;16; N/A;0.3;2.8,2.1; Heart transplant (1); Lung Invasive pulmonary 521 (50-130); N/A; 268 (12- 20.7 (1-4 X-ray, bone  Fingers, wrists, Within 2 mo (2);

16; 21 1.0; 5.0 transplant (3); Kidney aspergillosis (1); N/A 361; 323; 243; 42); N/ A; umol/L); 27; scan elbows, legs, feet, ribs  Itraconazole
transplant (1); Stem cell ®) 178; 229 N/A; N/A; 11.4;7.5;15.9; replacement,
transplant (1) N/A 13.2 improvement within

1 month (1); N/A (3)
[12] 1 N/A 9 N/A Heart transplant Invasive Pulmonary 280 N/A N/A CT scan, Ribs, sternum, N/A
aspergillosis bone scan humerus, forearm,
femur, tibia, spine
[13] 1 400 15 N/A Liver transplant Cerebral Aspergillus 420 (30-120) N/A 10.2 (1-4 X-ray, bone  Femur, tibia, fibula, Amphotericin B
infection umol/L) scan radius, ulna, ribs, replacement, rapid
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[14]

[15]

[16]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

21

1

JRaishideng®

N/A

N/A (3)

N/A

N/A

N/A (2)

400

N/A

400

600

800; 500; 600;
1300; 700; 800;
500; 700; 500;
700; 700; 1100;
900; 700; 900;
700; 900; 900;
800; 700; 1000

N/A

12

3.3,6,7.5

5(1); N/A
1)

11

7,7.3;5.5;5;
5.5;6.6;4.9;
5.3;4.6;5; 4;
4.8,55;5.5;
6.3;5.9;7.5;
6.8;5,4.7

N/A

N/A

N/A; N/A; N/A

N/A

N/A

N/A

N/A

21

N/A

1.1;23;3.3;4;1.4;
2.6;3;3.8,1.6;1.5;
5.4;1.3;4.2;1.5;
0.5;1.5;3.2;2.5;
0.5;2.5;2

N/A
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Allogenic stem cell
transplant

Allogeneic stem cell
transplant (3)

Heart transplant

N/A

Heart Transplant (1); Stem
Cell Transplant (1)

Granulomatosis with
Polyangiitis

Chronic granulomatous
disease

Lung transplant

Mixed connected tissue
disorder (overlap
syndrome)

Malignancy (2); DM (2);
CKD (1); None (16)

Lung transplant

Invasive Aspergillus
sinusitis and lung
infection

NA (3)

Invasive pulmonary
aspergillosis

Fungal endophthalmitis

Antifungal prophylaxis

(heart transplant); NA
(stem cell transplant)

Invasive pulmonary
aspergillosis

Aspergillus knee septic
arthritis

Pulmonary aspergillosis

Pulmonary aspergillosis

Exserohilum rostratum,

or Aspergillus fumigatus
meningitis
(contaminated
methylprednisolone
acetate injection)

Cladosporium

360

475 (39-117)

195 (35-104);
384; 202

304 (31-95)

N/A

304 (29-111); 245

464

380 (54-130)

359 (40-150)

1060 (115-359)

114 (27-120);
281; 362; 362;
452; 226; 168;
221; 97; 155; 202;
848; 208; 238;
123; 277; 442;
244; 231; 256;
228

elevated

152 (7-22)

N/A; N/A;
N/A

90.8 (5.6-29
ng/L)

N/A

N/A; N/A

N/A

N/A

N/A

89.3 (3.8-22.6
ng/L)

N/A

N/A

N/A

N/ A; 363 (<30
ng/L); 316

N/A

N/A

N/A; N/A

N/A

133 (<20
ng/L)

N/A

24.9 (1-4
pumol/L)

11.05 (< 5.26
umol/L);
10.53; 10.0;
14.74; 14.74;
13.16; 0.0;
12.63;12.11;
14.21; 18.95;
16.84; 14.21;
10.53; 13.69;
8.42;17.90;
8.95; 21.06;
10.53; 14.21

N/A

X-ray, bone
scan

X-ray, CT
scan, bone
scan

X-ray, CT
scan, bone
scan

X-ray, bone

scan

X-ray, CT
scan, bone
scan

X-ray, CT
scan

X-ray, bone
scan

CcT

CT, MRI,
bone scan

Bone scan

X-ray
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scapulae

Phalanges, elbows,
humerus, femur

Entire skeleton, spine,
pelvis, hands,
phalanges

Humerus, femur, ribs

Radial and pretibial
diaphysis, radius,
ulna, tibia, fibula

Ribs, clavicles, humeri,
radii, ulnae, femurs,
tibia, metacarpals,

phalanges

Femur

Ribs, clavicles,
humerus, tibia

Scapulae, ribs, radius,
ulna

Scapulae, ribs, femurs

Radius, ulna, tibia,
fibula, clavicle,
scapula, femur, ribs

Hands, knees, feet

resolution

Within 1 wk

Within 4 d (1); NA (2)

Improvement within
2wk

Within 5 d

N/A

Improvement within
2 d, resolution within
1 wk; posaconazole
replacement

Posaconazole
replacement,
improvement within
2wk

N/A

Within 3 wk

2 wk to 5 mo (8);
residual pain (2);
5/10 with symptom
improvement in 2-8
wk following dose
reduction

Itraconazole
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[25] 1 N/A
[26] 1 800
271 1 8 mg/kg
[28] 1 400
[29] 1(14- N/A
year-
old)
30] 1 400
[31] 1 600
[32] 1 N/A
[33] 1 400
[34] 1 800
[35] 3 400; 400; 400
[36] 1 N/A

JRaishideng®

12

36

N/A

10

N/A

33(1);65
(1)N/A (1)

N/A

N/A

41

N/A

N/A

N/A

N/A

N/A

3.9

N/A

41

NA (3)

N/A
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Acute Myelogenous
Leukemia

Liver Transplant

Mixed connective tissue
disease

Allogeneic stem cell
transplant

Lung transplant

Lung transplant

T-cell prolymphocytic
leukemia

Liver transplant

Heart transplant

Liver transplant

Lung transplant; stem cell
transplant; liver transplant

Lung transplant

pneumonia

Fungal sinusitis

Aspergillus brain abscess

Extra-pulmonary
histoplasmosis

Fungal pneumonia

N/A

Antifungal therapy for

abnormal
bronchoalveolar lavage

Cerebral histoplasmosis

Scedosporium brain
abscess

Pulmonary aspergillosis
Aspergillus brain
abscesses

Fungal infection (1);

fungal pneumonia (2)

Pulmonary aspergillosis

361

N/A

N/A

585 (35-104)

N/A

N/A

332 (no normal
range)

200 (25-100)

N/A

323 (40-115)

N/A

215 (0-140); 181-
501; 500-1000

277 (no normal
range)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

16.3 (0.3-2.2
pumol/L)

N/A

N/A

N/A

N/A

N/A

Elevated

0.15 (0.02-0.08
mg/dL)

16.3 (0.3-2.2
umol/L)

N/A

N/A
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X-ray, CT
scan, MRI,
Bone scan

X-ray

X-ray,
SPECT/CT
scan, bone
scan

Bone scan

X-ray, Bone
scan

X-ray, MRI

X-ray, Bone
scan

N/A

X-ray

X-ray, Bone
scan

CT scan

Bone scan,

FDG-PET,
CT scan
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Clavicle, humerus, rib

Radius, humerus,
scapulae, ribs,
appendicular skeleton

Radius, ulna,
scapulae, femur,
shoulders, spine,
knees, ankle

Clavicle, rib, hip,
femur, tibia, fibula

Phlanges, metatarsals,
tibia and long bones,
clavicles, scapula,
sternum, pelvic bones

Hips

Clavicles, ribs, tibia,
fibula

N/A

Humerus

Radius, humerus
shafts, scapulae

Sternum, vertebrae,
ribs, scapulae,
appendicular skeleton,
ribs

Ribs, clavicle,
acetabulum, hips

replacement,
improvement over
hospital course

Less than 2 wk

N/A

N/A

Within 4 d

N/A

Itraconazole
replacement;
improvement within
2 wk, resolution
within 4 wk

Within 2 d

Posaconazole
replacement,
resolution

Improvement within
5 d, resolution within
2 mo

Resolved rapidly
after cessation of

voriconazole

N/A

N/A
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[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]
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13- N/A

mo-

old

infant)

1 N/A

2 800 (1); NA (1)
1 N/A

1 200

1 600

1 400

1 800

1 600

1 N/A

1 700

2 NA (1); 600 (1)

4.5

36

2(1);7(@1)

44

10

48 mo

N/A

3(1:17 (1)

N/A

N/A

N/A (2)

Therapeutic

N/A

N/A

3.22

N/A

N/A

1.9

N/A; N/A
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Stem cell transplant

Liver transplant (1); heart

transplant (1)

Stem cell transplantation

Stem cell transplantation

Granulomatosis with

polyangiitis

Lung transplant

Lung transplant

DM

Stem cell transplant

Renal transplant

Lung transplant; lung
transplant

Disseminated
aspergillosis

Candida glabrata
abdominal aortic graft
infection

Scedosporium brain
abscess (2)

Invasive fungal lung
infection

N/A

pulmonary aspergillosis

Pulmonary aspergillosis

N/A

Aspergillus skull bone
osteomyelitis
N/A

Pulmonary aspergillosis

Antifungal prophylaxis

362

2,416 (95-380)

N/A

N/A

341 (40-125)

normal

> 1,000 (< 130)

673 (35-125)

4.71 (0.92-2.15
microkat/L)

N/A

N/A

N/A; N/A

1,581 (43-208)

129 (0-20
ng/L)

N/A

N/A

N/A

N/A

203 (0-20
ng/L)

N/A

N/A

N/A

N/A

N/A; N/A

23.8 (1-4
umol/L)

23.6 (1-4

umol/L)

> 24 (1-4
umol/L); 26

N/A

N/A

278 (< 50

ng/L)

N/A

N/A

N/A
N/A
68 (1-4

umol/L)

N/A; N/A

X-ray, Bone
scan

X-ray, Bone
scan

MRI, X-ray

X-ray, CT
scan, Bone
scan

X-ray, CT
scan, Bone
scan

X-ray, MRI,
Bone scan

Bone Scan

X-ray, Bone
scan

X-ray, CT,
bone scan

SPECT,
bone scan

X-ray, bone
scan

September 18,2021 | Volume1l |

Femur, tibia, fibula,

Ribs, humeri, tibiae,
Elbow, hand,
carpometacarpal joint,

Sternoclavicular joints,
elbows, wrists, hands,
knees, ankles, feet,
tibia, fibula, bilateral
hip, ribs, spine,
scapulae, clavicles
acetabula femur,
metatarsals

Hand phalanges

Tibiae, finger
phalanges, malleolus

Phlanges, radius, ulna,
metacarpals, tibia,
ribs, femur

Metacarpals,
phalanges, midfeet,
femurs, pubic bone,
acetabula, radius,
ulna, humeral heads,
ribs, clavicles, skull

Fingers, humeri,
scapula, elbows,
femurs, tibiae, ribs

Extremities, ribs, and
spine

Clavicle, humeri,
scapulae, ribs, femurs

Knees, clavicles
Fingers, toes, ulnar

bones, humeri,
shoulders, femurs,

Posaconazole
replacement;
improvement within
2 d, resolution within
1wk

Within 3 wk

Posaconazole
replacement,
improvement in
several weeks (1)

Improvement within
1wk

Itraconazole
replacement,
resolution within 4
mo

Rapid improvement

Improvement within
3 mo

Within 5 d

Resolved
N/A
Within 48 h

Within 1 wk; Within
10d

Issue9 |



Guarascio AJ et al. Voriconazole-associated periostitis

tibia
[49] 1 1200 4 Within Stem cell transplant Pulmonary aspergillosis 457 (40-130) N/A N/A SPECT Skull bones, pelvic Switched to
recommended bones, femurs, Posaconazole; Within
range (no value humerus 3wk
provided)
[50] 1 N/A 96 N/A Lung transplant Antifungal Prophylaxis 724 (34-123) N/A N/A X-ray Hands, wrists >7mo
[51] 1 1200 4 9.9 0 Invasive aspergillosis 1900 (no normal N/A N/A Single- Extremities Resolved
(lung, brain)-post- range) photon
influenza and emission CT
pneumococcal infection
[52] 1 100 6 N/A 0 Aspergillus sinusitis 1495 (4-147) N/A 5.3 (1-4 X-ray, bone  Hands, ankles, and 2 mo
and brain abscess umol/L) scan foot
[53] 1 400 48 N/A Stem cell transplant Antifungal Prophylaxis 144 (35-104) N/A N/A X-ray, bone  Tibia, fibula N/A

scan

ALP: Alkaline phosphatase; MRI: Magnetic resonance imaging; CT: Computer tomography; FDG-PET: p-2-[18F]-Fluoro-2-deoxy-D-glucose-positron emission tomography; DM: Diabetes mellitus.

44], and clinicopathologic conference (1 article)[52]. One case report was published in
both Danish and English, and it was included in our analysis because there was ample
amount of information in English[51]. Table 1 summarizes those 89 cases with relevant
patients” baseline characteristics, voriconazole daily dose, duration of voriconazole
therapy, voriconazole trough concentration, indication of voriconazole therapy,
immunocompromised status, serum ALP and its bony fraction, plasma fluoride level,
imaging study, and clinical outcomes. Not all information was available in reported
cases, especially cases published in image section of the journal and conference
abstracts likely due to limitation of word counts per the journal and conference
requirements.

Based on the high incidence of voriconazole-induced periostitis in certain patient
populations, we have categorized the reported patients into 3 major groups, namely
solid organ transplant (SOT) patients, hematologic malignancy and HSCT patients,
and immunocompetent hosts. Patients with malignancy[23], diabetes mellitus[23,45],
chronic kidney disease[23], chronic granulomatous disease[20], granulomatosis with
polyangiitis[19,42], and mixed connective tissue disease[22,27] were not included in
the immunocompetent patient category.

The vast majority of voriconazole-associated periostitis cases have been reported in
SOT recipients (n = 40, 45%)[5,7,8,11-13,16,18,21,24,26,29,30,32-36,39,43,44,47,48,50],
immunocompetent hosts (n =19, 21.34%)[23,38,51,52], hematologic malignancy and
HSCT patients (n = 18, 20.3%)[6,10,11,14,15,18,25,28,31,35,37,40,41,46,49,53]. It is
followed by autoimmune diseases (n = 4, 4.44%), including 2 patients with granulo-
matosis with polyangiitis[19,42], and 2 patients with mixed connective tissue disease
[22,27]. One patient (1.12%) had underlying primary immunodeficiency disease
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Figure 3 Whole body nuclear bone scan. Increased radiotracer uptake (bright white spots) on clavicles, humeri, and femurs (A), as well as feet (B).
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(chronic granulomatous disease) and developed periostitis on voriconazole therapy for
Aspergillus septic arthritis of the knee[20]. Two patients (2.22%) with underlying
diabetes mellitus, 2 patients (2.22%) with unspecified malignancy, and 1 patient
(1.12%) with chronic kidney disease had voriconazole-induced periostitis while being
treated for Exserohilum rostratum or Aspergillus fumigatus meningitis from contaminated
methylprednisolone epidural steroid injection[23]. One patient (1.12%) with diabetes
mellitus complicated with periostitis after 7 mo of voriconazole therapy for Aspergillus
skull bone osteomyelitis[45]. One patient’s (1.12%) details did not include the immune
status of the host[17].

