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Abstract

Background: Systemic scleroderma (SSc) involves multiple organs including the skin, the lung, the kidney, and the
esophagus. Nowadays, patient life prognosis has substantially improved due to more appropriate management of
lung complications, including lung transplantation. However, the extension of their survival may increase SSc
patients with chronic kidney diseases and requiring renal replacement therapy (RRT).

Case presentation: A 51-year-old female with SSc who underwent unilateral deceased-donor lung transplantation
was referred because of progressive renal dysfunction. Despite no episodes of scleroderma renal crisis, her renal
function gradually deteriorated for 2 years with her serum creatinine level increasing from 0.5 mg/dL at
transplantation to 4.3 mg/dL. Although we reinforced antihypertensive treatment and reduced calcineurin inhibitor
dose, she thereafter developed symptomatic uremia. Due to impaired manual dexterity with contracture of the
interphalangeal joints, no caregivers at home, and kidney transplantation donor unavailability, maintenance
hemodialysis was chosen as RRT modality. Further, due to the narrowing of superficial vessels in the sclerotic
forearm skin and post-transplant immunocompromised status, the native left brachiocephalic arteriovenous fistula
was created. Post-operative course was uneventful while any sign of cutaneous infection and pulmonary
hypertension was closely monitored. Our literature review also indicates several difficulties with initiating and
maintaining RRT in patients with SSc although case reports of kidney failure after lung transplanation in SSc were
not accumulated.

Conclusions: With respect to initiating RRT for post-lung transplant patients with SSc, the clinical course of our
case exemplifies recent complex trends of renal management. The optimal modality with secured initiation of RRT
should be carefully determined based on the severity and risk for the cardiopulmonary, peripheral vascular,
cutaneous, and systemic or local infectious complications.
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Introduction
Systemic scleroderma (SSc) is known as a systemic
disorder involving the kidney as a life-threatening

scleroderma renal crisis that presents with the abrupt
onset of severe hypertension accompanied by rapidly
progressive renal failure [1]. Antihypertensive therapy
with angiotensin-converting enzyme inhibitors is
highly recommended to improve life and renal prog-
nosis [2].
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Another targeted organ is the lungs, presenting as
scleroderma lung disease or pulmonary hypertension. In
addition to anti-fibrotic agents such as nintedanib and
pirfenidone for pulmonary fibrosis, the ultimate treat-
ment may be lung transplantation. These modalities
served to extend the life span of those patients drastic-
ally. On the other hand, aging and prolonged survival of
patients with SSc conferred a variety of medical needs.
For example, although not sufficiently recognized, post-
lung transplantation patients are the population at high
risk for chronic kidney disease (CKD) [3].
Here, we describe a SSc case with a post-lung trans-

plant CKD, eventually requiring renal replacement ther-
apy (RRT). This report demonstrates that RRT should
be designed and initiated for those patients, considering
various medical and social conditions surrounding the
patient.

Case presentation
A 51-year-old female was referred to our outpatient of-
fice due to severe renal dysfunction. She presented with
SSc, which had manifested as digital contracture at 30
years of age. She had no medical history of scleroderma
renal crisis, but further imaging studies, such as com-
puted tomography and gastroscopy, revealed interstitial
pneumonitis and gastroesophageal reflux disease. La-
boratory tests showed serum positivity for anti-Scl-70
antibody. Despite conventional immunosuppressant
treatment, she suffered from dyspnea because of recur-
rent pneumothorax and initiated home oxygen therapy
at 40 years of age. Five years later, she underwent left-
sided unilateral deceased-donor lung transplantation
with her pre-transplant serum creatinine level of ap-
proximately 0.5 mg/dL. She also had no history of
hematuria or proteinuria, diabetes mellitus, or
hypertension.
Her post-operative course was uneventful. Her re-

spiratory condition improved, and home oxygen
therapy was successfully withdrawn. At 2 years after
transplantation, her blood pressure exceeded 150mmHg
which was thereafter stabilized at approximately 130
mmHg with temocapril hydrochloride treatment, and
her serum creatinine level continued to increase.
Meanwhile, the trough concentration of tacrolimus
was well controlled. Despite no signs of scleroderma
renal crisis, her renal function gradually deteriorated,
and periodic ambulant follow-ups showed increasing
serum creatinine levels, from 0.8 mg/dL to 1.6 mg/dL
over those 2 years. Tacrolimus was replaced by sustained-
release tacrolimus hydrate, and the target trough value
was decreased from 8–10 ng/mL to 6–8 ng/mL.
After her first visit to our office, despite multidis-

