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Abstract

hemodialysis.

careful to prevent the thromboembolic events.

Background: The use of human intravenous immunoglobulin gamma (IVIG) is associated with thromboembolic
events as a complication. There are few reported cases of renal infarction during IVIG use in the general population,
but transplant kidney may be more susceptible to thromboembolic events following IVIG use.

Case presentation: A 41-year-old woman visited with fever and pain at the transplant kidney. Six years ago, she
underwent kidney transplantation from a deceased donor. Laboratory and radiologic findings were compatible to
septic condition, secondary to acute pyelonephritis. We started antibiotics, inotropics, and IVIG. The patient abruptly
developed gross hematuria and urine output decreased to 100 cc/day during IVIG administration. Renal doppler and
pathologic findings revealed renal infarction. Oliguria and azotemia persisted and she is undergoing maintenance

Conclusion: Our case shows that infarction of transplant kidney can be caused by IVIG use in a patient with severe
infection. Thus, when using IVIG for kidney transplant patients with high risk of thromboembolic events, we may be
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Background

Human intravenous immunoglobulin gamma (IVIG) is
used to immunological and anti-inflammatory treatment.
IVIG has been used in primary and secondary immuno-
deficiency disorders, neuromuscular, infectious, autoim-
mune, and inflammatory disease treatment. In recent
decades, the use of IVIG has been extended to the role
of organ transplantation [1, 2]. IVIG therapy is generally
considered safe, but the reported side effect rate of IVIG
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is 10-30% [3]. Adverse effects include anaphylactic/ana-
phylactoid reactions, renal and pulmonary complications,
thrombosis/embolism, colitis, and bloodborne infectious
disease [4—6]. Thromboembolic events, a late and severe
side effect of IVIG, including myocardial infarction, pul-
monary embolism, cerebrovascular accident, deep vein
thrombosis and hepatic veno-occlusive disease, are life-
threatening [4]. Other thrombotic adverse events have
been reported in the use of IVIG. However, renal infarc-
tion due to IVIG use has not been reported and grafted
kidney infarction following use of IVIG has only been
reported in one case, following desensitization in kidney
transplantation [7]. However, there are no reports about
graft infarction after use of low-dose IVIG. In this report,
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we present a case of grafted kidney infarction after IVIG
infusion in a kidney transplant patient with severe sepsis.

Case presentation

A 41-year-old woman visited with fever and pain in the
transplant kidney. She had end-stage renal disease due
to unknown cause and underwent peritoneal dialysis
for 7years. The patient was diagnosed with azotemia
14-years ago. During her first visit, both her kidneys pre-
sented with decreased size (approximately 7.8cm) and
increased echogenecity, and her serum creatinine level
was 397.8 umol/L. Considering these, we diagnosed her
with end-stage renal disease and did not perform renal
biopsy to confirm any underlying disease. Before dialysis,
we performed autoimmune studies, checking for anti-
nuclear antibodies, anti-double-strand DNA antibodies,
C3, C4, anti-glomerular basement membrane antibod-
ies, or anti-neutrophil cytoplasmic autoantibodies, but
all of them showed no evidence of autoimmune disease.
In addition, the patient did not present any symptoms or
signs associated with coagulopathies; her bleeding time
was 1.3min (reference range: 1-4min). Six years ago,
she underwent kidney transplantation from a deceased
donor. After kidney transplantation, she received 5mg
prednisolone, 4mg tacrolimus, and 1500 mg mycophe-
nolate mofetil as immunosuppressants and 2.5mg
amlodipine for hypertension. Her tacrolimus trough
level remained stable between 6.2 and 8.7 nmol/L. There
was no rejection history. Her serum creatine level was
71.6 umol/L, and renal graft function was normal on out-
patient examination.

At 6years after the transplantation, she visited the hos-
pital, complaining of fever and pain in the grafted kidney.
Her blood pressure was 80/50 mmHg, and her body tem-
perature was 39.5°C. She had direct and rebound tender-
ness over the grafted kidney. The urine output on the first
hospital day was only 100cc/day. She was admitted to
intensive care, and her electrocardiogram showed tachy-
cardia with normal sinus rhythm. On admission, labora-
tory analysis showed a white blood cell (WBC) count of
1381 x 10°/L, hemoglobin level of 134.g/L, platelet count
of 90 x 10°/L, and C-reactive protein level of 32.0mg/
dL. Her blood urea nitrogen and serum creatinine lev-
els were 10.7mmol/L and 435.8umol/L, respectively.
The lactate dehydrogenase level was 607 IU/L (reference
range: 150-550IU/L). Urine microscopy showed 5-10
WBCs/high power field (HPF) and 3-5 red blood cells/
HPFE. Her tacrolimus level on admission was 6.2nmol/L.
BK virus were determined on admission and the virus
titer then was <100 copies/mL in her urine or whole
blood. Her thyroid-stimulating hormone and free T4 lev-
els were 1.66 mIU/L (reference range: 0.34—4.25 mIU/L)
and 10.35pmol/L (reference range: 10.3-21.9 pmol/L),

Page 2 of 7

Fig. 1 Changes in transplant kidney according to clinical courses.