Table 2 summarizes the median voriconazole daily dose with inter-quartile range,
median duration of therapy with inter-quartile range, and medial voriconazole trough
level in each major patient category. The daily voriconazole dose was reported in 59
cases, consisting of 24 SOT patients[5,7,8,11,13,21,26,30,33-35,39,43,44,47,48], 8 hemato-
logic malignancy and HSCT recipients[10,11,28,31,35,49,53], 18 immunocompetent
hosts[23,51,52], and 9 others[19,22,23,42,45]. The duration of voriconazole therapy was
described in 77 cases (30 SOT patients[5,7,8,11-13,16,18,21,26,30,32,35,39,43,44,47 48,
50], 16 HSCT recipients[6,10,11,14,15,28,31,35,37,40,41,49,53], 18 immunocompetent
hosts[23,38,51,52], and 13 others[19,20,22,23,27,42,45]. The voriconazole trough level
was mentioned in 38 cases, including 9 SOT patients[11,26,32,34,44,47],2 HSCT
recipients[10,11], 17 immunocompetent hosts[23,51], and 10 others[20,22,23,42].

Fluoride metabolism, voriconazole metabolism, and pathophysiology of

voriconazole-associated periostitis

Fluoride is an inorganic anion of fluorine, and its sources include ingestion of water,
salt, sugar, and milk, or topical from toothpastes and mouth rinses[54]. The benefits of
fluoride to humans consist of anti-dental caries formation and enhancement of bone
strength[55,56]. About 80%-90% of ingested fluoride is absorbed in the stomach and
small intestine, and the unabsorbed fluoride is excreted in the feces[54]. A majority of
absorbed fluoride is distributed to bone and dental enamel[54,57]. The kidneys excrete
60% of daily ingested fluoride in persons with normal renal function[54,58].

Voriconazole is a broad-spectrum triazole antifungal medication. The oral bioavail-
ability of voriconazole is estimated to be 96%[4]. The pharmacokinetics of voriconazole
is non-linear due to saturation of its metabolic pathway[4]. The hepatic cytochrome
P450 enzyme, predominantly CYP2C19, is responsible for voriconazole metabolism.
Due to CYP2C19 enzyme genetic polymorphisms, a person with a rapid CYP2C19
enzyme metabolizer, for example, would require a higher dose of voriconazole to
achieve therapeutic drug concentration[4,59]. Less than < 2% of the absorbed
voriconazole is excreted unchanged in the urine[4].

Triazole antifungal agents contain varying amounts of fluorine (Figure 4).
Fluconazole, posaconazole, and isavuconazole are difluorinated triazoles while
itraconazole does not have fluorine content. Voriconazole contains three fluorine
atoms, and a 400-mg dose of voriconazole contains a substantial 65 mg of fluoride[11].
In comparison, the fluoride content of the municipal tap water is 1 mg per liter[60];
and, thus daily fluoride consumption from municipal tap water has been estimated at
only 2 to 4 mg per day[10,60].
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Table 2 List of reporting cases with voriconazole median daily dose, median duration of therapy, and its median trough concentration

in different major patient groups

Median voriconazole daily dose, Median duration of voriconazole Median voriconazole trough

Type of patients (interquartile range), and number therapy in months, (interquartile concentration in mg/L,
of cases range), number of cases months number of cases

All patients 600 mg, (400-800 mg), 59 patients[5,7, 6 mo, (4.6 - 10 mo), 77 patients[5-8,10-16, 2.4 mg/L, 38 patients[10,11,20,22,
8,10,11,13,19,21-23,26,28,30,31,33-35,  18-23,26-28,30-32,35,38-45,47-53] 23,26,32,34,42,44,47,51]
42-45,47-49,51-53]

Solid organ transplants 400 mg, (400-450 mg), 24 patients[5,7, 7 mo (3 - 17 mo), 30 patients[5,7,8,11-13,16, 3.22 mg/L, 9 patients[11,26,32,34,
8,11,13,21,26,30,33-35,39,43,44,47,48]  18,21,26,30,32,35,39,43-44,47,48,50] 44,47

Hematologic malignancy and 400 mg, (400-750 mg), 8 patients[10, 6 mo (4.3-10.5 mo), 16 patients[6,10,11,14, ~ 0.885 mg/L, 2 patients[10,11]

hematopoietic stem cell 11,28,31,35,49,53] 15,28,31,35,37,40,41,49,53]

transplants

Immunocompetent hosts 700 mg, (700-875 mg), 18 patients[23, 5.6 mo, (4.9-6.8 mo), 18 patients[23,38,51, 2.5mg/L, 17 patients[23,51]
51,52] 52]

Fluconazole Voriconazole Isavuconazole
CN

N

¢
N—N
Cl
Cl

o}
OO0
ch/\( \\g

CHs Itraconazole

HaC

T OO0
(0]

HC Posaconazole

Figure 4 Chemical structures of triazole antifungal medications (fluconazole, itraconazole, voriconazole, posaconazole, and
isavuconazole). “F" stands for fluorine atom (with permission and courtesy from Dr. Harrold, Division of Pharmaceutical, Administrative and Social Sciences;
Duquesne University School of Pharmacy).

Absorbed excess fluoride is incorporated into the crystal structure of bony matrix
called hydroxyapatite, forming fluorapatite[61]. Unlike normal calcium hydro-
xyapatite, high fluroapatite deposit causes disorganized osteoblastic reaction, resulting
in periosteal thickening or ossification (seen as periosteal elevation on X-ray),
exostosis, and osteosclerosis, a condition known as skeletal fluorosis[54]. Prolonged
stimulation of osteoblast activity (evidenced by increased radiotracer uptake on the
nuclear bone scan) results in generalized bone pain, exostosis, fractures from increased
bony brittleness, a high total serum and bony ALP level, and elevated plasma fluoride
concentration[62,63].
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Some authors proposed there is a fluoride-independent mechanism that could cause
periostitis from voriconazole drug per se[64]. In vitro, voriconazole exerts a direct drug
effect and increases expression of cytokines, vascular endothelial growth factor and
platelet-derived growth factor. Those cytokines, in turn, augment human osteoblast
activity. Free fluoride levels in culture supernatants of osteoblasts exposed to
voriconazole were measured and they were within normal range, indicating a possible
direct voriconazole drug-induced periostitis[64]. However, this hypothesis has not
been widely accepted.

The appendicular skeletons (bones of the shoulder girdle, pelvis bones, upper limbs
and lower limbs) are mainly affected. In axial skeleton, only ribs are notably involved.
High concentration of fluoride deposits may occur on dental enamel, causing dental

fluorosis, which appears as white streaks or specks as seen in our patient (Figure 1)
[54].

Voriconazole-induced periostitis in the SOT recipients

Among 40 patients with SOT, lung transplants accounted for 26 patients (65%)[5,7-9,
11,21,24,29,30,35,36,43,44,48,50], followed by 6 liver transplants (15%)[13,26,32,34,35,
39], 6 orthotopic heart transplants (15%)[11,12,16,18,33,39], and 2 kidney transplants
(5%)[11,47]. It is not unexpected that majority of these cases occurred in lung
transplant recipients as invasive pulmonary fungal infection is most commonly seen
post-lung transplantation[2]. One third of lung transplant patients (n = 6, 23%)
developed periostitis on the treatment dose regimen of voriconazole[21,24,30,35,36,
43]. Indication of voriconazole therapy was not mentioned in 8 patients (31%) of lung
transplant recipients with periostitis[8,9,11,29,44]. Interestingly, 12 (46%) out of 26 lung
transplant patients developed voriconazole-related periostitis while receiving low
daily dose (200-400 mg) of voriconazole prophylaxis as the use of antifungal
prophylaxis with this agent is a common practice in lung transplant recipients[2,5,7,8,
48,50,65].

Twenty-four SOT patients reported daily voriconazole doses, and the median daily
dose was 400 mg (range 200-800 mg) with the interquartile range of 400-450 mg[5,7,8,
11,13,21,26,30,33-35,39,43,44,47,48]. Duration of therapy was reported in 30 SOT
patients; the median duration was 7 mo (range 1.5-96 mo) with the interquartile range
of 3-17 mo[5,7,8,11-13,16,18,21,26,30,32,35,39,43,44,47,48,50].

Voriconazole trough levels were described in 9 out of 40 SOT patients with
periostitis[11,26,32,34,44,47], and trough concentrations were reported with the normal
range (1-5.5 mg/L) in 8 patients[11,26,32,34,44,47]. One patient’s voriconazole trough
level was sub-therapeutic at 0.3 mg/L while receiving a total daily dose of 400 mg for
7 mo[11]. The median voriconazole trough level was 3.22 mg/L (range 0.3-5.0 mg/dL).

Plasma fluoride levels were described in 13 SOT recipients, and all were elevated[11,
13,26,33,34,39,47].

Voriconazole-induced periostitis in the inmunocompetent hosts

The second most common patient population reported in the literature with
voriconazole-related periostitis is in patients with apparent immunocompetent status (
n =19, 21.32%)[23,38,51,52]. Sixteen out of 19 patients with periostitis were observed in
patients with Exserohilum rostratum or Aspergillus fumigatus meningitis from contam-
inated methylprednisolone epidural steroid injection[23]. Eighteen patients reported
daily voriconazole dose and duration of voriconazole therapy[23,51,52] while 17
patients included voriconazole trough levels in their reporting[23,51]. Among 19
immunocompetent patients, the median daily dose of voriconazole was 750 mg (range
500-1300 mg) with the interquartile range of 700-875 mg[23,38,51,52], which was
notably higher than doses observed in SOT recipients presenting with periostitis
(Table 2). These data are likely skewed by large number of fungal meningitis cases in
this patient group[23]. Higher voriconazole target troughs (2-6 mg/L) are commonly
recommended for the treatment of the central nervous system fungal infection[66];
and, higher voriconazole dosages are typically required to attain the target
voriconazole troughs. The median voriconazole trough level was 2.5 mg/L (range 0.5-
9.9 mg/L), and the median duration of voriconazole therapy was 5.3 mo (range 4-7.5
mo) with the interquartile range of 4.9-6.8 mo (Table 2). All cases, except 1 patient, had
elevated blood fluoride concentration at least twice above the normal range[23,38,52].
Compared to the SOT patients with voriconazole-induced periostitis, the higher
median dose of voriconazole with shorter median duration of therapy was noted in
patients without underlying apparent immunocompromising condition (Table 2).

Voriconazole-induced periostitis in hematologic malignancy and HSCT patients
In this category, there were a total of 18 patients (20.3%, out of 89 total patients)
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identified, comprising 3 patients with hematologic malignancy and 15 HSCT recipients
[6,10,11,14,15,18,25,28,31,35,37,40,41,46,49,53]. One of the stem cell transplant patients
was a 3-mo-old infant[37]. Notably, less than half of the cases (8 patients) reported the
daily dose of voriconazole[10,11,28,31,35,49,53] whereas more than two-third of cases
(16 patients) described the duration of voriconazole therapy|[6,10,11,14,15,28,31,35,37,
40,41,49,53]. The median dose was 400 mg (range 200-1200 mg) with the interquartile
range of 400-750 mg (Table 2). The median duration of voriconazole therapy was 6 mo
(range 1-48 mo) with the interquartile range of 4.3-10.5 mo (Table 2). Only 2 cases
reported voriconazole trough concentrations (0.77 mg/L and 1.0 mg/L) at the time of
diagnosis of periostitis[10,11]. Two other cases stated voriconazole trough levels
within the recommended therapeutic range, without reporting specific values[40,49].
Plasma fluoride levels were only available in 5 patients, and were all 5-10 times above
the normal range[10,11,15,37].

Upon evaluation of these 3 largest groups of patients (SOT, immunocompetent
patients, and HSCT), there seems to be a trend that suggests higher daily dose of
voriconazole (more than 600 mg daily dose) and longer duration of therapy (more
than 5.6 mo) may pose a higher risk of developing periostitis (Table 2). Voriconazole-
induced peritonitis has been reported with total daily doses as low as 100 mg,
highlighting a particular relationship with prolonged exposure of voriconazole and
periostitis[52]. Due to genetic CYP2C19 polymorphisms and the potential for various
drug-drug interactions, voriconazole therapeutic drug monitoring is commonly
performed[59]. Efficacy and safety data suggest optimal target voriconazole trough
levels of 1-5.5 mg/L[2,66-68].

As previously noted, patients who rapidly metabolize voriconazole due to CYP2C19
genetic polymorphisms may require higher doses to maintain target trough levels,
subsequently exposing patients to higher levels of fluoride intake. Likewise, it has
been reported that significantly higher daily and cumulative voriconazole doses were
observed in patients with voriconazole-induced periostitis[23]. In our review, patients
displayed either therapeutic or sub-therapeutic voriconazole trough levels. These data
suggest that voriconazole trough levels do not need to be supra-therapeutic to develop
periostitis, and the drug levels alone are not a predictor of periostitis incidence.

All except one patient in our analysis displayed significantly elevated plasma
fluoride concentration, indicating its potential utility for the diagnosis of periostitis[10,
11,13,15,20,22,23,26,32-34,37-39,42,47,52]. Symptomatic patients with skeletal pain
along with plasma fluoride levels greater than 8 pmol/L (normal, < 5.26 pmol/L) has
been previously reported as a highly sensitive (95%) and specific (100%) measure for
periostitis[23]. Generalization of this finding may be limited as it was a small study
and variable normal values of plasma fluoride concentration were used in reported
cases (Table 1). Thus, clinicians should observe if the normal value of plasma fluoride
from the local laboratory is the same as that in the study. It is also important to note
that no correlation between voriconazole drug levels and plasma fluoride levels has
been found[69].

Other triazole antifungal medications and periostitis

Itraconazole has no fluorine atom in drug formulation (Figure 4). There were cases
where voriconazole was replaced by itraconazole with resolution of symptoms[9,11,24,
30,41]. Posaconazole is a difluorinated triazole and it yields around 21.7 mg of fluoride
per 400-mg dose[10], 3 times lower than that of voriconazole. Posaconazole was not
found to cause fluoride elevations in a small hematologic malignancy patient cohort
[15]. Some patients with voriconazole-associated periostitis had successfully
transitioned to posaconazole without recurrence of similar symptoms[19,20,32,37,39,
49]. It is unclear how much fluoride content is available in a 186 mg-tablet of
isavuconazole. There are only 2 fluorine atoms in isavuconazole, and thus, it may be
safely assumed that the total fluoride content in isavuconazole is less than that of
voriconazole. There have not been any published cases of periostitis associated with
itraconazole, posaconazole or isavuconazole therapy. Our patient received 1100 mg
per day of voriconazole, nearly 180 mg of fluoride daily (approximately 60 times
normal daily fluoride consumption from water) for an 11-mo time period until the
time of diagnosis of periostitis.

