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Renal Manifestations in Paroxysmal Nocturnal Hemoglobinuria

Abstract

Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired chronic disorder characterized by a
triad of clinical features - hemolytic anemia, pancytopenia, and thrombosis. Not many reports of
renal involvement in PNH are available in literature. We present a case series of PNH with renal
involvement. We present the data of PNH patients who attended to Departments of General Medicine
and Nephrology at a government-run tertiary care institute in South India. The diagnosis of PNH in
these patients during initial phase, between 1998 and 2004 was based on sucrose lysis and Ham’s
test. After 2004, the diagnosis was based on flow cytometry to detect CD59 (membrane inhibitor of
reactive lysis), a glycoprotein, and CD55 (decay accelerating factor) in regulation of complement
action. The patient data were collected from 1998 to 2014. There were 14 patients of PNH in this
period. The mean age was 37 years and the range was 16-68 years. There were eight females.
Acute kidney injury (AKI) was noted in six patients. Dialysis was performed in four of them. The
mean serum creatinine and urea at the initiation of dialysis were 5.4 + 0.6 and 64.1 + 6.1 mg/dl,
respectively. The median number of hemodialysis sessions done was four. Renal biopsy was done
in four patients. In three patients, the urinalysis and serum chemistry were suggestive of Fanconi
syndrome. In our patients, three renal manifestations of PNH were identified. They were AKI, renal
vessel thrombosis, and Fanconi syndrome. Chronic renal failure was not identified.

Keywords: Allogeneic bone marrow transplantation, eculizumab, Fanconi syndrome, hemosiderin,
paroxysmal nocturnal hemoglobinuria, renal vein thrombosis

Introduction

Paroxysmal  nocturnal = hemoglobinuria
(PNH) is an acquired chronic disorder
characterized by a triad of clinical
features - hemolytic anemia, pancytopenia,
and thrombosis. However, even in
the absence of one or more of these
manifestations a conclusive diagnosis
can be made by appropriate laboratory
investigations. PNH has an estimated
prevalence of 1-1.5 patients per million
population. The diagnosis is often made
in East Asian countries, but it is not
certain whether the incidence is greater
in this region.! The prevalence in
India is not known. From a series™ in
England of eighty consecutive patients,
the median age at the time of diagnosis
was 42 years (range, 16-75 years). In an
Indian series, the age was reported to be
26.09 years (range, 1642 years).*! There is
a tendency to male preponderance.”*! PNH
arises from a somatic mutation involving
a gene on the X chromosome which codes
for a protein involved in the assembly of
phosphatidylinositol glycan (PIG), which
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anchors many proteins to the surface of
cell membranes. Due to shortage of PIG,
the two protective proteins which inactivate
complement complexes, decay accelerating
factor (DAF; CD55) and membrane
inhibitor of reactive lysis (MIRL; CD59)
are absent in PNH red cells, which then
become sensitive to lysis by complement.!

The association of PNH and kidney
disease was first recognized in the early
1970s.1" Subsequently, a high incidence of
functional and anatomic renal abnormalities
among PNH patients was documented.!”
While these renal abnormalities in PNH are
prevalent, they appeared to be generally
mild and may not be brought to medical
attention, apart from a few patients
presenting with acute kidney injury (AKI).[¥
Not many reports of renal involvement in
PNH are available in literature. We present
a retrospective case series of PNH with
renal involvement.

Materials and Methods

We present the retrospective analysis of
the data of PNH patients who attended to
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the Departments of General Medicine and Nephrology at
a government-run tertiary care institute in South India.
The patients’ data were maintained on an out-patient case
record. The diagnosis of PNH in these patients during
initial phase, between 1998 and 2004 was based on sucrose
lysis and Ham’s test. The sucrose lysis test uses the ionic
strength of serum that is reduced by adding an iso-osmotic
solution of sucrose, which then activates the classic
complement pathway, and complement-sensitive cells are
lysed. The Ham test (acidified serum lysis) establishes
the diagnosis of PNH, demonstrating a characteristic
abnormality of PNH red blood cells (RBCs) by acidified
fresh normal serum. Patient’s RBCs lysed by normal serum
at room temperature and at 37°C compared with normal
red cells (no hemolysis). When serum is heated at 56°C,
it inactivates complement and prevents hemolysis in RBCs
of PNH. After 2004, the diagnosis was based on flow
cytometry to detect CD59 (MIRL), a glycoprotein, and
CD55 (DAF) in regulation of complement action. Absence
or reduced expression of both CD59 and CD55 on RBCs
of PNH is diagnostic. Flow cytometry was done in some
patients who were previously diagnosed based on sucrose
lysis and Ham’s test.