ciplinary approach, including nutritional counseling,
her serum creatinine level reached 7.0 mg/dL,

concurrently with uremic symptoms such as nausea,
vomiting, and pedal edema. Kidney transplantation
was impossible at that time since she had no living
or deceased kidney donor. Peritoneal dialysis (PD)
was also difficult as she could neither manipulate the
PD catheter and bags nor give scrupulous exit-site
care well enough because of digital contraction and
restricted range of motion due to SSc. Unfortunately,
no family member could be supportive upon her
handling the PD equipment. Finally, she chose
hemodialysis (HD) as her RRT modality.
For establishing vascular access, ultrasound cardiog-

raphy revealed an ejection fraction of 66% and a tricus-
pid regurgitation peak gradient of 20 mmHg without any
sign of pulmonary hypertension, suggesting that arterio-
venous fistula (AVF) formation may confer a low risk for
high cardiac output heart failure or pulmonary hyperten-
sion. The artificial devices such as cuffed hemodialysis
catheter or arteriovenous graft were avoided because of
the risk of infection and delayed wound healing caused
by immunosuppressive agents for SSc and lung trans-
plantation care. Upon peripheral venous ultrasonog-
raphy, her forearm veins were poorly developed and the
peri-vascular tissue was sclerotic so that they were insuf-
ficient for puncture and suturing, except for the elbow.
Since radial and ulnar veins at her right brachium were
located deeper than those at the left and she was right-
handed, we concluded that left brachiocephalic AVF was
the most appropriate for the patient.
The perioperative course was uneventful; the vessels

were smoothly sutured without excessive surgical inci-
sion or bleeding. The AVF developed well to be
clearly visible and easily punctured without any sign
of upper limb swelling, arrhythmia, or deterioration of
Raynaud’s phenomenon. Since AVF may cause pul-
monary hypertension that also potentially complicates
SSc, the patient was carefully followed by cardiologists
with ultrasound cardiography. The estimation of a tri-
cuspid regurgitation peak gradient remained approxi-
mately 40 mmHg, implying a presence of moderate
pulmonary hypertension according to the European
guideline [4], but with no sign of right ventricular,
atrial, or inferior vena cava dilation. She needed no
medication and had no limitation of daily physical
activities.
Two months after the operation maintenance HD was

initiated (Fig. 1). Even when the blood flow rate for HD
was raised from 80 to 140 mL/min, the venous pressure
for returning blood stabilized at less than 60 mmHg.
After confirming her uremic syndrome was ameliorated,
she was discharged home. At 2 months after the initi-
ation, neither vascular access problem nor signs of blood
flow excess were reported.
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Discussion
The current case developed end-stage renal disease
(ESRD), although her blood pressure had been consist-
ently well-controlled by angiotensin-converting enzyme
inhibitors and she had presented no signs suggestive of
scleroderma renal crisis. Thus, ESRD in our case might
be due to post-lung transplant CKD rather than to
scleroderma renal crisis. A series of retrospective studies
of a large cohort from European countries or a single
high-volume institution in the USA implied compar-
able survival, graft prognosis of lung transplant recipi-
ents [5–7], suggesting a rising possibility that lung
transplantation is appropriate for SSc patients regard-
less of the severe complications such as esophageal
dysfunction. In Japan, until the end of 2017, 388 re-
cipients had obtained donor lungs from deceased do-
nors, while 208 had done so from living donors
(www.asas.or.jp/jst/pdf/factbook/factbook2018 (in
Japanese) [accessed October 6, 2019]). While the
overall international 5-year survival rate after lung
transplantation is approximately 50% [8, 9], the 5-year
survival rates of recipients of living donor and
deceased-donor lung transplantation in Japan are 73%
and 72% (www.asas.or.jp/jst/pdf/factbook/factbook2018
(in Japanese) [accessed October 6, 2019]), respectively,
as of 2017. As recipient life span is prolonged, the in-
cidence of post-transplant CKD is increased [3]. CKD
following organ transplantation is caused mainly by
nephrotoxicity of calcineurin inhibitors (CNIs) but
also that of antibiotics, atherosclerotic vascular dis-
ease, diabetes, and hypertension [10].