Diagnosis of voriconazole-induced periostitis

The most common clinical manifestation is localized diffuse bony pain from skeletal
fluorosis, mainly affecting fingers, wrists, elbows, shoulders, clavicles, toes, ankles,
knees, and hips. Thoracic rib pain can be present if fluorosis involves ribs. Either high
dose voriconazole or prolonged duration of therapy would heighten the clinical
suspicion of periostitis. Total serum ALP levels and its bony fraction, if measured, are
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consistently elevated upon diagnosis of periostitis. Voriconazole trough concentrations
are usually within the normal range (1-5.5 mg/L). High plasma fluoride level would
strongly support the diagnosis of periostitis; but, normal or low plasma fluoride level
does not exclude it[23]. The X-ray of bones typically demonstrates periosteal reaction
with elevation and thickening. The technetium 99m-nuclear bone scan shows high
radiotracer uptake due to increased osteoblastic action. Typically, skeletal X-ray and
nuclear bone scan are sufficed in diagnosis of periostitis[70]. In some reported cases,
advanced imaging modalities, such as single-photon emission CT, fluorodeoxy-
glucose-positron emission tomography, and magnetic resonance imaging were utilized
[22,25,27,30,36], likely because of elusive etiology of periostitis and less awareness of
voriconazole as the cause of periostitis. Those advanced imaging studies are, though,
not recommended to be the first choice of imaging study[70]. Discontinuation of
voriconazole usually results in rapid resolution of symptoms. No mortality from
voriconazole-induced periostitis has been reported.

Summary

In summary, based on extensive reported cases, several observations can be made
regarding voriconazole-induced periostitis: (1) Immunocompromised patients
constitute majority of the cases; (2) Generalized osteoarticular pain is a cardinal clinical
symptom; (3) White streaks or specks on teeth (dental fluorosis) can be seen in some
patients; (4) Higher voriconazole dose or the longer duration of voriconazole therapy
increases the risk of voriconazole-induced periostitis; (5) Patients on antifungal
prophylactic dosing with voriconazole are not spared and they can develop periostitis;
(6) Elevation of serum ALP with normal transaminases and bilirubin is a major
laboratory indicator for initial clinical suspicion of periostitis in patients with bone
pain on voriconazole therapy; (7) Voriconazole trough levels are typically within the
therapeutic range; (8) High plasma fluoride levels assist in diagnosis of periostitis
(skeletal fluorosis); (9) X-ray and nuclear bone scans are commonly utilized to localize
periosteal reaction/thickening and increased bone turnover activity, respectively; (10)
Complete and rapid resolution of symptoms is achieved on cessation of voriconazole
therapy; and (11) Safe transition to itraconazole, posaconazole, or isavuconazole is
recommended, if clinically needed, since there have not been reported cases of
periostitis from other triazole antifungal medications.

CONCLUSION

Voriconazole-induced periostitis occurs mainly in post-transplant period following
high dose (median 600 mg daily) or prolonged course of voriconazole therapy (median
5.6 mo). Key diagnostic parameters include diffuse bone pain, white specks on the
teeth, elevated serum ALP and plasma fluoride levels, with positive nuclear bone scan
and radiology findings. Removal of offending agent, voriconazole in this case, would
be the mainstay of therapy with resolution of bone pain. Due to lack of fluoride in
itraconazole and low fluoride content in posaconazole or isavuconazole, voriconazole
may be substituted by other appropriate triazole antifungal drugs if clinically
indicated.
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Abstract

The increased awareness of systemic sclerosis (SS) and its pathogenetic back-
ground made the management of this disease more amenable than previously
thought. However, scleroderma renal crisis (SRC) is a rarely seen as an associated
disorder that may involve 2%-15% of SS patients. Patients presented with earlier,
rapidly progressing, diffuse cutaneous SS disease, mostly in the first 3-5 years
after non-Raynaud clinical manifestations, are more vulnerable to develop SRC.
SRC comprises a collection of acute, mostly symptomatic rise in blood pressure,
elevation in serum creatinine concentrations, oliguria and thrombotic microan-
giopathy in almost 50% of cases. The advent of the antihypertensive angiotensin
converting enzyme inhibitors in 1980 was associated with significant improve-
ment in SRC prognosis. In a scleroderma patient maintained on regular dialysis;
every effort should be exerted to declare any possible evidence of renal recovery.
A given period of almost two years has been suggested prior to proceeding in a
kidney transplant (KTx). Of note, SS patients on dialysis have the highest op-
portunity of renal recovery and withdrawal from dialysis as compared to other
causes of end-stage renal disease (ESRD). KTx that is the best well-known the-
rapeutic option for ESRD patients can also be offered to SS patients. Compared to
other primary renal diseases, SS-related ESRD was considered for a long period of
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poor patient and allograft survivals. Pulmonary involvement in an SS patient is
considered a strong post-transplant independent risk factor of death. Recurrence
of SRC after transplantation has been observed in some patients. However, an
excellent post-transplant patient and graft outcome have been recently reported.
Consequently, the absence of extrarenal manifestations in an SS-induced ESRD
patient can be accepted as a robust indicator for a successful KTx.

Key Words: Systemic sclerosis; Scleroderma renal crisis; Risk factors; Renal failure;
Hemodialysis; Kidney transplant

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The current progress in the management of systemic sclerosis has its impact
on improving patient’s survival and quality of life. Patients developed scleroderma
renal crisis have greatly managed after commencing angiotensin converting enzyme
inhibitors. Moreover, scleroderma patient with kidney failure has a marvelous thera-
peutic option receiving a kidney transplant with a greatly improved extrarenal manifes-
tations. However, patients with end stage kidney failure, maintained on regular dialy-
sis, should have enough period permitting renal recovery before attempting the trans-
plant procedures. This duration may be actually extended up to two years. Patients with
scleroderma may show the highest rate of renal recovery among dialysis patients.

Citation: Abbas F, El Kossi M, Shaheen IS, Sharma A, Halawa A. Journey of a patient with
scleroderma from renal failure up to kidney transplantation. World J Transplant 2021; 11(9):
372-387

URL: https://www.wjgnet.com/2220-3230/full/v11/i9/372.htm
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INTRODUCTION

Scleroderma or systemic sclerosis (SS) is an autoimmune disorder that comprises
vasculopathy, inflammatory changes, deposited collagen and fibrotic alterations
involving the skin and vital organs. The involved organs are usually related to the
current types of autoantibody found in SS patients. However, two types have been
considered with SS cutaneous involvement: Limited cutaneous SS (1cSS) with
thickened skin involving the elbow and knee joints, and the diffuse type (dcSS) with
widespread skin affection. SS is primarily seen in females, with a prevalence rate of 7-
489 case(s) per million population (PMP) and an incidence of 0.6-122 case(s) PMP/year,
with geographic variability[1-3]. Systemic SS involvement can be observed as pul-
monary fibrosis, pulmonary arterial hypertension (HT), gastrointestinal (GI) malfun-
ctions, malignancies, and scleroderma renal crisis (SRC), rarely seen but quite de-
vastating complication. Vasculopathic kidney lesions are commonly observed in SS
patients and usually associated with isolated proteinuria and/or HT[4,5]. These ma-
nifestations, however, are not reliable in SRC prediction[6]. The clinical features of
SRC include: (1) Oliguria/anuria; (2) Elevated SCr concentrations; and (3) A newly
presented, usually symptomatizing HT [blood pressure (BP) > 140/90 mmHg or a > 30
mmHg elevation above its baseline].

Microangiopathic hemolytic anemia (MAHA) can be seen in almost half of cases
that can be manifested by a proteinuria/hematuria syndrome with red blood cells
fragmentations[7,8]. SRC is more commonly observed with the diffuse type of SS as
compared with the limited one, particularly with the rapidly progressive dcSS in the
first 3-5 years of disease onset. Predictors of SRC may include the following: (1) Anti-
RNA polymerase III autoantibodies; (2) Tendon friction rub, and synovitis[9]; and (3)
Steroid therapy (> 7.5 mg/d) may induce a dose-related impact on the SRC evolution
risk[7,10].

Furthermore, and despite controversial, angiotensin converting enzyme inhibitors
(ACEi) therapy before the sudden rise in BP and SCr level elevations may be
accompanied with a higher risk of dialysis (DX) or mortality rates (MR)[7,10,11].
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SCLERODERMA PATIENT WITH RENAL CRISES

Definition

The characteristic features of SRC may include: (1) New onset; (2) Moderate/severe
HT; (3) Acute rise in SCr[12,13]; and/or (4) Almost half of cases may show MAHA[7,
14].

On contrary to this definition, cases with an acute rise in SCr with normal BP are
named the normotensive renal crises (10% of cases)[14]. With absence of a definite
etiology, kidney biopsy may be warranted to settle the diagnosis and clarify the prog-
nostic implications[12,15] (Figure 1).

Epidemiology

Incidence: Age- and sex-adjusted incidence of renal replacement therapy (RRT) for
scleroderma-induced end-stage renal disease (ESRD) in the period from 2002 to 2013
approached only 0.18 PMP with insignificant decline in SS incidence by time. Scle-
roderma is estimated to be a rare disease with annual incidence approaching 10-20
pmp and a prevalence of 30-300 pmp[16] (Figure 2).

Prevalence

On the other hand, a significant rise in SS prevalence from 0.80 pmp in 2002 to 0.89
pmp in 2013. A higher prevalence of scleroderma in North America and Australia as
compared to Europe or Asia has been observed[17,18]. In view of the improving
patients’ outcome and increased awareness of the nature of the disease, an increased
prevalence of SS has been reported|[2] this is despite the lower incidence of SRC that
has been given by a more recent report[19]. A significant decline in RRT-dependent SS
patients in Australia and New Zealand in the period between 2002 to 2013, from 0.51
pmp to 0.18 pmp[20]. However, Hruskova et al[16], observed an insignificant nominal
decline in incidence of RRT-dependent SS patients[16]. The observed fluctuation in
incidence has been expected considering the rarity of this disease. Between 2002 and
2013, the range of adjusted annual incidence and prevalence rates of RRT for SS-
induced ESRD were 0.11-0.26 and 0.73-0.95 pmp), respectively[16] (Figure 2).

Pathophysiology: The vasculopathy-induced decline in kidney perfusion as well as
the activated endothelial cell are considered the main contributors in SRC deve-
lopment, but the exact triggering factor of SRC evolution still uncertain. The major
criteria of SRC pathology include injured endothelial cells with thick intima and a
characteristic fibrotic ‘onion-skin’ fashion of the interlobular/arcuate renal arteries[14,
21] (Figure 1). In addition, a prominently observed juxtaglomerular apparatus may
invite the assumption that plasma renin could be involved in SRC pathogenesis[21].
However, renin estimation is not usually observed high and not necessarily related to
the SRC aggressiveness. Other novel agents, however, are currently studied to
elucidate their role in SRC evolution[8,19,22], e.g., endothelin (ET)-1 may be included
in SRC evolution, a higher plasma ET-1 level and a unique express of ET-A/ET-B in
kidney tissues have been observed[22,23]. Furthermore, almost half of the SRC
patients may express MAHA that indicate a proposed role of endothelial cell de-
rangement in SRC evolution[24]. The lack of inflammatory infiltrates in kidney biopsy
and the observed arteriolar intimal thickening, fibrinoid necrosis, and intimal cell
proliferation, are all in favor of the postulation that an ischemic vascular damage may
override the immune system triggering effects[21,22]. Nonetheless, autoimmunity
cannot be excluded from activating the endothelial tissues. On the other hand, the
robust relationship between SRC and anti-RNA polymerase (RNAP) III antibodies
may shed the light on the possible role of autoimmunity in SRC evolution[25].
However, more research work-up still warranted to elucidate the role of autoanti-
bodies in SRC development.

Predictive factors

More than 80% of SRC patients may exhibit the diffuse type of cutaneous involvement,
particularly that is characterized by a rapidly progressive behavior. Previous data
have recognized the predominant indicators of SRC evolution as follows: (1) Newly
diagnosed anemia; (2) Cardiac involvement (e.g., pericarditis and congestive heart
failure); (3) Rapidly developed skin thickening; (4) Systemic inflammations: Arth-
ralgia, synovitis, and tendon friction rub[25,26]; and (5) Dpenicillamine therapy in SS,
large joint contracture (approximately 13% of SRC patients)[12,27].
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Figure 1 Pathology of scleroderma renal crisis. A: Normotensive patient with systemic sclerosis (SS) and acute renal failure. End-stage renal disease:
Crescentic glomerulonephritis showing fibrous crescents. A mixed mononuclear cell infiltrate and considerable tubular loss[21,70] (Open access); B: Masson’s
trichrome staining of a digital artery from a patient with SS[21,70] (Open access); C: Hematoxylin and eosin staining of a renal artery from a patient with SS. Note the
striking fibrotic intimal hyperplasia and the adventitial fibrosis in the digital artery and the onion skin—like intimal thickening composed of smooth muscle cells and
increased connective tissue matrix in the renal artery. The intimal hyperplasia results in critical luminal narrowing and even occlusion[21,70] (Open access). Citation:
Soukup T, Toms J, Oreska S, Honsova E, Safranek R. Renal Involvement in Systemic Sclerosis, 9 July 2019. Copyright© The Authors 2019. Published by Open
access peer-reviewed chapter. Matucci-Cerinic M, Kahaleh B, Wigley FM. Review: evidence that systemic sclerosis is a vascular disease. Arthritis Rheum 2013; 65:
1953-1962. Copyright© The Authors 2013. Published by Wiley Online Library.
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Figure 2 Range of adjusted annual incidence and prevalence rates of renal replacement therapy for end-stage renal disease due to

scleroderma.
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Differential diagnosis

Recognition of acute renal failure (ARF) as a sequala of SS is not always clear. About
10%-20% of SS patients could be presented with normal BP[14], moreover, SRC could
be their firstly observed manifestation of SS[8]. Differential diagnosis (DD) may
include: (1) Lupus Nephritis[21]; (2) Thrombotic thrombocytopenic purpura[28]; (3)
Crescentic rapidly progressive glomerulonephritis (RPGN); and (4) Anti-neutrophil
cytoplasmic antibody (ANCA)-related glomerulonephritis (GN).

Other DD may include membranous and membranoproliferative GN, other vas-
culitis e.g., mixed cryoglobulinemia, and Goodpasture syndrome, drug-induced
nephropathies [D-penicillamine or cyclosporin (CyA)], oxalate nephropathy, renal
artery stenosis, and pre-renal causes (e.g., sepsis and dehydration)[21]. All are un-
common presentations of ARF in SS that can be currently confused with SRC. DD of
these disorders is currently crucial[12] (Figure 3).