A At onset of acute pyelonephritis, peri-renal infiltration and fluid
collection around transplant kidney in non-contrast image revealed
acute pyelonephritis. B After 4 years of renal infarction, contrast image
showed markedly atrophied transplant kidney (arrow head)

respectively. Her basal adrenocorticotropin and corti-
sol levels were 3.5 pmol/L (reference range: <26 pmol/L)
and 423.7nmol/L (reference range: 138—690nmol/L),
respectively. Non-enhanced computed tomography was
performed immediately after admission and revealed
acute pyelonephritis (APN) (Fig. 1A). In addition, our
center performed a multiplex PCR for her using a nasal
swab, which is performed for detecting respiratory virus
in patients with a septic condition; the PCR kit detects
respiratory viruses, including influenza virus, respira-
tory syncytial virus, human metapneumovirus, adeno-
virus, human coronavirus, human enterovirus, human
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bocavirus, parainfluenza virus, and human rhinovirus
[8]. All viruses were not detected in our case.

Based on clinical and laboratory tests, we used cef-
triaxone 2g per day and inotropics for septic shock and
APN. On the first hospital day (HD1), she had oliguria
(100cc/day), and we started emergency hemodialysis.
We treated her with IVIG (Liv Gamma; SK Chemical Life
Science, South Korea) for septic shock (300mg/kg/day
for 3days). On HD2, her blood pressure stabilized with
use of inotropic agents and fluid therapy, and urine out-
put increased to 400 cc/day. However, on the second day
(HD3) of IVIG administration, she abruptly developed
gross hematuria and urine output decreased to 100cc/
day. At that time, we performed additional laboratory
tests to differentiate the other causes of hematuria. Her
platelet counts were normal at 174 x 10°/L, and pro-
thrombin time and activated partial thromboplastin time
also showed normal values of 10.4s and 34.1s, respec-
tively. On peripheral blood smear, microangiopathic
hemolytic anemia finding was not seen. The patient
underwent continuous electrocardiogram monitoring
during IVIG infusion; however, there was no evidence
of arrythmia. In addition, on HD 3, further heart prob-
lem was evaluated using electrocardiogram and echocar-
diogram. The electrocardiogram showed normal sinus
rhythm without ST-T changes, whereas the echocardio-
gram revealed left ventricular ejection fraction decreased
to 34%, and a borderline enlarged left ventricle. Echocar-
diogram also showed abnormalities in the basal to upper
middle left ventricular regional wall motion, which is
more likely to cause stress induced cardiomyopathy
than acute coronary syndrome. Her abnormal echocar-
diographic findings were considered transient, caused by
stress induced cardiomyopathy owing to septic shock.

IVIG treatment was terminated at HD4, but oliguria
and gross hematuria persisted. We considered a kidney
biopsy to evaluate oliguria and hematuria, but could
not proceed because her serious condition. The fever
was persisted so the antibiotic was changed to mero-
penem. On HD 4, vancomycin added due to persistent
fever following antibiotic change. On HD7, the fever
disappeared, but oliguria persisted. LDH levels on HD
9 and 14 increased to 1704 and 1258IU/L, respectively,
compared to 607IU/L at the time of admission. Blood
and urine cultures were repeatedly performed since she
was admitted, but no growths were identified in the two
specimens. Her first transfusion was performed due to
her low hemoglobin level of 76 g/L at HD 22. On HD 14,
we performed conventional kidney sonography, which
showed thickening of the renal pelvis and urethral wall; it
did not show abnormal focal lesions and hydronephrosis.
However, on HD 29, we performed doppler ultrasonog-
raphy to confirm renal infarction and observed a lack of
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renal parenchymal and hilar vascular flow (Fig. 2A). We
also performed renal biopsy and reveal that renal infarc-
tion with diffuse ischemic changes in the glomeruli but
no rejection or other pathology (Fig. 2B). In addition, we
performed SV40 staining using the renal biopsy speci-
men, and the staining results were negative for SV40. The
biopsy specimen did not include medium or large vessels,
and arteriolopathies, such as hyalinosis in small arteries
or arterioles, were not detected within specimens. After
discharge, oliguria and azotemia persisted and she is still
on hemodialysis. Follow-up echocardiogram after dis-
charge showed normal wall motion and improved left
ventricular ejection fraction (71%). Her bleeding time
and autoimmune studies were performed again 2 months
after discharge. Her bleeding time was 2min, and auto-
immune studies once again showed negative findings.
These results also did not show any evidence of coagu-
lopathies or any autoimmune diseases as underlying
comorbidities. Contrast enhanced computed tomogra-
phy showed markedly atrophied transplant kidney after
4years of renal infarction (Fig. 1B).