There have not yet been established standards as to
which modality of RRT is the most appropriate for
post-lung transplant patients with SSc. Previously,
kidney transplantation in SSc patients had been re-
ported to have poorer patient and graft survival rates
than in other primary renal diseases [11]. On the
other hand, recently, one report suggested no inferior
prognosis under the circumstances of well-controlled
pulmonary parenchymal involvement [12]. Another
report suggested that patients with SSc are more
likely to recover from ESRD than other nephrotoxic
diseases over a year. In other words, we can estimate
whether ESRD would be prospectively permanent and
start to take measures to find donor candidates dur-
ing that period [13]. Also, several reports suggested
that patients who underwent kidney transplantation
after lung transplantation revealed a significant sur-
vival profit compared with patients after lung-only
transplantation [14, 15]. However, according to the
Japan Organ Transplant Network, the average waiting
time of adult candidates in Japan is over 14 years
(https://www.jotnw.or.jp/ (in Japanese) [accessed July
29th, 2020]). She also had no close relatives eligible
to become a living donor. Therefore, kidney trans-
plantation was not appropriate.
PD could be an optimal initial modality as it might

affect hemodynamics more mildly than HD [16], espe-
cially in patients complicated with pulmonary hyper-
tension. Although there was no report intensively
focusing on the efficacy and safety of PD for post-
lung transplant patients, one report proposed a lower

Fig. 1 The clinical course of the presented case. The serum creatinine level was 0.5 mg/dL before lung transplantation. After transplantation, it
stabilized at around 0.8 mg/dL. Over 2 years after transplantation, it had gradually deteriorated to 1.6 mg/dL, and the trough level of tacrolimus
was lowered. It continued to increase to 4.3 mg/dL, and she was referred to nephrologists. Although multidisciplinary nephrological treatment
was launched, hemodialysis had to be initiated only a year after the first nephrological referral
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hospitalization rate in heart and lung transplant pa-
tients on PD compared to HD [17]. It also suggested
noninferior survival rates within the two modalities
[17]. For patients with SSc, however, the peritoneal
function might be impaired due to microvascular oc-
clusion and fibrosis [18], and serious gastrointestinal
involvements such as bowel perforation, consequent
peritonitis and reduction of peritoneal clearances
could be possible [19]. Additionally, our case may
have an increased risk of intraperitoneal, tunnel, and
exit-site infections potentially caused by multiple im-
munosuppressive medicines such as steroids, CNI,
and mycophenolate mofetil against graft rejection
after lung transplantation. Practically, manipulating
the PD catheter and bags, as well as keeping chronic
exit-site care aseptic is sometimes difficult for patients
with SSc because of digital contracture, as is the case
in our patient.
Thus, maintenance HD was considered as the appro-

priate option as her RRT modality. We thereafter con-
sidered what kind of vascular access to conduct HD was
most suitable for the patient.
For patients with SSc, creating and maintaining vas-

cular access is reported as clinical difficulties such as
the failure of fistula attempts [20], surgical wound
healing [21], and occlusive arterial disease [22], which
may be due to circulating fibrotic and angiogenic
molecules [23]. Antiphospholipid antibodies may be
partially involved in the pathogenesis of vascular
events in SSc [24]. Abnormal endothelial function im-
pairs vasodilation through the bloodstream in patients
with systemic sclerosis [25]. There still is no data
reporting the outcomes of dialysis fistula formation in
this population, but events due to atherosclerotic and
structural vascular disease are well described in pa-
tients with SSc [26]. Immunosuppressant of CNI and
mycophenolate mofetil both may not only increase
the risk of infection but also delay wound healing [27,
28]. Therefore, since the surgical incision should be
minimized, brachiocephalic AVF was selected to cre-
ate as her vascular access.
Also, pulmonary hypertension may be exacerbated

after creating AVF via a blood flow excess and heart
failure [29, 30]. In 2005, for example, Nakhould et al.
illustrated that 20 (48%) out of 42 hemodialysis pa-
tients had pulmonary hypertension [29]. Temporary
closure of the vascular access by a sphygmomanom-
eter in eight patients with pulmonary hypertension re-
sulted in a transient decrease in cardiac output and
systolic pulmonary arterial pressure [29]. Bolignano
et al. also reported two ESRD cases with AVF who
required ligation of their AVF due to the develop-
ment of high-output heart failure and progressive pul-
monary hypertension in the early post-operative

period [30]. Thus, in performing surgery to create
AVF especially for those who initially represent pul-
monary hypertension, the venous diameter of AVF
should be determined to avoid the cardiac complica-
tion and careful monitoring of the pressure with
ultrasonography is needed for non-invasively diagnos-
ing the pulmonary complication.