Autoantibodies

Almost 90%-95% of SS patients may experience circulating antinuclear antibodies that
could be detected via one of the following: Immunofluorescence, enzyme-linked
immunosorbent assay, immunodiffusion, in addition to immunoblotting. A variety of
antinuclear antibody specifically related to SS including antibodies to topoisomerase
(anti-TOPO 1), kinetochore proteins, RNA polymerase enzyme (anti-RNAP III),
ribonuclear proteins and nucleolar antigens. Clinically, these autoantibodies specified
to SS disease could be currently linked to distinct clinical criteria. So, the identification
of a particular antibody could be crucial in anticipating certain organ affection that
would be reflected on its timely control[29].
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Demographics

;
/

Renal biopsy

Management

Acute renal failure in SS

SRC AAV-RPGN

N V

More likely in rapidly progressive dcSS during 1st
5 yr. Predominate in females in their 5t and 6th

More likely in IcSS after 5 yr of disease. Predominate in
females, especially in 5t and 6th decades

. . No or mild HT. RBCs casts, proteinuria (approximately

Mallgn.ant.HT: < 10% 9f ptns are normotensive. 10% of ptns are nephritic). Myelopero-xidase anti-
Proteinuria < 1 g. Anti-RNA polymerase III AB neutrophil cytoplasmic AB

& )
Proliferative obliterative vasculopathy + Focal segmental necrotizing lesions, crescent formation,
crescentic *onion skin’ narrowing of arterioles + inflammatory infiltrate, scarce deposits of Ig
glomerular ischaemia J
Aggressive BP control via ACEi & other agents; Cyclophosphamide- steroids (rituximab can be
DX as required; RTx if no recovery of renal considered)
function in 1st year

Figure 3 Differential diagnosis of acute renal failure in scleroderma: Associated vasculitis—rapidly progressive glomerulonephritis, anti-
neutrophil cytoplasmic antibody-associated vasculitis with rapidly progressive glomerulonephritis. SS: Systemic sclerosis; ACE: Angiotensin
converting enzyme; dcSS: Diffuse cutaneous systemic sclerosis; IcSS: Limited cutaneous systemic sclerosis; SRC: Scleroderma renal crisis; AB: Antibodies, Ig:
Immunoglobulin; DX: Dialysis; RTx: Renal transplant.
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Kidney biopsy

Kidney biopsy is not usually mandated for a patient presented with classic clinical
criteria that include a newly presented and symptomatizing HT, elevated serum
creatinine levels and a normal urine sediment. However, with a normotensive patient
and raised creatinine levels with/without active urine sediment, a kidney biopsy may
provide a suitable diagnostic and therapeutic guide particularly if ANCA-positive
RPGN was a possibility and to exclude other comorbidities[21]. Moreover, a kidney
biopsy has a prognostic implication for dialysis dependent SRC patients regarding
enrolment in a kidney transplant (KTx) list. The current recommendation is to
postpone KTx up to 18-24 mo after commencing DX if signs of kidney function
recovery were not observed along 12 mo. A potential kidney donor should be screened
for a timely provided transplant and better quality of life[12].

Prognosis

The 5-years patient’s outcome in SRC has not improved after the advent of ACEi
therapy(7,8,14], more plans to improve SRC outcomes are currently warranted. Pilot
reports with ET receptors antagonists (ERAs) therapy have reported a reasonable
safety and potential efficacy to proceed to randomized controlled trials to recognize
the feasibility of ERA in limiting DX requirements and improve patient’s survival[12].

How to modify the risk of SRC?

To mitigate the risk of SRC evolution, the following measures have been suggested.

BP monitoring, SCr concentrations and periodic urinalysis for patients with the
following criteria: (1) Tendon friction rub[26]; (2) Large joints contracture[27]; (3)
Arthralgia/synovitis[9,10,25]; (4) Steroid therapy[10,25]; (5) Early, diffuse skin involve-
ment[30]; (6) Serum anti-RNA polymerase III AB[25,31,32]; and (7) Rapidly progre-
ssing cutaneous thickening; (modified Rodnan score more than 208).

The least dose of steroids for the minimal period allowed to manage the inflam-
matory manifestations[27,33] should be utilized.

Manage essential HT via non-ACEi regimen with calcium channel blockers (CCB)
included as much as possible[33].

Start CCB for peripheral vasculopathy[33].

How to treat SRC?

It is noteworthy to mention that SRC therapeutic algorithm is currently stable for a
long time. The current algorithm is simple (Figure 4), as same agents have been
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administrated to mild as well as sever cases with better experts” agreements from 66%
to 81%. Since the advent of ACEi, no fundamental changes have been introduced into
SRC therapeutic strategies[34]. Tight and rapid blood pressure management can be
achieved via the addition of other antihypertensive agents. In this concept, angiotensin
receptor blockers (ARBs) have been replaced by the CCBs as a second therapeutic line.
Forty percent of experts would prefer keeping ACEi-despite the associated increased
risk of fetal anomalies in pregnant women-if there is a history of SRC to avoid an
increased risk of SRC recurrence in case of withdrawal of these agents[35].

To summarize

Renal vasculopathy per se cannot be considered a risk factor for SRC evolution. Owing
to the growing awareness of SRC prophylactic measures, prevalence rates have been
declined. Prophylactic measures against SRC development might include tight BP
control in patients with early dcSS and rapid progress of skin manifestations, partic-
ularly with associated anti-RNAP III antibodies. Furthermore, the finding of active
inflammation as evidenced by the presence of tendon friction rub and/or arthritis
should pay patient’s and his physician’s attention to an increasing risk of SRC
development. Given the robust association between steroid use and the evolution of
SRC, this type of therapy should be limited to its lowest dosage with the possible
accepted shortest period of therapy. However, the 5-years patients’ survival of 50%-
70% has been reported by many studies, this high percentage should be improved.
Current management primarily depends on an early diagnosis, tight control of BP via
ACEi and other agents and/or DX therapy whenever required.

For earlier SRC detection, risky patients should be asked to provide three BP
readings at home at least every week, with a higher allowed level of BP > 140-150/90
mmHg. Repeat measuring after one hour, if still high, patient should contact his
physician and SCr concentration should be provided with a reasonable dose of ACEi
should be instituted, and patient hospitalization may be considered. However, using
these agents prior to the onset of SRC may be associated with a higher risk of mortality
in dcSS patients within the first 4-5 years[7,10]; ACEi therapy at this period is not
currently advised. Regarding SRC in 1cSS patients, safety of these agents still uncertain
in view of rarity of cases and data sparsity. A retrospective study of Italian SS patients
(410 with SS < 5 years), postulated that dihydropyridine CCB agents may be associated
with a lower risk of SRC evolution (P < 0.001)[12,33].

SCLERODERMA PATIENT ON DIALYSIS

Many studies in the literature have reported poor outcome for SS patients with ESRD
on dialysis[25]. For example, the French “REIN” registry, 98 SS patients dialyzed
between 2001 and 2013, 81% developed ESRD secondary to SRC, while patients’

survival was reported to be 75%, 55% and 32% within 1, 3- and 5-years respectively
[36].
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Role of ACEi and the prediction of the need to dialysis

ACEi have greatly improved SS patients” outcome[37]. One report studied 145 ACEi-
treated SRC patients has showed the following: (1) 61% showed good outcome: 38%:
No need for DX and 23% commenced temporary dialysis; and (2) 38% showed poor
outcome: 19% was survived on DX and 19% died within 1% 6 mo[38].

A non-invasive prognostic technique is to estimate the N-terminal pro-b-type
natriuretic peptide (NT-proBNP) to predict the need of DX in SRC patients. It has been
shown that SRC patients requiring permanent, transient, or no DX have exhibited NT-
proBNP levels of 3373 pg/mL, 1729 pg/mL, and 119 pg/mL, resp[39]. However, the
role of NT-proBNP renal clearance has not been settled and well-controlled pros-
pective studies are currently warranted to evaluate these findings. Permanent DX is
usually associated with poor survival as compared to the temporary one. The pro-
spective study (75 SRC patients) of the “International scleroderma renal crisis survey”,
has observed that 36% of them have died in the 1+ year, whilst another 25% continued
DX one year after disease onset[7]. Regarding age and disease duration, patients’
survival showed inverse correlation with both patient’s age and disease longevity with
a survival decline from 70%-82% after one year to 50%-59% after 5 years[7,12].

Peritoneal dialysis vs hemodialysis

Whilst Hruskova et al[16] reported that SS patients were less vulnerable for peritoneal
dialysis (PD) than hemodialysis (HD) therapy as compared to matched controls,
registries coming from Australian and New Zealand reported more common use of PD
in SS patients as compared to patients with other etiologies of ESRD. This finding may
be explained by the more frequency of PD therapy in Europe[40]. Optimal option,
however, still uncertain[16,41].

The need for RRT and outcome

The unfavorable outcome for SS patients on RRT therapy has been observed in several
reports[40,42], moreover, RRT for this cohort of patients was an independent predictor
of mortality[40]. Recent reports agreed with these findings particularly among dia-
betics[16]. Of note, cardiovascular events have been observed to be less common in SS
patients as compared to diabetics that is may be limited by the high number of
unknown cause of death in Hruskova et al[16]'s study.

Renal recovery

Data from two large studies (more than 100 SRC cases on DX) showed that kidney
function has recovered in 40%-50% of cases within 8 mo in the first study, and within
11 mo in the other one. On the other hand, the Australian/New Zealand DX and Tx
registries have observed that only 10% of cases have recovered a reasonable kidney
function to be withdrawn from DX, and recovery was observed within the 1 12-18 mo
after commencing DX. A given explanation to the diminished recovery rates was that
the cases with earlier kidney recovery (< 3 mo of DX institution) have been excluded
[12] (Figure 5).

Renal recovery in this study[40] agreed with Hruskova et al[16] (7.6%). The latter
study has reported a higher recovery rate in SS-induced ESRD patients as compared to
other etiologies of ESRD (Figure 5). Of note, autoimmune disease may show a higher
rate of recovery as compared to other primary renal diseases[43]. The robust possi-
bility of kidney function recovery may support the recommended advice of post-
poning transplantation in these patients. This recommendation may explain the
prolonged period on DX as compared to other cohorts[9]. So, patients with clear
evidence of renal recovery should delay their transplant up to 18-24 mo, however, this
decision may be individualized from one patient to another. On the other hand,
patients with lack of any evidence of kidney function recovery after twelve months
should have their opportunity to be enrolled on a transplant list[12].

Disease activity and preparation for transplantation

RRT, either HDX or PD as well as KTx are all potentially offered to SRC-induced ESRD
patients. The latter option i.e., KTx is known to be the best therapeutic one for this
cohort of ESRD patients with the best offered outcome[44]. A thorough evaluation of
the KTx recipients (KTRs) regarding stabilization of BP, various co-morbidities, and
the possibility of renal recovery. The latter may necessitate basal data that can be
obtained from a kidney biopsy. In addition, assessment of SRC disease activity may
warrant an estimation of renin and ET-1 levels[12].
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RENAL TRANSPLANTATION IN PATIENT WITH SCLERODERMA

The introduction of ACEi in SS therapy has greatly alleviated the SCR-related poor
kidney and overall outcome, with an expected reversal of this serious syndrome[41,45,
46]. Nevertheless, almost half of these patients still requiring long-term RRT including
KTx[47]. As compared to other primary kidney diseases, old reports have observed
poorer patient and allograft survival[47]. However, Bertrand et al[36] presented an
observational study including 34 patients with SS who received KTx and uniquely
reported the evolution of post-transplant extrarenal involvement[36].

Time to transplant

The proper time of renal transplantation for patients with SS requiring RRT still
uncertain. SS patients are mostly experienced SRC, with about 1%-5% of them
showing ANCA-associated vasculitis or MAHA[12]. Depending on the observation
that 25% of patients with SRC/ESRD may recover kidney function within almost one
year of DX[8,11,25,41], four articles have been published showing their experience in
postponing dialysis until the point of time at which the recovery of kidney function is
not certain and KTx is currently indicated[40,44,48,49].

The relative consideration of scleroderma as a highly probable disease of renal
recovery, even with prolonged dialysis[50], leads to the recommendation by some
experts that dialysis should be continued for at least two years before an attempt to
offer a kidney to an SS patient[51]. On the other hand, Canadian guidelines admitted
two conditions for offering a KTx: (1) Six months-at least-free of cytotoxic medications
should be elapsed prior to any attempt of KTx; and (2) Limitation of the extrarenal
manifestations[16,52].

Renal recovery, however, has been reported to be as greater as 38% in previous
studies[20].

First SS transplant

Richardson[53] were firstly performed a KTx to an SS patient[53]. They were generally
considering KTx a safe procedure as long as the kidney was the primary organ
involved with relative stability of other lesions[36].

Immunosuppression

The role of immunosuppressive agents in KTx is crucial in improving the systemic
manifestations in SS patients. However, there is no consensus in this particular setting.
Ruiz et al[54] (1991) have postulated that CyA should be excluded from the immuno-
suppression regimen to avoid its vascular toxic effects, as endothelial derangement has
been implicated in the pathogenesis of the SS disease. However, in Bertrand et al[36],
study, CNI have been included in a large proportion of KTRs (91.7%) with no no-
ticeable serious drawbacks[36]. So, a general CNI safety can be considered. In the same
direction, was the glucocorticoids use in KTx, where 88.9% in this study have received
high-dose steroids as an induction therapy and maintained on low-dose steroids
(63.3% of patients). Steroids is classically considered a risk factor for SCR, despite the
debate about their role in precipitation of SRC in KTx patients. However, steroids can
be considered by many transplant clinicians a reasonable agent in the immunosup-
pressive protocol.
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Nevertheless, owing to the relatively small number of the studied patients, an ideal
protocol for immunosuppression cannot be established yet. A reasonable and com-
monly used regimen is the induction with antilymphocyte serum or anti- interleukin-2
receptor, and maintaining the recipient on tacrolimus, MMF and steroids. In the vast
majority of patients, steroids were rapidly withdrawn. A rejection rate of 13.8% in the
first year and an 8.3% SRC recurrence rate have been reported. A suggested regimen
composed of mTOR inhibitors or belatacept instead of CNI has been suggested to limit
CNI-induced vascular toxicity, but with no sufficient evidence[36].

Extrarenal manifestations

Gibney et al[44] have reported the development of skin lesions in four SS KTRs, with
noticeable improvement according to the “Rodnan score”. Considering the intensity of
disease activity prior to and after KT, this study lacks the clinico-biological data base
owing to its retrospective nature[44].