The conventional definition of AKI(ARF) — “a significant
decline in renal excretory function over hours or days”
and also AKI network classification were utilized. Renal
biopsy was done in four patients to identify the cause of
AKI. Fanconi syndrome was diagnosed when there were
excessive losses of amino acids, glucose, phosphate,
bicarbonate, and other substrates handled by proximal
tubules with glomerular function not primarily affected.
When urine pH in such a patient was >5.5, renal tubular
acidosis was provisionally diagnosed. If urine pH was <5.5
in such a patient, sodium bicarbonate infusion was given
till the serum bicarbonate reaches 24 mmol/L and fractional
excretion of bicarbonate (FEHCO,) was measured using the
formula, urine bicarbonate X plasma creatinine divided by
plasma bicarbonate X urine creatinine multiplied by 100.
When FEHCO, was more than 15%, proximal renal tubular
acidosis was diagnosed.”

Results

The patient data were collected from 1998 to 2014.
There were 14 patients of PNH in this period. The mean
age was 37 years and the range was 16—68 years. There
were eight females. These patients had symptoms for
370.5 + 61.8 days before their presentation to our institute.
All of them were diagnosed with PNH before presenting
with a renal manifestation. The sucrose lysis test and
Ham’s test were positive in all patients. The flow cytometry
for reduced expression of CD59 (MIRL), a glycoprotein,
and CD55 (DAF) was positive in all nine patients in whom
it was done. Bone marrow examination was done in five
patients as a part of investigations for the diagnosis of
PNH. It was similar in all of them. Bone marrow was
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hypercellular. Erythroid:myeloid ratio was about 2:1.
Erythropoiesis was normoblastic to megaloblastic and
hyperplastic. Granulopoiesis was normal. Megakaryocytes
appear normal. Iron stain showed absent hemosiderin due
to depleted iron stores probably due to prolonged loss of
RBCs in urine.

AKI was noted in six patients (42.8%) [Table 1]. Dialysis
was performed in five of them (35.7%). The mean serum
creatinine and urea at the initiation of dialysis were
5.4 £ 0.6 mg/dl and 64.1 + 6.1 mg/dl, respectively. The
median number of hemodialysis sessions done was four.
Renal biopsy was done in four patients. The indication for
the biopsy was AKI of more than 4 weeks. The median
number of glomeruli was 9. The tubules showed prominent
brown granular pigment within the epithelial cells. It was
confirmed as hemosiderin with the Perls’ Prussian blue
reaction. A few deposits of hemosiderin were also seen
within the tubular lumina. The pathological diagnosis in
these four patients was acute tubular necrosis secondary to
hemosiderin deposition at least in three of them [Table 2].
At the end of three months after discharge, all patients had
normal renal function. There was no hematuria.

In two patients (14.2%), there was unilateral renal vein
thrombosis. Both of them presented with flank pain and
macroscopic hematuria. There was no renal impairment.
The values of serum creatinine in them were 1.0 and
1.1 mg/dl. In both of them, anticoagulation was started.
Unfractionated heparin was first administered. It was
overlapped with warfarin (a synthetic derivative of
dicoumarol). The international normalized ratio was
maintained between 2.0 and 3.0. Warfarin was continued
for 6 months. There was partial recanalization of renal
veins in both the patients.

In three patients (21.4%), the urinalysis and serum
chemistry were suggestive of Fanconi syndrome. The
median urine pH in these patients was 6.0 while the median
serum pH was 7.25 and the median serum bicarbonate was
16.5 mmHg. The diagnosis was confirmed by FEHCO,.
It was more than 15% in all the three patients. These
three patients were treated with oral sodium bicarbonate
supplementation. During follow-up, none of our patients
evolved to aplastic anemia, myelodysplastic syndrome or
acute myeloid leukemia.