Discussion and conclusion

This case report describes grafted kidney infarction due
to IVIG administration for the treatment of APN and
severe sepsis. We used IVIG to increase serum bacteri-
cidal action and for modulation of cytokine release and
immunomodulatory effects [9]. There are few reported
cases of renal infarction during IVIG use in the general
population. Grafted kidney infarction following APN has
only been reported in one case in a patient with atrial
fibrillation [10]. There is only one reported case of hem-
orrhagic infarction with graft rupture due to high-dose
IVIG use for desensitization in kidney transplantation.
However, grafted kidney infarction after low dose IVIG
following APN with sepsis has not been reported yet.

A review of thrombotic adverse events related to the
administration of IVIG between 2008 and 2010 showed
that 1% of patients developed these side effects [11].
Thrombotic events are triggered by an increase in plasma
viscosity, activation of procoagulant factors or coagula-
tion factors in the IVIG not removed by fractionation,
vasospasm, autoimmune vasculitis, and an increase in the
platelet count or adhesiveness. Among these, an increase
in viscosity is the largest contributor to the occurrence of
thrombotic events [12, 13]. Increasing plasma viscosity is
associated with IgG in IVIG [14]. Risk factors for throm-
botic adverse events due to IVIG administration include
a large first infusion, oral contraceptive use, prior/current
thrombosis, preexisting atherosclerotic disease, elevated
serum viscosity, a hereditary hypercoagulable state or idi-
opathic thrombocytopenic purpura, age> 45years old,
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Fig. 2 Renal doppler and pathologic findings. A Flow signal at renal parenchyma was not detected in renal doppler. B Periodic acid-Schiff stain of
the kidney showed coagulative necrosis with glomerular and tubular cells without discernible nuclei (x 400)
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prior thrombotic events, and a hypercoagulable state,
such as infection [11, 15, 16].

Renal infarction during IVIG use has not been reported
yet in the general population. However, one case of rup-
ture with hemorrhagic infarction in a grafted kidney was
reported [7]. The current case also occurred in the pres-
ence of grafted kidney infarction during IVIG adminis-
tration. Although not reported in the general population,
two such cases have been reported in grafted kidneys,
suggesting that the grafted kidney is more susceptible to
thromboembolic events. As seen in this case, thrombotic
events can even occur during low-dose IVIG use in the
presence of multiple risk factors and a grafted kidney

(Table 1) [17, 18]. It is important to note that kidney
transplantation per se may already be prone to forma-
tion of thrombosis due to artificial anastomosis of the
recipient and donor vessels. This vulnerability is thought
to be associated with turbulent blood flow in the grafted
kidney. Furthermore, in our case, other factors may
have been associated with renal infarction during IVIG
administration. Septic shock is a well-known hypercoag-
ulable state induced by the activation of the coagulation
system [19]. In addition, sepsis with severe inflammation
is associated with changes in the endothelial cells, which
produce an anticoagulation or profibrinolytic effect, vol-
ume depletion, and hypotension. Hypertension as an
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Table 1 Risk factors of and interventions for preventing allograft infarction during IVIG administration in kidney transplant recipients

Risk factors

Preventive interventions during IVIG

Diagnosis

Old age (> 45years old)
History of prior thrombotic events
Immobilization

Hydration before and after administration
Slow infusion
Limitation of daily dose of IVIG (<400-500 mg/kg)

Dopplex ultrasound
Contrast enhanced CT
Radioisotope scan

Allograft causes
Arterial kinking or torsion
End-to-end anastomosis of artery
Multiple renal arteries of allograft
Trauma
Hypercoagulability
Infection (esp, sepsis)
Hypotension
Hemolytic uremic syndrome
Drugs (e.g., cyclosporine, oral contraceptives)
Antiphospholipid syndrome
Genetic mutations (e.g,, factor V Leiden)
Comorbidities
Cardiac problem (e.g, atrial fibrillation)
Atherosclerosis
Renal artery stenosis
Diabetes mellitus
Hypertension
Vasculitis associated with endothelial damage
Nephrotic syndrome
Increased intra-renal pressure
Acute tubular necrosis
Hydronephrosis
Acute rejection

Use of aspirin or LMWH (considering risk vs. benefit)

Angiography

Abbreviations: IVIG intravenous immunoglobulin, LMWH low-molecular-weight heparin, CT computed tomography

underlying comoridity, and immobilization could be
associated with the stasis of blood flow and endothelial
injuries. In relation to these, the use of calcineurin inhibi-
tors or vasoactive drugs is also associated with vasocon-
striction and platelet aggregation [20].