However, Bertrand et al[36], study provides-for the 1+ time-broad data base about
the extrarenal manifestations during and post KTx. Despite the observed general
stability of this disorder, the provided data shed the light on the importance of the
cardiac and GI involvement that may getting worse after KTx (Figure 6). Accordingly,
close monitoring of extrarenal manifestations would be crucial prior to and after KTx,
up to the extent that stabilized extrarenal manifestations is a robust indication to
proceed to KTx. This concept might be intensified by the multicenter nature of
Bertrand et al[36], study. In addition, pulmonary involvement in an SS patient was
considered as a post-transplant independent risk factor of death in this study.
However, Pulmonary involvement in SS patients could be classified into two main
categories: (1) Primary pulmonary affection (i.e.,, lung parenchymal disease and
pulmonary HT, PH); and (2) Secondary pulmonary involvement (i.e., airway disease
owing to bronco-aspiration that usually results from gastro-esophageal reflux disease,
drug-induced lung toxicity and infectious causes)[55-57].

In non-transplant cohort, the associated parenchymal pulmonary disease, PH, and
kidney involvement is complicated by a higher MR[58]. An associated interstitial lung
disease or PH is responsible for 60% of the total MR in this cohort[57]. However,
Bertrand et al[36] observed that in the transplant cohort, pulmonary affection appears
to exert a similar impact on MR. Accordingly, a particular caution prior to KTx must
be directed to explore and evaluate the presence of parenchymal pulmonary disease or
PH that may preclude a KTx[36].

Allograft survival and patients’ outcome in various studies

Whilst the patient survival was 100%, 90.3% and 82.5 %, the death-censored allo-graft
survival was 97.2%, 97.2% and 92.8%, in one, three and five years, respectively
(Figure 7) in Bertrand et al[36]'s study. On the other hand, the non-death-censored
graft survival approached, 97.2%, 87.8% and 76.6% after 1, 3 and 5 years, resp, that was
higher than that given by Gibney et al[44], 68.0% and 60.3% after 1 and 3 years resp,
(UNOS registry: 1985-2002) (Table 1 and Figure 8). In Gibney ef al[44], early graft loss
was commonly observed during the first 90 d after transplantation and mostly related
to the death with a functioning graft[44]. The following explanations have been given
for the early graft loss: (1) Acute rejection; (2) Thrombotic events; and (3) SS patient, is
vulnerable to early death.

In Bertrand et al[36] study, no early deaths with a functioning graft have been
observed, and the primary non-functioning graft due to possible recurrent SRC has
been reported in only one patient[36]. In Pham et al[59], on the other hand, the non-
death-censored graft outcome at 1, 3, 5 and 10 years, resp, were 78.7%, 68.6%, 56.7%
and 26.7% (UNOS: 1987-2004) that was far lower than that given by Bertrand et al[36].
Moreover, Bertrand et al[36], reported graft survival in SS patients that was far less
than that observed in other primary renal disorders (79.5% and 71.8% after 1 and 3
years)[47] (Table 1 and Figure 8). Of note European and United States reports have
reported poorer graft outcome as compared to that observed with other primary renal
diseases[47].

In Bertrand et al[36], study, the death-censored graft outcome was excellent and
comparable to that was reported by the global French cohort of KTx from 1993 to 2010,
91.2% after 1 year, and 79.7% after 5 years resp, (Agence de Biomédecine, annual
report)[36]. They depended on the given data base that were more recent (1987-2012)
as compared to that in prior literature, that may partially explain their better results. In
fact, more potent immunosuppression regimen is more beneficial not only for
rejection, but also for SS management, in addition to the better KTRs selection, taken
together may improve graft outcome[36]. Bertrand et al[36], study was limited by the
number of the included KTRs. Nevertheless, crucial information particularly that
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Table 1 Non-death censored graft survival after one, three, five, and ten years in various studies[16,36,44,47,59]

ltem Bertrand et al[36], Hruskova etal[16], Pham etal[59], Gibney et al[44],  Bleyer et al[47],
2017 2019 2005 2004 2001

Non-death-censored graft survival, 97.2% 78.7% 68.0% 79.5%
after 1 yr
Graft survival after 3 yr 87.8% 68.6% 60.3% 71.8%
Graft survival after 5 yr 76.6% 72.4% 56.7%

Graft survival after 10 yr 26.7%
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Figure 6 Stable or improved extrarenal manifestation after kidney transplantation.
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Figure 7 Patients and death-censored graft survival.
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Figure 8 Graft survival after one, three, five and ten years in various studies.

related to extrarenal manifestation in SS patients and its development after KTx were
lacking.

Scleroderma patients, diabetes mellitus patients, and other groups
A given comparison by Hruskova et al[16] (2018), for SRC patients” outcomes[16], as
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compared to diabetics and patients with other primary renal disease has showed the
following: (1) Less percentage of KTx for patients with SRC, 13.7% as compared to
patients with diabetes mellitus, 18.7%, and those with other primary renal disease,
27.1% (both P < 0.001) (Figure 9); (2) Patients and allograft survival were comparable
to that in other cohorts, the 5-years patient and graft survival after they receive their 1+
KTx, were (88.2% and 72.4%) for SS patients and (84.3% and 76.5%) for matched
control diabetics and (89.3% and 81.5%), for other primary renal diseases, respectively,
matched on sex and age at KTx (Figure 10); and (3) The 5-years survival probability
from day 91 of RRT in SS patients was 38.9%, as compared to the 5-years post-
transplant patients” survival and allograft survival that approaches 88.2% and 72.4%,
respectively[16] (Figure 11).

Post-transplant SRC recurrence
Whilst earlier case studies reported high rate of post-transplant SRC recurrence (20%-
50%), more recent registries documented much less rates (1.9%-2.1%)[40,44,59].
Analysis of 260 KTx(s) in the period of 1987-2004 in SRC KTRs registered in the UNOS
reported that only 1.9% of KTRs developed SRC recurrence-related graft failure
between 70 and 805 days after recurrence[44]. Risk factors for SRC prediction of
recurrence in the renal allograft still uncertain, many selection biases may be altering
[40,44,59]. Considering the 5 well-studied cases with recurrent SRC in the literature,
disease activity was associated with the following: (1) Cutaneous tightness (4 cases);
(2) Anemia (2 cases); and (3) Pleuro-pericarditis and pericardial effusion (2 cases)[59].
In post-transplant SRC recurrence, less than two weeks have been elapsed from the
timing of SRC development until an ESRD established. Nevertheless, an aggressive
evolution of ESRD is not always associated with in SRC recurrence. However, con-
cluding an impact of the immunosuppressive agents on SRC recurrence rates is quite
difficult in view of the concerned data sparsity. In addition, the observed lower rate of
recurrent SRC in the period from 1985 to 2002 (2.1%) may invite the postulation that a
moderate steroid dosage (15-20 mg/d) cannot be considered an independent risk
factor for SRC recurrence[12,44].

Recurrence of SRC and the reported bias

In Bertrand et al[36], study, 3 patients with suspected recurrent SRC (8.3%), one
recurrent case was complicated by graft loss. All the recurrent cases were on CNI,
steroids and ACEi. In follow up biopsies, no subclinical vascular alteration has been
observed. Of note, only 6 cases with recurrent SRC have been reported in the li-
terature. An estimated proportion of 1.9 % has been reported in the literature with
recurrent SRC-induced allograft loss (UNOS database)[36].

Whilst UNOS may under-estimate the actual rate of SRC recurrence, published
series may over-estimate SRC recurrence, considering the publication bias of recording
serious cases with worst outcome. In addition, two potential diagnoses must be differ-
entiated from the recurrent SCR: (1) Acute/chronic AMR; and (2) CNI toxicity[54].
Consequently, it is difficult to conclude a definite diagnosis particularly with the
retrospective nature of the current reports. The SRC prediction in the non-transplant
cohort is quite certain[60-63]. Recognition of RNA polymerase III could be a helpful
screening technique in the setting of high-risk patients of recurrence[34,36,64].

Post-transplantation care

The finding that mTOR inhibitors may impede collagen produced from the dermal
fibroblasts in vitro, may suggest a potential therapeutic role of mTORIi in the cuta-
neous fibrotic disease[65]. In this context, Sirolimus (SRL) has been evaluated against
methotrexate in early diffuse SS skin disease, an improved modified “Rodnan score”
as well as the intensity of disease activity were comparable[66] but edema, HT and
hypercreatinineamia were more observed SRL-treated patients.

In the same setting CyA safety has been examined in an open-label study against
placebo and declared an improved skin score; UCLA skin score declined by 35% in six
out of ten CyA-treated patients but still stationery in control group. Of note, transient
decline in kidney function in many patients (21%) can be reversed via dose reduction
[67]. So, an mTORi-based regimen may be suggested against CNI-based regimen for
SRC KTRs candidates, however, evidence base still lacking[57]. ACEi has its crucial
role as a renoprotective agent among KTRs[68]. Post-transplant SRC recurrence has
been observed in KTRs who have been switched from the ACEi “captopril” to the ARB
“losartan”[69], however, no sufficient evidence supporting the role of ARBs in
therapy/prevention of SRC. A non-dihydropyrimide CCB agent can be administered
to SS KTRs, so that CNI dosage can be reduced[12,68].
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Figure 9 Percentage of scleroderma renal crisis patients received kidney allograft compared to other groups. SRC: Scleroderma renal crisis.
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Figure 11 5-yr survival probability from day 91 of renal replacement therapy in systemic sclerosis patients, posttransplant patients’

survival and 5-yr allograft survival.

CONCLUSION

SS is a multisystem disorder that can be clinically encountered in several stages. In
contrary to the reported poor survival of SS patients maintained on RRT in comparison
to other groups, these patients may show the highest likelihood of renal recovery
permitting their withdrawal from dialysis. Recent data in the literature are in favor of
better outcome of SS patients receiving a KTx as compared to the previous results.
Furthermore, these results were comparable to KTRs in other groups of patients. A
particular insight, however, should be focused on the extrarenal manifestations of this
disease, especially those related to the pulmonary involvement, an independent risk
factor of death in this cohort. Furthermore, the post-transplant cardiac and GI
involvement should be closely monitored as they may getting worse. In view of the
comparable patients and allograft survival rates that have been observed in trans-
planted SS patients with other groups, further work-up should be tailored to identify
which type of an SS patient may benefit more from an offered transplant.
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Abstract

ABO blood group incompatibility (ABO-I) was historically considered an absolute
contraindication to kidney transplantation due to the significant risk of acute
antibody-mediated rejection and early graft loss. Nevertheless, the urge to
minimize the gap between the candidates” number on the waitlist for kidney
transplants and the available kidney donors encourage investigation into finding
ways to use organs from ABO-I kidney donors, especially in the era of using more
potent immunosuppression therapies. This review aims to discuss a general
overview of ABO-I kidney transplantation and the different protocols adopted by
some transplant centers to meaningfully overcome this barrier.
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Core Tip: The urge to minimize the gap between the candidates’ number on the waitlist
for kidney transplants and the available kidney donors encouraged investigations into
finding ways to use organs from ABO blood group incompatibility (ABO-I) kidney
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donors, especially in the era of using more potent immunosuppression therapies. In this
review, we aim to discuss a general overview of ABO-I kidney transplantation and the
different protocols adopted by some transplant centers to overcome this barrier.
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INTRODUCTION

Renal transplant is the most effective treatment for end-stage renal disease hence; there
is an increasing demand for the organs available for transplantation[1]. The number of
candidates on the waitlist for kidney transplants is more than 110000 and continues to
grow every year|[2].

Over the past few decades, the noted shortage in the kidney donor’s pool compared
to the growing number of candidates on the waitlist for kidney transplants made it
necessary to loosen the kidney donors” acceptance criteria. The American Society of
Transplantation validated the expanded criteria for kidney donation to include
“marginal factors” such as donation from hypertensive and aged donors, those being
historically declined by transplant centers[3]. The decision to accept expanded-criteria
donors is still based on individual centers as the medical, legal, and ethical aspects
remain uncertain[4].

Historically, ABO blood group incompatibility (ABO-I) was considered an absolute
contraindication to transplantation due to the significant risk of acute antibody-
mediated rejection (AAMR) and early graft loss[5]. Nevertheless, the urge to minimize
the gap between the candidates’ number on the waitlist for kidney transplants and the
available kidney donors encourages investigation into finding ways to use organs
from ABO-I kidney donors, especially in the era of using more potent immunosup-
pression therapies[6].

This review aims to discuss a general overview of ABO-I kidney transplantation and
the different protocols adopted by some transplant centers to overcome this barrier.

BLOOD GROUP ANTIGENS AND KIDNEY TRANSPLANTATION

The blood group system is a collection of one or more antigens formed of sugar or
protein present on the red blood cells” surface[7]. The ABO blood group antigens form
four common categories (A, B, AB, and O). Those antigens are also expressed on
lymphocytes, platelets, epithelial and endothelial cells[8]. Alloantibodies (isohemag-
glutinins) are naturally present and directed against the missing antigens (A and/or B)
from the individual’s RBCs. They appear in the blood at early infancy (four to six
months of age as a function of intestinal colonization with bacteria)[9].

For decades, ABO blood group incompatibility has been considered a significant, if
not absolute barrier for living kidney donation. Antibodies against A and/or B blood
group antigens (either IgM or IgG) can cause antibody-mediated graft damage with
worse outcomes related to preformed IgG antibodies[10]. Some studies reported worse
outcomes in recipients with blood group O related to the predominant presence of anti
A and B IgG antibodies (Abs) in those transplant recipients[10,11]. Egawa et al[12]
reported a remarkable incidence of acute antibody-mediated rejection in recipients
with blood group O who had ABO-I liver transplantation. Toki et al[5] studied the
difference in acute antibody-mediated rejection (AAMR) rate and graft survival
between 87 O-recipients and 77 other-than-O blood group recipients who underwent
ABO-I kidney transplantation between 1990 and 2007. They reported a significantly
higher rate of AAMR in blood group O recipients while there was no difference in
graft survival.

ABO-I kidney transplantation was first reported by Hume et al[13] in 1955, where
eight out of ten recipients experienced hyperacute rejection. Alexandre et al[14]
discussed the first desensitization protocol in 1987 by undergoing splenectomy,
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preoperative plasma exchange, and triple-drug immunosuppression (including aza-
thioprine, corticosteroids, and antithymocyte globulin). They reported a 79% graft
survival during the first year of kidney transplantation. The first procedure was
performed in the United States in the mid-1990s while appeared in Europe with some
delay by the early 2000s. An increasing success rate was reported with using kidneys
from A2 blood group donors due to the low expression of A2 antigen on the cell
membrane with an antibody titer of < 1:8[15]. No differences in patient or graft
survival were reported between the aforementioned recipients comparing those who
received organs from ABO compatible (ABO-C) donors after ten years of follow-up
[16]. Accepting donations from A2 and A2B donors to B recipients significantly reduce
the waitlist for B recipients[17]. With the development of desensitization protocols,
Tydén et al[18] were able to successfully perform ABO-I kidney transplantation from
Aland B donors.