Mini review
In order to evaluate how appropriate our choice of HD
as the modality of RRT utilizing brachiocephalic AVF
was, we conducted a literature review describing ESRD
case with either SSc or post-lung transplantation. Al-
though a cohort data is available on clinical outcome of
SSc patients requiring RRT [32], as far as we conducted
a literature review providing detailed clinical course
around introducing RRT for ESRD patients with SSc or
lung transplantation, two case reports regarding the
former only were published (Table 1) [20, 31].
In 2012, Brown et al. presented a case of a 51-year-

old female who suffered from polyarthritis and was
prescribed with oral steroidal therapy for a provisional
diagnosis of rheumatoid arthritis [20]. She afterward
developed malignant hypertension and pulmonary
edema, which required intubation and hemofiltration,
and eventually, she was introduced PD. Although not
mentioned, the scleroderma renal crisis was suggested
based on the history. During the dramatic clinical
course, her immunological laboratory findings re-
vealed both of speckled and nucleolar pattern of anti-
nuclear antibody, concurrent with Raynaud’s
phenomenon and digital contracture with thick skin.
She was diagnosed with SSc and went on low dose
oral prednisolone, and consequently, arthritis, as well
as the excess of body fluid, was well controlled. Sixty-
four months after initiation of PD she had to transfer
from PD to HD because of displaced PD catheter.
Unfortunately, her brachiocephalic AVF got ruined by
thrombosis, so she had no choice but to give up AVF
and be placed dialysis catheter for HD. She died 2
years after initiation of HD, during which encapsulat-
ing peritoneal sclerosis, as well as miserable complica-
tions of chemotherapy against breast cancer, seemed
to make her quality of life much worse.
In 2019, Uwatoko et al. reported a case of a 44-

year-old female who had developed scleroderma renal
crisis several times and was introduced HD for ESRD
[31]. The patient had been diagnosed with SSc based
on Raynaud’s phenomenon, skin stiffness, and serum
positivity for anti-Scl-70 antibody 2 years before initi-
ation of HD. She was started on oral prednisolone of
20 mg/day but experienced the first attack of sclero-
derma renal crisis a year after. Although the conse-
quent introduction of angiotensin-converting enzyme
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inhibitor made her blood pressure consistently well-
controlled, her renal function deteriorated rapidly,
which was rationally concluded as the second attack
of scleroderma renal crisis because of pathological
findings of malignant hypertension proved by renal
biopsy. During the operation to create radiocephalic
AVF, the more extensive surgical skin incision was
necessary to obtain a wider view of the surgical site
because of skin stiffness. Besides, her cephalic vein
was accidentally ruptured despite the protective tech-
nique. The AVF was narrowly created successfully via
attentive suturing. Although the preoperative diame-
ters of arterial and venous vessels were 2.5 mm and
2.4 mm, respectively, and estimated brachial arterial
flow was 634 mL/min, indeed all of which were
thought to be eligible for AVF, it needed approxi-
mately 4 weeks to mature well enough to puncture
with ultrasound guidance. Maximum utilized blood
flow of AVF was no more than 180 mL/min and it
fluctuated during HD.
Compared to those two cases, our case is unique in

the following points. First of all, although not renal
biopsy-proven, no sign or evidence suggestive of
scleroderma renal crisis was observed. Secondly, the
creation and maturation of AVF as well as initiating
HD was successful and uneventful. Lastly, but most
importantly, our patient had undergone lung trans-
plantation before initiation of RRT. It could be said
that rather than SSc or scleroderma renal crisis, some
agents or procedures of lung transplantation might
have predisposed more the patient to ESRD. More-
over, it turned out to be the case that intensive con-
sideration of avoiding PD as well as radiocephalic
AVF made it possible to safely introduce RRT when
selecting the modality of RRT for our patient. We
still need to intensively follow the case up to prevent
stenosis and thrombosis of the brachiocephalic AVF,
as reported previously. In order to establish the most
suitable modality of RRT for patients with SSc or
organ transplantation, more research and case reports
are desirable.

Conclusion
The overall prognosis of patients with SSc has been
steadily improved. As the life span of patients with SSc
is prolonged, there is an increasing necessity for pursu-
ing an optimal modality of RRT as well as developing a
better reno-protective strategy against pre-dialysis CKD.
Our case can exemplify these recent trends and encour-
age further research and development. We suggest that
more case reports should be accumulated to establish
the most suitable modality of RRT for patients with SSc
or lung transplantation, the number of whom is now on
the rise.
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