Discussion

The diagnosis of PNH was established in all of our
patients. Sucrose lysis test, Ham’s test, and flow cytometry
were used to diagnose PNH. In our patients, three renal
manifestations of PNH were identified. They were AKI,
renal vessel thrombosis and Fanconi syndrome. Chronic
renal failure (CRF) was not identified in any of our patients.

In a report of seven patients of PNH with AKI, hemolysis
was reported in six of them.®! Acute hemolytic episodes are
often precipitated by nonspecific factors, such as infections,
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Table 1: Clinical features at initial presentation

Parameter Result
Number of patients 14
Age, mean (range) 37 (16-68 years)
Females (%) 8(57.1)
Duration of symptoms prior to presentation (days) 370.5+61.8
Presentation (%)
Hemolytic anemia 7 (50.0)
Pancytopenia 2(14.2)
Deep vein thrombosis* 2(14.2)
Renal vein thrombosis 2(14.2)
Hematuria 2(14.2)
AKI at presentation 6 (42.8)

Precipitating event for acute hemolysis

Hemoglobin at presentation (g/dl), mean+SD (range)

Total leukocyte count at presentation (/mm?), mean+SD (range)
Platelet count at presentation (lakhs/mm?), mean+SD (range)
LDH at presentation (IU/L), mean+SD (range)

Urine exam suggestive of Fanconi syndrome (patients)

Serum creatinine at presentation in 6 patients with AKI (mg/dl), mean+SD (range)
Blood urea at presentation in 6 patients with AKI (mg/dl), mean+SD (range)

Infection: 4
6.04+1.8 (1.6-9.7)
4876.9+£2210.5 (2000-6200)
0.85540.173 (0.1-0.94)
719+455.5 (191-1669)

3 (21.4%)
4.09£1.38 (1.9-6.5)
48.1+20.5 (18-70)

*Deep vein thrombosis was in the left tibioperoneal trunk, the peroneal vein, the anterior tibial and the posterior tibial veins in one patient
and in another it was in the right distal external iliac, the femoral, the deep femoral and the popliteal veins. AKI: Acute kidney injury,

LDH: Lactate dehydrogenase, SD: Standard deviation

Table 2: Data of patients with acute kidney injury

Patient number Age/sex Concurrent condition

Serum creatinine

Hemolysis Renal biopsy

(mg/dl)/AKIN stage
1 25/male  Viral fever 4.0/Stage 3 ++ 9G; tubules showed prominent brown granular
pigment within the epithelial cells. It was
confirmed as hemosiderin with the Perls’
Prussian blue reaction; ATN
2 16/female Viral fever 4.8/Stage 3 + 9G; hemosiderin in tubular epithelial cells and
tubular lumina; ATN
3 30/male  Exercise and use of 6.5/Stage 3 ++ 10G; ATN
NSAIDS
4 45/female UTI-Escherichia coli 1.9/Stage 2 ++ -
5 21/female Dengue and blood 4.8/Stage 3 +++ -
transfusion
6 23/female Acute gastroenteritis 3.3/Stage 3 +++ 7G; hemosiderin in tubular epithelial cells; ATN

Patients 1, 2, 3, 5, and 6 underwent dialysis. NSAIDS: Nonsteroidal anti-inflammatory drugs, UTI: Urinary tract infection, AKIN: Acute
kidney injury network, G: Glomeruli, ATN: Acute tubular necrosis, +, ++, +++: Increasing severity

exercise, transfusion, reactions to drugs, immunizations
and surgery.” It is also reported after gastroenteritis.!'”
However, acute hemolysis could also happen in the absence
of infection.®® The role of hemosiderin accumulation in
renal tubules as a result of hemolysis and hemoglobinuria,
in acute renal toxicity is controversial.®! It is because
intense renal tubular hemosiderosis had been reported in
postmortem findings among PNH patients, irrespective of
renal function during life!'!! and recovery from AKI is not
associated with disappearance of renal hemosiderin.®! The
other possible mechanisms of AKI in PNH are toxicity
of both stromal and free hemoglobin to renal tubules,®!?
intrarenal vasoconstriction due to pigments scavenging
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the vasodilator nitric oxide in renal microcirculation, and
intratubular obstruction.!*!9 Bilateral renal vein or artery
thrombosis is another cause in PNH. It is not reported
frequently.l''® Thrombosis in PNH could be due to
impaired fibrinolysis, because the urokinase plasminogen
activator receptor is a GPI-linked protein; more likely,
complement activation could cause hypercoagulability, or
hyperactivity of platelets or both.