Desensitization techniques

The relation between the baseline antibody titer and the long-term outcome after ABO-
I kidney transplantation is still unclear. Nevertheless, some studies reported a higher
risk for AAMR with higher baseline antibody titers[19]. Most centers recommend
maintaining the isoagglutinin titer at levels < 1:16 during the first two weeks following
ABO-I transplantation[20]. Different desensitization protocols were prescribed trying
to allow for successful transplantation. The idea of desensitization depends on either
removal of circulating ABO antibodies, immunomodulation, B cell population deple-
tion, or combinations of those methods[21,22].

Removal of circulating ABO antibodies: Various methods have been used for de-
creasing ABO antibodies titer including plasmapheresis, immunoadsorption, double
filtration plasmapheresis, and selective plasma exchange[23]. While the latter showed
less adverse effects due to the preservation of essential plasma components, studies
showed that single-use of selective plasma exchange was less efficient than unselective
immunoadsorption in removing the circulating ABO antibodies[24]. Despite the effect-
iveness of the double filtration plasmapheresis to decreasing ABO antibodies titer, its
use has been limited due to massive loss of coagulation factors which evidently
increases bleeding risk[25].

Immunoadsorption is widely used in Europe. Some studies showed better graft
survival rates compared to plasmapheresis. However, its use is limited by the
availability and cost as the single session can cost about €3000[26]. Certain techniques
are developed trying to lower the cost by using reusable columns for the same patient.
However, this method is still not widely used in the United States[27]. Daily plas-
mapheresis, using 1.5 volume exchange with 5 percent albumin replacement with each
plasmapheresis session, is the most commonly employed method in ABO-I trans-
plantation in the United States to achieve the target titer < 1:16[28]. Partial substitution
with fresh frozen plasma could be used in case of abnormal coagulation profile[29].

B cell population depletion: Rituximab is a chimeric (20% rodent and 80% human)
monoclonal antibody that binds to the CD20 antigen present on the cell surface and
leads to depletion of mature B-cells[30,31]. It is the first approved monoclonal an-
tibody to be used in the therapy of indolent B cell non-Hodgkin’s lymphoma and
chronic lymphocytic leukemia[32]. However, the role of rituximab exceeded the
clinical use in cancer patients to include various immunological disorders[33]. The
vital role of rituximab expanded to include the kidney transplantation field either as
induction/desensitization therapy or as a treatment of antibody-associated rejection
[34].

Various studies showed no significant difference regarding patient or graft survival
between rituximab and splenectomy that was historically used for desensitization in
ABO-I kidney transplantation[35]. The timing and dosage of rituximab are still
uncertain. A Japanese study showed that B cells were completely eliminated from the
circulation by using one dose of rituximab at 15, 35, 150, or 300 mg/m? within 3 to 13 d
before transplantation. Splenic B cells were not detectable after using a single dose of
35 mg/m? which is the recommended dose in various centers[36].

Despite the wide use of rituximab-based protocols, the role of B cell depletion in
ABO-I kidney transplantation is still unclear. Some studies showed no patient or
death-censored graft survival benefits of the inclusion of rituximab[37]. Plasma cells
lack CD20 receptors and are able to produce isoagglutinin antibodies that may lead to
acute antibody-mediated rejection[38]. More randomized controlled studies are
needed to reach a conclusion about the efficacy, dosage, and timing of rituximab-based
protocol in ABO-I kidney transplantation.
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Immunomodulation: While rituximab leads to B cell population depletion, IVIG can
lead to suppression of T-cell differentiation and stimulation with binding to Fc
receptor of the phagocytes and B cells[39]. Moreover, IVIG is able to reduce infectious
complications by replenishing the loss of IgGs. A 500 mg/kg of IVIG is recommended
to be used to correct the preoperative hypogammaglobulinemia induced by plasma-
pheresis[40].

On the other hand, administration of high-dose IVIG may lead to hemolysis as
commercial IVIG may contain anti-A and anti-B isoagglutinins. Using donor blood
type or AB-negative blood type plasma that contains approximately 5 grams of im-
munoglobulin G per unit may be considered[41].

The role of induction therapy: With intraoperative immunosuppressive management,
the rate of AAMR has been dramatically decreased, allowing ABO-I renal transplan-
tation to be considered a successful and acceptable treatment option[2]. With waiting
time for deceased donor kidneys exceeding five years in certain countries, transplan-
ting across ABO-I broadens the donor pool and reduces the burden of donor shortage
[3]. With the emergence of induction therapy, ABO-I renal transplantation now ac-
counts for one-fourth of living donor transplantations in German centers and almost
one-third of procedures in Japanese centers[6].

Induction therapy is an immunosuppressive therapy administered at the time of
kidney transplantation to reduce the risk of allograft rejection[42,43]. In general,
induction therapy falls into one of two categories[44]. The first relies on rabbit anti-
thymocyte globulin (ATG), which is a lymphocyte-depleting polyclonal antibody. The
other more common form of induction therapy utilizes interleukin 2 receptor
antagonists (IL-2 RA)[44].

Previous studies have found that ABO-I kidney transplant maintained on tacro-
limus, mycophenolate mofetil, and steroids have lower acute rejection rates when
using ATG induction therapy compared to using basiliximab induction therapy[6].

On the other hand, other studies suggested that IL-2 RA induction therapy
involving basiliximab eliminates the need for steroid maintenance therapy while
providing effective induction of immunosuppression in ABO-I kidney transplant
recipients[45].

Future studies would benefit from a randomized control trial comparing patients
undergoing ABO-I kidney transplantation maintained on tacrolimus and receiving
ATG for induction therapy to patients undergoing ABO-I kidney transplantation
maintained on tacrolimus and receiving IL-2 RA for induction therapy.

The complication of ABO-I renal transplantation

Infection: ABO-I renal transplant patients have a higher risk for infectious complic-
ations due to intensified desensitization[46]. A retrospective study for 68 recipients of
living kidney with 47 ABO-C vs 21 ABO-I showed that ABO-I has a significantly
higher infection rate and longer hospitalization than the ABO-C group. Polyomavirus
(BKYV), cytomegalovirus (CMV), herpes simplex virus and varicella zoster virus, are
the most common viral causes[6,46]. The incidence and severity of CMV infection were
greater in the ABO-I group than in the ABO-C group. CMV may cause ureteric
stenosis due to urethritis[46]. Zschiedrich et al[47] performed a single-center retro-
spective study on one hundred ABO-I kidney transplants, and their study showed no
significant difference between ABO-I and ABO-C groups regarding infection com-
plication and hospitalization. A meta-analysis of ABO-I renal transplant included 1,346
patients from 27 studies which reported a significant increase in severe nonviral
infection (RR: 1.44, 95%CI: 1.13-1.82). CMV infection was significantly higher in ABO-I
group (RR: 1.20, 95%CI: 1.04-1.37, P = 0.01)[6]. Infection was the cause of death in 49%
of patients who were ABO-I in 49% through the first year after the transplantation
compared to 13% in patients who were ABO-C[6].

Surgical complication: The ABO-I, as compared to ABO-C renal transplant patient,
has a significantly higher risk for bleeding due to loss of coagulation factor during the
plasmapheresis[6,47]. Unscheduled surgical intervention was higher in the ABO-I
group due to increased lymphoceles[47]. Mycophenolate mofetil utilization has a
statistically significant role in developing lymphocele, which should be considered
during lymphocele evaluation to avoid unnecessary surgical intervention and decrease
hospital length of stay[48].

Malignancy: There is no statistically significant difference in developing malignancy
between ABO-I and ABOC groups despite aggressive induction therapy[23,6,47,49].
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Table 1 Literature review of studies reporting the ABO blood group incompatibility transplants, complications and outcome

Desensitization/immunosuppression

Study type  Ref. Sample size el Complications Success rate

1 Systemic Scurt et al 65063 of which  Rituximab based protocols vs non-rituximab;  Risk of bleeding; the Death censored graft
review and [37] 7098 undergone  splenectomy groups proportion of patients survival became similar
meta-analysis ABOi-rTx (ABO- with sepsis was higher  to that of ABOc-rTx

incompatible after ABOi-rTx than within the first year;
renal after ABOc-rTx; no compared with ABOc-
transplantation) statistically significant ~ rTx, ABOi-rTx was
difference was observed associated with
in the risk of UTI (D2 =  significantly higher 1-yr
48%), CMV infection (D2 mortality (OR: 2-17;
=71%), BK 95%CI: 1-63-2:90), P <
polyomavirus infection ~ 0.0001
(D2)

2 Single-center Leeetal[54] 56 RP group (1 = 26) vs RO group (1 = 30) No difference in 6-,12-, and 18-mo overall
retrospective complications such as survival rates were
study antibody-mediated 92.3%,80.8% and 76.9%

rejection, biliary in the RP group and
stricture, hepatic artery ~ 96.6%, 85.4% and 85.4%
thrombosis, infection, in the RO group (P =
poor graft and patient 0.5744)

survival; biliary stricture

was most common

23.1% of patients (1 = 6)

in the RP group; 16.7%

in RO group (P = 0.990);

hepatic artery

thrombosis: 6.7% of

patients (n = 2) in the

RO group only;

infection: 7.7% in RP

group (n=2) and 6.7% (

n = 2) in the RO group, P

=0.791

3 Systemic Lo et al[55] 4810 Immunoadsorption or apheresis; From 68 studies: 878 of ~ Follow up time of 28 mo
review and splenectomy or underwent splenectomy 2672 recipients (32.9%)  (SD: 26.6);
meta-analysis experienced acute, immunoadsorption or

rejections; of the above  apheresis: Graft survival
878 recipients with 94.1% (95%ClI: 88.2%-
biopsy-proven acute 98.1%) and 88% (95%CTI:
rejection episodes, there  82.6%-91.8%);
were 304 (34.6%) splenectomy or
reported cases of acute ~ underwent splenectomy:
antibody-mediated Graft survival: 94.5%
rejection, 213 (24.3%) (95%CI: 91.6-96.5%) and
reported cases of acute  79.7% (95%Cl: 72.9% -
cellular rejection and 400 85.1%)
(45.6%) cases of
undifferentiated acute
rejection; 46 of 83
studies with 785
recipients reported on
posttransplant infective
complications. CMV is
the most frequently
reported infection,
followed by urinary
tract infections,
polyomavirus, and BK
nephropathy
4 Single center Tanabeetal 67 Plasmapheresis and immunoadsorption to 5 dies during Survival: 93% at 1 yr;
[52] remove anti-AB antibodies prior to kidney observation.; 3 of 91% at 8 yr; graft
transplantation; induction phase with uncontrolled bleeding survival 79% at1, 2, 3
methylprednisolone, cyclosporine, due to duodenal ulcer, and 4 yr, 75% at 5, 6 yr,
azathioprine, antilymphocyte globulin,and ~ malignant lymphoma, and 73% at7 and 8 yr
deoxyspergualin were used for cerebral hemorrhage
immunosuppression; splenectomy at the time (one each); 10 had non-
of kidney transplantation in all cases tissue invasive CMV
infection

5 Retrospective Okumietal  Study All of the patients were administered a triple ~ Significantly higher There were 32 graft

cohort study  [53] population: 1032; immunosuppressive protocol comprising CMV rates and losses among the
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555 LKT
recipients
(between
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CNI, antimetabolite drugs, and MP; patients
transplanted between 1989 and 1997 received
cyclosporine and AZA, those transplanted

392

adenovirus infections
were observed in the
ABO-ILKT recipients
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patients who underwent
ABO-ILKT before 2004
and 99 graft losses in the
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6 Retrospective Takahashi et
cohort study

7  Prospective

study

8 Prospective
observational al[50]

study
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1989-2004),
452 /555 were
ABO-CLKT &
103 were ABO-
ILKT; 477 LKT
recipients
(between
2005-2013),
ABO-CLKT: 333
and ABO-ILKT:
144.; (247/1032
ABO-ILKT)

441 (Mean age

al[56] 34)

Tydén et al 67 (mean age
[18] 34.9)
Masterson et Study

population: 84
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between 1998 and 2000 received TAC and
AZA, and those transplanted after 2001
received TAC and MMF,; after 2002, all
patients received basiliximab perioperatively;
splenectomies were performed at the time of
transplantation between 1989 and 2004; as an
alternative to splenectomy, one dose of
rituximab was administered 5-7 d before
transplantation

Standard immunosuppressive therapy used:
(1) Extracorpeal immunomodulation to
remove serum A, anti-B antibodies before
transplantation; (2) Pharmacotherapy (triple-
drug regiment combining calcineurin
inhibitor with a steroid and an
antimetabolite) 66% received cyclosporin and
34% tacrolimus; (3) Splenectomy (433 of 441
patients except 8 who were children); and (4)
Anticoagulation therapy (223 patients 51%
received anticoagulation; 218 patients, 49%
did not)

Plasmapheresis and immunoadsorption were
carried out to remove the anti-AB antibodies
before transplantation; induction phase:
Methylprednisolone, cyclosporine,
azathioprine, antilymphocyte globulin and
deoxyspergualin were used for
immunosuppression; local irradiation of graft
of 150 rad on the 1%, 3 and 5" day after
transplantation; splenectomy at the time of
transplantation

Standard immunosuppression without
antibody removal with steroids,
mycophenolate, tacrolimus, and basiliximab;
mycophenolate mofetil 500 mg, BID initiated
7-14 d pretransplant; then 1000 mg, BID as
tolerated or at time of transplant then taper
dose of 1500 mg/ day by weeks 3-6, then 1000
mg/d by week 10-12; tacrolimus 0.05 mg/kg
bid 2-3 d pretransplant, followed by 9-12
ng/mL for 2 weeks, 8-10 ng/mL weeks 3-4, 5-
8 ng/mL weeks 5-24, 3-7 ng/mL weeks 25-52
and 2-4 ng/mL beyond 1 yr; Basilizumab 20

393

compared with the
ABO-CLKT recipients
before 2004. There were
no differences in the
frequencies between the
ABO-CLKT and ABO-
ILKT recipients after
2005

60 patients died; 14
patients died of
pneumonia; 8 of hepatic
failure; 7 of heart failure;
6 of a cerebral
hemorrhage; 3 with
multiorgan failure with
DIC; 2 patients in each:
Malignant lymphoma,
gastric cancer, brain
tumor, gastroduodenal
ulcer, acute pancreatitis,
pulmonary edema,
sepsis, cerebral
meningitis; 1 each:
Hydrocephalus, virus-
associated
hemophagocytic
syndrome, rupture of
aorta aneurysm,
hemorrhage after aortic
valve replacement, ileus,
and suicide

5 died during
observation; 3 patients
with functioning grafts
died of uncontrolled
bleeding due to
duodenal ulcer,
malignant lymphoma,
and cerebral
hemorrhage (one patient
each); 1 patient died of
ischemic colitis due to
secondary amyloidosis;
1 patient of a cerebral
hemorrhage after graft
loss due to humoral
rejection; there was no
fatal infectious
complication; 10 patients
had a non-tissue-
invasive
cytomegalovirus
infection