In our case, renal infarction was confirmed on HD 29
by renal Doppler ultrasonography. However, clinical find-
ings indicate that renal infarction may have developed on
HD 3. First, the patient had straw-colored or clear urine
but abruptly developed gross hematuria during IVIG
infusion on HD3. Gross hematuria continued until HD 8
and was straw-colored or brownish urine was seen from
HD 9 until discharge. Second, the urine output recovered
to 400 cc/day on HD 2; however, it decreased to <100cc/
day from the onset of gross hematuria. The urine out-
put did not recover after the onset of gross hematuria,
despite improvement in the general condition and labo-
ratory findings of the patient. Although definite diagno-
sis did not coincide with the development of symptoms/

signs, these clinical findings provide the evidence for
development of renal infarction on HD 3. We did not sus-
pect renal infarction prior to doing a renal doppler ultra-
sound. There were no specific changes on the infarcted
kidney, and we did not perform contrast CT due to acute
kidney injury. We performed conventional kidney sonog-
raphy at HD 14, which showed thickening of her renal
pelvis and urethral wall. However, it did not show any
abnormal focal lesions and hydronephrosis. This reveals
that in patients with sudden onset of gross hematuria,
acute kidney injury, and laboratory findings indicat-
ing tissue destruction, physicians should to suspect the
occurrence of renal infarction. For these patients, they
should perform doppler ultrasound rather than conven-
tional ultrasound.

The patient survived from severe infection, but her
grafted kidney was failure. Prevention is the most
important because the occurrence of these side effects
causes irreversible complications. To reduce the risk of
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thrombosis when using IVIG, it is essential to identify
the risk factors. The daily use of IVIG should be limited
to 400-500mg/kg, and hydration should be consid-
ered before and after administration. The use of pre-
medications, such as aspirin or low-molecular-weight
heparin, may be considered in high-risk patients if it is
not contraindicated to use them. Slow infusion is also
effective in preventing thrombosis. The use of a proto-
col that includes hydration, premedication, and slow
infusion in renal transplantation patients reduces the
risk of thrombosis [21]. Furthermore, in kidney trans-
plant recipients prone to developing thromboembolic
events, proper imaging surveillance should be consid-
ered to diagnose renal infarction during suitable times,
especially if laboratory or clinical findings show any
suspicious findings associated with renal infarction.
Doppler ultrasonography or contrast CT should also
be performed in patients with high risk of thromboem-
bolic events rather than conventional ultrasonography
or non-contrast CT due to their limitations in detecting
renal blood flow.

There were inconsistent results regarding the associa-
tion determined between the use of IVIG and clinical
outcomes in septic patients. Although the meta-anal-
ysis using high quality trials alone did not show a sig-
nificant effect on survival, the meta-analysis using all
randomized trials showed a reduction in mortality [22,
23]. A recent trial has shown that high-dose IVIG (1.5-
2.0g/kg) is associated with favorable outcomes [24].
Considering these, the current guidelines state that the
use of IVIG in septic patients is supported by weak rec-
ommendations or weak evidence [25, 26]. However, the
use of IVIG can be considered in septic patients who
are also immunodeficient. In our study, the patient
received three immunosuppressants and could not
withdraw any of her medications. Although these medi-
cations preferentially work on T-cells, previous studies
have shown that they can directly or indirectly attenu-
ate humoral immunity [27-29]. There were few data
regarding the efficacy of IVIG in septic patients who
were kidney transplant recipients; the patient would
have an acquired immunodeficient status compared to
the general population. Our case shows that IVIG can
be considered as a possible option of treatment in sep-
tic patients.

In conclusion, infarction of transplant kidney can be
caused by IVIG use in a patient with sepsis, even with
low-dose administration. Transplant kidney may be
more susceptible to thromboembolic events following
IVIG use. Thus, when using IVIG for kidney transplant
patients with high risk of thromboembolic events, we
may be careful to prevent the thromboembolic events.
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