In our patients, renal biopsy in four patients with AKI
revealed acute tubular necrosis due to hemosiderin
deposition. The etiological diagnosis of AKI in the
remaining patients could not be determined. All six patients
recovered with serum creatinine declining to normal values.
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Fanconi syndrome is the third renal manifestation of PNH.
Iron and hemosiderin deposits occur mainly in proximal
tubules and to a lesser degree in the loop of Henle
and interstitium.l'”?"! In animal models of experimental
hemosiderosis, a decreased glomerular filtration rate (GFR)
associated with tubular dysfunction is almost always
present.””! Not many patients of Fanconi syndrome due to
PNH have been reported in the past.?! In a previous report,
a S1-year-old female had PNH diagnosed 17 years earlier.
She had received multiple blood transfusions because
of hemolytic episodes. The kidney function deteriorated
and persistent Fanconi syndrome became evident.
Laboratory studies showed proximal renal tubular acidosis,
hypophosphotemic  hyperphosphaturia, normoglycemic
glucosuria, and aminoaciduria.l'®?!! In three of our patients,
there was systemic metabolic acidosis, but the median urine
pH was 6.0. The FEHCO, was more than 15%, suggesting
the diagnosis of proximal renal tubular acidosis. These
patients were also found to have glycosuria, phosphaturia,
uricosuria, and aminoaciduria.

In two patients, there was unilateral renal vein
thrombosis. In an analysisi?¥! of all patients of PNH, from
1953 to 2006, the renal vein thrombosis was observed
in 12 of 363 patients (3.3%). It was the second least
common site of thrombosis. At present, anticoagulation
therapy is the cornerstone of the treatment for the renal
vein thrombosis.

The mechanisms of CKD in PNH are manifold.
Incorporated iron has been proposed to exert a permanent
local nephrotoxic effect on proximal tubular epithelial cells
resulting in tubular atrophy and interstitial fibrosis.!'8242
In addition, it has been proposed that the CKD could be
due to repeated episodes of micro infarctions as a result of
repeated episodes of microvascular thrombosis.’?%! There
are a few case reports of CKD in PNH; but in majority
of them, the diagnosis of CKD was not clear cut.’” In a
report, a 74-year-old male with PNH developed acute on
CKD after an episode of intercurrent urinary tract infection
and subsequent hemolytic crisis. The decline in GFR
was believed to be secondary to mild chronic hemolysis.
A magnetic resonance imaging also demonstrated marked
siderosis of both kidneys, supporting the hypothesis
that CKD was related to PNH. However, a renal biopsy
revealed acute tubular necrosis, distinct renal siderosis,
tubulointerstitial injury and global glomerular sclerosis,
best classified as arterionephrosclerosis, were present.
In retrospect, these findings were explained by a 15-year
history of hypertension and a 4-year medication with
cyclosporine he used.?” Another 70-year-old male with a
diagnosis of chronic idiopathic thrombocytopenic purpura
had presented with low hemoglobin. He was found to have
PNH. The patient was adequately hydrated and put on
prednisone at a dose of 1 mg/kg. The patient had a regular
follow-up for several weeks and maintained normal renal
parameters.*®!
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In another report, a 49-year-old male with the diagnosis
of aplastic anemia was found to have had dark colored
urine for 10 months. Investigations revealed PNH. He was
treated with packed RBC transfusion and also received two
sessions of hemodialysis. He continued to have normal
renal parameters 10 weeks after the illness.®

There was a report of a 60-year-old renal transplant with
PNH. Post renal transplantation the hemolytic activity
reduced. The patient became transfusion-independent.”!

In conclusion, it is said that kidney function is seldom
severely affected in PNH;?"! however, unlike other acquired
hemolytic anemias, PNH may be lifelong and this is
important in our recognition of renal manifestations. The
treatment of PNH on one hand is supportive management
like transfusion of filtered red cells, folic acid supplements
and a short course of steroids only in an episode of
massive hemoglobinuria and on the other hand it is
allogeneic bone marrow transplantation. A major advance
in the management of PNH has been the introduction
of complement blockade by the use of eculizumab, an
antibody specific for the C5 component of complement.
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