One patient had
recurrent urinary tract
infections; BK viremia in
four patients by
screening with
spontaneous resolution
following a reduction in
immunosuppression; no
cases of CMV disease or
other opportunistic
infections
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ABO-CLKT group; the
Kaplan-Meier
cumulative graft survival
rates at 9 years were
68.9% and 78.1% for the
ABO-ILKT and ABO-
CLKT groups,
respectively, a difference
that was significant (log-
rank test: P = 0.026).
After 2005, the 9-yr graft
survival rates were 86.9%
and 92.0% for the ABO-
ILKT and ABO-CLKT
groups, respectively, a
difference that was not
significant (log-rank test:
P =0.279); no particular
causes of graft failure
predominantly affected
the ABO-CLKT or ABO-
ILKT groups in either era

Patient survival rates
were 93%, 89%, 87%,
85%, and 84% at 1, 3,5, 7,
and 9 yr, respectively;
corresponding graft
survival rates were 84%,
80%, 71%, 65%, and 59%

Patient survival was 93%
at1yrand 91% at 8 yr;
graft survival was 79% at
1,2,3,and 4 yr, 75% at 5
and 6 yr, and 73% at 7
and 8 yr; patient survival
was not significantly
different from that of
ABO-compatible
patients. Graft survival
was significantly
different between ABO-
incompatible grafts and
ABO-compatible grafts

At 36 mo posttransplant,
patient and graft
survival was 100%; at 12
mo, median (IQR) serum
creatinine and eGFR
were 110.5 pmol /L
77-127 and 56.5
mL/min/1.73 m?
(48-71), respectively; at
36 mo, there was no
significant change in
graft function with
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9  Retrospective Egawa et al

10 Retrospective Kimura et al

study

11 Retrospective Kim et al[59]

12 Series

13 Retrospective
observational
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[571

[58]

1384 and
bidirectional

incompatible n =

143)

Montgomery 60 patients
et al[22]

Okada et al

[60] 205
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66 patients (10
mo to 55 yr old)

5549 patients

(ABO matched n
= 2820 and major
incompatible n =

89 adult patients

412; ABO-I: n =

mg days 0 and 4; prophylaxis against CMV
and pneumocystis jiroveci pneumonia

The basic immunosuppressive regimen
consisted of tacrolimus and steroids in all
groups with a target tacrolimus trough level
between 10 to 15 ng/mL in the first week, 5-
10 ng/mL during the first post-treatment
month; methylprednisolone was
administered- at different doses throughout
each stage; prostaglandin E1 was infused for
7 to 14 d after transplantation;
cyclophosphamide was initiated 1-week
pretransplant and given daily one month
after transplantation, then converted to
azathioprine; splenectomy was performed in
all patients aged five years and older without
contraindications

Among the four groups of ABO
compeatibility, there were no significant
differences in the gender distributions of
patients and donors, the number of
transplantations, performance status before
transplantation, conditioning regimen,
GVHD prophylaxis, administration of
colony-stimulating factors

Acute GVHD prophylaxis consisted of
cyclosporin A (CyA) + Methotrexate (n = 57),
CYA alone (n = 20), CyA plus mycophenolate
mofetil (n = 11); infection prophylaxis
consisting of

ciprofloxacin/ metronidazole/fluconazole
and acyclovir

Pre-and posttransplant PP/CMV IV
immunoglobulin; quadruple, sequential
immunosuppression with tacrolimus and
mycophenolate mofetil. Steroids were used
perioperatively. Daclizumab was used for
induction; splenectomy at the time of
transplant was then replaced by a single dose
of anti-CD20 the night prior to
transplantation

ABO-I cases treated with Rituximab (n = 131);
splenectomy (1 = 21)

394

Incidence of intrahepatic
biliary complications
and hepatic necrosis in
ABO-incompatible
living-related grafts
(18% and 8%,
respectively) was
significantly (P < 0.0001)
greater than in ABO-
compatible and ABO-
identical grafts (both
0.6% and 0%,
respectively)

The cumulative
incidences of transplant-
related mortality
differed significantly
among the four groups
P <0.0001), with the 1-yr
rates being 27.9% (ABO-
matched), 35.8% (major
incompatibility), 34.2%
(minor incompatibility),
and 30.7% (bidirectional
incompatibility)

Within the first 30 d
after allogeneic PBSCT,
bacteremia occurred in
10 (11.2%) patients, viral
infections including
cytomegalovirus in 20
(22.5%) patients, and
fungal infections in 12
(13.5%) patients,
although the incidence
of infection was not
statistically different
between the different
groups of
transplantation;
bleeding occurred in 3
cases; graft failure in 3
cases; toxic hepatitis 1
case

3 patient deaths in the
series; all 3 patients died
with functioning grafts;
cause of death included
West Nile encephalitis
(likely acquired from
FFP transfusion).
metastatic liver cancer

The incidence of
infection was
significantly higher in
the ABO incompatible
treated with Rituximab
group than in the ABO-
incompatible treated
with neither rituximab
nor splenectomy group
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median creatinine 104
pmol/L (82-129), eGFR
57 mL/min/1.73 m? and
urinary

albumin/ creatinine ratio
2.5 mg/mmol (0.98-4.25)

Antibody titer and the
clinical course followed
prospectively during a
period of 3 to 11 yr; 5-yr
patient survival was
59%, 76%, and 80% for
ABO-incompatible,
ABO-compatible, and
ABO-identical grafts,
respectively (P < 0.01); in
patients <1 yr old, > or =
1to<8,>or=8to<16,
and > or =16 yr old, 5-yr
survival was 76%, 68%,
53%, and 22%,
respectively

Survival rates in the
group with major and
minor mismatches were
significantly lower than
the rate in the ABO-
identical group (ABO-
identical 63.0%; major
mismatch, 56.9%; minor
mismatch, 57.1% at one

year)

With a median follow-up
duration of 13 mo (range,
0.5-61 mo); 3-yr overall
survival estimates for the
ABO-identical,
major/bidirectional, and
the minor group were
44.6.0+£9.0,43.1+£11.6,
and 43.8 +13.5%,
respectively (P = 0.8652)

Patient survival at 1, 3,
and 5 yr was 96.3%,
96.3%, and 89.4%,
respectively; using a
short course of PP and
low-dose IVIG with
standard maintenance
immunosuppression, the
death-censored graft
survival of 60
consecutive ABO-I
kidney transplants at 1,
3,and 5 yr was 98.3%,
92.9%, and 88.7%,
respectively

Graft survival for ABO-I
was significantly lower
than that for ABO
compatible renal
transplantation (92.8% vs
97.2% after five years P =
0.0037)
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14 Retrospective Rowley et al

study

[61]
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[28.2% (37/131) vs 9.4%
(5/53), P = 0.006]

158 allogeneic The majority received busulfan or TBI-based 6 patients with The study was to
hematopoietic conditioning regimen. 9 patients received a suspected hemolysis demonstrate the risk of
stem cell variety of other myeloablative conditioning  due to elevated hemolysis
transplants from  regimes; 150 patients received GVHD bilirubin; unable to

prophylaxis consisting of cyclosporine demonstrate adverse
incompatible followed by methotrexate (CSPMTX); 2 effects from hemolysis

patients received MTX alone, 1 patient during the first 21 d of

received cyclosporine + methotrexate, 2 transplantation

patients received CSPMTX with prednisone,
3 patients received CSP and prednisone

ABOi-rTX: ABO-incompatible renal transplantation; ABOc-rTX: ABO-compatible renal transplantation; ABO-CLKT: ABO-compatible living kidney
transplant; ABO-ILKT: ABO-incompatible living kidney transplant; RP: Rituximab with plasmapheresis; RO: Rituximab only without plasmapheresis; OR:
Odds ratio; CMV: Cytomegalovirus; CNI: Calcineurin inhibitors; CyA: Cyclosporin; CSP: Cyclosporin A; MP: Methylprednisolone; AZA: Azathioprine;
TAC: Tacrolimus; MMF: Mycophenolate mofetil; CSPMTX: Cyclosporine followed by methotrexate; GVHD: Graft versus host disease; TBI: Total body
irradiation; yr: year; mo: month; FFP: Fresh frozen plasma; PP: Plasmapheresis.
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Summary of literature review: There has been significant progress in desensitization
protocols and optimization of ABO-I transplantation. Sufficient desensitization is
possible using just rituximab, but this approach has not significantly affected patient
survival. In addition, the use of immunoadsorption also appeared to be a promising
preconditioning strategy as an alternative to rituximab prior to ABO-I kidney
transplantation. In patients who do not undergo antibody removal prior to tran-
splantation and use only conventional immunosuppression, it is essential to have a
baseline anti-blood group antibodies (ABGADb). ABGAD titer was found to be a
predictor of AbMR in ABO-I. Patients with low ABGAD titers can successfully undergo
ABO-I using conventional immunosuppression alone[50]. The use of pretransplant
plasmapheresis in ABO-I patients, however, was found to provide additional pro-
tection. Acute rejections, especially in kidney transplantation was found to be mul-
tifactorial. Likely due to thrombosis of the renal artery, reactive neutrophilic infiltrates
and fibrin deposition at the intima, and total necrosis of the renal parenchymal51]. The
mechanism behind this was thought to occur due to the anti-A/B antibodies that
would bind to renal vascular endothelial cells and activate complement, platelet
aggregation, and inflammation. Starting patients on desensitization and immunosup-
pression protocols and in some studies, anticoagulation and prophylactic antivirals/
antibiotics were found to demonstrate significant improvement in ABO-I transplan-
tation.

ABO-I living kidney transplantation offers an excellent long-term outcome and is an
acceptable treatment for end-stage renal failure[52,53]. Graft survival was almost
identical over the past decade regardless of ABO-incompatibility. It has been found
that the occurrence of acute rejection episodes mainly influenced the longer-term renal
function in ABO-I LKT within six months and donor age (over 54 years old)[52].
Although donor age had a vital role in acute rejection, some studies have found that
recipient age was also identified as a factor for outcome. As mentioned above in the
chart, the studies have demonstrated, in respect to LKT with ABO-incompatibility, a
substantial improvement in graft survival and decreased frequency of infectious ad-
verse events over time. Complications, although decreasing, continue to exist, and
there remains an increased risk of bleeding, infections, and organ rejection which
clinicians need to be aware of as they are seen not only in ABO-I transplantation but as
well as in ABOc transplantation in order to prevent further adverse effects and im-
prove patient care. The use of preemptive antibiotics and antiviral therapy may be
beneficial in these patients and close surveillance of bleeding events. Reducing the
dose of immunosuppressive drugs may be beneficial, as discussed in several studies
mentioned in Table 1, given the risk of infection.

CONCLUSION

ABO-I was historically considered an absolute contraindication to transplantation due
to the significant risk of AAMR and early graft loss. However, the need to minimize
the gap between the candidates’ number on the waitlist for kidney transplants and the
available kidney donors encouraged investigation into finding ways to use organs
from ABO-I kidney donors, especially in the era of using more potent immunosup-
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pression therapies. Desensitization protocols are used to allow ABO-I kidney tran-
splants; these protocols include plasma exchange, B-cell depletion using rituximab,
immunomodulation using IVIG. Induction of immunosuppression using ATG or IL-2
RA is required in ABO-I kidney transplants. Infections are more common with ABO-I
kidney transplants compared to ABO-C kidney transplants due to more potent
immunosuppression.
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Abstract

Kasai procedure (KP) and liver transplantation (LT) represent the only therapeutic
options for patients with biliary atresia (BA), the most common indication for LT
in the pediatric population. However, KP represents by no means a radical option
but rather a bridging one, as nearly all patients will finally require a liver graft.
More and more experts in the field of transplant surgery propose that maybe it is
time for a paradigm change in BA treatment and abandon KP as transplantation
seems inevitable. Inadequacy of organs yet makes this option currently not
feasible, so it seems useful to find ways to maximize the efficacy of KP. In
previous decades, multiple studies tried to identify these factors which opt for
better results, but in general, outcomes of KP have not improved to the level that
was anticipated. This review provides the framework of conditions which favor
native liver survival after KP and the ones which optimize a positive LT outcome.
Strategies of transition of care at the right time are also presented, as
transplantation plays a key role in the surgical treatment of BA. Future studies
and further organization in the transplant field will allow for greater organ
availability and better outcomes to be achieved for BA patients.

Key Words: Biliary atresia; Kasai procedure; Portoenterostomy; Native liver survival,
Liver transplantation
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Core Tip: Timely diagnosis of biliary atresia (BA) is critical to optimizing the outcomes
of Kasai procedure (KP), which should be performed as early as possible. Children
with a delayed diagnosis of BA at high risk of early KP failure or those presenting with
clear evidence of decompensated cirrhosis should be considered for primary liver
transplantation (LT). Early KP failure requiring salvage LT within the first 2-3 years of
life occurs in nearly half of all children with BA but even those with a successful KP
need life-long monitoring for progression of liver disease that may require salvage LT.

Citation: Kakos CD, Ziogas TA, Alexopoulos SP, Tsoulfas G. Management of biliary atresia: To
transplant or not to transplant. World J Transplant 2021; 11(9): 400-409

URL: https://www.wjgnet.com/2220-3230/full/v11/i9/400.htm

DOI: https://dx.doi.org/10.5500/wjt.v11.i9.400

INTRODUCTION

Biliary atresia (BA) represents the most common indication for pediatric liver
transplantation (LT) worldwide, accounting for half of LTs in children and one-tenth
of all LTs[1]. Kasai was the first who performed successful drainage of the bile into the
intestine after resecting the obliterated extrahepatic portion of the biliary tree[2].

Although the Kasai procedure (KP) is considered to be the first-line treatment, the
progressive liver injury seen in most patients with BA results in a 5-year post-
procedural native liver survival (NLS) between 38%-40% even at experienced centers
[3-5]. As a result, most patients will need a salvage LT (sLT) at some point during their
lifetime. The overall low lifetime NLS creates an important dilemma for pediatric LT
experts: Should LT be considered primary therapy in infants with BA and a high
likelihood of KP failure, or should it be utilized as a salvage therapy? This review aims
to highlight the key concepts around this question and to provide an update regarding
the management and outcomes of KP and LT for BA.

PATHOPHYSIOLOGY

The pathogenesis of BA is not fully understood but appears to be multifactorial.
Approximately 15% of patients with BA have associated congenital malformations,
such as abdominal and thoracic heterotaxia, polysplenia, asplenia, and intestinal
malrotation[6]. Viruses, such as cytomegalovirus, herpes virus, Epstein-Barr virus, and
reovirus, may also contribute to a certain extent in the pathogenesis of BA. Additional
factors which may contribute are neonatal immune dysregulation and environmental
toxins[7,8]. While radiologic studies, such as hepatobiliary iminodiacetic acid scan,
may suggest the diagnosis, failure to visualize the biliary tree during intra-operative
cholangiography remains the gold standard for diagnosing BA. Characteristic findings
on liver biopsy include edematous fibroplasia with bile ductular proliferation and bile
plugs[9].

FACTORS ASSOCIATED WITH NATIVE LIVER SURVIVAL AFTER KASAI

Before the Kasai’s report[2], BA was a fatal disease. Unfortunately, KP does not
prevent progressive hepatic injury, which gradually leads to cirrhosis and end-stage
liver disease (ESLD) in most patients. Numerous studies have attempted to identify
the factors predictive of NLS, however, the majority are from single centers and
retrospective in nature[1,3,10-15]. Additionally, many of them are limited to univariate
analysis, and thus careful interpretation of these results is warranted (Table 1).

The main histologic characteristics of BA are increased cholestasis, marked fibrosis,
and ductular proliferation, while the mechanisms behind fibrinogenesis are still under
investigation. There seemed to be a clear association between the degree of
preoperative fibrosis in the liver biopsy and poor NLS[10,16-18]. Another important
histologic finding is intrahepatic duct size, as ducts less than 200 pm represent a risk
factor for NLS[19]. However, a large prospective study from 16 centers in North
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Table 1 Factors reported to be associated with native liver survival

Before the Kasai procedure

Liver fibrosis

Ductal size

Biliary atresia type according to Ohi classification

Portal hypertension

Biliary atresia splenic malformation syndrome

Age at the time of Kasai procedure

After the Kasai procedure Other

Jaundice clearance Specialized institution
Cholangitis

Total bilirubin

Serum creatinine
Portal hypertension
Serum albumin
Corticosteroids

Antibiotics

Jaishideng®
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America found no association between liver fibrosis severity, measured histologically
by the 6 grade Ishak score, and NLS. Instead, gross appearance of the liver at the time
of surgery was predictive of poor NLS[20]. Regarding BA types based on the Ohi
classification, patients with Ohi type 2 and 3 BA appear to have worse outcomes than
Ohi type 1[20].

Duché et al[21] showed that elevated portal pressure, polysplenia syndrome, and
complete atresia of the extrahepatic biliary remnant were independently associated
with worse NLS , as there were lower chances of successful postoperative jaundice
clearance. The latter is considered extremely important for a proper KP[22,23].
Superina et al[20] have also shown the effect of early jaundice clearance on improved
NLS. Similar to Duché et al[21], Superina et al[20] reported the hazardous effect of BA
splenic malformation syndrome (BASM) on NLS, which surprisingly was not
associated with jaundice clearance after KP. The presence of splenic anomalies as an
indicator of poor prognosis has also been documented in other studies[3,24]. The
embryological aspects of this malformation have been studied by Davenport et al[25]
and Karrer et al[26], yet the pathogenesis is still unclear. Notably, a study from Sendai,
Japan reported similar survival between patients with isolated BA vs BA plus BASM
and no associated cardiac defects[27]. Sasaki et al[28] demonstrated that presence of
symptomatic portal hypertension (gastro-esophageal varices requiring treatment), but
not hypersplenism nor cholangitis, was found to be a significant risk factor in
multivariate logistic regression analysis for NLS.

Age at the time of KP plays a vital role in NLS[5]. There is a general consensus
among pediatric surgeons that the sooner the diagnosis and KP is performed, the
better the outcome. Several cutoffs between 7-10 wk after birth have been proposed in
the literature[3,10,20,29]. It is noteworthy that the age at KP in the United States has
not decreased significantly over time[30].

Expertise in KP offered in high-volume centers and centralization of care for
patients with BA has been thought of playing a key role in improving outcomes.
Although excellent results can be obtained even in centers with relatively little
experience[31], this theory seems to have a strong basis[3]. The so-called “center
effect” reflects the experience of the teams at individual centers, and in certain
countries in Europe (e.g., United Kingdom, Finland) centralization of care to suprare-
gional centers has been effective in optimizing outcomes nationwide[32,33].

Regarding postoperative factors, recurrent cholangitis episodes have been
associated with KP failure in multiple studies[18,34-36]. More specifically, Wildhaber
et al[18] demonstrated an approximately double risk for patients with bridging fibrosis
and postoperative cholangitis compared to those with cholangitis only, showing the
impact of this underlying condition. Moreover, Wu et al[35] noted that patients with
BA and inadequate bile drainage had more cholangitis episodes than those with
adequate bile drainage, while the occurrence of cholangitis was associated with
decreased NLS in both groups of patients. In contrast, a single-center study from
California showed no association between cholangitis episodes and the need for LT
[19], and the same was reported in a more recent study from Japan[28]. It is well-
established that BA is an obstructive intra- and extrahepatic cholangiopathy, while KP
can only solve the extrahepatic part of the problem. Therefore, for optimal outcomes,
KP can be combined with regimes dealing with intrahepatic obstruction, inflam-
mation, and bile infection[37]. Specifically, ursodeoxycholic acid has been utilized
often for this purpose due to its immunomodulatory and cytoprotective effects[38].
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Jain et al[39] described several parameters associated with an increased risk for
requiring LT after 16 years of age. They reported that among BA patients achieving
NLS until the age of 16 years, only serum total bilirubin and creatinine were associated
with higher risk of requiring LT. A retrospective study from Australia and Canada
showed that a serum albumin level below 35 g/L was a poor prognostic indicator in
infants with BA who were no longer jaundiced at 3 mo after KP[40].

Corticosteroids are well-known modulators of BA inflammation as they reduce the
production of inflammatory cytokines (tumor necrosis factor-o, interleukin-1,
interleukin-8), prostaglandins, and nitric oxide[41]. They also seem to have other
choleretic effects, which have not been studied as extensively. Results from early
studies on the use of corticosteroids showed a benefit in survival in BA patients[42-
45]. A randomized controlled trial from 2007 showed that corticosteroids had a benefit
on the rate of reduction of bilirubin early postoperatively, yet they did not reduce the
need for LT[46]. The more recent START randomized clinical trial compared 70
children receiving intravenous methylprednisolone (4 mg/kg/d for 2 wk) and oral
prednisolone (2 mg/kg/d for 2 wk) followed by a tapering protocol for 9 wk with 70
children receiving placebo initiated within 3 d of KP[47]. The study showed that high-
dose steroids after KP did not significantly improve bile drainage at 6 mo, although a
small clinical benefit could not be excluded[47]. However, treatment with steroids was
associated with earlier onset of serious adverse events[47]. A meta-analysis published
in 2015 showed no significant difference in jaundice clearance for patients who
received steroids overall; nonetheless, sensitivity analysis excluding studies on the use
of high- or low-dose steroids and including only studies on the use of moderate-high
dose steroids (prednisolone 4-5 mg/kg/d) showed a higher jaundice clearance rate at
6 mo post-KP[48]. Prednisolone is the most frequently prescribed steroid in most
studies, but dexamethasone and hydrocortisone have also been described in the
literature[49]. The possible side effects of long-term steroid use should not be
neglected.

There is limited knowledge about potential benefit of post-KP use of antibiotics. The
commonest intravenous regimen in a survey of European practice is a combination of
piperacillin-tazobactam and gentamicin[50]. A randomized clinical trial by Bu et al[51]
demonstrated a positive impact of post-KP use of trimethoprim-sulfamethoxazole or
oral neomycin, while a recent systematic review of four articles by Dechaurun et al[52]
presented ambiguous results with three studies suggesting the presence of a potential
benefit in using antibiotics. The need for high-quality evidence in the form of
prospective studies in this field is evident.

LT OUTCOMES

The majority of patients with BA will progress to ESLD requiring evaluation for LT at
some point in their life. Since Kasai’s first description[2], there have not been
significant changes to the technique of KP, and long-term NLS has not significantly
improved. Unfortunately, even patients who manage to survive more than 20 years
after KP have histological, clinical, or ultrasonographic evidence of significant chronic
liver disease[53,54]. Portal hypertension is also commonly observed in BA patients at
some point after KP[53,54].

sLT is considered when patients who had undergone KP develop ESLD. A
retrospective study from the United States reported a higher incidence of cholangitis,
sepsis, and bacteremia in the baseline characteristics of patients who underwent sLT,
compared with those who underwent only KP[55]. The authors also compared the
outcomes between primary liver transplantation (pLT) and KP, regardless of whether
patients eventually required sLT. Early survival was higher in the KP group, but long-
term survival was significantly better in pLT group (5-year survival 88% for KP vs 94%
for pLT)[55]. sLT was also associated with an increased risk of death compared to pLT,
which may be attributed to the technical difficulties of sLT in the setting of previous
KP and hilar dissection. Recipients of sLT for BA have been reported to have a higher
incidence of infectious and vascular complications and intestinal perforation compared
to pLT recipients, likely due to previous surgical interventions[56-58]. The incidence of
pLT for BA varies from 10%-11% in Canada, Switzerland, and Germany to 3%-4% in
the Netherlands, United Kingdom, and France and to 0.1% in Japan[59], so the
decision regarding the management of BA may vary among different healthcare
systems.

Nevertheless, there are studies reporting equivalent LT outcomes between patients
with and without a previous KP. The findings of equivalent post-LT survival
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regardless of prior KP support the recommendation for a staged approach for the
treatment of BA, starting with KP and progressing to LT only when necessary[60-63].
It is argued that in this way, KP delays the need for LT and allows not only for the
improvement of the child’s nutritional status but also for their size to increase and to
increase the potential size-matched organ donor pool. A multicenter study from 39
centers in the USA and Canada failed to demonstrate an effect of prior KP on LT
outcome[64]. Cowles et al[65] reported on 71 children who underwent LT for BA, 61 of
whom had previously undergone KP, and they observed no clear difference in the
outcomes between the two groups. A 2016 meta-analysis reported no difference in 1-
and 5-year patient and graft survival between patients who underwent KP and those
who did not, yet patients who had undergone KP prior to LT had an increased risk of
postoperative infection[66].

Another interesting aspect is the comparison of post-transplant after KP outcomes
between children and adults. Kyoden et al[67] found no significant differences in
survival with a 5-year patient survival of 90% in both age groups, yet a large
retrospective study from Japan demonstrated a clear survival benefit in the pediatric
population (5-year patient survival 86.7% in children vs 69.7% in adults)[68]. In both
studies the patients received a living donor graft[67,68]. A more recent single-center
study from King's College Hospital also showed superior patient survival after
deceased donor LT for BA patients listed as children (n = 22) compared to those listed
as adults (n = 14), yet the results did not reach statistical significance because of the
limited study sample[69].

The type of liver graft may also be a major prognostic factor. Living donation has
expanded the donor pool and also provided recipients with organs which appear to be
of better quality than the deceased ones[70]. Multiple studies agree that living donor
grafts have superior outcomes in patients with BA[60], but there are also reports
challenging this theory[61,63,64]. A study from 1996 had suggested that LT using
reduced-size grafts (only part of the donor liver is used for the graft, and the
remaining resected liver is discarded) may not be the best option for BA due to inferior
outcomes[62]. However, since reduced-size grafts were mostly utilized in emergency
situations, the authors stated that after censoring these, they found no significant
difference in patient survival between elective reduced-size and whole liver grafts[62].
A more recent study using national registry data showed that the effect of donor
allograft is related to recipient weight for children with BA[71]. Specifically, for
children < 7 kg, reduced size grafts and living donor grafts had decreased risk of graft
failure compared to whole grafts, for children 7-14 kg living donor grafts had
decreased risk of graft failure compared to both reduced size and whole grafts, while
for children > 14 kg there was no difference in graft failure by allograft type[71].

There are several studies that tried to identify predictors of a successful LT in
children with BA (Table 2). Fouquet et al[61] demonstrated that BASM, intraoperative
complications (hemorrhage, intestinal injury, vascular thrombosis), and hospitalization
in the intensive care unit were associated with an increased risk of death. Utterson et al
[64] reported that infant recipient (< 11 mo), use of cyclosporine vs tacrolimus, growth
deficit, and re-transplantation were associated with post-LT mortality. Living
donation, technological refinements, increased surgical experience, and advances in
anesthesia and in immunosuppression will play a key role in improving post-LT
outcomes.

TRANSITION OF CARE

So, the main question remains: To transplant or not to transplant? For many decades it
was considered that KP must be the first choice for patients with BA, serving as a
bridging therapy to delay or even avoid the need for LT. Today it is well-established
that most BA patients will eventually require LT at some point in their lifetime, yet the
demand for donor livers continuously exceeds the supply. LT has matured to the stage
where in most centers excellent long-term survival can be achieved despite the
technical challenges of sLT following KP. However, the excellent long-term outcomes
of pLT suggest this is also a reasonable alternative treatment option for certain patients
[59]. pLT is now being more frequently considered for children with BA at a very high
likelihood of early failure of KP, challenging the traditional treatment paradigm.

For children who have undergone KP, the best next step is to ensure adequate
follow-up and appropriate transition of care from childhood to adulthood so as to
continuously monitor for manifestations of ESLD and refer for LT when needed.
Progressive jaundice, recurrent bacterial cholangitis, portopulmonary hypertension,
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Table 2 Factors associated with liver transplant outcomes

Patient characteristics

Surgical characteristics

Age at the time of liver transplant
Biliary atresia splenic malformation
Growth deficit

Hospitalization in the intensive care unit

Type of immunosuppression

Previous Kasai procedure
Intraoperative complications (hemorrhage, intestinal injury, vascular thrombosis)
Allograft type

Re-transplantation

Jaishideng®

and hepatopulmonary syndrome warrant evaluation for LT. Implementation of
objective scoring systems, including Model for End-stage Liver Disease and Pediatric
End-stage Liver Disease score systems, have decreased the pediatric waitlist mortality
and increased the number of patients receiving a deceased donor liver graft[55].
However, several manifestations of ESLD are not adequately reflected in these scoring
systems, and thus many children with BA eventually require exception points to
undergo LT[72]. Mortality risk has been shifted gradually to the pre-transplant period,
and peri-transplant risks are mainly related to patient’s condition[73]. Receiving an LT
at a young age allows for greater use of left lateral segment graft from a living donor
without affecting the deceased donor pool. From another point of view, KP is far more
cost-effective compared to pLT[74].

Timely diagnosis of BA is critical to optimizing the outcomes of KP, which should
be performed as early as possible. Children with a delayed diagnosis of BA at high risk
of early KP failure or those presenting with clear evidence of decompensated cirrhosis
should be considered for pLT. Early KP failure requiring sLT within the first 2-3 years
of life occurs in nearly half of all children with BA, but even those with a successful KP
need life-long monitoring for progression of liver disease that may require sLT.

CONCLUSION

In conclusion, cooperation between pediatric and adult hepatologists, pediatric
surgeons, and transplant surgeons is necessary for the management of BA patients.
Close and long-term follow-up is required to monitor for manifestations of ESLD that
may warrant evaluation for LT, as well as to improve quality of life along with
survival outcomes. More prospective multicenter studies are needed to demonstrate a
clear conclusion about the proper management of BA.
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